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Editorial to ”Worker and Public Health and 
Safety: Current Views”

Health and safety in the occupational sector and the general public domain continue to be 
crucial areas of concern in our ever-advancing technological, demanding, and disease- and disaster-

prone society. Pandemics, epidemics, public threats, and natural disasters continue to be on the rise. 
As we progress in the 21st century, worker and public health and safety concerns continue to escalate 
in many areas, including medical, transportation, security, defence, and multiple other industries and 
services. These issues have been exacerbated by the current 2020 COVID-19 (SARS-CoV-2) 
environment, with the pandemic detrimentally affecting health and safety not only in the work and 
public sectors, but in all domains of life globally. Therefore, understanding and advancing research 
into worker and public health and safety is a field that will continue to grow and evolve as mankind 
and society transitions through large-scale pandemics and natural disasters. The last few decades 
alone have seen epidemics and pandemics (with some continuing into the present-day) such as the 
HIV/AIDS, H1N1 Swine Flu, the deadly Ebola outbreak, and Zika Virus, and more recently the novel 
corona virus COVID-19. Geophysical and other natural disasters linked to global warming also 
corrode work and public health and safety, without even mentioning the immense financial and 
emotional burden associated with these catastrophes.

Fatigue and sleepiness, diabetes and metabolic disorders, cardiovascular diseases, mental 
disorders, cognitive decline, cancer, musculoskeletal disorders are only a few of the many major 
health issues and concerns inflicting the world, which add substantially to the socio-economic 
burden. For example, fatigue and sleep disorders are of major concern in the transportation, military, 
aviation, cleaning, mining, security, and medical sectors. Additionally, shift workers have added 
vulnerability to circadian rhythm disruption and multiple chronic diseases. The monotonous and 
demanding nature of many work environment is linked to excessive sleepiness, stress and mental 
disorders, cognitive decline, cardiovascular diseases, diabetes, etc., which contribute to detrimental 
human health, errors, accidents, and injuries. The probability of these hazards occurring increases 
rapidly over consecutive work hours, which can be catastrophic for the worker who may also be 
responsible for the safety and care of others. Furthermore, those engaged in the cleaning and security 
industries and work that requires physical exertion and lifting are also burdened with 
musculoskeletal disorder, pain, and other societal diseases. Moreover, environmental factors and 
infections also affect health and safety. For example, heat, noise, and pollutants/infections are 
detrimental for bodily, auditory, and normal respiratory function, respectively.

The compilation of papers in this book is targeted at research and reviews addressing all aspects 
of “Worker and Public Health and Safety: Current Views”. The papers presented here from experts 
are widely representative of all fields of worker and public health and safety, and constitute original 
and experimental manuscripts and reviews, etc. The following worker types, work environment, and 
public sectors are represented, though this list is by no means exhaustive: nursing, the healthcare and 
medical sectors; video display operators; temporary workers, police officers, correction workers, 
Chinese public, agriculture, forestry employees; manual cultivation operation; public employees; 
low-skilled and low-income workers, industrial manufacturing, iron and steel workers, machine 
operators, work requiring motor skills, sheriffs and recruits, young workers, wind workers, 
university civil workers and army reserve soldiers, executives, coffee factory workers, and drivers. 
The topics included can be categorized as follows: sleepiness/fatigue, performance and coping,

xiii



working hours, sick leave, burnout in the work environment and medical profession, nursing care,

coping, job satisfaction, psychological and mental disorders, stress, anxiety, depression, emotion,

driver behaviour, self-efficacy, therapy, exercise, fitness measures in first responders, physical work,

musculoskeletal symptoms, spinal injuries, dietary links, obesity, oral health, chronic diseases,

cerebrovascular diseases, cardiovascular diseases, metabolic diseases, occupational diseases, illness,

job strain, job difficulty and risks, workload, work hazards and work safety, accidents, errors,

injuries, risks and management, dust pollution and pesticides, lung function, lung infection,

asbestos exposure, blood-borne pathogens, noise, hearing loss, employability and socio-economic

and socio-demographic factors, and occupational health. The collection of papers presented in

this book helps further the plethora of information available in the ever advancing field of health

and safety.

Sara Lal

Editor
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Abstract: Background: Although burnout levels and the corresponding risk factors have been studied
in many nursing services, to date no meta-analytical studies have been undertaken of obstetrics and
gynecology units to examine the heterogeneity of burnout in this environment and the variables
associated with it. In the present paper, we aim to determine the prevalence, levels, and related
factors of burnout syndrome among nurses working in gynecology and obstetrics services. Methods:
A systematic review and meta-analysis of the literature were carried out using the following sources:
CINAHL (Cumulative Index of Nursing and Allied Health Literature), LILACS (Latin American and
Caribbean Health Sciences Literature), Medline, ProQuest (Proquest Health and Medical Complete),
SciELO (Scientific Electronic Library Online), and Scopus. Results: Fourteen relevant studies were
identified, including, for this meta-analysis, n = 464 nurses. The following prevalence values were
obtained: emotional exhaustion 29% (95% CI: 11–52%), depersonalization 19% (95% CI: 6–38%),
and low personal accomplishment 44% (95% CI: 18–71%). The burnout variables considered were
sociodemographic (age, marital status, number of children, gender), work-related (duration of the
workday, nurse-patient ratio, experience or number of miscarriages/abortions), and psychological
(anxiety, stress, and verbal violence). Conclusion: Nurses working in obstetrics and gynecology units
present high levels of burnout syndrome. In over 33% of the study sample, at least two of the burnout
dimensions considered are apparent.

Keywords: burnout; gynecology; meta-analysis; nurses; obstetrics; prevalence

1. Introduction

Research has shown that occupational responsibilities may compromise workers’ physical and
mental health [1]. Among those affected are healthcare personnel, who are particularly vulnerable to
disorders, such as anxiety [2], depression [3], and burnout syndrome [4].

Burnout occurs when the worker is exposed to a series of chronic stressors, which provoke a
deterioration in one or more of the dimensions identified [5]. A commonly-used means of determining
the magnitude of burnout is the Maslach Burnout Inventory (MBI) questionnaire, which considers three
psychological dimensions of the syndrome: emotional exhaustion (EE), caused initially by the sensation
of physical over-exertion, which, in turn, generates emotional weariness and loss of interest in the
patient; depersonalization (D), characterized by detachment, coldness, cynicism, and indifference; low

Int. J. Environ. Res. Public Health 2019, 16, 2585; doi:10.3390/ijerph16142585 www.mdpi.com/journal/ijerph1
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personal accomplishment (PA), i.e., a negative attitude towards the work, low self-esteem, and lack of
job satisfaction, which, in turn, provoke a loss of interest and impaired professional performance [6,7].

The development of burnout syndrome is influenced by many factors, which can be analyzed to
identify possible risk profiles. In this respect, relevant sociodemographic factors include the subject’s
age, gender, marital status, and the number of children [8,9]. Also, the psychological factors, such as
personality type, anxiety, stress, or depression [10], and work-related factors, including a perceived lack
of autonomy, the nature of the work environment, salary, and shift work obligation and duration [11–14],
are important. Among the latter aspects, the specific characteristics of the workplace also exert an
important influence. Thus, for nurses, the type of patient, family relationships, and the workload at
the hospital unit may all contribute to the appearance of burnout [15].

In attempting to overcome the negative consequences of this syndrome, nurses may neglect their
personal and occupational obligations, giving rise to negative attitudes towards their work. Given this
consideration, systematic reviews and meta-analyses have examined the prevalence of burnout [16]
and its associated risk factors [17–19] in different hospital units. However, some services, such as
gynecology and obstetrics, have received little research attention in this respect.

The obstetrics and gynecology service, caring for women’s sexual and reproductive health,
is considered a particularly sensitive area. It requires a strong sense of vocation and considerable
emotional control, as the nurses here are responsible for providing optimal comprehensive care
throughout the female life cycle. Information and emotional support are essential to meet the needs of
mothers, during pregnancy [20], in each stage of childbirth and post-partum [21].

As stated above, the gynecology and obstetrics unit has specific characteristics that distinguish it
from all others, especially the close emotional contact between the nurses and their patients and the
latter’s extreme vulnerability. For this reason, the main aim of this study is to determine and analyze
the prevalence, levels, and related factors of burnout syndrome among nurses working in the area of
gynecology and obstetrics.

2. Material and Methods

2.1. Search Strategy

A systematic review with meta-analysis was carried out, following the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [22] (Table S1).

The search was carried out in May 2019 by applying the formula: “burnout AND nurs*
AND (obstetrics OR gynaecology OR gynecology)” based on the Medical Subject Headings (MeSH)
descriptors. The following sources were consulted: CINAHL (Cumulative Index of Nursing and Allied
Health Literature), LILACS (Latin American and Caribbean Health Sciences Literature), Medline,
Proquest Platform (Proquest Health and Medical Complete), SciELO (Scientific Electronic Library
Online), and Scopus.

2.2. Study Selection, Critical Review, and Level of Evidence

In selecting the articles for analysis, the following inclusion criteria were followed: (a) original
primary sources; (b) gynecology and obstetrics area; (c) exclusive sample of nurses; (d) published
in English, Spanish, Portuguese, or French; (e) no restriction by year of publication; (f) assessment
of the level of burnout; (g) outcome measures evaluated by an instrument measuring the level of
burnout (MBI, which is based on the triad EE, D, and low PA, and PRoQOL (Professional Quality of
Life), which evaluates the quality of working life, including one dimension, for burnout); (h) data on
prevalence of burnout. Articles based on mixed samples with other healthcare categories and lacking
independent data for gynecology and obstetrics nursing were excluded, as were those with insufficient
statistical information.

Two authors selected the articles, according to the abstract and title provided. After removing
duplicate articles, the full-text article was consulted. After ensuring compliance with the inclusion
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criteria, each study was assessed independently, and a consensus was reached between the same two
authors regarding the quality of the article. In their evaluation, a checklist was applied to determine
the presence/absence of methodological bias. If in any case, the two authors were unable to agree, a
third author was consulted.

The methodological quality of each article was assessed using the critical reading checklist
proposed by Ciapponi [23]. Specifically, the internal validity of each study was verified by reference to
items 1 to 6 and 11 to 18.

The level of evidence was evaluated following the recommendations of the Oxford Centre for
Evidence-Based Medicine (OCEBM) Levels of Evidence Working Group [24].

2.3. Data Coding

The following study variables were obtained:
Publication variables: (a) authors; (b) year of publication; (c) country; (d) gender distribution

(male/female); (e) age; (f) language.
Methodological variables: (g) total sample; (h) type of study; (i) outcome measure (instruments

used and measure); (j) original instrument or adapted version; (k) estimated reliability coefficient of
the instrument.

Burnout measurement variables: (l) prevalence of high EE, high D, and low PA (the cut-off points
for low and high levels of each dimension were applied by the authors of each study depending
on the adaptation of the MBI); (m) average or percentage of each dimension; (n) related factors for
each dimension.

The data were recorded in a data coding manual by two researchers working independently.
Agreement between them was determined by reference to Cohen’s kappa coefficient (mean value: 0.99;
minimum: 0.97; maximum: 1) and to the intraclass correlation coefficient (mean value: 0.98; minimum:
0.96; maximum: 1).

2.4. Data Analysis

The data collected in the systematic review were examined by descriptive analysis, in which
the information was classified into data tables and categorized accordingly. With the studies that
included sufficient statistical information, three random-effects meta-analyses were performed, for
the dimensions of high EE, high D, and low PA. The prevalence and the corresponding confidence
intervals were analyzed for each dimension.

The publication bias, i.e., the probability of the study being published with statistically significant
results, was evaluated by Egger’s linear regression test. Data heterogeneity was assessed using the I2

index. All data analysis was performed using the StatsDirect statistical software package (version 3,
StatsDirect Ltd., Cambridge, UK).

3. Results

In total, fourteen articles were included in this systematic review and meta-analysis. Figure 1
shows the flow diagram of the study selection process. All the studies selected were cross-sectional.
Twelve articles (85.71%) measured burnout according to the Maslach Burnout Inventory (MBI) scale,
and two were adaptations of this questionnaire. Two articles (14.29%) used the Professional Quality of
Life (PRoQOL) questionnaire.
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Figure 1. Study selection process to identify eligible articles for inclusion in the review and meta-analysis.

Nine of the studies (64.28%) were conducted in Asia (China, Japan, Korea, Pakistan, Turkey,
Saudi Arabia), three (21.43%) in the Americas (Brazil, Mexico, USA), and the rest in Europe and South
Africa. Most of the articles (80%) were published between 2012 and 2018. The reliability coefficient of
the burnout questionnaire was only estimated in six articles, which reported values ranging from 0.60
to 0.90, considered in every case to be acceptable. Table 1 details these results.
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3.1. Dimensions of Burnout Syndrome in the Area of Gynecology and Obstetrics

High levels of EE were reported in two studies [32,38], with average scores of 27.59 and 55.8,
respectively. Other authors, however, [26,35,37], had observed medium-low levels of EE, with mean
scores ranging between 12 and 25.3. In a further three studies, half of the nurses (prevalence:
49.2–52%) presented high levels of EE [27,28,38]. In the final three studies for which these data are
available [25,26,34], lower percentages were reported, ranging from 4.9% to 16.3% (Table 2).

For D, high levels were reported, with average scores between 10 and 29.5 [32,35,38]. Other authors
had obtained lower mean scores, of five and seven [26,37]. High levels of D were found in 3.8% to 50%
of the nurses sampled [25,27,34,38].

Several authors reported low levels of PA, with average scores of 10.9 to 30.06 [32,35,37,38]; only
one author [26] reported high levels of PA, with a mean score of 45.1. The prevalence of low PA ranged
from 4.8% to 78% of the nurses studied [25,27,38].

About the total score for burnout syndrome, one study [36] reported medium levels, but two
others [30,37] recorded low levels among gynecology and obstetrics nurses, with total mean scores
of 29.9 and 6.19, respectively. The prevalence of burnout reported in these studies was 0.55% [28],
6.52% [34], 13.1% [33], and 21.4% [25].

Table 2. Prevalence of high EE, high D, and low PA.

Study Sample Size (n) High EE (%) High D (%) Low PA (%)

Beaver et al., 1986 [25] 98 16.3 8.2 67.3
Fontán & Dueñas, 2010 [26] 14 14.2 21.4 7.1
Galindo et al., 2012 [27] 64 49.2 27 4.8
Habadi et al., 2018 [28] 14 50 14.28 28.57
Palmer-Morales et al., 2007 [34] 184 4.9 3.8 75
Yavuzşen & Vupa Çilengiroğlu, 2015 [38] 90 52 50 78

D = Depersonalization; EE = Emotional exhaustion; PA = Personal accomplishment.

3.2. Related Factors for Burnout in Gynecology and Obstetrics Services

Among the sociodemographic factors considered, age was found to be a factor related to burnout;
thus, lower levels of EE and D were observed in older nurses [25–27,35,38]. With respect to gender,
women showed higher levels of EE and D, and lower ones of PA than men [27,35,38]. Marital status
is another significant factor; single nurses had lower scores for PA than those who are in a stable
relationship [25,38]. According to one study, having children is related to higher EE and lower PA [25].
However, two authors found no statistical significance between marital status and number of children,
in relation to the risk of burnout [29,34].

Among the work-related factors considered, a work schedule exceeding 48 hours per week was
associated with higher levels of EE and D and lower ones of PA [25,26]. The same relationship was
observed when the nurses work rotating and/or nocturnal shifts [30,32]. Levels of EE and D were
higher with the increase in the patients per nurse ratio [25,33], with the decrease in the number of
nurses working in the unit, and among less experienced nurses [25–27,29]. However, one study [34]
observed no significant relationship between burnout syndrome, experience, and night-time work.

The poor organization was related to higher levels of EE and D [25,28]. Another study [29]
concluded that this problem results, fundamentally, in lower PA, while another found that low job
satisfaction [36] is a major problem in this respect. Moreover, the gynecology and obstetrics service
was reported to be among the units presenting the highest dropout rate in the nursing profession [30].
Finally, low salary levels were also related to lower levels of PA [25].

Other work-related variables that were reported to be significant include working in rural or
urban areas [25]; when nurses’ work took place in both areas, the prevalence of burnout was lower.
Within the gynecology and obstetrics service, the nurses who provide antenatal care presented lower
levels of PA [25].
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Some authors [25,32,36] studied the relationship between burnout and the intrinsic characteristics
of the work performed in this unit, such as the high degree of involvement by the parents, death,
perinatal grief, or participation in a large number of live births or abortions; in the latter respect, the
greater the number of first-trimester abortions performed, the greater the risk of burnout, with falling
levels of PA, in particular [31].

Finally, in terms of psychological factors, high levels of stress and anxiety were reported, with
higher scores for all three dimensions [25,30,36]; on the other hand, the prevalence of depression was
low (2.5%) [33]. A negative factor was that of verbal violence, which was associated with increased EE,
related to a chronic state of stress [27]. However, 66.4% of the nurses considered their health status to
be good [33]. Higher levels of post-traumatic stress were found among older nurses [36], with lower
scores for PA.

3.3. Levels of Burnout in Comparison with Nurses Working in Other Hospital Services

Regarding the dimension of EE, the hospital areas presenting the highest prevalence and mean
scores are those of dialysis, internal and general medicine [29], surgical medicine [33], emergencies
and pediatrics [37].

Comparable findings have been reported for D [29]. In this respect, one study reported finding
the highest scores for nurses working in pediatrics and obstetrics-gynecology [33], although other
authors obtained the highest scores for the emergency, mental health, and surgical medicine areas [37].

Finally, for PA, the results obtained are conflicting. One paper reported that the nurses working in
the areas of gynecology and obstetrics were less vulnerable to low PA [29]; others, however, recorded
the lowest scores in these same areas, followed by internal medicine and surgery [33,37].

For the three dimensions of burnout as a whole, the intensive care, medical, surgical medicine,
and emergency areas have the highest average scores [28], although one study [35] obtained the highest
score in this respect for the obstetrics-gynecological area, followed by the surgical medicine, pediatric,
and medical areas.

Other studies had observed a greater prevalence of burnout in the areas of pediatrics and surgical
medicine [30] or in that of mental health [37].

3.4. Results of the Meta-Analysis

The I2 index indicated a high level of heterogeneity, with values of 95.7% (95% CI = 93.6–96.9%)
for EE, 94.6% (95% CI = 91.5–96.2%) for D, and 97% (95% CI) = 95.8–97.7%) for PA.

The application of Egger’s test of publication bias produced results of 5.52 with p = 0.07 for EE,
4.05 with p = 0.13 for D, and 0.92 with p = 0.92 for PA. We conclude from this that there was no evident
publication bias.

In total, 464 nurses working in the gynecology and obstetrics area were included in our
meta-analysis. In this sample, the prevalence of high levels of EE was 29% (95% CI = 11–52%)
(Figure 2); for D, the value was 19% (95% CI = 6–38%) (Figure 3), and for low PA, the prevalence was
44% (95% CI = 18–71%) (Figure 4).
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Figure 2. Forest plot for high emotional exhaustion.

Figure 3. Forest plot for high depersonalization.

Figure 4. Forest plot for low personal accomplishment.
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4. Discussion

This study aims to determine the prevalence, level of burnout, and the corresponding related
factors in nurses who work in gynecology and obstetrics services, in the view that no previous
meta-analyses have been conducted in this respect.

Burnout is commonly experienced by nurses working in these areas. Our analysis shows that the
prevalence of high levels of EE is 29%, that of D is 19%, and that of low PA is 44%. These findings are
similar to those for nurses working elsewhere, such as the medical area, with high levels of EE among
31% of nurses, of D among 24%, and low levels of PA among 38% [39]; in pediatrics, the corresponding
scores are 31%, 21%, and 39% [40]; in primary care, the scores are 28%, 15%, and 31%, respectively [18];
in critical care and emergencies, the scores are 31%, 36%, and 29%, respectively [17].

However, study data reported for other occupational groups working in the same area, such as
gynecologists, reflect higher levels of burnout, with 44–56.6% [41,42], among which the prevalence of
high EE is 72%, that of high D is 43%, and that of low PA, 74%. Similarly, another study, of medical
residents working in the gynecology service, reported high levels of EE and D in 50% of the sample,
relating this to a low degree of professional satisfaction and even to regret at having opted for this area
of specialization [43].

Regarding the relationship between burnout syndrome and the sociodemographic and
work-related variables considered, studies have observed high levels of EE among young people, those
who are single, and those with less experience [44] because these groups are less self-confident and are
subject to greater tension when decisions must be taken [45]; on the other hand, one study reported
that D is positively associated with the number of years spent in the profession [42]. Other researchers
have concluded that women are more likely than men to experience burnout [8,46] and that the risk
of D is aggravated by women’s greater involvement in care, due to their dual roles, as mother and
nurse [47]. Relative youth is also considered a risk factor [8,18] due to these nurses’ greater uncertainty
and low expectations of promotion [48]. Besides, it has been reported that PA is negatively correlated
with the number of children in the nurse’s family, due to occupational and personal overload [42,49].
On the other hand, more recent studies claim that having children is a protective factor, helping nurses
live a fuller life [8].

In terms of organizational characteristics, factors, such as negative sensations regarding the
work environment [50], low salaries [51], and lack of organization [52], despite (or in addition to)
great responsibility, all contribute to reduced job satisfaction [53] and to nurses’ abandoning the
profession [54–56]. Also, falling staff numbers and the reorganization of services, due to low birth
rates in developed countries [57], increase EE and reduce PA [58]. The lack of resources, concerning
the demand for care, tends to make health care highly mechanized and medicalized, a situation in
which nurses’ competencies are limited [59], as is their freedom to exercise independent judgment [60].
Furthermore, rotating shifts and the imposition of a 70-hour week increase the risk of burnout, especially
in terms of reduced PA [44], due to work overload and heightened levels of stress [61]. Some authors
conclude that a lack of commitment, motivation, or time can be considered alarm signals and that the
quality of care may be compromised [62,63].

Regarding the psychological variables considered, stress and verbal violence are major risk factors
for burnout [64,65] and are related to the high demand for care, the need to attend a large number of
patients, and the close link between the patients and the nursing staff [66]. Symptoms of depression
are common among these professionals, with a prevalence of 64% [67], which is related to high EE and
D and low PA. One of the main characteristics of this hospital area is exposure to traumatic situations.
Thus, 25–35% of nurses assisting during births report suffering post-traumatic stress disorders [68,69].
Dealing with loss and alleviating grief is a fundamental aspect of these nurses’ daily work [70], but
helping mothers cope with perinatal death (whether natural or resulting from an abortion) increases
their vulnerability and the risk of burnout. Possibly, for this reason, levels of PA are lower among
nurses working in the antepartum area [71,72].
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Finally, regarding the state of perceived health, high levels of EE are related to a high prevalence
of physical alterations, such as musculoskeletal injuries [73]. Therefore, many authors show a series of
effective interventions that can improve physical and mental health in nurses [74], reducing burnout
levels by up to 30% [75]. These include training programs through multidisciplinary workshops,
including communication skills, and presenting a positive impact on burnout levels, increasing job
satisfaction and improving the level of confidence [76]. In the same way, physical exercise programs,
such as yoga, show a reduction in the level of burnout and improve the quality of sleep [77].
Benefits have also been observed in residents of the gynecology and obstetrics area, reducing the blood
pressure, as well as the levels of burnout and improvement in their nutritional habits [78]. Other types
of interventions are those that increase self-awareness and promote acceptance and motivation towards
a change in behavior, such as mindfulness [79], showing a negative correlation between EE, D and
positive with PA. Brief 8-week interventions show a reduction in the prevalence of up to 31% in EE [80]
and up to 17.60% in D [81], and there is even evidence of an increase in PA levels [82].

Limitations

Few papers have been published providing sufficient statistical data with which to analyze levels
of burnout among gynecology and obstetrics nurses. In consequence, the number of studies included in
our meta-analysis is, unfortunately, low. Moreover, the population samples studied are also restricted,
and data are not supplied on the number of nurses who have left the profession. All the studies
analyzed are cross-sectional; thus, it was not possible to study the long-term impact of burnout on these
nurses. In short, only the associations between the variables are analyzed in our study, and the presence
or absence of causality is not established. Also, some of the included studies have a small sample, and
this must be taken into account before analyzing the related factors. Finally, it must be indicated that a
new approach of burnout has established five personal profiles (burnout, engagement, overextended,
disengaged, and ineffective) depending on the scores of each burnout dimension [83]. Because the
included studies have not used these profiles, we have not been able to establish these profiles.

5. Conclusions

Nurses in gynecology and obstetrics services tend to have high levels of EE and D and low levels
of PA, but it must be taken into account that due to the influence of occupational variables in each
country, these levels may vary.

Some variables that may have a relation with burnout development in gynecological nurses, and
that should be analyzed in the future, are being young, relatively inexperienced, single, and/or who
have children. Other negative factors in this respect are long working days/weeks and the need to care
for large numbers of patients.

Good leadership and appropriate organization of care duties, providing nurses with sufficient
autonomy and appropriate staff numbers, are key factors in preventing the development of burnout.
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Abstract: Visual fatigue and discomfort are very common complaints for video display operators
(VDTs). The aim of our study was to study work-related visual symptoms in relation to refractive
disorders and psychosocial factors in 3054 public employees by way of follow-ups for 10 years with
periodic medical examinations with eye evaluation in the period 2000–2009. Factors related to visual
fatigue were evaluated in the follow-up using generalized equation estimation. Visual fatigue was
very common in VDT operators (64.03%). During the follow-up, no relationship between visual
fatigue and age, sex, seniority of work, visual acuity and refractory disorders was found. Visual
fatigue was significantly associated with anxiety perception in a dose-related matter (odds ratio (OR)
7.40, confidence interval (CI) 95% 1.77–31.3), psychosocial factors (OR 1.03, CI 95% 1.01–1.07), use of
lenses (OR 1.34, CI 95% 1.09–1.64) and time of VDT usage (OR 1.27, CI 95% 1.04–1.53). This study
confirmed that visual fatigue is common in VDT users and is related to anxiety perception, time of
VDT usage, use of lenses and stress. No relationship was found between visual fatigue and refractory
disorders or visual acuity.

Keywords: follow-up; video display terminal; visual fatigue; refractive disorders

1. Introduction

Workers that spend many hours on video display terminals (VDTs) can report visual fatigue
and discomfort related to their work environment as well as vision defects, psychosocial stress and
anxiety perception [1–4]. Many authors have studied musculoskeletal disorders in VDT operators
that increased due to non-ergonomic workstations and postural demands [5,6], but there are, to our
knowledge, no long-term follow-up studies that have analyzed visual fatigue and related factors.

Eye symptoms are very common in VDT users, and the American Optometric Association has
started to refer to computer vision syndrome (CVS) as the combination of eye and vision problems
associated with the use of computers. This derives from insufficient visual capabilities to perform the
computer task comfortably. CVS is characterized by itching, redness, burning, eye tearing, headache,
double vision, eye strain and blurred vision [1]. The prevalence of CVS increases significantly in
individuals who spend more than 4 h daily working on VDT [4]. However, personal, environmental
and ergonomic factors are also relevant as well as the long-term use of VDTs after work hours and
mobile phones [7].

Visual fatigue is a major complaint in subjects with CVS and is characterized by weakness of
the eyes, usually accompanied by headache and dimming of vision—symptoms that are transitory
and recede with rest [4,8–13]. Eye fatigue appears because of the unconscious muscular effort
of the eyes when preventive measures are not taken. Eye fatigue can be induced by repeated
activation/deactivation of the ocular muscles [14] or by prolonged accommodative responses to similar
focal distances [15]. The use of VDT leads to a reduction in the amplitude of accommodation with
an increase in exophoria [16]; however, these alterations are temporary changes with no long-term
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permanent effect [1]. Close work can also induce transient myopia, and Luberto et al. [17] in 1989
suggested that the use of a temporary myopic shift can be a reliable objective assessment tool for
VDT-related visual fatigue.

The subjective asthenopic symptoms, however, can also be related to environmental factors, such
as lighting, screen resolution and work arrangements [18]. The surrounding illuminance causes greater
changes in visual function with the reduction of amplitude of accommodation; also, the increase in
illuminance has a negative effect on reaction time. Moreover, red and green-colored lights produced
more visual fatigue compared to white and blue-colored lights. Janosik and Grzesik [19] in 2003
recommended illumination higher than 200 lux. The presence of reflections on the skin causes confusion,
with multiple attempts required at focused reading on VDT and the need for additional accommodation
responses. Working hours on VDTs without breaks can increase visual fatigue, and a relative humidity
below 40% and high temperature can cause ocular discomfort and dry eye syndrome [10].

Visual fatigue prevalence ranges between 19.6% [20] and 72.1% [21] in office workers. The wide
range of prevalence depends on the criteria used to define symptoms and methods used [20].

In addition to ergonomic and environmental factors [7,22,23], some research has focused on
psychological factors as causative factors of CVS. Office work is sedentary and requires less physical
energy than other jobs, but needs more mental attention and cognitive processes, sometimes with
constant work pressure and at others with low levels of autonomy and few decision-making possibilities
that can cause stress [24].

Visual fatigue and stress are common in VDT users [25–27] and are sometimes associated with
musculoskeletal disorders [28], but research is lacking in terms of long-term follow-up. The aim of our
study was to evaluate these symptoms in a large group of VDT users in 10-year follow-up, with the
final aim of suggesting interventions which are useful to increase wellness in VDT workers.

2. Materials and Methods

We evaluated 3054 computer operators working with VDTs for more than 20 h per week in
different public offices in Trieste (Italy) that underwent periodical health surveillance in the Clinical
Unit of Occupational Medicine from 2000 to 2009. Two thousand two hundred and eight workers
completed the follow-up with 3 or 4 medical examinations according to age: workers underwent a
periodic medical evaluation with eye examination, as required by Italian law (every 5 years for workers
<50 years-old and every 2 years for those ≥50 years-old). Lenses in use were defined using a lensmeter
(Essilor Instruments CL60, Thornbury, Bristol, UK). Myopia was defined when >−0.25 dioptres (D).
Hyperopia and presbyopia were defined when >0.25D and astigmatism was defined when >0.25D.
Visual acuity using lenses was evaluated for far, near and intermediate distances (57 cm) using the
Vision test (Essilor Instruments, Thornbury, Bristol, UK).

During the medical examinations, workers filled in a standardized questionnaire, divided into
three sections. (1) The first part comprised 59 questions concerning personal data, years of use of a VDT,
hours of use per day, computer programs used, screen size and type, work breaks, interruptions during
VDT work, work environment in terms of lighting, glare on the screen, distance between the computer
and operator, working desk, environmental noise and temperature; (2) the second part analyzed
workers’ life and health, marital status, schooling, sport, smoking habit, coffee consumption, eye
illnesses, use of lenses, eye examinations, and joint diseases; (3) the third part investigated the frequency
of eye-symptoms related to VDT use: fatigue, redness, burning, tearing, headache, photophobia, far
and near blurred vision, myodesopsia, double vision, and eye drop application—defined as never,
sometimes, and often in relation to VDTs or not related to VDTs; (4) anxiety perception was defined as
never, sometimes, and often in relation to VDTs or not related to VDTs (the question asked was “do
you feel anxious during work with VDTs? “, and possible answers were “never”, “sometimes”, “often”
or “not related to VDT use”); (5) psychosocial factors were evaluated using a simplified questionnaire
that investigated discomfort (1—yes or 0—no) during work at VDTs regarding the following aspects:
overcrowding, relationship with users, relationship with colleagues, work condition, responsibility,
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repetitiveness, excessive concentration, excessive attention, low possibility of correcting errors, frequent
interruption during work, computer slowness, excessive variability of work tasks, low control of
work tasks, slow cadence of work tasks, and fast cadence of work tasks. Psychosocial factors were
summarized as the sum of all answers. All subjects signed an informed consent, and data were
analyzed anonymously. Periodical medical surveillance is compulsory in Italy under the law (81/2008)
and, according to Italian rules, the Local Ethical Committee was informed about the study.

Data were collected using the program Excel for Windows, and statistical analyses were performed
using the STATA program (StataCorp, 4905 Lakeway Drive, College Station, Texas, US). Continuous
data were compared using the t-Student test and t-pair test for repeated measures; categorical data
were compared with the chi-square test and with Mc Nemar test for repeated measures. Relationships
between visual fatigue, occupational data and other symptoms were evaluated with Pearson correlation
and univariate logistic regression. Significant findings were studied with multivariate logistic regression.
The relationship between visual fatigue and potentially associated variables during follow-up was
evaluated using generalized estimating equations (GEE) that permit the study of the same subject over
time. Statistical significance was settled at p < 0.05.

3. Results

Figure 1 reports the study design: 3054 subjects underwent the first control, and 2208 completed
the follow-up with 3 or 4 controls, as required by Italian law, depending on age.

Figure 1. Design of the study.

The characteristics of the workers involved in the study are reported in Table 1. Gender is
represented in similar proportions, and age increased obviously from the first control (36.7 ± 10.5 years)
to the last one (46.5 ± 9.3 years) with p < 0.005. A similar trend was found for work seniority starting at
7.4 ± 6.7 years in the first control and reaching 14.5 ± 7.4 in the last follow-up (p < 0.001). The time of
VDT use was around 5 h per day in the period considered. Refractive defects in workers over time are
shown in the same table. Myopia was quite stable in terms of years; astigmatism ranged from 37.14%
to 42.97%. Presbyopia increased according to the age of people (from 36.82% in the first examination to
52.26% in the last one (p < 0.001). Hyperopia grew from 7.5% in the first examination to 9.94% at the
intermediate follow-up and to 11.59% at the last control (p < 0.001).

19



Int. J. Environ. Res. Public Health 2019, 16, 2501

Table 1. Characteristics of participants, use of lenses and visual symptoms during the follow-up.

Characteristics Description
1st

Examination
2nd

Examination
3rd

Examination
Last

Examination

Men (n) 1537 1032 841 1138

Women (n) 1558 1176 809 1070

Total (n) 3095 2208 1650 2208

Age Years (mean ±
SD) 36.7 ± 10.5 41.1 ± 9.1 47.8 ± 8.2 46.5 * ± 9.3

Work seniority years
(mean ± SD) 7.4 ±6.7 9.2 ±6.5 13.7 ±7.0 14.5 * ± 7.4

VDT per day hours
(mean ± SD) 5.0 ± 2.5 4.8 ±2.1 5.4 ±2.0 5.4 ±1.9

Visual defects

Hyperopia % 7.2 7.5 9.9 11.6 *
Myopia % 46.8 44.7 45.3 45.1

Astigmatism % 33.2 37.1 43.0 40.8
Presbyopia % 22.3 36.8 61.3 52.3 *

Use of lenses % 80 82 84 82

Visual fatigue Sometimes % 46.3 48.8 48.4 50.3
Often % 12.1 13.8 17.3 13.7

Ocular redness
Sometimes % 23.9 26.0 27.6 28.2

Often % 5.0 7.2 8.5 7.1

Ocular burning Sometimes % 20.9 22.1 21.9 23.7
Often % 4.5 6.6 7.6 5.82

Ocular tearing Sometimes % 11.2 12.4 14.5 15.6
Often % 2.5 3.4 4.4 4.2

Headache
Sometimes % 9.5 12.2 10.8 11.2

Often % 2.5 3.5 3.6 2.8

Photophobia Sometimes % 8.2 10.9 11.4 9.0
Often % 2.0 2.8 3.4 3.1

Blurry vision far Sometimes % 10.6 10.5 9.8 9.9
Often % 2.7 3.0 3.1 3.2

Blurry vision near Sometimes % 6.8 10.0 11.2 9.8
Often % 1.9 3.1 3.8 3.1

Myodesmopsia Sometimes % 7.1 8.3 10.4 9.5
Often % 1.1 1.4 1.6 1.4

Double vision
Sometimes % 6.2 7.9 9.2 7.0

Often % 1.5 1.4 2.1 2.1

Eye drop application Sometimes % 3.8 3.9 6.6 5.4
Often % 1.2 1.1 1.6 2.0

Anxiety Sometimes % 2.9 3.7 4.2 3.1
Often % 0.6 0.9 1.1 1.1

* p < 0.005.

The use of lenses was very common during the follow-up, with more than 80% of people
using lenses.

The most common eye symptom was visual fatigue, followed by ocular redness, burning and
tearing. In general, eye symptoms increased during follow up, reaching statistical significance for
visual fatigue (58.4% to 64%, p < 0.001), ocular redness (28.9% to 35.2%, p < 0.001), and near blurred
vision (8.7% to 12.9%, p < 0.01). Headache and anxiety were reported in similar figures during the
follow-up (12% to 14% and 3.5% to 4.2%), respectively.

We evaluated visual fatigue in terms of years (Figure 2) to verify the improvement of symptoms
in relation to the better quality of the screens; however, no difference was shown and no decrease in
symptoms was reported.
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Figure 2. Percentages of visual fatigue in terms of years.

Visual fatigue, analyzed using Pearson’s correlation, was not associated to far, near, or intermediate
vision acuity. Univariate analysis confirmed this with values of OR = 1.1; 95% CI 0.98–1.24; OR = 1.02;
95%CI 0.97–1.07; OR = 1.06; CI95% 0.96–1.2, respectively. Visual fatigue was studied in relationship
with environmental and ergonomic factors such as monitor characteristics, work place illumination,
reflections on the screen, contrast, and incorrect distances from the computer using Pearson’s correlation
(Table 2).

Table 2. Pearson’s correlation between visual fatigue and environmental variables.

Variables
Local
Light

Natural
Light

Contrast
Light

Flickering
Reflections Distance Image

Local light -

Natural light 0.17 ** -

Contrasts 0.22 ** 0.31 * -

Light flickering 0.15 ** 0.02 0.36 ** -

Reflections 0.27 ** 0.01 0.26 ** 0.27 ** -

Distance 0.33 ** 0.02 0.25 ** 0.19 ** 0.24 ** -

Image 0.29 ** 0.02 0.26 ** 0.27 ** 0.25 ** 0.33 ** -

Visual fatigue 0.06 ** 0.01 0.05 ** 0.03* 0.06 ** 0.03 ** 0.03 *

* p < 0.05; ** p < 0.01 (two tails).

All factors except natural light were significantly related with visual fatigue. The relationships
between visual fatigue and psychosocial variables are reported in Table 3.

All psychosocial variables were significantly related each other. Factors associated to visual
fatigue in the first and last examinations were evaluated using univariate logistic regression (Table 4).
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Table 4. Visual fatigue, visual acuity and refractive disorders in the first and in the last control
evaluated with univariate logistic regression. Data are reported as odds ratios (OR) and 95% confidence
intervals (CI).

Variables
1st Examination Last Examination

OR 95% CI p OR 95% CI p

Sex female 1.3 1.1–1.56 0.005 0.98 0.81–1.17 0.814

Age 0.98 0.98–0.99 0.031 0.98 0.97–0.99 0.001

Seniority of work 1.00 0.99-1.01 0.753 0.98 0.97–0.99 0.022

VDT working hours 1.19 1.14–1.24 0.000 1.17 1.11–1.23 0.000

Use of lenses 1.42 1.1–1.85 0.011 1.28 0.99–1.64 0.055

Presbyopia 0.82 068–0.98 0.033 0.89 0.74–1.05 0.186

Hyperopia 1.52 1.1–2.2 0.020 0.98 0.75–1.30 0.889

Astigmatism 1.30 1.05–1.52 0.012 1.05 0.88–1.25 0.582

Myopia 1.09 0.91–1.31 0.301 0.93 0.78–1.10 0.415

Visual acuity OO near 1.02 0.98–1.07 0.431 1.01 0.96–1.01 0.628

Visual acuity
OO intermediate 1.06 0.96–1.17 0.213 1.02 0.98–1.12 0.137

Visual acuity OO far 1.02 0.92–1.13 0.734 1.10 0.98–1.24 0.112

VDT: video display operators; OO: both eyes; In bold, significant results.

In the first examination, females reported more visual symptoms, but no gender effect was shown
in the last examination. Age was inversely related to visual fatigue, and seniority of work was also
demonstrated to be a protective factor in the last control. Visual fatigue increased significantly in
relation to VDT working hours and use of lenses. Visual acuity at near, intermediate and far distances
was not related to ocular symptoms and, when analyzing refractive disorders, hyperopia increased
ocular symptoms, but only in the first examination. To evaluate the role of different factors, we
analyzed visual fatigue using the multivariate logistic regression in the first control (Table 5).

Table 5. Factors associated to visual fatigue in the first examination, evaluated with multivariate
logistic regression (n = 3054 workers).

Variables Odds Ratio 95% CI Z Score p Value

Female gender 1.09 0.94–1.28 1.18 0.239

Age 0.99 0.98–1.00 −1.52 0.128

Seniority of work 1.00 0.99–1.01 1.01 0.314

VDT working hours 1.17 1.13–1.22 8.79 0.000

Use of lenses 1.30 1.08–1.58 2.71 0.007

Presbyopia 0.87 0.67–1.13 −1.02 0.310

Hyperopia 1.56 1.1–2.3 2.28 0.023

Astigmatism 1.2 0.96–1.4 1.57 0.117

Environmental factors 1.10 0.99–1.30 1.78 0.078

Psychosocial factors 1.03 1.00–1.06 2.25 0.025

I feel anxious sometimes
during VDT use 2.62 1.56–4.4 3.65 0.000

I feel anxious often during
VDT use 4.97 1.48–6.84 2.59 0.010

I feel anxious not in
relation with VDT use 1.40 1.07–1.84 2.25 0.025

CI: confidence interval; in bold, significant results.
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Environmental factors were summarized in one variable that did not include natural light, which
were not related with visual symptoms. Psychosocial factors were summarized in one item obtained
by the sum of single items, and anxiety perception was analyzed alone as never, sometimes, and often
both in relation with VDT use and not being work-related. In multivariate analysis, visual fatigue
was not related to age, sex or work seniority, while symptoms increased with anxiety perception in a
dose-related matter with OR 2.62 (CI 95% 1.56–4.4) and OR 4.97 (CI 95% 1.48–6.84) for “sometimes”
or “often”, respectively. VDT working hours, use of lenses, hyperopia and psychosocial factors were
significantly related to visual fatigue.

To analyze factors related to visual fatigue in the follow-up, we used the generalized estimating
equation (GEE) as shown in Table 6.

Table 6. Factors associated to visual fatigue during 10-year follow-up using the generalized estimating
equation (2208 workers that repeated medical examinations 3 times were included in the analysis).

Variables Odds Ratio 95% CI Z Score p Value

Female gender 1.05 0.90–1.24 0.66 0.508

Age 0.98 0.97–0.99 −2.5 0.015

Seniority of work 1.02 0.88–1.35 0.65 0.450

VDT work hours 1.27 1.04–1.53 2.50 0.035

Use of lenses 1.34 1.09–1.64 2.80 0.005

Environmental factors 1.02 1.01–1.06 2.15 0.025

Psychosocial factors 1.03 1.01–1.07 2.23 0.026

I sometimes feel anxious
during VDT use 2.69 1.57–4.61 3.60 0.000

I often feel anxious
during VDT use 7.40 1.77–31.03 2.74 0.000

I do not feel anxious in
relation to VDT use 1.01 0.78–1.30 0.13 0.944

CI: confidence interval; in bold, significant results.

Age was inversely associated with visual fatigue, and no relationship was found with seniority of
work and gender. Anxiety perception was strongly associated with visual fatigue in a dose-related
matter with OR 2.69 (CI 95% 1.57–4.61) for “sometimes” feeling anxious during VDT use and OR
7.10 (CI 95% 1.77–31.03) for “often” feeling anxious during VDT use. A significant relationship was
demonstrated also with hours of work with VDTs (OR 1.27; CI 95% 1.04–1.53), use of lenses (OR 1.34,
CI 95% 1.09–1.64), environmental factors (OR 1.02; CI 95% 1.01–1.06) and psychosocial factors (OR 1.03;
CI 95% 1.01–1.07).

4. Discussion

Many epidemiological studies on VDT users have reported the presence of computer vision
syndrome [29], and our study confirmed this in a long-term follow-up. However, the longitudinal
characteristics of our study permitted us to analyze factors related to visual symptoms in a more
comprehensive way, finding that anxiety perception was the most important factor, followed by
the time of VDT usage, the use of lenses, environmental and psychosocial factors. No associations
were found with seniority of work and visual acuity. Age appeared to be inversely related to visual
symptoms. Visual fatigue grew with increasing working hours in a poorly controlled environment
with light disturbance [8,30,31], and VDT work could worsen visual problems [18,32–34] in the short
term [35,36]. However, there was no relationship between refractive disorders and VDT use in a 4-year
follow-up [37], and visual fatigue decreased significantly with age, as also shown in other studies [38],
probably because older workers know better how to manage visual discomfort, despite the higher
prevalence of presbyopia. Dry-eye syndrome can influence visual fatigue, and the use of contact
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lenses can increase ocular symptoms [39,40]. The wearing of contact lenses causes a reduction of
blink amplitude and tear film instability with Meibomian gland atrophy with tear alteration with an
increasing of dry-eye symptoms. The desiccation of the contact lens surfaces causes irregular refraction
with visual discomfort [40].

Regarding refractive disorders, myopia prevalence did not increase in follow-up, while presbyopia
and hyperopia were clearly age-related and astigmatism increased in small amounts during follow-up.
We found visual defects to be higher than those in the literature [41] because we considered any view
change starting from 0.25 dioptres—thus, with a lower cut-off—whereas in a European Eye Consortium
study, myopia was defined as ≥ −0.75 dioptres, with hyperopia and presbyopia ≥ 1D. However, myopia
prevalence did not increase during the follow-up, and we failed to find an association between myopia
and work seniority. Overall, no relationship was found between visual fatigue, refractive disorders
and visual acuity with lenses during the follow-up, while in the first examination, only hyperopia was
significantly associated with visual complaints.

Visual fatigue was also related to environmental and ergonomic factors such as monitor
characteristics and workplace illumination, in accordance with the literature [42–44]. Poor illumination,
the presence of contrast, light flickering and reflections on the screen, poor-resolution images and an
incorrect distance to the computer contributed to eye-symptom development. Environmental factors
were associated with visual fatigue in our study as well, despite the fact that, in the last 10 years, the
introduction of better flat video screens has resulted in an improvement of image quality.

Psychosocial factors were associated with visual fatigue. They are, in addiction to ergonomic
factors, the basis of the occurrence of somatic disorders (such as headache and insomnia), generalized
tension and stress [45–47]. All psychological variables were positively related to each other, confirming
the fundamental role of perception of these factors in predicting the onset of symptoms in the workplace.

Some factors were more related to visual fatigue than others. Work in crowded places, having
problems with colleagues, performing tasks that require too much attention and concentration, and
having little control over decisions about work, intensity of work have relevant impacts on the
occurrence of visual symptoms. Other important factors are job position and the repetitiveness of
working duties.

Another important issue that must be considered in people using VDTs is motion sickness, which
has been studied mainly in video game users [48] or in people watching 3D movies [49] but which can
be present also in workers using mobile devices [50,51]. Visually-induced motion sickness experienced
in a 3D immersive virtual environment is one of the crucial aspects that limits the widespread use of
virtual reality [52] and can contribute to visual fatigue in VDT workers. However, in our study—a
long-term follow-up—we did not consider this symptom, because the widespread use of mobile
devices started after the start of our project. This can be considered a limitation of our study; however,
we tried to focus on visual fatigue and stress, which were the most important symptoms in VDT users,
together with musculoskeletal symptoms.

Our study is one of the largest and longest available in the literature, to our best knowledge, and
demonstrated that visual fatigue did not increase with refractive disorders or with visual acuity with
lenses, or in relation to work seniority and age, confirming that symptoms are not harmful for the
eye. Visual symptoms are mainly caused by anxiety perception and psychosocial factors: this finding
suggests the need to consider this and to suggest interventions to increase wellness in workplaces, but
also the need to emphasize the safe characteristic of work with VDT, avoiding the overestimation of
symptoms without signs of diseases. Moreover, visual symptoms in general are mild. To confirm this,
the majority of workers reported “visual fatigue in relation to VDTs sometimes”, while “visual fatigue
in relation to VDTs often” was reported by a lower percentage of workers. Irritant symptoms such
as “red eye” and “burning eye” were reported by less than 7% of subjects, meaning that important
symptoms were rare, and acute and disabling symptoms were never reported [53]. Moreover, myopia
did not increase during the follow-up, confirming what was already demonstrated by Rechichi et al.
in 1996 [53] following 23,000 VDT users for 4 years. This author showed no relationship between
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refractive errors and VDT exposure [48], and a review of Mutti and Zandik [54] concluded that there is
no evidence that VDT work causes myopia. Visual fatigue is a symptom and not a sign of eye disease,
and Cole in 2003 [55] questioned the need for vision screening in VDT workers. He said that visual
discomfort is common among workers even if they do not use VDTs and that visual screening would
be better applied for workers when vision is critical for safety, such as professional drivers, air traffic
controllers, etc.

5. Conclusions

Our study, in a long follow-up, failed to find an increase of refractory disorders in VDT users.
Visual fatigue was common and symptoms were related to many factors, but not to refractive disorders
and visual acuity with lenses. Anxiety perception was of paramount importance compared to
environmental factors, use of lenses, time of VDT use and psychosocial factors. Visual fatigue did not
increase in relation to age, and seniority of work and gender did not play any role in the occurrence
of symptoms. In our 10-year follow-up, refractive disorders increased mainly in relation to age as
presbyopia and hyperopia, while no increase in the prevalence of myopia was found, confirming that
VDT use is not harmful for vision.

This study emphasizes the need to promote the wellness of workers, focusing on interventions to
reduce anxiety, increasing good relationships between workers, and promoting a good psychosocial
environment together with a good control of environmental variables and the correction of refractive
disorders, which seems to be not relevant compared to other factors. Effort can be put into the
good organization of the workplace, the environmental control of lights and a better evaluation of
psychological factors.
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Abstract: This study aimed to find out which countries around the world require psychosocial
hazards and workplace violence to be assessed by employers through a mandatory occupational
risk assessment process and to compare the type of legislation between countries. We systematically
searched the International Labour Office (ILO) “LEGOSH” database for documents published during
the period between December 2017 and February 2018. The search included 132 countries, of which
23 were considered as developed and 109 as developing according to the United Nations. Our review
showed that most countries (85, i.e., 64%) have not included mandatory psychosocial risk assessment
and prevention in their national occupational safety and health legislation. Moreover, we found
differences between developed and developing countries, showing that developed countries more
frequently have legislative measures. Within developed countries, we also found differences between
countries following the Scandinavian model of workplace health and safety culture and other
countries. Moreover, in many countries, workplace violence was prohibited only if it involves an
offence to moral or religious customs. In conclusion, the marked difference in psychosocial hazards
and workplace violence regulations among countries leads to unequal levels of workers’ protection,
with adverse effects on global health.

Keywords: global health; health inequalities; legislation; mental health; psychosocial hazard; public
health policy; workplace violence; job strain; psychosocial hazard; occupational health

1. Introduction

The existence of occupational diseases was first recognized nearly three centuries ago when
Bernardino Ramazzini published “De Morbis Artificum Diatriba” [1]. Despite this, the global burden
of occupational diseases is continuously growing around the world [2], and this requires a growing
commitment on the part of all nations.

During the last century, many countries across the world have established laws for the prevention
of occupational safety and health (OSH) risks. Generally, these legislative measures have especially
taken into account traditional (chemical, physical or biological) risk factors. However, OSH legislation
less frequently takes into consideration the so-called “fourth group”, that is the psychosocial
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occupational risk factors. Psychosocial hazards (PSH) have been identified as one of the key emerging
risks in OSH [3]. They are defined as “those aspects of work design and the organization and
management of work, and their social and environmental context, which may have the potential to
cause psychological or physical harm” [4]. They originate from “interactions between and among work
environment, job content, work organization and workers’ capacities, needs, culture, personal extra-job
considerations that may, through perceptions and experience, influence health, work performance and
job satisfaction” [5]. Such a broad definition includes countless possible stressors. Occupational or
job-related stress is just one of them.

Despite its frequent use, no agreement upon the definition of job stress currently exists; it, however,
refers to distinct job stressors, or stimuli in the workplace, leading to psychological strains or negative
psychophysiological responses or reactions [6]. According to the WHO (World Health Organization),
this negative response occurs when work demands and pressures do not match employees’ abilities and
instead challenge employees’ ability to cope [7]. Job stress can be caused by poor work organization and
work design, poor management, unsatisfactory working conditions, and lack of support from colleagues
and supervisors [8]. Workplace violence (WV) can be included among the harmful psychosocial stress
factors, both because sometimes it originates from inside of the work environment (assuming the
character of bullying or mobbing), and because the attacked people often develop a condition of
distress, which in turn makes them prone to violence, in a cyclical relationship [9,10]. According to the
Occupational Safety and Health Administration (OSHA) (2002), WV can be defined as any “violence
or the threat of violence against workers, which can range from threats and verbal abuse to physical
assaults and homicide” [11].

The importance of PSH emerges from studies conducted in workplaces in many parts of the
world. In Europe, where regional figures are available, stress/strain is the second most frequently
reported work-related health problem. A European survey (EU-OSHA, 2009) showed that 50–60% of
all lost working days are attributed to job strain, and the number of people suffering from stress-related
conditions caused or made worse by work is likely to increase [12]. In the Asia-Pacific Region, one in
five Australian employees reported to be mentally unwell in the past 12 months, and it was estimated
that untreated mental health conditions cost Australian workplaces approximately $10.9 billion per
year [13]. In Japan, a national report showed that almost every third worker reported suffering
from job strain-related anxiety disorders during the previous year [14]. In the American nations,
cross-sectional studies showed that more than 10% of respondents to the First Central American Survey
on Working Conditions and Health (2012) reported various job strain-related symptoms, ranging from
feeling depressed to sleep problems [15]. In the USA, more than 570,000 workers a year experience
non-fatal WV [16,17]. Conversely, almost no information about prevalence or incidence rates of PSH-
or WV-related diseases has been identified in African and other developing countries [14].

Due to their importance for health, safety and productivity, PSH and WV must be addressed and
prevented in the workplace. However, the employer’s decision to establish an Occupational Health
and Safety (OHS) service, including measures for health surveillance of workers, health promotion,
counselling and disability management, can only be established on the basis of a double legitimacy,
being based on both scientific evidence (i.e., scientific legitimacy) and laws (i.e., legal legitimacy) [18].
Regulation of these topics is of importance, as it is well known that greater quality of healthcare
systems’ prevention efforts is linked with lower occupational fatality rates and higher levels of workers’
health [19]. Reviewing the OSH regulatory framework is of great importance because the presence of
differences in regulatory provisions could correspond to differences in the levels of safety and health in
the workplace. By making these differences explicit in our review, we provide a base for further policy
discussion and improvements.

Not all countries in the world utilize the same level of occupational risk prevention. The cultural
and social differences that underlie the different regulatory situations are also the basis of different
development models. In recent years, the process of globalization and liberalization have often
increased health inequities [20]. For this reason, it is relevant to know whether or not the presence of
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laws or regulations in the countries around the world really promotes the development of effective
OSH services for the prevention of PSH.

In this review, we aimed to evaluate the OSH regulatory frameworks developed by the countries
worldwide, with a special focus on the differences between developing and developed countries
and within developed countries, which have more resources to achieve occupational risk prevention.
More specifically, our study aimed to clarify whether countries around the world require PSH and
WV to be assessed by employers through the mandatory occupational risk assessment process. Such a
legal requirement could inform policymakers and key stakeholders for improving occupational health
and safety policy on PSH and WV in the workplace.

2. Materials and Methods

The International Labour Office (ILO) Global Database on Occupational Safety and Health
Legislation (LEGOSH) is a database that compiles legislation in the OSH field [21]. The continuous
updating of the collection of laws makes it one of the most suitable tools for evaluating the state of the
main elements of OSH legislation, including OSH management and administration, employers’ duties
and obligations, workers’ rights and duties, OSH inspection and enforcement, among others. We have
systematically consulted the database, during the period between December 2017 and February 2018,
to obtain information on the legislative provisions aimed at preventing PSH in different countries and
to compare, from a global perspective, the different situations.

The LEGOSH classification structure is based on a comprehensive set of 11 themes, which follow
and capture the main part of the key ILO standards. LEGOSH sub-divides the category of PSH into
two sub-groups: (a) “psychosocial risks” and (b) “occupational violence”. LEGOSH has a user-friendly
interface, which allows, but is not limited to: a) access to the synthesis of OSH legislation in English;
b) comparison of the legislation of several countries or regions on a particular subject (by using the
function “Compare countries”); and (c) conducting customized searches. LEGOSH was independently
screened and assessed by the authors of this study. We specifically analyzed the Subtheme 9.5
(“Psychosocial hazards”) of Theme 9 (“Specific hazards or risks”), which provides an overview of the
main pieces of legislation covering specific hazards or risks, including psychosocial ones.

Our search was limited to the 132 countries included in the LEGOSH database. Our search
was firstly carried out for each country by using the function “Search”. Then, we checked for each
country (“Africa all”, “Americas all”, “Arab States all”, “Asia all” and “Europe all”) by using the
function “Compare countries”. Finally, we analyzed our findings drawn from all OSH legislation by
comparing countries from developed continents (Europe, North America, Oceania) with countries
from developing continents (Asia, Africa, Central and South America).

Criteria to include each country in “developed” or “developing” countries were based on the
2018 World Economic Situation Prospects report by the United Nations (United Nations, 2018), which
arranges countries around the world into three classes: (a) developed economies, (b) economies
in transition and (c) developing countries [22]. Economies in transition and developing countries
were considered as one group in our study. In this study, we equated “no data available” about the
mandatory assessment of PSH and WV with “no regulation”. Moreover, we did not consider criminal
law or laws against sexual violence that may be present in the codes of most countries but are not
specifically referred to in the workplace.

We firstly performed a directed qualitative content analysis based on predefined themes (thematic
analysis on PSH and WV), followed by a synthesis of the results and a narrative description, which is
illustrated with tables.

3. Results

The characteristics of the legislation of the various countries are reported in Appendices A and B.
The general characteristics of the OSH legislation reviewed are presented in Table 1. Explicit regulation
on PSH is in force in 82.3% of the EU member states and in 16.6% of non-EU developed countries, but in
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less than 30% of the developing countries (Table 1). WV is regulated in three out of four developed
countries, but roughly in one out of three developing countries. In many developing countries,
OSH legislation includes only prevention of sexual harassment or protection of dignity and religion.

Table 1. Characteristics of occupational safety and health (OSH) legislation about psychosocial hazards
and workplace violence in developed and developing countries.

Countries (n = 132)
Psychosocial Hazards Workplace Violence

Yes No/NDA Yes/Partial * No/NDA

Developed countries (n = 23)
EU-countries (n = 17) 14 (82.3%) 3/0 14 (82.3%) 2/1

Non-EU countries (n = 6) 1 (16.6%) 2/3 3 (50%) 2/1
Total (n = 23) 15 (65.2%) 5/3 17 (73.9%) 4/2

Developing countries (n = 109)
Europe (n = 14) 4 (28.5%) 1/9 2 (14.2%) 1/11

North America (n = 2) 0 (-) 0/2 0 (-) 0/2
Central and South America (n = 30) 5 (16%) 1/24 5/4 (30%) 0/20

Africa (n = 46) 15 (32.6%) 0/31 10/6 (34.7%) 0/30
The Middle East and Asia (n = 17) 8 (47%) 1/8 6/4 (58.8%) 0/7

Total (n = 109) 32 (29.3%) 3/74 33/15 (44%) 1/70

Note: NDA = No Data Available. * Partial: Including only sexual harassment or protection of dignity and religion.

3.1. Psychosocial Hazards and WV Regulation in Developed Countries

Most developed countries include some form of regulations on mental health and/or psychological
hazards (psychosocial risks, occupational violence or both of them) in their OSH legislation. All of
the EU member states available in LEGOSH (n = 17) explicitly or implicitly included PSH and WV
in their OSH legislation. Most countries in Scandinavia, Continental Europe and the Mediterranean
have a specific regulation for this topic. For instance, in Finland, workload factors, lone working, night
work and work pauses, as well as harassment and occupational violence are specifically addressed.
In Sweden, systematic work environment management includes provisions against the risk of violence
or the threat of violence. In Latvia, there is a legal framework for harassment (both personal or
through instructions to other people), direct (gender) and indirect discrimination and occupational
violence, which can be in the form of physical abuse or sexual harassment. In the Netherlands,
the employer is obliged to address psychosocial pressure of work and working conditions policy,
which is aimed at preventing sexual intimidation, aggression, discrimination and violence. In France,
the law provides protective measures against psychosocial risks and stipulates provisions against
moral and sexual harassment. In Italy, all psychosocial hazards, including both psychosocial risk
and occupational violence, must be assessed by employers. In Portugal, psychosocial risks including
violence, discrimination and sexual harassment are covered under the general duties of the employers.
In Spain, there is no data available on psychosocial risks; nevertheless, discrimination and harassment
are considered by Spanish law as very serious infringements. In the United Kingdom, psychosocial
risks and violence (including verbal abuse and the risk of reasonably foreseeable violence) are covered
under general duties, however there is no specific OSH rule. In Ireland, despite the fact there is no
data available about psychosocial hazards, employers are required to identify risks of violence at work
to implement appropriate safeguards. In Greece, there is a framework agreement to tackle workplace
“physical or psychological” violence exercised by co-workers or third parties, though this agreement
has not yet been translated into law. In Croatia, any direct or indirect discrimination in the workplace
is prohibited, and harassment or sexual harassment is regulated by special legislation, yet there is no
explicit regulation for occupational violence. Occupational violence is explicitly included in the rules
of prevention by almost all EU member states except for Bulgaria, Romania, and Poland. In Poland,
however, the regulation of psychosocial risks includes mobbing that is considered as an unwanted
behaviour aimed at or which has the effect of violating someone’s dignity or creating an intimidating,
hostile, demeaning or humiliating atmosphere towards an employee.
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Developed European countries that are not part of the EU have an approach similar to those in
the EU. In Norway, occupational law “foster inclusive working conditions and equality and facilitate
adaptations to the employee’s capabilities and circumstances of life”. Moreover, employers must
preserve the employees’ integrity and dignity against harassment or other improper conduct (threats,
undesirable strain and occupational violence). In Switzerland, law mandates the provision of information
on occupational violence, including discrimination and sexual harassment, but not on other PSH.

The legislation of other developed countries outside Europe is less homogeneous than in the EU.
Remarkably, we found “no data available” from the USA with regard to PSH. In Canada, the law
provides prevention only for WV, not PSH, and in New Zealand, general duty provisions in principle
address psychosocial risks and violence, however there are no OSH provisions that explicitly address
PSH and WV. In Australia, even if the health of workers includes physical and mental aspects, neither
psychosocial risk nor occupational violence are included in its legislation. A synthesis of the legislative
framework of developed countries is reported in Table 2.

Table 2. Synthesis of differences among developed countries in Psychosocial Hazards (PSH) and
Workplace Violence (WV) regulation.

Type of Regulation Countries

Explicit provision of PSH and WV in OSH law Croatia, Cyprus, Finland, France, Greece, Italy, Latvia, Netherlands,
Norway, Portugal, Sweden, United Kingdom

Explicit provision of PSH (not WV) Bulgaria, Poland, Romania

Explicit provision of WV (not PSH) Canada, Denmark, Ireland, Spain, Switzerland

No provision Australia, New Zealand, USA

3.2. Psychosocial Hazards and WV Regulation in Developing Countries

The legislation of developing and transition countries is less homogeneous than that of developed
countries. In Europe, most of the non-EU developing countries have no specific regulation on this
topic. Only Albania and the Former Yugoslav Republic of Macedonia explicitly included PSH in their
legislation. In the Russian Federation, OSH legislation explicitly only covers physical health and there
is no definition of PSH or WV.

In Dominica and Granada (North America), psychosocial risks and occupational violence are
covered by their respective OSH legislation. In Central and South America, PSH is included by only 5
out of 30 countries (16.66%). More specifically, LEGOSH showed “no data available” on this topic
for 24 countries. Finally, with regard to WV, out of 10 countries, 33.33% from Latin America consider
this topic, and 5 of these countries (50%) focus only on “sexual harassment”. In Colombia, there is a
specific resolution on psychosocial risks in the workplace. The termination of the labour contract can
be declared both by the employer or employee upon occupational violence. In Venezuela, employers
have to ensure a safe and healthy working environment for the full enjoyment of physical and
mental faculties of workers, preventing any harassment situations, including physical or psychological
violence. In El Salvador, the law provides the institution of psychosocial risks preventive programmes,
including training and the participation of an expert in the field and addressing violence against women
and sexual harassment in the workplace. In Puerto Rico, the law does not explicitly refer to mental
or psychological health, however there is a law indicating a general awareness about psychosocial
risks and the importance of preventing them. In Haiti, although the pursuit of workers’ well-being
includes “physical, moral, spiritual and material matters”, there is no data about PSH prevention
in the workplace. In Saint Lucia, the regulation covers only sexual harassment. In Guatemala,
the General Regulation on OSH does still contemplate the need to draft a specific regulation, but, to
date, no legislation on the subject has been identified.

In Africa, PSH prevention is mandatory in 14 countries. WV is considered by the legislation
of 16 African countries (34.78%), of which 6 exclusively deal with “sexual harassment”. Only 10
countries have OHS regulations in their control of both PSH and WV. In Morocco, the employee may
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terminate the contract if the employer commits gross insult and incitement of corruption (PSH) or
in case the employer commits any form of violence and sexual harassment (WV). In Burkina Faso,
the Labour code requires the employer to include initiatives for the prevention of physical and mental
violence, including sexual harassment. In Niger, stress is included among the emerging psychosocial
risks to be considered by the employer in risk assessment; occupational violence is limited to sexual
harassment. In Togo, no employee may be dismissed for having refused the acts of harassment of
an employer; moreover, acts of coercion, violence against people and property are prosecuted and
punished. According to Comoros’ law, employers must take all necessary measures to prevent mental
fatigue of workers, as well as sexual or moral harassment. In Zambia, the employer must adapt the
working environment to the employee’s physical, physiological and psychological ability. In Namibia,
the law requires employers to consider discomfort, fatigue or psychological stress due to failure to
apply ergonomic principles and regulates discrimination and sexual harassment in the workplace.
In Uganda, both PSH and WV are regulated. In South Africa, physical assault from the employer,
a fellow employee, client or customer is regarded as serious misconduct of the employer, since there is
a constitutional obligation to respect and protect the dignity of the employees. Intimidation and sexual
harassment are also regulated in Lesotho.

Other African countries only regulate PSH, without specifically considering WV. In Egypt,
the employer must ascertain the workers’ fitness from the point of view of their physical, mental and
psychological abilities in order to ensure their fitness to work demands, however there is no regulation
about WV. In the Central African Republic, regulations include PSH, but not WV. The same regulatory
situation exists in other African countries: in Mozambique, Angola and Congo, there are rules for
preventing psychosocial risks, but not occupational violence. Conversely, in other countries, the law
provides specific rules against violence. In Mauritius, psychosocial risks are not specifically covered by
the Labour Act, yet occupational violence, harassment, sexual and verbal abuse, the threat of violence
and bullying are explicitly considered. In Tunisia, acts of violence or threats against any fellow worker
or person not belonging to the enterprise are regulated. Occupational violence is also regulated in
Kenya, Libya and Djibouti. In Rwanda, the law regulates the protection of workers against violence or
harassment, however there is no data available on PSH.

In Asia, PSH is a specific topic of OSH in 8 countries, whereas occupational violence is included
in the OSH legislation of 10 countries. In China, employers must take measures to protect the
physical and mental health of employees and to prevent sexual harassment for female workers in the
workplace. In India, psychosocial risks caused by economic pressure are recognized by certain statutes
and employers are obliged to minimize instances of sexual harassment in the workplace. In Korea,
the employer must evaluate some PSH, such as working for a long time, shift work including night duty,
vehicles operation and precision machine control work; sexual harassment by a superior or co-workers
is prohibited. In Singapore, despite the law covering both the physical and psychosocial health of
persons at work, and WV is regulated, there is no legal provision that specifically addresses PSH in
the workplace. The most frequent normative situation is the opposite one, in which PSH is regulated,
however there are no laws on violence, or there are laws limited to conduct regarding sexual or
religious customs. In the Philippines, the law provides that the workplace be supportive and enhancing
of the psychological health of workers, however there is no provision about work-related violence.
In Thailand, the legislation covers both physical and psychological health; however, there is currently
no specific requirement about WV. Moreover, in China and the Republic of Korea, the concept of WV
comprises only “sexual harassment”, whereas, in Vietnam, the law mentions “sexual harassment and
violence against domestic workers”. In Qatar, psychological health has not specifically been addressed
by OSH legislation. However, the law requires the employer to conduct pre-employment medical
examinations to ensure that the worker is psychologically fit for the type of work required. In Oman,
there is no rule on PSH, however violence is regulated. In Jordan, there is no data available on PSH;
however, WV, i.e., using force, violence, threatening or illegal procedures in assaulting or attempting
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to violate the right of others, must be prevented. In Saudi Arabia and in Yemen, workplace sexual
misconduct is regulated, however there is no legal provision against work-related stress (Table 3).

Table 3. Examples of differences in the regulation of workplace violence among developing and
transition countries.

Type of Regulation Countries

Any kind of violence

Albania, Burkina Faso, Colombia, Comoros, India, Jordan,
Lebanon, Macedonia, Malaysia, Mauritius, Mexico, Morocco,
Namibia, Paraguay, Rwanda, Singapore, South Africa, Togo,

Tunisia, Uganda, Uruguay, Venezuela, Yemen, Zambia

Only infringement of sexual or religious custom Belize, Chile, China, Djibouti, El Salvador, Kenya, Korea, Lesotho,
Libya, Niger, Peru, Saint Lucia, Saudi Arabia, Vietnam

No specific provision on WV in OSH law Angola, Central African Republic, Congo, Egypt, Mozambique,
Philippines, Qatar, Russia, Thailand

4. Discussion

Our review showed that most countries around the world have not included mandatory PSH
risk assessment and WV prevention in their own national OSH legislation. The lack of indications
for employers is not justified in light of the scientific evidence that occupational stress causes
cardiovascular [23,24] and psychiatric disorders [25–27], general health impairment and low levels of
well-being [28], and influences the occurrence of injuries [29]. Similarly, WV has significant effects on
workers’ health and productivity [30–33]. We found a difference between developed and developing
countries on this topic, showing a higher frequency of legislative measures in developed countries.
This undoubtedly shows a shift towards a greater focus on the issues associated with work-related
stress and WV by governments and civil societies of some developed countries. However, we found
differences among developed countries, also showing that some of these countries fail to take measures
that compel employers to prevent psychosocial risks. Moreover, in many countries, WV was prohibited
only if it included an attack on sexual or religious customs.

Since the PSH and WV prevention policy may generate some costs for employers, a possible
obstacle to its adoption may be of an economic nature. However, beyond the obvious distinction
between developed and developing countries, we observed that some of the major world economies in
the developing/transition area (China, Russia, India, Brasil) and countries with the highest per capita
income (Qatar, Emirates, Singapore) have limited regulation on PSH or WV.

Moreover, it is remarkable that some developed countries do not have national laws that provide
for the obligation to evaluate PSH or WV risk in the workplace. In particular, our research was
incapable of finding any mandatory regulation in the USA, Australia and New Zealand, while Canada
only had regulation for WV. Even if the LEGOSH database does not allow us to exclude that there
may be some regional or local regulation, we must conclude that the situation in these countries is
different from that of the other developed countries and, in particular, from the EU member states.
A confirmation of the fact that these developed countries have no national mandating rules for the
assessment of psychosocial risks or violence against workers is provided by training programs that
are developed by the national safety and health agencies. In the USA, the Occupational Safety and
Health Administration (OSHA) training courses do not include PSH or WV [34]. The opposite is the
case for the equivalent EU administration (EU-OSHA) of which their current themes include stress and
psychosocial risks [35] and where psychosocial occupational risks in different countries are constantly
monitored [36]. The situation is similar for Safe Work Australia (SWA), the Australian government
statutory body established in 2008 to develop national policy relating to OHS, which does not include
PSH or WV in their model code of practices [37]. The Canadian Centre for Occupational Health and
Safety (CCOHS) considers workplace violence and bullying in its health and safety programs, however
it does not include stress or other psychosocial risks prevention into the action required under OHS
legislation in Canadian jurisdictions [38].
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The general framework, therefore, leads us to believe that a distinction among countries does exist,
however it could be founded on different cultural and economic models for social development rather
than on the availability of economic resources. Our findings show support for the Scandinavian model
of workplace health and safety culture, which emerged during the 1970s and inspired the EU one,
and is based on a “three-pillar” system of collective bargaining and extensive collaboration involving
employers, employees and government [39–41], which undoubtedly facilitates the development of
policies addressing PSH/WV prevention. On the contrary, many non-EU developed countries, such as
the USA, Switzerland and others, leave these important aspects of occupational safety and health to be
regulated by market forces rather than institutional actors [42].

With regard to WV, the observed differences may also derive from cultural, religious and
socio-political roots. European countries generally recognize both psychosocial risks and occupational
violence as important factors according to two European Framework Agreements (2004; 2007) [43,44].
However, the concept of “what” must be protected is substantially different in some non-European
countries with respect to European states. For example, in some legislation of developing countries,
protection from WV is limited to sexual harassment, consequently ignoring the health risk associated
with all other forms of non-sexual violence [45–49].

Our search has the limitations that derive from the data source. Although LEGOSH is the most
up-to-date database available, in some cases, the last update ranged between 2013 and 2015. We cannot,
therefore, exclude that more recent legislation has been introduced. Moreover, we cannot even rule out
the possibility that in some countries legislation exists, but that ILO-LEGOSH researchers have not
been able to find it, even if this is unlikely.

The differences we identified among the national laws could roughly be related to differences in
the health of workers. Health risk management in the workplace is a complex process that requires
hazard identification, risk measurement and the adoption of preventive measures. When all this is
not required by law but is entrusted to the will of individual entrepreneurs, this may lead to health
problems among workers. Previous studies indeed observed that countries with well-established active
labour market policies also have better working conditions and lower levels of work-related stress
than unregulated countries [50–55]. Inequalities in preventive dispositions may favour inequalities in
health between and among workers.

Naturally, the lack of national laws is only the first indication of reduced attention to the prevention
of occupational risks. The lack of effective measures for the enforcement of the rules can be another
important factor of inequality in the workplace and between workers. A systematic literature review
showed that the introduction of regulatory policy levers is often effective in reducing injuries and/or
increasing compliance with OHS legislation [56]. The lack of rules for the prevention of psychosocial
risk in some developed countries may also reduce the effectiveness of programs for improving
occupational health. Studies showed that integrated approaches to promoting and protecting worker
health, addressing both environmental and psychosocial factors, are highly effective and responsive to
specific productive needs [57,58].

The lack of health and safety laws for the prevention of occupational stress and violence in
many areas with a high-income economy is worthy of consideration in relation to the presence of the
migration phenomenon, which can greatly aggravate inequalities in workplaces. Migrating workers
often have unrecognized mental health needs [53] because migration per se can be a very stress-inducing
phenomenon [59]. Migrant workers are often engaged in what is known as 3-D jobs, i.e., dirty, dangerous
and demanding [60]. This includes working in an isolated environment, with limited supervision and
guidance, which makes them more prone to abuse and exploitation [61]. In cases where social and
OSH policies are poor, the distress could lead to mental health consequences or other forms of health
complications [62]. The remedy, typical of many authoritarian regimes, of countering or prohibiting
migration has turned out to worsen the situation, favouring illegal migration with fewer safeguards [63].

In 2015, the migrant population represented nearly 4% of the total global population aged 15 years
and over and cannot be neglected [64]. This leads, furthermore, to the need to homogenise the legislative
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tools to address psychosocial hazards in all countries. Policymakers should try to fill the existing gaps
in national legislation on these topics. Making uniform interventions could also probably facilitate the
achievement of the Sustainable Development Goal (SDG 3) established by the United Nations to achieve
a better and more sustainable future for all, aiming at a reduction by one third of premature mortality
from non-communicable diseases through prevention, treatment and promotion of mental health and
wellbeing [65]. SDG 3 provides a rationale and a framework to address mental health from many
perspectives with renewed urgency. A needed political action could boost actions to tackle the unequal
psychosocial risk assessment policies in the workplace, giving decisive occupational health benefits.

5. Conclusions

Our study evidenced marked differences in the legislative framework of work-related psychosocial
risks among countries. These differences may lead to unequal levels of worker protection in the
workplace, which can be the subject of future research. Further studies should be focused on
the relationship between social, economic and cultural factors and safety and health levels in the
workplace. The legislation on PSH and WV is more frequently present in developed countries than in
developing ones. In many cases, WV is prohibited only if it represents an attack on sexual or religious
customs. There are also significant differences within the group of richer countries, where some fail to
take measures that force employers to prevent psychosocial risks.

These inequalities in legislation could have adverse effects on global occupational health and
health in general. We believe that the present situation is not acceptable, especially in a context of
globalization and migrating workforce, thus legislative improvements are needed.
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Appendix A

Table A1. Characteristics of OSH legislation concerning psychosocial hazards and workplace violence
in developed countries. (EU = European Union).

Countries
(n = 23)

Explicit Inclusion of Psychosocial Hazards into OSH Legislation Last Update in the International Labour Office
Global Database on Occupational Safety and

Health Legislation (LEGOSH)Psychosocial Risks Occupational Violence

Bulgaria (EU) Yes No February 2016
Croatia (EU) Yes Yes March 2013
Cyprus (EU) Yes Yes February 2013

Denmark (EU) NDA Yes 2014
Finland (EU) Yes Yes October 2016
France (EU) Yes Yes 2015
Greece (EU) Yes Yes January 2017
Ireland (EU) NDA Yes March 2017

Italy (EU) Yes Yes February 2016
Latvia (EU) Yes Yes March 2017

Netherlands (EU) Yes Yes March 2017
Poland (EU) Yes NDA 2016

Portugal (EU) Yes Yes 2014
Romania (EU) Yes NDA 2013

Spain (EU) NDA Yes August 2015
Sweden (EU) Yes Yes 2014

United Kingdom (EU) Yes Yes 2013
Australia No * No * 2013
Canada NDA Yes 2013

New Zealand No * No * 2013
Switzerland NDA Yes 2013

Norway Yes Yes January 2017
United States NDA NDA 2013

Note: NDA = No Data Available; * Only implicit provision.
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Appendix B

Table A2. Characteristics of OSH legislation concerning psychosocial hazards and workplace violence
in developing countries.

Countries (n = 109)
Explicit Inclusion of Psychosocial Hazards into OSH Legislation

Last Update in LEGOSH
Psychosocial Risks Occupational Violence

Europe (n = 14)

Albania Yes Yes March 2017
Armenia NDA NDA 2013

Azerbaijan NDA NDA 2013
Belarus NDA NDA 2013
Georgia NDA NDA 2013

Kazakhstan NDA NDA 2013
Kyrgyzstan NDA NDA 2013

Republic of Moldova NDA NDA 2013
Russian Federation No No October 2016

Tajikistan NDA NDA 2013
The Former Yugoslav Republic of Macedonia Yes Yes 2013

Turkmenistan Yes NDA 2013
Ukraine NDA NDA 2013

Uzbekistan Yes NDA 2013

North America (n = 2)

Dominica NDA NDA 2015
Grenada NDA NDA April 2015

Central and South America (n = 30)

Antigua and Barbuda NDA NDA April 2015
Argentina NDA NDA 2013
Bahamas NDA NDA February 2015
Barbados NDA NDA 2015

Belize NDA Yes * April 2015
Bolivia NDA NDA 2013
Chile NDA Yes * April 2015

Colombia Yes Yes 2013
Costa Rica NDA NDA 2013

Cuba NDA NDA 2013
Dominican Republic NDA NDA 2013

Ecuador NDA NDA 2013
El Salvador Yes Yes * 2013
Guatemala No NDA 2013

Guyana NDA NDA March 2015
Haiti NDA NDA 2015

Honduras NDA NDA 2013
Jamaica NDA NDA July 2015
Mexico Yes Yes 2013

Nicaragua Yes NDA 2013
Panama NDA NDA 2013

Paraguay NDA Yes 2013
Perù Yes Yes 2015

Puerto Rico NDA NDA 2013
Saint Lucia NDA Yes * February 2015

Saint Vincent and the Grenadines NDA NDA 2015
Suriname NDA NDA April 2015

Trinidad and Tobago NDA NDA March 2015
Uruguay NDA Yes 2013

Bolivarian Republic of Venezuela Yes Yes 2013

Africa (n = 46)

Algeria NDA NDA 2013
Angola Yes NDA 2014
Benin NDA NDA 2013

Botswana NDA NDA 2013
Burkina Faso Yes Yes 2014

Burundi NDA NDA 2014
Cameroon NDA NDA 2014

Central African Republic Yes NDA January 2015
Chad NDA NDA January 2015

Comoros Yes Yes # 2013
Congo Yes NDA February 2015

Cote d’Ivoire NDA NDA 2013
Democratic Republic of Congo NDA NDA 2014

Djibouti NDA Yes * 2013
Egypt Yes NDA 2013

Equatorial Guinea NDA NDA 2013
Eritrea NDA NDA 2013

eSwatini NDA NDA 2013
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Table A2. Cont.

Countries (n = 109)
Explicit Inclusion of Psychosocial Hazards into OSH Legislation

Last Update in LEGOSH
Psychosocial Risks Occupational Violence

Gabon NDA NDA 2015
Ghana NDA NDA June 2015
Guinea NDA NDA 2015
Kenya NDA Yes * July 2015

Lesotho Yes Yes * 2013
Libya NDA Yes * 2013

Madagascar NDA NDA January 2015
Malawi NDA NDA 2013

Mali NDA NDA 2014
Mauritania NDA NDA 2013
Mauritius NDA Yes 2015
Morocco Yes Yes 2013

Mozambique Yes NDA 2014
Namibia Yes Yes 2013

Niger Yes Yes * 2013
Rwanda NDA Yes February 2015
Senegal NDA NDA 2013

Seychelles NDA NDA 2013
Sierra Leone NDA NDA June 2015

Somalia NDA NDA 2013
South Africa Yes Yes 2013

Sudan NDA NDA 2013
United Republic of Tanzania NDA NDA 2013

Togo Yes Yes 2014
Tunisia NDA Yes 2013
Uganda Yes Yes 2014
Zambia Yes Yes 2013

Zimbabwe NDA NDA 2013

Middle East and Asia (n = 17)

Bahrain NDA NDA 2013
China Yes Yes * 2013
India Yes Yes 2013

Jordan NDA Yes October 2015
Republic of Korea Yes Yes * September 2015

Kuwait NDA NDA October 2015
Lebanon NDA Yes October 2015
Malaysia Yes Yes 2013

Oman Yes NDA 2013
Philippines Yes NDA 2013

Qatar NDA NDA October 2015
Saudi Arabia Yes Yes $ October 2015

Singapore No Yes October 2016
Thailand Yes NDA 2014

United Arab Emirates NDA NDA 2013
Vietnam NDA Yes & August 2015
Yemen NDA Yes 2013

Notes: NDA =No Data Available; * Only sexual harassment; # Only sexual and moral harassment; $ Only protection
of dignity and religion; & Only sexual harassment and violence against domestic workers.
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Abstract: Available evidence suggests that social disadvantages are inextricably linked to unhealthy
eating behaviors. Given that temporary workers face insecure employment and uncertainty in their
work’s terms and conditions, issues relevant to maintaining healthy eating behavior are likely to be
affected. This study investigated the association between temporary employments and, specifically,
the status and frequency of meal skipping and of eating alone among temporary and permanent
Korean workers. We used data from the 2013–2016 Korean National Health and Nutrition Examination
Survey. A total of 5912 working people were included as the study population. We classified them as
temporary workers (n = 3036) and permanent workers (n = 2876). Eating behaviors included meal
skipping and eating alone. The rate and frequency of meal skipping and eating alone were higher
in temporary workers. After adjustment for potential confounders, the likelihoods for temporary
workers’ skipping lunch was twice as high (OR = 1.95, 95% CI 1.45–2.63) as for permanent workers.
In particular, temporary workers had four-fold-increased odds (OR = 4.12, 95% CI 2.29–7.41) of eating
alone three times per day relative to permanent workers. We found that temporary workers were
more likely to skip meals and eat alone than were permanent workers.

Keywords: temporary worker; eating behaviors; meal skipping; eating alone; Korea

1. Introduction

Over the past three decades, globalization, financial crises, and the global economy’s restructuring
have promoted labor market ‘flexibility’ and entailed changes to work arrangements, especially in
terms of the growth of temporary employment [1]. Temporary employment can be defined as wage
employment relations other than those of unlimited duration, including fixed-term, subcontracted
jobs, project or task-based contracts, as well as seasonal or casual work [2]. Although temporary jobs
encompass a wide and diverse range of occupations and sectors, they tend to offer low wages and
diverse poor working conditions (e.g., less access to paid vacations, sick leave, and unemployment
insurance) relative to permanent jobs [3]. These detrimental aspects of temporary employment result
in psychological morbidity and socioeconomic disadvantages for temporary workers [4,5].

Many studies have noted that temporary workers are more likely than standard workers to have
poor health outcomes (e.g., cardiovascular disease, depression, anxiety, and suicide) [6–8], experience
absenteeism caused by work-related injury or sickness [9], and choose unhealthy lifestyles (e.g., heavy
smoking and alcohol dependence) [10]. In addition, temporary workers are more likely to have more
difficulties accessing healthcare [11] and developing friendships in the workplace than are standard workers.

Eating is essential for survival, and healthy eating is essential for health and well-being [12–14].
Eating behavior is affected by individual perception (of health and nutrition benefits and of body
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weight) as well as the objective realities of socio-economic environments and physical access [15,16].
For example, lower education and lower occupation have been associated with fewer intakes of
certain food products (i.e., vegetables, fish, and vitamins) [17], and skipping breakfast with low
family socioeconomic status and sedentary lifestyle [18]. Employed parents’ good working conditions
positively affected the eating of more homemade meals, eating with the family, and less meal skipping,
while employed parents’ work conditions (e.g., long hours) were associated with missed breakfast,
use of convenience entrees, and more restaurant meals [19]. The available evidence suggests that social
disadvantages are inextricably linked to unhealthy eating behaviors. Since temporary workers face
insecure employment and uncertainty in the terms and conditions of their work [20,21], all issues
relevant to maintaining healthy eating behavior could be affected. However, not much is known about
working arrangements’ (i.e., contract types) effects on eating behaviors.

Therefore, the present study examined the association between temporary employments and
eating behavior. Specifically, we compared the status and frequency of meal skipping and eating alone
between temporary and permanent Korean adult workers.

2. Materials and Methods

2.1. Study Population

We used data from the 2013–2016 Korean National Health and Nutrition Examination Survey
(KNHANES) conducted by the Centers for Disease Control and Prevention [22]. The KNHANES,
was designed to assess Koreans’ health and nutritional status by extracting representative samples via
multistage, probability-cluster, and complex sampling design. The overall participation was 77.5% for the
4-year study period (KNHANES 2013–2016; 31,098 of 40,127). Of those 31,098 participants, we selected a
population aged 19–64 years (n = 12,823). We initially included 7603 after excluding cases that were
missing information on whether a wage worker was a permanent worker or not (n = 10,672). Among
those, we excluded participants who did not complete questionnaire items on eating habits (n = 1113)
such as meal skipping, meal frequency per week, and eating alone, or who were under dietary control
(n = 578), for example starving or fasting for reasons such as disease or weight loss. Thus, the final
sample was 5912 working people. All of the participants provided written informed consent. Also,
because the KNHANES constitutes a publicly opened national statistical database without personally
identifiable information, we performed a secondary analysis of the data without IRB approval.

2.2. Variable Definition

A waged worker is someone who is employed and paid by another person or company and has
worked for more than one hour to earn pay for the past week (except for the self-employed). Identification
of contract type was based on the following question: “What is your current job status?”. Possible responses
were “permanent job (guaranteed employment until retirement)” and “temporary job”, according to
which, respondents were classified as permanent workers and temporary workers, respectively.

Eating behaviors included meal skipping and eating alone. Skipping of breakfast, lunch, or dinner
was determined by whether the respondent had eaten each meal on the day prior to the survey,
via “yes or no” questions. Frequency of meal skipping was based on the question, “During the past
year, how many days a week did you eat breakfast, lunch, or dinner?” Response included 5–7/week,
3–4/week, 1–2/week, and almost never. Frequencies were categorized into two groups: ≥5/week and
<5/week. For eating alone, participants were asked, “When you have been eating breakfast, lunch,
and dinner for the past year, have you usually eaten with someone else?” Responses were “yes” or
“no.” Participants also were asked to indicate how often they ate their daily meals (i.e., breakfast,
lunch, or dinner) alone, as once, twice, or three times. Other variables included socio-demographic
characteristics and health behaviors and conditions. The self-reported socio-demographic variables
were age (19–29, 30–39, 40–49, or 50–64), gender, marital status (married, divorced/widowed, or never),
number of family members (1 or ≥2), and household income (1st quartile, 2nd quartile, 3rd quartile,
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or 4th quartile). Jobs were classified into white collar (managerial, professional, or clerical), pink collar
(services or sales), and blue collar (manual labor). Health behaviors included cigarette smoking (never,
former, or current) and alcohol drinking (yes or no). Body mass index (BMI) was categorized into
underweight (0 < BMI <18.5), normal (18.5 ≤ BMI < 25), and overweight/obesity (BMI ≥ 25.0).

2.3. Statistical Analysis

Statistical differences in general characteristics between temporary and permanent workers were
analyzed using the chi-square test. We compared eating behaviors such as meal skipping, meal frequency
per week, and frequency of eating alone per day between temporary and permanent workers. To assess
the association between temporary employment and eating behavior, we designated permanent workers
as a reference group and conducted unadjusted and adjusted logistic regression models. The result
provided odds ratios (OR) of temporary employment with 95% confidence intervals (CI). In the regression
models, Model 1 was adjusted for demographic characteristics (i.e., age, gender, marital status, number
of family members (1 or ≥2), and household income); Model 2 was adjusted for Model 1 + job types;
and Model 3 was adjusted for Model 2 + health behavior and condition (i.e., cigarette smoking, alcohol
drinking, and BMI). The KNHANES data was based on a complex survey design, survey non-response
and post-stratification to represent the civilian, non-institutionalized Korean population. The sample
weights were estimated by the inverse of selection probabilities and inverse of response rates by adjusting
them to the sex- and age-specific Korean populations [23]. All of the statistics were based on sampling
weights in order to take complex sampling into account and were performed with SAS 9.4 software (SAS
Institute, Cary, NC, USA). Statistical significance was set at p ≤ 0.05.

3. Results

3.1. General Characteristics of Study Population

Of the 5912 participants, 2876 workers were permanent and 3036 workers were temporary. Table 1
displays the general characteristics of the study’s population, revealing significant differences in all
demographic variables, health behaviors, and health conditions between the groups. Temporary
workers were more likely to be younger or older, to be female, to be divorced/widowed, to live in
one-person households, to have low income, and to be engaged in pink- or blue-collar jobs than
permanent workers. They were more likely to be never smokers, non-drinkers, and underweight than
permanent workers.

Table 1. Characteristics of permanent and temporary workers (n = 5912).

Variables
Total
(n = 5912) 1

Permanent
(n = 2876)

Temporary Workers
(n = 3036)

p-Value 2

Age (years)
19–29 948 (16.0) 349 (12.1) 599 (19.7) <0.0001
30–39 1479 (25.0) 956 (33.2) 523 (17.2)
40–49 1659 (28.1) 921 (32.0) 738 (24.3)
50–64 1826 (30.9) 650 (22.6) 1176 (38.7)

Gender
Male 2893 (48.9) 1779 (61.9) 1114 (36.7) <0.0001
Female 3019 (51.1) 1097 (38.1) 1922 (63.3)

Marital status
Married 4202 (71.2) 2258 (78.6) 1944 (64.1) <0.0001
Divorced/widowed 411 (6.96) 90 (3.13) 321 (10.6)
Never 1292 (21.9) 524 (18.3) 768 (25.3)

Number of family members
Single 416 (7.04) 147 (5.11) 269 (8.86) <0.0001
≥two members 5496 (93.0) 2729 (94.9) 2767 (91.1)
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Table 1. Cont.

Variables
Total
(n = 5912) 1

Permanent
(n = 2876)

Temporary Workers
(n = 3036)

p-Value 2

Household income
1st quartile 373 (6.32) 51 (1.78) 322 (10.6) <0.0001
2nd quartile 1337 (22.7) 435 (15.2) 902 (29.8)
3rd quartile 1968 (33.4) 943 (32.9) 1025 (33.8)
4th quartile 2222 (37.7) 1441 (50.2) 781 (25.8)

Job type
White-collar 2883 (49.0) 1867 (65.4) 1016 (33.5) <0.0001
Pink-collar 1070 (18.2) 305 (10.7) 765 (25.2)
Blue-collar 1937 (32.9) 685 (24.0) 1252 (41.3)

Cigarette smoking
Never 3388 (57.5) 1439 (50.1) 1949 (64.5) <0.0001
Former 1129 (19.2) 677 (23.6) 452 (15.0)
Current 1375 (23.3) 754 (26.3) 621 (20.6)

Alcohol drinking
Drinker 3769 (64.0) 1982 (69.1) 1787 (59.1) <0.0001
Non-drinker 2123 (36.0) 888 (30.9) 1235 (40.9)

Body weight status
Underweight 284 (4.83) 118 (4.13) 166 (5.48) 0.0002
Normal 3804 (64.7) 1847 (64.7) 1957 (64.6)
Obesity 1795 (30.5) 890 (31.2) 905 (29.9)

1 number (%). 2 p-value was calculated based on complex sample design and weights.

3.2. Comparisons of Eating Behaviors Between Temporary and Permanent Workers

We compared eating behaviors between the temporary and permanent workers (Table 2 and
Figure 1). Except for breakfast, eating behaviors for each meal differed significantly between those
groups. Temporary workers had relatively higher rates of meal skipping (lunch 7.52 vs. 5.50%; dinner
6.43 vs. 4.59%) and lower rates of meal frequency per week (≥5/week; lunch 90.4 vs. 95.1%; dinner
88.4 vs. 90.7%). The rate of eating alone was significantly higher in temporary workers than in their
permanent counterparts (28.5 vs. 9.72% for lunch and 22.1 vs. 13.8% for dinner). The frequency of
eating alone was higher in temporary workers: eating alone once per day, 60.4 vs. 49.4%; eating alone
for two meals per day, 25.4 vs. 13.0%, and eating alone for three meals per day, 7.68 vs. 1.37%.
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Figure 1. Percentage of eating behaviors by permanent and temporary worker status (2013–2016).
Results were reported as unweighted percentages and the p-value was calculated based on the complex
sample design and weights. Perm: permanent worker; Temp: temporary worker. a Frequency of eating
alone was evaluated in participants who had three or more meals per week (breakfast, lunch, and
dinner, respectively). b Frequency of eating alone was evaluated in participants who had three or more
meals per day (breakfast, lunch, and dinner).

3.3. Association Between Temporary Employment and Eating Behaviors

Table 3 displays the ORs (95% CI) for temporary workers’ eating behaviors. In the unadjusted
regression model, temporary workers had a higher likelihood of skipping meals and eating alone,
except for breakfast, than permanent workers. We then included confounding variables (i.e., age, sex,
marital status, number of family members, household income, job type, cigarette smoking, alcohol
drinking, and BMI) and gradually adjusted them in regression models 1–3. The adjusted ORs for
skipping breakfast, lunch, and dinner were no longer significant in temporary workers relative to
permanent workers. On the other hand, the likelihood of eating lunch less than five times a week was
significantly higher in temporary workers than in permanent workers after adjustment for potential
confounders (Model 3; OR = 1.95, 95% CI 1.45–2.63). The adjusted ORs for temporary workers’ eating
alone were significantly higher than for permanent workers, specifically, eating lunch alone (OR = 2.77,
95% CI 2.30–3.34), eating dinner alone (OR = 1.25, 95% CI 1.04–1.51), eating alone once per day
(OR = 1.39, 95% CI 1.18–1.64), twice per day (OR = 1.67, 95% CI 1.33–2.11), and three times per day
(OR = 4.12, 95% CI 2.29–7.41). We analyzed models 1–3 by adding confounders to the crude model.
As has been reported of an association between demographic variables and dietary behavior, such as
between meal skipping and eating alone [24,25], we found that the addition of demographic variables
(age, sex, marital status, number of family members) to the crude model had the highest impact (odds
ratio) on skipping meals and eating alone as covariates. In model 2, the variable of job type was added
to model 1 and, in model 3, the variables of health behavior and conditions were added to model 2.
The difference of result (odds ratio) between model 2 and model 3 was small.
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4. Discussion

Using nationally representative sample data on South Koreans, this study examined whether
temporary employment was associated with unhealthy eating behaviors. We found that temporary
workers were more likely to skip lunch and eat alone than were permanent workers. The likelihood
for temporary workers’ skipping lunch was twice as high as for permanent workers. Eating alone was
predominant among temporary workers and, particularly, their odds for eating alone three times per
day were four-fold increased relative to permanent workers. Thus, our findings support prior evidence
of poor eating behaviors among socially disadvantaged groups [26,27]; furthermore, our findings
suggest that temporary employment contributes to inequalities in healthy eating behaviors.

Interest in the eating behaviors of skipping meals and eating alone has increased, because unhealthy
behaviors alter the quantity and quality of food consumed, thereby affecting health outcomes [28].
People who skipped a meal were more likely to consume foods containing high level of cholesterol
and carbohydrates and to have lower intakes of fruits, vegetables, vitamins, and minerals than
those who never skipped a meal [29,30]. Further, those who skipped a meal faced increased risks to
their cardio-metabolic health, notably of obesity and diabetes [31,32]. Additionally, eating alone has
been associated with reduced energy intake [33], food diversity according to assessment of dietary
quality using the 11-item scale [34], and inadequate intake through social interaction influence during
mealtime [35]. In this way, eating alone can lead to detrimental effects on physical (metabolic syndrome)
and mental health (depressive symptoms), even among those who live with family members [23,24].

Previous studies have focused on temporary workers’ inferior health status [4,21]. The association
between temporary employment and health is complex, though it has been explained by unhealthy behaviors
(e.g., smoking, excess alcohol use, and sedentary leisure activity) in response to flexible employment [10].
In this context, temporary workers’ unhealthy eating behaviors are not likely to differ significantly.

To our knowledge, this study is the first to show a significant association between temporary
employment and unhealthy eating behaviors, i.e., skipping lunch and eating alone. Little evidence
has been found on the effects of work types on eating behaviors [36]. Nevertheless, our findings are
supported by prior results on the potential link between poor working conditions (e.g., job stress,
long working hours, and shift work) and unhealthy diets [19]. In a study of Japanese male workers,
negative psychological responses induced by job stress (e.g., fatigue, tension/anxiety, and depression)
were significantly associated with eating behaviors causing obesity, namely with substitute eating
and drinking and feelings of satiety, as well as motivations for eating [37]. In addition, observational
studies have shown that workers engaged in rotating shift work exhibited more unbalanced diets (e.g.,
high fat intake and low intake of vegetables) and abnormal temporal eating patterns (e.g., skipping
breakfast and/or late dinner) [38,39].

Based on the above research, the observed association between temporary employment and
unhealthy eating behaviors is complex. Employment characteristics—specifically, greater job
uncertainty, lower income, more limited workplace rights and social protection, and greater imbalance
of power between employers and workers than in standard employment—could shape eating practices.
Future studies are needed to confirm our findings and to examine potential mechanisms.

This study has several limitations. First, because of its cross-sectional design, we could not
establish causal links between temporary employment and unhealthy eating habits. Confirming
an association between them might require a prospective study or a longitudinal study, in which
changes of employment status are accompanied by certain eating behaviors. Second, although this
study was based on national representative data for the general population, our study sample was
not truly representative of working people, due to possible bias arising from missing data on job
status (contract type) and eating habits and due also to the exclusion of participants who were under
dietary control (e.g., starving or fasting for reasons of disease or weight loss). However, this lack
of representativeness was unlikely to have affected the association we observed between temporary
employments and eating behaviors. Third, in the KNHANES survey, eating behaviors and confounding
variables were investigated through retrospective, self-reports; thus, there remains a potential for
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recall and nonresponse biases. Finally, although we included many confounding variables including
demographics and health behaviors, the effects of unmeasured confounders (e.g., job stress and work
schedule) were not fully controlled in the statistical model.

5. Conclusions

In conclusion, we found that in Korea’s working population, temporary workers skipped more
meals and ate alone more than permanent workers. Despite this study’s mentioned limitations,
it provides preliminary evidence on unhealthy eating behaviors associated with contract type. Efforts
to encourage temporary workers’ healthy eating behaviors might be important in reducing health
inequality due to employment status.
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Abstract: The aim of this study was to identify relationships between the physical activity and
sociodemographic status of respondents aged 18–64 years. The research was conducted in 2014 and
2015 in Wrocław, Poland. The study group comprised 4460 people. The sample selection was random
and stratified. The research tool was the International Physical Activity Questionnaire—Short Form.
Levels of physical activity declared by respondents were compared with the recommendations of
the American College of Sports Medicine (ACSM). Data on respondents’ sociodemographic status
was also obtained. The Mann–Whitney U test for samples, Kruskal–Wallis test by ranks, and total
and binary logistic regression were used in statistical analysis. Among the respondents, the ACSM
health recommendations were met by 43.7% in total (43.2% women and 44.3% men). All analyzed
sociodemographic variables differentiated respondents’ physical activity. The youngest respondents
were found to be the most physically active. Wrocław residents with a secondary education declared
the highest level of physical activity. Among the respondents, manual workers revealed the highest,
and the unemployed the lowest odds of meeting the ACSM standards of health-related physical activity.
The level of physical activity of unmarried respondents was higher than that of married respondents.
The highest percentage of respondents (50.9% women and 54.2% men) with sufficient physical activity
levels was found among people living alone. Measures aimed at reducing hypokinesia should be
addressed primarily in vulnerable groups, i.e., the unemployed and oldest men.

Keywords: physical activity; demographic factors; social factors; working age; city; population studies

1. Introduction

Reduced physical activity is associated with a growing incidence of lifestyle diseases and premature
deaths [1,2]. The effects of hypokinesia are particularly acute for people of working age, as their ability
to work depends, to a large extent, on their health status and fitness and performance endurance,
which are determined and sustained by physical activity [3]. Therefore, physical exercise of the
appropriate volume, frequency, and intensity plays a significant role in both disease prevention
and rehabilitation. On the one hand, physical activity contributes to the maintenance or increase of
performance capacity and general psychophysical fitness and, on the other hand, it enables the full
recovery after diseases, injuries, and fatigue [4].

A low level of physical activity is indirectly related to the occurrence of a number of negative
consequences for working-aged people and their families, workplaces, and the entire national economy.
For employees, these consequences include, for example, longer working hours and lower work
quality, more and longer absenteeism, lower income from work and pensions, and lower quality of life.
Reduction of work efficiency, greater turnover of employees and related financial costs, problems with
work organization, or declining economic efficiency are the main causes of employees’ hypokinesia
for the enterprises employing them. Potential negative effects on the national economy include a
shorter life expectancy of physically inactive people, increased healthcare costs, increased spending on
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sickness benefits, rehabilitation and disability benefits, a lower number of economically active people,
reduced state tax revenues and, ultimately, a low economic growth rate [5].

The above problems make it necessary to attach more and more importance to preventive measures
aimed at improving people’s lifestyles, including increasing the level of physical activity. However,
the development of effective public health plans and strategies must be preceded by diagnostic activities
aimed at identifying the main problem areas. With regard to physical activity, this is not only about its
overall assessment, but also about its determinants. The results of previous studies show that physical
activity is significantly differentiated among various social groups [6–8]. Such a diagnosis will make
it possible to reach out to groups at particular risk of hypokinesia, and to plan activities aimed at
increasing their level of physical activity.

An important group of determinants of physical activity are sociodemographic factors. Despite
numerous studies on this issue, the results have been ambiguous and still indicate different directions
and strengths of perceived associations [4,9–13]. So far, the number of people in the household has not
been considered as a factor influencing the physical activity of working-aged individuals, especially
during their professional work, at home, and in leisure time. Few studies have also been conducted
on representative samples of local populations. Authors have also rarely examined associations
between physical activity and socioeconomic status separately for men and women, while the impact
of particular factors on physical activity can differ in respondents of both sexes.

Considering the above introductory remarks, the aim of this study is to identify relationships
between the physical activity and sociodemographic status of respondents aged 18–64 years.

The study addresses the following research problems:

1. What percentage of respondents meets the criteria of health-related physical activity formulated
by the American College of Sports Medicine?

2. Do such sociodemographic features as age, level of education, occupation, marital status,
and the number of people in the household determine respondents’ compliance with ACSM
recommendations for health-related physical activity?

3. Are the strength and directions of relationships between physical activity and sociodemographic
variables similar in both the studied women and men?

2. Methods

The study was conducted in March and November of both 2014 and 2015 in Wrocław, Poland.
The research project had been given positive approval by the Commission of Bioethics of the University
School of Physical Education in Wroclaw. The participants were 4460 people, including 2331 women
and 2129 men aged 18–64 years. Their characteristics and selected sociodemographic variables are
presented in Table 1. The sampling was random (three-stage group variant) and stratified (proportional
variant). First, ten out of the alphabetically ranked housing estates of Wrocław were drawn using a
random number table, then, following a similar mechanism, three streets were drawn in each housing
estate, the inhabitants of which took part in the study. The number of respondents from each housing
estate was proportional to the number of its inhabitants. Moreover, the planned sample was divided
into layers in which the stratifying features included the respondents’ sex and age. A proportional
variant was adopted so that the number of respondents in each subpopulation was proportional to the
size of the layers of the population of working aged people from Wrocław.

The minimum sample size was calculated following the formula [14]:

n =
N

1 + 4d2(N−1)
z2
α

where n—minimum sample size; N—number of working-aged residents from Wrocław; d—standard
error of estimate; zα—critical value of normal distribution at assumed confidence interval.
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Restrictive assumptions were made as to the acceptable error of estimate (d = 0.02) and confidence
interval (α = 0.01). Under these assumptions, the minimum sample size was estimated at 4122 people.
During the survey about 10% more questionnaires were collected. After eliminating incomplete or
incorrectly completed questionnaires, 4460 people remained in the sample. The number of respondents
were taken into account and their random selection for the survey made the sample representative of
the population of all Wrocław working-aged residents.

Table 1. Number and structure of respondents grouped according to sociodemographic characteristics.

Variable
Total (n = 4460) Women (n = 2331) Men (n = 2129)

n % n % n %

Age (years)
15–24 620 13.9 317 13.6 303 14.2
25–34 1189 26.7 609 26.1 580 27.2
35–44 882 19.8 444 19.0 438 20.6
45–54 756 17.0 396 17.0 360 16.9
55–64 1013 22.6 565 24.3 448 21.1

Education
primary and basic vocational 1740 39.0 802 34.4 938 44.1

secondary 1617 36.3 996 42.7 621 29.2
higher 1103 24.7 533 22.9 570 26.7

Occupation
manual worker 1165 26.1 424 18.2 741 34.8

white-collar worker 1356 30.4 764 32.8 592 27.8
self-employed 616 13.8 216 9.3 400 18.8

student 637 14.3 441 18.9 196 9.2
pensioner 283 6.3 240 10.3 43 2.0

unemployed 403 9.1 246 10.5 157 7.4

Marital status
unmarried 1828 41.0 1000 42.9 828 38.9

married 2632 59.0 1331 57.1 1301 61.1

Number of people in the household
1 561 12.6 218 9.4 343 16.1
2 1003 22.5 564 24.2 439 20.6
3 1264 28.3 675 29.0 589 27.7
4 1173 26.3 622 26.7 551 25.9
≥5 459 10.3 252 10.7 207 9.7

The main research method was a diagnostic questionnaire survey. The International Physical
Activity Questionnaire—Short Form (IPAQ-SF) was used [15]. Consideration was given to total
physical activity, including physical efforts at work, at home, while commuting, and during leisure
time. Respondents’ self-assessments of the volume (duration) and frequency of physical activity at
two levels of intensity—high and moderate—were analyzed. The total volume of physical activity
expressed in METmin/week was also determined. For this purpose, the MET (metabolic equivalent of
task) value corresponding to a given level of physical activity intensity was multiplied by the number
of days of physical activity per week and its duration in minutes per day. For example, the intensity
of physical activity of an individual practicing jogging four times a week corresponding to 7 MET
amounted to 4 × 60 × 7 = 1680 (METmin/week).

The collected data permitted a comparison of the declared physical activity with the
recommendations of the American College of Sports Medicine [16]. The ACSM recommendations
were chosen because of the lack of Polish norms of physical activity for people in a wide age range and
the authors’ intention to compare the obtained results with the results of their previous research. [4,12].
According to the ACSM, it is recommended to undertake physical activity (1) with a high intensity—at
least 3 times a week for 20 min a day, or (2) with a moderate intensity—at least 5 times a week for 30 min
a day. In the opinion of the authors of the recommendations, this is the minimum level of physical
activity, and the implementation of smaller physical efforts may contribute to deterioration of physical
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fitness and increase the risk of obesity, chronic diseases, and disabilities. Respondents meeting at least
one of these criteria were considered to be following the ACSM recommendations. The questionnaire
survey also provided information on selected sociodemographic factors, i.e., sex (male, female),
age (15–24, 25–34, 35–44, 45–54, 55–64 years), education (primary and basic vocational, secondary,
higher), occupation (manual workers, white-collar workers, self-employed, students, unemployed,
pensioners), marital status, and the number of people in the household (1, 2, 3, 4, 5, and more).

The obtained data were ordered and subject to structured analysis. The main measures were
the number and the percent, which were grouped according to different criteria and listed in tables.
The study assessed the asymmetry of the distribution of variables using the asymmetry coefficient (S).
Description of the data distribution structure was supplemented with the coefficient of aggregation,
kurtosis (K). The test of compliance with the Kolmogorov–Smirnov normal distribution was also
carried out. The analysis of test results indicated that the distribution significantly deviated from the
standard normal distribution. As a consequence, medians and quartile deviations were calculated.
The significance of differences between the total physical activity of male and female respondents
in groups separated by age, education, occupation, and the number of people in the household
was verified with the Mann–Whitney U test for samples of n and m > 20 while, for marital status,
the Kruskal–Wallis test by ranks was used. The significance of differences between particular groups
was determined with a post hoc test. The analysis of the relationships between the self-assessment of
physical activity by the examined women and men and their sociodemographic characteristics was
performed using binary logistic regression. All calculations were performed with the use of the SPSS
Statistics 20 software (IBM, Armonk, NY, USA) package. The exante level of statistical significance was
set at α = 0.05.

3. Results

The total weekly physical activity of the studied women and men was significantly correlated
with all sociodemographic variables (p < 0.001). The highest mean values of correlation were founded
in respondents of both sexes aged 18–34 years, and in men aged 45–54 years. The median energy
expenditure was the lowest in women aged 45–54 and in the oldest men. The fact that the average ranks
of weekly physical activity in groups separated by age were significantly different was confirmed not
only by the value of the Kruskal–Wallis test, but also by the p-values for multiple (post hoc) comparisons.
The highest level of total physical activity was noted in respondents with a secondary education
(2586.0 METmin/week in women, 2994 METmin/week in men), and the lowest in respondents with a
primary education (1950.0 METmin/week and 2190.0 METmin/week). The comparison between the post
hoc groups showed that statistically significant differences in average values of position measures were
found between physical activity of women with a basic vocational education and either a secondary
education or higher education, and between men with a basic vocational education and either a
secondary and higher education. Considering the occupational status, the most physically active
groups of women were students, manual workers, and self-employed, while the most physically active
men included pensioners, students, and manual workers. The lowest level of physical activity in women
(1752.0 METmin/week) and in men (2072.0 METmin/week) was found among the unemployed. The level
of physical activity of women (Z = 5.39, p < 0.001) and men (Z = 5.41, p < 0.001) was also determined
by their marital status. In both groups of respondents, unmarried individuals were more physically
active (2550.0 METmin/week and 2910.0 METmin/week) than married people (2175.0 METmin/week
and 2316.0 METmin/week). The median values of energy expenditure of weekly physical activity were
the highest in women from one-member (2696.0 METmin/week), two-member (2670.0 METmin/week),
and five-and-more-member households (2565.0 METmin/week), and in men from five-and-more
(2925.0 METmin/week) and one-member households (2796.0 METmin/week). The least physically
active were women from four-member (2034.0 METmin/week) and men from two-member households
(2713.1 METmin/week). Statistically significant intragroup differentiation—post hoc test (p= 0.02)—was
found in women from Wrocław from four- and five-and-more-member households, and between men
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from two- and three-member households, and from two- and five-and-more member households
(Tables 2 and 3).

Table 2. Differences in energy expenditure of total weekly physical activity of women with regard to
sociodemographic characteristics.

Variable Category

Energy Expenditure of Physical
Activity (METmin/week)

Test Post Hoc—p-Value

Me Q H (Z) p (1) (2) (3) (4) (5) (6)

Age (years)

(1) 18–24 2430.0 1165.0

42.2 0.00

x 1.00 0.04 0.00 0.00 x
(2) 25–34 2565.0 1404.2 1.00 x 0.00 0.00 0.00 x
(3) 35–44 1980.0 1147.5 0.04 0.00 x 1.00 1.00 x
(4) 45–54 1752.0 1042.5 0.00 0.00 1.00 x 1.00 x
(5) 55–64 1880.0 1181.0 0.00 0.00 1.00 1.00 x x

Education
(1) primary 1950.0 1200.0

47.1 0.00
x 0.00 0.00 x x x

(2) secondary 2586.0 1392.3 0.00 x 1.00 x x x
(3) higher 2556.0 1802.2 0.00 1.00 x x x x

Occupation

(1) unemployed 1752.0 845.0

65.0 0.00

x 0.00 0.45 0.00 0.00 0.00
(2) student 2748.0 1357.7 0.00 x 0.00 1.00 0.00 1.00

(3) pensioner 1950.0 1520.5 0.45 0.00 x 0.00 1.00 0.06
(4) worker 2785.0 1428.0 0.00 1.00 0.00 x 0.00 1.00

(5) white collar 2100.0 1438.2 0.00 0.00 1.00 0.00 x 0.19
(6) self-employed 2641.5 1227.0 0.00 1.00 0.06 1.00 0.19 x

Marital
status

(1) unmarried 2550.0 1341.0
5.3 0.00

x x x x x x
(2) married 2175.0 1379.0 x x x x x x

Number of
people in the

household

(1) 1 2696.0 1502.2

13.7 0.00

x 1.00 0.82 1.00 0.18 x
(2) 2 2670.0 1210.0 1.00 x 1.00 0.38 1.00 x
(3) 3 2455.0 1387.5 0.82 1.00 x 0.08 1.00 x
(4) 4 2034.0 1174.0 1.00 0.38 0.08 x 0.02 x

(5) ≥5 2565.0 1331.2 0.18 1.00 1.00 0.02 x x

Abbreviations: Me—median, Q—quartile deviations, H—Kruskal–Wallis test, Z—Mann–Whitney test, p—test
probability value, x—the item cannot be filled in due to the arrangement of the table, or it is not possible or intended
to be filled in.

Table 3. Differences in energy expenditure of total weekly physical activity of men with regard to
sociodemographic characteristics.

Variable Category

Energy Expenditure of Physical
Activity (METmin/week)

Test Post Hoc—p-Value

Me Q H (Z) p (1) (2) (3) (4) (5) (6)

Age (years)

(1) 18–24 3386.0 1344.0

97.3 0.00

x 0.00 0.00 0.00 0.00 x
(2) 25–34 3066.0 1653.3 0.00 x 0.00 1.00 0.00 x
(3) 35–44 2316.0 1246.5 0.00 0.00 x 0.00 1.00 x
(4) 45–54 3105.0 1713.3 0.00 1.00 0.00 x 0.05 x
(5) 55–64 2031.0 1518.0 0.00 0.00 1.00 0.05 x x

Education
(1) primary 2190.0 1680.0

25.2 0.00
x 0.00 0.11 x xx x

(2) secondary 2994.0 1672.5 0.00 x 0.03 x x x
(3) higher 2649.0 1555.7 0.11 0.03 x x x x

Occupation

(1) unemployed 2072.0 720.0

58.0 0.00

x 0.00 0.00 0.00 0.47 1.00
(2) student 3220.5 1248.3 0.00 x 1.00 0.05 0.00 0.00

(3) pensioner 3390.0 1302.0 0.00 1.00 x 1.00 0.11 0.02
(4) worker 2745.0 1776.0 0.00 0.05 1.00 x 0.03 0.00

(5) white collar 2346.0 1404.3 0.47 0.00 0.11 0.03 x 1.00
(6) self-employed 2316.0 1773.0 1.00 0.00 0.02 0.00 1.00 x

Marital
status

(1) unmarried 2910.0 1528.8
5.41 0.00

x x x x x
(2) married 2316.0 1584.0 x x x x x

Number of
people in the

household

(1) 1 2796.0 1885.5

16.6 0.00

x 0.05 1.00 1.00 1.00 x
(2) 2 2072.0 1393.5 0.05 x 0.02 0.32 0.00 x
(3) 3 2499.0 1588.0 1.00 0.02 x 1.00 1.00 x
(4) 4 2613.0 1194.0 1.00 0.32 1.00 x 0.44 x

(5) ≥5 2925.0 1687.5 1.00 0.00 1.00 0.44 x x

Abbreviations: Me—median, Q—quartile deviations, H—Kruskal–Wallis test, Z—Mann–Whitney test, p—test
probability value, x—the item cannot be filled in due to the arrangement of the table, or it is not possible or intended
to be filled in.
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Among the Wrocław residents aged 18–64 years, the ACSM health-related physical activity
standards were met by 43.7% of respondents, 43.2% of whom were women and 44.3% were men. Tables 3
and 4 show the results of logistic regression, revealing associations between ACSM recommendations
and respondents’ sociodemographic characteristics. In the group of women, significant associations
between physical activity and age were observed in women aged from 35 to 44 years. The odds
of their meeting the ACSM recommendations were 33% lower than in the age group of 18 to
24 years. Considering the level of education, the women with a secondary education were almost
80% more likely to fulfill the health-related physical activity recommendations than women with a
primary and vocational education. Statistically significant associations between physical activity and
occupation were found among manual and white-collar workers, the self-employed, pensioners, and
the unemployed. The highest percentage of sufficiently physically active respondents was observed
among manual workers (54.2%), and the lowest among the unemployed (30.1%). The odds of meeting
the health-related physical activity recommendations were almost three times higher among manual
workers (OR = 0.36; CI: 0.26–0.51) than among the unemployed. Almost half of unmarried women
and 38.5% of married women were sufficiently physically active. The odds of unmarried women
meeting the ACSM standards were almost 40% higher than married women. The number of people
in the household was a factor determining the physical activity of women living in one-, two-, and
four-person households. Health-related physical activity recommendations were most frequently
followed by respondents who lived alone, and the odds of their fulfilling the recommendations was
about one-third higher than by women living in two- or four-person households (Table 4).

Table 4. Physical activity and selected sociodemographic associations in studied women from Wrocław
(n = 2331).

Variable

ACSM

OR
CI

Yes No

n % n % −95% 95%

Age (years)
18–24 139 43.8 178 56.2 Ref. -
25–34 291 47.8 318 52.2 1.172 0.89 1.54
35–44 152 34.2 292 65.8 0.667 0.50 0.90
45–54 160 40.4 236 59.6 0.868 0.64 1.17
55–64 266 47.1 299 52.9 1.139 0.86 1.50

Education
primary and basic vocational 293 36.5 509 63.5 Ref. -

secondary 503 50.5 493 49.5 1.772 1.47 2.14
higher 212 39.8 321 60.2 1.147 0.92 1.44

Occupation
manual worker 230 54.2 194 45.8 Ref. -

white collar worker 292 38.2 472 61.8 0.522 0.41 0.66
self-employed 95 44.0 121 56.0 0.662 0.48 0.92

student 220 49.9 221 50.1 0.840 0.64 1.10
pensioner 97 40.4 143 59.6 0.572 0.42 0.79

unemployed 74 30.1 172 69.9 0.363 0.26 0.51

Marital status
unmarried 496 49.6 504 50.4 Ref. -

married 512 38.5 819 61.5 0.635 0.54 0.75

Number of persons in the household
1 111 50.9 107 49.1 Ref. -
2 223 39.5 341 60.5 0.630 0.46 0.86
3 309 45.8 366 54.2 0.814 0.60 1.10
4 249 40.0 373 60.0 0.644 0.47 0.88
≥ 5 116 46.0 136 54.0 0.822 0.57 1.18

Abbreviations: OR—odds ratio; CI—confidence interval; Ref.—reference groups; ACSM Yes—respondents meeting
ACSM recommendations; ACSM No—respondents not meeting ACSM recommendations.
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The highest percentage of sufficiently physically active men in terms of meeting ACSM
recommendations was found among the representatives of the two youngest groups of respondents,
63.4% and 55.0%, respectively; and the lowest among the oldest respondents, i.e., 27.2%. The odds
of meeting health-related physical activity standards were almost five times higher in the youngest
men than in the oldest ones. In men with a secondary education, the odds of meeting the ACSM
recommendations were nearly 50% higher than in respondents with a basic and vocational education
(OR= 1.48; CI= 1.21–1.82). Statistically significant associations between physical activity and occupation
were noted among manual and white-collar workers, the self-employed, and the unemployed. The odds
of meeting ACSM standards in the manual workers was almost four times higher than in the unemployed
respondents (OR = 0.28; CI = 0.20–0.42). In comparison with married men, the odds of meeting
ACSM recommendations were more than twice as high as in single men. The lower limit of 95%
confidence interval for odds ratio was 0.39, while the upper limit was 0.55. Among the unmarried men,
the recommended physical activity was performed by 55.8%, while among married men, by 37.0%.
Similarly to the group of women, this observation was confirmed by the high level of physical activity
of men living alone, out of whom 54.2% met the ACSM standards. The odds of respondents from
five-person households meeting these recommendations were almost twofold, and from two-person
households almost threefold lower, compared to the reference group, i.e., men from one-person
households (Table 5).

Table 5. Physical activity and selected sociodemographic associations in studied men from Wrocław
(n = 2129).

Variable

ACSM

OR
CI

Yes No

n % n % −95% 95%

Age (years)
18–24 192 63.4 111 36.6 Ref. -
25–34 319 55.0 261 45.0 0.707 0.53 0.94
35–44 137 31.3 301 68.7 0.263 0.19 0.36
45–54 173 48.1 187 51.9 0.535 0.39 0.73
55–64 122 27.2 326 72.8 0.216 0.16 0.30

Education
primary and basic vocational 396 42.2 542 57.8 Ref. -

secondary 323 52.0 298 48.0 1.484 1.21 1.82
higher 224 39.3 346 60.7 0.886 0.72 1.10

Occupation
manual worker 402 54.3 339 45.7 Ref. -

white collar worker 215 36.3 377 63.7 0.481 0.39 0.60
self-employed 137 34.3 263 65.8 0.439 0.34 0.57

student 120 61.2 76 38.8 1.332 0.97 1.84
pensioner 29 67.4 14 32.6 1.747 0.91 3.36

unemployed 40 25.5 117 74.5 0.288 0.20 0.42

Marital status
unmarried 462 55.8 366 44.2 Ref. -

married 481 37.0 820 63.0 0.465 0.39 0.55

Number of persons in the household
1 186 54.2 157 45.8 Ref. -
2 131 29.8 308 70.2 0.359 0.27 0.48
3 280 47.5 309 52.5 0.765 0.59 1.00
4 263 47.7 288 52.3 0.771 0.59 1.01
≥ 5 83 40.1 124 59.9 0.565 0.40 0.80

Abbreviations: OR—odds ratio; CI—confidence interval; Ref.—reference groups; ACSM Yes—respondents meeting
the ACSM recommendations; ACSM No—respondents not meeting the ACSM recommendations.

4. Discussion

During a typical week, the majority of respondents performed physical efforts that were
insufficient to achieve positive health effects. In addition, an association between physical activity
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and sociodemographic factors was observed in the study, and groups of respondents with relatively
high and particularly low levels of physical activity were identified. The most physically active were
the youngest respondents, people with a secondary education, college students, manual workers,
unmarried individuals, and respondents from one-member households. The groups of respondents
with a particularly low level of physical activity were the unemployed and men from the oldest age
group. As they are particularly threatened by hypokinesia, public health programs, including measures
aimed at increasing physical activity, should be primarily addressed to them.

In terms of relationships between physical activity and age, it was noted that the most physically
active were the youngest respondents of both sexes and the oldest women, while the least active were
respondents aged 35–44 years and the oldest men. While the relatively high physical activity in young
people and its decrease with age have been reported in the literature [4,8,12,17,18], the noted high
level of physical activity in the oldest women and the low level in the age group of 35–44 year-olds
have been rarely found. However, Moniruzzaman et al. [19] also observed relatively high levels of
physical activity in urban women aged 55–64 years. This may be due to the fact that the workload
and household duties of women at this age are often lower due to their retirement and their children
living on their own. Still, good health and quite common participation of women in organized forms
of leisure activities, e.g., universities of the third age, allow them to take part in relatively intensive
physical activities [20]. It should be emphasized, however, that relatively high levels of physical activity
of older people were not found in earlier studies. This may have been caused by the fact that in the
group of women aged 55–64, there was an overrepresentation of people with normal body structure
and good physical and health condition. Rocha et al. [21] also reported the lowest percentage of leisure
time physical activity among 35–46-year-olds. However, Nawrocka et al. [7] found no significant
correlations between physical activity and age. An attempt to explain this phenomenon could be that
the fact that 30–50 years of age is often connected with the dynamic development of one’s professional
career, family life, and social activity. It may be connected with limited free time and decreasing
motivation to undertake physical exercises. Moreover, in the current economic reality, it is also often a
period of debt repayments resulting from the purchase of an apartment or a house, its furnishings, etc.
This further intensifies the pressure to increase working time at the expense of reduced leisure time.
This interpretation of low physical activity of people aged 35–44 years is also supported by the fact
that only one in four respondents performed physical work. In most cases, an increase in working
hours was not associated with an increase in physical activity. Not without significance may also be
the health problems prevalent in people at this age, e.g., obesity, spinal pain, or emotional exhaustion,
which are not conducive to undertaking physical activity [22–24].

Respondents’ education level turned out to be a significant social factor determining physical
activity. The respondents of both sexes with a secondary education were characterized by a higher
level of total physical activity and fulfilled the ACSM standards more often than those with a primary
and basic vocational education. Positive correlations between physical activity and the level of
education had been found by Kwaśniewska et al. [8], Choi et al. [25], Msambichaka et al. [26], and
Rocca et al. [27]. Our earlier research on the Katowice population [4,12] and studies by Biernat [9] and
Gubelmann [28] indicated a decrease in physical activity with an increase in the level of education.
The current study, however, revealed a rare phenomenon of the highest physical activity level in
respondents with a secondary education. This may demonstrate that in today’s urban environment,
the secondary level of education has already been associated with sufficiently high cultural, social, and
economic capital and its benefits, also in relation to health behaviors including health-related physical
activity. Jurakic et al. [29] also showed that the amount of undertaken physical exercise was positively
correlated with educational attainment. The education structure and labor market requirements may
also significantly contribute to the fact that a large number of people with a secondary education
perform physical work, which may affect the respondents’ total physical activity analyzed in the
present study.
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In the Wrocław population, the highest probability of meeting physical activity standards among
manual workers—as also previously noted among adult inhabitants of Katowice [4]—was confirmed.
Similar results were obtained by Chen et al. [30]. Most likely, the high total physical activity of
this occupational group is mainly due to their high physical activity levels unrelated to exercise.
Mirecz et al. [31] also demonstrated that physical activity was one of the most important predictors
of mental health and employees’ ability to work in executive positions. This may also motivate
manual workers to undertake physical efforts outside their occupational field. Low physical activity
among non-working people was also documented in the literature [4,19,32], possibly determined by
a lack of physical activity at work, limited financial resources, and the negative psychological and
social consequences of unemployment. Higher physical activity levels were noted in unmarried than
married persons. Similar observations were made by Basset et al. [32], according to whom one of
the main reasons for this was mostly high physical activity associated with single people than in
people in relationships. Individuals living alone, with no family life, have more free time, some of
which they may use for physical exercise. This is confirmed by the relatively high percentage of male
and female respondents from one-person households meeting the ACSM recommendations. Slightly
surprising, however, is the noted lowest level of physical activity among respondents from four-member
households (women) and two-member households (men). These groups were characterized by a lower
level of physical activity than individuals living alone, as well as than respondents from three- or
even five-or-more-member households. This factor has not been previously analyzed in studies of
working-age populations. It was considered only by Peralta et al. [33] and only in relation to the elderly.
These authors found the highest physical activity among people over 65 years living in households
with five or more persons, and the lowest among people living alone. The high levels of physical
activity of respondents from households with the largest number of people may be due to several
reasons. The first one is the high intensity of physical activity in their professional work and house
duties, which is probably necessary for the proper functioning of a large family. At present, well-paid
jobs are also common in industrial labor posts which require significant physical contributions from
employees. The second is the observation that large households are not always households with many
children. Sometimes these are simply multigenerational families in which grandparents can financially
support parents or help them carry out household duties or care for children. This offers them quite
good prospects in terms of undertaking leisure time physical activity. On the other hand, two-person
households are not only childless married couples or domestic partnerships, but also single parents
with a child. While for childless couples, the possibilities of spending free time seem to be great, it can
be quite different for single parents. For similar reasons, the low physical activity of women from
four-person households can be observed.

The present study has its strengths and limitations. The strengths certainly include a research
sample which is representative of Wrocław, and an analysis of physical activity among representatives of
various sociodemographic groups. The analysis of occupational status as a modifier of physical activity
should be considered particularly valuable, as previous studies have rarely compared manual workers,
white-collar workers, entrepreneurs, school and college students, retired people, and the unemployed.
The analysis of relations between the level of physical activity and the number of people in the
household, which had not been carried out before among people in this age bracket, is also innovative
in the context of obtained results. The relatively high physical activity in the oldest age group of women
and the positive role of secondary education as a modifier of total physical activity are interesting
observations that have not been accounted for in earlier research. On the other hand, limitations of
the study included use of the short form of the physical activity questionnaire, and lack of data on
respondents’ body weight, physical fitness, and health status, the cross-sectional nature of research,
and the limitation of the spatial scope to one city. The main drawbacks of the short version of the IPAQ
questionnaire, as compared to objective methods of physical activity measurement, include difficulty
in estimating the intensity and duration of physical activity, problems with remembering on which
days of the week respondents engaged in physical activity, and a tendency to overestimate the level

63



Int. J. Environ. Res. Public Health 2019, 16, 2134

of their physical activity [34,35]. Future studies should use tools enabling not only a comprehensive
but also a separate analysis of physical activity in different areas of human life, i.e., at work, at home,
in leisure time, or while commuting. They should also include the measurement of somatic features
and the assessment of respondents’ physical fitness and health status. This will allow for an in-depth
analysis of test results and an explanation of possible artefacts, e.g., the lack of a linear relationship
between physical activity and the age of respondents. The continuity of such research and extending
its spatial scope not only to other large cities but also to smaller towns and villages are definitely
worth considering. This approach will allow researchers to create a specific map of spatial units and
sociodemographic groups, especially those threatened by hypokinesia. Thanks to systematic research,
it will also be possible to identify trends in physical activity which seem to be particularly important
due to the dynamic and turbulent changes currently taking place in Central Europe and worldwide.

5. Conclusions

1. The level of physical activity of the majority of respondents was insufficient to obtain significant
health benefits.

2. Age, level of education, occupation, marital status, and the number of people in the household
significantly differentiated respondents’ physical activity.

3. The highest physical activity was observed in persons aged up to 34 years, with a secondary
education, manual workers, college students, single respondents, and respondents living in one-
member households.

4. The unemployed respondents of both sexes and the oldest men are two groups at particular
risk of hypokinesia. Consequently, programs aimed at physical activity improvement should be
addressed primarily to these groups.

5. In the studied group, there were not many differences in the directions and strength of physical
activity and sociodemographic characteristics in respondents of both sexes. The exceptions were
the high physical activity of respondents aged 55–64 years, found only in the group of women,
and the lowest level of physical activity among women from four-person households and men
from two-person households.
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Abstract: Nurses are at risk of having burnout due to workload and job stress—studies have reported
that chronic stress is associated with metabolic syndrome. This study aimed to assess the association
between burnout and metabolic syndrome in a sample of female nurses. Data were collected from a
cross-sectional study from 2016 to 2018 in a tertiary hospital in Mexico City. All nurses that work in
the hospital were invited to participate. Information pertaining to sociodemographic (age, education
level), work (labor seniority, service area, shift work), anthropometric (weight, waist circumference,
blood pressure) and biochemical (glucose, serum lipids) variables were collected. Burnout was
assessed using the Maslach Burnout Inventory test, and metabolic syndrome was defined according
to the International Diabetes Federation criteria. A total of 168 nurses participated with a median age
of 44 years. The prevalence of burnout and metabolic syndrome was 19.6% and 38.7%, respectively.
There was no association between burnout and metabolic syndrome (p= 0.373). However, associations
of emotional exhaustion (aOR: 14.95; 95% CI: 1.5–148.7), personal accomplishment (aOR: 0.13; 95% CI:
0.01–0.99), and night shift (aOR: 12.39; 95% CI: 1.02–150.5) with increased waist circumference were
found. Strategies are needed to prevent burnout and metabolic syndrome in nurses, especially in
those who work at night shift.

Keywords: nurses; burnout; metabolic syndrome; waist circumference; emotional exhaustion;
personal accomplishment; Mexico

1. Introduction

Burnout is a syndrome of emotional exhaustion, depersonalization, and low personal
accomplishment, which is acquired by workers who have direct contact with customers and users [1].
Among the healthcare professionals, nurses are especially at risk of developing burnout due to the
high workload and job stress that is mostly caused by working proximity to patients and taking care of
them [2].

Some studies have shown that chronic stress is associated with metabolic syndrome in animal
models [3] and clinical settings [4–6], but little is known about the relationship between burnout and
metabolic syndrome.

There is evidence that burnout has an impact not only to the emotional status [7] and self-esteem [8]
but also on metabolic profile. Cross-sectional studies have shown an association between cardiovascular
risk factors and burnout [9,10]. On the other hand, a longitudinal study found an association between
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the risk factors for arteriosclerotic disease and the presence of burnout in healthy, middle-aged
men [11]—burned out men had significant increases in their waist circumference and body weight at
4–5 years of follow-up.

The possible pathway between burnout and metabolic syndrome could be explained by the
hypothalamic–pituitary–adrenal (HPA) axis. The HPA axis remains hyperactive in the presence of
burnout due to exposure to chronic stress, resulting in fat accumulation [12,13]. Body fat mass is a risk
factor for cardiometabolic diseases [14,15].

As health professionals, nurses should have good health to take care of the patients and also to be
a health promoter, as they are role models, advocates, and educators. Nurses are exposed to different
risk factors for non-chronic diseases, for instance, stress and anxiety as a result of their workload
and daily interaction with sick people, low physical activity, and long working hours [16–18]. Their
job characteristics make it difficult for nurses to have healthy habits, as studies have reported low
self-care in nurses [16–18]. There is also a high prevalence of metabolic syndrome [19]. For the reasons
mentioned above, the aim of this study was to assess the association between burnout and metabolic
syndrome in a sample of female nurses.

2. Materials and Methods

2.1. Study Design

This observational, cross-sectional study included nurses who work at the Instituto Nacional de
Perinatología (National Perinatology Institute, INPer) in Mexico City. Sampling was convenience,
non-probabilistic, and based on consecutive cases that met the following inclusion criteria: to be a
formal institutional employee, any age, any shift, and area of service. Nursing students, practitioners,
and rotating personnel were excluded from the study, as well as pregnant women. Participants were
enrolled from 2016 to 2018, with 509 nurses invited to participate, but only 171 (33%) joined the
study. As only three men participated, they have been eliminated from the final sample, in addition to
participants with incomplete questionnaires. The total sample consisted of 168 female nurses.

2.2. Sociodemographic Data and Working Information

The information regarding age, educational level, socioeconomic status, marital status, working
shift, the area of service, labor seniority, having children, and having more than one job was obtained
through a questionnaire.

2.3. Anthropometric Assessment

The method of measurement was standardized and performed by fixed personnel. Weight was
obtained using a digital scale (Tanita Terraillon, 100 g of precision) and height was assessed using
a stadiometer (SECA 231, 0.1 cm of precision). Body mass index (BMI) was calculated by dividing
weight in kilograms by the height in square meters and was categorized according to the World
Health Organization cutoff points [20]. Waist circumference was measured using a non-extensible
tape (SECA 201, 1 mm of precision); the participants were asked to stand with their arms raised and
abdomen uncovered, the tape was set at the midpoint between the last rib and the iliac crest, and
after a normal exhalation, the measurement was taken. Blood pressure was obtained using a mercury
sphygmomanometer in the non-dominant arm in the seated position after 5 min of resting, according
to international standards [21]. Two measurements were made and the average was recorded.

2.4. Biochemical Analyses

Blood samples were obtained from 7:00 to 8:00 in the morning, after fasting for 12 h. Serum
samples were frozen at −70 ◦C until the determination of glucose, glycated hemoglobin (HbA1c),
total cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides. Participants with an
HbA1c >5.7% were given an oral glucose tolerance test (OGTT), as this cutoff point is an indicator of
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increased risk for diabetes, according to the American Diabetes Association guidelines [22]. For the
OGTT, an amount of 75 g of glucose was used, and the reading was taken 2h post-test.

2.5. Burnout Assessment

Burnout was assessed using the Maslach Burnout Inventory—Human Services Survey test [23].
The questionnaire consists of 22 items, which evaluates three domains: emotional exhaustion (9 items),
depersonalization (5 items), and personal accomplishment (8 items). Each item is assessed on a Likert
scale, scoring from 0 to 6. A score was calculated by the sum of points of the items of each domain.
Emotional exhaustion and depersonalization have a direct relationship with burnout while, contrarily,
personal accomplishment has a negative relation. Even though Maslach proposed to classify each
domain as low, mild, or high, it does not give a cutoff point to determine burnout as present or absent.
For this study, the total points of each domain were divided into tertiles, and burnout was defined
as tertile 3 of emotional exhaustion plus tertile 3 of depersonalization and/or tertile 1 of personal
accomplishment, according to Kitaoka-Higashiguchi [11].

2.6. Metabolic Syndrome Definition

Metabolic syndrome was defined according to the International Diabetes Federation (IDF) [24].
The criteria are central obesity plus any two of the following: (1) triglycerides ≥150 mg/dL (1.7 mmol/L)
or specific treatment for this lipid abnormality; (2) HDL cholesterol <50 mg/dL (1.29 mmol/L) in females
or specific treatment for this lipid abnormality; (3) systolic blood pressure ≥130 mmHg or diastolic
blood pressure ≥85 mm Hg or treatment of previously diagnosed hypertension; and (4) fasting plasma
glucose ≥100 mg/dL or previously diagnosed type 2 diabetes. Central obesity was defined as waist
circumference ≥80 cm.

2.7. Ethics

The Institutional Review Boards and Ethics Committees from Instituto Nacional de Perinatología
(Reg. 212250-3300-11402-01-15) and Facultad de Ciencias de la Salud Universidad Panamericana (Reg.
CIEE-001-2017-01) approved the study. Data gathering was confidential, taking into account ethical
issues such as autonomy and respect for persons. The guidelines of the Helsinki Declaration were
followed. The identification information of the patients was replaced by a folio number, to ensure
the confidentiality of the data. All participants received nutritional attention at INPer. If necessary,
they also received psychological and medical attention.

2.8. Statistical Analysis

We performed a descriptive analysis of the characteristics of the study population. Metabolic
syndrome factors were categorized into two categories, according to IDF cutoff points (e.g., triglycerides
≥150 mg/dL), and frequencies and percentages were calculated for each factor. A Chi-square test was
used to determine the association between burnout and metabolic syndrome. Logistic regression
models were performed using the metabolic syndrome factors separately as dependent variables
and burnout domains in tertiles as independent variables. The reference categories were tertile 1 for
emotional exhaustion and depersonalization, and tertile 3 of personal accomplishment. The models
were adjusted for sociodemographic, anthropometric and working variables. All statistical analyses
were carried out using IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp, Armonk, NY, USA).
Statistical significance was considered at p < 0.05.

3. Results

A total of 168 nurses participated in the study. Table 1 shows that the median age of the participants
was 44 years. Most of them were married (61.3%) and had children (74.4%). The most frequent
education level was college (37.5%), followed by technician (28.6%). It was found that 60.7% of the
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nurses worked in intensive care units. More than half of our sample belonged to the day shift (61.9%)
and had only one job (89.9%).

Table 1. General characteristics of the total sample of nurses.

Category Variable n (%)

Sociodemographics

Age (years) 1 44 (38–50)
Marital status

Single 65 (39)
Married 103 (61)

Educational level
Technician 57 (34)

College 63 (38)
Graduate 48 (28)

Having children
Yes 125 (74)
No 43 (26)

Working related variables

Labor senority (years) 2 24 (16–28)
Working years in current service 4 (2–13)
Service area

Intensive care units 102 (61)
Inpatients 20 (12)

Outpatients 22 (13)
No contact with patients 24 (14)

Shift work
Day (8-hour length) 104 (62)

Mid-day (7-hour length) 14 (8)
Night(12-hour length) 50 (30)

More than one job
Yes 17 (10)
No 151 (90)

1 Median (P25–P75). 2 Service area according to the type of patients attended.

The prevalence of burnout and metabolic syndrome in the sample were 19.6% and 38.7%,
respectively. Regarding metabolic syndrome criteria, 82.1% of the nurses had increased waist
circumference (82.1%), followed by low HDL cholesterol (60.1%). Only 4.2% had high blood pressure
(Figure 1).
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Figure 1. Prevalence of metabolic syndrome criteria in the total sample of nurses. HDL-C: high-density
lipoprotein cholesterol.

There was no association between burnout and metabolic syndrome (p = 0.373). However, an
association between the burnout domains and components of the metabolic syndrome factors was
found (Table 2).

Nurses in tertile 2 of emotional exhaustion had a higher risk of having increased waist circumference
(adjusted OR: 14.95; 95% CI: 1.5–148.7; p = 0.021), compared to tertile 1. Contrarily, nurses in tertile 2 of
personal accomplishment had a lower risk of having increased waist circumference (aOR: 0.13; 95% CI:
0.01–0.99; p = 0.049), compared to tertile 1. Also, nurses who work in the night shift had a higher risk
of having increased waist circumference (aOR: 12.39; 95% CI: 1.02–150.5; p = 0.048). The service area
did not show an association with increased waist circumference. There was no association between the
burnout domains and the other metabolic syndrome criteria (Table 2).
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4. Discussion

In this sample of Mexican female nurses, the prevalence of burnout (19.6%) was lower than that
reported in other studies. Miranda-Lara et al. found a 33.8% rate of burnout in a similar sample of
Mexican nurses [25]. We have considered different possible explanations for this difference. The first
one is that the Maslach Burnout Inventory classifies the level to which the syndrome domains are
found (low, mild, or high) but it does not give a cutoff point to determine burnout [23]. The second
explanation is that the study performed by Miranda-Lara et al. does not mention the cutoff points
used to define the presence of burnout, so the figures cannot be comparable. Finally, more than half of
our sample (66%) had a high education level—it has been demonstrated in other studies that women
with high burnout scores were more likely to have lower education levels [26].

Regarding the metabolic syndrome, the prevalence in our study was lower than the reported
for Mexican female adults [27] (38.7% vs. 52.7%), but similar when compared to nurses from other
countries. In a sample of Brazilian nurses, the prevalence of metabolic syndrome was 38.1% [9]. Again,
we consider the presence of a high education level as a possible explanation, as it has been reported
that the lower the education, the higher the frequencies of metabolic syndrome [27,28]. The reason
may be because a low education level could cause differences in opportunities for workers to access
health services and affect health-related behaviors. In particular, the lower the socioeconomic status of
female workers (which usually may depend on education level), the less they care about healthcare
and, hence, the higher the risk of metabolic syndrome [28].

When analyzing the metabolic syndrome criteria separately, we found that the prevalence of
increased waist circumference in our study (82.1%) was close to the 87.8% reported for Mexican adult
women, described in the 2016 Halfway National Health and Nutrition Survey (Ensanut MC 2016) [29].
Moreover, waist circumference was higher in those who worked night shifts. Other studies report
similar findings, as working at night is associated with an increased risk of obesity [30], cardiovascular
diseases [31], and cancer [32].

On the other hand, the low prevalence of hypertension found in this study (4%) was surprisingly
low compared to the 25.5% [29] and 32% reported for the Mexican population and Brazilian nurses,
respectively [33]. The reasons behind this low prevalence are still being studied. We consider that the
nurses that already had hypertension did not want to participate in the study because they wanted
their health information to remain confidential. We came to this assumption after having informal and
confidential interviews with some nurses after their participation in the study—they said that they
prefer to hide their hypertension diagnosis. There is little evidence regarding this issue. The World
Medical Association, in their statement on physician well-being, says that physicians hide their diseases
because of denial, confidentiality issues, aversion to the patient role, fear of disciplinary action, and
loss of performance-based payment, among others [34]. We believe that the same phenomenon occurs
with nurses, as they act as role models in healthcare.

As for the association between burnout domains and metabolic syndrome criteria separately, we
found that low emotional exhaustion was associated with increased waist circumference. There is no
study that has ever tried to associate these variables. Other articles have related the burnout syndrome
with an increase in abdominal adiposity [35], waist circumference, body weight, and BMI [11], but no
one has ever reported associations with a specific dimension of burnout. An explanation for this
finding is that emotional exhaustion is associated with stress [36,37], and stress increases the risk of
metabolic syndrome [4].

Regarding the association of mild personal accomplishment and lower odds of having high waist
circumference, other studies reported similar findings by showing that low personal accomplishment
was associated with sedentarism in adults [38]. Sedentarism may lead to increased waist circumference
and overweight. Another study found that low self-esteem was associated with unhealthy lifestyle
(less of 3 days per week and/or less of 30 min per session of physical activity and poor dietary habits)
and, therefore, with increased adiposity [39].
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Strategies are needed to prevent burnout and metabolic syndrome, and an exercise program may
improve both. A previous interventional study explored the impact of an exercise program in banking
and insurance workers. The study showed that the workers in the high-intensity exercise program had
decreased burnout indicators and their systolic blood pressure was reduced, compared to the control
group. In addition, systolic blood pressure was independently associated with burnout and exercise
intensity in the crude model, but this was not significant in the adjusted model [40]. Nevertheless,
strategies like this should be adapted to nurses’ job and lifestyle, especially in those who work at night
shift. Another intervention that has shown beneficial effects in health is yoga, with evidence from
randomized control trials and systematic reviews showing that yoga reduced burnout, specifically
emotional exhaustion and depersonalization [41,42], and improved cardiometabolic parameters, like
fasting blood glucose, triglycerides, and blood pressure [43–45].

Regarding the pathway between burnout and metabolic syndrome, future studies should
adequately assess biomarkers involved in the activation of the HPA axis, like serum cortisol.
Even though cortisol levels increase when the HPA axis is activated in chronic stress [12], there
is inconsistent evidence about the levels of cortisol and burnout. The evidence from different systematic
reviews and meta-analysis showed that the comparability of the studies is limited due to poor quality
assessments of cortisol and burnout [46,47].

One of the strengths of this study is that, to our knowledge, it is one of the few studies that assess
the association of burnout and metabolic syndrome. Also, for the assessment of burnout, we used the
Maslach Burnout Inventory, which continues to be the most widely used instrument and is considered
to be the gold standard. Moreover, we had a high percentage of participation (33%) from nurses, since a
15% participation has been reported in other studies [40]. However, it is likely that non-participants
may have had pre-existing cardiovascular diseases and, thus, did not wish to participate in the study.
Another possible reason for not participating is that often the number of nurses in each service is
inadequate, so they cannot leave their service to participate in our study assessments.

The sample size is one of the limitations of our study, as it is likely that a greater sample size would
result in narrower confidence intervals and burnout domains to be associated with other metabolic
syndrome criteria. Also, our sample is not representative of all Mexican nurses as it consists only of
female nurses of a tertiary hospital. Regarding the cross-sectional design, we cannot assume causality
in the associations that we found.

5. Conclusions

Amongst female nurses working in a tertiary hospital, there was no association between burnout
and metabolic syndrome. Nevertheless, nurses in tertile 2 of emotional exhaustion had a higher risk of
having increased waist circumference, and nurses in tertile 2 of personal accomplishment had a lower
risk of having increased waist circumference. Strategies are needed to prevent burnout and metabolic
syndrome in female nurses, especially in those who work at night shift.
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Abstract: This retrospective cross-sectional study was conducted to identify the factors that promote
the risk of nontuberculous mycobacteria (NTM) lung infection in subjects with prior occupational dust
exposure. All consecutive patients with a history of occupational dust exposure whose expectorated
sputum, bronchial wash, or bronchial lavage was subjected to acid-fast Bacilli culture in a tertiary
hospital between 2011 and 2016 were identified. The patients who were infected with NTM were
identified according to the bacteriological criteria of the American Thoracic Society (ATS) and The
Infectious Diseases Society of America (IDSA) statement. Pneumoconiosis-associated radiological
findings were graded according to the International Labor Organization guidelines. Of the 1392
patients with prior dust exposure, NTM was isolated from 82. Logistic regression analysis showed
that risk factors for NTM lung infection were a history of pulmonary tuberculosis (adjusted odds
ratio [aOR] = 1.82, 95% confidence intervals [CI] = 1.03–3.16). Moreover, the unadjusted odds ratios
(ORs) were higher when both small-opacity profusion and the large-opacity grades increased. Even
after adjustment, the ORs for the A, B, and C large-opacity grades were 2.32 (95% CI = 1.01–4.99),
2.68 (95% CI = 1.35–5.24), and 7.58 (95% CI = 3.02–17.95). Previous tuberculosis, bronchiectasis, and
especially extensive small-opacity profusion, and high large-opacity grade associated significantly
with NTM lung infection in dust-exposed workers.

Keywords: nontuberculous mycobacteria; occupational exposure; pneumoconiosis

1. Introduction

The nontuberculous mycobacteria (NTM) consist of all mycobacteria species except for
Mycobacterium tuberculosis complex and Mycobacterium leprae. The most frequent target organ in
NTM infections is the lung; more than 90% of NTM infections are in the lung [1,2]. Since untreated
NTM lung disease can progress into extensive lung parenchymal destruction and death within years [1],
there is an increasing interest in the diagnosis and treatment of NTM lung disease.

Risk factors for NTM lung disease include pulmonary conditions that associate with structural
lung changes. These conditions include chronic obstructive pulmonary disease (COPD), bronchiectasis,
previous tuberculosis (TB), and pneumoconiosis [3,4]. The latter disease, pneumoconiosis, is a restrictive
lung disease that is caused by working for prolonged periods in dusty conditions (e.g., mining). Indeed,
the Korean government considers NTM lung disease to be a complication of pneumoconiosis that
deserves financial compensation.

While a history of silica exposure is a well-known risk factor for mycobacterial pulmonary infection
in general [5], only a few clinical studies have addressed NTM infection in dust-exposed workers [6–11].
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Moreover, none of these studies assessed the relationship between NTM infection and large opacities,
which are a characteristic radiological feature of pneumoconiosis along with small opacities.

This retrospective cross-sectional study was conducted to identify the risk factors for NTM lung
infection in patients who had a history of occupational dust exposure.

2. Methods

2.1. Patient Selection

This was a retrospective cross-sectional study that was conducted in a single hospital. The study
cohort consisted of all consecutive inpatients and outpatients who had a history of occupational
dust exposure and whose expectorated sputum, bronchial wash, or bronchial lavage was subjected
to acid-fast Bacilli (AFB) culture in the Department of Occupational and Environmental Medicine
of Seoul St. Mary’s Hospital between 1 May 2011 and 28 February 2016. Patients with respiratory
symptoms were recruited, but those with respiratory symptoms and other diseases such as stroke and
musculoskeletal diseases were excluded. If the patient had a history of exposure to cotton dust or
asbestos, which causes diseases other than coal worker’s pneumoconiosis and silicosis, the patient was
also excluded.

The study patients were considered to have an NTM lung infection on the basis of the diagnostic
criteria for NTM lung disease that were established in 2007 by the American Thoracic Society (ATS)
and The Infectious Diseases Society of America (IDSA) [3]. All subjects who had a dust-exposure
history also had respiratory symptoms; therefore, it was hard to make a differential diagnosis based on
the clinical criteria alone. Therefore, bacteriologic criteria alone were used to justify the case, and the
term “NTM lung infection” was used instead of “NTM lung disease”. This study was reviewed and
approved by the Institutional Review Board of Seoul St. Mary’s Hospital (KC17RESI0713).

2.2. Extraction of the General and Occupational Characteristics of the Patients

The age, medical history, and smoking status of each subject were extracted from the medical
records. The patients were classified as a non-smoker (smoked ≤100 cigarettes in their lifetime and
then stopped), ex-smoker (smoked >100 cigarettes in their lifetime and then quit), or current smoker
(smoked >100 cigarettes in their lifetime and were currently smoking). The occupational characteristics,
namely, type of job, duration of work, and type of dust to which the subjects had been exposed,
were also determined. The type of job was classified as coal worker’s pneumoconiosis or another
job involving dust exposure. If the patients had several jobs, the job that had the longest duration
was selected.

2.3. Radiological Findings

All patients underwent standard chest radiographs around the time of their AFB culture. These
radiographs were assessed for the characteristic radiological findings of pneumoconiosis, and the
opacities were classified according to their concentration into the four profusion categories (0, 1, 2, or 3)
of the International Labor Organization (ILO) classification system. ‘0’ profusion means that small
opacities are absent, ‘1’ profusion indicates the presence of a few small opacities, ‘2’ profusion indicates
the presence of partially obliterating vascular markings, and ‘3’ profusion signifies the presence of
totally obliterating vascular markings. In addition, the large opacities (i.e., those whose longest
dimension exceeded 10 mm) were graded as A, B, or C opacities on the basis of the ILO classification
system. ‘A’ indicates one (or more) large opacities whose (combined) longest dimension is 10–50 mm.
‘B’ indicates one (or more) large opacities whose (combined) longest dimension exceeds 50 mm but
does not exceed the equivalent area of the right upper lung zone. ‘C’ indicates one (or more) large
opacities whose (combined) longest dimension exceeds the equivalent area of the right upper lung
zone [12].
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Whether the patients had pulmonary comorbid radiological findings, namely, pneumoconiosis
with emphysema, bronchitis, bronchiectasis, or cavitary lesion, was also assessed. These assessments
were preferentially made on the basis of computed tomography (CT) chest images around the time that
the AFB cultures were being performed. However, if the subjects did not undergo chest CT, the chest
x-rays were used to assess comorbidity with emphysema, bronchitis, and bronchiectasis. The presence
of a cavitary lesion was confirmed on the basis of chest CT only because some records did not mention
the existence of a cavity.

2.4. Statistical Analysis

The patients with and without NTM were compared in terms of demographic, radiological, and
clinical variables. Wilcoxon rank sum test was used to compare the two groups in terms of age and
work duration because these continuous variables did not have normal distributions. The Chi-squared
test and Fisher’s exact test were used to compare the two groups. Multiple logistic regression analysis
was performed to identify risk factors for NTM. Adjustments were made for age, work duration,
smoking status, small-opacity profusion category, large-opacity grade, presence of bronchiectasis, and
presence of a pulmonary cavity. The data were expressed as Odds ratios (OR) and 95% confidence
intervals (CI). p-values of <0.05 were considered to indicate statistical significance. All analyses were
performed using the Statistical Analysis System (SAS) version 9.4 (SAS Institute, Cary, NC, USA).

3. Results

In total, 1438 patients underwent an AFB culture of their sputum, bronchial wash, or lavage
sample(s) during the study period. Of these, 46 were excluded because they had other diseases or
were exposed to other dust such as asbestos. Therefore, the study cohort consisted of 1392 patients.

Of the 1392 subjects, 82 received a microbiological diagnosis of pulmonary NTM infection.
The mean age of all subjects was 67.8 ± 8.1 years, and the mean duration of dusty work was 21.7 ± 10.7
years. Compared with the patients without NTM lung infection, the patients with NTM lung infection
were significantly more likely to be in their 60 s and 70 s, to have diabetes and hypertension, to have a
history of pulmonary TB, and to have been a coal worker. In terms of radiological features, the patients
with lung NTM infection were significantly more likely than the patients without this infection to have
category 2 and 3 small-opacity profusion and higher large-opacity grades (Table 1). They were also
significantly more likely to have bronchiectasis and especially emphysema (Table 2).

Table 1. Differences between patients with and without NTM lung infection in terms of demographic,
occupational, and radiological characteristics.

Total

No Recovery of
Lung NTM, n (%)

Recovery of Lung
NTM, n (%) p-Value a

1310 (94.1) 82 (5.9)

Age, years
40–49 11 (0.8) 3 (3.6) 0.0052 *
50–59 216 (16.5) 4 (4.9)
60–69 495 (37.8) 33 (40.3)
70–79 513 (39.2) 39 (47.6)
≥80 75 (5.7) 3 (3.6)

Work duration, years
<10 273 (20.8) 7 (8.5) 0.0550

10–19 354 (27.0) 30 (36.6)
20–29 338 (25.8) 25 (30.5)
30–39 238 (18.2) 13 (15.9)
≥40 107 (8.2) 7 (8.5)

Gender
Male 1258 (96.0) 82 (100) 0.0659

Female 52 (4.0) 0 (0)
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Table 1. Cont.

Total

No Recovery of
Lung NTM, n (%)

Recovery of Lung
NTM, n (%) p-Value a

1310 (94.1) 82 (5.9)

Diabetes †
No 749 (78.8) 39 (72.2) 0.2495
Yes 201 (21.2) 15 (27.8)

Hypertension ‡
No 552 (56.2) 30 (50) 0. 3514
Yes 431 (43.8) 30 (50)

History of pulmonary tuberculosis §

No 905 (77.7) 38 (60.3) 0.0015 *
Yes 260 (22.3) 25 (39.7)

Smoking status
Non-smoker 191 (21.3) 17 (22.4) 0.0644
Ex-smoker 571 (63.7) 55 (72.4)

Current smoker 134 (15.0) 4 (5.2)

Type of job
Coal worker 932 (71.2) 68 (82.9) 0.0214 *

Other 378 (28.9) 14 (17.1)

Pneumoconiosis characteristics
Profusion of small opacities

0 319 (24.4) 9 (11.0) <0.0001 *
1 456 (34.8) 19 (23.2)
2 438 (33.4) 43 (52.4)
3 97 (7.4) 11 (13.4)

Grade of large opacities
No 926 (70.7) 35 (42.7) <0.0001 *
A 154 (11.8) 17 (20.7)
B 193 (14.7) 20 (24.4)
C 37 (2.8) 10 (12.2)

a p-values were obtained by comparing the groups using the Chi-squared test or Fisher’s exact test. * Statistically
significant values (p < 0.05). † 388 missing data on diabetes. A total of 1004 subjects were included. ‡ 349 missing
data on hypertension. A total of 1043 subjects were included. § 164 missing data on tuberculosis. A total of
1228 subjects were included. 420 missing data on smoking status. A total of 972 subjects were included. NTM,
nontuberculous mycobacteria.

Table 2. Differences between patients with and without NTM lung infection in terms of selected
radiological features.

No Recovery of Lung NTM, n (%) Recovery of Lung NTM, n (%) p-Value a

Pulmonary cavity on chest CT † 0.1954
No 764 (88.3) 65 (83.3)
Yes 101 (11.7) 13 (16.7)

Bronchitis 1.0000
No 1289 (98.4) 81 (98.8)
Yes 21 (1.6) 1 (1.2)

Bronchiectasis 0.0341 *
No 1182 (90.2) 68 (82.9)
Yes 128 (9.8) 14 (17.1)

Emphysema <0.0001 *
No 811 (61.9) 22 (26.8)
Yes 499 (38.1) 60 (73.2)

a p-values were obtained by comparing the groups using the Chi-squared test or Fisher’s exact test. * Statistically
significant values (p < 0.05). † 449 missing data on pulmonary cavity on chest CT. A total of 943 subjects were
included. CT, computed tomography; NTM, nontuberculous mycobacteria.

Multiple logistic regression analysis showed that, before adjustment, a history of pulmonary TB
(OR = 2.29, 95% CI = 1.34–3.84) and the presence of bronchiectasis (OR = 1.90, 95% CI = 1.00–3.38)
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were risk factors for NTM lung infection (Table 3). Moreover, the risk of NTM lung infection rose
with the degree of small-opacity profusion: category 1, 2, and 3 small-opacity profusion associated
with crude ORs of 1.48 (95% CI = 0.68–3.47), 3.48 (95% CI = 1.75–7.72), and 4.02 (95% CI = 1.62–10.24),
respectively. The risk of NTM lung infection also rose as the large-opacity grade rose: grades A, B,
and C associated with crude ORs of 2.92 (95% CI = 1.56–5.27), 2.74 (95% CI = 1.53–4.81), and 7.15 (95%
CI = 3.15–15.11), respectively.

Table 3. Multiple logistic regression analysis of the relationship between nontuberculous mycobacteria
infection and occupational, clinical, and radiological characteristics.

Unadjusted Model Model 1 † Model 2 ‡

OR 95% CI OR 95% CI OR 95% CI

Age (per year) 1.02 0.99–1.05 1.01 0.98–1.05 1.01 0.98–1.05

Work duration, years
<20 1.00 1.00 1.00
≥20 1.12 0.71–1.76 0.92 0.53–1.59 0.89 0.51–1.55

History of pulmonary tuberculosis
No 1.00 1.00 1.00
Yes 2.29 * 1.34–3.84 1.82 * 1.03–3.16 1.71 0.95–3.01

Bronchiectasis
No 1.00 1.00 1.00
Yes 1.90 * 1.00–3.38 0.99 0.43–2.03 1.01 0.44–2.09

Pulmonary cavity on chest CT
No 1.00 1.00 1.00
Yes 1.51 0.77–2.76 1.47 0.69–2.90 1.34 0.62–2.70

Profusion of small opacities
0 1.00 1.00
1 1.48 0.68–3.47 1.22 0.47–3.36
2 3.48 * 1.75–7.72 2.79 * 1.25–7.10
3 4.02 * 1.62–10.24 3.76 * 1.36–10.94

Grade of large opacities
No 1.00 1.00
A 2.92 1.56–5.27 2.32 * 1.01–4.99
B 2.74 1.53–4.81 2.68 * 1.35–5.24
C 7.15 * 3.15–15.11 7.58 * 3.02–17.95

* Statistically significant values (p < 0.05). † Model 1: Adjusted for age, work duration, history of pulmonary
tuberculosis, bronchiectasis, pulmonary cavity, and profusion of small opacities. ‡ Model 2: Adjusted for age, work
duration, history of pulmonary tuberculosis, bronchiectasis, pulmonary cavity, and grade of large opacities. OR,
odds ratio; CI, confidence interval.

When adjustments were made for age, work duration, history of pulmonary TB, bronchiectasis,
pulmonary cavity, and small-opacity profusion (Model 1), history of pulmonary TB (OR = 1.82, 95% CI
= 1.03–3.16) and category 2 (OR = 2.79, 95% CI = 1.25–7.10), and 3 (OR = 3.76, 95% CI = 1.36–10.94)
small-opacity profusion remained risk factors for NTM lung infection. When the same adjustments
were made except that small-opacity profusion was substituted by the large-opacity grade (Model 2),
grade A (OR = 2.32, 95% CI = 1.01–4.99), B (OR = 2.68, 95% CI = 1.35–5.24), and C (OR = 7.58, 95%
CI = 3.02–17.95), large opacities were risk factors for NTM lung infection.

The NTM species in 43 of 82 NTM lung infected patients were identified. A total of 61 outcomes
were identified, including the isolation of multiple species from the same patient. Identified NTM
species are shown in Table 4. Some species from respiratory specimens were considered not pathogenic
and to be contaminants. M. gordonae in seven patients and M. terrae complex in one patient were also
considered contaminants.
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Table 4. NTM infected patients with species identification.

Species
Number of

Patients
Number of Patients
with Other Species

Other Species

M. avium 13 3 M. kansasii, M. abscessus, M. fortuitum, M. gordonae
M. intracellulare 13 5 M. fortuitum, M. gordonae

M. fortuitum 10 8 M. avium, M. intracellulare, M. gordonae, M. abscessus, M.
peregrinum, M. lentiflavum, M. celatum

M. gordonae * 7 5 M. avium, M. intracellulare, M. fortuitum, M. abscessus, M.
smegmatis, M. lentiflavum

M. abscessus 4 3 M. avium, M. fortuitum, M. gordonae
M. peregrinum 3 2 M. fortuitum, M. lentiflavum
M. smegmatis 3 2 M. gordonae, M. lentiflavum
M. lentiflavum 3 3 M. fortuitum, M. gordonae, M. peregrinum, M. smegmatis

M. kansasii 1 1 M. avium
M. chelonae 1 0
M. celatum 1 0

M. terrae complex * 1 0
Other type 1 0

Total 61

* Species generally considered as environmental contamination. Three patients were identified with more than
three species.

4. Discussion

Immunocompromised patients and patients with a pre-existing pulmonary disease often develop
NTM infections, of which the Mycobacterium avium complex (MAC) are the most common agents.
This study showed that the risk factors for a diagnosis of NTM lung infection in patients with prior
occupational dust exposure were previous TB, bronchiectasis, extensive small-opacity profusion,
and higher large-opacity grades. Even after adjustment, extensive small-opacity profusion and higher
grade large opacities remained significant risk factors for NTM lung infection in dust-exposed workers.

While prior TB infection was a significant risk factor for NTM lung infection in the unadjusted
model and Model 1, it had an increased OR without statistical significance in Model 2. This finding
is consistent with the case-control study of Corbett et al., who showed that prior TB infection was
also a risk factor for NTM lung disease in South African gold miners [13]. Corbett et al. suggested a
post-tuberculous structure distortion and poor immunologic response to Mycobacterium antigen after
TB infection to explain the association between prior TB and susceptibility to NTM lung disease. It is also
largely accepted that bronchiectasis associates with NTM lung disease [14–17]. However, the statistical
significance of the association was not observed after adjusting for other factors such as the type of
dust exposure and pneumoconiosis. Pneumoconiosis, the immune reaction induced by macrophages
that remove deposited dust in the lung, and the epithelial fibrosis induced by inflammatory cells, such
as polymorphonuclear leukocytes (PMN), are likely to cause structural changes [18]. All patients in
this study had pneumoconiosis, which distorts lung structure as a result of the immunologic reaction
to inhaled dust. Since patients are vulnerable to NTM pulmonary infection, the history of tuberculosis
may have lost its significance after adjustment for the profusion of small opacity perfusion or large
opacity grades. Also, prior TB is merely a marker of the poor ability of the individual to respond
immunologically to mycobacterial antigens.

Although the results of univariate analyses showed that emphysema also associated significantly
with NTM lung disease, emphysema was excluded from the analysis because it correlated with
large-opacity grade (Data not shown). Note that, because the large opacities, which indicate progressive
massive fibrosis (PMF) caused by pneumoconiosis, are commonly accompanied by paracicatricial
emphysema [19], which can be seen next to areas of scarring, emphysema was not included in the
multivariate analysis.

In addition, Corbett et al. found that a dust-exposed job at diagnosis was a risk factor for NTM
lung disease in the South African gold miners, even after adjustment for silicosis [13]. This is consistent
with the study of Sonnenberg et al., which showed that the miners who had spent more than 20 years
underground were more likely to have NTM lung disease than those who had spent less than 10 years
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underground [6]. Silica exposure may promote NTM lung disease via two mechanisms. First, people
who work in a dusty environment may have a higher risk of TB lung disease and chronic bronchitis,
both of which promote susceptibility to NTM lung disease [6,20]. This possibility is consistent with
the study by Beamer et al. on mice that were instilled intranasally with silica. They found that silica
exposure altered the phenotype of the alveolar macrophages, which in turn impaired their ability to
take up and respond protectively to bacterial lipoproteins [21]. Second, not only is dust a common
source of NTM, wet processes in association with a dusty job environment have the potential to increase
the incidence of pathogenic mycobacterial exposure in the workplace [13,22,23].

Corbett et al. also reported that the gold miners with NTM were significantly more likely to have
early/high-grade silicosis than the control patients, who were gold miners who attended hospital for
trauma or human immunodeficiency virus (HIV)-unrelated surgery [13]. However, it was not clear
how they graded silicosis. Consequently, whether their early/high-grade silicosis category reflects the
higher ILO grades of large opacities in complicated pneumoconiosis or only greater small profusion
opacities in simple pneumoconiosis is unclear. However, another, more recent, study by Sonnenberg et
al. reported that South African gold miners with NTM lung disease were significantly more likely than
gold miners with TB to exhibit silicosis, as defined by ILO categories of the small-opacity profusion of
1/1 or higher. This relationship between NTM lung disease and silicosis remained significant even
after adjusting for age, alcohol consumption, HIV status, years spent working underground, prior
TB treatment, and silicosis [10]. Similarly, we found that NTM-infected patients with previous dust
exposure were significantly more likely than uninfected dust-exposed patients to have category 2 and
3 small-opacity profusion. These findings suggest that pneumoconiosis promotes NTM lung disease.

To the best of our knowledge, the association between large-opacity grade (as shown by chest
X-rays) and the risk of NTM lung infection has not been studied. We found that patients with NTM
lung infection were significantly more likely to have large-opacity grade A, B, and C radiological
findings and that the association between severe large opacity and NTM lung infection remained
significant after adjustment. Alternatively, it may be that large opacities lead to lung distortion, which
could cause ventilatory disturbances. Emphysema is the result of lung parenchymal destruction and is
a type of COPD that restricts airflow. Ringshausen et al. showed that diagnosed COPD (either the
chronic bronchitis-predominant type or the emphysema-predominant type) associated with NTM lung
disease [24]. Chan et al. suggested that the low blood supply of emphysematous lesions encourages
the colonization of NTMs in these areas [25].

This study has several limitations. First, its cross-sectional design made it difficult to assess
the causal relationship between NTM lung infection and radiological factors. However, given the
natural course of pneumoconiosis and the fact that the radiological charts were obtained around the
time NTM was isolated, it is likely that there is a causal relationship, namely, that the structural lung
changes in pneumoconiosis promote NTM lung infection. Second, the subjects were enrolled in a single
center, which may reduce the generalizability of the study observations to other settings. However,
this limitation may be mitigated by the fact that the subjects worked in heterogeneous workplaces
and varied in their occupational history. Third, we did not analyze the pulmonary function test data.
Further studies on the relationship between NTM lung infection and lung function are warranted.
Fourth, the NTM species could not be identified in many cases; as a result, we could not assess their
relationship with NTM lung infection in pneumoconiosis. However, all NTM lung infections were
confirmed according to the American Thoracic Society (ATS) and The Infectious Diseases Society of
America (IDSA) guidelines. Fifth, some of the subjects who had decreased FEV1 (Forced expiratory
volume in one second) might have used inhaled corticosteroids, and most patients under medication
might have used acid-suppressive drugs as part of a clinical regimen. Unfortunately, it was difficult to
evaluate the medication history data in the analysis because of the retrospective design of the study.
Additionally, although slender body habitus has been reported to be associated with NTM, infections,
we did not evaluate individual anthropometric data such as height, weight, body mass index, mainly
because the main focus of our study was the association between radiologic findings of pneumoconiosis
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and NTM lung infection. Considering that some of them needed medical treatment including inhaled
corticosteroids to relieve their respiratory symptoms and most patients with a history of dust exposure
who complain of chronic respiratory symptoms have slender body habitus, the present study suggests
that occupational history of respiratory dust and its complex health effect are a risk factor for NTM
pulmonary infection.

Despite these limitations, this study also has a number of methodologically robust elements. First,
the NTM-infected patients satisfied the bacteriological criteria of the ATS/IDSA statement about NTM
diagnosis. Second, there were 82 patients with NTM lung infection, which is markedly larger than
the sample sizes in other studies on NTM in pneumoconiosis. Third, the occupational history data
included the work duration. Consequently, we could examine the relationship between dust exposure
duration and NTM infection. Fourth, this is the first study that evaluates the relationship between the
large opacities of pneumoconiosis and NTM lung infection.

5. Conclusions

The diagnosis of NTM lung infection in dust-exposed workers was significantly associated with
previous TB, bronchiectasis, marked profusion of small opacities, and high-grade large opacities,
as assessed using the ILO classification system. Even after adjustment, extensive small-opacity
profusion and high-grade large opacities remained significant risk factors for NTM lung infection in
dust-exposed workers. The relationship between pneumoconiosis features and NTM species, and the
relationship between lung function and NTM lung infection remain to be studied.
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Abstract: Female police officers may be required to pursue offenders on foot while wearing
occupational loads. The aim of this study was to determine relationships between fitness measures
and change of direction speed (CODS) in female police officers and the influence of their occupational
loads. Retrospective data were provided for 27 female police officers (age = 32.19 ± 5.09 y, height
= 162.78 ± 5.01 cm, and mass = 71.31 ± 13.42 kg) and included fitness measures of: lower-body
power (standing long jump (SLJ)), upper-body and trunk muscle endurance (push-up (PU) and
sit-up (SU)), aerobic power (estimated VO2max), and CODS (Illinois agility test). The CODS test
was performed without and with occupational load (10 kg). Paired sample t-tests (between-load
conditions) and Pearson’s correlations (relationships between measures) were performed with linear
regression analysis used to account for the contribution of measures to unloaded and loaded CODS
performance. CODS was significantly slower when loaded (unloaded = ~23.17 s, loaded = ~24.14 s,
p < 0.001) with a strong, significant relationship between load conditions (r = 0.956, p < 0.001).
Moderate to strong, significant relationships were found between all fitness measures ranging from
estimated VO2max (r = −0.448) to SU (r = −0.673) in the unloaded condition, with the strength of these
relationships increasing in the loaded condition accounting for 61% to 67% of the variance, respectively.
While unloaded agility test performance was strongly associated with loaded performance, female
police officer CODS was significantly reduced when carrying occupational loads. A variety of
fitness measures that influence officer CODS performances become increasingly important when
occupational loads are carried.

Keywords: law enforcement; foot pursuit; load carriage; chase; body armor

1. Introduction

Police officers are required to carry out a variety of physical tasks that can range from attending a
domestic disturbance and verifying a person’s identity [1] to chasing offenders on foot across varying
distances [2,3]. Often these foot pursuits can occur while the officer is wearing their daily occupational
load. Occupational loads for police officers can vary depending on job type, but they are typically
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around 10 kg for general duties officers [4] and over 20 kg [5], or even 40 kg [6], for specialist response
police. For the general duties officer, these loads typically comprise essential equipment like a baton,
radio, handcuffs, flashlight, etc. [4], and they often include body armor [7]. Specialist police loads
are made heavier by the specialist equipment they must carry, which can include gas masks, riot or
ballistic shields, and breaching equipment. Of note however, given that the average female officer is
lighter than the average male officer [5], the relative load carried by female officers may be significantly
heavier than those carried by male officers [4].

The impacts of occupational loads on mobility of the carrier are well reported in the literature,
whereby measures of short-distance sprints [8–10], prone-start sprints [10–12], and agility runs [13]
have been found to significantly decrease the mobility of tactically loaded participants. However, these
studies were all conducted in military populations, who are known to generally carry heavier loads
than law enforcement [4]. The findings of three studies on law enforcement that compared the impacts
of body armor on police officer mobility were mixed with two studies [5,14] that found significant
decreases in performance with added load and one study that did not [15]. Carlton et al. [5] found a
significant decrease in time to complete an 80 kg dummy drag task when specialist tactical officers were
loaded with 22 kg as opposed to their unloaded condition. Similarly, a study by Dempsey et al. [14]
found that participants wearing stab-resistant body armor (7.65 ± 0.73 kg) significantly increased time
to complete a simulated vehicle exit and sprint (mean time = 1.95 s loaded, 1.67 s unloaded, p < 0.001)
and time to complete a mobility battery (mean time = 18.16 s loaded, 15.85 s unloaded, p < 0.001).
Conversely, research by Schram et al. [15] found that there were no significant differences in completion
time for the Illinois agility run performance between officers wearing duty loads, which included body
armor (10.8–11.5 kg) when compared to station loads (no body armor).

Various fitness measures have been found to relate to occupational load carriage ability [4,16].
For example, Robinson, et al. [17] conducted a study of specialist tactical response police carrying
20 kg of load as fast as possible over a 5 km distance at three different time intervals (several months
apart). In their study it was found that strength measures of repetition maximum (RM) (bench press,
squat, and pull-up), lower-body power (vertical jump (VJ)), and aerobic (multistage fitness, progressive
shuttle run, or ‘beep’, test) performances were significantly correlated with all three load carriage
performance events. As such, it is not surprising that research has found the combination of resistance
and aerobic training as best associated with improvements in load carriage ability [18,19], and as such,
they form the recommendations for physically conditioning tactical personnel to carry loads [20,21].
However, the majority of this research has focused on time to complete a distance march with loads
above those required of general duties police, as opposed to shorter distances with the lighter loads
utilized by general duties police.

Female police officers may have to pursue offenders on foot, while wearing occupational loads
that are relatively heavier than those carried by male officers. These occupational loads reduce mobility
and are associated with measures of fitness. Therefore, understanding the relationships between
fitness measures and load carriage during a change of direction speed (CODS) task may help inform
physical conditioning requirements to optimize their ability to pursue offenders on foot whilst wearing
occupational loads. On this basis, the aims of this research were to investigate the impacts of the
occupational loads carried by female general duties police officers on a short explosive CODS task and
determine which measures of fitness were related to this occupational load carriage requirement.

2. Materials and Methods

Retrospective data were provided for 27 healthy female police officers (age = 32.19 ± 5.09 y, height
= 162.78 ± 5.01 cm, and mass = 71.31 ± 13.42 kg) from the Abu Dhabi Police and included fitness
measures of lower-body power (SLJ), upper-body and trunk muscle endurance (push-up (PU), sit-up
(SU), aerobic power (estimated VO2max), and CODS (Illinois agility test). The female officers who
applied to take part in sports activities as part of the competition and teams section of the Abu Dhabi
Police were recruited for this study. Only the participants with no history of injuries or cardiovascular
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illness underwent testing procedures. Research was carried out in accordance with the conditions of
the Declaration of Helsinki, recommendations guiding physicians in biomedical research involving
human subjects [22], and with the ethical approval (number 484-2) from the ethical board of the Faculty
of Sport and Physical Education, University of Belgrade.

2.1. Procedures

The explosive power of leg extensors was assessed by the SLJ test. Markovic [23] reported a
high intratrial reliability for this test (Intraclass Correlation Coefficient = 0.95). The participants were
instructed to jump as far as possible by performing a standing jump from a standard standing position.
The distance from the starting line to the landing point at the heel contact was used for further analysis.
The precision of the measurement was to the nearest 1 cm.

The Illinois agility test was used as the measure of CODS [24]. Hachana [25] reported a high
intratrial reliability of this test (ICC = 0.96). In addition to a standard Illinois agility test, the participants
in this research also wore a 10 kg vest (Illinois agility loaded). A Star Fitness™ (Tortola, British Virgin
Islands) adjustable weighted vest was firmly tightened to the upper body with two side straps that
overlapped about the waistline in the front. The weight of the west was equally distributed at the
front and back of the trunk. This load alone, without a sidearm or accoutrements, provided the 10 kg
load. Following a 10 min respite from the SLJ, Illinois agility tests were performed with outcomes
of both tests recorded using electronic timing gates (Fitro Light Gates, Fitronic, Bratislava, Slovakia).
Measurement precision was to the nearest 0.01 s. The test course was used as previously reported
in literature [24,26]. Two cones were used to mark the turning points, while four center cones were
placed down the middle of the square grid and spaced 3.3 m apart for the weaving component (see
Figure 1). The participants began the test lying prone on the floor behind the starting line. The timing
gate was positioned 1 m above the starting line so the participants triggered the signal when they
had already commenced the push up off the ground and started to move forward. On command,
the participants stood and ran forward to the first turning cone in a straight line as fast as possible.
The participants were required to turn around the first turning cone and moved back to the first center
cone, where they weaved up and back around the four center cones. The participants then ran to
the second turning cone. After turning around this cone, the participants were required to run in a
straight line past the finish line. Following a slow then slightly faster (but submaximal) completion
of the course as a warmup, participants were instructed to complete the test as quickly as possible.
Participants were familiar with the course and repeated the course twice, firstly without load and then,
after a short period of respite of 10 min, with load.

Figure 1. Schematic of the Illinois agility test.
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The 1 min PU and SU tests were conducted 10 min after the Illinois agility test following the
procedures previously described in the literature [27], with the exception of the PU, which was
completed on the knees rather than the toes. In short, each participant was positioned so that only a
maximum of four points contacted the ground (knees and hands) while the body was straight from
heels to head. The participants were advised that the between-hand width should be approximately
one palm wider than their shoulder width. The starting position had the arms fully extended with one
PU counted when the elbow joint bent to at least 90 degrees and then extended back to the starting
position. After the PU test, participants rested for 15 min before completing the SU test. Participants
started the test from a laying position with hands crossed at chest height, palms on the opposing
shoulders, and knees bent at an angle of 90◦. The feet were placed flat on the ground and secured by
the tester. One repetition was counted when the participant completed an SU by raising the upper body
and touching the knees with elbows. Hips had to maintain contact with the ground, and hands had
to remain on the chest during the full range of movement throughout the test. The only permissible
resting position was the ‘start’ position. Every SU that did not meet these standards were not counted.
For both the PU and SU, participants were required to complete as many repetitions as possible in the
time or until volition fatigue. Results were measured in single repetitions.

Female police officer VO2max values were estimated using an incremental, multistage 20 m
shuttle-run test on an indoor rubber matt, according to previously reported procedures [28]. This test
was conducted 10 min after the SU test. Shuttle run levels were controlled using the mobile app beep
test, ‘police military multistage assessment’ connected to a loudspeaker so each change of the level
was clearly and loudly announced. After the test was finished, results were written down in forms of
levels and shuttles attained by each participant. To further estimate VO2max, results were typed into a
Microsoft Excel file (Microsoft CorporationTM, Redmond, Washington, DC, USA) and calculated using
the formula developed by Ramsbottom et al. [29], which was based on age and completed number of
levels and shuttles.

2.2. Statistics

Data were transferred from a Microsoft Excel spreadsheet, on which the data were recorded, into
Statistical Package for the Social Sciences (SPSS version 25, Chicago, IL, USA) for analysis. Following
descriptive analysis and tests for normality and homogeneity, paired sample t-tests were used to
determine differences between loaded and unloaded conditions. Pearson’s product correlations were
performed to investigate relationships between load conditions and fitness variables. A regression
analysis was performed with all significantly correlated variables to determine how much of the
CODS task could be attributed to these variables. The regressions were conducted both including and
excluding the opposing CODS task (i.e., loaded/unloaded CODS task). Alpha levels were set at 0.05
a priori.

3. Results

Descriptive data are provided in Table 1. The results of the paired sample t-test indicated that
female officers were significantly slower (t(26) = −6.001, p < 0.001) when performing the CODS task
while wearing occupational loads.
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Table 1. Demographic and fitness measure results.

Mean ± SD (Range)

Age (y) 32.19 ± 5.09 (22.00–42.00)
Height (cm) 162.78 ± 5.01 (155.00–173.00)
Mass (kg) 71.31 ± 13.42 (50.50–109.50)

Body mass index (kg/m2) 26.86 ± 4.57 (20.80–36.60)
Push-Ups (repetitions) 24.04 ± 11.77 (7.00–49.00)

Sit-Ups (repetitions) 28.48 ± 10.79 (13.00–53.00)
Standing Long Jump (cm) 166.00 ± 25.81 (116.00–210.00)

Estimated VO2max (mL/kg/min) 24.32 ± 4.32 (19.55–35.06)
Illinois agility (s) 23.17 ± 2.75 (18.58–28.21)

Illinois agility loaded with 10 kg (s) 24.14 ± 2.78 (18.96–29.86)

SD: Standard Deviation.

All fitness measures were significantly correlated with both the unloaded and loaded Illinois
agility run, with the strength of the correlations [30] ranging from moderate (estimated VO2max) to
strong (SU) (Table 2). In all cases, the strength of the correlations between the fitness measures and the
Illinois agility run increased when load was added. As would be expected, the unloaded Illinois agility
test was very strongly correlated with the Illinois agility when loaded (r = 0.956, p < 0.001).

Table 2. Correlations between fitness measures and Illinois agility test in both the unloaded and
loaded conditions.

SLJ SU PU
Estimated
VO2max

Illinois
Agility

Illinois Agility
Loaded (10 kg)

Illinois agility −0.649 ** −0.673 ** −0.605 ** −0.448 * 1 0.956 **
Illinois agility
loaded (10 kg) −0.686 ** −0.707 ** −0.624 ** −0.514 ** 0.956 ** 1

Correlation is significant at: * p < 0.05, ** p < 0.01. SLJ = standing long jump; SU = sit-up; and PU = push-up.

When all measures that correlated to the unloaded CODS were entered into the regression,
the variables equated to 92% of the variance, dropping to 61% of the variance when the loaded CODS
was removed from the regression. Subsequently, when all measures that correlated to the loaded
CODS were entered into the regression, the variables equated to 93% of the variance, dropping to 67%
of the variance when the unloaded CODS was removed from the regression.

4. Discussion

The aims of this research were to investigate the impacts of the occupational loads carried by
female general duties police officers of the Abu Dhabi Police on a CODS task and determine which
measures of fitness were related to this occupational load carriage requirement. The study found that
when female police officers wore a 10 kg duty load their CODS was significantly slower. Furthermore,
while moderate-to-strong significant relationships were found between all fitness measures and CODS,
the strength of these relationships increased in the loaded condition.

The results of this study suggested that lower-body power, upper-body and trunk endurance,
and aerobic fitness are associated with police officer CODS, especially when the officer was wearing
occupational load. Previous research has found that measures of fitness are associated with
mobility-styled activities in law enforcement personnel [31]. Lockie et al. [31] found that SU (r = −0.208),
pull-ups (r = −0.272) and 2.4 km run (r = 0.253) performances were all associated with a 99-yard
(90.53 m) obstacle course run, which was designed to simulate a foot pursuit and required police
recruits to step over simulated curbs and high obstacles over the course. Similarly, Dawes et al. [32]
found a moderate to strong relationship between VJ and sprint performance (5–20 m) in specialist
police officers—findings that were supported by Marques et al. [33,34] and Wisløff, et al. [35]. Thus,
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VJ was strongly associated with short distance sprints, which was a performance measure known to be
reduced by the wearing of body armor in police [36,37].

In a military population, soldiers wearing and carrying a total load of approximately 42 kg
completed an anaerobic based task, which included a 27 m zigzag run, and they were significantly
slower when carrying their additional loads [38]. Of note, and in support of aforementioned research,
the initial 5 m start, in particular, was found to be significantly slower when the soldiers were loaded [38].
However, the zigzag component (while slower) was not shown to be significantly different between
load conditions. Considering this, the study found significant, strong correlations between overall
course performance times in both the unloaded and loaded conditions with lower body strength (1 RM
squat), lower-body power (peak power), and upper-body strength (1 RM bench press). PU, SU, and a 2
mi run were not significantly correlated with performance on the course (in either load condition) [38].
Of note, the study found PUs were significantly correlated with time to rise from the prone position
to begin the initial 5 m sprint of the course. This coincided with other research, which suggested
that PU ability was related to other military-styled tasks that required the load carrier to rise from a
prone position [12,39]. This also coincided with this current study, whereby female police officers were
required to rise from a prone position to commence the initial forward sprint.

The CODS time to completion was between 23.17 ± 2.75 s (unloaded) to 24.14 ± 2.78 s (loaded)
and was an anaerobic task [40]. As such, correlation with aerobic performance measures was not
expected. For example, in the aforementioned research by Mala et al. [38], there was no correlation
between two-mile run times and performance on a short, explosive anaerobic task (from 25.4 ± 1.8 s
unloaded to 38.7 ± 4.8 s when loaded). However, Lockie et al. [31] did likewise find that 2.4 km run
times were associated with several work sample test battery tasks ranging from a solid wall fence
climb (7.75 ± 1.37 s) to a longer 500-yard run (89.20 ± 7.99 s). A potential reason for the findings of
this study may lie in the fact that the officers may have been more likely to be more physically active
(as the testing occurred at the end of a 22 week academy) and would have completed more physical
activity (and hence be more fit in general).

The findings of this study, whereby measures of fitness were correlated to CODS (more so when
the officers were loaded), and whereby unloaded CODS was very strongly correlated to loaded
CODS, provide some guidance for the conditioning of female police officers who are required to
wear occupational loads and pursue a suspect on foot. Poor CODS performance can be improved by
increasing general fitness, more specifically PU, SU, and SLJ ability. Likewise, unloaded CODS ability
can be used to inform loaded CODS potential and allow for this progression when a suitable unloaded
CODS has been achieved.

Limitations

Key limitations to this study were the inability to change assessment order or to randomize the
unloaded and loaded conditions. While these restrictions are common in retrospective cohort studies,
familiarization of the course is expected to minimize any potential learning effect induced by the
assessment order. Furthermore, long breaks of over 10 min between each condition, a period exceeding
the recommended recovery period of power-based activities [41], should mitigate any fatigue concerns.
It should also be noted that female police officer participants were from a group which may have been
more physically active, and as such, the influence of fitness measures on CODS performance may not
be reflective of less physically active female police officers.

5. Conclusions

While unloaded agility performance was strongly associated with loaded performance, female
police officer CODS was reduced when officers carried occupational loads. All fitness measures were
correlated with unloaded CODS performance, with this relationship increasing when occupational
loads were worn. As such, upper-body and trunk endurance, lower-body power, and aerobic fitness
become increasingly important when preparing female police officers to carry occupational loads.
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Furthermore, unloaded CODS performance (as measured by the Illinois agility test) can be used to
gauge readiness to perform loaded CODS.
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Abstract: Background: The effective governance of occupational safety and health problems is
inseparable from public participation and response. Methods: Based on the perspective of psychological
distance, this paper adopted a quadratic response surface regression analysis method to investigate
cognitive, emotional, expected and behavioral distances to occupational safety and health topics
and their corresponding responses. Results: As demonstrated by the data statistics and response
surface regression analysis results for 2386 valid samples, the relatively close psychological distance
dimensions of the public with regard to occupational safety and health problems indicated the high
endogenous tendency of the public to pay attention to occupational safety and health problems.
The consistency between public cognitive and emotional distance with regard to occupational safety
and health presented a “progressive decrease” in response towards behavioral distance, whereas the
consistency between cognitive and expected distance reflected “convex” changes towards behavioral
distance. Finally, the consistency between emotional and expected distance generally presented a
“progressive increase” response towards behavioral distance. Conclusions: This research provides
information regarding the public awareness of and response to occupational safety and health issues
and how to promote occupational safety and health issues in order to improve them.

Keywords: occupational safety and health; psychological distance; public response; response gap

1. Introduction

The acceleration of global economic integration, liberalization of worldwide trade and investment
in and application of new technologies, new materials, and new crafts in modern industry are
causing the categories and number of occupational accidents and occupational diseases to increase
continually in numerous developing countries. According to the statistics of the International Labor
Organization (ILO), there are around 250 million production casualty accidents per year worldwide,
with 475.6 accidents per minute on average. Among these, the death toll for production accidents and
labor diseases totals about 1.1 million. In addition, the ILO estimates that by 2020, the incidence of
labor diseases in the world will double and the global occupational safety and health situation will
present an obvious tendency to deteriorate. The occupational safety and health situation in China will
become increasingly austere—200 million workers are already currently suffering from the hazards of
occupational diseases in varying degrees according to 2018 State Administration of Work Safety data.
Statistics from the Ministry of Human Resources and Social Security indicate that the working-age
(16–59) population in China exceeded 900 million in 2017 and this number may stabilize at around
800 million up to 2035. Occupational safety and health problems involve the core rights and interests
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of every worker. They not only affect the production activities in the working world, but also closely
connect with the happiness of every family throughout society.

Occupational safety and health has typical attributes of public health concern. According to
Spijkers and Honniball [1], public participation is conducive to the handling of public health concerns.
As a result, the development of the occupational safety and health cause is inseparable from the public
society, because public concern and support directly determine the social atmosphere which confronts
occupational safety and health problems. However, the public tend to ignore occupational safety
and health problems. In particular, in comparison with industrial accidents, occupational diseases
and relevant symptoms are usually invisible to a large extent. In this sense, it is necessary to probe
into public attitudes and the response to occupational safety and health problems. By introducing
psychological distance, this research was systematically and comprehensively designed to investigate
public awareness of and attitudes to occupational safety and health problems.

Occupational health psychology has been preceded by over a century of inquiry in psychology,
sociology, philosophy, and other disciplines regarding the conditions of work and the welfare of
workers, organizations, and society [2]. In 1912, Bullough proposed the concept of psychological
distance, and its scope of application gradually expanded from aesthetic principles to the social
group field of study for the measurement of social attitudes [3], and later to the trade sector for
the description of individual perception [4] and to the domain of social relations [5]. With growing
attention from researchers, studies of psychological distance have gradually but continually expanded
to other fields. Agnew et al. defined psychological distance as “individuals’ subjective perception
about others and self-relation distance and resulting emotional experience after integrating all sorts
of social information” [6]. Trope and Liberman deemed psychological distance to be “individuals’
perception about different time contexts, space contexts, social relations and possible event occurrence
contexts at this very moment” [7]. Both of these explanations regard psychological distance as a kind of
perception, and a kind of psychological construction made by individuals based on the interpretation
and processing of objective information. Psychological distance is used to explain people’s response
mechanisms for object perception and assessment decisions. With regard to occupational safety
and health problems, the public also perceive and make assessment decisions with a self-centered
perspective. For this reason, it is appropriate to start from psychological distance in order to discuss
public intimacy with occupational safety and health problems.

In combination with relevant knowledge of psychological distance, this research builds up a
four-dimensional structure for occupational safety and health psychological distance, starting from the
dimensions of cognitive, emotional, expected and behavioral distance to explore public attitudes and
responses to occupational safety and health problems. Cognitive distance refers to public occupational
safety and health knowledge status and degree of cognition; emotional distance refers to public
emotional perception of the intimacy and degree of integration of occupational safety and health
problems; expected distance refers to public perception of the future expectation of occupational safety
and health problems based on existing tendencies or judgment experience; and behavioral distance
refers to the public perception of participatory behavior in occupational safety and health governance.
Against this backdrop, residents in six cities from eastern, middle and western regions of China were
selected for investigation and acquiring information on public psychological distance intimacy with
regard to occupational safety and health problems. Furthermore, by analyzing the relationships and
mechanisms of influence among cognitive, emotional, expected and behavioral distance, our research
was designed to provide information for the further study of occupational safety and health problems
in China. This research is significant for the promotion of occupational safety and health governance.
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2. Theoretical Analysis

2.1. Implication Analysis of Public Psychological Distance towards Occupational Safety and Health Problems

Existing studies on occupational safety and health mostly concentrate on the structural aspects of
the occupational safety and health system [8] and start from the perspective of state policy to prevent
and solve occupational safety and health problems. Although policy efficacy itself plays a vital role
in the solution of occupational safety and health problems, the public has a more important status
as the executor of policy. On the other hand, occupational safety and health problems may also be
governed from the perspective of occupational safety and health supervision. Relevant studies list the
establishment of state occupational safety and health supervision agencies and the enforcement of
effective supervision as an important move to ensure occupational safety and health [9]. It cannot be
denied that supervision may be useful in urging practitioners to reduce unsafe actions and to normalize
employee operation, but public attention on occupational safety and health problems is probably more
persistent and stable because of endogenous factors (such as health, civic and responsibility awareness).
As demonstrated by academic studies, the public have a stronger sense of identity towards garbage
regulation policies as a result of endogenous factors [10,11]. Existing studies do not start from the
public perspective in order to observe their attitudes and response towards occupational safety and
health. Therefore, no solutions have been made for the governance of occupational safety and health
in essence.

Distance in natural science generally means the interval length of objects in space or time, while
psychological distance emphasizes the importance of individual perceptions and comprehension
of the environment as a kind of social cognitive theory. One of the core tenets is that people’s
responses towards social events depends upon their psychological representation [12]. Individuals’
psychological distance towards objects reflects their intimacy with, and emphasis on, the objects and
directly determines individual behaviors. Consequently, this research incorporates psychological
distance into the study of occupational safety and health problems. Psychological distance manifests
individuals’ intrinsic perceptions about intimacy. In this sense, public psychological distance towards
occupational safety and health explicitly reflects their concern with occupational safety and health.

In the study of psychological distance, different researchers give interpretations from different
perspectives. From the perspective of trade, psychological distance is defined as the factor which
hinders or disturbs suppliers and consumers [4]. From an interpersonal relations angle, psychological
distance is defined as individual subjective feelings towards intimacy or alienation generated from
the sense of uncertainty about surrounding relations, subject to the discrepancy in status, values and
cultural backgrounds. In the field of organization management, psychological distance is defined as
employees’ subjective judgments about distance intimacy, which predict and evaluate their behavior
within the organization based on their degree of acceptance and actual degree of contribution. It is also
used to describe the degree of conformity or integration between subjects and perception objects [13].
In all research fields, psychological distance in nature is a kind of subjective judgment. Likewise, in the
field of public health, the public also makes subjective judgments about intimacy with or alienation
from occupational safety and health. Accordingly, this research defines psychological distance as a
subjective, public intimacy perception with a resulting promotion of action and inclination based on
the comprehension and degree of perception of occupational safety and health problems.

2.2. Structural Analysis of Public Psychological Distance towards Occupational Safety and Health Problems

At present, studies concerning psychological distance primarily exhibit the following four
dimensions: spatial distance, temporal distance, social distance and hypotheticality. Spatial distance
is defined as the distance between stimulant and individual in the spatial dimension; temporal
distance is defined as the time between individual and present and target events in the past or future;
social distance is defined as the intimacy or specificity of the relation between social objects and
individual; hypotheticality is defined as the occurrence possibility of event, existence possibility of thing,
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or closeness degree to individual real life [7]. In their study of employee-organization psychological
distance, Chen and Li grouped psychological distance into six dimensions: experiential, behavioral,
emotional, cognitive, time-space and objective social distance [13]. For example, if employees felt
close to organization time-space distance, they would like to stay in the organization (voluntary
overtime). Otherwise, they might get out of the organization immediately after work. If employees
felt close to organization emotional distance, they would have sense of happiness in the organization
or otherwise suffer from pains and depression. If employees felt close to organization behavioral
distance, they might sacrifice their own interests to safeguard the interests of the organization. On the
contrary, they would pursue their own best interests in the organization. This research proposes that
public perceptions regarding psychological distance towards occupational safety and health also vary
at different levels.

As demonstrated by research, public perceptions about objects reveal their focus on those objects.
Li recruited urban citizens as research objects and deemed public perception to be the comprehension
and degree of perception of public and social affairs [14]. In a study on residents’ focus on health
knowledge, Dai et al. observed that the health knowledge aspects that concerned individuals the
most were, in order of importance, food safety, chronic disease, infectious disease and psychological
health, and that they accordingly developed pertinent health promotion strategies [15]. Given that
public perceptions of occupational safety and health embody public psychological distance intimacy in
occupational safety and health, this research illustrates public cognitive distance towards occupational
safety and health as a measurement dimension of psychological distance, and highlights the assessment
of the degree of public comprehension of relevant occupational safety and health knowledge.

Emotions are individuals’ attitudes and experiences regarding whether objective things have
satisfied personal demands, and include love, pleasure, happiness, detestation, anger, or contempt.
Emotion is the immediate reflection of relation intimacy. As found by relevant studies, establishing
psychological contacts can induce individuals to maintain similar emotional and even physiological
states to others [16]. This implies that when individuals keep emotional intimacy with others (or
other objects), their focus on those objects can be inferred to some extent. While studying the
employee-organization relationship, Chen and Li used emotional distance to express employees’
emotional intimacy and integration perceptions about their organization [13]. In the same way,
public perceptions of occupational safety and health problems also involve a certain degree of
emotional integration. Such emotions may include a sense of depression or anger towards occupational
safety and health problems that have occurred, or a sense of happiness and comfort resulting from the
progress made with regard to existing occupational safety and health problems. Hence, this research
chose public emotional distance towards occupational safety and health as a measurement dimension
of psychological distance, and emphasized the measurement of public emotional integration in
occupational safety and health problems.

The term “expectancy” refers to an estimation regarding future events. From the perspective
of realistic behaviors, expectancy is a process whereby subjects make specific behavioral decisions
pursuant to a judgment made with collected information about the future. At present, available
studies about public expectancy mainly emphasize the macroeconomic expectancy management field.
Bernanke held the opinion that currency policy is essentially about the problem of expectancy [17].
Public expectancy management has become the key content and core of the currency policy of central
bank macro-control work [18]. To describe the employee-organization relationship, Chen and Li
put forward the concept of experiential distance to represent employees’ perceptions about future
expectancies based on existing tendencies or experiences [13]. From this view, the public would also
form some explicit perception about the future direction of occupational safety and health on account
of acquired information related to occupational safety and health problems. This is known as the
expected distance.

Behavior includes all purposeful activities of organizations or individuals, namely the conduct
and actions of subjects. Qin and Jing started from the perspective of behavioral distance to explore
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behavioral difficulties in management, and their study provided a new channel for investigation of
the harmonious development of organizations [19]. Chen and Li put forward behavioral distance
to represent employees’ perceptions about organizational intimacy in terms of “favor-organization”
behavior [13]. Actions here specifically mean organizational citizenship behaviors, namely employees’
out-of-duty behaviors in favor of the organization, including personal initiative, helping behaviors
and organization loyalty [20]. Similarly, this means that the public needs to have a relatively close
psychological distance towards occupational safety and health in order to solve related issues. As a
consequence, public behavioral willingness and responses towards occupational safety and health
problems reflect their focus on occupational safety and health. Public behavioral distance towards
occupational safety and health is a key indicator of psychological distance.

2.3. Structural Relation Analysis of Psychological Distance

Cognition determines the way that individuals perceive objects and has a significant influence
on individual behavioral patterns. Researchers have conducted many studies on the relation
between cognition and behavior. In the environmental studies field, Vringer et al. proposed
that recognition of environmental problems and diverse insights about the role of environmental
behaviors strongly influenced residents’ energy consumption behaviors [21]. According to Groot
and Steg [22], environmental cognition, environmental knowledge and concern for the environment
could significantly affect residents’ choice of travel mode. In education, Li and Liu explored the
relation between left-behind middle school students’ cognitive emotion regulation and characteristics
of dangerous behaviors, finding that passive cognitive emotion regulation was a risk factor for
dangerous behaviors, while positive cognitive emotion regulation was a protective factor for dangerous
behaviors [23]. Shao used the example of an emergency incident to probe into the rhetoric strategies
and communication paths of news releases under the perspective of public cognition [24]. Given that
this research concentrates on public familiarity with occupational safety and health-related knowledge
with regard to public cognitive distance towards occupational safety and health, the relation between
knowledge and behavior is also a key concern of our study. As demonstrated by research findings,
knowledge has a significant impact on behavior, and related knowledge concerning specific behaviors
is an important predictive variable for those specific behaviors [25]. Duerden and Witt also pointed out
the significant correlation between environmental knowledge and individuals’ environment-related
behaviors [26]. As a result, this research speculates that there exists a certain relationship between
public cognitive distance towards occupational safety and health and behavioral distance.

Research has also shown the significant influence of emotion on behavior [27,28]. Specifically,
in their study of green purchasing behaviors, Kanchanapibul et al. restricted influential factors
to emotional variables, concluding that the standardization path coefficient of emotion against
green purchasing behaviors was as high as 0.489 [29]. Wang and Wu observed that positive
emotion had a stronger influence on green purchasing behaviors than negative emotion, through
further exploration of the correlation and inherent laws of emotion and behavior [30]. Cheng et
al. discussed the relation between college students’ cognition and procrastination behavior and
eventually demonstrated a positive correlation between passive emotion and procrastination behavior,
and a negative correlation between positive emotion and procrastination behavior [31]. Accordingly,
this research tests the hypothesis that there exists a certain relationship between public emotional
distance towards occupational safety and health and behavioral distance.

As a psychological phenomenon, expectancy is another key factor that affects individuals’
behaviors. Hussain stressed that changes in future information lead to changes in economic agents’
expectations and further manipulates their specific investment, consumption, labor supply and other
behavioral decisions in the current period [32]. The study of public expectancy has been widely applied
in all fields. In the field of consumption, Zhai analyzed multiple forms of expression of residents’
negative consumption expectancies, including a reduction in income, growing expenditure in the
future, and a rise in product price [33]. Subsequently, pertinent measures were proposed to regulate
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these negative expectancies so as to promote consumption behaviors. Consumption expectancy had a
direct influence on consumption demand as the prerequisite for consumers to formulate and implement
consumption behaviors. In the domain of macroeconomics, Lu demonstrated the influence of public
expectancy on the macroeconomy in a study of publically expected monetary policy effects [34].
Therefore, this research speculates that a certain relationship exists between public expected distance
towards occupational safety and health and behavioral distance.

In summary, there exists certain relation among the four dimensions of public occupational safety
and health psychological distance. Public occupational safety and health cognitive distance as the
basis can adjust emotional distance and expected distance, and play a decisive role in behavioral
distance. Furthermore, emotional distance can promote expected distance. If the public have closer
occupational safety and health emotional distance, they probably have closer expected distance and
vice versa. Simultaneously, emotional distance can directly trigger behavioral distance, which means
that if the public have closer occupational safety and health emotional distance, they probably show
high willingness of concern, willingness of implementing, willingness of dissemination and willingness
of donations to occupational safety and health problems and vice versa. Expected distance can intensify
behavioral distance. If the public have closer occupational safety and health expected distance, they
probably have closer behavioral distance. The analysis of public psychological distance structural
relationships with regard to occupational safety and health behaviors is shown in Figure 1.

Figure 1. Profile chart of public psychological distance structural relationships in occupational safety
and health behaviors.

3. Research Method

3.1. Quadratic Response Surface Regression Analysis

Based on our literature review, there exists a certain relation between the four dimensions in public
occupational safety and health psychological distance (Figure 1), but until now few scholars have
studied the influence of matching degree between cognition and emotion, cognition and expectation,
emotion and expectation on behaviors. Public intimacy with occupational safety and health behavioral
distance should not be simply ascribed to single factor like cognitive distance, emotional distance,
behavioral distance, but should be the joint effect caused by the interaction of cognitive, emotional
and expected distances. Therefore, discussion about the influence of matching degree between
cognitive, emotional and expected distances on behavioral distance has very important theoretical and
practical values. This research plans to conduct the research with quadratic response surface regression
analysis method.

Response surface methodology utilizes integrated experimental technologies in statistics to solve
the correlation between complicated system input (variable) and output (response). Mathematical
expression of response methodology involves multiple linear regression (MLR) analysis, as shown in
Equation (1):
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whereby n is the design variable, α0 is a constant term for an undetermined coefficient, α j is a one-degree
term for an undetermined coefficient and αi j is a quadratic term for an undetermined coefficient.

Quadratic response surface regression analysis combines quadratic polynomial regression
with response surface methodology. This method has been primarily applied in the study of
individual-organization matching theory [35,36]. Subsequently, Chen et al. applied this method in
the field of urban household garbage regulation policy to investigate the relationships between the
degree of public policy understanding, support willingness, performance willingness, and promotion
willingness [37]. In matching measurement research, there often include two measurement methods.
The first one is direct matching measurement method which requires the respondent to directly
determine the degree of matching between the two [38]. Though the method is rather simple, but the
independent effects cannot be examined. Another method is indirect matching measurement which
requests the respondent to respectively assess the features of the two, and then compare the consistency
or similarity of their grading scores [39]. Indirect measurement usually adopts difference scores,
Q classification method, product term indicator method, etc. However, these indirect matching
measurement statistical strategies are defective in theory and methodology. For instance, difference
scores can result in decreased measurement reliability and mutual confusion between the two effects [40].
Quadratic response surface regression analysis method belongs to a matching measurement and
statistical analysis strategy developed to overcome above-mentioned defects [35]. It possesses the
following advantages: Firstly, it provides an entire statistical analysis and explanation framework for
matching measurement research that can not only well explain the secondary coefficient of polynomial
regression equation, but also test the response surface features and shape formed by these coefficients.
Secondly, it is not only limited to measuring the matching relation of representatives, but also can
examine the influence caused by mismatching relation, thus providing a more robust evaluation
method for the theoretical model related to matching research. Thirdly, compared with the traditional
indirect matching method, it has higher predictive validity. Admittedly, the method also has limitations.
Firstly, as quadratic response surface regression analysis adopts a series of statistical tests to judge the
slope and curvature significance of all target lines on the response surface, it greatly increases statistical
mistakes due to repeated examination [35]. Secondly, quadratic response surface regression analysis
has the same problem with general regression analysis application. All of these methods assume
measured indicator variables have no error, but this is not up to the real measurement conditions.
Though quadratic response surface regression analysis does not totally jump out of traditional statistical
analysis framework, available statistical analysis technology indicates that quadratic response surface
regression analysis has extensive application prospects in matching or consistency research.

In our study, there was also a relationship between cognitive, emotional, expected and behavioral
distance, which indicates a degree of “consistency” among all of these public distances towards
occupational safety and health. This accords with the “matching” implied in individual-organization
matching theory. Consequently, this research used quadratic response surface regression analysis to
thoroughly investigate the response relationship between public cognitive, emotional, expected and
behavioral distance in occupational safety and health. It defines consistency as the situation in which
the score of cognitive distance equals that of emotional distance, cognitive distance equals expected
distance, and emotional distance equals expected distance. The score is divided into five points
according to a scale grade. Higher grades indicate a higher degree of consistency. In addition, this
research calculates inconsistency (gaps) by comparing in pairs from the score of cognitive, emotional
and expected distance, and separately calculating difference value in each pair.
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3.2. Scale and Investigation

There is a lack of a mature scale for the study of public occupational safety and health psychological
distance. Therefore, this research included an exploratory qualitative study to determine scale questions
and collected material during interviews with 67 citizens associated with different industries, and of
different age groups and characteristics. The interview material was sorted in strict accordance with
open coding, axial coding and selective coding. In addition, six professionals (two professors, two
associate professors and two lecturers) were invited to negotiate and determine question accuracy, scale
feasibility and expression readability. Eventually, 16 questions were developed for the measurement
of occupational safety and health psychological distance, on the dimensions of cognitive, emotional,
expected and behavioral distance (see Table A1). Among these dimensions, cognitive distance
primarily includes public cognition of occupational safety and health implications, the present situation,
importance and occupational diseases. Emotional distance highlights the focus on occupational safety
and health accidents, or state and corporate occupational safety and health problems, and public
emotions such as grief, indignation and comfort. Expected distance is concerned with whether public
perceptions of occupational safety accidents and the extent of injury are exaggerated, whether the quality
of occupational safety and health problem governance has any influence on the future perceptions of the
public, and whether the development of medical treatments and techniques ensures that occupational
safety and health problems will not severely threaten the public. Behavioral distance deals with public
understanding and willingness to concentrate on occupational safety and health problems, to commit
to occupational safety and health problem governance, to popularize occupational safety and health
knowledge to surrounding people, and to make donations to those injured in occupational accidents
and occupational disease patients. Responses were on a Lickert five-point scale whereby 1 signified
“totally incongruent”, 2 meant “not too congruent”, 3 meant “noncommittal”, 4 meant “relatively
congruent”, and 5 meant “totally congruent”. A higher score indicated greater occupational safety and
health psychological distance.

The pilot investigation took place in Jiangsu and Anhui Provinces in March 2018. Altogether
550 questionnaires for anonymous completion were distributed and 478 completed questionnaires were
collected, with an effective response rate of 86.91%. As indicated by the descriptive statistical analysis
of the test samples, the gender ratio of the samples was basically balanced, with males accounting for
59.7% and females accounting for 40.3%. Age distribution was relatively even, with participants aged
below 20 years accounting for 1.3%, those aged 21–30 accounting for 25.1%, those aged 31–40 accounting
for 29.6%, those aged 41–50 accounting for 23.4%, those aged 50–60 accounting for 14.8% and those
aged above 60 accounting for 5.8%. The investigation targeted a variety of participants including
government staff, coal mine enterprise leaders, and common social groups. The questionnaire was
finally designed after reliability and validity analysis and correction of questions.

The formal investigation was composed of two parts. The first part collected individual
socio-demographic information and the second part investigated public occupational safety and
health psychological distance. The formal investigation started in April–July 2018. Altogether
3000 questionnaires were distributed and 2386 completed questionnaires were collected, with an
effective response rate of 79.53%. Before distributing the questionnaires, regional respondents
were selected via stratified sampling. Due to the diverse economic and regional features in the
eastern, middle and western regions, the research screened two cities from each of the three regions:
Hebei and Jiangsu Province in the eastern region, Anhui and Hunan Province in the middle region,
and Sichuan and Xinjiang Province in the western region. Simultaneously, in consideration of the wide
variety of potential respondents concerned with occupational safety and health problems, including
government staff, coal mine enterprise leaders, coal mine safety supervisors, coal mine front-line
workers, third-party social organization staff (including those working for occupational disease
hospitals, occupational disease relief funds, and industrial association organization staffs), and patients
with diseases such as pneumoconiosis as well as ordinary people, seven types of respondents were
selected for the investigation to provide a sample including people from all walks of life and of
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both genders and different educational backgrounds, ages, and marital and political status. To be
specific, the research chose three samples from 45 state-owned large and medium coal mine enterprises
in China, and selected six types of coal mine front-line workers in ventilation and fire prevention,
coal mining, tunneling, mechatronics, transportation, and ground work and leaders with different
positions. Moreover, the research chose coal mine safety supervisors according to age and position
discrepancy. For ensuring the rationality of third-party social organization staff samples, the research
chose staff and volunteers from Chinese Occupational Safety and Health Association, China Coal
Miner Pneumoconiosis Prevention Foundation, and Love Save Pneumoconiosis. The sample selection
conformed to the practical distribution situation. The subject and purpose of the investigation were
explained in detail to the participants. The researchers sent gifts to participants to express their
gratitude and to improve the response rate and effectiveness of the questionnaire survey. Please refer
to Table 1 for the specific sample structure.

Table 1. Sample structure.

Social-Demographic Variable
Frequency

(N)
Proportion

(%)
Social-Demographic Variable

Frequency
(N)

Proportion
(%)

Gender Male 1782 74.69 Age <20 8 0.34
Female 604 25.31 21–30 671 28.12

Education Primary school and below 61 2.56 31–40 775 32.48
Junior middle school 403 16.89 41–50 556 23.30
Senior middle school 635 26.61 51–60 273 11.44
Junior college 600 25.15 >60 103 4.32

Undergraduate 469 19.66
Marital status

Single 306 12.82
Master and higher 218 9.14 Married 1978 82.90

Identity Government staff 109 4.57 Divorced 69 2.89
Coal mine enterprise leader 106 4.44 Widowed 33 1.38

Coal mine safety supervisor 155 6.50
Political status

CPC member 660 27.66
Coal mine front-line worker 887 37.18 Democratic party 48 2.01
Third-party social staff 210 8.80 Non-Party personage 169 7.08
Pneumoconiosis patient 207 8.68 The mass 1509 63.24
Ordinary people 712 29.84

Note: CPC = Communist Party of China, N = number.

3.3. Ethical Approval

This study was carried out in accordance with the recommendations of the Ethical Codes of
Consulting and Clinical Psychology of Chinese Psychological Society, Chinese Psychological Society.
The protocol was approved by the China Occupational Safety and Health Association—Occupational
Mental Health Professional Committee. All subjects gave written informed consent in accordance with
the Declaration of Helsinki. It is the duty of researchers who are involved in psychological research
to protect the life, health, dignity, integrity, right to self-determination, privacy, and confidentiality
of personal information of the research subjects. The responsibility for the protection of research
subjects always rested with our research team and the China Occupational Safety and Health
Association—Occupational Mental Health Professional Committee, and never with the research
subjects, even though they had given consent.

4. Data Analysis

4.1. Factor Analysis

Formal questionnaire validity and reliability test results indicated that the Cronbach’s α value
for public psychological distance towards occupational safety and health, at 0.830, was above 0.8.
This implied that the scale had relatively high reliability in general. The Cronbach’s α values of all
latent variables were 0.743, 0.661, 0.702 and 0.823 respectively and the corresponding CR values were
0.859, 0.805, 0.825 and 0.871. Given that both statistics exceeded the acceptability criteria, the scale
passed the reliability test.

We then rigorously developed the program in line with the scale. Based on considerable literature
research, the scale finally exhibited a favorable content validity after being repeatedly negotiated and
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corrected by five experts in the field of management. Moreover, the standardization load of 16 scale
questions with corresponding latent variables, ranging between 0.584 and 0.815, was far above 0.5 and
attained significance. The corresponding average variance extracted (AVE) were 0.604, 0.509, 0.545 and
0.629 respectively. Given the criterion of AVE > 0.5, the scale had good convergent validity. In addition,
the AVE square root of the latent variables being above the correlation coefficient of the latent variables
implied a favorable degree of latent variable structural discrimination. The scale accordingly passed
the validity test.

AMOS 17.0 (SPSS Inc., Chicago, IL, USA) was adopted to carry out confirmatory factor analysis
on the structural validity of the questionnaire. After two attempts at model regulation, the final
fitting indicators were chi-square (χ2) = 3055, degree of freedom (df) = 887, χ2/df = 3.444, root mean
square error of approximation (RMSEA) = 0.047, goodness of fit index (GFI) = 0.903, normed fit index
(NFI) = 0.906, comparative fit index (CFI) = 0.915, incremental fit index (IFI) = 0.904, and Tacker-Lewis
index (TLI) = 0.898. All indicators attained an ideal scope. In summary, the research verified the
four-dimensional structure of public occupational safety and health psychological distance comprising
cognitive, emotional, expected and behavioral distance.

4.2. Statistical Analysis

Descriptive statistical analysis was conducted for public occupational safety and health
psychological distance and its four corresponding dimensions. Given that closer psychological
distance indicates a higher public focus on occupational safety and health problems, the overall
questions were marked in reverse. Lower scores showed closer public occupational safety and health
psychological distance, while higher scores indicated farther public occupational safety and health
psychological distance. (1–2) points indicated intimate distance, (2–3) points indicated relatively
close distance, (3–4) points indicated relatively far distance and (4–5) points indicated far distance.
The specific analysis results are shown in Table 2.

Table 2. Descriptive statistical analysis of psychological distance (N = 2386).

Variable M SD (1–2) (2–3) (3–4) (4–5)

PD 2.5520 0.53745 454, 19.04% 1434, 60.15% 495, 20.76% 1, 0.04%
CD 3.2791 0.90552 316, 13.24% 580, 24.31% 1111, 46.56% 379, 15.88%
ED 2.1954 0.68459 1194, 50.08% 929, 38.97% 243, 10.19% 18, 0.76%

ExD 2.5624 0.96773 900, 37.72% 797, 33.40% 535, 22.42% 154, 6.45%
BD 2.1698 0.89793 1286, 53.90% 792, 33.19% 250, 10.48% 58, 2.43%

Note: PD = Psychological distance, CD = cognitive distance, ED = emotional distance, ExD = expected distance,
BD = behavioral distance, N = number, M =mean value, SD = standard deviation.

Table 2 shows that the mean value of public occupational safety and health psychological distance
was 2.552. Over 60% of respondents and nearly 20% of respondents respectively showed a relatively
close and intimate psychological distance to occupational safety and health. This implies that the public
pays great attention to occupational safety and health problems. Specific analysis of these dimensions
revealed that around 50% of respondents exhibited relatively far cognitive distance for occupational
safety and health problems (in the range of 3–4 points), and that most respondents’ emotional, expected
and behavioral distance towards occupational safety and health problems was relatively close, in the
range of 1–3 points.

4.3. Quadratic Response Surface Regression Analysis

Analysis of the four dimensions of occupational safety and health, as shown in Figure 2,
demonstrated that public cognitive, emotional, expected and behavioral distance all exhibit a gap.
The group that had congruent cognitive, emotional, expected and behavioral distance (≥3 or <3)
accounted for only 18.75%, while the group that was incongruent (i.e., had gaps) accounted for 81.25%.
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Additionally, the group with the scores of cognitive distance (≥3), emotional distance (<3), expected
distance (<3) and behavioral distance (<3) accounted for 26.51% (highest occupation). In contrast, the
group with the scores of cognitive distance (<3), emotional distance (≥3), expected distance (≥3) and
behavioral distance (≥3) accounted for 0.17% (lowest occupation).

 
Figure 2. Public occupational safety and health psychological distance four-dimension gap analysis.
Note: 1: cognitive distance (CD) ≥ 3, emotional distance (ED) < 3, expected distance (ExD) < 3,
behavioral distance (BD) < 3; 2: CD ≥ 3, ED < 3, ExD ≥ 3, BD < 3; 3: CD < 3, ED < 3, ExD < 3, BD < 3; 4:
CD ≥ 3, ED ≥ 3, ExD < 3, BD ≥ 3; 5: CD < 3, ED < 3, ExD ≥ 3, BD < 3; 6: CD ≥ 3, ED < 3, ExD ≥ 3, BD ≥
3; 7: CD ≥ 3, ED < 3, ExD < 3, BD ≥ 3; 8: CD ≥ 3, ED ≥ 3, ExD < 3, BD < 3; 9: CD ≥ 3, ED ≥ 3, ExD ≥ 3,
BD < 3; 10: CD ≥ 3, ED ≥ 3, ExD ≥ 3, BD ≥ 3; 11: CD < 3, ED < 3, ExD ≥ 3, BD ≥ 3; 12: CD < 3, ED < 3,
ExD < 3, BD ≥ 3; 13: CD < 3, ED ≥ 3, ExD < 3, BD < 3; 14: CD < 3, ED ≥ 3, ExD ≥ 3, BD < 3; 15: CD < 3,
ED ≥ 3, ExD < 3, BD ≥ 3; 16: CD < 3, ED ≥ 3, ExD ≥ 3, BD ≥ 3. The bold indicates congruence.

In combination with the above analysis, quadratic response surface regression analysis was used
in a conceptual model to investigate the gaps in cognitive, emotional, expected and behavioral distance.
From the perspective of behavioral distance, the following three models were constructed: cognitive
distance/emotional distance model 1 (equations (2) and (3)), cognitive distance/expected distance model
2 (equations (4) and (5)), and emotional distance/expected distance model 3 (Equations (6) and (7)).
In order to prevent multi-collinearity, centralization processing was applied to public cognitive distance
(X), emotional distance (Y), expected distance (Z) and behavioral distance (M) towards occupational
safety and health, and subsequently the quadratic components of X, Y and Z (X2, Y2, Z2) and the
product terms X × Y, X × Z and Y × Z were calculated. The calculations were then completed using the
SPSS 21.0 statistical software (International Business Machines Corporation, New York, NY, USA).

Cognitive/emotional distance M1 : M1 = α0 + α1x + α2y + e (2)

Cognitive/emotional distance M2 : M2 = α0 + α1x + α2y + α3x2 + α4y2 + α5x·y + e (3)

Cognitive/expected distance M1 : M1 = α0 + α1x + α2z + e (4)

Cognitive/expected distance M2 : M2 = α0 + α1x + α2z + α3x2 + α4z2 + α5x·z + e (5)

Emotional/expected distance M1 : M1 = α0 + α1y + α2z + e (6)

Emotional/expected distance M2 : M2 = α0 + α1y + α2z + α3y2 + α4z2 + α5y·z + e (7)

Correlation analysis (Table 3) demonstrated the significantly positive correlation among public
cognitive, emotional, expected and behavioral distance towards occupational safety and health
problems. In further regression analysis results (Table 4), both behavior M1 and behavior M2 showed
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significant linear correlation with cognitive, emotional, expected and behavioral distance. Moreover,
the regulation R2 of three-group behavior M2’s comparative behavior M1 was on a rising trend, which
showed that behavior M2, with relatively strong explanatory power, was a more accurate representation
of the correlation between the independent and dependent variable.

Table 3. Correlation analysis of public cognitive/emotional/expected/behavioral distance towards
occupational safety and health.

Variable Observed Value Cognitive Distance Emotional Distance Expected Distance Behavioral Distance

Cognitive distance Pearson correlation 1
Sig. (2-tailed)

Emotional distance
Pearson correlation 0.280 ** 1

Sig. (2-tailed) 0.000

Expected distance Pearson correlation 0.129 * 0.05 1* 1
Sig. (2-tailed) 0.044 0.012

Behavioral distance
Pearson correlation 0.180 ** 0.564 ** 0.079 ** 1

Sig. (2-tailed) 0.000 0.000 0.000

Note: Sig. = significance. * indicates significant correlation at 0.05 level (bilateral). ** indicates significant correlation
at 0.01 level (bilateral).

Table 4. Regression analysis on public occupational safety and health psychological distance.

Variable Behavior M1 Behavior M2 Variable Behavior M1 Behavior M2 Variable Behavior M1 Behavior M2

Constant 0.001 −0.024 Constant 0.000 0.239 *** Constant 0.001 0.147 ***
Cognition 0.023 0.047 * Cognition 0.180 *** 0.190 *** Emotion 0.428 *** 0.359 ***
Emotion 0.425 *** 0.416 *** Expectation 0.080 *** 0.166 *** Expectation 0.055 ** 0.084 ***

Cognition 2 0.011 Cognition 2 0.045 ** Emotion 2 0.016 *
Emotion 2 −0.007 Expectation 2 −0.272 *** Expectation 2 −0.162 ***

Cognition ×
Emotion 0.058 *** Cognition ×

Expectation −0.088 *** Emotion ×
Expectation −0.088 ***

Adjustment R2 0.318 0.323 0.037 0.125 0.320 0.352

Note: M1: model 1, M2: model 2. R2: R2 is the ratio of the sum of the squares of the regression to the sum of the
squares used to measure the goodness of fit of the model. * indicates significant correlation at 0.05 level (bilateral).
** indicates significant correlation at 0.01 level (bilateral). *** indicates significant correlation at 0.001 level (bilateral).
Cognition 2: Cognition distance square, Emotion 2: Emotion distance square, Cognition × Emotion: Interaction item
of cognition distance and emotion distance.

Edward points out the necessity to draw up a three-dimensional diagram to express the relation
between independent variables and the dependent variable in case of any significance in a polynomial
regression model with multiple quadratic terms. Consequently, response surface analysis was
conducted on the regression model. The MatLab R2008a software (MathWorks, Natick, MA, USA)
was used for programming and presentation of the three-dimensional diagram of public cognitive,
emotional, expected and behavioral distance towards occupational safety and health. The Y = X
transverse line indicates the line of congruence. On the X–Y plane, the two measurement indicators
have equal value and orientation. A larger abscissa indicates higher congruence between the two
indicators, while a larger ordinate indicates farther behavioral distance. To summarize, the response
diagram of public cognitive, emotional, expected and behavioral distance towards occupational safety
and health follows the Y = X transverse line (Figures 3b, 4b and 5b).

Next, the public response towards occupational safety and health cognitive, emotional and
behavioral distance were analyzed. As suggested by the regression analysis results (Table 4), public
emotional distance towards occupational safety and health problems in behavior M1 could significantly
predict behavioral distance, but cognitive distance did not significantly predict behavioral distance.
Public cognitive and emotional distance towards occupational safety and health problems in behavior
M2 could significantly predict behavioral distance. The rising trend of behavior M2’s comparative
behavior to M1 regulation R2 demonstrates the relatively strong exploratory power of behavior
M2, and reflects the non-linear relation between independent variables and the dependent variable.
To exhibit directly the response of public cognitive distance and emotional distance in occupational
safety and health problems to behavioral distance and the influence of cognitive and emotional distance
congruence (or incongruence) on behavioral distance, response surface analysis was carried out on the
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three-dimensional diagram of the regression model. Figure 3b reveals the “progressively decreasing”
response of cognitive and emotional distance congruence towards behavioral distance, which means
that higher congruence between cognitive and emotional distance leads to closer public behavioral
distance towards occupational safety and health. In other words, a larger gap between cognitive and
emotional distance indicates farther behavioral distance of the public towards occupational safety
and health.

Figure 3. Response diagram of public cognitive and emotional distance towards occupational safety
and health against behavioral distance.

Figure 4. Response diagram of public cognitive and expected distance towards occupational safety
and health against behavioral distance.

A similar method was adopted to analyze the response of public cognitive distance and expected
distance towards behavioral distance in occupational safety and health. The regression analysis
results indicated (Table 4) that public cognitive and expected distance towards occupational safety and
health problems in behavior M2 could significantly predict behavioral distance. The significant rising
trend of behavior M2’s comparative behavior to M1 regulation R2 demonstrated the relatively strong
exploratory power of behavior M2 and reflected the non-linear relation between independent variables
and the dependent variable. Figure 4b shows that the response surface congruence line Y = X “convex”
throughout the response surface analysis on the three-dimensional diagram of the regression model.
This implies that when cognitive and expected distance become congruent, public behavioral distance
towards occupational safety and health first increases and later declines. The ultimate trend signaled
that a smaller gap between cognitive and expected distance for public occupational safety and health
leads to closer behavioral distance. The calculation result derived an inflection point coordinate on the
response surface of (0.53, 0.38).
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Figure 5. Response diagram of public emotional and expected distance towards occupational safety
and health against behavioral distance.

A similar method was also applied to the analysis of the response of public emotional distance
and expected distance towards behavioral distance in occupational safety and health. The regression
analysis results indicated (Table 4) that public cognitive distance and expected distance towards
occupational safety and health problems in behavior M2 could significantly predict behavioral distance.
The rising trend of behavior M2’s comparative behavior to M1 regulation R2 demonstrated the
relatively strong exploratory power of behavior M2 and reflected the non-linear relation between
independent variables and the dependent variable. Throughout the response surface analysis on the
three-dimensional diagram of the regression model, Figure 5b displays the congruence calculation
formula for emotional and expected distance. The congruence line Y = X shows that when cognitive
and expected distance become congruent, public behavioral distance towards occupational safety and
health problems first increases and later declines, and the general incongruence between emotional
and expected distance presented the negative correlation with behavioral distance. In other words,
although behavioral distance is at a relatively low level when cognitive and expected distance become
incongruent, the final trend signals that a very small gap between cognitive and expected distance in
public occupational safety and health perceptions leads to close behavioral distance. The calculation
shows that the inflection point coordinate on the response surface was (0.76, 0.39).

5. Discussion

The descriptive statistical analysis of the sample demonstrated that approximately 80% of
respondents had intimate or relatively close psychological distance towards occupational safety and
health. Until 2017, the number of all types of workers in China totaled 776 million (National Bureau
of Statistics of China 2017 data). Occupational safety and health problems concerned with the core
rights and interests of workers are closely related to the survival and development of every single
worker and their family. In this sense, public psychological distance towards occupational safety
and health is relatively close overall. However, 62.44% of respondents presented a relatively remote
cognitive distance towards occupational safety and health, or perhaps had insufficient understanding
or knowledge of occupational safety and health. The research findings imply that this phenomenon
is primarily attributable to two causes. First, the government or enterprise does not emphasize the
publicity of occupational safety and health-related knowledge. Although they may have formulated
many policies or regulations concerning occupational safety and health, inadequate publicity will
result in the relatively far cognitive distance of the public. Second, the public lacks willingness to
learn about occupational safety and health-related matters. Research shows that individuals encounter
various barriers in the knowledge learning process [41,42]. Alternatively, individuals generally may
not actively want to acquire such knowledge. Consequently, the government and relevant enterprises
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should optimize occupational safety and health-related knowledge publicity and overcome learning
obstacles to the maximum extent possible.

The research demonstrated a gap among public cognitive, emotional, expected and behavioral
distance towards occupational safety and health. This can be divided into two situations: a “weak
attitude–strong behavior” situation (typical example: cognitive distance ≥3, emotional distance ≥3,
expected distance ≥ 3 and behavioral distance < 3) and a “strong attitude–weak behavior” situation
(typical example: cognitive distance < 3, emotional distance < 3, expected distance < 3 and behavioral
distance ≥ 3). Research suggests that the cause of the “weak attitude–strong behavior” mismatch might
be ascribed to an individual ability [43] and situational dilemma [44], with the former mainly including
economic [45] and time restrictions [46]. However, in practice, there may be all kinds of restrictive
situations in which the public cannot manage behavioral processing of public occupational safety
and health issues. The cause of “strong attitude–weak behavior” is probably related to individuals’
self-presentation behaviors in the process of solving occupational safety and health problems. For
instance, based on competitive altruism theory, Griskevicius et al. proposed that individual altruistic
behaviors could be guided by stimulating individual momentum to seek status and identity [47].
Antonetti’s research also showed that the purpose of conspicuous green consumption was to pursue
social status and reputation, and that it was also a type of altruistic behavior [48]. All of these are
possible causes of the gap among cognitive, emotional, expected and behavioral distance.

The quadratic response surface regression analysis demonstrated that higher congruence between
cognitive and emotional distance led to closer public behavioral distance towards occupational
safety and health, which meant that congruence between of cognitive and emotional distance had a
“driving effect” on behavioral distance. The Cognitive-Affective Personality System (CAPS) states
that individual stable personality system structure is constituted by cognitive-affective units (CAUs)
in some stable organizational relationship which may reflect individual peculiarities of personality.
In addition, the events encountered by individuals interact with complex CAUs in the personality
system and eventually determine an individual’s behavior [49]. Existing studies generally verify
the close connection between personal internal congruence and behavior [50]. This also means that,
on account of the understanding and relevant knowledge of occupational safety and health, the public
will have much closer behavioral distance under emotional support.

It has been shown that congruence between public cognitive and emotional distance towards
occupational safety and health and behavioral distance presents “convex” changes. When cognitive
and expected distance become congruent, public behavioral distance towards occupational safety
and health will first increase and later decline. When cognitive and expected distance become
incongruent, two situations will emerge, namely “positive sequence” incongruence and “reversed
sequence” incongruence. In “positive sequence” incongruence, the public still have noncommittal
attitudes towards the expected effects of future occupational safety and health governance and this will
further positively influence their behavioral distance. In “reversed sequence” incongruence, although
the public has great confidence in future occupational safety and health governance, their expectations
might be blindly optimistic. Expectancy based on insufficient cognition is unstable and lacking basis.
Therefore, the behavioral distance is naturally very great. However, when the congruence between
public cognitive and expected distance reaches a high level, public behavioral distance towards
occupational safety and health will show a declining trend. In a study of cognition and expectancy,
Zhang and Zhao also suggested that the interactive function among different cognitive biases that takes
expectancy as the medium is the underlying cause which affects individual risk assets pricing [51].

It is worth noticing that the congruence between public cognitive and emotional distance towards
occupational safety and health presents a “progressive increase” response towards behavioral distance.
This phenomenon deviates from psychology and behavior. In combination with the congruence
between public cognitive and expected distance, behavioral distance should also increase. Accordingly,
it can be predicted that expectancy has a hysteresis effect [52]. In management psychology, a hysteresis
effect is used to describe the phenomenon in which decision, management and many other factors
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fall behind situation development and trigger adverse consequences [53]. Expectancy is a kind of
psychological representation. Expectancy hysteresis results in the primary rising and subsequent
declining trend of behavioral distance, even though public cognitive and emotional distance towards
occupational safety and health become closer. Simultaneously, the deviation between the congruence
of public emotional and expected distance towards occupational safety and health and behavioral
distance is a phenomenon of “incongruent speech and behavior”. The fundamental reason behind
this may be the influence of a social commendatory effect [54]. When catering for social norms or
management of impressions, the self-report bias tends to manifest itself in the form of positive attitudes
(shown here as positive emotions and positive expectancy) and further deviate from following practical
behaviors [55].

6. Conclusions

6.1. Conclusions

This study describes the connotations of the psychological distance of occupational safety
and health for the public. Through literature and qualitative analysis, it has been shown that the
psychological distance of the public with regard to occupational safety and health can be measured
from four aspects: cognitive distance, emotional distance, expected distance and behavioral distance.
The following conclusions were obtained from the data analysis.

Firstly, the public’s psychological distance to occupational safety and health is at a relatively
close level, which indicates that the public has a high endogenous tendency to be concerned about
occupational safety and health problems. On the specific dimensions, nearly half of the public
investigated had a far cognitive distance with regard to occupational safety and health. The public’s
distances to occupational safety and health, from near to far, are behavioral distance, emotional distance,
expected distance and cognitive distance respectively. In general, the cognitive and expected distance
are large, while the emotional and behavioral distance are small.

Second, a “gap” was demonstrated for the public’s cognitive, emotional, expected and behavioral
distance with regard to occupational safety and health problems; the proportion of the group with a
“gap” was up to 81.25%.

Third, there was a significant positive correlation between the cognitive, emotional, expected and
behavioral distance for problems related to occupational safety and health, with cognitive, emotional
and expected distance all able to significantly predict behavioral distance.

Fourth, further analysis showed that the consistency in the public’s cognitive and emotional
distance for occupational safety and health had a progressively decreasing response to behavioral
distance. That is, the higher the consistency existing in the public’s cognitive and emotional distance
for occupational safety and health, the shorter the behavioral distance and the larger the gap between
cognitive and emotional distance, the farther the behavioral distance. The consistency existing in the
public’s cognitive and expected distance for occupational safety and health shows a “convex” change
with behavioral distance. That is, when the cognitive and expected distance are consistent, the public’s
behavioral distance to occupational safety and health first increases and then decreases. Generally,
the consistency existing in the public’s emotional and expected distance for occupational safety and
health shows a progressively increasing response to behavioral distance. However, the final trend is
that the public’s behavioral distance for occupational safety and health will be shorter when the gap
between emotional and expected distance is very small.

6.2. Policy Implications

In order to improve the public’s response to occupational safety and health, and effectively deal
with, control and reduce the risk of occupational safety and health problems, the following policy
recommendations are put forward according to the results of this study.
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Firstly, the shortfall in the public’s psychological distances for occupational safety and health
should be filled, especially to decrease the public’s cognitive distance to occupational safety and health.
Cognitive distance is the basis of emotional, expected and behavioral distance, and the emotions,
expectations and behaviors formed without the cognition of occupational safety and health are currently
unstable. Therefore, it is necessary to improve the education of the public regarding occupational safety
and health. On the one hand, the government should strengthen the popularization of knowledge
related to occupational safety and health through innovative approaches to propaganda, broadening
channels and intensifying publicity. On the other hand, occupational safety and health management
is an activity that must be participated in by all, and the government should adopt a simple and
interesting format when formulating pertinent policies or taking relevant measures, so as to maximize
the public’s enthusiasm for knowledge related to occupational safety and health.

Second, the public should be guided to progress from the gap-type of psychological distance to
a consistent psychological distance. From the previous analysis, we could see that the causes of the
“strong attitude–weak behavior” gap were individual ability and situational dilemma. The government
should strengthen the public to improve their individual abilities, eliminate constraints and create
an environment for behaviors that are beneficial to occupational safety and health. With regard
to “weak attitude–strong behavior”, it is known that individuals hope to express themselves and
gain face through certain behaviors in view of the promotional effect of occupational safety and
health governance on personal status, such as donating to patients who have suffered occupational
injury. According to the theory of self-perception, people judge their own attitude to any particular
occurrence on the basis of their own behavior and, to a certain extent, the situation. Based on theories of
compensatory psychological mechanisms, the kind of behavior that is beneficial to occupational safety
and health will also enhance the self-perception of the individual’s occupational safety and health,
including cognitive, emotional and expected distance. The theory of behavioral learning level also
advocates changing attitudes through behavior. It can be seen that the psychological compensation
effect can not only be directly beneficial to professional safety and health behavior, but also further
promote the public’s positive attitude towards occupational safety and health. This will, finally, repair
the “gaps” of cognitive, emotional, expected and behavioral distance.

Thirdly, it is necessary to distinguish between the public’s behavioral distance values for various
kinds of occupational safety and health. The mechanisms for forming different types of behavior
distance are distinct, so that the gaps for cognitive, emotional, expected and behavioral distance are also
different. Understanding these processes is a prerequisite for policy formulation, and neglect of gaps by
the government and related enterprises will lead to mismatches between policy and implementation.
In the future, we should further explore the process by which the public forms different types of
behavior distance to occupational safety and health, and investigate the causes of the gaps generated
between behavioral distance and cognitive, emotional, and expected distance. Further deepening the
public’s motives for certain behaviors that are beneficial to occupational safety and health, constantly
strengthening the public’s cognition of, cultivating the public’s affection for, and raising the public’s
expectations of occupational safety and health will fundamentally alter the contradiction between
“different knowing and doing” and promote the public’s level of response to occupational safety
and health.

6.3. Study Limitations

This research also has some study limitations. The first one is limited research sample. Restricted
by survey conditions and time, the research just recollects 2386 valid questionnaires. Though they can
well represent public distribution condition, and meet basic sampling requirements under the statistical
research method, the chosen samples are still limited in regional distribution. Even though the research
has chosen samples from two provinces in eastern, two in middle and two in western regions, it
still fails to totally reflect public occupational safety and health psychological distance conditions.
Therefore, further research should enlarge the sample size. Secondly, as all data of items come from the
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retrospective answers of respondents, memory bias is inevitable. Thirdly, as psychological distance is
perceived by individuals, corresponding theoretical construction is very sophisticated. Therefore, it is
essential to further revise and modify public occupational safety and health psychological distance scale.
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Appendix A

Table A1. The scale items for public occupational safety and health psychological distance.

Dimensions Items Descriptions

Cognitive distance

I am very familiar with occupational safety and health implications

I am very familiar with occupational safety and health present situation

I am very familiar with the importance of occupational safety and health

I am very familiar with occupational disease-related knowledge in occupational safety and health

Emotional distance

I feel grief about domestic security incidents and occupational diseases in my mind

I feel indignation about the frequent occurrence condition of domestic security incidents and occupational diseases in
my mind

I feel comfort about the high attention paid by the country and enterprises to occupational safety and health problems

I always focus on the development of occupational safety and health in my mind

Expected distance

I think that the public perceptions of occupational safety accidents and the extent of injury are exaggerated

I think that the development of medical treatments and techniques ensures that occupational safety and health
problems will not severely threaten the public

I think that the quality of occupational safety and health problem governance has influence on the future perceptions
of the public

I think that occupational safety and health problems will be controlled within a rational scope if everyone stresses them

Behavioral distance

I am willing to concentrate on occupational safety and health problems in response to the call of the country

I am willing to commit to occupational safety and health problem governance

I am willing to popularize occupational safety and health knowledge to surrounding people

I am willing to make donations to those injured in occupational accidents and occupational disease patients

References

1. Spijkers, O.; Honniball, A. Developing Global Public Participation. Int. Community Law Rev. 2015, 17,
251–296. [CrossRef]

2. Casey, T.; Griffin, M.A.; Harrison, H.F.; Neal, A. Safety climate and culture: Integrating psychological and
systems perspectives. J. Occup. Health Psychol. 2017, 22, 341–353. [CrossRef] [PubMed]

3. Harth, R. Attitudes towards minority groups as a construct in assessing attitudes towards the mentally
retarded. Educ. Train. Ment. Retard. 1971, 6, 142–147.

4. Håkanson, L. The role of psychic distance in international trade: A longitudinal analysis. Int. Market. Rev.
2014, 31, 210–236. [CrossRef]

5. Huang, Y.N. Research of psychological distance in interpersonal relationship. J. Chifeng Coll. 2015, 31,
114–116.

6. Agnew, C.R.; Loving, T.J.; Le, B.; Goodfriend, W. Thinking close: Measuring relational closeness as perceived
self-other inclusion. In Handbook of Closeness and Intimacy; Mashek, D.J., Aron, A.P., Eds.; Lawrence Erlbaum
Associates Publishers: Mahwah, NJ, USA, 2004; pp. 103–115.

7. Trope, Y.; Liberman, N. Construal-level theory of psychological distance. Psychol. Rev. 2010, 117, 440–463.
[CrossRef]

8. Njeru, D.K. Factors that influence implementation of occupational safety and health management system at
public universities in kenya—A case study of Egerton university. Int. J. Curr. Res. 2017, 6, 6602–6609.

116



Int. J. Environ. Res. Public Health 2019, 16, 1944

9. Niskanen, T.; Louhelainen, K.; Hirvonen, M.L. An evaluation of the effects of the occupational safety and
health inspectors’ supervision in workplaces. Accid. Anal. Prev. 2014, 68, 139–155. [CrossRef]

10. Asensio, O.I.; Delmas, M.A. Nonprice incentives and energy conservation. Proc. Natl. Acad. Sci. USA 2015,
112, 510–515. [CrossRef]

11. McKinley, E.; Fletcher, S. Improving marine environmental health through marine citizenship: A call for
debate. Mar. Policy 2012, 36, 839–843. [CrossRef]

12. Bar-Anan, Y.; Liberman, N.; Trope, Y.; Algom, D. Automatic processing of psychological distance: Evidence
from a Stroop task. J. Exp. Psychol. Gen. 2007, 136, 610–622. [CrossRef]

13. Chen, H.; Li, S. Measuring the Psychological distance between an organization and its members—The
construction and validation of a new scale. Front. Psychol. 2018, 8, 2296. [CrossRef] [PubMed]

14. Li, L.L. The study on the influencing mechanism of films and TV dramas on the travel intention of urban
residents—Taking films and TV dramas shot in Qingdao as an example. J. Qingdao Tech. Coll. 2013, 26, 19–23.

15. Dai, L.; Tian, D.; Luo, J.Y.; Liu, X.T.; Chen, Y.L. Analysis of public health knowledge access mode and the
attention degree in Xiamen. Chin. J. Health Educ. 2013, 29, 348–351. (In Chinese)

16. Cwir, D.; Carr, P.B.; Walton, G.M.; Spencer, S.J. Your heart makes my heart move: Cues of social connectedness
cause shared emotions and physiological states among strangers. J. Exp. Soc. Psychol. 2011, 47, 661–664. [CrossRef]

17. Bernanke, B.S. The federal reserve and the financial crisis. Econ. Record 2013, 89, 271–273.
18. Woodford, M. Central bank communication and policy effectiveness. Soc. Sci. Electron. Publ. 2005, 8, 1–65.
19. Qin, Z.; Jing, R.Z. Study on the model of assessing organization behavior distance based on functional

analysis. J. Syst. Manag. 2006, 15, 90–92.
20. Podsakoff, P.M.; MacKenzie, S.B.; Paine, J.B.; Bachrach, D.G. Organizational Citizenship Behaviors: A Critical

Review of the Theoretical and Empirical Literature and Suggestions for Future Research. J. Manag. 2000, 26,
513–563. [CrossRef]

21. Vringer, K.; Aalbers, T.; Blok, K. Household energy requirement and value patterns. Energy Policy 2007, 35,
553–566. [CrossRef]

22. Groot, J.D.; Steg, L. General Beliefs and the Theory of Planned Behavior: The Role of Environmental Concerns
in the TPB. J. Appl. Soc. Psychol. 2007, 37, 1817–1836. [CrossRef]

23. Li, S.T.; Liu, J.H. A study on the status of risk behavior and its relationship with cognitive emotion regulation
in left-behind students in junior high school. Adv. Psychol. 2017, 7, 21–26. [CrossRef]

24. Shao, Y. Research on rhetorical strategies and communication paths of news broadcast under the perception
of public. Ph.D. Thesis, Sichuan International Studies University, Chongqing, China, 6 April 2015.

25. Sia, A.P.; Hungerford, H.R.; Tomera, A.N. Selected predictors of responsible environmental behavior:
An analysis. J. Environ. Educ. 1986, 17, 31–40. [CrossRef]

26. Duerden, M.D.; Witt, P.A. The impact of direct and indirect experiences on the development of environmental
knowledge, attitudes, and behavior. J. Environ. Psychol. 2010, 30, 379–392. [CrossRef]

27. Koenig-Lewis, N.; Palmer, A.; Dermody, J.; Urbye, A. Consumers’ evaluations of ecological
packaging—Rational and emotional approaches. J. Environ. Psychol. 2014, 37, 94–105. [CrossRef]

28. Chen, M.F.; Lee, C.L. The impacts of green claims on coffee consumers’ purchase intention. Br. Food J. 2015,
117, 195–209. [CrossRef]

29. Kanchanapibul, M.; Lacka, E.; Wang, X.; Chan, H.K. An empirical investigation of green purchase behaviour
among the young generation. J. Clean. Prod. 2014, 66, 528–536. [CrossRef]

30. Wang, J.M.; Wu, L.C. Two-factor model of affection-behavior in green purchase: Hypotheses and test.
J. Manag. Sci. 2015, 28, 80–94.

31. Cheng, S.P.; Li, M.; Zhang, W. A survey on undergraduates’ procrastination behavior and its relationship
with meta-cognitive and emotion. Chin. J. Clin. Psychol. 2010, 18, 238–240.

32. Hussain, S.M. Simultaneous monetary policy announcements and international stock markets response: An
intraday analysis. J. Bank. Financ. 2011, 35, 752–764. [CrossRef]

33. Zhai, Z.H. Strategies for adjusting negative consumption expectations. Pop. Stand. 2005, 3, 31–33.
34. Lu, Z. A research on the monetary policy effect of the public expectation. Macroecon. Res. 2016, 9, 72–79.
35. Edwards, J.R. Person–Environment fit in organizations: An assessment of theoretical progress.

Acad. Manag. Ann. 2008, 2, 167–230. [CrossRef]
36. Zhang, S.S.; Zhang, J.X.; Zhou, M.J. The quadratic polynomial regression with response surface analysis and

its use in person-environment fit research. Adv. Psychol. Sci. 2012, 20, 825–833. [CrossRef]

117



Int. J. Environ. Res. Public Health 2019, 16, 1944

37. Chen, F.; Chen, H.; Huang, X.; Long, R.; Lu, H.; Yue, T. Public response to the regulation policy of urban
household waste: Evidence from a survey of Jiangsu province in China. Sustainability 2017, 9, 1034. [CrossRef]

38. Resick, C.J.; Baltes, B.B.; Shantz, C.W. Person-organization fit and work-related attitudes and decisions: Examining
interactive effects with job fit and conscientiousness. J. Appl. Psychol. 2007, 92, 1446–1455. [CrossRef]

39. Tang, Y.H.; Lu, X.F.; Li, K. The concept, measuring strategy and applying of person-organization fit: Based
on the reflection of interactivity and flexibility. Adv. Psychol. Sci. 2010, 18, 1762–1770.

40. Edwards, J.R. Problems with the use of profile similarity indices in the study of congruence in organizational
research. Pers. Psychol. 1993, 46, 641–665. [CrossRef]

41. Aydogan, A.F.; Gonsalkorale, K. Breaking down a barrier: Increasing perceived out-group knowledge
reduces negative expectancies about intergroup interaction. Eur. J. Soc. Psychol. 2015, 45, 401–408. [CrossRef]

42. Si, Z.H. The impact of knowledge preparation on learning disabilities of Tibetan college students in Tibet.
J. Changsha Aeronaut. Vocat. Tech. Coll. 2017, 17, 44–46. (In Chinese)

43. Sun, J.; Li, J.J.; Yang, X.R. Why consumer’s word is not in agreement with their deed: Study on factors
impeding green consumption behavior. J. Huazhong Agric. Univ. Soc. Sci. Ed. 2015, 5, 72–81.

44. Chen, K.; Peng, X. Green consumption attitude—A study on the influencing factors of behavior disparity.
Enterp. Econ. 2014, 8, 25–30.

45. Gleim, M.R.; Smith, J.S.; Andrews, D.; Cronin, J.J. Against the Green: A Multi-method Examination of the
Barriers to Green Consumption. J. Retail. 2013, 89, 44–61. [CrossRef]

46. Meyer, D.; Newton, P. Exploring the attitudes-action gap in household resource consumption:
Does “environmental lifestyle” segmentation align with consumer behavior. Sustainability 2013, 5, 1211–1233.

47. Griskevicius, V.; Tybur, J.M.; Van den Bergh, B. Going green to be seen: Status, reputation, and conspicuous
conservation. J. Pers. Soc. Psychol. 2010, 98, 392–404. [CrossRef] [PubMed]

48. Antonetti, P.; Maklan, S. How categorisation shapes the attitude–behaviour gap in responsible consumption.
Int. J. Mark. Res. 2015, 57, 51–72. [CrossRef]

49. Mischel, W.; Shoda, Y. A cognitive-affective system theory of personality: Reconceptualizing situations, dispositions,
dynamics, and invariance in personality structure. Psychol. Rev. 1995, 102, 246–268. [CrossRef] [PubMed]

50. Sherman, R.A.; Nave, C.S.; Funder, D.C. Properties of persons and situations related to overall and distinctive
personality-behavior congruence. J. Res. Pers. 2012, 46, 87–101. [CrossRef]

51. Zhang, W.; Zhao, S.T. Cognitive biases, heterogeneous expectation and asset pricing. J. Manag. Sci. China
2010, 13, 52–59.

52. He, X.; Zhang, W.; Hao, Y. The conformity of the expected publication time-lag by the author and the real
publication time-lag of domestic core journals on library and information science. J. Intell. 2014, 33, 99–102.

53. Jin, H.Y.; Jian, L.R. China’s regional innovation efficiency and its influencing factors considering the lag effect.
Syst. Eng. 2013, 9, 98–106.

54. Carrigan, M.; Attalla, A. The myth of the ethical consumer—Do ethics matter in purchase behavior.
J. Consum. Mark. 2001, 18, 560–578. [CrossRef]

55. Auger, P.; Devinney, T.M. Do what consumers say matter? The misalignment of preferences with
unconstrained ethical intentions. J. Bus. Ethics 2007, 76, 361–383. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

118



International  Journal  of

Environmental Research

and Public Health

Article

Manual Cultivation Operations in Poplar Stands:
A Characterization of Job Difficulty and Risks of
Health Impairment
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Abstract: Short rotation poplar forests are a viable alternative in producing high quality wood for
industrial applications. Their success depends on timely and high-quality implementation of a series
of operations. Weed control operations are implemented to favor the trees in their competition for
soil resources, and cultivation is an option typically used in many European countries. For the
moment, a complete mechanization of such operations is virtually impossible, and they still require
an intensive use of manual labor. Since information on work difficulty and risks in manual cultivation
operations is limited, this study aimed to characterize this job. Evaluation was made in terms of
work efficiency, cardiovascular workload, work intensity and postural risks by implementing a time
and motion study combined with heart rate measurements, accelerometry and whole-body postural
analysis. Work efficiency was particularly low even if the share of effective work time was high (70%
of the observation time). Job was characterized as moderate to high intensity, which resulted into
a moderate to high cardiovascular strain. While the postural analysis indicated rather small risks,
the main problem was found for the back postures assumed during the work. Improvements should
aim to extend mechanization, train the workers and appropriately design rest breaks.

Keywords: manual cultivation; job characterization; ergonomics; efficiency; cardiovascular workload;
work intensity; risk of musculoskeletal disorders

1. Introduction

Short rotation cultivated forests are considered to be a valuable alternative for wood provisioning,
enabling the possibility to reduce the anthropogenic disturbance on natural forests and to conserve
them. To enable a timely provisioning of wood to industry, such forests need to be cultivated using
fast-growing trees able to provide high-quality wood. Among the existing fast-growing species, poplars
are intensively used in many countries for such outcomes [1]. Their cultivation supposes a sequence of
operations including fertilization, irrigation and weed control [2], with the last one aiming to balance
the competition for soil resources and being carried out, in many regions, by herbicide application,
cultivation or a combination of the two [1]. Some of these practices (i.e., in Romania) are used even in
regular poplar forests that could be easily assimilated to short rotation cultures due to the propagation
techniques and geometrical plantation schemes that are used, types of implemented operations and
rotation length. In such conditions, the typical way of carrying on the weed control is by cultivation.
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The level of mechanization in forest operations depends on many factors such as the forest type,
wood species, management methods, terrain and climatic conditions [3], with many of the Eastern
European countries using operational systems that are partly mechanized [4]. This is particularly
the case of forest establishment [5] and cultivation operations [6] that are still requiring manual
labor to a great extent. In addition, many of the forest work places are characterized by difficult
operational conditions and the work in forest itself is seen to be amongst the most difficult and
hazardous jobs [7]. Since many of forest operations still require manual work, their engineering and
management requires, at least in a first stage, their understanding in terms of difficulty and hazards.
Based on such knowledge, work (re)design may be employed to ensure that work tasks are aligned to
human capability, by measures designed to prevent adverse health effects [8] that should be further
related to several key areas of the general work system such as the risk assessment, accountability
awareness, physical and mental workload, quality of work environment and work technology [9].

Manual cultivation operations have received less attention in ergonomic assessments of forest
operations which are dominated by research on harvesting operations [10]. As a fact, only one
study [11] was found in the available literature dealing with similar problems; it concluded that manual
weed control is a highly demanding job from a physiological point of view, exposing the workers to
increased cardiovascular workloads [11]. In the Romanian practice, manual cultivation operations
of poplar forests are typically coupled with mechanized ones, in a double-pass system in which the
mechanized equipment is operating on the space available between the rows of trees in such a manner
that enables the protection of aerial tree parts; the rest of area is approached by workers equipped with
hoes [6].

Given the limited information availability on the difficulty and risks of such jobs, the main aim
of this study was to describe, document and characterize manual cultivation operations from an
ergonomic point of view, to be able to draw conclusions and implications for the public health associated
with this occupation. Since the ergonomics and public health cover many key sub-disciplines, it was
virtually impossible to approach all the inter-relations between the workers, their job tasks and the
operational environment.

To this end, musculoskeletal disorders (MSDs) are the most common cause of severe long-term
pain and physical disability, and they affect hundreds of millions of people around the world. The role
of psychosocial factors and work-related stress in the development of MSDs has received increased
attention. Indeed, a number of epidemiological studies have been conducted in different sectors
(from office work to manual work), repeatedly showing linkages between work-related psychosocial
factors and MSDs. Overall, it is evident that the incidence of MSDs is associated with high perceived
work-related stress levels, high workload and demands, and monotonous work [12], that may lead
to public health problems related to different kinds of occupations, highlighting serious problems
associated with the forest operations industry [13] which, in turn, may lead to significant temporary or
permanent disability of workers [14].

In regard to manual cultivation operations, the initial assumptions of this study were that the
work productivity would be particularly low and the workplace time would be characterized by an
increased proportion of the time spent in rest pauses and delays, the experienced work difficulty would
be particularly high given the characteristics of the tasks, the job itself would be characterized by a high
intensity of dynamic work, as well as the assumed postures would generate risks for the upper limbs
of the body, in particular for the back. For this reason, the study focused on: (i) characterizing the work
performance by a typical time and motion study, (ii) describing the physiological workload in terms
of cardiovascular activity, (iii) evaluating the intensity of work by body movement benchmarking
techniques and (iv) assessing the risks of musculoskeletal disorders by a postural assessment method.
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2. Materials and Methods

2.1. Study Locations, Forest Condition and Study Subjects

Three study locations (Table 1) were chosen in the southeastern part of Romania, close to the
Danube river, in the forests managed by three forest districts. The first study location (L1) was selected
in the Management Unit II Ciuperceni, compartment no. 88D managed by Forest District of Calafat
where the observations were carried out in two days: 13rd and 22nd of June 2018. The second
location (L2) was selected from the forests managed by Forest District of Segarcea (Management Unit
I, compartment no. 6C) and the third location (L3) was selected from the forests managed by Forest
District of Poiana Mare (Management Unit IV Rast, compartment no. 70A). In L2, field observations
were carried out in 18th of June 2018, while in L3 they were extended on 3 days (19th to 21st of June
2018). Location selection in the field was based on criteria such as the current practices used to establish
the forests, job availability in given areas and the dimensional variability of weed to be removed by
manual cultivation.

In all of the selected locations, hybrid poplar (Populus × euroamericana (Dode) Guinier) [15] forests
were established by artificial regeneration (plantation). The forest in L1 was established in 2013 by
a 4 × 4 m plantation scheme, while the forests from L2 and L3 were established in 2015 and 2017
respectively, using a 5 × 4 m plantation scheme. Both, plantation and cultivation operations of poplar
forests in the area are carried out using locally available workers who are quite experienced in such
operations given their background in similar agricultural practices. A number of 14 male workers
(hereafter subjects) having an extended experience in regular farming, including cultivation operations,
were selected from the local population based on their verbal and informed consent to participate
as anonymous subjects in the study. The goal of the study, the intended use of data as well as the
procedures required by the study were detailly explained to each of them in advance and they were
instructed to carry on their jobs as they are used to. Given the limited availability of monitoring devices
(3 sets of devices), form these workers, three subjects were randomly sampled each day and for each
location for a detailed monitoring of work.

Table 1. Locations taken into study, study dates and weather condition during the study.

Forest
District

Geographical
Location

Forest
Compartment and

Area (Ha)

Observation
Day

Weather Condition
During the Study

Weed Height
(M)

Abbreviation
Used in

This Study

Calafat 43◦58′31.27” N
22◦54′04.42” E

88D
0.76 13rd of June T1 = 25.9 ◦C

RH2 = 69.75%
0.7 L1 × 13

Segarcea 43◦47′59.81” N
23◦36′01.88” E

6C
2.00 18th of June T1 = 22.0 ◦C

RH2 = 76.75%
1.3 L2 × 18

Poiana Mare 43◦50′50.12” N
23◦14′17.45” E

70A
2.92 19th of June T1 = 23.4 ◦C

RH2 = 71.85%
0.5 L3 × 19

Poiana Mare 43◦50′50.12” N
23◦14′17.45” E

70A
2.92 20th of June T1 = 23.6 ◦C

RH2 = 69.33%
0.5 L3 × 20

Poiana Mare 43◦50′50.12” N
23◦14′17.45” E

70A
2.92 21st of June T1 = 23.8 ◦C

RH2 = 75.83%
0.5 L3 × 21

Calafat 43◦58′31.27” N
22◦54′04.42” E

88D
0.76 22nd of June T1 = 19.8 ◦C

RH2 = 85.00%
0.7 L1 × 22

1 T—air temperature. 2 RH—air relative humidity.

The sample of workers taken into study was characterized by an age of 46.4 ± 14.0 years, a body
weight of 82.94 ± 15.43 kg and a height of 174.5 ± 5.9 cm (Table 2), being representative for the
population of workers from the study area which, in many cases is quite aged.
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Table 2. Characteristics of the study group.

Subject
Abbreviation
in This Study

Age (years) Body Weight (kg) Body Height (cm) Body Mass Index

Subject 1 S1 36 100 186 28.91
Subject 2 S2 31 105 175 34.29
Subject 3 S3 40 110 180 33.95
Subject 4 S4 50 100 180 30.86
Subject 5 S5 47 71 176 22.92 1

Subject 6 S6 40 70 165 25.71
Subject 7 S7 18 70 169 24.51 1

Subject 8 S8 49 70 175 22.86 1

Subject 9 S9 57 85 170 29.41
Subject 10 S10 50 68 165 24.98 1

Subject 11 S11 67 67 170 23.18 1

Subject 12 S12 62 75 179 24.41 1

Subject 13 S13 45 70 173 23.39 1

Subject 14 S14 57 102 180 30.79
1 Denotes normal weight according to Body Mass Index.

2.2. Work Layout

In the Romanian practice related to hybrid poplar forests, cultivation operations are typically
implemented using a two-pass operational system. In a first step, machines such as tractors equipped
with mowers, ploughs or harrows are used for cultivation operations on a single direction of the
operated plots to mobilize the soil and to remove the weed between rows (Figure 1). The remaining
strips which contain the trees are manually operated in a second pass, by teams of manual workers
using hoes. In this operational configuration, the local practice makes use of mechanization for
approximately 80% of the area while the rest is operated by manual means.

 
Figure 1. Operational layout (concept) used for cultivation operations in the area taken into study.

Nevertheless, depending on the plantation scheme and spaces existing between the tree rows,
on one hand, and on the width of equipment attached to tractors, on the other hand, some cases require
more than one inter-row tractor pass. It was the case of this study, where the inter-row area was
covered by more than one mechanized pass, following that, on each tree row, the area to be operated
by manual means to account for approximately one meter in width. For the manual operations, which
made the scope of this study, the work organization was rather simple: each worker entered one row
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at the headland, operated the row and reentered a new row at the opposite headland. Therefore, the
work was divided for further analysis based on the tasks observed in the field such as the effective
work (EW) consisting of manual cultivation, rest pauses (RP) consisting of all the breaks taken by
subjects in the field to rest, meal pauses (MP) and delays (D) which included the delays caused by
the study itself and some minor technical delays. During the study, the sky was partly clouded and
the air temperature (Table 1) was considered to be low enough to exclude the thermal stress effects
on the subjects (e.g., [16]), given the fact that the locations were partly shaded by the surrounding
mature forests.

2.3. Data Collection Procedures

In each study location and for each day, the operations were monitored by video recording using
a digital camera placed on a tripod at the closest headland and set to continuously record video files of
20 min in length each. The camera was placed is such a manner that enabled the best field of view on
the collected files and covered all the three workers monitored in a given day. As the work progressed
on the rows, the location of the camera was changed accordingly to be able to keep the needed details
visible in its field of view. Data collected this way was used to document the observed work tasks,
to extract the time consumption on tasks and to evaluate the cardiovascular workload and the risks
of musculoskeletal disorders by a postural analysis implemented in the office phase of the study.
The height and the width of the weed stratum was visually evaluated and noted into a field book along
with the main anthropometric characteristics of the observed subjects such as the age (A, years), body
weight (W, kilograms) and height (H, centimeters), with the last two being used to compute the body
mass index (BMI, Table 2) using its specific formula.

Polar ® V800 dataloggers (Polar, Kempele, Finland) including their H7 heart monitoring sensors
mounted on straps were used to monitor the subjects’ cardiovascular activity during the undertaken
tasks in terms of heart rate (HR, beats per minute). Procedures used to estimate the heart rate at rest
(HRr, beats per minute), setup, collect, download and pre-process the data including that referring to
location, were similar to those described in [17]. Data needed to evaluate the intensity of work (WI) was
collected by the means of new, factory-calibrated, tri-axial accelerometers—Extech ® VB300 (Extech
Instruments, FLIR Commercial Systems Inc., Nashua, NH, USA) attached to the pericardial strap of
the heart rate datalogger. The devices were placed on the back of each subject in between scapulae,
as close as possible to the middle of spine’s thoracic vertebrae section. The choice of this body part was
based on the assumption that most of the changes in the acceleration signal, therefore changes in work
intensity, will be caused by movements of the subjects’ back, given the characteristics of monitored
operations. Procedures used to setup, collect, download and pre-process the raw acceleration data
were similar to those described in [18]. Both dataloggers were setup to collect data at one second rate.

The main weather characteristics during the study (air temperature—T, ◦C and relative humidity—
RH, %) were documented as average values for the study periods specific to each observation day.
This data was procured from the closest weather station (Calafat, 62 m a.s.l., 43◦59′06′′ N–22◦56′46′′ E,
distance range from study locations of 4 to 56 km).

2.4. Data Processing Procedures

Data processing procedures consisted of several steps that were required to obtain the initial
databases needed for statistical analysis. Video data was downloaded from digital cameras at the end
of each observation day. An initial processing task consisted of a detailed time and motion study that
was framed around the concepts used in forest operations [19,20] and which supposed the analysis of
video files in their real sequence of observation, followed by data extraction into a Microsoft Excel
(Microsoft Excel 2013, Microsoft, Redmond, WA, USA) sheet per time consumption categories, subjects
and tasks. To this end, the unit of production (P) in this study was considered to be the manually
operated area of one hectare, while the time consumption (tEW, tRP, tMP and tD, seconds) was assumed
to belong to the previously identified tasks (EW, RP, MP, D). Given the specificity of this study, only the
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efficiency metrics were computed (GWER - gross work efficiency rate and NWER - net work efficiency
rate, hours/hectare) after time conversion from seconds to hours. The supporting calculation relations
are given in Equations (1)–(5):

GWTi (hours) = tEWi (hours) + tRPi (hours) + tMPi (hours) + tDi (hours), (1)

NWTi (hours) = tEWi (hours) + tRPi (hours), (2)

GWERi (hours/ha) = GWTi (hours)/Pi (ha), (3)

NWERi (hours/ha) = NWTi (hours)/Pi (ha), (4)

Pi (ha) = ARW (m) × TRLi (m)/10,000, (5)

where: i stands for a given monitored subject, GWTi—gross time of subject i, tEWi—effective work time
of subject i, tRPi—rest pauses time of subject i, tMPi—meal pause time of subject i, tDi—delay time of
subject i, NWTi—net time of subject i, GWERi—gross work efficiency rate of subject i, Pi—production
of subject i, NWERi—net work efficiency rate to subject i, ARW—average row width based on field
observation (1 m), TRLi—total row length operated by subject i.

The cardiovascular workload of each subject was evaluated at the task, day and location level
using the heart rate reserve (%HRR) metric as defined, for instance, in [21]. Acknowledging the
usefulness of several other metrics in evaluating the physiological workload in terms of heart activity,
the choice of %HRR was based on the limited applicability of average heart rate per tasks to different
age groups [22], as well as on the fact that it is expected to be a good predictor of workload only in
the range of 100 to 140 beats per minute [16]. Since it was virtually impossible to test the subjects
by a preestablished protocol aiming to determine their maximum heart rate (HRmax), the formula
HRmax = 220 – age (years) was used to estimate this metric [21]. Procedurally, for each heart rate
sample collected in the field, codes were used to document the belonging of each 1-s observation to a
given task using as a reference the time labels from heart rate samples and video files respectively.

Tri-axial raw acceleration data was processed in a different way. Assuming that for the same
task the intensity of work could vary in a given range, this data was not further documented by
codes. Instead, the vector magnitudes for each 1-s observation (Equation (6)) were further processed
to exclude the gravity component from the signal using the Euclidian Norm Minus One (ENMO, g)
metric (Equation (7)) [23]; then, the resulting, otherwise few and small negative values were converted
to zero by a logical function of Microsoft Excel:

vmj (g) =
√

x2
j + y2

j + z2
j , (6)

ENMOj (g) = vmj (g) - 1, (7)

where j stands for a given observation, vmj - vector magnitude for observation j, xj - raw response on
axis x for observation j, yj - raw response on axis y for observation j, zj - raw response on axis z for
observation j, ENMOj - Euclidian Norm Minus One of observation j.

Two work intensity thresholds (WIT) were designed based on the literature documentation to
separate the time spent in different work intensities. An ENMO value of less than 0.25 g was used
to separate the light intensity work (LIW) and a value of more than 1.00 g was used to separate the
high intensity work (HIW) from the datasets collected for each subject. These assumptions were based
on the work of [24,25]. Observations falling in the range of 0.25–1.00 g were categorized as moderate
intensity work (MIW). Separation and categorization were implemented by simple logical functions
applied to the corrected ENMO data in Microsoft Excel (Figure 2).

Risks of musculoskeletal disorders (MSD) were evaluated for each subject, work day and location
by the means of Ovako Working posture Analysis System (OWAS) as introduced by Karhu et al. [26],
then detailed e.g., [16] and discussed for its applicability in forest operations [7]. The choice of this
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postural analysis method was based on its history in use in forest operations [17,27,28] capability to
analyze the whole body [26,29], simplicity in use [7,26], and possibility to compare the results e.g., [30]
including comparisons to those coming from other industries. To this end, each video file collected
in the field was broken in frames extracted at 1-s rate. Then, random numbers produced by simple
functions in Microsoft Excel were used to extract exactly 100 frames from each video file and for each
worker and location of study (Table 3).
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Figure 2. Concept used to separate time epochs for light intensity work (LIW), moderate intensity
work (MIW) and high intensity work (HIW). Legend: WIT - work intensity threshold (0.00 to 0.25 for
LIW, 0.25 to 1.00 for MIW and more than 1.00 for HIW), HR/100 - heart rate divided by 100 (only for
concept demonstration), ENMO—Euclidian Norm Minus One corrected for negative values.

Table 3. Number of analyzed video files and frames.

Location and
Observation Day

Number of
Collected Video

Files

Number of Frames Extracted
for Postural Analysis of Each

Worker

Number of
Analyzed Frames

Number of Valid
Frames

L2 × 18 13 1300 3900 1433
L3 × 19 18 1800 5400 2918
L3 × 20 16 1600 4800 3643
L3 × 21 17 1700 5100 2616
L1 × 13 8 800 2400 1657
L1 × 22 7 700 2100 946
Overall 79 7900 23,700 13,213

This approach resulted in the analysis of 23,700 still images. Those images failing to give in their
field of view all the information needed to analyze the whole-body posture of a given subject were
considered to be non-valid. Approximately 56% (13,123) of the initial frames were retained as valid and
used in statistical analysis (Table 3). Postural analysis was implemented as a detailed analysis of back,
arms and legs according to the OWAS method, followed by data coding into Microsoft Excel sheets.
Since the force exertion was difficult to evaluate, this component was assumed to be less than 10 kg
for each frame, based on the subjective evaluation of researchers that carried out this data processing
task. Nevertheless, this approach was consistent with the type and weight of the tools used during
the work. Each frame was documented by coding the task to which it belonged, a fact that supposed
in some cases some revisions of video files. A Visual Basic for Applications (VBA) logical code was
designed to attribute action category (AC) codes for each valid frame. Then, for each worker, day and
location, a postural risk index (PRI) was calculated based on the approach described in [28,30]. As an
aggregated metric, PRI was used to judge the exposure to risks of developing MSDs. It can take values
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in between 100 and 400%, where 100% corresponds to AC1, 200% to AC2, 300% to AC3 and 400% to
AC4 while the intermediate values need to be judged to choose the appropriate action category.

To enable the characterization of work, data on time consumption, work efficiency, cardiovascular
workload, work intensity and postural analysis was aggregated at study level following the
statistical analysis.

2.5. Statistical Analysis

Right at the beginning of statistical analysis it was evident that the aggregated data coming
from each subject working in a given day and location was quite heterogeneous. For this reason,
no comparison tests were undertaken to check if there are any differences in terms of work performance
outcomes and input resources between subjects, work days and locations. Instead, the statistical
techniques used were aligned to the goal of this study that was to characterize the manual cultivation
operations as a job. Obviously, this approach needs to include the variability produced by different
types of factors [20] such as that given by changes in anthropometric features and human capability,
tools used and operational environment conditions. For that, descriptive statistics specific to central
tendency were computed and reported. Operational performance in terms of time consumption and
efficiency was reported as total time, time shares per work tasks and efficiency rates. Mean values of
heart rate reserve were used to characterize the cardiovascular workload per tasks and at the study level
while the share of time spent per categories of work intensity was used for similar characterizations.
Postural data was computed as shares per action categories at subject and study level, then this data
was used to compute the postural risk indexes at subject and study level. Then, a more detailed
analysis of back, arms and legs postures was implemented to see what approaches should be taken
for work redesign and improvement. To this end, shares of back, arms and legs postures per specific
codes were analyzed for all the data taken into study. All of the statistical analyses were carried out in
Microsoft Excel.

3. Results

3.1. Estimates on Time Consumption per Tasks and Operational Performance Metrics

Table 4 shows a breakdown of time consumption and efficiency rates per subjects, days of
observations and locations. At study level, field observations were carried out for roughly 85 h.
In average, almost 70% of that time was spent as effective work time and approximately 22% was used
as rest time. Having meals accounted for approximately 9% of the study time but it was not specific to
all the subjects and all the study locations. Other delays, including those caused by the study itself
were only minor in the time consumption structure, accounting for less than 1%.

Given the overall distribution of time consumption, net work efficiency rate was estimated at
34.31 h per hectare which was close to gross work efficiency rate (36.35 h per hectare). Since these
figures apply to the effective operated area, under real circumstances in which approximately 75–80%
of the area is mechanically operated, they will translate into average gross and net efficiency rates in
the range of 9.09 to 8.58 h per hectare respectively.

At subject, observation day and location level, on the other hand, time consumption and efficiency
rates figures were rather heterogeneous. The effective work time, for instance, accounted for 45.20 to
83.89% of the observed time, while the rest time varied widely between 13.04 and 54.80%. In general,
meal pauses were taken only in those situations in which the total observation time exceeded four
hours. Accordingly, the net efficiency rates varied between 14.98 and 69.15 h per hectare while the
gross work efficiency rates varied between 16.92 and 62.29 h per hectare.

Given the fact that operational conditions in the three locations were quite different, one could
have been expected to find some differences related to that. However, expectations were not entirely
met as, for instance, the work performance in L2 was, in average, higher compared to L1, while the
height of the weed to be removed was lower in the latter. In this last case, however, the subjects taken
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into study were characterized by the greatest ages of the sample taken into study (over 45-year-old,
most of them over 50).

Table 4. Statistics of time consumption and estimates of work performance.

Subject, Location and
Observation Day

Observation
Time (h)

Effective
Work Time

(%)

Rest Time
(%)

Meal
Pause

Time (%)

Delays
(%)

Net Work
Efficiency

Rate (h/Ha)

Gross Work
Efficiency Rate

(h/Ha)

S1 × L2 × 18 4.8 61.80 26.91 9.86 1.43 26.295 29.599
S2 × L2 × 18 4.7 71.97 17.11 9.03 1.89 22.925 25.692
S3 × L2 × 18 4.5 74.84 13.04 11.66 0.46 23.159 26.352
S4 × L3 × 19 6.3 73.94 14.43 11.63 - 25.922 29.322
S5 × L3 × 19 6.2 57.36 28.44 11.61 2.59 25.074 29.234
S6 × L3 × 19 6.3 64.59 15.60 19.81 - 25.859 29.733
S7 × L3 × 20 5.7 75.18 14.49 10.20 0.13 21.695 24.163
S8 × L3 × 20 5.6 73.48 14.30 12.22 - 22.220 24.875
S9 × L3 × 20 5.5 74.44 14.60 10.96 - 22.044 24.754
S9 × L3 × 21 5.8 70.47 19.83 9.56 0.14 15.250 16.920
S4 × L3 × 21 5.8 52.77 37.18 9.92 0.13 14.981 17.497
S7 × L3 × 21 5.7 83.60 16.40 - - 16.013 17.739

S10 × L1 × 13 3.4 73.85 24.65 - 1.50 69.148 69.711
S11 × L1 × 13 3.3 71.86 27.72 - 0.42 59.298 59.298
S12 × L1 × 13 3.4 77.54 22.46 - - 59.438 59.438
S13 × L1 × 22 2.6 51.64 46.44 - 1.92 61.104 62.289
S12 × L1 × 22 2.5 83.89 15.58 - 0.53 50.118 50.699
S14 × L1 × 22 2.5 45.20 54.80 - - 57.046 57.046

Overall 84.6 68.33 22.34 8.69 0.64 34.310 36.353

When comparing the work performance between L2 and L3, one could find that, in average, it was
higher in L3, probably due to the better operational conditions but, in general, the work performance
was correlated and related to the subject’s age (R = 0.5, R2 = 0.26, α = 0.05, p < 0.05).

3.2. Cardiovascular Workload

In average, the heart rate of the observed subjects varied between 95 (S6) and 126 (S14) beats per
minute (Table 5). From this point of view, it seems that S14, in particular, experienced a very heavy
work. This may be supported by the greatest share of time spent in rest pauses (Table 4) and by the
increased overall heart rate (Table 5).

At the observed sample level, manual cultivation operation seems to be rather a heavy job, taking
almost 37% of the heart rate reserve. Rest pauses have not led to a full recovery and to a normal
cardiovascular activity (%HRR = 33.6) which is likely not to be reached also during the meal pauses
(%HRR = 21.42). Overall, the heart rate reserve was particularly high (%HRR = 35.2) at the observed
sample level.

At subject, work day and location level, there was a certain variability in terms of average heart
rate, heart rate at rest and heart rate reserve per tasks and per days of observation. Even for the same
subject, the average heart rate varied from day to day and from one location to other. Heart rate reserve
during the effective work varied between 21.98 and 52.68%, and it was clearly correlated and related to
the age of the subjects (R = 0.63, R2 = 0.40, α = 0.05, p < 0.05). This was true also in the case of the
overall heart rate reserve (R = 0.64, R2 = 0.40, α = 0.05, p < 0.05) which was calculated by taking into
account all of the observation time.

In particular, subjects S1, S5, S8, and S10 to S14, accounting for almost 60% of the sample, were
those that spent the greatest effort in the observed operations during the effective work. For most of
the subjects the effort spent was probably related to their age and less related to the local operational
conditions. This was even more so evident as the air temperature of the last observational day was the
closest to the thermal comfort (Table 1), the operational conditions were averaged compared to the
other two locations (Table 1), while the subjects working there were amongst the oldest in the studied
sample (Table 2).
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Table 5. Statistics of cardiovascular activity.

Subject, Location and
Observation Day

Average
Heart Rate

(Bpm)

Heart Rate
at Rest
(Bpm)

Heart Rate
Reserve for

Effective Work

Heart Rate
Reserve for
Rest Pauses

Heart Rate
Reserve for

Meal Pauses

Overall
Heart Rate

Reserve

S1 × L2 × 18 108 50 44.00 42.98 37.19 42.95
S2 × L2 × 18 106 81 23.94 23.28 11.70 22.76
S3 × L2 × 18 104 69 32.06 33.24 23.37 31.25
S4 × L3 × 19 108 82 31.31 27.25 17.59 29.13
S5 × L3 × 19 117 87 38.95 33.77 13.89 34.56
S6 × L3 × 19 95 70 25.85 25.27 12.28 23.07
S7 × L3 × 20 105 67 30.64 25.23 16.53 28.40
S8 × L3 × 20 107 66 41.87 34.19 28.92 39.19
S9 × L3 × 20 102 71 32.99 35.70 35.10 33.62
S9 × L3 × 21 97 63 34.88 32.40 26.14 33.57
S4 × L3 × 21 100 78 25.08 23.94 12.86 23.45
S7 × L3 × 21 99 72 21.98 16.49 - 21.08

S10 × L1 × 13 114 80 39.26 31.42 - 37.24
S11 × L1 × 13 109 74 46.32 38.44 - 44.12
S12 × L1 × 13 112 67 51.23 45.67 - 49.98
S13 × L1 × 22 111 61 45.44 41.77 - 43.56
S12 × L1 × 22 109 70 44.17 42.38 - 43.85
S14 × L1 × 22 126 86 52.68 52.05 - 52.33

Overall - - 36.81 33.64 21.42 35.23

3.3. Work Intensity

Tri-axial acceleration dataloggers performed well during the field observation excepting two
cases—S10 and S11 working in L1 (Table 6)—where they failed to collect data covering all the
observed time. For that reason, data coming from these dataloggers in case of L1 was excluded when
characterizing the work intensity at the sample level. Also, some minor differences between the total
observed time and the work intensity related survey time were unavoidable since the dataloggers were
placed on the workers after starting the camera for video recording. Nevertheless, these differences
were only minor.

Table 6. Statistics of work intensity.

Subject, Location and
Observation Day

Work Intensity
Survey Time (h)

Share of Light
Intensity Work (%)

Share of Moderate
Intensity Work (%)

Share of High
Intensity Work (%)

S1 × L2 × 18 4.7 38.96 55.93 5.11
S2 × L2 × 18 4.7 30.45 61.80 7.74
S3 × L2 × 18 4.5 33.25 59.71 7.05
S4 × L3 × 19 6.2 31.19 64.38 4.43
S5 × L3 × 19 6.2 54.01 43.76 2.22
S6 × L3 × 19 6.3 37.89 58.76 3.34
S7 × L3 × 20 5.7 33.00 62.43 4.57
S8 × L3 × 20 5.6 36.29 57.03 6.68
S9 × L3 × 20 5.5 23.64 74.05 2.31
S9 × L3 × 21 5.8 23.73 74.69 1.58
S4 × L3 × 21 5.8 44.44 53.43 2.12
S7 × L3 × 21 5.7 31.28 60.08 8.64

S10 × L1 × 13 1 2.7 1 15.80 1 81.61 1 2.59 1

S11 × L1 × 13 1 2.3 1 96.24 1 0.74 1 3.02 1

S12 × L1 × 13 3.3 18.61 71.67 9.72
S13 × L1 × 22 2.6 40.93 54.87 4.20
S12 × L1 × 22 2.5 20.57 75.06 4.37
S14 × L1 × 22 2.5 50.88 48.37 0.75

Overall 2 77.8 2 34.59 2 60.81 2 4.60 2

1 Denotes data that has not been used in the characterization of work intensity. 2 Averages computed by exclusion
of data from 1.

Shares of time spent in the three work intensity categories is shown in Table 6. At the sample level,
roughly 61% of the time was categorized as moderate intensity work and almost 35% were categorized
as light intensity work. The share of light intensity work varied between 18.61 (S12 × L1 × 13) and
54.01% (S5 × L3 × 19) while the share of moderate intensity work varied between 43.76 (S5 × L3 × 19)
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and 75.06% (S12 × L1 × 22). Nearly 5% of the observed data stood for high intensity work. In this
last category, the data was quite heterogeneous, with shares between 0.75 (S14) and 9.72 (S13 working
in L1).

3.4. Postural Risk

Figure 3 shows a breakdown per action categories and postural risk indexes estimated at subject,
observation day, location and sample level. At sample level, approximately 35% of the analyzed frames
were included in the 1st action category, more than half of them were categorized in the 2nd action
category and roughly 6% were interpreted as belonging to the 4th action category.

Figure 3. Share of the analyzed frames per action categories and postural risk indexes estimated at
subject, location, observation day and sample level.

The postural risk index characterizing the job was found to be of almost 178, indicating rather the
categorization of this job in the second action category which requires corrective actions to be taken in
the near future. At subject level, on the other hand, distribution on action categories and the computed
postural risk indexes were quite variable. Frames attributed to the 1st action category accounted for
shares of 18.8 to 61%, with the latter one characterizing the postural behavior of S14; frames attributed
to the 2nd action category accounted for shares in the range of 27.9–78.8%, those specific to the 3rd
action category accounted for minor shares and those belonging to the 4th category accounted for
shares of up to 20.1%. The postural risk indexes varied in between 151.2 (S2 × L2 × 18) and 211.9
(S12 × L1 × 13).

At the sample level (Table 7), back postures were found to be particularly uncomfortable, as in
more than 55% of the cases, the subjects were found to have the back bent and twisted or bent forward
and sideways. Straight postures of the back were found only in 26% of the cases. In general, the arm
postures were found to be comfortable and this situation is related to the characteristics and tool use in
this kind of job. Combined with poor postures of the back, legs postures codded by 4, 5 and 6 lead
always to the worst postural situation which is characteristic to the fourth action category. It was not
the case of the analyzed sample since these legs’ postures accounted for only 7%. Therefore, from the
postural analysis point of view, the main problems related to potential risks of health impairment were
those specific to the back.
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Table 7. Share of back, arms and legs postures per codes described by OWAS.

Code
Share of Back Postures

(%)
Share of Arms Postures

(%)
Share of Legs Postures

(%)

1 26.04 99.68 4.59
2 7.77 0.31 56.60
3 9.65 0.01 29.82
4 56.54 NA 1 3.71
5 NA 1 NA 1 3.48
6 NA 1 NA 1 0.17
7 NA 1 NA 1 1.63

1 Not applicable according to OWAS method.

4. Discussion

The main aim of this work was to characterize the difficulty and risks associated to manual
cultivation operations in hybrid poplar forests. Acknowledging the limitation of the results to male
subjects, as well as the fact that indirect observation may still have affected the work behavior of
the observed subjects, the first thing which needs to be addressed, even in the conditions of a good
utilization of available time for effective work (approximately 70%), is that relating to a particular
low efficiency of such operations which was in the range of 8.6–9.0 h per double-pass operated
hectare. From this point of view, the first hypothesis of this study was confirmed only from the
productivity point of view. Indeed, there is limited information of operational performance metrics
for this kind of jobs. Nevertheless, for something similar, de Oliveira et al. [11] found an efficiency
rate of approximately 3.3 h per hectare which took 52% of the heart rate reserve during the effective
work. The Romanian forestry-related rating system [31], on the other hand, indicates for the same job
operational efficiencies in the range of 1.42–4.90 man-hours per 100 m2, which will probably ensure
rest breaks-taking in a sustainable way. One way to improve the efficiency and to balance the effort
given by workers would be that of deploying inter-row mechanized cultivation operations on two
perpendicular directions since the plantation layouts would enable such an approach. In particular,
this could contribute to a reduction of manually operated area to approximately one fourth compared
to the current operational layouts.

In terms of physiological workload, worth mentioning that heart rate is a good estimator of
the VO2 indicator [32] that is commonly used to predict the work difficulty in general ergonomic
studies [21,22]. Cardiovascular workload, as found in this study indicates that this type of operation
tends to overload the workers, therefore confirming the second hypothesis of the study. How the
subjects experienced the workload was found to be related to their age. In average, the %HRR
metric for the effective work was found to be very close to the threshold of 40% which, according
to some authors [10], defines the limit between acceptable and unacceptable workloads. However,
this outcome should be interpreted as indicative at least from two points of view. The first one
refers to the impossibility to extend the findings to cohorts characterized by anthropometrics that are
particularly contrasting to those which built the data from this study. The second one refers to the
caution which should be used in the interpretation of data since the %HRR metric was based on the
commonly accepted formula for estimating the maximum heart rate, which has its own limitations [33].
Also, an ambulatory trial found heart rates at rest lower when self-measured at home compared to
those measured under expert observation [34]. Obviously, such an effect will probably lead to an
underestimation of job’s difficulty, the same way the exposure to high thermal stress will. As such,
and knowing the fact that the climate change affects the health of the workers [14], the thermal stress
should be considered in the improvement of work in manual cultivation operations since the climate
in the studied area is generally described by hot summers.

Most probably, an increased cardiovascular activity, as found in this study, is related to the type of
work, work intensity and the body parts engaged in such work since the job tasks took a great deal of
using handwork which is known to affect the heart rate response and characterizes the severity of
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muscular work [21]. Recovery time of heart rate is dependent on the exercise intensity and may reach
more than 30 min [35,36], even if most of the recovery changes may occur in the first 1–2 min [36], while
the heart rate response may be sensitive to postural changes [37]. For instance, switching from lying
to sitting positions was found to increase the heart rate in some subjects by approximately 10 beats
per minute [38]. Therefore, it was not surprising to find that for most of the subjects observed in
this study the heart rate reserve was particularly increased also during the rest pauses and during
the meal taking. It is difficult to place the manual cultivation operations, in terms of difficulty and
risks, amongst other forestry jobs, given the fact that heart response is dependent on many factors
such as the age of subjects, gender and their operational environment. Nevertheless, in motor-manual
felling, estimates from the same flat-land area and for a worker having an age close to the average of
this study [17] were close to those found in this study. In steep terrain forests of Turkey, for instance,
harvesting and forest nursery work was found to be difficult to moderate jobs with heart rate reserves
of approximately 41 and 32%, respectively [39], while jobs such as cable work in steep terrain [40,41]
and cable rigging [42] may take more effort.

Work intensity was found to be light and moderate in most of the surveyed time (more than 95%),
therefore partially confirming the third hypothesis of this study. Since ENMO values of up to 0.25 g
are characterizing sedentary behaviors and light work such as standing still, dusting, sweeping the
floor and self-paced walking [24], this intensity threshold was used to separate light intensity work in
this study. In general, vigorous activity is considered to account for more than 21 mL × kg −1 ×min −1

VO2 which roughly corresponds to accelerations corrected by the mean amplitude deviation of
0.45–0.5 g [25]. However, in this study, the intensity of work was considered to be moderate when
ENMO had values from 0.25 to 1.0 g, by taking into account also the cardiovascular activity and the
behavior or acceleration data in effective working events versus rest pauses. It should be mentioned
that even in events such as the meal pauses, the subjects were not found to sit still all the time.

Also, given the position in which the accelerometers were placed, the collected and analyzed
data stands, in particular, for the activity of subjects’ back. This data may be correlated also with that
coming from postural analysis where the back was found to be straight in 26% of the cases and bent,
twisted or both in the rest of the cases. This outcome was partially consistent with the last hypothesis
of this study. In this regard, the manual cultivation operation seems to be a job that does not require
immediate postural redesign since the postural risk indexes were found to be less than 200% in most of
the cases. However, the main problem here is that related to the back postures assumed by subjects
which were particularly uncomfortable. Working predominantly with the back bent and twisted or
bent forward and sideways (56.5% of the cases) may lead to health problems related to the lower back
which is a known issue of forest operations jobs [14]. From this point of view, manual cultivation is a
job that is even more hazardous compared to manual harvesting operations from Nordic countries [43]
and close to that of motor-manual tree felling and processing operations from the area [17]. Compared
to other kind of forestry-related partly mechanized jobs such as firewood processing [30] and wood
debarking [44], manual cultivation seems to be riskier with the main problems coming from the back
postures assumed during the work, since the arms and legs postures were found to be comfortable in
most of the cases.

5. Conclusions

The main conclusion of this study is that the manual cultivation operations in poplar forests are
rather difficult and hazardous, requiring reengineering tasks from ergonomic and public health points
of view. To overcome the effect of small efficiency rates found in this study, mechanization should be
extended by approaching the operated plots on two perpendicular directions, limiting this way the
manual job to approximately one quarter compared to actual practices. Even if not documented by the
available literature, such approaches are seldom used in the Romanian practice. Obviously, this way of
extending the mechanized part of operations, will reduce also the continuous physical effort of the
upper limbs and back by inter-placing movements from one tree to other, therefore it will lead to an
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increased use of bigger muscular groups and legs, that could help in attenuating the cardiovascular
activity. By such measures, the intensity of manual work will be also decreased and the frequency
of poor back postures will improve. Nevertheless, in such cases in which the approach of extending
the mechanized operations is not feasible, a correct training of the workers, including a redesign of
rest breaks could improve the status quo. These issues may be approached by intervention programs
designed to tailor the work tasks, on the one hand, and to properly train the workers, on the other
hand. Such approaches are important since the results of this study clearly indicated that the job in
manual cultivation operations is characterized by a dynamic work that may overload the heart, upper
limbs and the back of the workers. Also, incentives to attract youth in such operations should be
developed and implemented at regional and national scale.
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Abstract: The Job Demands-Resources (JD-R) model is an integrative theoretical framework for
monitoring workplaces with the aim to increase job engagement and prevent burnout. This framework
is of great interest since the management of job resources and demands can negatively affect employees,
especially in organisational contexts characterised by high job demands. This study uses the job
demands-resources model to investigate the relationships between organisational climate, role stress,
and employee well-being (burnout and job satisfaction) in public organisations. This is a descriptive,
cross-sectional study. The research participants are 442 public employees. A structural equation
model was developed (organisational climate, job satisfaction, burnout, role stress). These confirm
that organisational climate is correlated with role stress (−0.594), job satisfaction (0.746), and burnout
(−0.408), while role stress is correlated with burnout (0.953) and job satisfaction (−0.685). Finally,
there is a correlation between burnout and job satisfaction that is negative and significant (−0.664).
The study confirms that a positive organisational climate could lead to less stressed and burned-out
workers and, at the same time, to more satisfied employees with improved well-being.

Keywords: organisational climate; role stress; employee’ well-being; public administration

1. Introduction

Reforms in the public sector have been a constant of the last 20 years, and there has been a
particular focus on developing human factors [1]. These changes have become more necessary with
the recent financial crisis, which positioned human resources management as a key internal element
towards which many of the administration’s new policies should be directed [2,3].

Human factors are the key to improving public services. Bakker [4] states that people who want to
change the world for the better often pursue a professional career in public service and are sometimes
characterised by a ‘general altruistic motivation to serve the interests of a community of people, a state,
a nation or humankind’ [5]. However, these employees face environments characterised by changes in
performance expectations, high work demands, a hierarchical structure and bureaucratisation of work
processes [6]; these factors tend to lead to the significant deterioration of employee well-being [7].

The emergence in the late twentieth century of the so-called ‘Positive Psychology’, which focuses
on the positive side of people [8], was crucial to organisational and occupational psychology. This
new paradigm has encouraged human resource departments to focus on increasing opportunities,
satisfaction, motivation, resources and flexibility to develop people and enhance their well-being [9].
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In this sense, we want to analyse how the stressful and motivational characteristics of work environments
influence the well-being of employees, and how to create healthy environments [10].

1.1. The Job Demands-Resources Model

The Job Demands-Resources (JD-R) [11] model is an integrative theoretical framework for
monitoring workplaces with the aim to increase job engagement and prevent burnout [12].
This framework is of great interest to Positive Organisational Psychology (POP) since the management
of job resources and demands can negatively affect employees, especially in organisational contexts
characterised by high job demands [13]. Demerouti et al. [11] defined job demands as ‘those physical,
social, or organisational aspects of the job that require sustained physical or mental effort and are
therefore associated with certain physiological and psychological costs’ ([11], p. 501). During the
past three decades, many studies have shown that job characteristics can have a profound impact
on employee well-being (i.e., job satisfaction, burnout, job engagement) and that job demands such
as high work pressure, emotional demands, and role stress may lead to satisfaction problems and
impaired health [14].

The job resources were defined as ‘those physical, psychological, social, or organisational aspects
of the job that are either/or functional in achieving work goals; reduce job demands and the associated
physiological and psychological costs; stimulate personal growth and development’ ([11], p. 501).
The job resources are means to the achievement or protection of other valued resources and may be
located at the level of the organisation at large, the interpersonal and social relations (i.e., supervisor
and co-worker support, team climate), the organisation of work, and at the level of the task [14].

The JD-R model assumes that factors associated with organisations affect employees in two
ways: A process of health deterioration, and a motivational process. In the first process, job demands
predict the occurrence of burnout, which is associated with negative effects for the organisation and its
employees. The motivational process links the existence of labour resources with the emergence of
employee engagement, which leads to positive results for both employees and organisations [15].

1.2. Organisational Climate and Role Stress

One of the main job resources is the organisational climate [15]. Organisational climate research
is interested in understanding the ways in which workers in an organisation experience and feel the
climate, and how it is related to well-being. Schneider, Ehrhart and Macey [16] defined climate as ‘the
shared meaning organisational members attach to the events, policies, practices, and procedures they
experience and the behaviours they see being rewarded, supported and expected’. Thus, organisational
climate shows how employees’ shared perceptions are connected to their work environment.

Role stress is the most studied job demand involving a natural phenomenon in organisations.
It can be defined as a set of expectations, duties and obligations, applied to employees, coming
from those who can influence the employees and help to define their roles [17]. It negatively affects
employee efficiency [18], becoming an element that decreases employees’ well-being [19], and has
equally pernicious effects on organisational performance [20]. The theory of role stress examines
how characteristics of roles (e.g., conflict, ambiguity, and overload) are perceived and experienced
as stressors by role incumbents, leading to affective and physiological symptoms as well as coping
responses [21].

In the study of the relationship between organisational climate and role stress (job resources and job
demands, respectively), the buffering hypothesis prevails. It suggests that the impact of job demands
on employee well-being is weaker when they have a high level of resources [10]. The relationship
between organisational climate and role stress is not a new one and has been shown to play a role in
employee behaviour. Bakker and Demerouti [22] showed that the direction of this relationship can be
positive or negative, and that the difference lies in the level of job resources (social support, job control
and feedback) [12]. In this line, Hemingway and Smith [23] explored how organisational climate is
associated with increased stress levels and the occurrence of negative behaviours for organisations;
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also, Pecino [24], using a sample of public employees, showed how organisational climate is strongly
and negatively related to role stress.

1.3. The Motivational Process: Organisational Climate and Job Satisfaction

Job satisfaction is certainly the most researched topic in the history of industrial and organisational
psychology [25]. The most relevant definition of job satisfaction is that offered by Locke [26], who
defined it as a ‘positive or pleasant emotional state resulting from the subjective perception of the
person’s work experiences’. This topic is of great importance in many models that seek to improve
employee well-being [27] and organisational efficiency [28]. Many studies have shown that this
variable has positive effects on organisations and their employees [29].

The influence of job resources (organisational climate) on job satisfaction, as an indicator of
employee well-being, occurs through a motivational process [30]. Job resources seem to play a
motivating role, fostering the learning, growth, and development of employees. Numerous studies
have confirmed that the more positively employees perceive the organisational climate, the more
satisfied they are [31].

1.4. The Health Deterioration Process: Role Stress and Burnout

Burnout is defined as ‘a syndrome of emotional exhaustion, depersonalization, and reduced
personal accomplishment that can occur among individuals who work with other people’ [32]. There is
growing evidence of the negative effects of burnout on employees and their performance [33]. Among
the consequences for employees are low job satisfaction and deterioration of their health [34].

The relationship between job demands and burnout, as an indicator of employee well-being,
occurs through the health deterioration process [30] and follows the line of the compensatory control
model [35]. A study carried out by Buunk et al. [36] showed that intense or prolonged exposure to role
stress causes psychological problems (i.e., burnout), as well as physical problems. Recent studies have
deepened our understanding of the relationship between role stress and burnout in public employees,
finding significant and positive results [37].

1.5. Cross-Links between Processes and Consequences

The organisational climate can affect employees’ well-being, directly influencing burnout. Under
this hypothesis, Winnubst [38] carried out a pioneering study and concluded that organisational
climate is an important antecedent of burnout. Recent studies have shown that formal support groups
create organisational climates that decrease stressors such as burnout [39].

Also, the study of the relationship between role stress and job satisfaction is of major importance.
Recently, several studies have presented evidence of this relationship in different country, industry,
and labour contexts [40,41].

The JD-R model also provides a relationship between the consequences of job demands and
those of job resources. A recent longitudinal study by Figueiredo-Ferraz et al. [42], who focused
on analysing the relationship between burnout and job satisfaction, found a significant two-way
relationship between these variables.

Other findings explained that—relative to private sector employees—public servants became
the most engaged by intrinsic factors including work-related resources [43]. Work engagement
significantly mediated the relationship between job resources and personal resources of public
employees. Public sector workers were more strongly motivated by the desire to work in a supportive
working environment. Most observed differences were explained by differences in job content such as
skill variety, feedback, or task identity, not by the sector itself [43].

The aim of this study is to analyse the relationship between organisational climate, role stress,
burnout, and job satisfaction in public employees. For this purpose, our hypotheses are consistent
with previous studies:
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Organisational climate will show a significant and negative reciprocal relationship with role
stress (hypothesis 1) and a positive reciprocal relationship with job satisfaction (hypothesis 2). Also,
role stress will show a significant and positive reciprocal relationship with burnout (hypothesis 3).
Furthermore, organisational climate will show a significant and negative reciprocal relationship with
burnout (hypothesis 4) and role stress will show a significant and negative reciprocal relationship
with job satisfaction (hypothesis 5). Finally, job satisfaction will have a reciprocal relationship, both
significant and negative, with burnout (hypothesis 6).

2. Materials and Methods

2.1. Participants and Procedure

Data were collected through online questionnaires in this cross-sectional study. Most participants
in the chosen institution completed the questionnaire, for a total of 442 out of 475 public
employees. All participants gave written informed consent in accordance with the Declaration
of Helsinki. The Ethical Review Committee at the University of Almería (Spain) approved the study
(UALBIO2018/027).

In terms of gender, 50.7% of participants were women and 49.3% men. For age, 5.7% of participants
were under 36 years old 57.7% were between 36 and 45; 31.2% of them were between 46 and 55; and
5.4% were more than 55 years of age. As for educational level, 11.5% had no formal schooling, primary
or secondary education; 25.8% had studied at high school; 61.1% were graduates; and 1.6% held a
doctoral degree. In terms of labour status, 96.6% were civil servants and 3.4% were ordinary employees.
Their positions at work were as follows: 86.4% were middle managers and workers and 13.6% were
head managers. As for work hours, 392 of the participants (88.7 %) worked a morning shift and 50
(11.3%) worked an afternoon shift.

2.2. Instruments

2.2.1. Organisational Climate

A shortened version of the First Organisational Climate/Culture Unified Search 93 (FOCUS-93)
questionnaire by Van Muijen et al. [44] was used in this study. It consisted of 12 items using a 7-point
Likert scale (ranging from 1 = ‘strongly disagree’ to 7 = ‘strongly agree’). The dimensions contained in
the instrument were support, goals, innovation, and rules.

2.2.2. Job Satisfaction

This variable was measured using CSLPS-EAP/33 [45], which consists of 33 items that are answered
using a Likert scale with seven responses ranging from 1 = ‘strongly dissatisfied’ to ‘7 = strongly
satisfied’. The dimensions contained in this instrument are team, retribution, means and conditions,
intrinsic, business, workload, autonomy, and objects.

2.2.3. Burnout

This was measured using an adapted version of the Maslasch Burnout Inventory [46], translated
by Peiró et al. [47], which consists of nine items answered on a Likert scale with seven responses
ranging from 0 = ‘never’ to 6= ‘every day’. The dimensions contained in this instrument are exhaustion,
cynicism, and professional efficacy.

2.2.4. Role Stress

This was measured using a questionnaire composed by Rizzo et al. [48] that was translated by
Peiró et al. [49]. It consists of 17 items with a response scale featuring 5 alternatives, ranging from
1 = ‘strongly disagree’ to 5 = ‘strongly agree’. The dimensions evaluated by this instrument are role
ambiguity, role conflict and role overload.
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2.3. Statistical Analysis

In order to verify the reliability of the dimensions, the internal consistency was assessed using
Cronbach’s alpha coefficient [50] for each variable and dimension. For each of the four variables under
study, a structural equation model was fitted to confirm the dimensions. Finally, to check the relations
between the different variables, a structural equation model was developed.

Structural equation models were fitted using the diagonalised weighted least squares (DWLS) [51]
or robust maximum likelihood (RML) method [52], depending on the construct to be analysed, since the
multivariate normality of the data was not met for any of the dimensions or variables. The univariate
normality was checked for each item and skewness and kurtosis measures were obtained. To test the
multivariate normality, the Henze-Zirkler test [53] was used.

The DWLS method requires large data sets; specifically, the sample size should be larger than
p > (p + 1)/2, where p is the number of parameters to be estimated by the structural equation. Therefore,
dimensions where the number of items considered in the model was too low could not be fitted using
this method. Thus, the method used for those dimensions was RML. Those dimensions were from two
variables: Climate and job satisfaction [54].

The goodness of fit for the proposed models was measured using the Tucker-Lewis Index (TLI)
and the Comparative Fit Index (CFI). For both, values greater than 0.9 indicate a good fit. Another
measure used was the Root Mean Square Error of Approximation, (RMSEA) where values lower than
0.08 indicate a good model fit and the upper limit of the 90% confidence interval should be below the
0.1 cut-off value for a good model fit [55]. The Standardized Root Mean Square Residual (SRMR) is
an absolute measure of fit defined as the normalisation of the difference between the observed and
predicted correlations. An SRMR value of less than 0.08 is considered as an adequate cut-off point for
the goodness of fit [56]. The models were implemented using R software (R Foundation for Statistical
Computing, Vienna, Austria) and the Lavaan package [57].

3. Results

First, we performed a confirmatory analysis of the dimensions for each of the variables used in the
study, and later we presented a structural equation model for testing the relations between variables.

3.1. Confirmatory Analysis of Climate

Cronbach’s alpha for climate was 0.95. The RMSEA and SRMR obtained in the confirmatory
analysis for climate were 0.079 (90% CI [0.076, 0.081]) and 0.076, respectively, indicating an acceptable
data fit.

The estimated correlation for the dimension ranged from 0.824 between rules and innovation to
0.916 between goal orientation and innovation, indicating strong relationships between them. For rule
dimension, item 7 had the lowest impact. Regarding the innovation dimension, items 8 and 28 had
the lowest effects in the construct of the dimension. For the support and goal orientation dimension,
all items had similar impacts on the constructs.

For the job satisfaction variable, the value of Cronbach’s alpha was 0.91. The goodness of fit values
of the model were as follows: RMSEA = 0.057 (90% CI [0.053, 0.06]) and SRMR = 0.048. In addition,
the values for CFI and TLI were 0.913 and 0.913, respectively, showing a good fit.

The estimated correlations between dimensions ranged from 0.319, between objects and means
and conditions, to 0.826 between equipment and workload. The associations between intrinsic, firm,
workload, autonomy, and objects were stronger than those between team retribution and conditions.
Regarding the salary, autonomy and object dimensions, all items had similar impacts on their constructs.
Within the environment/conditions and workload dimensions, the lower parameter estimated was
associated with items 15 and 27.
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3.2. Confirmatory Analysis of Role Stress

For role stress, the value of Cronbach’s alpha was 0.79. The RMSEA value was 0.034 (90% CI [0.023,
0.044]) and the SRMR value was 0.055. The values of CFI and TLI were 0.99 and 0.988, respectively,
showing a good fit for the model. The correlations between the dimensions of the construct were
positive, with a value of 0.167 for the dimensions of ambiguity and overload, and 0.508 for overload
and conflict. Within the ambiguity dimension, the lower parameter estimate was associated with
item 1; this item had a weaker impact on the dimension than the rest of them. Regarding the conflict
dimension, item 7 had the weakest effect in the construct of the dimension. For the overload dimension,
all items had a similar impact.

3.3. Confirmatory Analysis of Burnout

For the burnout variable, Cronbach’s alpha was 0.80. The RMSEA was almost 0 (90% CI
[0.000, 0.031]), and the SRMR value was 0.038. The CFI and TLI values were both 1, indicating a
perfect fit. The correlations between dimensions were positive, with a value of 0.16 for exhaustion
and lack of personal accomplishment, and 0.459 for depersonalisation and exhaustion. Within the
depersonalisation and lack of personal accomplishment dimensions, the lowest parameter estimated
was associated with items 3 and 9; those items had a weaker impact on their respective dimensions
than the rest of the items. For the exhaustion dimension, all items had a similar impact.

3.4. Structural Model of Climate as a Determinant of Job Demands

The standardised estimates of the structural equation model testing the relations between all
variables are presented in Figure 1. Cronbach’s alpha for the construct was 0.76. The measures of
goodness of fit for the model were RMSEA = 0.064, (90% CI [0.056, 0.072]), SRMR = 0.082, CFI = 0.967
and TLI = 0.961. (Table 1). The climate variable had a significant direct negative effect on burnout
and role stress, and a positive impact on satisfaction; it had a stronger impact on job satisfaction than
on burnout and role stress. The correlation between burnout and role stress was positive, while the
correlations between job satisfaction and burnout and role stress were negative.
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4. Discussion

The aim of this work was to study the reciprocal relationships between a job resource (organisational
climate), a job demand (role stress) and indicators of employee well-being (burnout and job satisfaction).
The results confirmed that organisational climate is significantly and negatively linked to role stress
(−0.594), which suggests that the existence of a positive climate would buffer role stress in workers.

In the JD-R model, the direct relationships between demands (role stress) and labour resources
(organisational climate) are not specified as positive or negative correlations. Bakker and Demerouti [22]
considered this as an empirical question related to the occupational context of the sample under
study. Thus, in some organisational contexts, the relationship may be positive and in others negative,
depending on variables such as the hierarchy, status, educational level and occupational sector. In the
context of public employees, the results obtained confirmed the significant and negative relationships
found by previous studies [58].

In this study, climate showed a significant and positive reciprocal influence on job satisfaction
(0.746), confirming the motivational process of the JD-R model. Furthermore, previous studies showed
that when employees perceive their organisational climate in a more positive way, they are more
satisfied [31]. Also, we found that role stress and burnout are significantly and positively related
(0.953). Thus, the higher the degree of role stress, the higher the incidence of burnout, which impairs
employees’ health, as observed in the JD-R model and in previous studies [19,33].

The results confirmed that job demands and resources could interact to positively or negatively
affect well-being in two cross-linked relationships [12]. On the one hand, organisational climate
showed a significant and negative influence on burnout, which shows that a good climate is related to
less burnout. Recent studies have shown that formal support groups create organisational climates
that cushion employee stressors related to socio-emotional work such as burnout [59]. On the other
hand, the results confirmed that role stress is significantly and negatively related to job satisfaction,
which could indicate that higher role stress can lead to lower job satisfaction and, therefore, to worse
employee well-being. This result is in line with the findings of recent studies [40,41] and clearly shows
how reducing stress levels improves employee satisfaction.

Finally, the results confirmed that job satisfaction has a significant and negative relationship with
burnout. In a recent longitudinal study, Figueiredo-Ferraz et al. [42] analysed the relationship between
burnout and job satisfaction. They found a significant two-way relationship between the two variables,
with more intense effects when job satisfaction was an antecedent of burnout rather than vice versa.

This study represents a step towards understanding the relationships between variables that
affect the well-being of employees in public service. These results will be of great interest in the
POP field as they will help to promote this viewpoint in the field of human resource management in
public administration. The effects of job resources could enhance employees’ well-being, increasing
satisfaction and preventing burnout [12].

4.1. Practical Implications

The results obtained in this study have important practical implications for managing the
employees of public universities. A positive climate is key to enhancing and fostering the well-being
of public employees, as the perception of a positive organisational climate leads to more satisfied
employees. Such employees are less stressed and suffer from less burnout in their work, which
should encourage those responsible for managing people to invest in creating comfortable and positive
organisational climates. Such policies would not only help produce more positive results at work,
but they would also enhance the development of work in a healthy environment. Furthermore, as
was already mentioned when discussing the JD-R model, when a professional job is developed in a
job environment characterised by the existence of role stressors, it will have negative effects on the
health of employees. Therefore, it is important to establish policies in public administration that help
employees have control over their demand level and increase their resources.
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4.2. Limitations and Future Directions

However, the results of our study should be considered with the following limitations in mind.
First, the results were obtained from self-reports and might be affected by common method variance.
Second, the sample was very specific and limited to public employees in a Spanish context; thus, the
results cannot be generalised to other types of organisation or public administration. Third, the design
of the study had a cross-sectional nature, which prevented us from drawing conclusions about the
temporal order of effects and causality relationships. To avoid such limitations, future research should
utilise a longitudinal methodology within a multi-method approach [34].

In our changing world, priority should be given to the study of how the well-being of employees
in the public sector affects the execution of their duties. Also, the study of different mediating and
moderating links in the relation between job demands, resources and well-being in the public context
is important. Thus, a more inclusive approach should be taken to examining how work variables
affect performance [60]. It will be interesting for future work to consider the multi-level relationships
between attitudes, behaviours, and performance aggregated on the team level [61].

5. Conclusions

The study confirms that a positive organisational climate could lead to less stressed and burned-out
workers and, at the same time, a higher role stress can lead to lower job satisfaction and, therefore, to
worse employee well-being. Organisational climate showed a significant and positive influence on job
satisfaction, confirming the motivational process of the JD-R model.
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Abstract: Background: The quality of medical services for a child and their parents are tantamount to
a sense of satisfaction with care. Purpose: The assessment of determinants of parental satisfaction
with nursing care in paediatric wards. Methods: The study covered 336 parents of children hospitalised
in paediatric departments and was based on the “EMPHATIC” questionnaire, standardized and
adapted to Polish conditions. Results: The mean score of the overall parental satisfaction was high,
amounting to 4.19 points. The lower level of satisfaction with nursing care was reported in parents of
children under the age of 6 years, admitted in an emergency mode with a diagnosed post-trauma
condition and those with higher education. The duration of hospitalisation, sex and age of parents
did not have an influence on the satisfaction with care. Conclusions: The age of the child, admission
mode and education of respondents are determinants of parental satisfaction with nursing care.

Keywords: satisfaction with care; nursing care; child; parents

1. Introduction

One of the most important goals of modern healthcare management systems is to provide high
quality medical services [1]. The functioning of a modern paediatric hospital requires a comprehensive
approach to the child’s health problems, developmental issues and family situation [2,3]. For the
patient, the quality of medical services is tantamount to a subjective sense of satisfaction with care [1,4].
Satisfaction with medical care, including nursing care, is a multidimensional concept which is defined
in various ways and depends on the degree of correspondence between meeting expectations of the
patient and his/her family and the perception of care they are provided with [5]. It is also an important
indicator of satisfaction with the comprehensive hospital care [6,7]. In case of a child, the satisfaction
with care is also assessed by parents or guardians [8], who have the right to be present, participate
and co-decide medical care issues [9]. A sense of parental satisfaction with care is determined by their
individual needs, experiences of previous hospitalisations and changing external factors, including
systemic factors [5–8,10,11]. Parents’ satisfaction with care may also be influenced by other factors
such as child’s health condition and its impact on family functioning, child’s emotional condition,
clinical stage of the disease and maintaining continuity of care from hospital admission to discharge
including preparing parents for continuing nursing care in home environment [12–16]. The assessment
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of parental satisfaction is an important part of the holistic nursing care for a paediatric patient which
allows finding parents’ attitude towards the services they are provided with [5,7,10], and towards
respecting patients’ rights during hospitalisation. In such a context the assessment of satisfaction
with nursing care has also an important control function and allows for protecting patients and
their families from latrogeny [17,18]. The opinions of beneficiaries are also an invaluable source of
information allowing for analysing the situation and introducing changes in order to optimise the
activities of medical providers according to documented presumptions [12,17,19]. Abilities of the
nursing staff to meet patients’ expectations contribute to an increase in the competitiveness of a health
care unit and patients’ positive opinions help to advertise it [20,21]. It can be assumed that a satisfied
patient is more likely to follow medical and nursing recommendations and regularly take part in
a medical check-up [22–24]. Moreover, patient’s high satisfaction from nursing care may determine the
satisfaction of the whole nursing team and their work and play an important motivating role [25].

In Poland, the evaluation of satisfaction of parents/guardians with childcare in paediatric
departments is a relatively new research area; at the same time, it is one of the priority recommendations
for healthcare providers. National research in this area has been so far conducted mainly using
non-standardized original questionnaires which makes it impossible to draw objective conclusions and
to compare results [8,10]. In Poland, the first study, which was based on the standardized “EMPHATIC”
questionnaire developed by Latour et al. [26–30], was carried out in the years 2012–2014 [10,31].

Given the above, there is a need for further research using standardized tools for the assessment
of parental satisfaction with nursing care in paediatric departments. The analysis of scientific reports
suggests that the implementation of the evaluation of satisfaction with medical care, including nursing
care in health facilities should be a priority, because this would allow for finding determinants and
optimizing the activities focused on the needs of the child and its family.

Study objective: The assessment of determinants of parental satisfaction with nursing care in
paediatric wards.

2. Materials and Methods

2.1. Trial Design and Participants

The study was carried out in the years 2016–2017 in general-paediatric and specialist (non-surgical)
departments at the University Children’s Hospital and the Provincial Specialist Children’s Hospital in
Krakow. The study was approved by the directors of the facilities and parents. The study was conducted
in a group of 336 parents of children hospitalised in general-paediatric and specialist departments
(non-surgical) on the day of discharge from the hospital. After receiving the medical information letter,
the parent (being the main caregiver during hospitalisation) completed the questionnaire.

The inclusion criteria were as follows: Permanent or periodic, not shorter than 12 h a day
presence of a parent with a child during hospitalisation, hospital stays lasting more than three days,
and voluntary consent to participate in the study.

The exclusion criteria included: Unwillingness to participate in the study, hospitalisation lasting
less than three days, the absence of parents during hospitalisation or their occasional presence (shorter
than 12 h a day), or a terminal period of the child’s life.

Parental participation in the study was voluntary and anonymous. Each parent was provided
with the full information about the purpose of the study and the possibility of resigning from the
participation at any stage without giving a reason.
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2.2. Outcome Measures

The study was based on the method of diagnostic survey using a questionnaire technique including:
1. A standardized questionnaire for the evaluation of the level of satisfaction of parents/guardians

with nursing care—“EMPHATIC” questionnaire developed by Latour et al. [30], adapted to the Polish
conditions by Smoleń and Ksykiewicz-Dorota [31].

The tool uses five major criteria evaluating satisfaction with nursing care for a child
and specific criteria: criterion I “Information”—contains eight specific criteria, criterion II
“Care and treatment”—contains nine specific criteria, criterion III “Availability”—contains two
specific criteria, criterion IV “Parental participation”—contains six specific criteria, criterion V
“Professionalism/Professional approach”—contains 14 specific criteria.

Each specific criterion was assessed by parents in a five-point Likert scale from 1 to 5 points, where
“1” means “I am very dissatisfied”, and “5”—“I am very satisfied”. The evaluation of satisfaction was
presented using point values, with the accuracy of two decimal places. The assessment score in the
range from 4 to 5 is considered as satisfaction with care.

Due to the preliminary character of the study, only the material referring to the main criteria,
which was an average value of the scores obtained in detailed criteria, were taken into account in
a statistical analysis. No statistical analysis for particular detailed criteria was carried out. What was
presented were only the results showing which detailed criteria received from respondents that had
the highest and lowest scores.

2. The summary of socio-demographic data: Age of the child, reason for hospitalisation, duration
of the child’s stay in the ward, the mode of admitting to the hospital, parental age, sex and education.

A division of children into age groups was created in accordance with the paediatric classification
corresponding to the developmental stages [32], while the age of parents was assigned to one of three
categories: below 30 years of age, 30–40 years of age, above 40 years of age. The questionnaire included
an emergency or elective mode of admission to the hospital.

2.3. Statistical Analysis

The statistical analyses were performed using IBM SPSS Software for Windows, Version 23.0
(IBM Corp, Armonk, NY, USA). The elements of descriptive statistics and the following tests were
used: V-Cramér, Phi, Tb—Kendall, Tc—Kendall, U Mann-Whitney and Kruskal-Wallis. Threshold of
statistical significance for all tests was set at p < 0.05.

2.4. Ethics

The study was carried out according to the ethical principles of the Helsinki Declaration.
The protocol of the study was approved by the Bioethical Committee of the Jagiellonian University
(No. 122.6120.254.2016). Participation in the study was voluntary and written informed consent to
participate in the study was sought from all the study subjects.

3. Results

3.1. Participants

The study group consisted of 336 parents. Women accounted for 84.5% (n= 284) of the respondents.
The mean age of parents was 33.57 (Min 19, Max 59). In specialist departments, 63.1% of children
(n = 212) were hospitalised and 36.9% (n = 124) stayed in general-paediatric wards. The mean duration
of hospitalisation was 10.64 days (Min 3, Max 119). The emergency mode of admission to the hospital
concerned 66.7% of children (n = 224). The details are presented in Table 1.
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Table 1. Characteristics of the study group.

Sociodemographic Variables of the Subjects [%] [n]

Gender woman 84.5 284
man 15.5 52

Age of parents up to 30 years of age 30.7 103
30-40 years 46.4 156

above 40 years of age 15.5 52
no data available 7.4 25

Education higher 86.9 292
secondary 11.6 39
vocational 1.5 5

Age of child neonate 1.5 5
infant 30.4 102

toddlers and kindergarten period 42.6 143
early school period 17.3 58

puberty 8.3 28

Duration of hospitalisation 3–7 days 59.8 201
8–14 days 24.4 82

over 14 days 15.8 53

%—response rate; n—number of valid answers.

3.2. The Assessment of Parental Satisfaction with Nursing Care

The mean score of overall parental satisfaction with nursing care was 4.19 points. The results of
parental evaluation of satisfaction with nursing care were high for the major criteria I–V.

The highest mean score (4.38 points) was obtained for major criterion III “Availability”, while
the lowest score (4.11 points) was achieved for major criterion II “Care and treatment” and IV
“Parental participation”.

The assessment of parental satisfaction with nursing care, taking into account specific criteria,
showed that for the major criterion V “Professionalism/Professional approach” the highest mean
score—4.57 points—was reported for the specific criterion “The nurse provided high-quality care
regardless of race, religion, sex and education”.

High scores of the parental assessment were also given for the specific criteria: “The immediate
environment of the child was clean” (4.56 points), “The hours of visits at the ward were flexible”
(4.52 points) and “The child’s health was the highest priority for the nurse” (4.47 points). The lowest
mean score was obtained for the specific criterion “The nurse introduced herself by name and
surname”—2.67 points.

A lower mean score in the assessment of parental satisfaction with care was also achieved for major
criterion IV “Parental participation” for the specific criterion “The nurse asked about the expectations
of parents/guardians regarding childcare” (3.48 points). The low level of parental satisfaction with care
also involved major criterion II “Care and treatment” with respect to providing mental support by
a nurse (3.77 points), preparation for care after discharge from the hospital (3.77 points) or emotional
support (3.92 points); and the major criterion I “Information” with respect to informing about the
course of nursing care on a daily basis (3.78 points), too.

3.3. Parental Satisfaction from Nursing Care and the Reference Level of Polish Hospitals and Their Wards

All main criteria as well as general satisfaction from nursing care were evaluated higher by
parents of patients hospitalised in Provincial Hospital than of those hospitalised in University Hospital,
however only for the first main criterion “I Information” the differences were statistically significant
(p = 0.005).
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No statistically significant differences between the assessment of particular criteria of satisfaction
with nursing were found depending on the ward type—general-paediatric vs. specialist departments
(p > 0.05).

3.4. Parental Satisfaction with Care vs. the Age of Hospitalised Children

Taking into account the division of children into age groups used in paediatrics, it was shown
that compared to parents of children from other age groups, parents of children aged 6 to 12 years
better evaluated both the overall satisfaction with nursing care (p = 0.04) and the level of satisfaction
within the major criterion “I. Information” (p = 0.02), “II. Care and treatment” (p = 0.04) and
“V. Professionalism/Professional approach” (p = 0.03).

However, the division of children into only two age groups - up to the age of 6 years (younger
children) and above the age of 6 years (older children) statistically significant differences were
demonstrated both in terms of the overall satisfaction assessment and the evaluation of all major
criteria, with the exception of criterion “III. Availability” (Table 2).

Table 2. Parental satisfaction with nursing team care and the age of hospitalised children.

Child’s Age
Criterion

Information

Criterion
Care and

Treatment

Criterion
Availability

Criterion
Parental

Participation

Criterion
Professionalism/

Professional
Approach

General
Satisfaction

Up to 6
years

M 4.04 4.05 4.35 4.05 4.17 4.13
Me 4.19 4.11 5.00 4.17 4.32 4.26
n 250.00 250.00 250.00 250.00 250.00 250.00

SD 0.85 0.81 0.80 0.78 0.68 0.69

Over 6
years

M 4.39 4.31 4.45 4.28 4.39 4.36
Me 4.50 4.56 5.00 4.33 4.53 4.47
n 86.00 86.00 86.00 86.00 86.00 86.00

SD 0.56 0.71 0.79 0.68 0.56 0.57

Total

M 4.13 4.11 4.38 4.11 4.23 4.19
Me 4.25 4.28 5.00 4.17 4.37 4.32
n 336.00 336.00 336.00 336.00 336.00 336.00

SD 0.80 0.79 0.79 0.76 0.66 0.67

p U Mann-
Whitney 0.002 0.01 0.30 0.01 0.01 0.01

M—arithmetic mean; Me—median; n—number of valid answers; SD—standard deviation; Min—minimum value;
Max—maximum value; p—significance level.

3.5. Parental Satisfaction with Care vs. Admission Mode to the Hospital, Type of Clinical Diagnosis and
Duration of Hospitalisation

Admission to the hospital in an emergency mode was statistically significant, and more often
involved children up to the age of 6 years (p < 0.001), while older children, i.e., over 6 years of age,
were more frequently admitted in an elective mode (p < 0.001).

Emergency admission of children to hospital was statistically more common in University Hospital
than in Provincial Hospital (p = 0.001, Phi = 0.19, Chi2 = 11.74, df = 1).

Emergency hospital admission was significantly more common for children suffering from an acute
disease, after an injury or poisoning (Chi2 = 107.63, df = 5, p < 0.001, V Kramer = 0.57).

Parents of children admitted to the hospital in an emergency mode was statistically significant,
with lower evaluated nursing care within the major criteria: I “Information”, II “Care and Treatment”,
IV “Parental participation” and general satisfaction with care (Table 3).
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Table 3. Parental satisfaction with nursing team care and the mode of admitting a child to the hospital.

Mode of
Admitting

a Child to the
Hospital

Criterion
Information

Criterion
Care and

Treatment

Criterion
Availability

Criterion
Parental

Participation

Criterion
Professionalism/

Professional
approach

General
Satisfaction

Elective

M 4.03 4.06 4.35 4.06 4.20 4.14
Me 4.13 4.22 5.00 4.17 4.37 4.26
n 224.00 224.00 224.00 224.00 224.00 224.00

SD 0.85 0.81 0.78 0.77 0.68 0.68

Emergency

M 4.33 4.23 4.42 4.22 4.28 4.30
Me 4.50 4.33 5.00 4.33 4.37 4.40
n 112.00 112.00 112.00 112.00 112.00 112.00

SD 0.66 0.74 0.82 0.73 0.61 0.63

Total

M 4.13 4.11 4.38 4.11 4.23 4.19
Me 4.25 4.28 5.00 4.17 4.37 4.32
n 336.00 336.00 336.00 336.00 336.00 336.00

SD 0.80 0.79 0.79 0.76 0.66 0.67

p U Mann-
Whitney 0.003 0.05 0.30 0.04 0.34 0.03

M—arithmetic mean; Me—median; n—number of valid answers; SD—standard deviation; Min—minimum value;
Max—maximum value; p—significance level.

Parents of children diagnosed with post-trauma conditions reported a lower satisfaction level
within the main criterion I “Information” than parents of children with another type of clinical diagnosis
(p = 0.011).

The duration of the child’s stay in the hospital did not have an influence on the overall
assessment of parental satisfaction with nursing care (p = 0.48) and the evaluation within the major
criteria: I “Information”, II “Care and Treatment”, III “Availability”, IV “Parental participation” and
V “Professionalism/Professional approach” (p > 0.05). The lowest satisfaction from nursing care in all
main categories was observed in the case of parents of children whose hospitalisation lasted between 8
and 14 days, however, this difference was not statistically significant.

3.6. Satisfaction with Care vs. Parental Sex, Age and the Level of Education

There was no relationship between parental gender (p = 0.59), age (p = 0.19) and general
satisfaction with nursing care and the assessment within all major criteria (p > 0.05). It was shown
that the satisfaction with nursing care within major criterion II “Care and treatment” (p = 0.04) and
IV “Parental participation” (p = 0.03) were evaluated higher by parents with a lower level of education.

No statistical significance was found for the major criteria I “Information” (p = 0.11),
III “Availability” (p= 0.61), V “Professionalism/Professional approach” (p= 0.16) and overall satisfaction
assessment (p = 0.7).

4. Discussion

Outstanding quality of medical services, which is expressed by the satisfaction of patients and
their families, is a challenge for modern health care systems [1]. The assessment of satisfaction with
medical care, including nursing care is recognized as a part of the integrated quality management
system, setting the direction of changes in modern healthcare facilities [1,2].

The results of studies conducted in the last decade in various scientific centres using standardized
research tools [8,10,15,33,34] or original survey questionnaires [16] confirm the high level of parental
satisfaction with nursing care or its specific aspects. The results of our research are in line with the
trend of the high level of overall parental satisfaction with nursing care.

For the individual major criteria: I “Information”, II “Care and Treatment”, III “Availability”,
IV “Parental participation” and V “Professionalism/Professional approach” the score of assessment
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ranged from 4.11 to 4.38 points. Similarly, like in the study conducted by Smoleń &
Ksykiewicz-Dorota [10], the criterion III “Availability” was the highest evaluated by parents. However,
the outcomes of the analysis of individual specific criteria turned out to be lower than expected.
The lowest score was given for the specific criterion “The nurse introduced herself by name and
surname” within the major criterion V “Professionalism/Professional approach”.

Finding the reasons for these results would require further research in this area. Perhaps the
optimization of activities aimed at making the staff aware of the importance to introduce themselves
by name and surname will be a factor improving the perception of the quality of nursing care. It is also
relevant that the nursing team provide informational and emotional support [16,34] in which they
have full competence [35,36]. It is also necessary to cooperate with parents based on their expectations
and prepare them to take care of the child after discharge from the hospital, and this was confirmed by
other scientific reports [15,37].

In our study, parents of children over 6 years of age gave higher scores for all the criteria evaluating
satisfaction with care. Similar results were obtained by Uysal & Cirlak [33] who proved that parents of
seven-year-olds and older children showed higher level of satisfaction with nursing care than parents
of children under the age of 7 years. Despite different cultural considerations in the examined groups
and various standardized research tools applied in the studies the findings were similar in this aspect,
which may confirm that children’s age is a universal factor which affects satisfaction from nursing.
Therefore, these results can be explained by the specificity of the early developmental periods, which has
an impact on the nature of symptoms, adaptation of children to hospital conditions and their reactions
to separation from the family environment. These factors may generate higher expectations of parents
towards nursing teams [38]. A disparity between expectations of parents and the care they actually
receive results in a lower score in the assessment of satisfaction with services. Also, the development
of parental caring competence as a child grows up and the process of gaining experience, also related
to illness, imply a higher evaluation of services [36]. However, other scientific reports did not confirm
the relationship between the age of hospitalised children and parental satisfaction with care [8,34].
This can be caused by an influence of dependent and independent variables, other than those applied
in our study, including a significantly smaller number of parents who took part in the study.

Our research proves that parents of children admitted to the hospital in an emergency mode
gave lower score for the individual criteria of satisfaction with care (I “Information”, II “Care and
Treatment”, IV “Parental participation”) and general satisfaction with care. An emergency admission
to the hospital, which is usually associated with a sudden onset of illness or deterioration of the
child’s health, does not allow for the physical and mental preparation of parents and children for
hospitalisation, hindering the process of adaptation and causing fear, which may have an impact on
the satisfaction with nursing services. However, Smoleń & Ksykiewicz-Dorota [10] obtain different
outcomes. According to the reports provided by them, parents of children admitted to the hospital in
an emergency mode higher assessed the possibility of participating and making decisions regarding
care than parents of children admitted in an elective mode.

The study found no correlation between the satisfaction with nursing care and the duration of the
child’s stay in the hospital. According to other scientific reports, the evaluation of the relationship
between the satisfaction with care and the duration of hospitalisation was different [8,10,26], which may
have been the result of other inclusion criteria to the study group, the use of different research tools or
the small size of the study group. It should be pointed out that the longer the children stay in hospital,
the better they are adapted to hospitalisation conditions, which is also true about their parents/legal
guardians who participate in hospital nursing and treatment. However, when the hospitalisation
period is prolonged due to complications, hospital infections or other latrogeny factors, both parents’
and patients’ reactions can become negative and determine a lower level of satisfaction with nursing.
This aspect should definitely be taken into account in further studies.

Like in the studies conducted by other authors, the age and sex of parents were not determinants
of the satisfaction with nursing care [16,33,34,39]. However, there are no unambiguous reports in this
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area [10,12,40]. The diversity of outcomes in research reports and our study results may be influenced
by the choice of a research tool, as well as the family model (patriarchal/matriarchal/partnership) or
cultural/national influences.

On the other hand, parental education was an important determinant of the level of satisfaction
with nursing care. Parents with lower education were more satisfied with services. These results are
consistent with the reports provided by other authors [10,41,42]. Perhaps lower parental education
is associated with lower awareness of the child’s and parental rights in the hospital, the lack of
knowledge about the developmental specificity, and consequently less expectations about the nursing
team. However, according to the scientific reports provided by Uysal & Cirlak [33] and Aslanabadi &
Shahbazi [34], parental education was not related to the level of satisfaction with care.

The analysis of scientific reports and our results indicate that parents of hospitalised children have
similar expectations regarding nursing care [8,10,15,16], although their scope may be different and
dependent not only on the specificity of the disease, but also on its course, the child’s health [26,43],
emotional condition of parents [12,44] and previous experiences of hospitalisation [8,36,45]. Moreover,
the level of organization of health care in Poland is comparable in all hospitals, which is also true
about the health insurance system. Also, there is little diversity in cultural and religious background of
the society. While comparing the results of the study with the studies conducted by other authors it
should be pointed out that the observed differences may result not only from the choice of research
tools used for assessing satisfaction but also from patients’ and their parents’ expectations, which is
determined by a general level of medical care provided, organization of the health care system and
also cultural factors. However, scientific research proves that hospitals with good work environments
and better professional nurse staffing have more satisfied patients and nurses, and evidence of better
quality and safety of care, despite differences in how healthcare is organised, financed and resourced,
and in despite of cultural differences [46]. In light of the aforementioned findings, further research in
this area is recommended.

4.1. Clinical Implications

The standardized research tool used in the study is available to nursing teams, it does not
require psychologists’ interpretation, is understandable and easy to use for parents. The awareness
of determinants of parental satisfaction will allow for objectivization of results and introduction of
measures to optimize both patient and family-oriented services.

4.2. Limitations

The study results should be treated as preliminary and cannot be used to draw general conclusions
on parental satisfaction with nursing due to the following: Limited group of subjects, the lack of
respondents from small or provincial paediatric hospitals, no assessment of the subjects’ emotional state,
which may have an impact on their expectations towards nursing care and to determine aforementioned
satisfaction, the omission of the parents’ earlier experiences of hospitalisations and their influence on
the current perception of nursing care.

5. Conclusions

The result of the overall assessment of parental satisfaction with nursing care was high. The highest
scores were given for the major criterion III “Availability”, while the lowest score was for the major
criterion II “Care and Treatment” and IV “Parental participation”. The age of the child, the mode of
admission and education of the respondents are significant predictors of parental satisfaction with
nursing care.
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Abstract: Studies on work-related musculoskeletal symptoms (WRMSs) have been conducted mainly
on different types of workforce but not many on low-skilled workers. The purpose of this study was
to evaluate the effectiveness of a multidisciplinary exercise program in decreasing the number of body
parts with WRMSs for low-skilled workers. This study used a repeated-measures, single-group design.
One hundred and five (105) workers participated in eight weekly 90-min sessions (including 45-min
workshops and 45-min exercises) in low-income community settings. The exercise program involved
a 21-movement stretching exercise and a 10-movement muscle-strengthening exercise. Questionnaire
and health-assessment data were collected at the baseline (N = 105) and immediately after the 8-week
program (n = 86). The average age of the 105 participants was 50.5 ± 8.7 years (ranging from 31 to
67). Over 80% (n = 87) of them were female, 68.6% (n = 72) were married, and 68.6% (n = 72) had
completed secondary school. They reported an average of three body parts with WRMSs at baseline
(T0). By the end of the eight weeks (T1), the participants had reduced the number of WRMS-affected
body parts, job stress, and incidences of working through pain, and had improved spine flexibility
and handgrip strength. The factors significantly affecting the reduction in the number of body parts
with WRMSs were change in the workstyle of working through pain, and self-rated health status.
Our study has demonstrated that a community-based multidisciplinary program can reduce the
number of body parts affected by WRMSs in low-skilled workers in low-income communities.

Keywords: public health; health promotion; occupational health; social class; health inequalities

1. Introduction

Worldwide, work-related musculoskeletal symptoms (WRMSs) are a major public health issue,
with musculoskeletal conditions contributing the greatest proportion of lost work productivity [1].
Workers with WRMSs may experience pain, numbness, stiffness, and aching in various body parts [2].
Of all working adults, grassroots working-class workers are the most vulnerable to WRMSs because
the nature of their work mostly exposes them to the identified risk factors [3].

Evidence has shown multidimensional programs, including exercise, can prevent/manage WRMSs
in different contexts: office workers in Portugal [4]; bus drivers in South Korea [5]; workers requiring

Int. J. Environ. Res. Public Health 2019, 16, 1548; doi:10.3390/ijerph16091548 www.mdpi.com/journal/ijerph159



Int. J. Environ. Res. Public Health 2019, 16, 1548

prolonged standing in Portugal [6]; and underprivileged migrant workers in a community setting in
Korea [7]. A review of 61 studies of the effectiveness of workplace intervention for WRMSs showed
that exercise programs, such as stretching and resistance-training, have demonstrated positive effects
with moderate-to-strong levels of evidence [8]. Although nearly 60% of the WRMS intervention studies
were conducted in office-based workplaces, the review indicated that it would be possible to implement
the interventions in non-office settings.

Although the workplace has been recommended as a place for promoting physical activity,
this concept is not yet accepted widely [9], particularly in small or medium-sized enterprises.
Low-skilled workers might not be a beneficiary group because their workplaces most likely do not
offer WRMSs prevention/management programs. In addition to their low education levels, this group
might have limited access to WRMSs prevention/management knowledge. Community-based WRMSs
prevention/management programs could be an innovative way to target low-skilled workers. Despite
limited relevant studies having been conducted, one community-based study with Korean–Chinese
migrant workers has shown promising results [7]. These Korean–Chinese migrant workers (of whom
90% were domestic or restaurant workers) rarely received any interventions, such as stretching exercises,
which are commonly provided to native Koreans in their workplaces. The results of this randomized
control trial study were encouraging, and suggested that community-based stretching exercise programs
are feasible and effective in helping low-skilled working-class workers to prevent/manage WRMSs [7].

The aim of this study was to evaluate the effectiveness of a multidisciplinary exercise program in
managing WRMSs for low-skilled workers in low-income community settings. The hypotheses were
that the workers would reduce the number of their body parts with WRMSs (primary outcomes) and
improve their workstyles, self-rated health status, self-rated job stress, self-efficacy, social support,
mental health, handgrip strength, and spine flexibility (secondary outcomes) between baseline (T0)
and immediate (T1) follow-up measures after the program.

2. Methods

2.1. Study Design, Setting, and Participants

This was a repeated-measures, single-group design study. The participants were recruited from
low-income communities through seven Caritas Community Development Service (CCDS) [10] centers
from all three regions of Hong Kong. The inclusion criteria were low-skilled workers aged ≥ 18
working full-time or part-time, with at least one body part that had been affected by WRMSs for
at least one month. A “low-skilled” job was defined as work not requiring a high level of skill or
without formal qualification requirements [11]. This type of job usually plays a supporting role in
an organization [12]. Some of the typical low-skilled jobs are cleaning, laboring, general office work,
equipment operation, and helping in restaurants [12–14]. The exclusion criteria were engagement in
WRMS prevention programs in the workplace at the time of the study, undergoing medical treatment,
or doing stretching exercises more than three times a day, five days per week [7].

2.2. Multidisciplinary Exercise Program

Ethical approval was obtained from The Hong Kong Polytechnic University (HSEARS20170815005).
The program involved eight weekly 90-min sessions, with a group size of 13–22 participants.
Each session consisted of a 45-min workshop and then a total of 45 min of stretching (10.5–15 min) and
muscle strengthening (5–10 min) exercises, followed by a question-and-answer period (about 20 min).

The eight WRMS workshop topics, conducted by nurses, physiotherapists, traditional Chinese
medicine (TCM) doctor, and social workers, included: (1) Exercise; (2) Health and work; (3) Manual
handling; (4) Non-pharmaceutical pain management; (5) TCM; (6) Mental health; (7) Laws and
compensation; and (8) Community resources. The teaching material was validated by a panel of
seven experts representing the fields of nursing, occupational health, TCM, physiotherapy, and social
workers. The content validity of the teaching material was 1.00.
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The exercise regime was based on exercises suggested by occupational safety and health
authorities [15,16] and validated by four physiotherapists and three nurses. The 21-movement
stretching exercise involved neck (6 movements), shoulders (1), upper extremities (2), wrists (4),
back (6), and lower extremities (2). The 10-movement muscle strengthening exercise involved neck
(6 movements), upper extremities (2) and lower extremities (2). Each movement took 10 seconds and
was repeated three times.

The data were collected from a questionnaire (30 min) and health assessments (30 min) conducted
at the baseline (T0) and immediately after the program completion (T1). To ensure the consistency of
the data-collection procedure, the personnel responsible for collecting the data in each center were
trained for two hours by a member of the research team, and their return demonstrations achieved
satisfactory results. The same models of equipment were used for the health assessments in each
center, to ensure consistency.

2.3. Measurements

The questionnaire was developed based on previous studies and a literature review [17–25]; it was
validated by the same panel as the teaching material. The content validity index was 0.99. Some parts
of the questionnaire had been tested previously by the investigators or in other local studies. Below is
a description of each section:

1. Personal information included age, gender, education level, and job-related information. Self-rated
health status was measured with a 4-point Likert scale (from 0 = very poor to 3 = very good).
In addition, self-rated job stress was collected using a 5-point Likert scale (from 0 = none to
4 = very stressful).

2. Self-reported musculoskeletal symptoms were assessed by the general Nordic Musculoskeletal
Questionnaire (NMQ) about pain, aches or discomfort in different body parts [2]. The NMQ
has been used to evaluate the effect of intervention programs in reducing musculoskeletal
symptoms [17,18], and it has also been used by the research team with local nursing
personnel [18–20].

3. The WRMS knowledge scale, developed by the research team [20], measured knowledge about
ergonomic principles, and manual handling. The scale’s validity and reliability had been
established prior to the study through trialing with local workers [20]. The knowledge scores
were tabulated for data analysis by summing the correct responses. Higher scores represented
better knowledge. The Cronbach’s alpha was 0.60.

4. Workstyle was assessed by using the 24-item Chinese Workstyle Short Form (C-WSF) for WRMSs
with a 5-point Likert scale (from 0 = almost never to 4 = almost always) [20]. Workstyle is
generally defined as an interactive pattern of a particular worker’s behavioral, physiological and
cognitive responses to their work demands with both ergonomic and psychological risk factors in
work environments [21]. The sums of the subscales were used, with a high score indicating a
high frequency of adverse workstyle practices. The internal consistency coefficients for the four
subscales were: 0.83 for working through pain (e.g., I feel aching while at work), 0.91 for social
reactivity (e.g., I cannot interrupt my work because my other team members will be unhappy
with me), 0.88 for demands at work (e.g., I have too many deadlines and I can never finish my
work) and 0.52 for breaks (e.g., while at work I occasionally stop working to take a break) [20].
The Cronbach’s alpha for the overall C-WSF was 0.91.

5. Self-efficacy for exercise was assessed by two subscales: (a) the 12-item self-efficacy for exercise
behaviors [22], and (b) the 5-item self-efficacy scale [23] measuring an individual’s confidence
for exercise behavior change. Both used 5-Likert scales ranging from “not at all confident” to
“extremely confident”. The sums of subscales were yielded, with higher scores representing
higher levels of self-efficacy for exercise. The Cronbach’s alphas for the two subscales were 0.93
and 0.84, respectively.
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6. Social support for exercises was assessed by using the 10-item Chinese Social Support and Exercise
(SSE) questionnaire with a 5-point Likert scale (0 = “never” to 4 = “very often”) [24]. A score
for the items in each scale was summated; the higher the score, the greater the level of support.
The Cronbach’s alphas for family and friends were 0.91 and 0.95, respectively.

7. Depression and anxiety status were assessed to indicate each participant’s mental health.
Depression was assessed by using the 20-item Center for Epidemiologic Studies Depression Scale
(CES-D) with a 4-point Likert scale (0 = rarely or none of the time, to 3 = applied to me very much
or most of the time). This measured the frequency of common depressive symptoms over the
preceding week. The Chinese version of CES-D had been tested previously with local Chinese
patients and good reliability was established (α = 0.85) [25]. The scores of all items were summed
for the data analysis. The cut-off point for possible depression was ≥ 16. Anxiety was assessed by
the criteria from DSM-V. This measured the common anxiety symptoms over the six months [26].
The Cronbach’s alphas for depression and anxiety were 0.90 and 0.78, respectively.

8. Six extra items were added to the T1 questionnaire to evaluate the appropriateness of the
program’s content level, usefulness, teaching pace and session times, the extent to which the
program met their expectations, and their overall satisfaction. The items used a 4-point Likert
scale of 1 (“poor or useless”) to 4 (“very good or very useful”).

Spine flexibility was assessed using the sit-and-reach method. The subjects were instructed to sit
on the floor with both legs straight and their soles touching the sit-and-reach box. They were then
asked to bend their backs, with both palms facing down and fingertips straight ahead, to push the scale
on the top of the box. The distance pushed was measured in centimeters. Other health assessments,
such as body mass index (BMI), hip-waist ratio (HWR), blood pressure (BP), blood glucose (BG),
cholesterol (using a glucometer), and handgrip strength, were also measured.

2.4. Data Analyses

All the analyses were computed by using the Statistical Package for Social Sciences (SPSS, version
24.0). To examine what factors influenced the number of body parts with WRMSs, which was treated
as a continuous variable, at the baseline, non-parametric Spearman correlation analyses were used.
A series of linear regression analyses with all variables entered at once into the regression model
were employed. Factors found to be correlated significantly in the non-parametric test were entered
into the univariate regression analyses, and a multivariate regression model was used to identify
the contributing factors. The Wilcoxon Signed Ranks tests were adopted to observe any significant
changes in the number of body parts with WRMSs and associated factors over the eight-week period.
Non-parametric Spearman correlation analyses were then conducted to test whether there was any
association between the measured factors and the changes in the number of body parts with WRMSs.
For all significant correlated factors, mutually adjusted multiple linear regression analyses were
employed, with age and gender included in the model as covariates, to confirm what factors truly
contributed to the reduction in the number of body parts with WRMSs. Statistical significance was
determined by two tailed tests, with a p-value of < 0.05.

3. Results

3.1. Characteristics of Participants at Baseline (T0)

The average age of the 105 participants was 50.5 ± 8.7 years (ranging from 31 to 67). Over 80%
(n = 87) of them were female, 68.6% (n = 72) were married, and 68.6% (n = 72) had completed secondary
school. Regarding their employment status, 30.5% (n = 32) were part-time employees. They reported
having experienced WRMSs in an average of three body parts at T0. In addition, female workers with
depression or anxiety had more body parts with WRMSs (p < 0.05). No significant differences were
observed among other demographic characteristics (Table 1).
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3.2. Factors Associated with Body Parts with WRMSs at Baseline (T0)

Table 2 shows that the number of body parts with WRMSs was significantly correlated with the
workstyle of working through pain, social reactivity, the total score for workstyle, self-rated health
status, and depressive symptoms.

Under univariate regression analyses, gender, the workstyle of working through pain, social
reactivity, depressive symptoms, anxiety and self-rated health status were all found to be significantly
associated with the number of body parts with WRMSs. Multivariate regression analysis indicated that
gender and the workstyle of working through pain remained as significant factors. Workstyle seems to
have been the most influential factor in affecting the number of body parts with WRMSs (Table 3).

3.3. Factors Associated with the Change before and after Intervention (T1-T0)

Immediately after the intervention (T1), 86 (81.9%) participants took part in the follow-up data
collection. However, there were no significant differences found in the reported number of body parts
with WRMSs between the participants who joined T1 and those who dropped out. Table 4 shows
that the number of body parts with WRMSs, sit-and-reach distance, handgrip strength, workstyle of
working through pain, and self-rated job stress had changed significantly over time. The number of
body parts with WRMSs was reduced by a mean value of 1.05. The workstyle of working through pain
and self-rated job stress was also reduced significantly from T0 to T1 (−1.70 and −0.29, respectively).
Also, both the sit-and-reach distance and the right-hand grip strength were enhanced by mean values
of 1.95 cm and 0.40 kg, respectively, at T1.

Under the univariate model, it was demonstrated that gender and change in the workstyle of
working through pain and right-hand grip strength were significantly associated with the change in
the number of body parts with WRMSs. After adjusting for potential confounders, changes in the
workstyle of working through pain and self-rated health status were the significant factors influencing
the reduction in the number of body parts with WRMSs (Table 5).

3.4. Evaluation of the Program

With a response rate of 93.02% (n = 80), the participants rated all aspects of the program positively,
with means ranging from 3.33 to 3.44 out of 4.00.

Table 1. Characteristics of participants, and the association of factors and number of body parts with
WRMSs at baseline (T0).

Factors
Number of

Painful Body Parts
Comparison #

N % Median p

TOTAL 105 100.0 3 -

Gender 0.013 *
Male 18 17.1 2

Female 87 82.9 4

Marital status 0.239
Single 12 11.4 3

Married 72 68.6 3
Divorced 14 13.3 4.5
Widowed 7 6.7 4

Education level 0.627
Primary school 26 24.8 3

Secondary school 72 68.6 3
Tertiary institute 5 4.8 4

University or above 2 1.9 2
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Table 1. Cont.

Factors
Number of

Painful Body Parts
Comparison #

N % Median p

Smoking 0.189
Yes 8 7.6 2.5
No 97 92.4 3.0

Drinking 0.812
Yes 3 2.9 4
No 102 97.1 3

Stretching 0.948
Yes (≤3 times/day) 48 45.7 3

No 57 54.3 3

Need to work overtime 0.246
Yes 18 17.1 4
No 83 79.0 3

Job type 0.117
Full time 73 69.5 3
Part time 32 30.5 4

Job nature 0.979
Mild labour-intensive job (craft and related
worker, sales and service worker, clerical

support worker)
52 49.5 3.5

Labour-intensive job (machine operator,
elementary worker, others) 53 50.5 3

Depression (dichotomous) 0.006 **
Yes 31 29.5 4
No 73 69.5 3

Anxiety (dichotomous) 0.012 *
Yes 17 16.2 5
No 88 83.8 3

# Mann–Whitney test or Kruskal–Wallis test, whichever appropriate. *: p < 0.05, **: p < 0.01.

Table 2. Correlation table with the number of body parts with WRMSs at baseline (T0).

Variables r p

Work-related musculoskeletal health knowledge 0.017 0.867
Work style—Work through pain 0.457 <0.001 ***

Work style—Social reactivity 0.298 0.002 **
Work style—Demands at work 0.177 0.074

Work style—Break −0.154 0.117
Work style—Total score 0.295 0.002 **
Self-efficacy for exercise −0.134 0.174

Social support from family −0.036 0.717
Social support from friends 0.043 0.665

T0_Sbp_1_mmHg −0.105 0.286
T0_Dbp_1_mmHg 0.004 0.964
T0_pulse_1_bpm 0.116 0.237

BMI 0.002 0.985
Wrist-to-hip ratio 0.083 0.400

Body fat percentage −0.008 0.936
Blood sugar level −0.009 0.926
Cholesterol level 0.072 0.489

Sit and reach 0.003 0.977
Hand grip strength (right) −0.076 0.443
Hand grip strength (left) −0.025 0.799

Age −0.077 0.433
Self-rated health status −0.346 <0.001 ***

Depressive symptoms (score) 0.254 0.009 **
Self-rated job stress 0.182 0.065

**: p < 0.01, ***: p < 0.001.
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Table 3. Univariate and multivariate regression model studying factors affecting the number of body
parts with WRMSs at baseline (T0).

Factors Affecting the Number
of Painful Body Parts

Univariate Multivariate #

B p B p

Gender 1.467 0.014 * 1.538 0.005 **
Working style

Work through pain 0.199 0.000 *** 0.146 0.004 **
Social reactivity 0.151 0.003 ** 0.015 0.793

Depressive symptoms (score) 0.061 0.005 ** 0.009 0.714
Anxiety (dichotomous) 1.305 0.039 * 0.628 0.331
Self-rated health status −1.531 0.000 *** −0.633 0.145

# Mutually adjusted for each other. *: p < 0.05, **: p < 0.01, ***: p < 0.001.

Table 4. Changes in the number of body parts with WRMSs and associated factors over time (T1−T0).

Baseline—Mean T1—Mean
Changes
(T1−T0)

p #

Number of body parts with
WRMSs 3.82 2.77 −1.05 <0.001 ***

Sit and reach 25.60 27.55 1.95 <0.001 ***
Hand grip (left) (kg) 21.45 21.33 −0.12 0.005 **

Hand grip (right) (kg) 22.75 23.15 0.40 0.001 **
Depression symptoms 12.60 12.18 −0.42 0.578

Number of workers with anxiety 17 17 0 -
Self-efficacy for exercise 1.17 1.25 0.08 0.591

Social support from family 1.02 1.09 0.07 0.237
Social support from friends 0.89 1.00 0.11 0.880

Self-rated job stress 1.62 1.33 −0.29 0.027 *
Workstyle—total score 35.64 33.50 −2.14 0.706

Work through pain 11.93 10.23 −1.70 0.005 **
Social reactivity 5.15 4.84 −0.31 0.794

Demands at work 16.02 15.74 −0.28 0.538
Break 2.59 2.68 0.09 0.187

Self-rated health status 1.60 1.72 0.12 0.197

# Wilcoxon signed-ranks test. *: p < 0.05, **: p < 0.01, ***: p < 0.001.

Table 5. Univariate and multivariate regression model studying factors affecting the change in the
number of body parts with WRMSs over time (T1−T0).

Factors Affecting the Number of
Body Parts with WRMSs +

Univariate Multivariate #

B p B p

Age 0.460 0.097 0.059 0.031 *
Gender −1.514 0.038 * −1.618 0.029 *

Working style
Work through pain 0.209 <0.001 ** 0.265 <0.001 ***

Social reactivity −0.024 0.757 −0.092 0.379
Sit and reach −0.029 0.641 −0.091 0.104

Handgrip strength (left) −0.051 0.315 −0.116 0.108
Handgrip strength (right) −0.118 0.013 * −0.044 0.428

Depressive symptoms (score) 0.009 0.814 0.011 0.767
Anxiety (dichotomous) 0.063 0.919 −0.542 0.387

Self-rated job stress 0.440 0.083 0.346 0.221
Self-rated health status −0.094 0.863 1.161 0.031 *

+All factors refer to the changes over time (T1−T0) in Table 4, except gender, depressive symptoms, self-rated health
status, and anxiety (found significant in T0 in Tables 1–3) and age. # Mutually adjusted for each other. *: p < 0.05,
**: p < 0.01, ***: p < 0.001.
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4. Discussion

Our study is one of the first to develop a WRMS-prevention multidisciplinary program with
stretching and muscle-strengthening exercises for low-skilled workers in a low-income community
setting. Our results have provided promising evidence of the 2-month program’s effectiveness in
reducing the number of body parts with WRMSs, job stress, working through pain, improved spine
flexibility, and handgrip strength. The factors significantly affecting the reduction in the number of
body parts with WRMSs were the change in the workstyle of working through pain, and self-rated
health status. In addition, our analyses demonstrated a medium effect size (0.44) with a good statistical
power of 0.98.

Our results have also strengthened the evidence that the community could be the setting for
WRMSs prevention programs, apart from workplaces. Consistent with Lee et al.’s study [7] in a
Korean community, our program not only improved workers’ flexibility but also reduced WRMSs and
other outcomes. The success of our program could be due to its partnership design, multidisciplinary
and multidimensional approaches, and appropriate length (right dose). Studies have shown the
ineffectiveness of single interventions (such as ergonomics training or stress management); rather,
multidimensional interventions are recommended to tackle the multifactorial nature of WRMSs [4–6,8].
The element of TCM also addressed the cultural needs of the Chinese participants. Furthermore,
our exercise duration (15.5–25 min) was longer than that of the Korean study (6 min) [7]. Thus,
the community center could serve as a vehicle to reach low-skilled, disadvantaged workers, to allow
them to access the WRMSs prevention programs, and to bring them together synergistically [27].

The Workstyle model [21] and the concept of presenteeism (continuing to work despite not
feeling well) [28] could be used to explain our results further. Our program might have been able
to improve low-skilled workers’ musculoskeletal health literacy. For instance, they became more
aware that WRMSs are not a necessary consequence of their work, that they are human beings not
instruments or machines in the workplace, and that they should take an active role in improving their
musculoskeletal health. They might have changed from passivity to becoming active in improving
their own WRMSs. Using the Workstyle model, adverse workstyles have been identified as factors
associated with WRMSs in office workers [21,29,30] and nursing assistants in nursing homes [31].
Also, working through pain [20,32], self-rated health [20], and self-rated mental health [32] have been
found to be associated with WRMSs. Workers with WRMSs tended to have higher presenteeism (such
as working through pain) and vice versa [33]. Furthermore, more WRMSs and higher presenteeism
have been found to be related to low-skilled workers, low education, low job resources, and longer
working hours, and to be more common in female workers [33]. In addition, high presenteeism has
been associated with low self-rated health [28,33], and workers with low self-rated health tended
to have more WRMSs [33]. Moreover, a population-based study (N = 1615) found that workers
with long working hours, working without contracts, and being highly dependent on their wages
to contribute to the total household income were associated with higher presenteeism [34]. Reasons
given for presenteeism included not wanting to burden colleagues, not being able to afford to be
absent for economic reasons, and worrying about being laid off [34]. The factors associated with
presenteeism identified in the literature match with the general characteristics of low-skilled workers.
Based on the Workstyle model, working with pain is a behavior resulting from limited job resources,
financial need to support families, and fear of losing the job (cognitive reasoning and psychological
considerations) [21,29]. Additionally, the East Asian hierarchical work structure weakens employees’
power to question their seniors or those at management level [32]. Chinese culture also emphasizes
self-discipline and the individual’s responsibility to others and to society [35]. Because low-skilled
workers are at the bottom of the organizational structure [36], they have low bargaining power and are
expected to adhere to their job duties and be loyal to the organization. The promising results of our
program reflect that the elements of the workshops might have changed the participants’ cognitive
and psychological appraisals (part of the Workstyle model), with an understanding that presenteeism
(working while suffering from pain) could aggravate their WRMSs further.
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This study was limited by its single-group pre-and-post study design, with the majority of our
participants being female. This might temper the generalizability of our findings. However, we
attempted to enhance the representativeness of the study population by including seven different
community centers as recruitment sites. Nevertheless, this study provides preliminary evidence for
the effectiveness of the program and gives rise to further investigations. A clustered random controlled
trial with a robust design, such as a larger sample size with well-matched interventions and a control
group, is needed to build up generalizable and representative evidence for the effectiveness of this
multidisciplinary exercise intervention program.

There are implications for practice: The findings of our study can help to inform policymakers,
employers, and occupational health and safety stakeholders to pay attention to WRMSs, particularly
among low-skilled workers. Indeed, the promising results of our study suggest that more resources
from policymakers should be allocated to community centers (e.g., non-governmental organizations)
to conduct WRMS prevention and management programs. Further studies can explore the concept
of the settings approach to improve low-skilled workers’ musculoskeletal health literacy. The four
core principles of the settings approach, namely, community participation, partnership, empowerment
and equity [37], can be used as a framework to guide community-based interventions. Empowerment
refers to “the process by which people gain control over the factors and decisions that shape their
lives” [38]. Through community participation and partnership with different occupational health and
safety stakeholders and employers, community-based programs can empower workers to take control
of their own musculoskeletal health. Self-help groups, or even musculoskeletal health ambassadors,
could be established in community centers. Those groups or ambassadors could provide further
social support to their peers using social media (such as WhatsApp, Line, or WeChat). Addressing
musculoskeletal health successfully in low-skilled workers could give them more equitable access to
health promotion and to lobby for more resources allocated to communities. The equity approach
would enable every low-skilled worker to have the opportunity to access musculoskeletal health
and services.

5. Conclusions

Community could be the alternative setting for WRMS prevention programs for low-skilled
workers. Our study has demonstrated that a community-based multidisciplinary program can reduce
the number of body parts affected by WRMSs in low-skilled workers in low-income communities.
Further studies should be conducted to test the program. Healthcare professions and policymakers
should explore the concept of the settings approach to allocate resources to community centers in order
to empower low-skilled workers to lobby their right for musculoskeletal health.
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Abstract: This study aimed to measure the subsequent health and health service cost burden of a
cohort of workers hospitalised after sustaining work-related traumatic spinal injuries (TSI) across
New South Wales, Australia. A record-linkage study (June 2013–June 2016) of hospitalised cases of
work-related spinal injury (ICD10-AM code U73.0 or workers compensation) was conducted. Of the
824 individuals injured during this time, 740 had sufficient follow-up data to analyse readmissions
≤90 days post-acute hospital discharge. Individuals with TSI were predominantly male (86.2%),
mean age 46.6 years. Around 8% (n = 61) experienced 119 unplanned readmission episodes within
28 days from discharge, over half with the primary diagnosis being for care involving rehabilitation.
Other readmissions involved device complications/infections (7.5%), genitourinary or respiratory
infections (10%) or mental health needs (4.3%). The mean ± SD readmission cost was $6946 ± $14,532
per patient. Unplanned readmissions shortly post-discharge for TSI indicate unresolved issues within
acute-care, or poor support services organisation in discharge planning. This study offers evidence of
unmet needs after acute TSI and can assist trauma care-coordinators’ comprehensive assessments of
these patients prior to discharge. Improved quantification of the ongoing personal and health service
after work-related injury is a vital part of the information needed to improve recovery after major
work-related trauma.

Keywords: work-related injuries; spinal trauma; record linkage data; cost; rehabilitation; complications;
unmet needs; unplanned readmissions

1. Introduction

The immediate period following hospital discharge after acute traumatic injury holds substantial
risk for ongoing health, recovery and welfare concerns [1]. Ongoing challenges can include physical
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limitations, continuing pain and the experience of secondary conditions. These factors can impair
participation in previous activities, complicate or hamper the return to work [2] and contribute to
financial stress, relationship strain and social exclusion. These factors predispose individuals to
deterioration in mental health [3,4]; further impeding recovery from injury. Direct and measurable
costs to an injured worker incorporate the loss or change in employment earnings, in addition to legal
and medical costs. Indirect and less easily measured costs include pain, impaired function, reduced
quality of life, potential for chronic injury and stress on interpersonal relationships [5,6]. Harmful
substance use has previously been reported as high in injured populations, and likely compounds this
multitude of issues [7,8]. Context-specific costs to the healthcare service for readmissions after acute
injury are less well described, yet important to measure.

The incidence and cost of traumatic spinal injuries (TSI) sustained in workplaces in New South
Wales (NSW) was recently estimated for the first time. Over a 3-year period, 824 persons sustained
TSI in work-related incidents, occupying 13,302 acute care bed days and costing a total of $19,500,000
(95%CI $16 M–$23 M) [9]. The total cost of work-related injury and disease in Australia was estimated
at $61.8 billion in 2012–2013, of which NSW bore 28% ($17.3 billion) of the total cost from 31% of cases
nationwide [10]. Injuries sustained in this cohort comprised column fractures, spinal cord injury or
both; 21% of persons also sustained concomitant head, chest or abdominal traumatic injury. High
numbers of these injuries occurred in the construction industry, particularly due to falling from height.
This study did not report on any incidence, nature and cost of readmissions to hospital following the
acute care period.

Gabbe and Nunn recently reported 40% of patients after traumatic spinal cord injury to experience
readmissions within the first 2 years in Victoria [11]. Similar proportions were described by
Ruseckaite et al. [12] studying a cohort of patients injured in compensable transport incidents.
Over one third of these patients experienced acute care facility readmission within 28 days of injury.
Investigating unplanned readmissions in certain injury populations should be routinely undertaken to
benchmark discharge planning efforts and therefore assist trauma care coordination.

Unplanned hospital readmissions occurrences within 28 days post the acute-care episode are
progressively being used in various jurisdictions internationally as a measure of the quality of hospital
care or treatment. In some systems, rates of unplanned readmissions are being used as an indicator of
hospital performance that is then linked with funding reimbursements. Previous analysis in NSW has
indicated that at least one quarter of unplanned readmissions are linked to “deficiencies in care” [13].
In 2013–2014, the NSW average for unplanned readmissions across all conditions and acute care
facilities was 6.8 per cent; higher than the NSW 2021 target of 5.5 per cent [13].

The burden of TSI occurring in workplace settings is of particular interest for national injury
prevention bodies, such as Safe Work Australia, who have prioritised a national target of a 30%
reduction in serious work-related injury compensation claims by 2022 [14]. Quantification of the
extended burden of TSI within the acute care setting complements the evidence informing injury
prevention efforts in occupational health and safety, describing more specifically the extent of enduring
disability associated with work-related injury.

Therefore, the aim of this population-based study was to measure the post-acute care burden in a
cohort of hospitalised traumatic spinal column and cord injuries that occurred while “working for an
income” in NSW, Australia. Specifically, following those patients previously identified as sustaining a
work-related TSI [9], we describe the incidence of 28- and 90-day readmissions, subsequent to their
discharge from acute hospitalisation, investigating readmission etiology and healthcare system costs.

2. Methods

The epidemiology and occupational context of persons who sustained a TSI while “working for
an income” in NSW has been previously and fully reported [9]. The Centre for Health Record Linkage
(CHeReL) linked NSW Admitted Patient Data Collection (APDC), Registry of Births, Deaths and
Marriage and Activity Based Funding (ABF) costing records for all people aged ≥16 years who were
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hospitalised between 1 June 2013 and 30 June 2016 with a TSI recorded in their index admission due to
a work-related incident defined as ICD10-AM [15] code U73.0 or funding by workers compensation
in the index admissions. Spinal injuries included all spinal cord and/or column injuries, defined
using specific ICD-10-AM codes (Appendix A). NSW is the most populous Australian state with
approximately 7.5 million inhabitants residing across 800,000 km2 in suburban, rural and very remote
areas [16].

For the current study, readmissions were identified from APDC records linked with these index
admissions. We defined hospital readmissions as being within 28 and 90 days after discharge with a
primary diagnosis code related to the index admission. This benchmark was chosen in accordance
with definitions from the NSW Bureau of Health Information [17], and the Independent Price Health
Authority [18], who determine that readmissions to hospital within 28 days of discharge should be
reviewed and considered as “potentially avoidable”. These were identified by manual review of the
primary diagnosis codes of all admissions within 28 and 90 days, respectively. Readmissions within
the first 28 days were consequently nested within those identified within 90 days.

Estimation of the costs of readmission was based on the formula used to calculate the National
Weighted Activity Units (NWAUs) assigned to each ABF activity [19]. Weighted Activity Units (WAU)
are the weights assigned per hospital separation; we used the 2013/2014 National Pricing Model
technical specifications published by the Independent Hospital Pricing Authority [19] (for compatibility
with AR-DRG version 6.0x). The WAUs in this study were adjusted for private patient service and
private patient accommodation adjustments; a slight difference to NWAUs to avoid distortion by
differential funding of public and compensable patients. All patients were assumed to be funded by
Medicare for the WAU estimation. The “per separation” cost was defined as the WAU multiplied by
the National Efficient Price 2013/2014 ($4993); with higher WAUs thus being more resource intensive.

Descriptive statistics were used to report the prevalence of various factors. Values were reported
as mean and standard deviation (SD) for normally distributed continuous variables, proportions for
categorical variables and median and interquartile range (IQR) for non-normally distributed continuous
variables. All statistical analyses were performed using Stata version 15.0 (Stata Corporation, College
Station, TX, USA). Standardised reporting of demographic and other variables, as recommended by
De Vivo et al. [20], was followed where possible.

This study was approved by the Cancer Institute NSW, Population & Health Services Research
Ethics Committee: AU RED Reference: HREC/16/CIPHS/19, Cancer Institute NSW reference number:
2016/07/647.

3. Results

Between 1 June 2013 and 30 June 2016, 824 individuals sustained a traumatic spinal injury in
NSW while working for an income, of which 740 (89.8%) had sufficient follow-up data to analyse
readmissions <90 days post-acute hospital discharge (up to 1 April 2016) and were included in the
analyses. Of these 740 individuals, 61 (8.2%) experienced a total of 119 (16.1%) readmissions in the
first 28 days after their acute care discharge. By 90 days after discharge from acute care, 102 (13.8%)
individuals had experienced 250 readmissions.

Characteristics of the primary injury cohort compared with individuals requiring readmissions
within 28 and 90 days are described in Table 1. The cohort were predominantly male (86.2%); those
aged 45–59 years were the largest age group (34.7%), this was also true for the readmitted proportions
(37.7% and 36.3% for 28- and 90-day readmissions, respectively). Almost half of original work-related
injuries had occurred as a result of a fall in their workplace (49.2%); over half of these (55.1%) were
falls from building structures, scaffolding or ladders.
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Table 1. Characteristics of the injured cohort compared with readmitted individuals.

Characteristics
Cohort

(n = 740)
N (%)

Readmitted <28
days (n = 61)

N (%)

Readmitted <90
days (n = 102)

N (%)

Sex (male) 638 (86.2) 50 (81.9) 87 (85.3)

Age category years
16–29 125 (16.9) 7 (11.5) 10 (9.8)
30–44 206 (27.8) 15 (24.6) 28 (27.4)
45–59 257 (34.7) 23 (37.7) 37 (36.3)
60+ 152 (20.5) 16 (26.2) 27 (26.4)

Mechanism of injury
Falls 364 (49.2) 29 (47.5) 48 (47.1)
Transport 223 (30.1) 16 (26.2) 29 (28.4)
Mechanical forces 124 (16.7) 11 (18.0) 18 (17.6)
Other/unspecified 27 (3.6) 5 (8.2) 7 (6.9)

Index Injury #

Spinal cord injury 44 (5.9) 7 (11.5) 13 (12.7)
Spinal fracture/dislocation 725 (97.9) 60 (98) 101 (99)

Cervical 161 (21.7) 11 (18.0) 20 (19.6)
Thoracic 258 (34.8) 25 (40.9) 36 (35.3)
Lumbosacral 424 (57.3) 35 (57.4) 65 (63.7)

Co-morbid traumatic brain injury 51 (6.9) 8 (13.1) 9 (8.8)
Co-morbid severe chest injury 86 (11.6) 11 (18.0) 19 (18.6)
Co-morbid abdominal injury 27 (3.6) 5 (8.2) 9 (8.8)

Operative procedure index
admission 293 (39.5) 19 (31.1) 42 (41.1)

Persons to readmissions ratio NA 61:119 102:250
# Counts injuries, not persons, i.e., some patients have more than one injury. NA: Not applicable

Table 2 displays the principal diagnosis (i.e., primary reason) for the readmission after the index TSI
hospitalisation within 28 and 90 days; hence the denominator is the number of admission episodes, not
the number of persons. Allied Health Services collectively apportion the majority of primary reasons
for admission (56.3% and 59.6%). While this is a broad-reaching category, most individuals requiring
readmission in this category were coded as “Care involving use of rehabilitation procedure, unspecified”
(88%). All of these individuals had previously been discharged from an acute-care admission. Greater
than 10% of the cohort of persons with TSI required readmission for complications of internal fixation
devices (including infection), open wound infections and other complaints; 16 persons (13.4%) were
readmitted within 28 days and 35 (14%) within 90 days.

The measure of resources required to accommodate these readmissions was counted as bed days
and costs. The mean ± SD length of stay for readmissions within 28 days was 3.1 ± 7.0 days, compared
with the length of stay for readmissions within 90 days at 4.8 ± 20.3 days. The total number of acute
care bed days used by the 102 persons readmitted in 250 episodes was 1232 days at a total cost of
$708,464 (95%CI: $417,325–$999,603). The mean ± SD per patient readmission cost was $6946 ± $14,532.
The mean costs for 90-day readmissions were highest for patients with spinal cord injuries ($24,558),
persons aged 16–29 years ($21,947) and transport incidents occurring on a street/highway ($15,492).
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Table 2. Readmissions within 28 and 90 days.

Reason for Readmission *
28 days
N (%) #

90 days
N (%) #

Allied Health Service (Z00–Z99) 67 (56.3) 149 (59.6)
Care involving use of rehabilitation procedure, unspecified

(Z50.9) 59 (88.0) 99 (66.4)

Other 8 (11.9) 50 (33.5)

Injury and related (S00–T98) 16 (13.4) 35 (14.0)
Mechanical complication/infection of internal device 9 (56.2) 12 (34.3)
Open wound/infection 5 (31.2) 8 (22.8)
Other (suppressed) 2 (12.5) 15 (42.8)

Musculoskeletal & nervous systems, skin, sensory organs
(G00–G99, M00–M99, L00–L99, H00–H95) 9 (7.6) 19 (7.6)

Circulatory system (I00–I99) 6 (5.0) 9 (3.6)

Mental & behavioural (F00–F99) 5 (4.2) 9 (3.6)

Digestive & genitourinary systems (K00–K93, N00–N99) 5 (4.2) 12 (4.8)

Respiratory system & infections (J00–J99, A00–B99) 5 (4.2) 5 (2.0)

Not elsewhere classified (R00–R99) 6 (5.0) 12 (4.8)

Total Readmissions 119 250

* Principal ICD10-AM diagnosis group in brackets (15). # Of total readmission numbers.

4. Discussion

In a cohort of 740 patients who had sustained work-related incident related traumatic spinal
injuries during a three-year period, we found that around 8% (n = 61) of these patients experienced 119
inpatient readmissions within 28 days post-acute care discharge. Reasons for unplanned readmissions
included requiring allied health interventions (56.3%), injury repair and operative complications
(13.4%), circulatory problems including embolus (5%) and mental health problems (4.2%). The mean
(SD) per patient cost for acute readmission was $6,946 ($14,532). Total costs of unplanned readmissions
in the 90 days post-acute discharge were $708,464 (95%CI: $417,325–$999,602).

Although the recently reported NSW average of unplanned readmissions was 6.8% [13], we found
a (disease-specific) readmission rate of 16.1% by 28 days post the index discharge among people who
sustained work-related TSI, resulting predominantly from spinal fractures. Hospital performance
monitoring in Australia measures a range of indicators including the incidence of hospital-acquired
complications and rates of unplanned readmissions. These indices are now linked to government
funding; for example, admissions where a hospital acquired complication incurs a payment reduction
to hospital reimbursement [18]. Unplanned hospital readmissions can be a signal of issues with the
effectiveness, continuity and integration of care provided to patients. As such, the use of patient clinical
data in this way can help to drive safety and quality improvement. In this study, it may be that patients
discharged to home may have rather benefited from a subsequent rehabilitation admission, avoiding
the need to return to an acute care hospital. While rehabilitation admissions still impose a system cost,
it is unlikely to be to the same extent. This information is therefore helpful in the discharge planning
stage for patients with a traumatic spinal injury.

Our study had some limitations. We did not have access to various important variables about
the injured worker, such as ethnicity, level of education and experience, the employment situation
(e.g., whether permanent/part-time/casual) and specific occupation. Indigenous status was available
but not identified from the APDC collection for this study. We have assumed all the patients to be of
non-indigenous status for the estimation of costs using the NWAU-based approach; while we have
not provided estimate of the cost impact this may have had, it is not anticipated to vary the current
estimates significantly. Furthermore, the APDC District Network Return (DNR) does not include
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hospitalisation cost data for patients who were admitted to private hospitals across NSW. The degree
of under-representation that this presents is uncertain, however such severe injuries are much more
likely to be treated within the public hospital system [21]. We used NWAU-based costing approach to
estimate the costs over the DNR data-based estimation to include all the public hospital separations
in the costing analysis. The cost estimates presented are an under-estimation of the true costs as the
separations at private hospitals were excluded from the analysis.

Braaf et al. [22] described the experiences of seriously injured patients within the Victorian state
trauma service regarding communication from the health professionals caring for them after their injury.
Many patients reported insufficient information, confusion and lack of clear communication to have
hampered their discharge from acute care. While we did not interview patients involved in the current
study, the high rate of readmissions for care involving rehabilitation suggests an area for improvement
in the discharge planning process. Readmission can reflect the underuse of recommended care,
adverse events and complications of hospital care, inadequate discharge planning or problems with
coordination and integration of care across hospital, primary care and community settings. Patients
discharged without sufficient information for continuity of care [23] can deteriorate once out of the
acute care setting. Readmissions with infections, open wounds and device complications could likely
be avoided with education, support and a general practitioner liaison.

5. Conclusions

Work-related traumatic spinal injuries create a significant burden of cost and disability for the
Australian workforce but are preventable and also fall under a current focus of the Safe Work Australia
policy to reduce serious injury compensation claims by 30% by 2022. This study demonstrates that the
ongoing burden of work-related spinal trauma is not insignificant in the acute period post primary
discharge. This study offers evidence of unmet needs after acute TSI and can assist trauma care
coordinators’ comprehensive assessments of these patients prior to discharge. Improved quantification
of the ongoing personal and health service after work-related injury is a vital part of the information
needed to improve recovery after major work-related trauma.
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Appendix A

A. TSI Identification

The dataset combined all patients for whom one of the following ICD-10-AM (International
Classification of Diseases—Tenth Revision, Australian Modification) codes have been identified in
any separation, and in any position of the diagnostic code list within the NSW Admitted Patient Data
Collection (APDC):

S12, S12.0, S12.1, S12.2, S12.21, S12.22, S12.23, S12.24, S12.25, S12.7, S12.8, S12.9, S13.1, S13.10,
S13.11, S13.12, S13.13, S13.14, S13.15, S13.16, S13.17, S13.18, S13.2, S13.3, S14.0, S14.10, S14.11, S14.12,
S14.13, S14.70, S14.71, S14.72, S14.73, S14.74, S14.75, S14.76, S14.77, S14.78, S22.0, S22.00, S22.01, S22.02,
S22.03, S22.04, S22.05, S22.06, S22.1, S24.0, S24.1, S24.10, S24.11, S24.12, S24.7, S24.70, S24.71, S24.72,
S24.73, S24.74, S24.75, S24.76, S24.77, S32, S32.0, S32.00, S32.01, S32.02, S32.03, S32.04, S32.05, S34.0,
S34.1, S34.3, S34.70, S34.71, S34.72, S34.73, S34.74, S34.75, S34.76, T06.0, T06.1, T09.3.

176



Int. J. Environ. Res. Public Health 2019, 16, 1509

B. Mechanism of Injury and Activity

Injury mechanism and activity at the time of injury were identified using the following ICD-10
AM codes:

1. Activity of injured person at time of injury

a. Sports and leisure: U50–U72
b. Other activity: U73

2. Accidents

a. Transport accidents: V00–V99
b. Other external causes of accidental injury: W00–X59
c. Intentional self-harm: X60–X84
d. Assault: X85–Y09
e. Event of undetermined intention: Y20–Y36
f. Legal intervention and operations of war: Y35–Y36

C. Multiple Trauma

Other injury categories in addition to TSCI were identified using the following ICD-10 AM codes.
The other injury categories are:

a. Arm or shoulder injury: S57, S58, S61, S62, S67, S68
b. Hip or leg injury: S71, S72, S73, S77, S78, S79, S81, S82, S83, S87, S88, S91, S92, S93, S97, S98
c. Chest or abdomen injury: S21, S22, S26, S27, S28, S28.0, S28.1, S31, S36, S38
d. Skull or face injury: S01, S02, S05, S08
e. Traumatic brain injury: S06, S07
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Abstract: Due to globalization and the accelerated growth of technology, ever more employees of
companies are affected by burnout syndrome, the psychological nature of which requires a prolonged
response to chronic interpersonal stressors in work environments. The present research aims
to validate the operability of the Maslach Burnout Inventory-General Survey (MBI-GS) using
a sample of 378 professionals belonging to middle and senior management working in companies
within the IMMEX sector (comprising the industrial-manufacturing, maquiladora and export
services) located in the state of Baja California, Mexico. Firstly, an exploratory factor analysis
using the principal components method and Varimax rotation was performed and the results
revealed the existence of three factors representing more than 67 percent of the total variance.
Secondly, a confirmatory factorial analysis was carried out performing appropriate results for the
indices Chi-square goodness-of-fit model, Root Mean Square Error of Approximation (RMSEA),
Normed Fit Index (NFI), Comparative Fit Index (CFI), Relative Fit Index (RFI), Parsimony Ratio
(PRATIO) and Parsimony Normed Fit Index (PNFI), which are highly recommended by literature
in these types of studies. Additionally, construct validity was satisfactorily verified. The factorial
solution coincided with the Maslach Burnout Inventory original proposal so that this instrument can
be considered a valid and reliable option to analyze the burnout levels in people pertaining to middle
and senior management in these types of industries.

Keywords: burnout; construct validity; MBI; industry

1. Introduction

Job stress is a collection of psychological, emotional, cognitive and behavioral reactions to
certain overwhelming or demanding aspects of the organization and environment of the workplace.
People presenting stress experience tension, anxiety and feelings of impotence at not being able to
confront certain situations and, in some cases, repercussions for their physical health [1]. The seriousness
of these symptoms will depend on the magnitude of the demands which the employee must fulfill
in a certain period of time, their application of self-control and the decision-making freedom they
enjoy [2]. Employees with demanding jobs characterized by work-based tension and low levels of
decision-making autonomy and social support tend to take more sick-leave [3].

Job stress is among the main work-related problems according to the World Health Organization
(WHO), and is a category in which Mexico is ranked first in the world, with 75% of its workers
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suffering from stress, followed by China and the United States, the two largest economies in the world,
with 73% and 59%, respectively [4]. In economic terms, both workers and governments are noting
ever higher costs of stress, which infringes on individual companies and the economy in general,
affecting productivity [5] through the increased incidence of phenomena such as: working days lost
due to absenteeism; internal employee transfers; rate of workplace accidents; client complaints; and,
demand for the training of replacement workers [6]. This situation could represent losses of between
0.5% and 3.5% of a country’s gross domestic product [7].

In the particular case of Mexico, employee job stress causes losses of between 5 and 40 billion
dollars per year [7]. Together with the existing difficulties in controlling other more well-known
workplace risks, there is neither sufficient awareness of job stress nor sufficient resources for combatting
it, with the concept being introduced into Mexican legislation little by little.

Job stress has been a growing subject of research, with the results obtained clearly showing the
relationships among stress, health conditions [8–10], support from work colleagues [11] and behavior
showing feelings of insecurity about work [10], to mention but a few areas. An extreme variant known
as burnout appears in those individuals who are not able to successfully deal with extended periods of
job stress [12,13]. From an existential perspective, the root cause of burnout resides in people’s need to
believe that their lives are meaningful—that what they do is useful and important [14]. Those people
hoping to obtain a meaning from their work develop their profession with highly-motivated and
idealistic goals. When such people feel that they have failed, that their work is meaningless, and that
they are not making a difference to the world, they begin to experience exhaustion and hopelessness,
feelings which will, ultimately, consume them [15].

The concept of burnout was introduced by Maslach and Jackson and is the most widely used
concept for this phenomenon in the literature [16]. Burnout began to appear with some regularity
in the 1970s in the United States, especially among people working in the human services [17].
The conceptualization of job burnout is understood as a psychological syndrome in response to chronic
interpersonal stressors on the job. The three key dimensions of this response are an overwhelming
exhaustion, feelings of cynicism and detachment from the job, and a sense of ineffectiveness and lack
of accomplishment [17].

The three dimensions of burnout are related to workplace variables in different ways. In general,
exhaustion and cynicism tend to emerge from the presence of work overload and social conflict,
whereas a sense of inefficacy arises more clearly from a lack of resources to get the job done (e.g., lack of
critical information, lack of necessary tools, or insufficient time) [18]. In jobs with high job demands
and limited job resources, we expect that employees develop exhaustion, cynicism, and a reduced
sense of competence [19].

The main instrument used to measure burnout in a certain population is the Maslach Burnout
Inventory-General Survey (MBI-GS), which was developed in response to two demands. The first
comprised the study of the phenomenon in areas distinct to the healthcare sector for which it was
originally created (MBI-HSS), finding, in some cases, different factorial structures with more than three
dimensions, as in Densten [20]. Secondly, more studies have been born of an interest in the burnout
caused by professional roles that do not necessarily involve the social demands of interacting with
other individuals [21].

The validity of the instrument has been confirmed by various authors. Langballe [22] examined
the factorial validity of the MBI-GS across eight different occupational groups in Norway: lawyers,
physicians, nurses, teachers, church ministers, bus drivers, and people working in the advertising and
information technology industries (N = 5024). Separate confirmatory factor analyses showed that the
hypothesized three-factor model had sufficient fit in all occupational groups except for the group of
people working in advertising. The results support that MBI-GS provides a suitable measurement to
assess burnout across a diversity of professions [22]. Huibers et al. [23] carried out a cross-sectional
study that compared the MBI-GS with other concepts such as chronic fatigue, finding that fatigued
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employees shared important characteristics with those suffering from chronic fatigue, independent of
their state of burnout.

In the industrial sector, the validity of the Japanese translation of the MBI-GS was studied
in a sample of middle management in a manufacturing company, with the results replicating the
tri-dimensional structure of the original instrument and supporting the validity of the construct in
the sample studied [24]. These studies confirmed factorial validity in the majority of the professions
analyzed, maintaining the three-factor structure with which the concept was originally proposed.

Interest in this concept has increased in the last decade, both nationally and internationally [25],
with the research panorama related to burnout in Latin America showing a tendency to follow the
paradigmatic and methodological guidelines for studies carried out in the United States, Spain and
other countries. This is reflected in the fact that the majority of the studies apply the Maslach and
Jackson model. With regard to the professions of interest, a tendency to focus on the fields of healthcare
and care provision was found, as well as those fields in which a supplier-client interaction can be
clearly observed [26].

In Mexico, after nearly 20 years since the first publication on burnout, an increasing amount of
research into this area [25] has focused on different professional populations, with teaching [27–30]
healthcare [31,32] and high performance athletics [33] among those professions that stand out. The cities
in which the highest number of studies on this subject have been conducted are Guadalajara and
Mexico City [25].

This study was carried out in the main cities of the state of Baja California due to the great
importance it represents to the industrial sector, occupying the first place in the northwest of the
country in terms of the total number of people with employment, with a 56.4% participation rate [34].

In Baja California the activity of the maquiladoras began with the establishment of the free trade
area in the 1960s, which allowed the duty-free importation of machinery, equipment, raw materials
and supplies, after which the maquiladoras were extended to the rest of the region from the northern
border, later, to the coasts, other border regions and, finally, to the whole country [35]. According to
the data reported about the export manufacturing industry, in 2018, the industrial-manufacturing,
maquiladora and export services (IMMEX) experienced a period of growth, with an increase of 0.51%
in the number of companies [36]. The state of Baja California occupies the first place in the number
of IMMEX companies, with 18.18%, and the second national place of personnel employed in the
sector, with 14.64% [37]. In addition, 15,353 million dollars were generated in Baja California as export
value, highlighting the importance of this activity in regional economy [35]. Due to the importance of
this sector, the personnel of the IMMEX sector were selected to carry out the study, which noted the
complexity of the functions they perform and the few studies that have been done on the burnout
occurring in the sector, despite the growing industrial activity in the state.

Specifically, those positions at the middle and senior management were analyzed. Related research
can be found among other studies conducted on this classification of personnel, such as the analysis
of burnout and obesity [38] or burnout and the body weight index, which describe how important
it is to take into account additional factors such as genetics or dietary habits [39]. In contrast to
previous research, the present study proposes the validity of the instrument MBI-GS for a specific
sector, geographic area and professional activity.

The Present Research

Is necessary to broaden the occupational field and regions in which studies on burnout are carried
out, improve the research design and information analysis, and ensure the validity of the scales
used [25]. The present research aims to validate the operability of the MBI-GS for measuring the
burnout construct in a sample of 378 professionals pertaining to middle and senior management in the
industrial sector of the state of Baja California, Mexico, whose particular characteristics qualify them
for evaluation in the selected sample.
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Further to the evaluation of functionality being a fundamental requirement for every instrument
used, the present study took into account the fact that the instrument has been translated into Spanish
and that its design did not consider aspects of Latin American culture. The study was undertaken in
order to validate the burnout construct with the objective of confirming that the instrument is being
used correctly, independent of the subject’s position in the company, and their gender, age and/or
profession [21,40], as other authors have confirmed in their studies.

The study begins by developing an exploratory factorial analysis (EFA) in order to determine the
coincidence, in the sample selected, of the tridimensionality of the instrument.

Subsequently, confirmatory factorial analysis (CFA) is conducted with the objective of corroborating
that the factorial structure is appropriate for use with the population of middle and senior management
in the border region of the country.

Considering that the instrument can be used in any employment context, it is hoped that
the application of the instrument in this sector obtains reliable measure of burnout’s levels.
Specifically, the following hypotheses are tested:

Hypothesis 1: The tridimensional character of the MBI-GS is maintained for the population of middle and
senior management in the industrial sector of the state of Baja California, Mexico.

Hypothesis 2: The MBI-GS is a valid and reliable instrument for the measurement of burnout in middle and
senior management in the state of Baja California, Mexico.

2. Materials and Methods

2.1. Instrument Overview

The instrument used to measure burnout in the sample was the Spanish version of the MBI-GS,
translated by Moreno et al. [41]. It is the generic version of the MBI Human Services Survey (HSS) used
for professions outside the area of health, and comprises 16 items with 7 Likert-scale answer options
for each question, where: 0 = on no occasion over the course of the year; 1 = very rarely over the
course of the year; 2 = on some occasions over the course of the year; 3 = on many occasions over the
course of the year; 4 = frequently over the course of the year; 5 = almost every day; and, 6 = every day.
Maslach and Leiter describe the instrument’s 3 dimensions: Exhaustion (Exha) is the central quality of
burnout and the most obvious manifestation of this complex syndrome and refers to feelings of being
overextended and depleted of one’s emotional and physical resources [17]. Which could, for example,
be exemplified by the questionnaire question “I feel exhausted by the end of my working day”.

Cynicism (Cyn) is an attempt to put distance between oneself and service recipients by actively
ignoring the qualities that make them unique and engaging people. Their demands are more
manageable when they are considered impersonal objects of one’s work. It refers to a negative, callous,
or excessively detached response to various aspects of the job [17] and could be exemplified by the
sentence “I only want to do my job and not be bothered”.

The component of reduced efficacy (ProEf) or accomplishment represents the self-evaluation
dimension of burnout. It refers to feelings of incompetence and a lack of achievement and productivity
at work [17]. Could be represented by the question “In my opinion, I am very good at my job”.

Of the 16 items, 10 were characterized negatively and 6 positively, with Table 1 showing the
feelings to which each item refers and each identification code used in the research.
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Table 1. Codes of the MBI-GS (Maslach Burnout Inventory-General Survey) instrument.

Item Code Feeling That Represents

1 Totally exhausted Exhausted emotionally
2 Exhausted Finishing at the end of day
3 Fatigued Fatigued at dawn
4 Stressed Work is stressful
5 Resolve Able to solve problems
6 Exhausted1 Exhausted by my work
7 Contribution Make a contribution to work
8 Interest Loss of interest
9 Enthusiasm Loss of enthusiasm
10 Good I’m good at doing my job
11 Carried out I feel fulfilled
12 Value Realized worthwhile things
13 Bothered Do not bother me
14 Indifferent I have become indifferent
15 Doubt I doubt the value of my work
16 Efficacy Effective in doing my job

Based on Moreno [41].

The questionnaire is structured with an introduction, followed by the employee’s informed
consent and the section of MBI-GS questions, and finishes with the person’s demographic data, which
include the following: type of management position; size of the company; time in the current position;
the respondent’s department; type of contract; hours worked per week; academic qualifications;
marital status; and, gender.

The research conforms to the provisions of the Declaration of Helsinki in 1995 (as revised in
Edinburgh 2000) [42], and all ethical guidelines were followed as required for conducting human
research, including adherence to the legal requirements of Mexico.

The database was analyzed using the software IBM® SPSS® Statistics version 23 (IBM company,
Chicago, IL, USA), 64 bits edition, with the Amos™ (analysis of moment structures) complementary
package [43].

2.2. Methodology

The stages which comprise the methodology developed in the present study are described below.

2.2.1. Sample Selection

The professionals who belong to the middle and senior management of the 930 IMMEX
manufacturing companies in the state of Baja California are the subjects of study for this investigation.
Not knowing exactly the number of people in these positions, the study population is considered as
being unknown. To extract the sample from the population, we used the non-probabilistic method of
sampling by quota [44] with two strata, the first case of middle management, including department
supervisors, group leaders, engineers and professionals, while the second stratum includes Senior
management, including area managers and plant managers.

Contact with the companies to publicize the project was made by telephone and by email with the
human resources department. The criterion used to determine the number of individuals to survey for
each quota was for the convenience of participation; for the stratum of middle managers, 338 surveys
were considered, while for the stratum of top managers there were 40 surveys, integrating a total
sample of 378 employees from the state of Baja California, Mexico.

Regarding the sample size required to obtain reliable conclusions from the factorial analysis,
we surpass by far what is recommended as a general rule, that indicates that the minimum is to have
at least five times as many observations as the number of variables to be analyzed, and the more
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acceptable sample size would have a 10:1 ratio [45]. Therefore, considering a total of 16 items in the
questionnaire, a sample size of 160 responses should be gathered.

2.2.2. Data Analysis

Due to the nature of the participants and settings where they were contacted, we decided to
review all collected data during and after collection, similarly to reference [46]. Accordingly, we didn’t
have missing data in the responses to the MBI-GS questionnaire owing to the fact, that in the event of a
missing response, the interviewer asked if it was possible to complete the question with the person
concerned. The detection of outliers in the sample was carried out by means of the Mahalanobis
d-squared distance, a statistical measurement that represents the distance, in units of standard deviation,
of a point relative to the centroid [47].

EFA was used to identify the number and composition of the factors set out in Hypothesis 1.
In addition, CFA was used to verify the number of underlying dimensions of the instrument and the
pattern of item relationships (factor loadings). CFA also assists in the determination of how a test
should be scored [48].

With the objective of determining the pertinence of developing a factorial analysis from a statistical
perspective, the adequacy of implementing factorial analysis in the sample was evaluated using the
determinant of the correlation matrix; the Bartlett sphericity test; the Kaiser-Meyer-Olkin (KMO) index;
and, the measure of sample adequacy (MSA) for each item.

The extraction of factors was achieved via the use of principal component. In order to facilitate
interpretation, the initial matrix is rotated by means of the Varimax orthogonal method, which despite
not being the simplest analytical solution of the existing methods, does show the clearest separation
of the factors [45] and, being independent of the distributional assumptions, is less likely to produce
inadequate solutions [49]. Those factors with an eigenvalue greater than 1 were selected for extraction.
Subsequently, a CFA was developed with the objective of maintaining the groupings and ensuring that
the model shows an adequate fit. The estimation used for the model was undertaken by means of
maximum likelihood.

The model fit for the sample was evaluated by means of 7 fit indices: Chi-square (χ2); Root Mean
Square Error of Approximation (RMSEA); Normed Fit Index (NFI); Comparative Fit Index (CFI);
Relative Fit Index (RFI); Parsimony Ratio (PRATIO); and, Parsimony Normed Fit Index (PNFI).

3. Results

3.1. Assessment of Normality

The normality of each of the variables that comprise the instrument was evaluated by means of
the standardized kurtosis index and, taking into account the absolute values obtained, shows that
all are below the value of 3 recommended by DeCarlos [50]. The positive kurtosis values are found
to be within the range of (0.194, 2.740), while the negative values are found to be within the range
of (−0.843, −0.216); therefore, it is possible that the condition of univariate normality is fulfilled for
the sample.

Evidence of extreme kurtosis with absolute values higher than 8 [51] is always a cause for concern,
given that it is known to be exceptionally prejudicial in analysis used for structural equation modeling.

A prerequisite to verifying that multivariable normality has been fulfilled is to have fulfilled
the condition of univariate normality in each observable variable [50]. The evaluation of this type of
normality considers the normalized value of multivariate Mardia kurtosis, with the procedure carried
out by comparing the Mardia coefficient for the data under study with a calculated value based on
the formula p(p + 2), where p is the number of variables observed in the model [52]. In this case,
the assumption is verified by contrasting the multivariable kurtosis value obtained via the AMOS
program with the calculations made using the formula proposed [51]. Considering 16 variables for
the instrument, the calculation undertaken with the formula proposed gives a value of 288, while the
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multivariable kurtosis index was 74.921, which is lower than the value calculated with the formula
of reference, enabling the assumption, in this case, of the multivariable normality hypothesis in the
data set.

The presence of multicollinearity in the data, the occurrence of which would indicate that distinct
variables measure the same or are closely related, was then reviewed. In this sense, the variance
inflation factor (VIF) verifies that, if this index is greater than 10, the variable could be redundant [51],
while the results for the indices indicate a maximum value of 5.793; therefore, it is possible to conclude
that the multicollinearity problem is not present in this data set.

From the database, 25 responses were identified as outliers and eliminated, leaving a total of
378 valid responses from further analysis. This test considered a conservative level of statistical
significance with a value of p < 0.001 [50].

3.2. Characteristics of the Sample

The representative sample comprised 378 employees, aged from 25 to 60 (Mean± SD: 34.01 ± 9.41),
of whom 36.7% were women, 63.3% were male and 92.2% had an indefinite contract, 5.7% of which
were temporary workers and 2% were not specified. With regard to working hours per week, 55.5% of
subjects reported spending approximately 48 h in the office, while 22.4% reported a total of 45 h,
11.4% reported 56 or more hours, 6.5% reported 42 h, and, finally, 4.1% reported spending a minimum
of 32 h working. Of those interviewed, 91.8% of employees pertain to middle management and 5.7% to
senior management. 6.5% of this population has been educated up to secondary level and 20.4% up to
high school level, while more than half of the sample (67.3%) has an undergraduate degree and only
5.3% has a postgraduate degree.

3.3. Factor Analysis

3.3.1. Exploratory Factor Analysis

The data were analyzed using an EFA to prove whether the structure of the instrument was similar
to that established in Maslach’s initial proposal, as well as to identify the existence of items with non
significant factorial loadings, which, in some studies, have been eliminated.

Previously to run the EFA, the aforementioned tests were conducted with the sample data,
obtaining satisfactory results in all cases. Firstly, the determinant = 3.325 × 10−5 for the correlation
matrix was statistically different to zero this result, indicating that there are variables with very high
intercorrelations, for which reason the analysis is feasible. Later Bartlett’s test of sphericity which is
based on testing the null hypothesis that the correlation matrix of measure variables, provided an
identity matrix and resulted in an approximate value of χ2 = 3823.886, with 120 degrees of freedom
and the p = 0.000. In this case, the null hypothesis is rejected, indicating that the correlation matrix
is statistically different to the identity matrix. Finally, the Kaiser-Mayer-Olkin (KMO) test is used to
measure the sampling adequacy, and a value of 0.885 was obtained which considered an adequate
relationship among the variables [53]. In terms of the measurement of the sampling adequacy (MSA),
in which the results for each variable in the anti-image correlation matrix are examined, all exceeded
the threshold value of 0.5 [45], which indicates that the reduction of the variables in the present research
is adequate. The satisfactory results obtained in this stage allow us to continue with the analysis by
indicating that this database is suitable to perform the factor analysis.

The next stage involved the group of the 16 variables into distinct factors that will now represent
the original data, with these combinations of the original variables denominated here as dimensions.
The extraction of factors obtained values of 6.293 for the first dimension, 3.228 for the second and
1.219 for the last, which, together, represent 67.128% of the total explained variance. Due to the
coincidences found with the grouping of the items in the present sample, the resulting dimensions
are named according to the original scale [17] as emotional exhaustion (Exha), professional efficiency
(ProEf) and cynicism (Cyn). Thus, we found support for Hypothesis 1.
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Table 2 presents the results for the significant loadings for each factor on the instrument (16 items),
with 0.4 the minimum value considered for determining the influence of the item on the factor relative
to the sample size [45]. The grouping of the variables in the factors was clear in terms of the loading
values, for which reason no ambiguity was found in determining the factor to which they would pertain.

Table 2. Matrix of rotated component y communalities.

Item Code
Factors

Communalities
Exha ProEf Cyn

1 Totally Exhausted 0.844 0.734
2 Exhausted 0.871 0.795
3 Fatigued 0.769 0.690
4 Stressed 0.786 0.717
6 Exhausted1 0.753 0.765
5 Resolve 0.658 0.441
7 Contribution 0.688 0.545
10 Good 0.814 0.678
11 Carried out 0.791 0.659
12 Value 0.830 0.694
16 Efficacy 0.763 0.606
8 Interest 0.768 0.786
9 Enthusiasm 0.740 0.761
13 Bother 0.652 0.442
14 Indifferent 0.774 0.748
15 Doubt 0.737 0.679
% Variance 39.334 20.173 7.621
% Accumulated
variance 39.334 59.507 67.128

Note: Exha: emotional exhaustion; ProEf: professional efficiency; Cyn: cynicism.

According to the results, the Exha factor is characterized by the following items: 1—totally
exhausted; 2—exhausted; 3—fatigued; 4—stressed; and, 6—exhausted1. The ProEf factor has high
factorial loads for the items: 5—resolve; 7—contribution; 10—good; 11—carried out; 12—value;
and, 16—efficacy. Finally, the following items comprise the Cyn factor: 8—interest; 9—enthusiasm;
13—bother; 14—indifferent; and, 15—doubt.

Once the significant loading had been identified, the analysis of the communalities presented in
Table 2, which is the extent to which an item correlates with all other items; represents the quantity of
explained variance for the factorial model in terms of each variable.

In this case, it was considered that at least half of the explained variance in each variable was
obtained, as suggested by Joseph Hair [45]. The portions of the explained variance with the greatest
representativeness on the instrument were items 1, 2, 4, 6, 8, 9 and 14, with values above 0.7. It was
observed that the acceptable levels of explanation were fulfilled for items 3, 7, 10, 11, 12, 15 and 16,
while, finally, two items (5 and 13) were identified with values below established levels, indicating the
lack of sufficient explanation for the factorial model analyzed. This stage was finalized, taking into
account all the items comprising the instrument for subsequent analysis.

3.3.2. Confirmatory Factorial Analysis

The most direct method for validating the results is to use a confirmatory perspective and evaluate
the replicability of the results [45] in the sample of middle and senior management in the maquiladora
industry of the state of Baja California. The importance of evaluating the quality of the results lies in
ensuring the validity of the conclusions obtained [45]. For this, an objective evaluation was developed
by means of a CFA complemented by a literature review that confirmed the grouping of the variables
in the dimensions proposed, as well as a prior CFA. In particular, this section is developed with the aim
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of testing the degree to which the theoretical pattern of factor loading in specific dimensions represents
the real data taken from the sample.

Figure 1 presents a measurement model that represents the same factorial structure on which
the theoretical relationship proposed by Maslach [17] is based, as constituted by 3 latent correlational
dimensions: Exha, with 5 variables and 5 associated errors (e); ProEf, with 6 variables and 6 associated
errors (e); and, finally, Cyn, with 5 variables and 5 associated errors (e). These errors refer to inaccuracies
in measuring the true variable values associated to every item in the questionnaire.

Figure 1. Model of factorial structure for MBI-GS in of middle and senior management in the
maquiladora industry of the state of Baja California.

The comparison of the results of the testing of the theoretical measurement model with the reality
represented in the sample is examined below, along with an analysis of both the global fit of the model
and the validity criteria of the construct.
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The global fit of the model is then analyzed, with Table 3 showing the final statistics produced by
the CFA. χ2 represents a traditional value for evaluating the fit of the model. A good fit should show
non-significant results with a threshold of 0.05 [54]. The results show an χ2 of 262.915 with a significant
p-value; however, despite its popularity, there are various considerations that limit its use, known by
some authors as the “lack of fit” [55] of a measurement, for which reason, it is recommended that it is
accompanied by other fit statistics.

Table 3. Summary of the adjustment indices of the measurement model.

Goodness of Fit Statistics

Chi-square (χ2) = 262.915 (p = 0.000)
Degrees of freedom (df ) = 98
Absolute fit indices
Root mean square error of approximation (RMSEA) = 0.067
90 percent confidence interval for RMSEA = (0.057; 0.077)
Incremental fit indices
Normed fit index (NFI) = 0.932
Comparative fit index (CFI) = 0.956
Relative fit index (RFI) = 0.917
Parsimony fit indices
Parsimony Ratio (PRATIO) = 0.817
Parsimony normed fit index (PNFI) = 0.761

The value of the RMSEA index was 0.067, which is lower than 0.08 [56] for the model,
with 16 variables measured in a sample of 378 data points. Using 90% of the highly significant
confidence interval and a p-value for test of close fit (PCLOSE) of 0.003 for RMSEA gives the conclusion
that the true value is found to be between 0.057 and 0.077, which provides additional support for the
model fit. The second index considered is the minimum discrepancy (CMIN) in the χ2 value divided
by its degrees of freedom (df ), giving a value of 2.683, which is notably lower than 3 [57]. In terms of
the incremental fit, the CFI is the most widely used index, which, for this study, has a value of 0.956,
which exceeds the threshold value of 0.95 [58].

The NFI index has a value greater than 0.9, with a good fit considered in accordance with Bentler
and Bonnet [59], as does the RFI index. The parsimony indices consider the complexity of the model,
which results in values considerably lower than other goodness of fit indices [60]. Mulaik et al. [55]
state that it is possible to obtain parsimony of fit indices within the region 0.50–1.

The CFA results, with three relationships among the covariances of the error terms, suggest that the
MBI measurement model gives a reasonably good fit, which supports continuing with the subsequent
evaluations. Considering that one of the primary objectives of the CFA is to evaluate the validity of the
construct of a theoretical measurement [45] this paper continues with the subsequent components that
include said validity.

3.4. Convergent Validity

3.4.1. Average Variance Extracted (AVE)

The items pertaining to a specific dimension must either converge in or share a high proportion of
the common variance, which is known as convergent validity.

The convergent validity was obtained by means of the AVE, calculated as the average of the
variance extracted from the standardized loading [45] of the items for each dimension expressed in the
following manner (1):

AVE =

∑n
i = 1 L2

i
n

(1)

188



Int. J. Environ. Res. Public Health 2019, 16, 1467

where L2
i represents the loadings for the factor and i is the item number. For n items, the AVE is

calculated as the total of the squared loadings divided by the number of items that comprise each
factor. Values greater than 0.5 indicate an adequate convergence, with Table 4 showing values greater
than the threshold for the Exha and Cyn dimensions, adequately fulfilling this principle, with the value
for the ProEf dimension found to be very close to the established value.

Table 4. Average Variance Extracted and α Cronbach by dimension.

Factors Items AVE α Cronbach

Exha 1 Totally
Exhausted 0.646 0.908

2 Exhausted
3 Fatigued
4 Stressed
6 Exhausted1

ProEf 5 Resolve 0.494 0.855
7 Contribution
10 Good
11 Carried out
12 Value
16 Efficacy

Cyn 8 Interest 0.585 0.841
9 Enthusiasm
13 Bother
14 Indifferent
15 Doubt

3.4.2. Reliability

It was necessary to determine whether the questions from the scale are related to each other.
The Cronbach alpha index was used to measure the reliability of the internal consistency of the
instrument [61]. This index oscillates between 0 and 1, where the closer the index is to 1, the greater
the internal consistency of the items analyzed. For reference, values greater than 0.7 are considered
acceptable, with results lower than this value considered questionable [62]. A value of 0.882 is obtained
for the total instrument, while eliminating Item 13 gives the highest total value for the MBI-GS, 0.891,
which coincides with the results of the confirmatory analysis.

The scores obtained for the dimensions for emotional exhaustion give a value of 0.908, the highest
value obtained without deleting any of the items, while a value of 0.855 is obtained for professional
efficiency without eliminating any item. Finally, it is suggested that, for cynicism, Item 13 is again
eliminated, leading to the alpha value rising from 0.841 to 0.907. As shown in Table 4, despite the
suggested elimination of an item from the Cyn dimension, the α values surpass 0.8, giving good
internal consistency in the items comprising each dimension.

3.5. Discriminant Validity

This type of validity shows whether the dimensions forming the general concept of MBI are truly
different to each other or whether it would be possible to group all the items in one single construct for
the measurement model. This value is established by means of the AVE test and should be greater
when compared with the estimated correlations for the other dimensions. Table 5 shows that the AVE
values found on the diagonal are higher than the estimated correlations; therefore, for this example,
the discriminant validity shows evidence that each construct is unique and can be used to analyze part
of the phenomenon.
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Table 5. Correlations among the dimensions, average variance extracted and squared correlations.

Exha ProEf Cyn

Exha 0.804 a

ProEf 0.184 0.703 a

Cyn 0.742 0.268 0.765 a

Note: a Root square of AVE.

The results shown in the confirmatory factor analysis, as well as the tests of convergent and
discriminant validity, confirm that the MBI-GS is a valid and reliable instrument for measuring burnout
in middle and senior management in the state of Baja California, Mexico, as predicted by hypothesis 2.

4. Discussion

Taking into account the various studies that have been developed around the subject of chronic
job stress, the main objective of the present research is to evaluate the operability of the MBI instrument
by means of factorial validation analysis.

Further to being the most commonly used instrument [26] in the literature for detecting the degrees
of burnout, one of the main advantages of the MBI is its validity, with high significant correlations
found for the distinct sectors where it has been applied, in the analysis of professions providing social
assistance, such as nurses [63], police officers [64], and teachers [65], or even in the comparison of
employees by gender [66].

The results of the present study reveal this to be the most adequate instrument for evaluating
burnout syndrome in middle and senior management [67]. Taking a maximum of approximately 5 min
to complete, it is, therefore, viable for application in companies where there is limited time for activities
of this nature (the application of questionnaires, guided tours, etc.); moreover, it is designed for upper
and senior management, who are responsible for formulating, articulating and executing strategy and
policy within their organizations and who often work more than 48 h per week.

As a limitation to this type of study, we have the fact that the participation of workers is voluntary,
so the study can discard the opinion of people who do not agree to participate and there is a risk of bias
in the information. However, for this particular study, the strategy was to present the project to senior
management, through the Human Resources department, explaining the benefits of the same for the
workers and convincing them of their participation, so there was no resistance to providing answers.

From the initial statistical analysis stage, the data in the model showed the existence of three
correlated dimensions (Exha, ProEf and Cyn) on which the construct can be formulated. The factorial
loading for the items obtained higher values than those previously established and enabled the easy
identification as to which dimension they pertain. The tests undertaken to verify the adequacy of
model were completed satisfactorily. For verifying the amount of explained variance via commonality
analysis, 2 items were detected, items 5 and 13, with low values compared to the established
threshold. The strategy for these two largely unrepresentative items was to conserve them in the
model, firstly because all the conditions were correctly fulfilled in prior analysis, and secondly because
the values are slightly lower than 0.5 and, in accordance with Hair [44] are not considered low
commonalities. However, the possibility of eliminating them at some point was not discounted.

A CFA was developed to provide a confirmatory focus for the established theoretical measure and,
in contrast with the EFA, the number of factors were specified a priori, as well as the number of variables
loaded on these factors. From a confirmatory perspective, the fit for the model suggests the inclusion
in the evaluation of at least one absolute index of fit and an incremental index of fit, in addition to
Hair’s [45] χ2 results; however, the present study evaluated 7 indices, obtaining satisfactory results
for each. The Chi-square (χ2) test, the RMSEA and its respective confidence interval were considered
for the absolute fit, while, for the incremental fit, the NFI, CFI and RFI were considered, and, finally,
PRATIO and PNFI were evaluated for the parsimony fit.
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The modification index (MI) analysis suggested the following correlations for residual errors,
with values above 27.59 for items 14–15, 1–2 and 10–16 for cynicism, emotional exhaustion and
professional efficiency, respectively. This correlation represented improvements in model fit with direct
evidence in the indices described above, whose final values are those presented. Studies have been
found which confirm the three-factor original model that enables correlation among residual errors,
showing a better fit for healthcare professionals [21], lawyers, priests, teachers and drivers [22].

The extracted variance test was carried out to complement the analysis of the validity of the
construct. While analyzing the estimations of the standardized weight applied to the AVE calculation,
values ranging from 0.535 to 0.949 were observed. However, a value lower than 0.384 was obtained
in the factor for Item 13 on the scale for cynicism, a result which coincided with the findings of
Bria et al. [21], who reported a value of 0.21 for the same items, the lowest obtained in their research,
which was, however, conducted with healthcare professionals and, thus, is distinct to the profession
featured in the present study.

The Cronbach alpha method was used to evaluate internal consistency for each dimension of the
instrument, whose values suggest that it is robust, obtaining αExha = 0.90, αProEf = 0.85 and αCyn = 0.84.
These results were compared with averaged values from 7 studies [25], obtaining αExha = 0.86,
αProEf = 0.75 and αCyn = 0.60, from which it can be clearly observed that, in all dimensions, the values
are lower than the results, showing a better level of consistency for the sample data.

5. Conclusions

The importance of a having a valid instrument in place at the beginning of any project lies in the
reliability of the results obtained in the final stages. For this reason, this study centered on investigating
the grouping of the factors that have an impact on the burnout measured with the MBI-GS, which is
considered the predominant instrument on an international level, used in up to 90% of studies [68].
It comprises 16 items mainly related to the individual-work interaction, leaving the feelings generated
by workplace relations in second place, for example whether the people with whom the subject interacts
could be the cause of burnout [69].

The results of the theoretically-founded factorial statistical analysis conducted in the study confirm
the original three-factor structure proposed, with 6 items obtained for professional efficiency, 5 for
emotional exhaustion, and 5 for cynicism.

The Hypothesis 1 was accepted because the exploratory analysis confirmed the factorial structure
of the instrument, with this result confirmed in the subsequent stage.

The Hypothesis 2 was accepted based on the fulfillment of not only the indices of fit for the model,
but also the convergent and discriminant validity and reliability on which the construct’s validity is
based. The instrument has been shown to be adequate for detecting burnout syndrome in middle and
senior management in the state of Baja California, Mexico.

The timely detection of burnout syndrome by companies will have repercussions in terms of the
work climate and productivity, and also for the personal fulfillment of the employee.

In the international context, on World Day for Safety and Health at Work in 2013, the International
Labor Organization (ILO) stated that, despite the fact that some workplace risks have decreased,
an increase in new work-related health conditions has been registered without the application of
adequate prevention, protection and control measures. Ergonomic risk factors are included among
these emerging workplace risks.

It is for the above reason that ergonomic risk factors demand a governmental commitment
to strengthen occupational health and safety to ensure dignified or decent work, through policies,
strategic lines of action and projects with a preventive focus, in order to guarantee healthy and safe
working conditions. With the health effects of these factors on employees being well-known, it is of the
utmost importance to attend to them.
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Abstract: Although some previous studies have examined the impact of transformational leadership
on safety behavior, those works have paid relatively less attention to the intermediating role of
employees’ job strain in the link as well as contingent variables that moderate the relationship.
Considering that not only job strain substantially affects employees’ perceptions, attitudes,
and behaviors in an organization, but also there are some contextual factors that moderate
the relationships, we investigated intermediating mechanisms (i.e., mediator and moderator)
in the relationship between transformational leadership and safety behavior. Relying on the
context-attitude-behavior framework, we conducted a structural equation modeling analysis with
a moderated mediation model. Specifically, we hypothesized that the level of an employee’s job
strain would mediate the transformational leadership–safety behavior link. We also hypothesized
that an employee’s self-efficacy regarding safety would moderate the association between job strain
and safety behavior. Using survey data from 997 South Korean employees, we found that all of
our hypotheses were supported. The findings suggest that the level of an employee’s job strain
mediates and elaborately explains the transformational leadership–safety behavior link. Moreover,
an employee’s self-efficacy regarding safety is a buffering factor which decreases the harmful effects
of job strain on safety behavior.

Keywords: transformational leadership; safety behavior; job strain; self-efficacy regarding safety;
moderated mediation model

1. Introduction

Accidents at work have been considered as an important topic due to their profound impact on
human life at the physical, mental, and economic levels. Accidents at work function as a fatal blow
not only to the victims, but also to their firms and the national economy. The mental and physical
damages caused by accidents at work usually make the daily life of the victims devastating for
a lifetime. Furthermore, companies with accidents at work are more likely to suffer serious economic
losses and long recovery periods. Therefore, efforts to reduce accidents at work are highly required to
protect employees’ well-being as well as firms’ sustainability.

According to Bird and his colleague’s domino theory [1], before the occurrence of an accident,
a “precursor” appears which functions as the direct cause of the accident. Among various precursors,
employees’ unsafe behavior (e.g., impulsive or careless behavior) has been regarded as one of the most
direct antecedents of an accident. To enhance the quality of employees’ safety behavior, previous studies
have suggested various factors influencing safety behavior. For example, the job demand–resources
(JD-R) model [2,3] suggests a useful conceptual model which describes the impact of various physical,
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psychological, and organizational factors on safety outcomes. The model points out that two types of
working conditions including job demands and job resources significantly affect safety outcomes such
as safety behavior, accidents, and injuries. The job demands dimension consists of various components
that are negatively associated with safety behavior, including a bad physical environment, a high level
of work pressure, complexities, and risks. In addition, the job resources dimension consists of various
factors that are positively related to safety behavior, including knowledge, autonomy, and a supportive
environment (e.g., social support, leadership, a safety climate).

Among the various antecedents, in this paper, we focus on leadership styles, especially
transformational leadership, due to its critical role in explaining various organizational outcomes by
affecting employees’ cognitions, emotions, and behavior [4–6]. Transformational leadership is defined
as a leadership style “broadening and elevating followers’ goals and providing them with confidence to
perform beyond the expectations specified in the implicit or explicit exchange agreement” [6]. Although
some scholars have investigated the relationship between transformational leadership and employees’
safe behavior [7–9], we believe that there are some research gaps to be additionally addressed.

First, the previous studies which delved into the association between transformational leadership
and safety behavior have underexplored the importance of job strain in explaining the intermediating
mechanism of the relationship. Job strain can be defined as an employee’s negative perceptions,
emotions, and physiological states which emerge when an employee recognizes that he or she cannot
adequately deal with various external stimuli such as interpersonal relationships, job characteristics,
and the work environment [10–13]. The concept has been known to critically influence employees’
perceptions, attitudes, and behaviors by diminishing cognitive/emotional/physical abilities to
implement his or her tasks and duties. Then, eventually, it deteriorates the quality of his or her
performance in an organization [11–13]. In other words, job strain of employees functions as a critical
construct which not only explains the influence of transformational leadership on employees in
an organization, but also predicts their important attitudes or behaviors. Despite its significant
theoretical and practical impact on employees in an organization, to the best of our knowledge,
there has not been any research to have considered job strain as a critical mediator in explaining
the influence of transformational leadership on employees’ safe behavior. Although some previous
studies have suggested a bivariate relationship between transformational leadership and job strain [7]
as well as between job strain and safety behavior [12], those did not examine the entire relationship
among the three variables in an integrated manner based on an overarching theoretical ground.
By investigating the intermediating role of job strain with a theoretically overarching basis, we can
provide an elaborate explanation on how transformational leadership positively affects safety behavior
at work. Thus, examining the role of job strain in describing the association is highly required.

Second, previous studies on the transformational leadership–safety behavior link have paid less
attention to the contingent or contextual factors that moderate the relationship. These studies have
focused on various intermediators in the link. For example, Shen and his colleagues [9] reported that
transformational leadership influences employees’ safety behavior through the sequential mediating
roles of safety-specific leader-member exchange (LMX), safety climate, safety knowledge, and safety
motivation. Although finding various mediating factors in the relationship between transformational
leadership and safety behavior is very important, it is not enough to elaborately describe the influence
of transformational leadership on safety behavior because the mediating variables cannot fully explain
the association in all situations or contexts. In other words, the explanation of the mediators is limited
to a certain situation or context. Thus, we suggest that examining contingent variables (i.e., moderators)
in the link would contribute to elaborating the transformational leadership–safety behavior literature.

To deal with these issues, in the present study, we have investigated the intermediating effect of
job strain between transformational leadership and safety behavior, as well as the moderating effect
of self-efficacy regarding safety on the job strain–safety behavior link. The theoretical logic is based
on the context-attitude-behavior model [14,15], which explains the mediation structure. Grounded
on it, we expect that transformational leadership, as one of the important contexts, may build
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employees’ behavior (i.e., safety behavior) by affecting their attitude (i.e., job strain). Based on
previous works, we suggest that transformational leadership would decrease the level of employees’
job strain [7,16,17] and that employees’ job strain would increase safety behavior [12,18–21]. In the
present study, considering that stress indicates changes in well-being because of various stressors
while strain means lowered levels of well-being or functioning (e.g., exhaustion, tension, anxiety,
and rumination) [11,12,17], we focus on strain of employees at work.

In addition, we propose that there may be contingent factors that moderate the relationship
between job strain and safety behavior. Although job strain may diminish the quality of employees’
safety behavior, some buffering factors can weaken the negative influence of job strain on safety
behavior. Among those factors, we have focused on employees’ self-efficacy regarding safety since
the concept of self-efficacy has been regarded as one of the most fundamental factors which explain
an individual’s perceptions, attitudes, and behavior [22,23]. Based on Eden and Zuk’s definition [24],
we have defined self-efficacy regarding safety as an individual’s overall estimate or expectation of his
or her ability to effectively deal with safety-related situations.

When an employee has a high level of self-efficacy regarding safety, he or she can protect
himself/herself from the harmful influences of job strain. Furthermore, the employee may feel that he
or she has enough abilities to effectively deal with the harmful effects of job strain at work. Through
this, the negative psychological and physical states from job strain would not substantially diminish
the quality of safety behavior. On the contrary, if the level of an employee’s self-efficacy regarding
safety is low, he or she may feel that he or she cannot adequately deal with many issues from unsafe
situations at work. Then, the negative influences of job strain may be facilitated and amplified, being
considerably damaging to his or her safe behavior.

To empirically test the above hypotheses, by utilizing data from 997 employees in South Korea,
we conducted a structural equation modeling (SEM) analysis with a moderated mediation model.

2. Theories and Hypotheses

2.1. Transformational Leadership and Job Strain

Some previous works on leadership have shown that transformational leadership decreases the
degree of an employee’s job strain [7,16,17]. According to Cummings and Cooper [25], stress can
be defined as “the force that causes a strain in the physical and psychological states by escaping
from the state of stability”. As the concept of stress develops, there have been a lot of discussions
about the concept as well as attempts to describe it in terms of industrial/organizational psychology
and organizational behavior theories [11,12]. In the present study, considering that stress indicates
changes in well-being because of various stressors while strain means lowered levels of well-being or
functioning (e.g., exhaustion, tension, anxiety, and rumination) [11,12,17], we have focused on strain
of employees at work. An employee’s job strain has been considered as an important factor which
diminishes cognitive/emotional/physical abilities to implement his or her tasks and duties, eventually
deteriorating the quality of his or her performance [10–13]. Based on many previous works on job
strain, we have defined job strain as an employee’s negative perceptions, emotions, and physiological
states which emerge from recognizing that he or she cannot adequately deal with various external
stimuli such as interpersonal relationships, job characteristics, or the work environment [11–13,26,27].

Through providing employees with a higher level of inspirational motivation, idealized
influence, supportive caring, and intellectual challenges, transformational leadership can reduce
various uncomfortable perceptions and emotions in an organization [7,16,17]. Specifically, we suggest that
each of the sub-dimensions of transformational leadership may decrease the level of employees’ job strain
as follows.

First, a leader with transformational leadership is likely to provide inspirational motivation to his
or her followers. Through this, the followers of the leader may pursue noble values and goals beyond
their own ego-centric interests [28,29]. Then, the followers may try to proactively cooperate with their
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colleagues to achieve novel objectives, which tend to be collective-level. Through this collaborative
atmosphere, the followers may feel that they are safe and trusted by colleagues in the organization.
Those positive perceptions would decrease their level of job strain.

Second, through idealized influence, a leader with transformational leadership can provide
psychological safety to his or her followers, directly contributing to reducing their job strain [28].
The followers of transformational leadership are likely to regard the leaders as their role model,
identifying with their leader [30]. Through this identification, the followers would feel that they are
competent enough to achieve collective and noble goals like their transformational leader. Their positive
perceptions and feelings would alleviate their job strain.

Third, a transformational leader tends to stimulate employees to think differently with traditional
practices. Through this intellectual stimulation, the followers may try to solve various work problems
with novel approaches [30]. The new approaches would help the followers to reframe their stressful
experiences in positive and effective ways [31]. Furthermore, in the process of stimulation, followers
may effectively solve difficult problems in an organization. Their positive experiences would enhance
a follower’s sense of self-efficacy, facilitating the more efficient problem-solving ability of followers.
By virtue of it, the level of employees’ job strain would be decreased.

Lastly, by providing individual consideration, a transformational leader is likely to reduce
employees’ job strain. It is self-explanatory that the leadership style can decrease the level of employees’
strain since the leader’s supportive caring for followers in an individual manner would function as
a psychological base for them. The followers may feel that their negative emotions such as anxiety,
fatigue, and anger in the process of working are healed and restored, by relying on the psychological
base [5,28]. Based on the reasons described above, we suggest that transformational leadership is
negatively associated with employees’ job strain in an organization.

Hypothesis 1. Transformational leadership is negatively related to employees’ job strain.

2.2. Employee’s Job Strain and Safety Behavior

Safety behavior has been considered as one of the most important safe performances in
an organization, being defined as employees’ behaviors which seek to prevent mental and physical
hazards [12,32–34]. Many previous works have reported that safety behavior is closely associated with
occupational injuries and accidents in various industries [33,35–37].

Based on previous studies [12,18–21], we suggest that job strain would decrease the level
of an employee’s safety behavior. As job strain increases, employees may experience functional
diminishment in their cognitive/emotional/physical areas [18–20]. The loss of such functions has
a serious adverse effect on an employee’s abilities pertinent to both attention and prevention for
safety [12,18–20]. According to the explanation of the stress–thought model, stress not only increases
psychological anxiety and physical fatigue, which cause deterioration of cognitive functions, but
also makes normal thinking impossible [19,20]. Considering that adequate situational judgments
and decision-making processes are essential for conducting proper safety behavior, stress can have
a critical and harmful effect on safety behavior. In addition, according to extant works which have
explored the relationship between emotions and decision-making processes [38,39], individuals are
likely to experience negative emotions when they are under stress. Then, these negative experiences
would lower the level of their logical thinking and judgment ability, eventually resulting in impulsive
decision-making and unsafe behavior [38,39]. Based on the above studies, we can hypothesize that job
strain will reduce the level of employees’ safety behavior.

Hypothesis 2. An employee’s strain is negatively related to his or her safety behavior.
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2.3. Mediating Role of Job Strain between Transformational Leadership and Safety Behavior

As described above, we suggest that an employee’s job strain would mediate the relationship
between transformational leadership and safety behavior. Based on the above arguments, we believe
that transformational leadership may enhance the level of an employee’s safety behavior by diminishing
his or her job strain at work.

To integrate our hypotheses, which are described above, based on a theoretical ground,
we have relied on the context–attitude-behavior framework [14,15] that bolsters the mediation
structure. This perspective suggests that a variety of contexts at work (e.g., organizational systems,
rules, leadership, and environments) are important preceding factors which significantly affect the
attitudes and behavior of employees. Grounded on it, we expect that transformational leadership,
as one of the critical contexts, would create employees’ behavior (i.e., safety behavior) by affecting
their attitude (i.e., job strain). Previous works theoretically and empirically bolster our hypotheses by
demonstrating the negative association between transformational leadership and job strain [7,16,17]
and job strain and safety behavior [12,18–21]. Thus, we hypothesize as follows.

Hypothesis 3. Employees’ job strain mediates the relationship between transformational leadership and
safety behavior.

2.4. Moderating Effect of Employees’ Self-Efficacy regarding Safety between Job Strain and Safety Behavior

We suggest that there may be contingent factors which moderate the relationship between job
strain and safety behavior. Although job strain would decrease the quality of an employee’s safety
behavior, there may be some buffering factors which can diminish the negative impact of job strain
on safety behavior. Among various buffering factors, in this paper, we have focused on employees’
self-efficacy regarding safety because the concept of self-efficacy has been known as one of the most
fundamental variables which explain individuals’ perceptions, attitudes, and behavior [22,23].

According to Bandura, self-efficacy is defined as the “beliefs in one’s capabilities to organize and
execute courses of action required in managing prospective situations. Efficacy beliefs influence how
people think, feel, motivate themselves, and act” [22]. Previous works have reported the significant
role of self-efficacy in various organizational outcomes [22–24]. This concept is considered as a both
task-specific and general variable, and it has been known as a dispositional trait that significantly
explains individual behaviors across various situations [40]. In this research, we have applied the
concept into safety-related contexts. Thus, based on Eden and Zuk’s definition [24], we have defined
self-efficacy regarding safety as an individual’s overall estimate or expectation of his or her ability to
effectively deal with safety-related situations.

We believe that an employee’s self-efficacy regarding safety can function as a buffering factor that
diminishes the negative effects of job strain on the employee’s safety behavior. As described above, job
strain would deteriorate the quality of an employee’s safety behavior. The employee’s anxiety and
physical fatigue at work which originate in job strain would diminish his or her cognitive functions,
directly destroying adequate safe-related decision making. However, if the employee has a high level
of self-efficacy regarding safety, he or she can protect himself/herself from the harmful influence of
job strain. By virtue of the high-level of self-efficacy, he or she may feel considerable competence in
effectively dealing with the harmful effects of job strain. Then, the negative psychological and physical
states from job strain may no longer significantly decrease the quality of his or her safety behavior.

In contrast, when an employee has a low level of self-efficacy regarding safety, he or she may
feel that he or she cannot deal with various problems from unsafe situations at work (e.g., how to
implement safe-related rules and procedures or how to decrease the possibility of safe accidents).
In that situation, the negative impact of job strain would be facilitated and amplified, significantly
damaging the employee’s cognitive abilities. Then, the quality of safe-related decision-making would
be substantially decreased, critically destroying his or her safe behavior. Thus, we propose that
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an employee’s self-efficacy regarding safety may moderate the relationship between job strain and the
employee’s safety behavior (Please see Figure 1).

Figure 1. Framework of research model.

Hypothesis 4: An employee’s self-efficacy regarding safety may moderate the relationship between his or her job
strain and safety behavior.

3. Method

3.1. Data Collection

Considering the residence and industry of the respondents, we chose and contacted companies
which had more than 15 employees. Then, considering the size of the company, roughly
3–8 employees were randomly selected. Survey-trained researchers conducted the survey using
structured questionnaires. When the quality of the response was bad, the survey was conducted
again. Through these processes, data from 997 employees from 103 firms who adequately responded
to all the items were utilized in the analysis. The characteristics of the sample are described below
(Please see Table 1).

Table 1. Descriptive characteristics of our sample.

Characteristic Percent

Gender

Male 74.8%
Female 25.2%

Age

20s 38.8%
30s 42.5%
40s 15.8%
Above 50s 2.9%

Education

Below high school diploma 35.1%
Community college 16.4%
Bachelor 43.6%
Master’s degree or more 3.4%

Tenure (in year)

Below 5 45.1%
5 to 10 36.2%
10 to 15 10.6%
15 to 20 4.8%
20 to 25 2.6%
Above 25 1.7%
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Table 1. Cont.

Characteristic Percent

Firm size

Above 1000 8.7%
500–1000 members 14.8%
300–499 members 13.1%
100–299 members 32.6%
50–99 members 25.5%
Below 50 members 5.3%

Industry Type

Manufacturing 53.5%
Transportation 11.0%
Construction 8.9%
Information service and telecommunications 3.2%
Sales 6.9%
Health and welfare 8.6%
Financial/insurance 6.2%
Research and development (R & D) 1.7%

3.2. Measures

We measured the research variables with a five-point Likert scale (1= strongly disagree, 5= strongly
agree). Then, we computed internal consistency of the variables by using Cronbach alpha values.

3.2.1. Transformational Leadership

We utilized 13 items that were adapted from the Multifactor Leadership Questionnaire (MLQ) to
measure transformational leadership. The scale was developed by Bass and Avolio [30], consisting
of four sub-dimensions: Idealized influence, inspirational motivation, intellectual stimulation, and
individual consideration. The 13 items were selected by the suggestions of previous studies on
transformational leadership [5–7]. Sample items were “the leader in my organization is a role model I
want to be” and “my leader articulates a compelling vision of the future”. The Cronbach alpha value
was 0.92.

3.2.2. Job Strain

To measure the level of job strain, we utilized 10 items of the job strain scale by adapting the scale
of DeJoy and his colleagues [41]. The 10 items of job strain were selected by the authors because those
adequately reflected the core components of the measure [41]. Sample items were “I feel nervous and
strain because of work” and “I feel nervous when I work”. The Cronbach alpha value was 0.85.

3.2.3. Safety Behavior

We utilized 8 items of the Neal and Griffin’s [36] scale to measure safety behavior. The scale
consisted of two sub-dimensions: Safety participation (SP) and safety compliance (SC). Sample items
included “I use all necessary safety equipment to do my job” (SC) and “I put in extra effort to improve
the safety of workplace” (SP). The value of Cronbach alpha was 0.94.

3.2.4. Self-Efficacy regarding Safety

To measure the level of employees’ self-efficacy regarding safety, we utilized four items by
adapting the self-efficacy scale of Bandura [42]. Sample items were “I am confident in reducing the risk
of accidents” and “I am capable of maintaining and improving the safety of my workplace”. The value
of Cronbach alpha was 0.89.
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3.2.5. Control Variables

Considering that various factors can influence employees’ safety behavior [33], we included
employees’ gender, tenure, position, and education level in our analysis to control for employees’
safety behavior.

3.3. Statistical Analysis

Frequency analysis and correlation analysis were performed using the SPSS 21.0 program.
Furthermore, we conducted a structural equation modeling (SEM) analysis by using the Amos
21.0 program. SEM, unlike the existing multiple regression analysis methodology, is capable of
“simultaneously” analyzing the direct or indirect path between variables in an integrated model.

Considering the suggestion of Anderson and Gerbing [43], we took a two-step approach which
includes the measurement model and the structural model. To evaluate the model fit of our hypothesized
model, various fit indices such as the comparative fit index (CFI), the turker–lewis index (TLI), and the
root mean square error of approximation (RMSEA) were utilized. According to previous studies [44,45],
when the values of CFI and TLI of a certain model are greater than 0.90 and the value of RMSEA is less
than 0.06, then the model can be considered as a good model. Based on this, bootstrapping analysis
was conducted to confirm whether the indirect effect of our research model was significant.

4. Results

4.1. Descriptive Statistics

The descriptive statistics of this research are shown in Table 2. The main research variables including
the independent variable, mediator, moderator, and dependent variable were highly correlated.

Table 2. Means, standard deviations, and correlations between variables.

Variable Mean SD 1 2 3 4 5 6 7

1. Gender 1.25 0.44 -
2. Tenure (year) 6.254 5.66 −0.19 ** -
3. Position 2.57 0.53 0.29 ** −0.43 ** -
4. Education level 3.12 0.99 −0.13 ** −0.22 ** −0.14 ** -
5. Transformational Leadership 3.25 0.64 −0.10 ** 0.02 −0.10 ** −0.01 -
6. Job Strain 2.84 0.66 0.13 ** −0.03 −0.00 0.03 −0.17 ** -
7. Safety Behavior 3.44 0.78 −0.18 ** 0.16 ** −0.10 ** −0.11 ** 0.28 ** −0.15 ** -
8. Self-Efficacy regarding Safety 3.37 0.80 −0.24 ** 0.19 ** −0.15 ** −0.13 ** 0.28 ** −0.12 ** 0.74 **

Note: * p < 0.01. With regard to gender, male is coded as 1, and female is coded as 2. With regard to position, general
manager or higher are coded as 5, deputy general manager and department manager as 4, assistant manager as 3,
clerk as 2, and others below clerk as 1. With regard to education, “below high school diploma” level is coded as 4,
“community college” level as 3, “bachelor’s” level as 2, and “master’s degree or more” level is coded as 1.

4.2. Measurement Model

To check whether the level of discriminant validity was appropriate, we conducted a confirmatory
factor analysis (CFA) for the research variables which were evaluated by the same employee
(i.e., transformational leadership, job strain, safety behavior, and self-efficacy regarding safety).
The four-factor model had a good fit to the observations (χ2 (df = 140) = 594.71; CFI = 0.965; TLI = 0.958;
RMSEA= 0.057). Then, we conducted sequential chi-square (χ2) difference tests to compare the
four-factor model with the three-factor, two-factor, and single-factor model, respectively. Specifically,
considering that safety behavior and self-efficacy were very highly correlated, we made the two-factor
model which loaded the two variables on the same factor The results of the test showed that the
four-factor model had the best fit among all alternative models. Therefore, we believe that the research
variables are distinctive (Please see Table 3).
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Table 3. Chi-square difference tests among alternative measurement models.

Model χ2 df CFI TLI RMSEA Δdf Δχ2 Preference

1 Single Factor Model 3653.07 146 0.733 0.687 0.155
2 Factor Model that integrates (1) TL
with job strain, (2) safety behavior
with self-efficacy regarding safety

2309.20 145 0.835 0.806 0.122 1 1343.87 2 Factor
Model

3 Factor Model that integrates
self-efficacy with safety behavior 1092.36 143 0.928 0.914 0.082 2 1216.84 3 Factor

Model

4 Factor Model 594.71 140 0.965 0.958 0.057 3 497.65 4 Factor
Model

Note: CFI means comparative fit index, TLI means turker–lewis index, and RMSEA means root mean square error
of approximation. In addition, Tl means transformational leadership.

4.3. Structural Model

4.3.1. Result of Mediation Analysis

We established a moderated mediation model by utilizing the SEM technique. In the analysis,
the association between transformational leadership and safety behavior was mediated by employees’
job strain.

The fit indices of our hypothetical model (Model 1) was good enough: χ2 = 323.22 (df = 77),
CFI = 0.960, TLI = 0.945, and RMSEA = 0.057. In the model, all the control variables (i.e., gender,
position, tenure, and education level) were not statistically significant. The model demonstrated that
transformational leadership was significantly and negatively associated with job strain (β = −0.20,
p < 0.001), and job strain was significantly and negatively related to safety behavior (β = −0.06, p < 0.05).
The results suggest that Hypothesis 1 and 2 were supported.

4.3.2. Result of Moderation Analysis

To test the moderating effect of employees’ self-efficacy regarding safety, we built a moderated
mediation model which simultaneously included both the mediation structure and moderation
structure. The moderation effect of employees’ self-efficacy regarding safety on the association between
job strain and safety behavior was tested by the model (see Figure 2). As described above, job strain
and safety behavior were transformed into mean-centered variables and the interaction term was
calculated by multiplying the two transformed variables [46]. Please consider that centered variables
are useful in (i) estimating the interaction terms without loss of correlations and (ii) decreasing
and testing multicollinearities among research variables. In addition, we tested whether there was
a multicollinearity bias between job strain and self-efficacy regarding safety by using the SPSS program.
To test this, we calculated the variance inflation factors (VIF) and tolerances [47]. The VIF for job strain
and self-efficacy regarding safety was 1.02 and 1.02, respectively, and the tolerance statistics were 0.99
and 0.99, respectively. Because the obtained VIF values were smaller than 10, as well as the tolerance
statistics above 0.2, we can conclude that the two variables (job strain and self-efficacy regarding safety)
were relatively free from the issue of multicollinearity.

The coefficient of the interaction term (β = 0.07, p < 0.01) was significant, implying that employees’
self-efficacy regarding safety functions as a moderator in the association between job strain and safety
behavior. In other words, when the level of an employee’s self-efficacy regarding safety is high,
the negative effect of job strain on safety behavior is decreased. Thus, the results support Hypothesis 4.

4.4. Bootstrapping Analysis

We conducted bootstrapping analysis with a sample of 5000 to test Hypothesis 3, which suggested
that there is a mediating effect of job strain between transformational leadership and safety behavior.
Note that the mediation effect is significant at a 5% level when the 95% bias-corrected confidence
interval (CI) for the mediation effect does not include zero [48]. In the analysis, the bias-corrected CI for
the effect on the pathway from transformational leadership to safety behavior via job strain excluded
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zero (95% CI = (0.01, 0.04)). Thus, the result indicates that the mediation effect of job strain on the path
was significant at the level of 5%, supporting Hypothesis 3.

Figure 2. The standardized estimate values of the final model. Notes: * p < 0.05, ** p < 0.01, *** p < 0.001.

5. Discussion

In the present paper, we examined the underlying mechanisms of the relationship between
transformational leadership and safety behavior. To empirically test our hypotheses, data from
employees in South Korea were utilized. By conducting a moderated mediation model analysis with the
SEM technique, we found that employees’ job strain mediated the association between transformational
leadership and safety behavior. In addition, employees’ self-efficacy regarding safety functioned as
a moderator in the relationship between job strain and safety behavior. In this section, some theoretical
and practical implications can be drawn from our results.

5.1. Theoretical Implication

We believe that this research may contribute to extending transformational leadership and safety
behavior literature by providing these theoretical implications.

First, we delved into the mediating role of job strain to explain the influence of transformational
leadership on employees’ safe behavior. Previous works which examined the association between
these variables had paid less attention to the significance of job strain in describing intermediating
processes in the link. Considering that employees’ job strain substantially influences employees’
perceptions, attitudes, and behaviors, eventually decreasing the quality of various organizational
outcomes [10–13], our attempt to reveal the important role of job strain as a mediator in the
transformational leadership–safety behavior link would be meaningful. Through it, we expect that
this research may contribute to elaborating transformational leadership and safety behavior literature.

Second, we found a contingent factor which moderated the relationship between transformational
leadership and employees’ safety behavior. Although some previous studies have reported mediators
in the link, those have paid less attention to the contingent or contextual factors which moderate the
relationship. Of course we acknowledge that investigating mediators in the link would be highly
required. However, to elaborately explain the intermediating mechanisms in the transformational
leadership–safety behavior link, it is highly required to find certain conditions or contexts under
which the mediators work well, since the mediating variables cannot always intermediate the link
in all situations. Therefore, we expect that our finding that employees’ self-efficacy regarding safety
functions as a buffering factor to decrease harmful effects of job strain on safety behavior would enrich
previous works on transformational leadership and safety behavior.

5.2. Practical Implications

We expect that our findings may provide business leaders with practical implications. First, leaders
or top management teams who want to enhance employees’ safety behavior through implementing
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transformational leadership would get some insights from this paper. Our results demonstrated
that transformational leadership can increase the quality of an employee’s safety behavior through
decreasing his or her job strain. Thus, to check whether their attempt to enhance employees’ safety
behavior through facilitating transformational leadership is successful, the top management teams or
leaders should monitor the changes in the level of employees’ job strain as an indicator. If the level
of job strain has not changed or has even increased, this would indicate that their transformational
leadership does not function effectively enough to boost employees’ safety behavior. In addition,
the leaders using transformational leadership should focus their leadership behavior on employees’
job strain by implementing “job strain-specific” leadership.

Second, the findings demonstrated that employees’ self-efficacy regarding safety functions as
a buffering factor in the association between employees’ job strain and safety behavior. We expect that
the results may emphasize the importance of employees’ individual characteristics in preventing the
harmful effects of job strain on safety behavior. As the finding suggests, an employee’s job strain is
not always harmful to his or her safety behavior. Its negative impact would be minimized when the
employee has a high-level of self-efficacy regarding how to implement safe-related procedures and
how to decrease the possibility of safe accidents. Therefore, we suggest that top management teams or
leaders should attempt to foster employees’ self-efficacy regarding safety by providing them with safe
education programs, safety guidance, and safety systems in an organization.

5.3. Limitations and Suggestions for Future Studies

Although we believe that this research has valuable implications from the theoretical and empirical
point of view, it has some limitations which need to be addressed. First, in this study, we found
that transformational leadership affects safety behavior through “psychological factors” such as job
strain. However, prior to such psychological factors, “physical environments” or “physical states of
employees” may affect safety behavior. Further studies are needed to verify this. Second, although we
conducted a SEM analysis to test our mediation hypothesis, we could not adequately reveal the causal
relationships that our research hypotheses claim since this study only utilized cross-sectional data.
This should be complemented and alleviated by not only utilizing a longitudinal research design but
also by considering the influence of third variables or alternative explanations [49]. In addition, future
studies should deal with the fundamental concern that cross-sectional data cannot adequately describe
and explain the interaction effects between variables. Third, the data of this study were collected
through participants’ self-reports. Since the employee’s behavior which is reflected in the self-report
survey may be different from his or her actual behavior, there needs to be adequate supplementation.
For example, a third party’s observation or behavioral assessment can be good alternative ways to
collect data. Fourth, because the same respondents responded to our survey at the same time, they
cannot be free from the common method bias problem. The problem is likely to lead to an overestimation
of the correlation between the variables. This limitation needs to be dealt with. Lastly, this paper could
not fully utilize the entire items of each measure for our research variables (i.e., transformational
leadership and job strain). Although we chose core and essential items from the original version of the
measures, future studies should use the full items of the original measures. Fifth, in this study, we only
focused on employees’ positive behavior, such as safety behavior, when we investigated the impact
of transformational leadership in an organization. However, considering that negative behavior of
employees also critically influences organizational outcomes, future studies are needed to deal with
negative behavior such as unsafe behavior or counterproductive work behavior. Lastly, this paper
did not adequately deal with the issue of nesting of data. Considering that some respondents may
be nested into the same organization, the respondents are likely to share the same culture, climate,
and leadership style. Thus, the perceptions of the respondents on their transformational leadership
tend to be more similar within the organization than between organizations. This research could not
deal with this issue. To complement it, additional multi-level approaches are recommended.
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6. Conclusions

Although this study has various limitations, we believe that it contributes to deepening the
transformational leadership and safety behavior literature by investigating a mediating factor between
transformational leadership and safety behavior, as well as a contingent factor through which job
strain influences safety behavior. Specifically, through this study, we have shown two important
findings. First, transformational leadership reduces the level of employees’ job strain, and then
the reduced strain ultimately increases their level of safety behavior. Second, although job strain
decreases the quality of employees’ safety behavior, their self-efficacy regarding safety functions as
a buffering factor by moderating the relationship. The findings show that an employee’s job strain
plays an intermediating role in connecting transformational leadership with safety behavior. We also
demonstrated the importance of self-efficacy regarding safety in minimizing the negative effects of job
strain on safety behavior.
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Abstract: Iron and steel factory workers in Tanzania are likely to develop noise-induced hearing
loss (NIHL) due to exposure to high sound levels. Studies on hearing status in this population
are lacking. The aims of this study were to determine prevalence of NIHL among iron and steel
workers and compare hearing thresholds at different frequencies with a control group. We conducted
a cross-sectional study among 221 iron and steel workers exposed to average noise level of 92 dB(A),
compared with 107 primary school teachers recruited as controls and exposed to average noise level
of 79.7 dB(A). We used a questionnaire-based interview to collect information on socio demographic
characteristics and other confounding variables. Hearing loss was defined as hearing threshold
levels ≥25 dB hearing loss in either ear at 3000, 4000 or 6000 Hz. The prevalence of hearing loss was
significantly higher among the exposed group than among the controls, i.e. 48% and 31%, respectively.
There were significant differences in hearing thresholds between the exposed and control groups at
3000, 4000, 6000, and 8000 Hz. Hearing loss was more frequent among workers exposed to higher
noise levels than among the controls suggesting that iron and steel workers run a higher risk of
developing hearing loss.

Keywords: audiometry; occupational; noise-induced hearing loss; hearing threshold; exposed; iron
and steel; Tanzania

1. Introduction

Noise-induced hearing loss (NIHL) is an underestimated public health concern [1,2]. Globally,
the magnitude of disabling hearing loss (above 40 dB) from all causes has increased in the past two
decades from 120 to 466 million people from 1995 to 2018 [3,4]. Estimates of the prevalence of hearing
loss related to noise exposure above 85 dB(A) vary in the range of 7–21% or higher [5]. Prevalence is
estimated to be higher in the low and middle-income countries compared to the findings in other parts
of the world [4]. This may be due to ongoing economic investments in industrialization coupled with
challenges related to an inadequate public health policy, lack of regulatory frameworks and limited
resources spent on preventive measures.

Studies highlight noise exposure as one major risk factor contributing to hearing loss [1,4,5].
Other suggested risk factors for hearing loss include increasing age, [6–8] smoking, [5] exposure to
organic solvents, [9] the use of ototoxic medicines, [5,9] gender, vibration, genetics, ear surgery, ear
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infections and illnesses [5,10]. In addition, exposure to noise has been associated with increased risks
of cardiovascular diseases and diabetes [5,11–14].

Studies conducted in Sub-Saharan Africa (SSA) have mainly focused on the mining sector and
indicate, for instance, that the prevalence of hearing loss in this industry was 37% in Zimbabwe and 47%
in Tanzania [15,16]. Despite the presence of hearing conservation programmes aimed at prevention,
the prevalence of hearing loss was above 50% among gold miners in South Africa, while it was 21%
among stone crushers in Ghana [8,17]. To our knowledge, there are no published studies on hearing
loss in large iron and steel factories in SSA. One study among iron and steel mill workers in Western
Africa, specifically Nigeria, found a hearing loss prevalence of 28% and 57% in the better and the
worse ears, respectively [18]. This prevalence is almost twice as high as that found in the general adult
population in Uganda [10]. One must take into account that the definition and presentation of hearing
loss may differ from study to study [1]. Nevertheless, the prevalence of hearing loss is still alarming.

In Tanzania, like in other SSA countries, investments in the manufacturing industries, including
iron and steel industries, create jobs for a significant large number of employees. Globally the
demand for steel is increasing, and this sector has provided employment for 50 million people [19].
The construction of new infrastructures such as bridges, flyover exchange roads, buildings, towers
and railways obviously create numerous workplaces. Although the construction of industrial-level
infrastructure represents significant increase in economic assets across SSA, little is known about
the prevalence of NIHL in these industries, and documentation is scarce to inform policy-makers
and stakeholders working in preventive health services. In a recent study, the eight-hour average
noise level among iron and steel workers in Tanzania was 92 dB(A), and 90% of the measurements
were above the occupational exposure limit of 85 dB(A). The workers did not use hearing protection
devices [20] implying that the workers are at increased risk of developing NIHL. There is a need for
assessing NIHL in this working group with a view to developing a plan for implementation of a
hearing conservation programme. Therefore, the aims of this study were to determine the prevalence
of NIHL among iron and steel workers, and to compare the hearing thresholds at different frequencies
between these workers and a control group exposed to a low level of occupational noise.

2. Materials and Methods

2.1. Study Population

This cross-sectional study was conducted from June 2016 until June 2017 and involved permanent
male workers from four iron and steel factories in Tanzania exposed to noise. Characteristics and
details of noise-exposure assessments in these factories have been presented elsewhere [20]. The results
showed a personal, mean equivalent noise exposure (LEX,8h) for these workers of 92.0 dB(A) [20].

Controls were male teachers from 34 public primary schools in Tanzania. This control group
was chosen because they were expected to be exposed to low levels of occupational noise [5,21–23].
In the control group, 24 full-shift noise measurements from six primary schools were conducted using
personal dosimeters (type 4448, Brüel and Kjær, DK-2850 Nærum, Denmark) attached to the teacher’s
shoulder (ISO standard 9612:2009). The 8-hour equivalent noise exposure among these controls at
work was 79.7 dB(A).

The sample size calculation was based on the estimated prevalence of hearing loss among workers
exposed to loud noise at work. Since there was no available information about hearing loss among
noise exposed workers or among the general population in Tanzania, the sample size was calculated
based on a community baseline survey conducted in Uganda that found the prevalence of hearing loss
among adults to be 12% [10]. In our study the effect of noise on hearing loss was hypothesized to be
doubled i.e., 24%. To achieve 90% power and be able to detect a difference in hearing loss between
noise exposed workers and a non-exposed group at a significance level of 0.05 (Using Open-Epi online
calculator Version 3.3a, OpenEpi, Atlanta, GA, USA) [24], totally 230 exposed workers was needed.
We added 10% to account for non-responders, providing a total sample size of 253 workers.
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2.2. Study Participants

A total of 376 permanent workers (253 from four iron and steel factories and 123 teachers from
34 public primary schools) were randomly selected by using a table of random numbers from the
provided list of workers and were invited to participate in the study (Figure 1). Workers list was
provided by the respective employers. We held meetings with both the management for each factory
and the administration at the public primary school where we presented the purpose of the project
and asked for a research permit. Each of these partners referred us to a contact person who helped
the research team in the planning of the research activities. The study participants were informed of
the purpose of the project and those who agreed to participate, provided written consent. This paper
presents the audiometry results.

 
Figure 1. Flow chart describing the participants in the study of hearing loss among exposed iron and
steel factory workers (n = 221) and controls—primary school teachers (n = 107) in Tanzania.

We used information collected through a structured interview with both exposed participants and
controls to exclude the following categories of workers from the data analysis: those with congenital
hearing loss, history of otitis media during childhood and those reported to have worked in noisy
job among the controls. In addition, we excluded those who reported using long-term medication
because the participants did not have adequate knowledge of the type of medication they used. Thus,
we ended with a total of 328 (221 exposed and 107 controls) persons taking audiometric measurements
(Figure 1).

The participants were instructed to avoid areas with high level of noise for a minimum of 12 h
prior to audiometric examinations to minimize the possibility of temporary threshold shift (TTS).
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The duration since last occupational noise exposure (free noise exposure) was recorded before the
audiometric test was administered [25,26].

2.3. Interview Questionnaire and Checklist

A structured interview questionnaire was used to collect information on demographic
characteristics and factors that may influence hearing loss. These included age (in years), number of
years of employment, history of noise exposure at work (yes/no), current smoking (yes/no), present
use of long-term medication (yes/no), exposure to chemicals/organic solvents (yes/no), use of hearing
protection while working in noisy areas (yes/no), ear infections as a child or adult (yes/no), head
injury/trauma (yes/no), tinnitus (yes/no). In addition, information about otitis in childhood (yes/no),
known congenital hearing loss (yes/no), any relatives with hearing loss and any history of ear-related
medical condition (diabetes and hypertension) was collected. This information was collected before
the audiometry day and used to exclude participants before audiometry (Figure 1).

Prior to otoscopy, but on the same day as the audiometry, participants were interviewed using a
checklist indicating whether they had symptoms of upper respiratory infections (e.g., running nose)
(yes/no), ear discharge (yes/no), time and date they left work (hours) and the most recent time they
were exposed to high noise at a level that made it difficult to communicate. Afterwards, otoscopy
was performed by an occupational physician; in circumstances when the ear canal was completely
obstructed with wax or cerumen, the latter were removed, and a new appointment was scheduled for
audiometry. This also applied to participants with upper respiratory infections; the test was postponed
until they were asymptomatic.

2.4. Pure Tone Audiometry

Audiometric measurements (pure tone audiometry) were conducted in an ear-screening
locally-constructed booth in a quiet room at the headquarters of the Occupational Safety and Health
Authority (OSHA) in Tanzania. The same technical personnel conducted all audiometric tests using a
standardized protocol. Background noise in the test booth was monitored by a calibrated hand-held
Sound Level Meter (Brüel and Kjær, type 2250), and checked for conformity with ISO 8253-1:2010
standard [27]. The highest background noise level (Lmax) in the booth was 51 dB at 31.5 Hz. For best
results, audiometry was conducted in the morning before any work exposure. In addition, the city is
less noisy in the morning compared to other times of the day when the participants could potentially
be exposed to a higher level of environmental noise. Pure tone audiometry was conducted using
an Interacoustics AD226 (Interacoustics, DK-5500, Middelfart, Denmark) with Amplivox Audiocup
earphones having lower test limit of −10 dB. The equipment was pre-calibrated. Test frequencies
were 250–8000 Hz in the order starting with 1000, 2000, 3000, 4000, 6000, 8000, 500, 250 and finish at
1000 Hz [27]. A manual test procedure was used in compliance with ISO 8253-1:2010 [26–28].

2.5. Data Analysis

Descriptive statistics were presented as mean and standard deviation or percentage. Chi-square
and independent samples t-tests were used to compare categorical and continuous descriptive variables,
respectively. NIHL was defined as hearing threshold level ≥25 dB hearing loss in either ear at 3000,
4000 or 6000 Hz [29].

Potential determinants of hearing loss were identified. Age was categorized into three age groups
(tertiles) based on the age distribution among the controls. Duration of work was categorized arbitrarily
into three groups (≤2 years, 2–10 years, 11–37 years). History of ear-related medical conditions (diabetes,
hypertension, ear infections and head injury) was combined into a dichotomized variable (yes/no),
current smoking (yes/no), relatives with hearing impairment (yes/no), tinnitus (yes/no) and previous
noisy work (yes/no). A chi-square test was used to explore the relationship between these variables
and hearing loss in exposed participants compared with controls.
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The intercorrelation between participant’s age and duration of work determinants was tested with
the Pearson correlation test. In multiple regression analyses, we chose the determinant that contributed
most to the hearing loss.

We used log binomial regression models with a 95% confidence interval (CI) to ascertain differences
in hearing loss (yes/no) between exposed and controls within each age strata and within the total group
of workers while adjusting for the significant determinants selected from Chi-square analyses and the
correlation test.

We computed the mean hearing threshold for the different test frequencies for both exposed
participants and controls, as well as for the three age groups within the main exposure groups. For each
test frequency, multiple linear regression was used to analyze for differences between exposed and
controls, while adjusting for age as a continuous variable, previous noisy work and history of ear-related
medical condition.

The exposed group had a mean exposure duration of 5 years (range: 0–24 years) and a LAeq8h

of 92 dB(A) [20]. Within the three age groups (≤2 years, 2–10 years, 11–37 years) the mean duration
of exposure in these factories were 1, 5, and 17 years, respectively. We calculated the predicted
noise-induced permanent threshold shift (NIPTS) corresponding to these three mean exposure
durations according to ISO 1999 section 6.3, that provides a formula and method that predicts NIPTS
at 1000, 2000, 3000, 4000 and 6000 Hz as a function of the logarithm of exposure duration (d) (in years),
and the square of noise exposure level (LAeq8h), with frequency specific constants u, v, and L0 (a sound
pressure level, defined as a function of a given constant value for each frequency in decibels [30]:

NIPTS = [u + vlog10 (d)] (LAeq8h − L0)2 (1)

We used IBM SPSS Statistics, Version 25 (Allen & Unwin, 83 Alexander Street, Crown Nest, NSW,
Australia) for data analysis and set a parameter of p < 0.05 as statistical significance. NIPTS was
estimated using Microsoft Excel (Office 365, Microsoft Corporation, Redmond, WA, USA).

2.6. Ethical Clearance

We obtained ethical clearance from The Regional Committee of Medical and Health Research
Ethics (REK-VEST) in Norway (number 2016/635/REK sør-øst dated 20 May 2016); and later from
The Muhimbili University of Health and Allied Sciences (MUHAS) Ethics Committee in Tanzania
number 2016-06-24/AEC/Vol. XI/38 dated 24 June 2016. Each iron and steel factory and primary school
administration was contacted individually, and all of them granted permission to conduct the study.
Individual participants were contacted and informed about the research objectives and activities to be
conducted and gave written consent. Information that was collected was treated as confidential and
was not accessed by unauthorized parties. We used participants’ identification instead of names in
data collection, processing and analysis.

3. Results

The participation rate was 87% for both the exposed and controls. The exposed group was
significantly younger than the controls (independent sample t-test; p < 0.001) (Table 1). There was
a significant difference between exposed and controls for the three descriptive variables; age group,
duration of work and previous noisy work, (Chi square test; p < 0.001) but not for the other variables
i.e., current smoking, tinnitus, relative with hearing impairment and history of ear-related medical
condition (Table 1). Among the exposed, 67% of the workers fell in the youngest age group (18–35 years)
(Table 1). In addition, there were significant differences in hearing loss between exposed and controls
for the four determinants—age group, duration of work, previous noisy work and history of ear-related
medical condition (Chi-square test; p < 0.05). The overall prevalence of hearing loss was significantly
higher (Chi square test, p = 0.003) among exposed workers (48%) than among the controls (31%)
(Table 2).
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Table 1. Descriptive characteristics of the participants in the study among noise-exposed (n = 221) and
control (n = 107) workers in Tanzania.

Characteristics
Descriptive p-Value

Exposed (n (%)) Controls (n (%))

Age: Mean (SD) 32 (8) 40 (7) <0.001 a

Age group (years) (group mean for Exposed))
18–35 (27) 149 (67.4) 36 (33.6) <0.001 b

36–43 (39) 58 (26.2) 37 (34.6)
44–59 (47) 14 (6.3) 34 (31.8)

Total 221 (100.0) 107 (100.0)

Duration of work (years) (group mean for Exposed)
≤2 (1) 86 (38.9) - <0.001 b

3–10 (5) 108 (48.9) 27 (25.2)
11–37 (17) 27 (12.2) 80 (74.8)

Current smoking
no 183 (82.8) 96 (89.7)
yes 38 (17.2) 11 (10.3) 0.07

Previous noisy work
no 178 (80.5) 107 (100.0)
yes 43 (19.5) - <0.001 b

Tinnitus
no 202 (91.4) 104 (97.2)
yes 19 (8.6) 3 (2.8) 0.06

Relative with hearing impairment
no 199 (90.0) 96 (89.7)
yes 22 (10.0) 11 (10.3) 0.9

History of ear-related medical condition
no 176 (79.6) 93 (86.9)
yes 45 (20.4) 14 (13.1) 0.01 b

a independent samples t-test; b Chi-square test.

Table 2. Prevalence of hearing loss among exposed (n = 221) and control (n = 107) workers in Tanzania.

Variable

Hearing Loss a (n (%))

Exposed Controls
Chi-Square Test
(p-Value)

Prevalence Ratio
95% Confidence Interval) †

Age group (years)
18–35 63 (42.3) 5 (13.9) 0.002 * 2.5 (0.93, 6.76)
36–43 34 (58.6) 12 (32.4) 0.013 * 1.7 (0.79, 3.47)
44–59 10 (71.4) 16 (47.0) 0.124 1.5 (0.58, 3.70)

All 107 (48.4) 33 (30.8) 1.3 (1.10, 1.62)
a Hearing loss defined as ≥25 dB in either ear at 3000, 4000 or 6000 Hz; † log-binomial analysis within each age
group, adjusted for age as a continuous variable, previous noisy work and history of ear-related medical condition;
* p < 0.05.

Hearing loss increased with advancing age among both exposed and controls (Table 2). Within
the age-groups, there were significant differences in hearing loss between exposed and the controls for
the youngest and middle-aged group (Chi square test, p 1 = 0.002; p 2 = 0.013) but not for the older age
group (Table 2).

Results from the log binomial regression model, adjusted for age, previous noisy work and history
of ear-related medical condition, showed a statistically higher risk of hearing loss among exposed
workers compared to controls, with a prevalence ratio of 1.3. When performing the analysis within
each age stratum, the youngest age group (18–35 years) had the highest prevalence ratio (2.5), although
it was not statistically significant (Table 2).

216



Int. J. Environ. Res. Public Health 2019, 16, 1367

The mean hearing threshold between exposed and control workers at 3000, 4000 and 6000 Hz
differed significantly (independent samples t-test, p < 0.05) (Table 3). In linear regression analyses
within each age stratum, there were significant differences in hearing threshold between exposed and
controls for the frequencies 4000 and 6000 Hz within the youngest age group (18–35 years) adjusting
for age as a continuous variable, previous noisy work and history of ear-related medical condition
(Figure 2). In analogous analyses, the hearing threshold for the frequencies 3000, 4000 and 6000 Hz
were significantly different in the 36–43 years age group, and in the age group 44–59 years, only the
frequency 6000 Hz was significantly different (Figure 2).

Table 3. Hearing threshold of the worse ear among noise exposed and controls for the tested frequencies.

Workers’
Group

Number of
Workers

Mean Hearing Thresholds in Decibel (dB) for Each Frequency

250 500 1000 2000 3000 4000 6000 8000

Exposed 221 17.0 (6.1) 19.0 (5.2) 19.4 (6.0) 19.6 (7.3) 23.6 (8.9) a 25.0 (9.7) a 24.3 (10.6) a 16.0 (9.7) a

Control 107 17.2 (5.5) 18.0 (5.7) 19.7 (5.2) 18.8 (8.1) 20.8 (8.0) 21.7 (8.8) 19.6 (9.2) 13.6 (9.8)
a independent samples t-test, p < 0.05.

Figure 2. Hearing threshold of noise-exposed male workers (n = 221) (dotted lines) compared with
male controls (n = 107) (solid lines) in Tanzania, stratified into age groups (triplets).

Table 4 shows the age-stratified differences in hearing thresholds for the different test frequencies
in exposed and controls. The regression coefficients show that for the frequencies with significant
findings, the difference between exposed and controls was about 3–6 dB among the youngest age
group, 4–6 dB in the middle-aged group and about 10 dB for the oldest age group.
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The mean hearing threshold among the participants in the 18–35 age group was similar to the
predicted NIPTS according to ISO 1999 at the lower frequencies (1000, 2000 and 3000 Hz), while it was
about 1 dB higher than ISO 1999 for the higher frequencies (4000 and 6000 Hz) (Figure 3a). For the
36–44 and 45–59 age groups, the hearing threshold for the higher frequencies were lower (3, 1 dB and 6,
4dB lower, respectively) for same frequencies than that the NIPTS predicted by ISO 1999 (Figure 3b,c).
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Figure 3. (a–c) Mean of the measured hearing threshold by audiometry (dotted lines) and median
noise-induced permanent threshold shift (NIPTS) predicted by ISO 1999 (solid lines) for the three
age-groups of iron and steel workers in Tanzania exposed to an average noise level of LAeq8h of 92 dB(A)
for the mean duration of noise exposure within each age group.

4. Discussion

We found a higher prevalence of hearing loss among Tanzanian iron and steel factory workers
compared to controls i.e., 48% vs. 31% respectively. In addition, a comparison of hearing thresholds
between the two groups for the frequencies 4000 and 6000Hz revealed significant differences. To our
knowledge, this is the first study in SSA to document the prevalence of hearing loss among workers
exposed to noise in iron and steel factories.

In the present study, we found a significantly higher prevalence of NIHL among iron and steel
workers than the controls. The noise exposed workers were exposed to a mean noise level of 92 dB(A),
without using hearing protection devices [20]. At this noise level, it is likely that the workers develop
NIHL [31,32]. A study conducted among Indian iron and steel workers exposed to noise levels above
90 dB(A) found an even higher prevalence of NIHL than we found. Over 90% of the workers engaged in
casting and forging had hearing loss in the higher frequencies i.e., 4000 and 6000 Hz [33]. This is likely
due to differences in the nature of work, including tasks and tools used during the steel production
process. For example, the Indian study was done in small and medium factories with the forging and
casting tasks frequently characterized by impulse noise that might cause hearing damage at higher
frequencies [34]. By contrast, our study was done in larger-scale factories with a relatively higher
level of mechanization. Another study done in Nigeria also found higher prevalence in the worse ear
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(57%) among steel mill workers exposed to 75–93 dB(A), with pure tone averages of 30 dB, 31 dB and
32 dB for the finishing, mill floor and mechanical departments respectively, as compared to a pure tone
average of 21 dB among administrative workers with lower noise exposure (49 dB(A)) [18]. In Nepal,
the prevalence among workers in a steel factory was comparable to our study, i.e., 40% and 46% for the
right and left ear, respectively. However, the study excluded workers over 45 years and information on
factory characteristics were not available [35]. Another study done in Nepal among 115 small-scale
metal industry workers and 123 controls found lower prevalence for the exposed (30%) and only 4%
for the controls [36]. The difference in prevalence between the Nepal study and our study may be due
to the definition used to define hearing loss [1,36]. However, the high prevalence presented based on
these studies suggests that noise exposure among iron and steel workers contribute substantially to
hearing loss [37].

Age is one of the main factors for the development of hearing loss. To adjust for age can be difficult
in statistical analyses. In the present study, we stratified the working population into three age groups
and found a borderline increased risk for hearing loss among the younger age group (18–35 years),
and significant differences between exposed and controls in hearing thresholds for the frequencies of
4000 and 6000Hz. The significant difference in the dip for the 4000 and 6000 Hz frequencies is a sign
indicating hearing loss due to noise exposure in this age stratum [17,18,38,39]. Similar findings have
been shown among gold miners in South Africa where the greatest difference in hearing threshold
between age strata was found among the younger age group (16–40 years) at the noise dip of 4000 Hz [7].
Therefore, it is essential that noise control measures, including hearing conservation programmes
should be established particularly to protect workers from developing NIHL.

In this study we found higher estimates of NIPTS than predicted by ISO 1999 standard for
18–35 years at frequencies of 4000 and 6000 Hz. These frequencies are likely to be affected by noise
exposure [40]. The characteristics of noise, size of ear canal and other factors determines the location
of notch for the higher frequencies [41]. However, the notch at these frequencies and especially at
4000 Hz is an established clinical sign and may be valuable in confirming the diagnosis of NIHL [40,42].
In addition, Our NIPTS estimates, though generally lower than that of ISO 1999 predictions, show
similar patterns especially at higher frequencies. This result differs from a study conducted in
United States which reported estimates in agreements to that of ISO 1999 [43]. The lower results and
estimates from our study may be explained partly by differences in reference population characteristics.
ISO 1999 standard was prepared based on populations from developed and industrialized countries
such as United States and with steady state noise [30], which it is difficult to compare results to our
study that had mixed noise characteristics. However, although the hearing threshold in the age range
44–59 years was somewhat lower than predicted from the ISO 1999, the overall results suggests that
noise exposure among the iron and steel workers leads to an increased risk of NIPTS.

The control group in our study had a significant lower prevalence of hearing loss compared to the
exposed workers at higher frequencies. The measured hearing loss in this group was lower than that
recorded among the controls in South African miners study for the higher test frequencies i.e., 31%
versus 46% respectively [8]. The control group in the South Africa study was the administration group,
and this makes it difficult to compare with our study. Moreover, the control group in the South Africa
study was not screened for previous noise exposure as we did in our study. The participants in our
control group were screened for several factors responsible for hearing loss and were thus expected
to have low prevalence. This indicates that there might be factors other than noise that may have
contributed to the hearing loss in the South African study. In Tanzania, there are no published data on
community hearing profile among adults. Community studies conducted in other African countries
such as Nigeria and Egypt found a lower prevalence of hearing loss (defined as hearing threshold
>25 dB) than we found i.e., 18% and 16%, respectively [44]. However, in these community studies,
there is no information on noise exposure profile among the participants, and this makes it difficult to
compare with the control group in our study. Based on the selection of examined workers, including
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the control group, we think that it is likely that occupational noise exposure has contributed to the
difference in hearing loss between our two groups.

Strengths of this study are the high response rate among the participants, the use of a control
group from workplaces with low sound levels, and the use of standardized methods for audiometry.
In addition, it was possible to control for the effect of age in hearing thresholds by stratification of age
groups while adjusting for age as a continuous variable within the age strata. The statistical analyses
made it possible to adjust for potential confounding factors related to hearing loss, such as current
smoking, previous noise exposure, tinnitus, history of ear-related medical conditions, duration of
work and relatives with hearing impairments. The use of calibrated research equipment and devices
together with adherence to the novel procedure related to audiometry testing and ISO 8253-1:2010
standard for ambient noise improved the findings.

Our study had some limitations; The design of the study was cross-sectional, and this reduces
the possibility to conclude regarding the causal relationship between noise at work and hearing loss.
Still, this study indicates that the sound levels are of importance to the registered hearing losses in this
working population, as the frequencies involved are in the upper frequency area and the sound levels
measured were above 85 dB(A). A longitudinal study would have provided a better exposure-effect
association. Information collected through interview questionnaire might introduced recall bias.
To minimize this bias, we used the same trained research personnel and method for both the exposed
and the controls. In addition, in many societies today, people listen to music at high volume levels,
and this may affect their hearing ability. We have limited information about leisure time exposure to
noise among our study participants, but we have no reason to believe that the workers in iron and steel
factories are more exposed to leisure time sound than are the control workers. In addition, iron and
steel workers spent most of their time during the day at work. Lastly, it was impractical to monitor
workers at their homes before audiometry.

5. Conclusions

Based on these findings, this study should be a wake-up call for stakeholders in the establishment
and should serve to encourage the implementation of noise control measures such as the use of hearing
protection devices in these workplaces. The information we found on the high prevalence of hearing
loss may be used by policy and decision-makers in awareness creation programmes aimed at noise
control such as establishing hearing conservation programmes and preventive services among working
populations exposed to noise [33].
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Abstract: We investigated whether physical requirements and motor variability decreased over days
in novices during a repetitive screwing task. Fifty-seven subjects performed one hour of repetitive
screwing and fastening on three days, separated by 2–7 days. The average physical requirement and
relative cycle-to-cycle variability (coefficient of variation, i.e., CV) were calculated from continuous
recordings of electromyography of four arm muscles (biceps brachii, triceps brachii, flexor carpi
radialis, extensor digitorum), forearm acceleration, and electrocardiography. Muscle activity levels,
heart rate, and forearm acceleration decreased from day 1 to day 2 (range: ~4% to ~20%) and/or
3 (range: ~4% to ~28%). Not all muscles showed a similar pattern. Activity of the extensor digitorum
and biceps brachii decreased already between days 1 and 2 (range: ~6% to ~13%), whereas activity of
the flexor carpi radialis and triceps brachii decreased between days 1 and 3 (range: ~13% to ~20%).
No changes in physical requirement were detected between days 2 and 3. Relative motor variability
did not change across days, except that variability of forearm acceleration increased from day 1 to
3 (~5%). This study found consistent changes in physical requirements and indicated that several arm
muscles show earlier decreases of muscular activity, like the extensor digitorum, compared to other
body parts, like the flexor carpi radialis. Moreover, movement strategies may develop differently
than muscle activation strategies, based on the different developments of physical requirements and
motor variability. The development of physical requirements in industrial tasks is part of daily living
and starts at task onset, highlighting the importance of task familiarization and the randomization of
experimental conditions in scientific studies.

Keywords: manual materials handling; electromyography (EMG); motor control; experience;
electrocardiography; kinematics

1. Introduction

During our entire lives we acquire new skills, adapt to new situations, and learn to make decisions,
which is known as “motor learning” [1]. Motor learning is an ongoing process and is initiated in
movement preparations, during which our motor system explores the environment and the different
possibilities to gradually improve motor control ("reinforcement learning") [2]. Performing a movement
results from the synchronous interaction of multiple systems with the environment ("dynamic systems
model") [3,4]. Within this dynamic systems model, our central nervous system (CNS) has to choose
a pathway, from a vast number of movement options, to perform the action. In other words, our CNS
has to overcome the “degrees of freedom (DOF) problem” and has to select one strategy to execute
the desired movement [3]. This reflects the high redundancy of our motor system, with the plausible
consequence that our actions become highly variable as well and that we are unable to repeat the

Int. J. Environ. Res. Public Health 2019, 16, 1231; doi:10.3390/ijerph16071231 www.mdpi.com/journal/ijerph225



Int. J. Environ. Res. Public Health 2019, 16, 1231

exact same movement in repetitive occupational tasks. This phenomenon is termed motor variability,
which has been defined as variance in movement of an individual who performs under similar task
conditions [5].

The study of Madeleine et al. [6] illustrates that experienced workers showed more motor
variability than novices. Sandlund et al. [7] even proposed that motor variability could be considered
an individual or personal factor predicting which workers would be prone to develop work-related
musculoskeletal disorders (WRMSD), theoretically implying that there could be an optimal level of
motor variability. Several studies showed muscular activity levels and motor learning being negatively
associated, meaning that muscular activity decreases along the process of motor learning in gaining
experience [6,8]. Furthermore, muscular activity was higher when exposed to new environments
compared to familiar environments [9,10].

In an occupational context, researchers and practitioners aim to design workplaces by means of
ergonomics tools or work organization (e.g., task rotation) that lead to a decreased workload and reduce
the risk of WRMSD. In this respect, the role of motor variability in relation to WRMSD has caught
the attention of many researchers. Mainly, laboratory studies have been conducted to assess motor
variability in an occupational context, since experienced workers from the field have limited availability
and conducting field studies generally requires additional resources. Laboratory studies often include
inexperienced subjects or novices to test what the effect of ergonomically improved tools or conditions
is in a specific work simulation, judged by measures of physical requirements, work performance,
and motor variability (e.g., [11,12]). Measures of physical requirements are the static, median or mean,
and peak levels of muscular activity, according to the exposure variation analysis [13], median or mean
of kinematic variables like joint angles, movement velocity or acceleration, and median or mean of
the heart rate. Measures of motor variability are linear metrics like cycle-to-cycle standard deviation
or coefficient of variation [14], or nonlinear metrics like entropy-based metrics and coordination
metrics [15]. The difficulty of interpreting laboratory assessments among novices is that motor learning
may influence study results and respective effects, expressed in terms of, e.g., muscular effort, could be
misinterpreted. For example, early phases of the motor learning process could result in higher levels
of muscle activity, as shown in a previous study [16].

The aim of this study is to investigate whether physical requirements and motor variability of
novices, as a function of adjusted motor control strategies, change over a three-day repeated fine motor
task. For investigating the physical requirements, we calculated the static (10th percentile), median
(50th percentile), and peak (90th percentile) levels of muscular activity, the mean forearm acceleration,
and the mean heart rate. For investigating motor variability, we calculated the cycle-to-cycle
variability (coefficient of variation, CV) of muscular activity and forearm acceleration. We have
used an exploratory approach because this study was originally not designed to investigate aspects of
motor learning, but to assess the test-retest reliability of different normalization procedures of surface
electromyography [17]. We hypothesized that measures of physical requirements and motor variability
would decrease over days. With the results of this study, we aim to highlight methodological issues that
should be considered when designing studies to minimize misinterpretation of results and increase
practical relevance and whether we can rely on performing just one measurement to assess the risk of
musculoskeletal disorders.

2. Materials and Methods

2.1. Study Population

Subjects were excluded if they had any acute or cardiovascular diseases, impaired range of motion
of the neck and upper extremities, or neurological impairments. A total of 65 subjects were recruited for
study participation, of which 8 dropped-out due to methodological or organizational issues. The final
study population consisted of 57 healthy subjects, of which 30 were female and 27 were male. Details
with regard to the subjects can be found in Table 1. All subjects were inexperienced, meaning that none
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of them had specific experience in the repetitive task with the two specific screwing and fastening tools.
The study (260/201BO2) was approved by the local ethics committee of the University of Tübingen
(Germany) and all subjects signed the informed consent prior to participation.

Table 1. Description of the study population, as a whole and broken down by sex. Results are displayed
as value or as mean ± standard deviation (SD).

Whole Population Females Males

Study population [N] 57 30 27
Age [years] 34.8 ± 14.0 36.5 ± 14.9 32.9 ± 13.0
Height [cm] 174.3 ± 8.9 167.4 ± 5.2 181.9 ± 5.1
Weight [kg] 73.3 ± 13.5 66.2 ± 9.8 81.1 ± 12.8

Handedness [N left/N right] 4/53 1/29 3/24
Sport [hours/week] 5.2 ± 4.5 3.9 ± 2.3 6.8 ± 5.8

2.2. Experimental Design

Subjects performed a repetitive screwing task with their dominant hand on a wooden plate that
was positioned in front of them. The height of this plate was individually adjusted, so that the middle
of the vertical screwing rows was aligned with the elbow height of the subjects while they were
standing upright, with the hand palms facing anterior and the thumbs pointing lateral. For 60 min,
subjects screwed 72 screws (4.5 × 45 mm, T-Start T20, 4 g, SPAX International GmbH & Co. KG,
Ennepetal, Germany) into the wooden plate (multiplex, 30 mm thick), which was split into 12 vertical
rows of six screws each. With their non-dominant hand the subjects positioned the 6 screws, taken
from the container that was positioned close to their non-dominant hand, and screwed them in one
after another with their dominant hand using a T-handle screwdriver (e.g., T-handle 336, T15, handle
cross size 80 mm, shaft length 200 mm, 162 g incl. 3 g bit, Wiha, Germany; Figure 1), after which
they pressed a buzzer (phase 1). Then, the subjects changed tools and fastened the same 6 screws
with their dominant hand using a torque screwdriver (7443 pistol, 232 g incl. 3 g bit, Wera, Germany;
Figure 1), after which they pressed a buzzer again (phase 2). These actions were repeated 12 times until
all 12 vertical rows were filled with 6 screws. Due to using torx head screws, the amount of forward
directed force was low. The torque screwdriver used for fastening released a click at a predetermined
torque of 5 Nm. The buzzer was sampled along with the muscle activity recordings.

Subjects visited the laboratory on three days, separated by 2 to 7 days. At day 1, subjects performed
for a period of ~10 min, during which they familiarized with, i.e., got acquainted with, the task. Subjects
were considered familiar with the task when they were able to perform screwing and fastening with
the two tools provided and work at the predetermined work pace. Following familiarization and at
days 2 and 3, the subjects were prepared for the measurements, performed reference measurements
for electromyographic (EMG) normalization, and performed the one-hour task.

The work pace of the subjects was controlled using visual feedback, i.e., a vertical bar representing
a timeline showed the time that was left to fulfill screwing (phase 1) and fastening (phase 2) of each of
the 12 rows. Work pace was predetermined based on the standardized, predetermined motion-time
measurement system MTM [18], a system often used in industrial production planning. For both
phases together we chose pace MTM-85 to allow all subjects to fulfill the task in the given time without
developing muscular fatigue. This pace corresponded to 242 s for screwing (6 screws; phase 1) and 28 s
for fastening (6 screws; phase 2), adding up to 270 s for one vertical row. Since we controlled the amount
of work and the work pace and since we observed that all subjects screwed in the screws completely,
we can conclude that performance was equal within subjects across days and also across subjects.
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2.3. Experimental Design

2.3.1. Muscular Activity

Electrical activities of the following four dominant superficial muscles of the hand-arm system
that are involved in grasping and screwing, as verified in pilot measurements and as deduced
from previous studies [19,20], were measured: The M. triceps brachii, M. biceps brachii, M. flexor
carpi radialis, and M. extensor digitorum. Their electrical activity was recorded using surface EMG.
We placed pre-gelled Ag/AgCl surface electrodes (35 × 26 mm, 15 mm active area diameter, KendallTM

H93SG ECG Electrodes, Covidien, Zaltbommel, the Netherlands) in a bipolar configuration with
an inter-electrode distance of 26 mm (center-to-center) on the muscle belly, according to Criswell [21].
A ground electrode, used to equalize the electrical ground level of the measurement device to the
subject’s electrical level and to minimize electromagnetic interferences, was placed on the seventh
cervical vertebra. Prior to electrode placement we shaved the skin, in case of body hair, and prepared
it with an abrasive paste (Skin Prep Gel, Nuprep®, Aurora, USA).

EMG signals were differential amplified, analogue filtered (2nd order high pass filter, –3 dB at 4 Hz;
11th order low pass filter, –3 dB at 1300 Hz), sampled (4096 Hz), analyzed, and stored using a combined
data analyzer and logger (PS11-UD, THUMEDI® GmbH & Co. KG, Thum, Germany; overall CMRR
> 96 dB; overall effective noise < 0.8 μV RMS; linearity type ±0.25 dB at 20–1100 Hz). The device
real-time transformed the data into the frequency domain (1,024-point Fast Fourier Transformation,
Bartlett-window, 50% overlap) and digitally high-pass filtered the signal (11th order; –3 dB at 20 Hz).
Power line interferences (50 Hz and its first seven harmonics) were removed by replacing it by the
spectral values of a 4-Hz wide bandwidth around its center frequency by means of both spectral
neighbors. The root-mean-square (RMS) of the electrical activity (μV) and median power frequency
(MPF (Hz)) were real-time calculated from the power spectrum (250-millissecond moving window
with 50 % overlap) and stored synchronously to the raw data by the PS11 device. An example recording
of the RMS of the triceps brachii is provided in Figure S1 (Supplementary Material).

Normalization

Prior to the experimental task, we collected EMG during four 15-s submaximal reference voluntary
contractions (RVC) with fixed force levels (Table 2). Each RVC targeted one of the four muscles, biceps
brachii, triceps brachii, extensor digitorum, or flexor carpi radialis. The RVCs were measured using
a self-developed measuring device in which the subject took a standardized position. With the upper
body in an upright position, the forearm was placed horizontally and the upper arm perpendicular
to the forearm. For determining the force of the biceps brachii and triceps brachii muscles, the force
cell was positioned underneath the cushion below the distal end of the forearm. For determining the
force of the extensor digitorum and flexor carpi radialis in the forearm, the force cell was positioned
underneath the metacarpal bones in the hand. A monitor was connected to the force cell to give
subjects visual feedback on the force level of the muscle contraction. Every RVC was followed by
a recovery period of ~1 min. Electrical activity of the muscles was recorded during the RVCs and the
middle 10 s of a steady-state period was used for EMG normalization. All RMS values were expressed
as a percent of the electrical activity during the RVC, i.e., reference voluntary electrical activity (%RVE;
Table 2), by dividing the experimental electrical activity level (μV) by the reference electrical activity
level (μV) and multiplying by 100%.
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Table 2. Descriptions of submaximal reference voluntary contractions (RVC) of the four target muscles,
with corresponding force levels at which subjects had to sustain the RVC.

Target muscle RVC Procedure Force Level [N] 1

M. triceps brachii Producing a downward force, elbow extension. 80
M. biceps brachii Producing an upward force, elbow flexion. 110

M. flexor carpi radialis Producing an upward force, wrist flexion. 60
M. extensor digitorum Producing a downward force, wrist extension. 60

1 The force levels [N] were determined during pilot measurements among five subjects to correspond moderate
force levels of ~40% maximal force.

Parameters

From the recordings of muscular activity, we determined the low or static level (10th percentile,
RMS10), the median level (50th percentile, RMSMEDIAN), and the high level (90th percentile, RMS90)
according to the amplitude probability distribution [22]. These parameters were determined for
the overall task, screwing only (phase 1), and fastening only (phase 2). In addition, we calculated
the within-day change of the MPF and RMSMEDIAN to assess whether there were signs of
electromyographic muscular fatigue, determined as an increased RMSMEDIAN concomitant with
a decreased MPF [23].

We calculated the relative cycle-to-cycle variability of RMS during screwing (phase 1) and
fastening (phase 2) as a metric reflecting the size of motor variability. We defined one work cycle of
screwing as screwing 1 screw (~40 s) and one work cycle of fastening as fastening 6 screws belonging
to 1 vertical row (~28 s), resulting in 72 screwing and 12 fastening work cycles per day. The relative
variability was assessed by calculating the RMS coefficient of variation (CV) per experimental day
(RMSCV), i.e., the square root of the mean variance of RMS across screwing and fastening work cycles,
divided by the RMSMEAN of the screwing and fastening work cycles.

Figure 1. Experimental task setup with an example of screwing using the t-handle screwdriver (left)
and an example of fastening using the torque screwdriver (right).

2.3.2. Heart Rate

The electrical activity of the heart was recorded using electrocardiography (ECG) by two pre-gelled
Ag/AgCl surface electrodes (35 × 26 mm, KendallTM H93SG ECG Electrodes, Covidien, Zaltbommel,
the Netherlands) placed ~5 cm cranial and ~3 cm left-lateral from the distal end of the sternum and
over the anterior to midaxillary line at the fifth left rib. The PS11 sampled (1000 Hz) and recorded the
ECG signal (PS11-UD, THUMEDI® GmbH & Co. KG, Thum, Germany), from which we calculated the
mean heart rate (HRMEAN) for the overall task, for the screwing part (phase 1), and for the fastening
part (phase 2).
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2.3.3. Forearm Acceleration

Acceleration of the forearm was sampled (4096 Hz) and recorded (PS11-UD, THUMEDI®

GmbH & Co. KG, Thum, Germany) using a single-axis accelerometer (resolution 0.005 m/s2) placed
ventral over the extensor digitorum, 2 to 3 cm ventral of the styloid process ulnaris, using double-sided
adhesive tape. Its orientation, i.e., its sensitive axis, was the orthogonal of the forearm bones ulna
and radius. The position and orientation were chosen to avoid mechanical interference with the EMG
recording electrodes. The accelerometer measured the flexion-extension and rotational acceleration
of the forearm. The RMS of the acceleration data was real-time calculated (250-millissecond moving
window with 50% overlap), from which we determined the mean (ACCMEAN) for the overall task,
screwing only (phase 1), and fastening only (phase 2). Similar as for muscular activity, we calculated
the relative cycle-to-cycle variability of the forearm acceleration (ACCCV), for each experimental day,
by dividing the square root of the mean variance across all work cycles for screwing and fastening by
the ACCMEAN.

2.4. Statistical Analysis

We checked whether the parameters were normally distributed by visually inspecting the
histograms and skewness and kurtosis values [24,25]. Based on these explorations, RMS10, RMSMEDIAN,
RMS90, and RMSCV were not normally distributed and were therefore log-transformed before the
statistical analyses. We performed repeated-measures analysis of variance (RM-ANOVA) on the mean
parameters (i.e., RMS10, RMSMEDIAN, RMS90, HRMEAN, and ACCMEAN) of the overall one-hour task,
with day as the within-subject factor. We also performed RM-ANOVA (day as within-subject factor) on
the mean parameters of phases 1 and 2 separately (i.e., RMS10, RMSMEDIAN, RMS90, RMSCV, HRMEAN,
ACCMEAN, and ACCCV). In case of a significant main effect of day, we performed post hoc tests using
Student’s T-Tests with Bonferroni correction and calculated Cohen’s d effect sizes using the pooled
standard deviation of the two respective days as a standardizer [26]. All statistical analyses were
performed with JMP (JMP® 13.1.0) and statistical significance was accepted for the main effects when
p < 0.05 or, for the Bonferroni-corrected post hoc comparisons, when p < 0.0167 (i.e., 0.05 divided by
three comparisons). Effect sizes were considered small (d ≥ 0.2), medium (d ≥ 0.5), or large (d ≥ 0.8),
as suggested by Cohen [27].

3. Results

All data with statistical outcomes are summarized in Table S1 (Supplementary Material). Data of
a different number of subjects was available for each parameter due to failed or unreliable recordings,
of which the specific number of subjects is mentioned in Table S1 (Supplementary Material).

3.1. Muscular Fatigue

None of the muscles showed signs of muscular fatigue. Only the flexor carpi radialis showed
a significant decrease in RMSMEDIAN concomitant with a significant increase in MPF, which actually
points towards the opposite of muscular fatigue, i.e., recovery of muscular strength [23].

3.2. Muscular Activity

3.2.1. M. Triceps Brachii

The factor day had a significant effect on RMSMEDIAN and RMS90 during the overall task (F = 8.88,
p < 0.001), the screwing phase (F = 7.64, p < 0.001), and the fastening phase (F = 5.81, p < 0.01). For the
overall task, RMSMEDIAN decreased from day 1 (11.80 ± 9.56 %RVE) to day 2 (10.31 ± 8.33 %RVE;
p < 0.01, d = 0.16) and from day 1 (11.80 ± 9.56 %RVE) to day 3 (9.32 ± 6.84 %RVE; p < 0.001, d = 0.30).
For screwing, RMSMEDIAN decreased from day 1 (13.74 ± 11.12 %RVE) to day 2 (12.08 ± 10.17 %RVE;
p < 0.01, d = 0.16) and from day 1 (13.74 ± 11.12 %RVE) to day 3 (10.98 ± 9.18 %RVE; p < 0.001, d = 0.29).
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For fastening, RMSMEDIAN decreased from day 1 (10.23 ± 7.97 %RVE) to day 3 (8.23 ± 6.05 %RVE;
p < 0.01, d = 0.29). RMS90 decreased in the overall task (F = 5.27, p < 0.01) from day 1 (38.03 ± 26.13 %RVE)
to day 3 (30.82 ± 17.73 %RVE; p < 0.01, d = 0.33), in the screwing phase also (F = 4.38, p < 0.05) from
day 1 (38.25 ± 26.20 %RVE) to day 3 (31.74 ± 18.83 %RVE; p < 0.01, d = 0.29), and in the fastening phase
(F = 9.09, p < 0.001) from day 1 (48.47 ± 36.00 %RVE) to day 2 (31.18 ± 31.80 %RVE; p < 0.01, d = 0.16)
and from day 1 (48.47 ± 36.00 %%RVE) to day 3 (39.26 ± 25.81 %RVE; p < 0.001, d = 0.30; Figure 2).
No changes in RMS10 or RMSCV were found between days.

Figure 2. Boxplots of the 10th, 50th, and 90th percentile muscular activity (RMS10, RMSMEDIAN, RMS90)
and coefficient of variation (RMSCV) of the triceps brachii over three days for the overall task (O, grey
filled boxplots), the screwing phases (S, black filled boxplots), and the fastening phases (F, white filled
boxplots).

3.2.2. M. Biceps Brachii

RMSMEDIAN of the overall task was significantly influenced by day (F = 5,89, p < 0.01), with day
1 holding higher values (28.83 ± 15.01 %RVE) than day 2 (25.51 ± 13.82 %RVE; p < 0.01, d = 0.23)
and day 3 (25.50 ± 13.60 %RVE; p < 0.01, d = 0.23; Figure 3). RMSMEDIAN for the screwing phase also
showed a significant effect of day (F = 3.25, p < 0.05) but post hoc tests revealed no significant pairwise
comparisons. RMS90 was significantly influenced by day during fastening (F = 14.64, p < 0.001) with
a decrease from day 1 (148.33 ± 69.01 %RVE) to 2 (122.52 ± 62.60 %RVE; p < 0.001, d = 0.36) and also
from day 1 (148.33 ± 69.01 %RVE) to 3 (114.85 ± 58.87 %RVE; p < 0.001, d = 0.49). RMS10 and RMSCV

did not change between days.
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Figure 3. Boxplots of the 10th, 50th, and 90th percentile muscular activity (RMS10, RMSMEDIAN, RMS90)
and coefficient of variation (RMSCV) of the biceps brachii over three days for the overall task (O, grey
filled boxplots), the screwing phases (S, black filled boxplots), and the fastening phases (F, white
filled boxplots).

3.2.3. M. Flexor Carpi Radialis

During the fastening phase, RMS90 was significantly influenced by day (F = 4.09, p < 0.05;
Figure 4). Post hoc tests showed a decreased RMS90 from day 1 (65.90 ± 80.80 %RVE) to 3 (52.52
± 53.75 %RVE; p < 0.01, d = 0.20). No significant difference between days was found for RMS10,
RMSMEDIAN, or RMSCV.
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Figure 4. Boxplots of the 10th, 50th, and 90th percentile muscular activity (RMS10, RMSMEDIAN, RMS90)
and coefficient of variation (RMSCV) of the flexor carpi radialis over three days for the overall task
(O, grey filled boxplots), the screwing phases (S, black filled boxplots), and the fastening phases (F,
white filled boxplots).

3.2.4. M. Extensor Digitorum

We found a significant main effect of day for RMSMEDIAN in the overall task (F = 8.56, p < 0.001),
during screwing (F = 6.32, p < 0.01), and during fastening (F = 3.31, p < 0.05). During the overall task,
RMSMEDIAN decreased from day 1 (45.29 ± 22.23 %RVE) to 2 (42.51 ± 23.57 %RVE; p < 0.05, d = 0.12) and
from day 1 (45.29 ± 22.23 %RVE) to 3 (40.46 ± 22.00 %RVE; p < 0.001, d = 0.22). RMSMEDIAN decreased
from day 1 (50.34 ± 25.56 %RVE) to 3 (46.00 ± 26.25 %RVE) during screwing (p < 0.001, d = 0.17) and
decreased from day 1 (34.76 ± 18.44 %RVE) to 3 (31.76 ± 19.19 %RVE) during fastening (p < 0.05,
d = 0.16). RMS10 differed significantly between days for the overall task (F = 18.35, p < 0.001), screwing
(F = 13.72, p < 0.001), and fastening (F = 3.50, p < 0.05; Figure 5). In the overall task, RMS10 decreased
from day 1 (12.70 ± 7.06 %RVE) to 2 (10.13 ± 6.59 %RVE; p < 0.001, d = 0.38) and from day 1 (12.70 ± 7.06
%RVE) to 3 (9.12 ± 5.84 %RVE; p < 0.001, d = 0.55). In the screwing phase, RMS10 decreased from day 1
(17.45 ± 9.45 %RVE) to 2 (15.03 ± 8.73 %RVE; p < 0.01, d = 0.27) and from day 1 (17.45 ± 9.45 %RVE)
to 3 (14.04 ± 8.07 %RVE; p < 0.001, d = 0.39). In the fastening phase, RMS10 decreased from day 1
(16.43 ± 9.30 %RVE) to 3 (15.18 ± 10.42 %RVE; p < 0.05, d = 0.13). The factor day also significantly
influenced RMS90 for the overall task (F = 5.96, p < 0.01), screwing (F = 5.24, p < 0.01), and fastening
(F = 4.27, p < 0.05). RMS90 decreased from day 1 (83.00 ± 45.24 %RVE) to 3 (75.60 ± 43.64 %RVE) in
the overall task (p < 0.001, d = 0.17), decreased from day 1 (84.22 ± 47.10 %RVE) to 3 (77.29 ± 45.61
%RVE) in the screwing phase (p < 0.01, d = 0.15) and decreased from day 1 (84.14 ± 38.57 %RVE) to 3
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(76.82 ± 38.52 %RVE) in the fastening phase (p < 0.01, d = 0.19). No significant effect of day on RMSCV

was found.

Figure 5. Boxplots of the 10th, 50th,and 90th percentile muscular activity (RMS10, RMSMEDIAN, RMS90)
and coefficient of variation (RMSV) of the extensor digitorum over three days for the overall task
(O, grey filled boxplots), the screwing phases (S, black filled boxplots), and the fastening phases (F,
white filled boxplots).

3.3. Heart Rate

HRMEAN differed significantly between days (Figure 6) for the overall task (F = 5.91, p < 0.01),
screwing (F = 9.38, p < 0.001), and fastening (F = 6.35, p < 0.01). For the overall task, HRMEAN decreased
from day 1 (91 ± 15 bpm) to 2 (88 ± 12 bpm; p < 0.01, d = 0.27) and from day 1 (91 ± 15 bpm) to 3
(88 ± 11 bpm; p < 0.01, d = 0.28). For screwing, HRMEAN decreased also from day 1 (92 ± 15 bpm) to 2
(88 ± 12 bpm; p < 0.001, d = 0.27) and from day 1 (92 ± 15 bpm) to 3 (88 ± 11 bpm; p < 0.001, d = 0.29).
For fastening it decreased from day 1 (89 ± 15 bpm) to 2 (85 ± 12 bpm; p < 0.01, d = 0.28) and from
day 1 (89 ± 15 bpm) to 3 (85 ± 12 bpm; p < 0.01, d = 0.29).
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Figure 6. Average heart rate (HRMEAN) over the three days for the overall task (O, grey filled plots),
the screwing phases (S, black filled plots), and the fastening phases (F, white filled plots). Error bars
represent the SD across subjects.

3.4. Forearm Acceleration

ACCMEAN significantly decreased over days in the overall task (F = 13.66, p < 0.001) and over
the screwing phases (F = 9.10, p < 0.001; Figure 7). For the overall task, ACCMEAN decreased from
day 1 (237.13 ± 56.34 mm/s2) to 2 (218.65 ± 51.36 mm/s2; p < 0.001, d = 0.34) and from day 1
(237.13 ± 56.34 mm/s2) to 3 (209.45 ± 49.66 mm/s2; p < 0.001, d = 0.52). For screwing, ACCMEAN

decreased also from day 1 (261.84 ± 65.51 mm/s2) to 2 (244.35 ± 60.95 mm/s2; p < 0.01, d = 0.28) and
from day 1 (261.84 ± 65.51 mm/s2) to 3 (235.34 ± 58.49 mm/s2; p < 0.001, d = 0.43). We found a main
effect of day for ACCCV during fastening (F = 3.59, p < 0.05). Post hoc tests revealed that ACCCV

significantly increased from day 1 (1.52 ± 0.29) to day 3 (1.61 ± 0.36; p < 0.01, d = −0.25).

Figure 7. Average acceleration (ACCMEAN) and coefficient of variation (ACCCV) of the forearm over
three days for the overall task (O, grey filled plots), the screwing phases (S, black filled plots), and the
fastening phases (F, white filled plots). Error bars represent the SD across subjects.

4. Discussion

The objective of this study was to investigate whether physical requirements and motor variability
decreased over three days of repetitive screwing among novices. The results largely support our
hypothesis, showing a decrease over days in the static, median, and peak EMG activity levels for the
extensor digitorum and biceps brachii, but to a lesser extent for the flexor carpi radialis and triceps
brachii. No significant differences in physical requirements between days 2 and 3 were detected.
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Similarly, acceleration of the forearm and heart rate decreased over days. We found no support for
the hypothesis that relative cycle-to-cycle variability of the muscles decreased over days, whereas the
relative variability of forearm acceleration significantly increased over days.

4.1. Biomechanical and Cardiovascular Control Strategies

The simulated screwing task activated several upper and lower arm muscles, of which we have
measured only a selection. It hereby appeared that the biceps brachii produced the highest activity
levels as can be indicated from the normalized EMG values, which relates to its main function of lower
arm supination [28] and the T -handle torx screwdriver not requiring much grip force.

The extensor digitorum and triceps brachii clearly decreased their median and peak muscle
activity. Similar findings were reported by previous studies that found reductions in muscular activity
as a result of motor learning during training (e.g., [29–31]). The overall lowered muscular activity
production for the same occupational task may indicate that the early stage of motor learning is
a process at the level of the central nervous system, which is supported by the decreased heart rate of
~4 bmp (similar to ~4%) over days, since a decreased heart rate reflects less inhibited parasympathetic
activation of the autonomic nervous system [32].

Observing the behaviour of all four muscles separately made us conclude that not all behaved
similarly over the three days. The flexor carpi radialis and biceps brachii mainly contributed to the
fastening phase of the experimental task, since their peak muscular activity levels decreased between
day 1 and days 2 and 3, especially during fastening. On the other hand, the triceps brachii and
extensor digitorum showed the most prominent changes during the overall task, as indicated by their
decreased median and peak activity levels from day 1 to days 2 and 3. These results indicate that the
flexor muscles became more efficient, especially during fastening, and may benefit more from specific
training than the extensor muscles that showed less specific changes between the three days.

The strong decreased forearm acceleration after the first day, especially during screwing, could
point to a more efficient motor program that has significantly developed already after one day.
The resulting movement patterns of screwing being smoother on days 2 and 3 may have resulted in
more muscle relaxation, as reflected by the decreased static muscular activity level of the extensor
digitorum. Note that all changes in physical requirements were detected at day 2 or 3, compared to
day 1. This may indicate that the first day is highly important for developing motor control strategies,
whereas no significant changes or improvements happen between days 2 and 3.

4.2. Motor Variability

The amount of motor variability of muscular activity levels remained equal over days in this
study, which could imply that the screwing task was not new enough or too simple to provoke
developments in motor variability, or that the follow-up was not long enough to be able to find
significant developments. The relative variability of forearm acceleration, on the other hand, showed
a slight but significant increase regarding the first two days (rate of ~7% increase). This strongly implies
that movement strategies and muscular activation strategies develop in a different way. As suggested
by previous studies, motor control strategies are optimized with increasing work experience, which
could evoke an increased motor variability as a strategy to adapt to performance constraints such as
muscular fatigue [33,34] and acute or chronic pain [35].

4.3. Practical Implications

4.3.1. Importance of Familiarization and Randomization

This study with a within-subject design showed decreased muscular activity and acceleration
patterns among novices who gain experience in performing a simple screwing task repeated over three
days. Decreases were most prevalent between day one and the other two days but were absent between
days 2 and 3. This finding indirectly highlights the importance of both sufficient familiarization to
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experimental tasks and randomization of experimental conditions in studies. Familiarization is
especially important when designing a study including repeated measures, to decrease the influence
of early stages in the motor learning process. However, it is not clear how much familiarization time is
needed, as this probably highly depends on the task complexity. For example, in a study among novice
and expert butchers, Madeleine, et al. [36] showed that motor strategies are in development during
a six-month follow-up. This does not mean that follow-up times or familiarization periods should
be equal to or longer than six months, because this is unrealistic to strive for in studies. However,
familiarization should not be too short and include at least some physical practice. Based on the
current study results, a two-minute familiarization period, as used by Qin et al. [37], might be too
short to reliably measure and interpret physical requirements of occupational tasks. Not reporting
task familiarization at all, like Wang et al. [38] did, makes the reader assume that familiarization was
not part of the experimental protocol at all and could mean that outcomes were influenced by early
stages of the motor learning process. Since the first day of this repetitive task seemed to be most
prominent in developing motor control strategies, researchers should provide enough familiarization
when investigating occupational tasks.

For comparing different experimental conditions, one can use a between-subject design or
a within-subject design. In a between-subject design, classically, subjects are randomly assigned
to a group (control vs. intervention). In a within-subject design, subjects will perform all experimental
conditions (cross-over design) and are randomly assigned to a sequence of experimental conditions.
In most cases, the randomization is performed counterbalanced, meaning that first the number
of sequences or the number of subjects per group is determined, after which the assignment to
one of the conditions or sequences is based on randomization. The well-known reasons to apply
randomization in studies are twofold as follows: (1) Decreasing systematic errors created by a specific
experimental manipulation [39] and (2) increasing generalizability or external validity [40]. In addition,
we emphasize that randomization may also decrease effects of lack of or insufficient familiarization.
This means that an over- or underestimation of the original research question is equally distributed
across conditions or across intervention groups. When having a close look at the recent conference
proceedings of the International Ergonomics Association 2018 [41], only six of the 223 short papers
published, mention randomization in their study. This emphasizes that few studies take randomization
into consideration and, as a result, the quality of the study and, therefore, also the relevance of the
outcomes may decrease. We therefore recommend applying randomization when possible and,
especially when recruiting novices (e.g., students), including a familiarization phase to decrease most
of potential motor learning effects.

4.3.2. Motor Variability in An Occupational Context

This study assessed the functional development of motor variability in a manual materials
handling task over three days. Although we could not find changes in motor variability over three
days, previous studies showed that experienced workers show more variable movement patterns [6],
which may indicate that experienced workers are already in the final improvement stage of motor
learning where they have developed movement behaviour enabling them to adapt to environmental
constraints [42,43]. Furthermore, motor variability has also been suggested to play a beneficial role with
respect to internal constraints, such as muscular fatigue [33], pain [44], and external constraints, such as
task precision and pace [45]. Confounding factors are also suggested to play a role in the association
between motor variability and internal/external constraints, such as sex [46], age [47], and health
status. Our current knowledge about the role of motor variability in relation to the aforementioned
concepts is still limited. However, when we continue studying motor variability in occupational
settings, we might be able to (1) identify workers who are more prone to develop musculoskeletal
disorders than others and (2) design (individually adjusted) work tasks and workstations in such
a way that motor variability can be promoted [48].
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4.4. Methodological Considerations

Our study supports the hypothesis that muscular activity decreased over three days of repetitive
screwing and fastening among novices, although it should be noted that our sample size was rather
large due to the exploratory design, which is usually not suitable to examine a hypothesis. In general,
effect sizes of the reported results were rather small and only few results were accompanied by
moderate effect sizes (d = 0.50), including the high muscular activity level of the biceps brachii,
the static activity level of the extensor digitorum, and forearm acceleration. Muscular co-contraction
has been related to aspects of motor learning in a previous study, [16], by calculating a complex index
including the muscular activity and torque levels around a joint, which was beyond the scope of
this study.

5. Conclusions

This study showed that physical requirements start developing at task onset, as reflected by
the measures of muscular activity, acceleration, and heart rate. However, not all of these measures
showed a similar pattern over days, i.e., the extensor digitorum and biceps brachii already showed
changes between days 1 and 2, whereas the flexor carpi radialis and triceps brachii showed changes
between days 1 and 3. This may indicate the more prominent role of both arm extensor muscles in
the screwing and fastening task, regarding the earlier changes. However, changes between days 2
and 3 in physical requirements were absent. Motor variability of the selected muscles did not change
between days, but variability of forearm acceleration increased from day 1 to 3, which may reflect that
movement strategies develop differently than muscular activation strategies. We emphasize that these
developments are part of daily life and should be considered when designing and interpreting studies
in terms of task familiarization and randomization of experimental conditions.
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Abstract: This study determined the influence of years spent working in custody on fitness measured
by a state-specific testing battery (Work Sample Test Battery; WSTB) in deputy sheriffs. Retrospective
analysis was conducted on one patrol school class (51 males, 13 females) divided into three groups
depending on time spent working in custody: DS24 (<24 months; n = 20); DS2547 (25–47 months;
n = 23); and DS48+ (≥48 months; n = 21). These groups were compared to a recruit class (REC;
219 males, 34 females) in the WSTB, which comprised five tasks completed for time: 99-yard
(90.53-m) obstacle course (99OC); 165-pound (75-kg) dummy drag; six-foot (1.83-m) chain link
fence (CLF) and solid wall (SW) climb; and 500-yard (457.2-m) run (500R). A univariate analysis of
covariance (ANCOVA) (controlling for sex and age) with Bonferroni post hoc determined significant
between-group differences. DS48+ were slower in the 99OC compared to the REC (p = 0.007) and
performed the CLF and SW slower than all groups (p ≤ 0.012). DS24, DS2547, and DS48+ were all
slower than REC in the 500R (p ≤ 0.002). Physical training should be implemented to maintain fitness
and job-specific task performance in deputy sheriffs working custody, especially considering the
sedentary nature of this work.

Keywords: aerobic fitness; body drag; fence climb; foot pursuit; job-specific; law enforcement officer;
obstacle course; police; tactical

1. Introduction

Law enforcement can be a physically demanding profession; during a shift, on-duty officers may
be required to drive vehicles [1], pursue suspects [2–4], clear obstacles [5], discharge firearms [6,7],
and exert force and apprehend offenders [5,7–9]. Recruits must undergo specific training before they
can become law enforcement officers (LEOs). The academy setting is where recruits are trained to
tolerate the physical rigors of the profession while also learning the required procedures and skills
necessary for policing [5,10–12]. As a result, most agencies have set standards that must be achieved
by recruits when they are tested in job-specific tasks and physical fitness [2,12]. Failure to achieve
these standards will generally mean a recruit will be separated from their academy and they will not
graduate to become an LEO [12].

One example of a job-specific examination of physical skills is the Work Sample Test Battery
(WSTB), which must be completed by law enforcement recruits before they graduate from law
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enforcement academies in California, USA [5,13]. As described by Lockie et al. [5], the WSTB consists
of five tests that are completed for time: a run around a 99-yard (90.53-m) obstacle course (99OC);
a body drag (BD) with a 165-pound (74.84-kg) dummy; a climb over a six-foot chain link fence (CLF);
a climb over a six-foot solid wall (SW); and a 500-yard (457.2-m) run (500R). According to guidelines set
by California’s Peace Officer Standards and Training (POST), these job-specific tests must be completed
within specific time limits, which results in points being allocated to each task [13]. A minimum score
of 384 in the WSTB is required. Recruits attain points within each task relative to their time to perform
each task [5,13]. A faster task completion results in a greater point allocation [5,13].

Despite the importance of the WSTB being an indication of job task performance for recruits [13],
once they graduate, they no longer have to maintain any performance standard. Indeed, few law
enforcement agencies (LEAs) mandate that their LEOs meet standards of physical fitness over the
course of their career [14,15]. As a result of this, many LEOs experience a decline in physical fitness
over time. Although this could be related to age-related declines in physical performance [16,17],
there are other factors that can also contribute. Orr et al. [15] compared the physical fitness of police
academy cadets (recruits in the context of this study) and incumbent officers. The results indicated
that male cadets were superior in muscular endurance (measured by push-ups and sit-ups completed
in 60 s) and aerobic fitness (measured by 2.4 km run time) when compared to the aged-matched
incumbent LEOs. The female cadets were superior in maximal strength (measured by a one-repetition
maximum bench press) and upper-body endurance (push-ups completed in 60 s) compared to the
female LEOs. Orr et al. [15] suggested the nature of law enforcement occupations, which feature a low
volume of work-related physical activity, significantly impacted the maintenance of fitness in the LEOs.
Given that superior strength, endurance, and aerobic capacity have been related to better performance
in the WSTB [5], any declines in these qualities could negatively impact job performance, as indicated
by tests such as the WSTB.

Decreases in fitness and job-specific task performance could be exacerbated for LEOs who spend
extended periods of time in an environment where the job demands are lower than those encountered
when on patrol, such as when working in custody. Custody facilities can include jails, detention,
or court lockup facilities [18]. Although LEOs working in custody may be required to respond to
emergencies and physically confront and restrain inmates, the predominant job tasks are low-intensity.
This includes processing and supervising inmates, office work, and cell searches [18–20]. In accordance
with these expected lower intensity job conditions, agencies that hire individuals for custody-only
positions (e.g., custody assistants) generally do not mandate the testing of physical fitness in these
individuals [18,21,22]. As custody assistants are a non-warranted position who work under the
directives of sworn personnel [18], LEOs generally need to work in custody facilities as well. For deputy
sheriffs from certain agencies in the USA, their first position after graduating academy is working in
custody. Deputy sheriffs may spend several months to several years working in custody, depending
on whether there are available patrol positions at the station they are assigned to. The length of time
they spend in custody could influence their fitness and ability to complete job-specific tasks, which is
an issue if they move onto patrol duties after working custody. However, there has been no analysis of
the effects that time spent completing custody work could have on the fitness of deputy sheriffs.

Therefore, a cross-sectional analysis of deputy sheriffs from one patrol school class was conducted
to analyze the influence of time spent working in custody on WSTB performance and compared to
established WSTB standards for recruits from this LEA [5]. As the WSTB is used as an indicator for
job preparedness in deputy sheriffs [5,13], it is assumed that if WSTB performance is maintained, the
deputy sheriffs would be more physically prepared for the demands of patrol. It was hypothesized
that the recruits would be faster in the WSTB tasks when compared to the deputy sheriffs. It was
further hypothesized that deputy sheriffs who had spent more time working in custody would also be
slower in the WSTB tasks.
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2. Materials and Methods

2.1. Subjects

Retrospective analysis on one patrol school class from one LEA comprised of 64 deputy sheriffs
(age: 32.28 ± 6.54 years; height: 1.76 ± 0.08 m; body mass: 86.02 ± 16.10 kg), which included
51 males (age: 30.92 ± 5.74 years; height: 1.75 ± 0.07 m; body mass: 90.98 ± 13.76 kg) and 13 females
(age: 37.62 ± 6.96 years; height: 1.61 ± 0.03 m; body mass: 66.57 ± 7.56 kg), was conducted. All deputy
sheriffs from this patrol school class completed the WSTB, and only data from their time in patrol
school were provided by the LEA to the researchers. Additionally, only the WSTB times for the
deputy sheriffs were provided to the researchers, and not what would be the derived point allocation.
The deputy sheriff data were compared to recruits from four academy classes from the same agency
who successfully passed the WSTB. The data from these recruits have been previously published by
Lockie et al. [5]. The recruit sample was comprised of 253 recruits (age: 26.69 ± 5.26 years; height:
1.75 ± 0.10 m; body mass: 79.69 ± 12.29 kg); 219 males (age: 26.69 ± 5.35 years; height: 1.77 ± 0.08 m;
body mass: 81.94 ± 10.98 kg) and 34 females (age: 26.68 ± 4.68 years; height: 1.62 ± 0.09 m; body mass:
64.43 ± 9.57 kg). All class cohorts started their academy within a calendar year in southern California,
USA. Based on the retrospective nature of this analysis, the institutional ethics committee approved
the use of pre-existing data (HSR-17-18-370).

2.2. Procedures

The data in this study were collected by staff working for one LEA. The staff were all trained
by a certified Tactical Strength and Conditioning Facilitator who verified the proficiency of the staff
members. Age, height, body mass, and time spent working in custody were recorded at the start
of patrol school. Patrol school was a three-week skills refresher program completed by incumbents
who had been working in custody, as they did not complete any patrol duties during this time.
Deputy sheriffs self-reported the time they had spent working in custody. For the recruits, age, height,
and body mass were recorded at the start of the 22-week academy training period [5]. For the deputy
sheriffs and recruits, height was measured barefoot using a portable stadiometer (Seca, Hamburg,
Germany), while body mass was recorded by electronic digital scales (Health o Meter, Neosho,
Missouri, USA). The deputy sheriffs completed the WSTB within the first week of patrol school,
between 0700–1200 (7:00 a.m.–12:00 p.m.). As noted by Lockie et al. [5], the WSTB for the recruits was
completed during the final weeks of academy depending on the class schedule, and typically between
0500–1200 (5:00 a.m.–12:00 p.m.). The weather conditions for testing for both patrol school and the
academy classes were typical of the climate of southern California during a calendar year. Although
conducting testing outdoors is not ideal, there was no indoor testing facility available for this LEA,
and these procedures were typical of staff from the LEA [5,12,18,21–24].

2.3. Work Sample Test Battery (WSTB)

As noted, the WSTB is mandatory for LEAs in California, and recruits must attain a certain
standard (minimum score of 384) in order to graduate from academy [13]. The focus of this study was
the time required to complete each task in the WSTB rather than the point allocation. The procedures
for each assessment have been presented by Peace Officer Standards and Training [13] and previously
published by Lockie et al. [5] but are documented here as well. All tests were performed outdoors on
structures specifically designed for the LEA training facility. Deputy sheriffs and recruits wore physical
training attire (i.e., no equipment) during completion of the WSTB. The order of test completion
may have varied between deputy sheriffs and recruits depending on time constraints, but the 500R
was always completed last. This follows stated guidelines from POST, whereby WSTB events can
be completed in any order as long as the 500R is the final event [13]. Deputy sheriffs and recruits
were provided the opportunity for two attempts for each test (with a minimum of two minutes
rest between attempts). Time was recorded to the nearest 0.1 s by a handheld stopwatch for each
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attempt, and the fastest time was recorded. Timing via stopwatches is standard practice in LEA
testing [5,9,10,12,17,18,25–27]. Furthermore, testers trained in the use of stopwatch timing procedures
for running and exercise tests can record reliable data [28].

99-yard obstacle course run (99OC): This test was designed to simulate a foot pursuit and is
shown in Figure 1. The 99-yard (90.53-m) course was completed as quickly as possible, and deputy
sheriffs and recruits were to remain on the concrete track throughout the course. During the run,
individuals also needed to step over three 6-inch × 6-inch (0.15 × 0.15 m) simulated curbs and one
34-inch (0.86-m) high obstacle.

Figure 1. The 99-yard obstacle course. (A) Aerial map of the course. (B) Dimensions and running direction.

Body drag (BD): Deputy sheriffs and recruits were required to drag a 165-pound (74.84-kg)
dummy a distance of 32 feet (9.75 m). Individuals needed to pick up the dummy by wrapping their
arms underneath the arms of the dummy and lifting it to a standing position by extending the hips
and knees. Once the individual was standing with the dummy and they informed the tester they were
ready, timing was initiated, and the individuals had to drag the dummy as quickly as possible by
walking backwards over the required distance.

Chain link fence climb (CLF): Deputy sheriffs and recruits started 5 yards (4.57 m) away from
the fence, and once the test was initiated, they were required to run up to and scale the fence with
whatever technique they deemed most appropriate. However, they could not use any side supports on
the fence to assist their climb. If the individual did not initially climb the fence in their first attempt
within a trial, they could continue attempting to climb, but the time continued to run within the test.
Once the individual cleared the fence, they were to land and run 25 yards (22.86 m) as fast as possible
to complete the test.

Solid wall fence climb (SW): The same instructions and procedures for the CLF were provided for
the SW, with the only difference being the type of wall that needed to be climbed.

500 yard run (500R): This test simulated a long-distance foot pursuit. The 500-yard (457.2-m)
distance was marked on an athletics track, and deputy sheriffs and recruits were instructed to cover
this distance as quickly as possible.
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2.4. Statistical Analysis

All statistical analyses were computed using the Statistics Package for Social Sciences (Version 25.0;
IBM Corporation, New York, NY, USA). Descriptive statistics (mean ± SD) were calculated for each
test parameter. The sample was divided into four groups: REC (recruits; n = 253); DS24 (deputy
sheriffs who worked in custody for ≤24 months; n = 20); DS2547 (deputy sheriffs who worked in
custody for 25–47 months; n = 23); and DS48+ (deputy sheriffs who worked in custody for ≥48 months;
n = 21). These time periods were selected to provide a relatively equitable group distribution across
the deputy sheriffs. Levene’s test for equality of variances was used to ascertain the homogeneity
of variance for the data, with significance set as p < 0.05. If data were found to be heterogeneous,
the alpha level required for between-group significant interactions was adjusted to p < 0.01 to reduce
the chance of making a Type I error. A univariate analysis of covariance (ANCOVA) was used to
ascertain whether there were significant differences between the groups. The ANCOVA analysis was
utilized due to the robustness of these procedures when used with a large sample, even with unequal
group sizes [29,30]. Sexes were combined within each of the groups, as there are no corrections for sex
in the WSTB [13]. Nonetheless, sex was used as a covariate, as numerous studies have documented sex
differences in the physical performance of law enforcement populations [16,18,23,24,31]. Body mass
and WSTB data were also analyzed with age as an additional covariate, as age can influence body
mass and fitness test performance [15–17]. If a significant interaction between the groups was found,
a Bonferroni post hoc adjustment for multiple pairwise comparisons was adopted (p < 0.05). Similar
to previous research [12,23], effect sizes (d) were also calculated for the between-group comparisons,
where the difference between the means was divided by the pooled SD [32]. A d less than 0.2 was
considered a trivial effect; 0.2 to 0.6 a small effect; 0.6 to 1.2 a moderate effect; 1.2 to 2.0 a large effect;
2.0 to 4.0 a very large effect; and 4.0 and above an extremely large effect [33]. Differences between
the mean times for the WSTB tasks through the time points established with the REC and deputy
sheriff groups (REC were considered the baseline or 0 months; DS24: up to 24 months working in
custody; DS2547: 25–47 months working in custody; DS48+: 48 months or greater working in custody)
were also calculated. This was done to ascertain whether there was a certain time point where a clear
decline in performance of a WSTB task could be established so as to provide support to findings from
the ANCOVA.

3. Results

Descriptive data for the WSTB for all groups are shown in Table 1, while the effect size data are
shown in Table 2. Homogenous data were indicated for age (F3 = 1.297, p = 0.276), height (F3 = 1.297,
p = 0.133), body mass (F3 = 0.747, p = 0.525), 99OC (F3 = 0.630, p = 0.596), and the BD (F3 = 0.472,
p = 0.702). The alpha level for significance for these data was set to p < 0.05. Heterogeneous data were
indicated for the CLF (F3 = 14.615, p < 0.001), SW (F3 = 9.612, p < 0.001), and the 500R (F3 = 10.668,
p < 0.001). The alpha level for significance for these data was set to p < 0.01.

There was a significant interaction for age (F3 = 22.535, p = 0.006). REC was younger than
all other groups (p ≤ 0.020; moderate-to-large effects); DS24 and DS2547 were younger than
DS48+ (p ≤ 0.007; moderate effects). There was no significant between-group interactions for height
(F3 = 22.535, p = 0.584). When controlling for sex and age, there was a significant interaction for
body mass (F3 = 4.870, p = 0.003). However, the post hoc analysis indicated that even though there
was a moderate effect for the difference between REC and DS48, this comparison did not achieve
significance (p = 0.059). There was a significant interaction for the 99OC (F3 = 3.880, p = 0.010),
with DS48+ being significantly slower than REC (p = 0.007), which had a moderate effect. There were
also moderate effects for the faster 99OC times for DS24 and DS2547 compared to DS48+, but neither
achieved significance (p = 0.410 and 0.437, respectively). There was no significant interaction for the
BD (F3 = 0.464, p = 0.708). There was a significant interaction for the CLF (F3 = 6.408, p < 0.001) and
SW (F3 = 5.547, p = 0.001). DS48+ performed both the CLF (p ≤ 0.004; all moderate effects) and SW
(p ≤ 0.012; moderate effects for comparisons with REC and DS24) significantly slower than all other
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groups. There was a significant interaction for the 500R (F3 = 19.649, p < 0.001), with all deputy sheriff
groups being significantly slower than REC (p ≤ 0.002; moderate-to-large effects).

Table 1. Descriptive data (mean ± SD) for age, height, body mass, and the Work Sample Test Battery
(WSTB) tasks [99-yard obstacle course (99OC), body drag (BD), chain link fence climb (CLF), solid
wall climb (SW), and 500-yard run (500R)] in recruits (REC), and deputy sheriffs who had spent ≤24
months (DS24), 25–47 months (DS2547), and ≥48 months (DS48+) working in custody.

Variables
REC

(n = 253)
DS24

(n = 20)
DS2547
(n = 23)

DS48+
(n = 21)

Age (years) 26.69 ± 5.26 30.30 ± 6.36 * 30.30 ± 5.35 * 36.33 ± 6.26 *,§ ,

Height (m) 1.75 ± 0.10 1.74 ± 0.07 1.74 ± 0.09 1.71 ± 0.10
Body mass (kg) 79.69 ± 12.29 88.99 ± 13.68 85.46 ± 15.08 83.79 ± 19.35

99OC (sec) 18.49 ± 1.63 18.83 ± 1.60 19.13 ± 1.81 20.64 ± 2.25 *
BD (sec) 5.41 ± 3.19 4.64 ± 0.84 5.08 ± 0.68 6.17 ± 1.77
CLF (sec) 7.83 ± 1.20 7.60 ± 1.62 7.69 ± 1.89 9.78 ± 2.41 *,§ ,

SW (sec) 7.75 ± 1.37 7.63 ± 2.09 7.86 ± 1.82 9.83 ± 4.45 *,§ ,

500R (sec) 89.20 ± 7.99 100.75 ± 15.08 * 108.09 ± 38.80 * 113.19 ± 18.76 *

* Significantly (p < 0.05) different from REC; § Significantly (p < 0.05) different from DS24; Significantly (p < 0.05)
different from DS2547.

Table 2. Pairwise effect size data between REC and deputy sheriffs who had spent ≤24 months (DS24),
25–47 months (DS2547), and ≥48 months (DS48+) working in custody for age, height, body mass, and
the WSTB tasks (99OC, BD, CLF, SW, and 500R).

Variables
REC-
DS24

REC-DS2547
REC-

DS48+
DS24-

DS2547
DS24-
DS48+

DS2547-
DS48+

Age 0.62 * 0.68 * 1.67 § <0.01 0.96 * 1.04 *
Height 0.12 0.11 0.40 <0.01 0.35 0.32

Body mass 0.72 * 0.42 0.25 0.25 0.31 0.10
99OC 0.21 0.37 1.09 * 0.18 0.93 * 0.74 *

BD 0.33 0.14 0.29 0.58 1.10 * 0.81 *
CLF 0.16 0.09 1.02 * 0.05 1.06 * 0.97 *
SW 0.07 0.07 0.63 * 0.12 0.63 * 0.58

500R 0.96 * 0.67 1.66 § 0.25 0.73 * 0.17

* Moderate effect for the pairwise comparison; § Large effect for the pairwise comparison.

Figure 2 displays the difference in the mean times for the WSTB tasks through the time points
established with the deputy sheriff groups (REC: baseline; DS24: up to 24 months working in custody;
DS2547: 25–47 months working in custody; DS48+: 48 months or greater working in custody). For the
99OC, BD, CLF, and SW, there was a notable change in task performance past 48 months of custody
work (which, as stated, was significantly different from the baseline for the 99OC, CLF, and SW;
Table 1). For the 500R, the most pronounced change in performance time came after 24 months, before
this was reduced in subsequent time points. Nonetheless, all of these were significantly different from
the baseline established by the REC (Table 1).
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Figure 2. Difference in mean times for each WSTB task (99OC, BD, CLF, SW, and 500R) through the time
points established in this study with the deputy sheriff groups (REC: baseline; DS24: up to 24 months
working in custody; DS2547: 25–47 months working in custody; DS48+ 48 months or greater working
in custody).

4. Discussion

This study analyzed the influence of time spent working in custody on a state-specific job-specific
testing battery called the WSTB in deputy sheriffs. It was hypothesized that a longer time spent
working in custody would result in poorer WSTB performance in deputy sheriffs when compared to
recruits and other deputy sheriffs who had spent less time working in custody facilities. The results
provided support to these hypotheses. The DS48+ group performed poorer in the 99OC, CLF, SW,
and 500C compared to the REC, and in the CLF and SW compared to the other deputy sheriff groups
as well. All deputy sheriff groups were slower in the 500R compared to the REC. In support of
previous research [15], these results suggest that LEAs should implement some form of physical
training programs for their incumbent deputy sheriffs to maintain their fitness and job-specific skills.
This is potentially even more important for deputy sheriffs who have to spend time working in custody
before they move onto patrol duties. This is because the general duties of custody can be relatively
low-intensity [20], especially compared to those that can be required on patrol (e.g., pursuing and
restraining offenders, urgent driving, obstacle clearance) [34,35].

As expected, there were significant differences in age between the REC and deputy sheriff recruits.
The mean age for the REC was typical for this agency [5,12,23,24,26,36], and it would be expected that
the deputy sheriffs would be older, as they are several months or years into their career. The height
and body mass of the REC was also typical for this agency [5,12,23,24,26,36]. Body mass tends to
increase in males and females from their 20’s to 30’s [37]. However, in this study, there were no
significant differences between the groups in body mass. Body mass is important to monitor in LEOs
and deputy sheriffs, as increased body mass and fat can be indicative of increased cardiovascular
disease risk [38–41], which is a major health issue in law enforcement populations [42–44]. Numerous
authors have recommended that LEOs (inclusive of deputy sheriffs) should maintain physical activity
across their career to ensure better health and fitness [15,25,42]. As is discussed in this paper, this could
impact their performance of job-specific tasks as well.

The 99OC is designed to simulate a foot pursuit within an urban area [13]. Lockie et al. [5]
detailed that the 99OC had small correlations with fitness tests such as push-ups, sit-ups, mountain
climbers, pull-ups, and a 201-m run in recruits. All of these tests place some emphasis on anaerobic
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energy systems [45], which indicates the importance of these qualities in the performance of the 99OC,
and by extension, a foot pursuit. The results from this study showed that DS48+ were slower in
the 99OC compared to the REC. It would be expected that the REC would be faster in the 99OC,
as they were at the end of their 22-week academy designed to specifically train them for policing
duties [5]. For those deputy sheriffs who had spent 48 months or longer working in custody, the
combination of the demands of law enforcement shift work (e.g., irregular and long hours) [15,46]
with the low-intensity demands of custody work [18–20] likely contributed to the decline in physical
characteristics contributing to a slower 99OC. Given that the DS48+ were moving to a patrol position,
this would suggest that some form of physical training should be completed during the custody period
to minimize any declines in fitness that could influence the performance of a job-specific task, such as
a foot pursuit. Rossomanno et al. [25] found that a six-month supervised exercise program for LEOs
that incorporated aerobic training and calisthenics could improve time to complete an obstacle course
incorporating specific policing skills (e.g., running, jumping, obstacle clearance, dummy drag, and
shooting). The LEA from this study should also consider implementing this type of program, especially
for deputy sheriffs who need to work a patrol position after custody.

The 500R is also a maximum running task designed to simulate foot pursuit; in this instance,
one conducted over a longer distance [13]. Similar to the 99OC, Lockie et al. [5] found that the 500R
had small-to-moderate correlations with fitness tests such as push-ups, sit-ups, mountain climbers,
pull-ups, and a 201-m run in recruits. In addition, due to the duration of the run placing demands
on the aerobic system [45], the 500R also had a large correlation with the 2.4-km run. However, in
contrast to the 99OC, all deputy sheriff recruits performed the 500R slower than the REC. This drop
in performance was notable from the first time point established in this study (up to 24 months),
as opposed to the 99OC, where the significant drop in performance only occurred past 48 months.
These data suggest the decline in physiological characteristics important for the 500R (e.g., aerobic
capacity) occurs early during a deputy sheriff’s custody tenure. As aerobic fitness training tends to be
emphasized in LEA academy training [5,12,47,48], it would be expected that REC would be faster in
the 500R. Additionally, Orr et al. [15] documented that the incumbent male LEOs were slower in the
2.4-km run compared to cadets, while Lockie et al. [17] found 2.4-km run times tended to get slower
with advancing age in incumbent male officers. Given the relationship between the 500R and 2.4-km
run [5], if performance in the 2.4-km run declines, it could be surmised that the 500R would decline
also. As for the 99OC, if the 500R is viewed as being indicative of a foot pursuit, deputy sheriffs who
come from working in custody should attempt to maintain their high-intensity running capacity and
aerobic fitness before beginning their patrol tenure. This should occur either at the individual-level or
with the provision of structured physical training from the LEA.

Lockie et al. [5] stated that the CLF and SW provide a test of how well a recruit can scale an obstacle
such as that they might encounter in urban areas. Upper-body strength measured by pull-ups and
muscular endurance measured by push-ups and sit-ups completed in 60 s have been found to relate to
faster CLF and SW performance in law enforcement recruits [5]. Declines in upper-body strength and
endurance, which have been shown for incumbent officers compared to cadets [15] and across different
age groups [16,17], could negatively impact fence climbing tasks. In this study, the DS48+ group
performed the CLF and SW slower than all other groups. The physiological characteristics important
for obstacle climbing tasks may be maintained to some extent in deputy sheriffs post-academy, with
notable changes only occurring after a longer period working in custody (i.e., 48 months or greater).
Nevertheless, these results again emphasize the need for structured physical training for deputy sheriffs
during their time in custody, as the change in work hours [15,46] and greater volume of low-intensity
work [18–20] appear to negatively impact job-specific task performance. The implementation of
consistent exercise could maintain performance in climbing tasks. Indeed, a four-foot wall climb was
part of the obstacle course detailed by Rossomanno et al. [25].

In contrast to the other WSTB tasks, there were no significant differences between any of the
groups in the BD. The BD in the WSTB simulates a victim drag or civilian rescue type scenario [5],
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which is often assessed in LEOs [3–5]. Lockie et al. [5] suggested that lower-body strength should
contribute to this task, given the need for the individual to pick up the dummy from the ground and
extend the legs to move to a standing position. However, absolute strength training is not often a focus
of law enforcement academy training, with greater preference being given to aerobic training and
calisthenics [5,12,47,48]. On the surface, it could be suggested that when compared to the REC, deputy
sheriffs maintained the strength required to perform the BD during their tenure in custody. However,
if the REC did not complete much absolute strength training during their academy [5,12,47,48], it could
be that they are not that strong regardless of their performance in the BD. Taken further, that would
mean the deputy sheriffs would not have a higher ceiling of strength to lose during their time in
custody. However, these conclusions are speculative, and much further research is needed on the
BD. This includes documenting relationships between lower-body strength and the BD, how absolute
strength training could influence BD performance, and whether changes in absolute lower-body
strength negatively impacts the BD.

There are certain study limitations to this study that should be noted. This study was
cross-sectional in nature, and the researchers were unable to compare the current data from the
deputy sheriffs to when they were recruits graduating from academy. Future research should track
deputy sheriff recruits from their time in academy to their time spent working in custody and in patrol
positions to provide a more accurate picture of the effects of the occupation on fitness and job-specific
task performance. This study utilized only one patrol school class, which featured 64 deputy sheriffs.
This was a much smaller sample when compared to the REC, thus caution should be exercised when
applying these results to other law enforcement populations. More research on a greater number of
deputy sheriffs who have worked in custody is required, although the results from this study did reflect
previous research, which found declines in the physical fitness of LEOs over time [15–17]. Although the
REC would likely have completed the WSTB to the best of their ability so as to graduate academy, the
motivation for the deputy sheriffs to perform the WSTB maximally may have been lower than the REC.
This could have influenced the results from the deputy sheriff groups. Furthermore, the WSTB is only
mandatory in the state of California in the USA [5,13]. Other states and countries may use different
job-specific testing protocols, and these should be analyzed specifically for each agency, state, or country.
Additionally, more general tests of fitness common to law enforcement populations (e.g., push-ups,
sit-ups, jump tests, medicine ball throws, maximal running tests) [2,5,10,12,15–18,21–24,26,49–51]
could be adopted in future research to track fitness changes relative to time spent working in custody
for deputy sheriffs. These tests can be easier to administer while also representing the underlying
physical qualities (e.g., strength, power, endurance, running speed) important for job tasks [52].

5. Conclusions

In conclusion, the results from this study indicated that deputy sheriffs who had worked in
custody facilities for longer periods of time had poorer performance in WSTB tasks. Specifically,
deputy sheriffs who had spent 48 months or greater were slower in the 99OC, CLF, SW, and 500R
compared to recruits at the end of academy and deputy sheriffs who had worked for less time in
custody. Deputy sheriffs who worked for 48 months or less were slower in the 500R compared to
recruits. BD performance was not significantly different between recruits and deputy sheriffs, although
that may be a function of a lack of strength training during academy, which would mean there is
less absolute strength to decline when a deputy sheriff begins work in custody. These results suggest
that structured physical training completed by the individual or provided by the LEA should be
implemented to maintain fitness and job-specific task performance in deputy sheriffs. This is especially
important for those deputy sheriffs who are leaving custody to begin working in a patrol position,
as they will need to be able to perform the tasks that are assessed by the WSTB.
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Abstract: Background: While occupational factors linked to the onset of cerebrovascular and
cardiovascular diseases (CVDs) have been reported among workers, much remains unknown about
the impacts that occupation has on the onset of CVDs in various age groups. We attempted to
describe temporal trends in total and work-related CVDs (WRCVDs) rates stratified by age and
year and explore the relative contributions of work to the CVD risk. Methods: This study was
conducted using two populations from the Labor Insurance Database as the working population and
the National Health Insurance Research Database as the general population. We included all people
aged 15–75 years from 2006 to 2013. All CVD events and WRCVD events were identified. A Poisson
regression was used to estimate the morbidity rate ratio (RR) stratified by age and period, and an RR
adjusted for residual confounding was also used. Results: Incident CVD rates increased with aging in
the general population (from 1113.55 to 1853.32 per 100,000 persons), and WRCVD rates increased in
the working population over time (from 2.10 in 2006 to 8.60 in 2013 per 100,000 persons). In the age
and period analysis, CVD attacks showed disparities in different populations. The RR of the WRCVD
risk was mainly in the working population aged >45 years, and the RR of the CVD risk occurred
in the oldest group (aged 55–64 years) of the general population. The population-attributable risk
of working exposure was 13.5%. After eliminating residual confounding factors, higher population
attributed risk (PAR) work-related excessive CVD risk mainly occurred in workers aged 25–34 and
35–44 years. A decreasing PAR trend was found in the age groups as follows: 15–24, 25–34, 35–44,
45–54, and 55–64 years, with percentages of 17.64%, 16.89%, 16.46%, 10.6%, and 0.65%, respectively.
Conclusions: There is evidence that period and age trends of CVD rates differed between the working
population and general population. Relative effects attributed to work were more severe in younger
workers, particularly in workers aged <55 years.

Keywords: work-related cerebrovascular and cardiovascular diseases; occupation; Poisson regression;
rate ratio

1. Introduction

In recent years, work overload, inducing cerebrovascular and cardiovascular diseases (CVDs), has
become a global epidemic issue [1,2]. Globalization has fostered socioeconomic changes, demographic
transitions, and rapid industrialization, leading to various occupational classes suffering from attacks
of CVDs [3–6]. The annual number of CVD-related deaths is projected to increase from 17 million in
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2008 to 25 million by 2030 [7]. Working populations represent 50% of total CVD deaths, and at least
25% of work disability is related to CVDs [1,5]. The global burden of mortality from work-related
diseases may be as high as 5.2 million [8,9].

Risk factors for CVDs in workers include age, occupation type, lifestyle, and behavioral and
social determinants. Previously, causal relationships with CVDs were found for work stress [10],
long working hours causing work overload [11], job insecurity [12], and physicochemical factors [1].
Numerous studies have suggested that a macro-level of the sociopolitical context influences
occupational diseases [13–15].

In Taiwan, the government recognizes CVD attacks caused by overwork as work-related
(WR)-CVDs [16]. An occupational disease record and compensation system was established by
the Taiwanese government. The Ministry of Labor in Taiwan produced diagnostic guidelines for
occupational CVDs that were first promulgated in 1991, and guidelines for work-related CVD
(WDCVD) criteria were revised in 2004 and 2010 [17].

There is a growing evidence of a causal relationship between work stress and CVD incidence [16],
but there is less evidence of the contribution to the macro dimension of occupational CVDs. While the
revised guidelines were able to more correctly guarantee a WRCVD declaration, they were insufficient
in providing the relative contribution of work to the risk of CVDs. Therefore, we assessed the annual
age-specific WRCVD rates in the working population as well as CVD attack rates in the general
population from 2006 to 2013. We also attempted to explore possible impacts of CVD risks and the
relative contributions of age and working year.

2. Methods

2.1. Data Sources

This study was conducted using the Labor Insurance Database (LID) for the working population
and the National Health Insurance (NHI) Research Database (NHIRD) for the general population.
Historical records of occurrences of occupational accidents, diseases, and death events in the working
population are compiled by the Bureau of Labor Insurance, Ministry of Labor [17]. All work-related
information (such as work-related attacks) for all employees in Taiwan is included in the LID.
Approximately 99% of people in Taiwan participate in the NHI program. The Longitudinal Health
Insurance Database 2005 (LHID2005), a subset of the NHIRD database, was released by the National
Health Research Institute from the Ministry of Health and Welfare [18]. The LHID2005 contains claims
data of 1,000,000 beneficiaries randomly selected from the Registry of Beneficiaries of the NHIRD in
2005. This database contains registration files and original claims data for reimbursement.

2.2. Study Populations and Case Ascertainment

We included all populations aged 15–75 years from 2006 to 2013. Only subjects with missing age or
year were excluded from the populations (total < 0.3% every year). In the working population, WRCVD
events were identified according to records of registered work-related CVD accidents and deaths. The
denominator is based on the number of insured working persons of that age and period. There were
8,681,139 participants in 2006, 8,799,404 participants in 2007, 8,795,243 participants in 2008, 9,029,277
participants in 2009, 9,397,603 participants in 2010, 9,725,755 participants in 2011, 9,709,501 participants
in 2012, and 9,745,793 participants in 2013. In the general population, participants discharged with a
related diagnosis from inpatient visits, outpatient visits, or deaths were defined as CVD event cases.
Onset time was set as the first date of having a CVD diagnosis. Patients with newly diagnosed CVDs
were identified as patients who had at least two ambulatory visits over 3 months or one inpatient visit.
All registrants of that age and period were included as the denominator of the general population. There
were 679,831 persons in 2006, 696,554 persons in 2007, 712,656 persons in 2008, 736,068 persons in 2009,
757,013 persons in 2010, 768,543 persons in 2011, 774,429 persons in 2012, and 780,150 persons in 2013.
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2.3. Definition of WRCVDs and CVDs

In the working population, the guidelines recognized as WRCVD injury or death events included:
(1) cerebrovascular diseases (cerebral hemorrhage, cerebral infarction, subarachnoid hemorrhage, and
brain damage caused by severe hypertension), and (2) heart diseases (myocardial infarction, acute
heart failure, dissecting aneurysm of the aorta, angina pectoris, serious cardiac arrhythmia, cardiac
arrest, and sudden cardiac death). In the general population, CVDs were identified according to claims
data. According to the ninth revision of the International Classification of Diseases (ICD-9), WRCVD
and CVD codes were identified as follows—acute myocardial infarction: 410; congestive heart failure:
428; dissection of the aorta: 441; cerebral thrombosis with cerebral infarction: 434.01; cerebral embolism
with cerebral infarction: 434.11; subarachnoid hemorrhage: 430; intracerebral hemorrhage: 431; and
hypertensive encephalopathy: 437.2. Ultimately, 408 observed WRCVD events from the working
population and 109,236 observed CVD events from the general population were found.

2.4. Statistical Analysis

The LID and NHIRD are supervised separately by two departments, and they could not be linked
at an individual level. Grouped data of CVD or WRCVD and related population size by age and
year were extracted from the databases. These participants were separated into six age categories:
15–24, 25–34, 35–44, 45–54, 55–64, and ≥65 years, and these were calculated every calendar year during
2006~2013. Crude annual age-specific CVD morbidity (first-ever-in-a-lifetime event) and/or attack
rates (all events, including recurrent events) with 95% confidence intervals (CIs) per 100,000 persons
were calculated. A generalized estimation equation (GEE) with a log link and Poisson assumption (as
a log-linear model) were used. The model with CVD or WRCVD events as the dependent variable and
population size as the offset was conducted using pooled technology.

Insurance payment and occupational disease registration rules varied with age and year during
the study period. Two sets of models for each age group and each period were separately used: models
adjusted for age and period, and age–period models additionally adjusted for residual confounding.

The residual adjustments were made for two reasons. First, the LHID2005 is a subset database of
the whole population, and the sampling fractions in each age and period are unknown. Second, the
background exposure of the general population could not be separated from the working population.
This method is common in the analysis of vaccine population vs. total population [19,20], such as in
the example presented by Vamos et al. [21]. Therefore, individuals who were and those who were
not in the working population should have similar CVD risks after background adjustment, with an
expected morbidity rate ratio (RR) of 1.0 for the general population. The effect estimates of risk in the
general population were used to adjust for the residual confounding that occurred in the working
population as the adjusted RR (RRadjusted).

RRadjusted = Exp(β working pop − β general pop)

To calculate 95% CIs for the RRadjusted, we resampled 500 times and 10,000 persons each time from
the distribution of the observed populations in each age and period group. After taking the difference
of each of the 500 sampled estimates, the 2.5th and 97.5th percentiles of the distribution were used to
obtain 95% CIs for the adjusted RRs. The population-attributable risk (PAR) percentage for working
was also calculated using the standardized rates as a supporting analysis. All statistical analyses were
performed with SAS®v.9.3 software (SAS, Cary, NC, USA).

2.5. Ethics

Ethical approval was obtained from the Taipei Medical University-Joint Institutional Review
Board (approval no.: TMU-JIRB N201510071).
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3. Results

Figure 1 and Table S1 show the percentages stratified by age among persons who suffered from
CVDs in the working and general populations. WRCVDs had greater percentage contributions, than in
the general population, among persons aged 45–54 (42.16%) and 35–44 years (25.49%) in the working
population. In contrast, higher CVD attack rates were found in the older age group ≥65 years (61.69%)
in the general population than in the working population.

 
Figure 1. Comparisons of percentage of persons suffering from WRCVDs and CVDs in the working and
general populations in Taiwan, 2006–2013, stratified by age. WRCVDs: work related cerebrovascular
and cardiovascular diseases. CVDs: cerebrovascular and cardiovascular diseases. y: year.

Table 1 reports the number of event and annual age-specific CVD attack rates (per 100,000) in
the working and general populations. In the working population, WRCVD attack rates increased
approximately four-fold from 2006 to 2013 (2.10 to 8.60 per 100,000 persons). In the same interval, CVD
rates in the general population slowly increased (1113.55 to 1853.32 per 100,000 persons) approximately
two-fold. A significant age trend was shown in the general population, but such a trend was not seen
in observations of WRCVDs.

Table 1. Annual event number and age-specific attack rates (per 100,000) of WRCVDs and CVDs in
working and general populations.

Age Group
(Year)

2006 2007 2008 2009 2010 2011 2012 2013

Working
population

15–24
0 0 0 0 0 0 0 0

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

25–34
1 7 4 2 3 8 13 8

0.04 0.27 0.15 0.07 0.11 0.28 0.47 0.29

35–44
6 11 7 9 14 19 15 23

0.26 0.48 0.30 0.38 0.58 0.76 0.58 0.88

45–54
5 16 15 8 24 43 41 20

0.23 0.73 0.68 0.35 1.03 1.81 1.74 0.85

55–64
6 10 5 3 11 7 23 16

0.77 1.17 0.59 0.32 1.04 0.60 2.02 1.40

≥65
0 0 1 2 0 1 0 1

0.00 0.00 1.41 3.57 0.00 1.74 0.00 1.71

Total
18 44 32 24 52 78 92 68

2.10 5.18 5.15 5.89 5.71 8.65 9.48 8.60
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Table 1. Cont.

Age Group
(Year)

2006 2007 2008 2009 2010 2011 2012 2013

General
population

15–24
103 111 98 107 114 96 106 119

82.07 90.21 81.24 87.59 93.22 77.67 85.06 94.91

25–34
225 223 215 222 241 282 254 262

158.32 153.08 143.93 144.45 153.43 180.66 170.34 181.92

35–44
524 554 560 566 651 692 668 697

376.66 396.79 403.33 404.20 462.34 488.88 466.95 483.13

45–54
1377 1426 1535 1623 1737 1818 1842 1919

1086.85 1099.32 1154.03 1185.95 1241.42 1283 1290.35 1338.76

55–64
1853 2036 2180 2418 2812 3010 3243 3326

2632.21 2660.95 2646.14 2725 2926.51 2906.89 2924.97 2866.08

≥65
5422 6193 7009 8223 9729 10,176 10,239 10,400

7133.84 7554.28 7928.19 8691.93 9647.96 9970.51 9844.15 9710.91

Total
9504 10,543 11,597 13,159 15,282 16,074 16,352 16,723

1113.55 1216.38 1318.42 1462.64 1670.51 1753.15 1798.21 1853.32

Event/attack rates (per 100,000) are shown. WRCVDs: work related cerebrovascular and cardiovascular diseases.
CVDs: cerebrovascular and cardiovascular diseases.

The trends of annual age-specific WRCVD attack rates and CVD attack rates are displayed in
Figure 2a,b. WRCVD attack rates generally increased with age (shown in Figure 2a). Moreover, in the
general population, a marked increase occurred in the age group ≥65 years, which had the highest
CVD rates (as shown in Figure 2b).

(a) 

Figure 2. Cont.
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(b) 

Figure 2. Trends of annual age-specific WRCVD rates and CVD rates (a) in the working population
and (b) in the general population. WRCVDs: work related cerebrovascular and cardiovascular diseases.
CVDs: cerebrovascular and cardiovascular diseases.

An age–period model was used to estimate the RR and 95% CI for WRCVDs and CVDs, and
results are shown in Table 2. The population aged ≥65 years was a very different population in the
working population than in the general population. Therefore, persons aged ≥65 years old were
excluded from the final analysis.

In the working population, period RRs were strongly significant in 2007 and 2010~2013 as
compared to 2006 as the reference. An approximate four-fold increase in the WRCVD risk was
indicated from 2006 to 2010–2013. Such significant effects of WRCVDs were also found in workers
aged 25–64 years. The RRs for WRCVDs increased with age, but we found that the risk rose only
two-fold. The highest risk (RR = 1.84; 95% CI = 1.37–2.46) in the 55–64-year age group was shown in
comparison to that aged 35–44 years. In the general population, all RRs for CVD onset in each period
and age group were significant.

In order to examine the evolution of workers suffering CVD risk disparities across periods and
ages, we presented the RRs of CVDs in Table 2. For each concentration of work effect, adjusted
RRs were calculated using RRs from the working and general populations. The adjusted RR slightly
increased over time, with a considerable increase in 2012 (adjusted RR = 3.84; 95% CI: 2.38–5.61). Of
note, there was an observed increase in the adjusted RR in the age group 25–34 years (adjusted RR
= 1.08; 95% CI: 0.66–1.94), which significantly decreased in workers aged ≥45 years. At 55–64 years
of age, contributions of the effect of work on the CVD risk were slight (adjusted RR = 0.29) but still
strongly significant (95% CI: 0.20–0.37).

PARs contributed by working were also calculated using standardized rates. After age and
year standardization, the PAR of working exposure was 13.45% (95% CI = 13.2–13.7%). There was
a decreasing PAR trend in the age categories 15–24, 25–34, 35–44, 45–54, and 55–64 years, and the
percentages were 17.64% (95% CI = 17.4–17.9%), 16.89% (95% CI = 16.7–17.1%), 16.46% (95% CI =
16.2–16.7%), 10.6% (95% CI = 10.4–10.8%) and 0.65% (95% CI = 0.58–0.69%) when standardized by year.
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4. Discussion

As far as we know, this is the first longitudinal study to present the attributes of WRCVDs
considered as occupational diseases by workers’ compensation systems for comparison to all CVDs in
the general population. By comparing two population-based databases from national labor and health
insurance, we found disparities between the working and general populations in CVD attack rates.
A PAR of 13.45% was contributed from working exposure in populations aged 15–64. The contribution
from occupations to CVD risk significantly decreased with age, from an RRadjusted of 0.63 at 45–54 years
to an RRadjusted of 0.29 at 55–64 years, when compared to the reference group (persons aged 35–44 years)
The PARs of working exposure also decreased with increasing age. This demonstrates that work and
work-related factors are very significant risk factors in younger populations.

Three major findings were shown when we looked at temporal and age differences from the
age–period analysis. First, WRCVDs and CVDs attacks increased with aging and period in populations
aged 15–75 years from 2006 to 2013. However, their performances were different. Second, the
magnitude of the differences in CVDs between the working and general populations substantially
varied by age, with the largest disparities observed particularly among young and middle-aged adults
in the main labor force. A pattern of adjusted RRs and PAR was shown, with significantly higher
impacts focused on WRCVDs in young workers. In contrast, aging prominently led to increased CVD
onset in the general population. Finally, disparities in period-specific adjusted RRs from CVDs for
2009 and 2013 were modest. However, they were all >1, indicating a substantial improvement in the
reporting and registration of job-related CVDs after the revised guidelines were promulgated.

In our study, the age–period model was used to adjust for age and period influences [22],
and RRs denoted the ratios of morbidity rates as a relative indicator for the reference group after
adjustment. Taking account of background age and period trends, RRadjusted was used to adjust
residual confounding in the general population. In our observations, the annual CVD attack rates
from 2006 to 2013 ranged from 1114 to ~1853 per 100,000. These findings are similar to those in
developed countries including the United States, Australia, and Britain [23,24]. As far as we know, age
is the strongest risk factor for CVDs in the population, and the aging of the population is projected to
continue. We adjusted for the age effect in our age–period model analysis. In addition, the NHIRD
population is a representative sample of the general population in Taiwan, which was good for
excluding residual confounding.

In our analysis, the working population WRCVD attack rate increased with age. However, the
age distribution of CVD events differed between the two populations. Among 109,236 CVD events in
the general population, 61.69% were among people aged ≥65 years. However, among 408 WRCVDs,
42.16% were among workers 45–54 years old and 25.49% were among workers 35–44 years old. After
eliminating background residual confounding, attributable work-related excessive CVD risk mainly
occurred in workers aged 45–54 and 35–44 years. The effect was huge, i.e., fourfold (RRadjusted from
0.29 at 55–64 years to 0.6–1.0 at 35–54 years). A Scottish study indicated that premature death from
coronary heart disease remains a major contributor to the most affluent groups aged 35–44 and 45–54
years [25,26]. Since middle-aged workers in Japan have been reported to experience prolonged working
hours and occupational stress related to CVD risk [27], much evidence has focused on associations
between CVDs and occupational factors such as working hours and stress [28].

In a worldwide diagnosis of guidelines for occupational CVDs made in different periods,
the governments of Taiwan, Japan, and Korea only recognize CVDs caused by overwork as
WRCVDs. The Taiwan Labor Department published “Guidelines for the Diagnosis of Work-Related
Cardiovascular Diseases” in 2004 and revised it to be more sensitive in December 2010. Our study
showed the higher adjusted RRs of CVDs in 2007 and 2012. The WRCVD attack rate increased from
5.71 in 2010 to 8.60 in 2013 per 100,000 people in the post-2010 revised guideline period. Similarly, the
Japanese government recognized WRCVD diagnostic criteria in late 2001, and a gradual increase was
found in total compensated CVD occupational diseases [15]. Nevertheless, the Korean government
produced occupational health standards in 2003 and found that compensated CVDs accounted for 26%
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of the total compensated diseases in 2003, which was a dramatic increase, but the proportion dropped
to 7% by 2009 [1]. Reducing compensatory CVDs may be attributable to many preventive activities
carried out by governments and employers, but occupational health policy advocacy may increase the
annual recognition of WRCVDs. The possible directions need further study.

We provided an exploratory descriptive tool to examine the occupation-attributed relative risk
by age and period by taking account of the residual confounding of unknown background factors.
Most notably, the present study is the first to examine combined national labor and health insurance
databases, which was ideal and strengthened the results. The CVD diagnosis was performed according
to ICD-9 codes. WRCVD events were identified through the application and review of guidelines from
the government, which identified occupational causes of acute circulatory diseases. The population
size was representative and was based on national insurance databases of the workforce and general
population. Therefore, the findings in this study are reasonable to present as epidemiological evidence.

Three limitations should be considered in this study. First, the application accuracy of occupational
diseases is related to a willingness to recognize occupational causes of injuries or health problems.
These assessments included personal exposures to environmental risk factors, for example, from
evidence of job insecurity, working hours, job intensification, and management [29,30]. This might
vary by age, period, social culture, and country. Problems are also related to the historical background
of workers’ demands for protection and prevention or compensation and their employers seeking to
deny or reduce their liability for work-related diseases and injuries. Second, CVD identification in the
general population is based on ICD-9 codes. Due to data extraction limitations, all attack cases included
recurring events. However, the stratum-specific rate ratio may have a lower impact in estimation
because the extraction criteria for each group are the same. Finally, most WRCVD registered events are
recorded for males. The estimations are unstable in some strata in separating by gender. This issue
should be considered in the future.

5. Conclusions

CVDs occurred in different periods and age groups in the two insurance system databases. The
relative effects attributed to work were more severe in the younger population. Persistent intensive
assessment and management of overwork and preventing WRCVDs among young workers are
important [31,32]. It should be noted that monitoring regimens across subgroups, as well as the most
effective timing and efficacy of primary, secondary, and tertiary preventive interventions for public
health policies should be determined in future studies.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/16/6/961/
s1, Table S1: Percentage stratified by age and year among persons who suffered CVDs in the working and
general populations.
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Abstract: Blood-borne infections represent an important occupational health issue in health care
settings. The aim of this study was to analyze behaviors of health care workers (HCWs) in the
field of needlestick injuries (NSIs) as well as to learn about their attitudes to patients infected with
blood-borne viruses. A total of 487 HCWs based at 26 hospitals in Poland completed an anonymous
self-administered questionnaire in the period of October–December 2015. Data was analyzed using
descriptive statistics and multiple logistic regression. Of the HCWs, 44.8% suffered superficial
wounds, and 17.9% HCWs were cut deeply at least once. The most frequent causes of injuries
were: rush (31.4%), unpredictable patient behavior (29%), and lack of attention (27%). The rate of
underreporting NSIs was 45.2%. Males showed more than three times higher chance of not reporting
injuries (odds ratio (OR) 3.495, 95% Confidence Interval (CI): 1.65–7.49). The nurses more often took
off their protective gloves to make the procedure easier (p = 0.036). Taking off protective clothes was
positively associated with long work experience (OR 1.16, 95% CI: 0.995–1.36). Recapping concerned
15.5% of doctors, 8.2% of nurses, and 11.2% of paramedics. 25.9% HCWs feared infection in the
workplace, and every tenth HCW refused to help the infected patient. The longer the work experience,
the greater the concern about the possibility of infection (OR 1.33, 95% CI: 0.99–1.78). Most HCWs
were more cautious when dealing with an infected patient and in their opinion infected patients
should be required to inform HCWs of their serological status and such information should be
compulsorily transferred between different health institutions. The emphasis in the training of HCWs
in the future should be on classes perfecting practical skills like paying more attention to reporting
NSIs, improving occupational behaviors like avoiding needle recapping, and on the development of
appropriate attitudes towards patients infected with HIV, HBV, or HCV.

Keywords: needlestick injuries; sharp injury; health care workers; occupational exposure; risk factors;
knowledge; behaviors; underreporting; hospitals; Poland

1. Introduction

Among the more than 60 different pathogens transmitted through the bloodstream, and thus
threatening workers in health care settings hepatitis B virus (HBV), hepatitis C virus (HCV), and
human immunodeficiency virus (HIV) are the most common and carry a serious risk of complications.
They also cause social consequences, such as stigma and discrimination, and economic consequences
associated with diagnostics and treatment [1–5]. The risk of infection of the exposed person (from
a single needlestick injury—NSI, by a contaminated needle) is estimated to range between 10–30%
for HBV [6], 1.8–10% for HCV [7], and 0.3% for HIV infection [8]. WHO reports in the World Health
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Report 2002, that of the 35 million health-care workers, 2 million experience percutaneous exposure to
infectious diseases each year. It further notes that 37.6% of Hepatitis B, 39% of Hepatitis C and 4.4% of
HIV/AIDS in health care workers (HCWs) around the world are due to needlestick injuries (NSI) [9].

In Poland, there is no surveillance system regarding needlestick and sharp injuries (NSIs) but in
the structure of infectious and parasitic occupational diseases among health care and social workers
HBV, HCV, and Tuberculosis are the most common [10]. Tuberculosis is spread from person to person
through the air but cases of blood-borne infection from NSI are also described [11]. It is important
that in the epidemic chain HCW may be at risk of infection, but infected-HCW can be a source of
infection for the patient [12]. Therefore, it is important to take all actions to prevent injuries to medical
personnel. For this purpose, first in this manuscript, prevalence of NSIs and risk factors will be
identified. Literature describes such NSIs risk factors as age, short work experience, long working
hours and working in surgical or intensive care units [13]. Knowledge of the risk of infection, routes
of transmission, and possible prevention is an important aspect in the development of appropriate
behavior of HCWs in response to exposure to infectious material.

In psychology, the theories of reasoned action and planned behavior represent connect beliefs with
behavior [14]. In accordance with the theory of reasoned action, the best basis for predicting planned
behaviors is the attitudes of people towards a particular behavior and their subjective norms (SN),
the behavioral intention and behavior are created from these two aspects. Subjective norms, that is,
people’s beliefs about how others, whose opinion matters, will react to this behavior, are a very important
factor. If we want to make someone happy, we will do something even against our normal attitudes.
To increase the prognostic power of the theory Ajzen introduced a ratio of perceived behavioral control
as a third determinants of behavior intentions. The theory of planned behavior assumes that perceived
behavioral control is an entity’s ease or difficulty in achieving a particular behavior [15]. Understanding
these three elements allows us to well predict the behavioral intentions of others that are highly correlated
with their planned behaviors.

In this paper we do not study the actual psychological mechanisms leading to behaviors of HCWs,
but we simply apply the random utility theory which is based on the hypothesis that every individual is
a rational decision-maker, maximizing utility relative to his or her choices [16]. In our study, we described
4 improper or harmful behaviors of HCWs: taking off protective clothing (tci), no participation in
trainings (nti), lack of NSIs reporting (lri), and recapping (rei). Furthermore, we look for determinants
of the following 4 HCWs attitudes to patients infected with blood-borne viruses: fear of infection
(fsi), long-term fear (fli), needs of introducing an information system about infected patients (isi), and
indifference (ini).

A number of strategies are available for avoiding the disease burden associated with NSIs,
including vaccination against HBV, post-exposure prophylaxis, reducing the number of injections and
invasive procedures where appropriate, using safer devices and properly disposing of needles and
other sharps [9]. Access to personal protective equipment, such as gloves, gowns, masks etc. and hand
washing are non-specific methods of protection against many infectious diseases, and the described
negligence in this area remind us of the constant need for training [17]. In our study we would like
to draw attention to such negative behaviors as removing protective gloves while doing work at the
patient, or putting on the covers for used needles.

The aim of the study was to analyze behaviors of HCWs in the field of needlestick injuries
as well as to learn about their attitudes to patients infected with blood-borne viruses. We estimated the
impact of knowledge on the behaviors and attitudes of HCWs. Additionally, we rated the frequency of
contact of the HCWs with blood and other body fluids, circumstances that may have contributed to
the injury (risk factors), and the NSIs reporting.

2. Materials and Methods

The present work is part of the study on exposure to infectious material of HCWs in Poland.
In 2015, we sent inquiries - surveys to all hospitals in Poland (N = 956, as of 31 December 2014) to
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collect registry data on HCWs NSIs. As many as 252 hospitals sent us official register data (return
index = 26.36%). Representing a total annual average of 28,051 physicians, 64,806 nurses/midwifes
and 3449 paramedics. We selected 26 (10%) of these hospitals to which we sent a questionnaire in
electronic form. It was a selection based on the accessibility of the respondents (courtesy, cooperation
and interest of the management of hospitals). The survey was for volunteer HCWs so we did not
calculate the return index. 487 completed questionnaires were returned correctly. Thus, the study was
conducted in 26 selected hospitals in the period of October–December 2015 from which we obtained
487 surveys.

The hospitals were located in urban communes and in urban–rural communes. In Poland,
the commune is the basic unit of local self-government. The urban commune is a community located
in a city. The urban–rural commune consists of a city that is the seat of the commune authorities and
the surrounding villages.

A self-administered questionnaire was designed to assess HCW’s knowledge, behaviors and
attitudes towards hand hygiene and needlestick injuries.

Regarding knowledge a short test was included focusing on five statements, to which possible
answers were: “true”, “false” or “I do not know”. The following questions asked were:

Q1. Hand disinfection can be replaced by the use of protective gloves.
Q2. In an emergency situation, the disinfection of hands is not required.
Q3. Approximately 60% of HBV infections among adults in Poland are nosocomial.
Q4. In the case of a single puncture by used needle, it is easier to become infected with HIV than HBV.
Q5. Tuberculosis infection is possible only by droplets.

The answers to the above questions constitute five independent variables, which measure the
level of HCW’s knowledge. We also aggregated the results of knowledge that defined the overall
knowledge variable classified as poor (less than 3 corrected answers), fair (3 corrected answers) and
good (more than 3 corrected answers). In addition, we asked about the sources of knowledge and
about participation in training on post-exposure proceedings.

Regarding behaviors, we asked how often personal protection equipment is used; has it happened
that the HCW had removed protective clothing (e.g., gloves) to perform the operation “more easily”
with the patient; we also asked about the recapping of used needles and the reporting of NSIs.

In terms of attitudes, we asked HCWs about the fear of infection in the workplace and also
about changing their own behavior under the influence of awareness of care for an infected patient.
We analyzed HCWs opinions on the obligation to provide information about infected patients. We also
evaluated the feelings of HCWs after NSIs. In the questionnaire the variable “soon forgot about it”
meant that the HCW who had been hurt was able to do his/her job further. And the variable “felt
a long-lasting fear” meant that the HCW who had been hurt interrupted his/her work on the day
of the risky event, “was paralyzed”, and could not continue to “work” normally, s/he was thinking
about a possible threat all the time.

To assess the frequency of exposure to infectious material in the workplace, we asked about the
occupational exposure which occurred in the 12 months preceding the survey. Occupational exposure
to blood-borne pathogens among HCWs includes percutaneous exposures to needles and other sharp
objects, and mucocutaneous exposure (i.e., contact with intact or nonintact skin, and contact with
mucous membranes) [18]. In this study “superficial wounds” were defined as “loss of epidermis
only” and “deep cuts” were defined as “damage to deeper tissues like tendons, muscles, ligaments,
nerves, blood vessels, or bones”. In addition, we examined the circumstances that, according to the
respondents, contributed to the injury.

The reliability and validity of the survey was assessed on the basis of previous studies [19].
In the present analysis, the following sociodemographic measures were taken into account: gender,

job category, work experience (in years), and place of employment (urban commune or rural and
urban commune).
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Statistical Analysis

We assessed the degree of association between pairs of variables by presenting contingency tables
in the first line, and we applied classical Fisher’s Exact test for count data and Pearson’s Chi-squared
test of independence. Moreover, we used Goodman and Kruskal’s gamma to measure the strength
of association when both variables were measured at the ordinal scale, and for nominal variables,
we calculated contingency coefficients.

The above mentioned behaviors (4 dependent variables) and attitudes (4 dependent variables) of
HCWs were measured by simultaneous observation of dichotomous categorical variables received
from the self-administered questionnaire. The values of each dependent variable falls into one of two
categories, “Yes, I confirm this behavior/attitude” or “No, I do not confirm this behavior/attitude”.
To determine the main drivers (factors) of healthcare workers’ behaviors and attitudes for each indicator
variable we performed logistic regression with the following 6 explanatory (controls) variables: job
category (jbi with 3 categories: doctors, nurses or paramedics), gender (gi), work experience (expi with
4 categories: less than 5, 6–15, 16–25, >25 years), and place of employment (pempi with 2 categories:
urban commune or rural and urban commune), personal situation (psi with 2 categories: I feel insecure
at my workplace “ or “I am professionally fulfilled”) and the overall knowledge of worker (kni, with
3 categories poor, fair and good). For a given worker i, let yi be a dichotomous variable describing
his/her particular behavior or attitude i.e., yi ∈ {tci, nti, lri, rei} ∪ { f si, f li, isi, ini}, and let Uyi be the
internal utility that worker i obtains from this behavior or attitude. The utility gains are given by
Uyi = β0 + β′xi + εi and depends on the above listed characteristics of the worker and her place of
employment grouped into a vector xi = [jbi, gi, expi, kni, pempi, psi,], where the unobserved term, εi,
is random shock with logistic distribution. The HCW i takes the attitude or behavior (yi = 1) if Uyi > 0
and do not if Uyi < 0. The conditional probability of yi = 1 is given by Pr(yi = 1|xi) =

1
1+e−β0−β′xi

.
To find the best model we performed the best subset regression algorithm and fitted a separate

logistic regression for each possible combination of the k = 1, 2, 3, 4, 5, 6 predictors. We then look at all
of the resulting models and identified the one that is best using the following rule: all predictors in
the model are statistically significant and the value of the Akaike Information Criterion is minimized.
To assess the influence of control variables on behaviors and attitudes we calculated the odds ratios.

The statistical computations were performed using R statistical software and Excel. The level of
statistical significance was set at p < 0.05. The study protocol was approved by the Bioethics Committee
of the Medical University of Lodz (Document No. RNN /163/14/KB of 11.02.2014).

3. Results

3.1. Characteristics of the Study Group

A total of 487 HCWs filled the questionnaire. About half of the study participants were female
(56.9%), 44% of them were paramedics and 40% were nurses, and 31.4% had less than 5 years of
employment. There was approximately an equal distribution among hospitals located in urban
commune (44%) and rural/urban commune (55%), Table 1.
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Table 1. Demographic characteristics of health care workers, N = 487 (%).

Demographic Characteristics Number (%)

Gender Male 210 (43.1)
Female 277 (56.9)

Job Category Doctors 76 (15.60)
Nurses 196 (40.25)

Paramedics 215 (44.15)

Work Experience (in years) <5 153 (31.4)
5–15 128 (26.3)

16–25 89 (18.3)
>25 117 (24.0)

Place of employment Urban commune 215 (44.15)
Rural and urban commune 272 (55.85)

3.2. Frequency and Circumstances of Injuries

During the 12 months preceding the study, most doctors, nurses and paramedics were in contact
with the infectious material through intact skin. They had less contact through damaged skin, mucous
membranes and splattering onto conjunctiva. Almost every second HCW (44.8%) suffered superficial
wounds, and almost every fifth HCW (17.9%) had been cut deeply at least once. More often, both
the superficial and deep injuries were among nurses (respectively to the second and every fourth)
(p < 0.05), Table 2. The most frequent causes of injuries were: rush (31.4%), unpredictable patient
behavior (29%), lack of attention (27%), stressful situation requiring urgent intervention such as sudden
hemorrhage or collapse (16.3%), as well as too high workload (14.3%).

Table 2. Frequency of health care workers (HCWs) contacts with potentially infectious material within
12 months preceding the study.

Exposure Type
Job

Category

Frequency of Exposure Within the Last 12 Months

Never Once At Least a Few Times Statistical Significance

N % N % N % Chi2 p-Value

Through intact skin

Doctors 18 23.7 16 21.1 42 55.2

14.394 0.072
Nurses 56 28.6 20 10.2 120 61.2

Paramedics 57 26.5 34 15.8 124 57.7
Total 131 26.9 70 14.4 286 58.8

Through damaged skin

Doctors 59 77.6 9 11.8 8 10.5

28.106 <0.05
Nurses 119 60.7 21 10.7 56 28.5

Paramedics 153 71.2 26 12.1 36 16.7
Total 331 68.0 56 11.5 100 20.5

Through mucous
membranes

Doctors 57 75.0 7 9.2 12 15.8

14.894 0.061
Nurses 118 60.2 17 8.7 61 31.1

Paramedics 144 67.0 23 10.7 48 22.3
Total 319 65.5 47 9.7 121 24.9

Splattering onto
conjunctiva

Doctors 45 59.2 17 22.4 14 18.4

33.216 <0.05
Nurses 110 56.1 34 17.3 52 26.6

Paramedics 164 76.3 28 13.0 23 10.7
Total 319 65.5 79 16.2 89 18.3

Superficial injury

Doctors 43 56.6 17 22.4 16 21.0

51.054 <0.05
Nurses 90 45.9 39 19.9 67 34.3

Paramedics 136 63.3 60 27.9 19 8.9
Total 269 55.2 116 23.8 102 21.0

Deep injury

Doctors 62 81.6 11 14.5 3 3.9

26.618 0.001
Nurses 147 75.0 20 10.2 29 14.8

Paramedics 191 88.8 16 7.4 8 3.7
Total 400 82.1 47 9.7 40 8.2

Chi2—chi-square test of independence.
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3.3. Knowledge, Behaviors, and Attitudes

The correct answers to all five questions from the knowledge test were given by 25 doctors (32.9%),
34 paramedics (15.8%) and 18 nurses (9.2%). The most common were 4 correct answers (doctors: n = 31,
40.8%, nurses: n = 63, 32.1%, paramedics: n = 85, 39.5%). We rated the level of knowledge as poor for
15% of HCWs, fair for 31% of HCWs, and good for 54% of HCWs.

The distribution of correct answers to individual questions is given in Table 3. The frequency of
providing correct answers did not depend on the sex, seniority, or location of the hospital. Q3, Q4, and
Q5 questions were more often answered correctly by doctors (p < 0.05), Table 3.

Table 3. Distribution of the responses provided by the HCWs during the test of knowledge.

Question
Correct answer N (%)

Doctors Nurses Paramedics Total
Statistical

Significance

N % N % N % N % Chi2 p-Value

Q1. Can use of gloves
replace disinfection of

hands?
73 96.05 188 95.92 210 97.67 471 96.72 1.12 0.57

Q2. Is disinfection of hands
necessary in emergency

situations?
51 67.11 119 60.71 146 67.91 316 64.89 2.52 0.28

Q3. Do you agree that 60% of
HBV infections in Poland is
connected with health care?

56 73.68 112 57.14 143 66.51 311 63.86 7.66 0.02

Q4. Is it more likely to
become infected with HIV

than with HBV as a result of
single needlestick injury with

a contaminated needle?

71 93.42 154 78.57 169 78.61 394 80.90 9.13 0.01

Q5. Is infection with
tubercule bacillus possible

solely through droplet
infection?

57 75 62 31.63 95 44.19 214 43.94 41.82 0.00

Chi2—chi-square test of independence.

Among the 487 respondents, the majority of HCWs 79.5% (n = 387) felt the need to increase
knowledge about the possibility of getting infected in the workplace. However, simultaneously
as many as 82.1% of HCWs responded that their knowledge was gained during the basic training
(school/study). 68.6% HCWs participated in various refresher courses, but only less than every second
(45.6%) read scientific journals. Nurses most often participated in the trainings (chi2 = 36.813, p < 0.05).
For example, 25% of doctors, 22.8% of rescuers, and 10.2% of nurses never participated in the training
on post-exposure proceedings.

Regarding behaviors, most HCWs used personal protective equipment such as clothes and
protective gloves. Only 3.7% of employees answered that they never use protective gloves, 10.1%
protective gowns, and 49.8% goggles or other face shields. However, it should be remembered that
not all activities performed on the patient require the use of protective clothing. At the same time,
a large number of respondents admitted that they took off protective clothing (e.g., gloves) to perform
an activity “more easily” on the patient (doctors: N = 33, 43.4%; nurses: n = 116, 59.2%; paramedics:
N = 111, 48.4%). This answer was the most common among nurses (p = 0.036).

On average, every tenth HCW (11.7%) was spotted for improper handling of used needles.
Recapping concerned 15.5% of doctors (n = 12), 8.2% of nurses (n = 16) and 11.2% of paramedics
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(n = 24). Among them, when placing the cover on the contaminated needle, 2 doctors, 4 nurses and 4
paramedics were injured.

Most HCWs (n = 440, 90.3%) answered that they had always reported the fact of injury to the
appropriate person responsible for keeping the register. Most often they were nurses (92.3%) and
paramedics (93.5%) (p < 0.01). However, when asked about reporting the last NSIs that occurred in the
last 12 months preceding the study, only 54.8% of HCWs reported this fact. The other half of incidents
(45.2%) have not been reported anywhere. The main reason for not reporting the sharp injuries was
the perception that there was no such need. The variables such as seniority, place of employment and
knowledge did not have any significant impact on the attendance.

Regarding attitudes, every fourth HCWs (25.9%) feared infection in the workplace. Nurses had
the most concerns (37.2%, p < 0.01), women (31.0%, p < 0.01), and HCWs with the shortest work
experience (31.4%, p < 0.01). After the last injury, 35.2% of HCWs felt fear/anxiety but soon forgot
about it. However, 16.3% of HCWs felt a long-term fear for their own health. Every third HCW
(30.8%) did not feel anything special, arguing that NSIs are an inseparable part of the work of medical
personnel. A small percentage of HCWs (5.3% doctors, 6.6% nurses and 1.4% paramedics) did not
exercise greater caution in dealing with a patient known to be infected with HIV, HBV, or HCV. HCWs
with shorter work experience mostly changed their behavior (83% from <5 years work experience
and 78.9% HCWs from 6–15 years of work experience, p = 0.002). The HCWs from rural–urban
communes changed their attitudes more often (p = 0.052). 93.4% of nurses, 89.5% of doctors and
87.0% of paramedics have never refused to perform the examination, surgery, or care of a patient with
an infection. However, the others feared personal infection and they refused to help the infected patient
at least once. Most HCWs (69.4%) would like patients to be required to inform medical personnel that
they are infected with blood-borne viruses. Even more HCWs (78.2%) see the need to introduce in
Poland an obligatory system of transmitting information about infected patients between different
health care units (throughout the health care service system).

3.4. The Influence of Knowledge and Other Variables on Behaviors and Attitudes

Multivariate logistic regression analysis of the odds (OR) for behaviors and attitudes in relation to
the potential risk factors listed above is presented in Table 4.

Regarding behaviors, taking off protective clothes to make it “easier” to take action with the
patient was positively associated with long work experience (odds ratio (OR) 1.16, 95% confidence
interval (95% CI): 0.995–1.36), and negatively associated with knowledge (OR 0.75, 95% CI: 0.58–0.96).
Recapping was positively associated with knowledge (OR 7.74, 95% CI: 1.70–13.15), and negatively
associated with job category (OR 0.15, 95% CI: 0.01–0.78) and place of employment (OR 0.21, 95% CI:
0.05-0.73). Males showed more than three times higher chance of not reporting injuries (OR 3.495, 95%
CI: 1.65–7.49).

Regarding attitudes none of the variables significantly affected the possibility of refusing
treatment/care to an infected patient. Concern about the possibility of getting infected in the workplace
was positively associated with long work experience (OR 1.33, 95% CI: 0.99–1.78). Long-term fear after
NSIs was also positively associated with knowledge (OR 2.28, 95% CI: 1.29–4.43). Males were less
likely to experience such long-term fear (OR 0.38, 95% CI: 0.13–1.12).
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4. Discussion

Health care workers are at common risk of occupational exposure to blood and other potential
infectious material. In the study Martins et al. 65% of employees of a selected hospital in Portugal
reported having experienced at least one NSSI in the last 5 years [20]. Most of the events, similar to
ours and other studies (Polish and international) [21–25] concerned nurses. It should be noted that
nurses are the most numerous professional group among medical employees, they perform the most
treatments and usually have direct contact with patients.

The risk of acquiring the blood-borne diseases through occupational exposure depends on the
number of injuries, prevalence of BB infections in the patient population and probability of a percutaneous
injury transmitting blood-borne viruses [26]. With increasing rate of national and international hepatitis
B, hepatitis C, and HIV these are risks that HCWs cannot afford to take. In our study perceived causes of
injury were: rush (31.4%), unpredictable patient’s behavior (29%), and lack of attention (27%). In the
study by Salzer et al. [27] time pressure and lack of experience were the most frequent causes of NSIs,
while in other studies the main reason for occupational exposure was a sudden movement of the patient
during the procedure [28]. The same reasons as in our study were obtained by Bećirević et al.: being in
rush, patient’s unpredictable reaction and decrease in concentration [29].

The knowledge of medical personnel should be considered insufficient. The level of knowledge
of HCWs has been the subject of many studies but little is known about whether knowledge/lack of
knowledge about the possible risk of infection can affect behaviors/attitudes [22,30]. In our study
nurses showed the weakest knowledge. Interestingly, nurses most often participated in trainings and
the least often presented negative behaviors in the recapping. At the same time, they usually took off
their protective clothing to perform some procedures on the patient. Most often, they also reported
NSIs. In our opinion, negative behavior may have resulted from the nature of the work rather than
from lack of knowledge. Nurses have the most frequent contact with the patient, they are more likely
to perform invasive procedures, so they will also have the biggest chance to remove protective clothing,
e.g., protective gloves to "facilitate" their work. Such behaviors may result from excessive workload,
in a hurry, and these HCWs risk factors have been indicated as the most common causes of injury.
The training deals with the subject of recapping, and almost always reminds us of the obligation to
report injuries. In this matter, knowledge influenced the improvement of behavior.

This study revealed that information on 45.2% of injuries was not entered into an official register.
This is close to the results of some studies (i.e., 51% in the survey by Makary et al.) [31], but less
than in others (i.e., 66.1% in the study by Cui et al. and 60.2% in the study by Jahangiri et al.) [32,33].
Most common reason for failure to report the incidents of NSIs were lack of time and heavy clinical
schedule, as well as perception of low risk of infection [33,34] which is close to our results, in which
part of HCWs in its own assessment did not see the need to report NSIs. This is still a gap for
enhanced training. HCWs should be aware that reporting an injury is highly important and adjust
their behavior accordingly.

Medical personnel suffer from anxiety and emotional distress following NSIs [35]. In our study,
logistic regression showed that people with better knowledge are more afraid of their own health
after being hurt and this fear lasted longer. The reason is unclear, but it may be related to the fact
that people with better knowledge are aware of the possible dangers of wounds contaminated with
a needle. However, the long-term fear was also positively correlated with the practice of nurse and
rescuer, who at the same time showed lower knowledge in the knowledge test. In these cases, the fear
may be due to the generally more frequent contacts of employees of these professions with infectious
material. One should also take into account the possibility that the measurement of knowledge was
imprecise because the test of knowledge covered only 5 questions. Probably fear for one’s own health
may affect better wound reporting in the paramedics and nurses group. Men in our study were less
afraid, and at the same time reported less frequent incidents of injuries. Similarly, with doctors. It
is quite understandable when we are not afraid of something, we do not see the need to report. In
the research by Jahić et al. also physicians were significantly less likely to report exposure incidents
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than other staff [36]. The vast majority of HCWs are more cautious when dealing with an infected
patient. Fortunately, the cases of refusal to provide assistance to patients infected with HBV, HCV, or
HIV were rare, and were not subject to any risk factors. These are results similar to Ishimaru et al. in
which the majority of nurses expressed a willingness to care for patients infected with HIV, HBV or
HCV [37].

One of the major alarming observations in the current study is that most HCWs believed that
patients with HIV should be required to inform physicians of their status. Moreover, they think that
such information should be compulsorily transferred between different health institutions. In another
Polish study, Gańczak et al. found insufficient knowledge of hospital staff in surgical wards, in which
40% of HCWs were in favor of moving away from performing surgical procedures if the HCW was
infected with HBV or HCV, and 42.6% with respect to HIV infected HCWs. In the same research
16.2% HCWs stated that infected surgeons should disclose their HBV, HCV, or HIV serostatus [38].
HCWs should be aware of the risks, but above all they should have knowledge about prevention
methods that effectively protect against infection. Although HBV infection can be prevented by
vaccination, there is no effective vaccine for HCV and HIV. Before other infections, strict compliance
with the universal precautions is important. In our study the vast majority of the HCWs were afraid of
being infected during work, and almost all admitted that they performed medical procedures more
carefully with patients they knew to be infected with HIV, HBV, or HCV. This may indicate a lack of
awareness that absolutely every patient should be treated as a potential source of infection. The use of
personal protective equipment for operations performed on the patient and carefully carrying out all
procedures should not be dependent on the results of the patient’s tests for markers of blood-borne
virus infections, due to the possibility of patients being in the serological window or low sensitivity of
the tests. The patient himself is not obliged to inform that he/she is infected; therefore, in a job where
there is a possibility of contact with potentially infectious material, the same safety precautions must
be used for all patients.

HCWs’ knowledge about blood-borne infections and their prevention (hand hygiene) is
insufficient but in our opinion, most behaviors and attitudes depended more on the type of profession
than on knowledge. Better knowledge did not influence all behaviors; doctors showed better
knowledge and this affected a smaller feeling of fear and less frequent NSIs reporting. Changing
behavior and attitudes under the influence of the awareness of care for an infected patient is a sign
of fear, which is also mentioned by the HCWs themselves. Knowledge did not significantly change
these attitudes. Perhaps this is due to the fact of textbook teaching in the Polish education system.
This justifies the poorer result of the knowledge test among nurses despite the relatively more frequent
participation in training. Perhaps the courses and practical experience gained contribute to better nurse
behavior, for example recapping. This issue requires more in-depth research. It can also imply for
decision makers on medical education the need to move from theoretical instruction to the emphasis
on practice. We look forward to wide participation in this discussion.

Limitations

Due to the number of surveys we have obtained, we can not generalize results for the whole country,
and the entire population of hospital HCWs. Also the measure of knowledge may be imprecise due to
the small number of questions in the test. This issue requires further research. For example, the test of
knowledge could be extended with questions carefully checking whether the respondent knows what to
do after the exposure, or whether he knows what health risks can result from this exposure.

5. Conclusions

The emphasis in the training of HCWs in the future should be on classes perfecting practical skills
like paying more attention to reporting NSIs, improving occupational behaviors like avoiding needle
recapping, and on the development of appropriate attitudes towards patients infected with HIV, HBV,
or HCV in Poland, as elsewhere.
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Abstract: The degree of emotional labor in nurses has been associated with negative physical and
psychological health indices. The purpose of this study was to examine the relationship between
emotional labor and depressive and anxiety symptoms in nurses. Specifically, the study addressed the
question of whether anger suppression and anger rumination sequentially mediated the relationship.
A total of 99 nurses was recruited from a university hospital in Korea. The questionnaires included
instruments assessing emotional labor, anger suppression, anger rumination, as well as depressive
and anxiety symptoms. Consistent with our hypothesis, there was a significant indirect effect
of anger suppression and anger rumination on the relationship between emotional labor and
depressive symptoms, as well as on the relationship between emotional labor and anxiety symptoms.
The nurses’ degree of emotional labor, anger suppression, and anger rumination was associated
with psychological adjustment. Thus, the impact of nurses’ negative affect needs to be adequately
addressed, as inadequate resolution of anger may increase their vulnerability to experience depressive
and anxiety symptoms. These findings may contribute to developing a strategy for enhancing nurses’
psychological health.

Keywords: nurses; emotional labor; anger; depression; anxiety

1. Introduction

In recent years, the psychological adjustment of the emotional laborers has received a great deal
of attention. The need for research on emotional labor experienced by nurses has become inevitable.
Emotional labor demands the induction or suppression of feelings to maintain a particular outward
appearance [1]. Also, the service provision and emotional expression of nurses needs to appear genuine
for patients under circumstances where extreme or negative feelings have been triggered. Therefore,
nursing involves emotional caring that requires a balance of emotional engagement and detachment,
as hospitals are increasingly demanding emotional labor [2]. Nurses are likely to encounter difficulties
in regulating their emotions due to emotional dissonance—a discrepancy between emotions they are
actually experiencing and emotions they are required to express.

Korean nurses may struggle with difficulties in emotional labor due to the suppression of emotions
in order to conform to patients’ and organizational demands. Research suggests that Korean nurses
report a greater degree of anger and stress than other professions. Among nurses who reported
significant stress, 44.4% chose anger as the most frequently experienced emotion, and they suppressed
anger more than they expressed anger [3]. It was concluded that nurses tend to experience negative
emotions, in particular anger, and that the emotions are usually suppressed due to job demands.

In particular, anger suppression significantly affects psychological adjustment. Previous studies
suggested that individuals who engage in greater anger suppression usually display a higher degree
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of depression and anxiety [4]. Cox, Van Velsor, and Hulgus also reported that women who cannot
adequately express anger and opt to divert anger via avoidance of anger awareness or by using
indirect means to cope with anger are more vulnerable to depression and anxiety than women who
express anger [5]. From these findings, it can be assumed that nurses, who tend to experience frequent
anger but also exhibit a tendency to suppress anger, may be particularly vulnerable to depressive and
anxiety symptoms.

The suppression of negative emotions is associated with rumination, which may eventually
cause, maintain, or increase depressive and anxiety symptoms [6]. The potential role of rumination in
the context of emotional suppression is partially supported by research examining the relationship
between rumination and thought suppression. These studies showed that consciously suppressing
unwanted thoughts can ironically increase the availability of the suppressed thoughts [7]. Thus, it is
possible that suppression may fuel rumination, which may subsequently increase susceptibility to
experiencing depressive and anxiety symptoms.

Rumination is not only involved with a low activity mood, such as sadness, but it may also be
involved with hyperactive mood states, such as anger. Rumination in this context has been termed
“anger rumination”. Anger rumination can be described as the tendency to persistently deliberate
on past events that had triggered anger [8]. Although similar in concept, anger rumination has been
suggested as an independent cognitive process which follows anger provocation, thereby maintaining
or enhancing anger mood and anger-related behavior problems. In addition, higher use of rumination
as a coping strategy in an anger-provoking situation contributes to depression and anxiety [8].

In summary, extant research indicates that in the process of emotional labor exerting influence on
the degree of depressive and anxiety symptoms, the anger-related mechanism may play a significant
role. Based on the assumption that there is an integrative causal association between emotional
labor, anger suppression and rumination, as well as depressive and anxiety symptoms, the present
study sought to empirically examine this possibility. In other words, nurses are required to suppress
their anger evoked from emotional labor, and ruminating about anger-provoking incidents and
anger mood may likely intensify the problem and possibly contribute to depressive and anxiety
symptoms. The present study specifically addressed the question of whether anger suppression and
anger rumination sequentially mediate the relationship in order to examine its causal relationship.

2. Materials and Methods

2.1. Study Design and Participants

The current study adopted a cross-sectional self-report survey design in order to examine the
sequential mediating effect of anger suppression and anger rumination in the relationship between
emotional labor and depressive and anxiety symptoms of nurses. The study protocol was approved by
the Yonsei University Institutional Review Board (Approval No. 7001988-201612-SB-102-02).

The participants in the study were 99 nurses who worked for at least six months at a university
hospital in the Republic of Korea. They were recruited during January of 2017. Data were collected
via the distribution of self-report questionnaires given to all nurses in the hospital who expressed
interest in participating in the study. Of the 110 surveys distributed, 99 surveys were returned. All 99
surveys were usable for further data analysis without problems concerning missing data or multiple
responses. Of the 99 respondents, the mean age was 30 years (standard deviation (SD) = 7.17) and 98.0%
were women. The majority of participants were staff nurses (n = 90, 90.9%) who had been working
in their current position between 12 and 60 months (n = 51, 51.5%). Their work pattern consisted
mostly of triple shifts (n = 89, 89.9%), whereas nine participants (9.1%) reported a non-shifting work
schedule (Table 1). The work shifts consisted of a day shift (7:30–15:00), an evening shift (15:00–22:00),
and a night shift (22:00–7:30).
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Table 1. Summary of demographic characteristics (N = 99).

Characteristics n (%)

Age (years)

≤29 65 (65.7)
30–39 23 (23.3)
≥40 11 (11.0)

Education level

Associate degree 21 (21.2)
Bachelor degree 63 (63.7)
Attending graduate school 4 (4.0)
Master or doctorate degree 10 (10.1)
Other 1 (1.0)

Position department

General ward 72 (72.7)
Intensive care unit 10 (10.1)
Other 17 (17.2)

Length of work experience in current position (months)

<12 28 (28.3)
12–60 51 (51.5)
61–120 15 (15.1)
≥121 6 (6.1)

Work schedule

Non-shift/day shift 9 (9.1)
Double shift 1 (1.0)
Triple shift 89 (89.9)

Current position

Staff nurse 90 (90.9)
≥Charge nurse 9 (9.1)

2.2. Measures

Emotional Labor—The Korean-Emotional Labor Scale (K-ELS), developed and validated by Jang
et al., and based on the characteristics of emotional labor in Korea, was used to measure emotional
labor [9]. This tool was composed of 26 items with five subscales, and the total score was used in
the present study. Sample items of the K-ELS are “I make efforts not to express negative feelings
towards customers” and “I get hurt in the process of facing customers.” The items were rated on
a four-point Likert scale ranging from 1 (strongly disagree) to 4 (strongly agree). In the present study,
the Cronbach’s alpha coefficient for the K-ELS scale was 0.87.

Anger Suppression—The Korean State-Trait Anger Expression Inventory (STAXI-K) [10], which is
a modified and validated version of the State-Trait Anger Expression Inventory (STAXI) [11], was used
to measure anger suppression. This tool is composed of 10 items for each trait anger and state anger,
and eight items for each anger-in, anger-out, and anger-control. The items are rated on a four-point
Likert scale ranging from 1 (strongly disagree) to 4 (strongly agree). For this study’s purpose, only the
anger-in subscale from the state anger scale was used. Sample state anger scale items of the STAXI-K
are “I am angry” and “I yell.” A higher anger-in total score indicates more frequent anger suppression.
In the present study, the Cronbach’s alpha coefficient for the anger-in subscale was 0.79.

Anger Rumination—The Korean Anger Rumination Scale (K-ARS) [12], which is a modified and
validated version of the Anger Rumination Scale (ARS) [13], was used to measure anger rumination.
The items are rated on a four-point Likert scale ranging from 1 (almost never) to 4 (almost always
in terms of how well the items resemble their beliefs about themselves; higher scores correspond to
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a greater degree of anger rumination. In the present study, the Cronbach’s alpha coefficient for the
K-ARS scale was 0.95.

Depressive Symptoms—Depressive symptoms were assessed using the Korean version of the
Center for Epidemiologic Studies Depression Scale (CES-D) [14], originally developed by the National
Institute of Mental Health [15]. This is a 20-item self-report questionnaire that measures the frequency
and severity of depressive symptoms experienced within the last week. The items are rated on
a four-point Likert scale ranging from 0 (very rare, i.e., less than one day during one week) to 3 (most
of the time, i.e., more than five days during one week). In the present study, the Cronbach’s alpha
coefficient was 0.93.

Anxiety Symptoms—The State-Trait Anxiety Inventory (STAI), originally developed by
Spielberger, Gorsuch, Lushene, Vagg, and Jacobs [16] and adapted for use in Korea [17], was used to
measure anxiety symptoms. It measures state anxiety (20 items) and trait anxiety (20 items), where state
anxiety represents anxiety that is temporary and changing, and trait anxiety represents anxiety that is
permanent and stable. For the purpose of this study, only 20 items measuring trait anxiety were used.
The items are rated on a four-point Likert scale ranging from 1 (not at all) to 4 (very much). In the
present study, the Cronbach’s alpha coefficient for trait anxiety was 0.91.

2.3. Data Analysis

The sequential multiple mediation analysis suggested by Hayes was conducted using PROCESS
Macro for SPSS (IBM Corp., Armonk, NY, USA) [18]. The significance of all the possible indirect effects
from the study’s model were examined using the bootstrapping method of 5000 resamples. The 95%
confidence intervals that did not include zero indicated a significant indirect effect. Previous research
suggested that work shift pattern, length of work experience, and job position may influence nurses’
degree of depressive symptoms [19,20]. Therefore, these demographic variables were controlled as
covariates in the statistical analyses.

3. Results

3.1. Descriptive Statistics and Intercorrelations between Variables

Table 2 presents descriptive statistics and intercorrelations between the study variables. Emotional
labor was positively correlated with both anger suppression (r = 0.43, p < 0.001) and anger rumination
(r = 0.30, p = 0.003). Anger suppression demonstrated significant positive correlations with depressive
(r = 0.30, p = 0.003) and anxiety (r = 0.24, p = 0.020) symptoms. Anger rumination was also positively
associated with depressive (r = 0.42, p < 0.001) and anxiety (r = 0.35, p = 0.001) symptoms. However,
the degree of emotional labor did not show significant correlations with either depressive (r = 0.13,
p = 0.215) or anxiety (r = 0.11, p = 0.289) symptoms.

Table 2. Summary of intercorrelations, means, and standard deviations for study variables.

Measure
1 2 3 4 5

Mean SD
r (p)

1. AngerSup 1 14.21 3.90
2. KARS 0.59 (<0.001) 1 29.99 9.26
3. CES-D 0.30 (0.003) 0.42 (<0.001) 1 18.67 9.81
4. STAI 0.24 (0.020) 0.35 (0.001) 0.84 (<0.001) 1 47.48 9.29

5. K-ELS 0.43 (<0.001) 0.30 (0.003) 0.13 (0.215) 0.11 (0.289) 1 69.31 9.07

Note: Anger suppression (AngerSup); Korean version of the Center for Epidemiologic Studies Depression Scale
(CES-D); Korean Anger Rumination Scale (KARS); Korean-Emotional Labor Scale (K-ELS); Korean State-Trait
Anxiety Inventory (STAI).
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3.2. Sequential Mediation Analysis

Sequential mediation analyses were conducted after controlling for the work shift pattern,
the length of work experience, and the job position as aforementioned (Table 3).

Table 3. Sequential mediation effect of anger suppression and anger rumination in the relationship
between emotional labor and depression/anxiety.

Dependent Variables Effect SE t p LLCl ULCl

Depression (Y)

Total effect 0.10 0.11 0.85 0.396 −0.13 0.32
Total indirect effect 0.16 0.07 0.05 0.33

Indirect paths
X→M1→Y 0.01 0.07 −0.12 0.14
X→M2→Y 0.04 0.05 −0.03 0.18
X→M1→M2→Y 0.12 0.06 0.04 0.26

Direct effect −0.07 0.11 −0.63 0.531 −0.29 0.15

Anxiety (Y)

Total effect 0.09 0.11 0.86 0.790 −0.12 0.30
Total indirect effect 0.12 0.06 0.02 0.27

Indirect paths
X→M1→Y −0.02 0.06 −0.14 0.12
X→M2→Y 0.04 0.04 −0.02 0.16
X→M1→M2→Y 0.09 0.05 0.02 0.22

Direct effect −0.03 0.11 −0.27 0.790 −0.24 0.19

Note: Emotional labor (X); anger suppression (M1); anger rumination (M2); lower levels for 95% confidence interval
(LLCI); upper levels for 95% confidence interval (ULCI).

Depression—There was a significant total indirect effect, which was the sum of all possible indirect
effects in the model between emotional labor and depressive symptoms (effect = 0.16; confidence
interval (CI): from 0.05 to 0.33), but a non-significant direct effect (effect = −0.07, t = −0.63, p = 0.531).
Regarding each indirect effect, there was a significant indirect effect indicating that the path from anger
suppression to anger rumination sequentially mediated the relationship between emotional labor and
depressive symptoms (X→M1→M2→Y: effect = 0.12; CI: from 0.04 to 0.26). The indirect effects from
emotional labor to anger suppression to depressive symptoms (X→M1→Y: effect = 0.01; CI: from
−0.12 to 0.14) and from emotional labor to anger rumination to depressive symptoms (X→M2→Y:
effect = 0.04; CI: from −0.03 to0.18) were not significant. The coefficients and standard error (SE) for
each path are presented in Figure 1.

Figure 1. Sequential mediation model for emotional labor and depression via anger suppression and
anger rumination. Unstandardized path coefficients and SE indicated above. The coefficient appearing
above the line connecting emotional labor and depression represents the total effect and the coefficient
below the line represents the direct effect. *** p < 0.001.
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Anxiety—The total indirect effect was significant (effect = 0.12; CI: from 0.02 to 0.27), but there
was a non-significant direct effect (b = −0.03, t = −0.27, p = 0.790). Regarding each indirect effect,
there was a significant indirect effect of emotional labor on anxiety through anger suppression and
anger rumination, again indicating sequential mediation (X→M1→M2→Y: effect = 0.09; CI: from 0.02
to 0.22). The indirect effects from emotional labor to anger suppression to anxiety (X→M1→Y: effect
= −0.02; CI: from −0.14 to 0.12) and the indirect effect from emotional labor to anger rumination to
anxiety (X→M2→Y: effect = 0.04; CI: from −0.02 to 0.16) were not significant. The coefficients and SE
for each path are presented in Figure 2.

Figure 2. Sequential mediation model for emotional labor and anxiety via anger suppression and
anger rumination. The unstandardized path coefficients and SE are indicated above. The coefficient
appearing above the line connecting emotional labor and anxiety represents the total effect and the
coefficient below the line represents the direct effect. ** p < 0.01, *** p < 0.001.

4. Discussion

Consistent with our hypothesis, the results indicated that emotional labor had an indirect
sequential effect on depressive and anxiety symptoms through anger suppression and anger
rumination, and the direct effect of emotional labor on depression and anxiety was not significant after
controlling for anger suppression and anger rumination. Hence, the nurses’ emotional labor itself
may not serve as a risk factor per se for psychological maladjustment. In addition, anger suppression
or rumination may not lead to emotional problems. The results of the present study indicate that
nurses who experience a high degree of emotional labor, who tended to suppress anger and who also
ruminated about the causes and effects of anger-provoking situations, may maintain or intensify anger
mood, which ultimately increased their vulnerability to experience depressive and anxiety symptoms.

Interestingly, the indirect effect of anger suppression alone was not significant. Specifically,
emotional labor was associated with anger suppression, but the pathway from anger suppression to
depressive and anxiety symptoms was not significant. It is still an ongoing discussion as to whether
emotional suppression always demonstrates a negative effect on psychological adjustment. There are
results from meta-analytic studies which suggest that emotional suppression exhibits a negative impact
on an individual’s psychological health, but at the same time, there have also been studies that have
reported on adaptive aspects of emotional suppression [21,22]. Thus, it cannot be assumed that simply
suppressing negative emotions always leads to psychological maladjustment. Moreover, the indirect
effect of anger rumination on the path from emotional labor to depressive and anxiety symptoms
was not significant. Specifically, anger rumination had a significant effect on depressive and anxiety
symptoms, but the path from emotional labor to anger rumination was not significant. Based on our
results, the cognitive process of repetitively recalling anger-provoking situations (rumination) may
have a significant impact in aggravating depressive and anxiety symptoms, especially when anger
is suppressed.
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In spite of the results from previous studies which reported that emotional labor has a negative
effect on psychological adjustment [23], emotional labor and depressive and anxiety symptoms were
not significantly correlated in the current study. This result may be related to the characteristic
of emotional labor. The two main emotion regulation strategies used by emotional laborers are
surface acting, (i.e., displaying nongenuine desired emotions) and deep acting, (i.e., modifying their
genuine emotions to actually feel the desired and situationally required emotions) [1]. According to
Drach-Zahavy, Yagil, and Cohen, surface acting requires constant effort to suppress negative emotion,
which leads to the depletion of psychological resources and as a result impedes one’s well-being [24].
On the other hand, deep acting may work as a protective factor in psychological adjustment, since it
also involves efforts to maintain a positive view in negative or stressful situations. Empirical research
has also demonstrated that this kind of cognitive effort may have a positive effect. In addition, in social
interactions, deep acting may assist in the formation of relatively positive relationships and increase
the opportunity to receive positive feedback from others by presenting authentic emotions during
interactions [25]. If this effect is applied to nurses, deep acting may contribute to the formation of
relatively positive interactions with patients, and nurses may also experience job satisfaction through
potential positive feedback. These opposite possibilities may simultaneously affect depressive and
anxiety symptoms.

The present study may provide valuable information for constructing a specific intervention
strategy to protect nurses’ psychological adjustment. More specifically, training in the use of different
kinds of adaptive emotional regulation strategies other than anger suppression and anger rumination
may be needed. For example, cognitive reappraisal was found to be more effective at reducing and
handling anger than efforts to suppress anger [26]. Furthermore, positive reappraisal (i.e., searching
for positive aspects or meaning instead of ruminating about anger-provoking events) and positive
refocusing (i.e., focusing on pleasant and positive experiences unrelated to the experienced negative
events) may be effectively utilized [27]. Supplementing clinically validated effective interventions
for depressive and anxiety disorders, such as cognitive behavior therapy (CBT), with such emotion
regulation training components may further effectively reduce nurses’ psychological discomfort such
as anger and depressive and anxiety symptoms.

5. Limitations and Future Directions

As reported in the meta-analysis results of Hülsheger and Schewe, there may be a significant
moderating effect of cultural differences in the relationship between emotional labor and psychological
distress [28]. Eastern cultures are characterized as an interdependent culture that values conformity,
and the suppression of emotional expression for the sake of group harmony is frequently
demanded [29]. Thus, there may exist a mediating effect of cultural differences on the sequential
mediating effect of anger suppression and anger rumination found in the present study. Hence,
the results of the current study need to be replicated through cross-cultural research. If differences
are found, research identifying the cultural factors that contribute to the differences also needs to
be conducted.

There is a possibility that the university hospital worked as a protective factor compared to other
work environments. According to previous studies, work organization, structure, and policy have
a significant impact on employees’ anger [30]. University hospitals have relatively well-established
organizational support and a protective system that may work in some degree as a protective factor for
the nurses’ anger [10]. Thus, examining the organizational characteristics of nurses working at private
hospitals and other emotional laborers that may influence the result is suggested for further research.

Also, since the current study was conducted using cross-sectional data, we cannot confirm
long-term variation trends in anger suppression and rumination and subsequent depression and
anxiety. It is uncertain whether it is a temporary or a long-term effect that anger suppression and
rumination have on depressive and anxiety symptoms. A study by Takebe et al. longitudinally
examined the relationship between anger suppression and anger rumination [9]. Thus, future studies
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that examine the long-term effects on depressive and anxiety symptoms are suggested, based on our
finding that these variables are significantly associated.

6. Conclusions

The present study suggested the existence of a potential mechanism by which anger that is
evoked from emotional labor may be related to depressive and anxiety symptoms. Thus, hospitals
should acknowledge that it is critical to manage nurses’ anger through the construction of a specific
intervention strategy to protect nurses’ psychological adjustment.
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Abstract: The analysis of the postural attitude of workers during the interaction with workstation’s
elements and working environment is essential in the evaluation and prevention of biomechanical
overload risk in workplaces. RULA (Rapid Upper Limb Assessment) and REBA (Rapid Entire Body
Assessment) are the two easiest methods for postural risk assessment in the workplace. Few studies
investigated postural risk in forestry sector with regard to human–machine interaction, in particular
manually fed wood-chippers. The aim of this study was to evaluate the postures assumed by an
operator during the manual feeding of a wood-chipper, and to compare RULA and REBA, in order to
identify the more effective and appropriate method for the assessment of the risk of biomechanical
postural overload. The results pointed out several postural issues of the upper limbs, and showed
that RULA is a more precautionary method to protect operator’s health during the targeted tasks.
Implications to improve the human–wood-chipper interaction are discussed.

Keywords: ergonomics; forestry; postural risk assessment; RULA; REBA; wood-chipper

1. Introduction

The analysis of the postural attitude of the worker during the interaction with workstation’s
elements and working environment is essential in the evaluation and prevention of biomechanical
overload risks in workplaces [1]. Awkward working postures may decrease the workers’ concentration
and increase accidents frequency and biomechanical overload [2–6], giving rise to musculoskeletal
disorders in the different body regions involved, as at the main limb joints level and the vertebral
column [7].

Some standards [8–10] dealing with the biomechanical overload caused by incongruous static and
dynamic postures have been developed to define the risk assessment methods to evaluate postural
load referable to activity and workstation characteristics and to human–machine interaction. They are
referenced in international [11] and national [12] legislations aimed at protecting workers’ health
and safety.

RULA (Rapid Upper Limb Assessment) [13] and REBA (Rapid Entire Body Assessment) [14] are
two easy methods for occupational postural risk assessment. Indeed, previous studies [15,16] showed
that observational methods are considered effective in the assessment of biomechanical work-related
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overload, having the advantage of being more versatile and less expensive in terms of time and
resources required compared to objective laboratory measures. Both RULA and REBA allow to obtain
a numerical index that represents the quantitative value of the risk at which the worker is exposed
during the targeted work activity and to derive the priority level of intervention and the actions
needed. The RULA method is suggested for the identification of postural disorders of the upper
limbs, of the neck and of the back in relation to the muscular action and external loads applied to the
body. The REBA method is applied to identify postural disorders of the whole body, in relation to the
muscular action, to the external loads applied to the body and to the type of grip. They are referenced
in the international standard for occupational risk assessment [9] and cited among the selected tools for
Work-related Musculoskeletal Disorders (WMSDs) prevention according to International Ergonomics
Association (IEA) and World Health Organization (WHO) [17]. These methods are also widely applied
in several working contexts, mainly industrial work activities (secondary sector) and those producing
services and goods (tertiary sector), characterized by a precise standardization of tasks, geometries,
gestures and relative execution frequencies that allow a systematic and controlled forecasting and
quantification of the biomechanical overload risk. Furthermore, the two methods have been combined
and compared to assess postural risk in industry [18–20], construction [21], supermarkets [22], hospital
and dental sector [23], work with video terminals [24], waste collection activity [25], for firefighters
and emergency medical technicians [26], and artisans [27–29] and sawmill activities [30].

RULA and REBA have been adopted a few times in the agricultural [31,32] and forestry
sectors [33,34] because the evaluation of the biomechanical overload risk in the primary sector activities
is more difficult; due to the large variability of the tasks the operators have to perform, depending on
crops, operations (seeding, weeding, pruning, harvesting, etc.), the machinery and tools adopted, the,
sometimes extreme, weather conditions they have to be carried out with, and the daily and seasonal
exposure, as well as the lack of a strict standardization of the work in general [35,36]. Interaction
with machines, tools and environments in agriculture, and particularly in forestry, requires therefore a
particular attention in the application of risk assessment methods conceived for other contexts, or the
formulation of specific methods that consider the distinctive characteristics of these activities [37].

Kundu and Gaur [38] compared RULA and REBA in a study addressed at investigating how
much these techniques were appropriate for evaluating the postures assumed by agricultural workers.
They highlighted some shortfalls in using these techniques to study risk factors associated with
agricultural field operations and suggested to add some factors as posture duration, field condition,
environmental factors and nutritional status to better assess the occupational risks and possible
remedies, especially for agricultural work in the fields.

Besides RULA and REBA, other methods have been used to assess the postural risk in manual
agricultural activities. For example, Kong et al. [39] compared RULA, REBA, OWAS (Ovako Working
Posture Analyzing System [40]) and ALLA (Agricultural Lower Limb Assessment [41]) for various
agricultural tasks. They found that ALLA better estimated the risk because it identifies critical issues
that the other methods do not analyse and, therefore, it always returns a higher level of risk, compared
to the other methods. Ojha and Kwatra [42] combined REBA and VAS (Visual Analog Scale) methods in
rice cultivation manual operations. REBA indicated postural load and suggested interesting corrective
measures. However, in both studies [39,42], the object of the analysis was a manual activity, while, in
developed countries, most of the farming operations require the use of machinery and workers spend
many hours in interacting with them, making the investigation of the human–machine interaction
more relevant [43].

Among the studies specifically dealing with the human–machine interaction in agriculture, RULA
is the most frequently adopted method. Vyavahare and Kallurkar [44] used RULA to assess postures
assumed during the interaction with agricultural machines such as maize dehusker-sheller. The study
analysed and evaluated the risk of various key postures, such as squat, forward/lateral bending,
hands flexion/extension, wrist/spine twisting. Putri et al. [45] used RULA to study the use of thresher
machines for threshing rice plants. In the first study, RULA helped to optimize a digital human manikin
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posture, resulting in precise risk assessment and better designed and widely accepted products and
workplaces, while, in the second study, RULA provided indications to redesign the machine to reduce
injuries and musculoskeletal overload caused by the mismatch between the dimensions of the engine
and farmers’ postures and dimensions.

In the forestry sector, the studies report postural risk evaluation mainly referred to manual tools.
Gallo and Mazzetto [34] applied different methods including REBA and OWAS to evaluate the postural
risks from the cutting operations with chainsaw, showing their good applicability for the assessment of
WMSD in forestry. The comparison between OWAS and REBA showed that REBA has a higher level
of detail of assessment because it considers the angles between body segments and extremities as the
wrist, the neck, the elbow and the shoulders (parameters that are not considered by OWAS method) for
both sides of the body and, furthermore, it assesses the type of handle coupling and the characteristics
of the performed activities. REBA results to be suitable for suggesting interventions to be performed
to decrease musculoskeletal overload, even though it has not been developed specifically for forestry
operations and it presents some weaknesses during the assessment, as the lack of coded postures as
the kneeling posture.

Forestry is recognized as a highly hazardous industry [46] and working postures are one of
the most investigated risk factors for workers’ safety, even though the postural aspects in the
human–machine interaction have been under investigated in this sector [47,48]. With regard to
machinery, manually fed wood-chippers are one of the most widely used machines in forestry,
agricultural, landscaping and urban tree maintenance to reduce the volume of woods for following
disposal or re-use in bio-energy production [47]. The attention to this machine is rising because of
the significant increasing interest in biomass production as biofuel [49] and because they are often
involved in fatal and non-fatal injuries [50]. Data on the occurrence of accidents provide an objective
index of the danger of machinery as well as a valid reason for identifying the most critical features of
these machines.

In the United States, between 1992 and 2002, Struttman [50] reported 31 fatal and 2042 non-fatal
accidents involving wood-chippers. The estimated social cost of these fatal accidents were estimated in
2003 to US$28.5 million; furthermore, an in-depth analysis disclosed that 58% of these fatal accidents
involved groundskeepers and machinery operators in the forestry and agricultural sectors [50].
Analyses of the non-fatal accidents showed that 60% of the accidents caused immediate injury or
amputation of parts of the upper-body limbs. For 25% of these injuries, the victims were unable
to return to work for periods of up to 30 work days [51]. Further studies indicated that more than
one-third of these accident victims had less than 11 months of experience in that particular job [50].

In the further period between 2008 and 2018, statistics from the United States Occupational
Safety and Health Administration of Department of Labor [52] reported 56 incidents during chipping
operations: 64% of the accidents dealt with feeding operations and 36% of them were fatal for the
operators. From the same statistics, the accidents not related with feeding operations of wood-chippers
had a lower rate, 16%, of fatal accidents.

Accurate statistics about accidents with wood-chippers are not available from most of the
European Union countries [53]. Only the French Ministry of Agriculture, Agrifood, and Forestry
reported that at least one severe accident related to the use of wood-chippers occurs every year in
France and that, in most of the cases, the operators involved were young apprentices [54], one of
the category of users for which warnings to eliminate hazardous behaviours when intrinsically safe
machine are used, are less effective [55,56].

Based on the literature review, the aim of this study was to identify the more effective and
appropriate method between RULA and REBA for the assessment of the risk of biomechanical
postural overload, evaluating the postures assumed by an operator during the manual load of a
wood-chipper, in a controlled experimental setting. The study further discusses which of the two
methods is more precautionary in evaluating postural risk and reports higher risk indices, for the
specific activity considered.
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For the present study, a small manually fed wood-chipper has been selected since: (1) small-size
wood-chippers are widespread among forestry, agricultural and urban green maintenance operators;
(2) similar types of wood-chippers are used for occasional and accessory operations to the main
activity [47]; (3) often experienced, but not specialized, operators are involved in the wood-chipping
operations and this category of operators are known to be the most exposed to safety risks [57]. As a
consequence, the manual feeding seems to be critical both in terms of safety and health risks for the
operators [58,59].

2. Materials and Methods

2.1. The Wood-Chipper

The manually fed wood-chippers generally consist of a feeding system, a chipping units based
on rotating knives (drum or disc mounted) and on a discharge system. Alternative solutions for the
comminution devices are available for production of quality wood chips for fuel [60]. In the case of
manually-fed wood-chippers, the operators feed small trees, part of trees and/or branches into the
infeed chute by hand with a following risk of biomechanical postural overload, which is typical of
manually-loaded wood machines [61].

The study was carried out with a manually fed wood-chipper model Tirex, made available by
the manufacturer Peruzzo (Peruzzo Srl, Curtarolo, Italy). The machine was connected to the rear
three-point hitch of a 55 kW tractor and was powered by the rear Power Take-Off (PTO) (Figure 1).
The feeding system consists of a feeding hopper with an infeed chute above 600 mm from the ground
level and with a width of 1200 mm at the external edge. The feeding system consists of two horizontal
rollers electro-hydraulically controlled by a load-limiting mechanism and located at the end of the
infeed chute at a distance of 1200 mm from the external infeed chute limit, in accordance with EN
13,525:2005 + A2:2009 [62]. The machine is equipped with an electro-hydraulic feed control bar fixed
on the bottom and along the two sides of the infeed chute. The chipping unit consists of a flywheel
(diameter 620 mm, mm thickness 30 mm) rotating at 1500 rpm and with a torque of about 33 Nm. The
flywheel is equipped with four knives (thickness 25 mm and length 200 mm) while an anvil is fixed to
the frame of the machine. The manufacturer claims the machine is able to chip wood stems with a
diameter up to 180–200 mm.

 

Figure 1. The manually fed wood-chipper used during the test.
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2.2. Research Design

The study was conducted at the Azienda agraria sperimentale “L. Toniolo” of the Università
degli Studi di Padova (Padova, Italy). Since we were interested in controlling as many variables as
possible to better compare RULA and REBA, the evaluation of the differences in risk levels between
the two methods was carried out by keeping the machine and participant characteristics constant,
while changing the log size. To reduce the inter-individual variability in the adoption of the targeted
postures, one single participant was involved in the study. He was a not-specialized operator, with no
previous history of either occupational accidents or musculoskeletal disorders. Specific measures were
defined for the logs to be used in the tests, with regard to log length and diameter, and an acceptable
mass, ranging between 2 and 10 kg, to be manually handled by the operator (Figure 2).

 

Figure 2. Example of tasks to be performed during the tests.

Plane-tree wood was used for the tests, preparing both logs of different length and diameters,
and branches of more variable dimensions, in order to observe if and how much the size of the wood
induced different postures and gestures, which may be associated with different levels of postural risk.
The logs were prepared in three different lengths (1 m, 1.5 m, 2 m) and two diameters (65 mm and
135 mm). For each length/diameter combination and for the branches, three elements were prepared to
perform three repeated tests. Therefore, six tasks involving logs plus one task regarding branches were
performed. The operator performed each task three times to evaluate any intra-individual difference
in postures and gestures with respect to the manipulated element. Thus, overall seven tasks were
performed for a total of 21 loadings (six tasks for the logs, each repeated three times, and one task for
the branch repeated three times). The 21 loadings were randomly performed.

The research protocol was approved by the Research Advisory Group of the Institute for
Agricultural and Earthmoving Machines (IMAMOTER) of the National Research Council of Italy
(CNR) on 28 February 2018.

2.3. Video Recording

The operator was video recorded and photographed while feeding the machine. One video
camera was placed in front of the infeed chute while a second one recorded images from the side of
the infeed chute. During the analysis of the recorded videos, every time a log or a branch was loaded,
the frame-by-frame vision was carried out until the most critical position was detected. The video
analysis was performed with Kinovea software, an open-access video analysis software available
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online reproducing the video in slow-motion. Kinovea is a valid and reliable method to perform
motion and postural analysis [63]. It allows for detecting body and its districts’ angles during the
single posture observations: angles were measured according to the reference axes reported in RULA
and REBA methods to obtain the corresponding score.

2.4. Assessment Methods of Applied Biomechanical Risk

The study investigated the human–chipper interaction comparing two observational methods of
biomechanical overload postural risk: RULA method [13] and REBA method [14].

In RULA method [13], the body is divided into different parts gathered into two groups, A and
B: group A includes arm, forearm and wrist of the right and left limb; group B includes the neck,
the trunk and the feet. The method consists in assigning a score to each segment depending on the
posture taken and it allows to obtain two distinct scores (Scores A and B) through the use of numerical
tables or spreadsheets; these scores represent the level of postural load of the musculoskeletal system,
determined by the combination of the postures of the whole body. Muscle use and force scores are
then added to Scores A and B to obtain two new scores (Scores C and D) that, through a third table or
a spreadsheet, allow for obtaining the final score, or Grand Score.

Based on the appropriate combination of scores, the final score can range between 1 and 7.
The final score is related to four levels of action and four levels of risk. Scores, actions and risk levels
for RULA are summarized in Table 1:

• Action level 1: Low risk level. A score of 1 or 2 indicates that posture is acceptable if it is not
maintained or repeated for long periods.

• Action level 2: Medium risk level. A score of 3 or 4 indicates that further investigation is needed
and changes may be required.

• Action level 3: High risk level. A score of 5 or 6 indicates that investigation and changes are
required soon.

• Action level 4: Very high risk level. A score of 7 indicates that investigation and changes are
required immediately.

Table 1. RULA and REBA scores with the respective action level.

RULA Score Action Level REBA Score Action Level Risk Level

1 0 Negligible
1–2 1 2–3 1 Low
3–4 2 4–7 2 Medium
5–6 3 8–10 3 High
7 4 11–15 4 Very High

RULA: Rapid Upper Limb Assessment; REBA: Rapid Entire Body Assessment.

In REBA method [14], the body is divided into different segments divided into two groups: the
first one includes neck, torso and legs; the second group is composed by arm, forearm and wrist without
distinction from the right or the left one. The method consists in assigning a score to each segment
of the body according to the posture taken and, using numerical tables or spreadsheet, it allows for
obtaining two different scores that represent the level of postural load of the musculoskeletal system
determined from the combination of the whole body postures. The two scores should be respectively
added to the grip score and to the load and strength score to get two new scores (Scores A and B). From
the use of a third table or spreadsheet, it is possible to obtain Score C, which, added to the activity
score, allows for obtaining the final score, or Grand Score. The final score can range between 1 and 15
and it is related to five levels of action and five levels of risk. Table 1 reports scores, actions and risk
levels for REBA:

• Action level 0: The risk is negligible so no action is required.
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• Action level 1: Low risk level. The final score between 2 and 3 indicates that changes may
be required.

• Action level 2: Medium risk level. The final score from 4 to 7 indicates the need for measures and
further analysis.

• Action level 3: High risk level. The final score between 8 and 10 indicates the need for an
intervention and a change in a short time.

• Action level 4: Very high risk level. The final score from 11 to 15 indicates that an action is
immediately required.

2.5. Data Analysis

For each task, three risk indices were obtained for each of the two methods, RULA and REBA.
The goal was to analyze the highest level of risk calculated, considering the variability of the

execution of the gesture, evaluated three times separately. Among the results obtained, the highest
value, among the three for each task, and then the highest between the right and left side was selected.

The results of the two scores calculated for each task with RULA and REBA were compared to
highlight any tendency of any of the two methods to over or underestimate the risk. This was done
both on the basis of risks category, considering the action level—color code (Table 1), and the values of
normalized indices.

In order to compare the differences between REBA and RULA scores, it was necessary to normalize
the absolute values as the two methods are based on different scales: RULA has four risk levels that
categorize scores from 1 to 7, while REBA is based on five levels of risk that categorize scores from 1 to
15. The use of standardized scores to compare different methods for postural risk assessment has been
adopted previously in similar analyses [64,65], thus we normalized the score values ranging from 0 to
1, applying the following formula to each worst value obtained for each task by the two methods:

normalized value = [score obs − score value min]/[score value max − score value min].

3. Results

The risk assessment carried out by applying RULA and REBA (Table 2) showed a medium-high
level of risk for all the tasks. None of the tasks reported a score referable to a negligible or low risk as
well as a very high risk level that would require an immediate intervention.

Table 2. Comparison between RULA and REBA risk evaluation (worst case for each task calculated
with each method) for the seven tasks considered with details of the dimensional characteristics of the
manipulated wooden elements.

Task 1 Object
Length (m)

Object
Diameter (mm)

Object Mass
(kg)

RULA
Worst Case

REBA Worst
Case

Action
Level

1 1 65 2–10 5 8 both 3
2 1 135 2–10 7 11 both 4

3 1.5 65 2–10 5 5 3 with RULA
2 with REBA

4 1.5 135 2–10 6 10 both 3
5 2 65 2–10 4 5 both 2
6 2 135 >10 5 8 both 3
7 Branches 3 5 both 2

1 Note. Tasks 1–6 represent the loading of logs with three different lengths (1 m, 1.5 m, 2 m) and 2 diameters (65 mm
and 135 mm); Task 7 represents the loading of branches.

Regarding the differences between the risk indices of each task, it can be seen that, based on the
dimensional differences of the handled logs, the risk level is limited in the case of logs with longer
length and smaller diameter. This could be due to the posture induced by small length logs which
could cause a higher postural overload because of the greater proximity to the machine that could
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determine worse joint angles. The highest indices were observed in the manipulation of short and
larger diameter logs (Task 2), while the lower levels of risk indices occurred in the manipulation of the
branches (Task 7). The comparison between the results obtained with RULA and REBA, based on the
resulting action level, highlighted a good overlapping between the two methods, with the exception
of Task 3, related to wooden elements of an intermediate size (1.5 m) and small diameter (65 mm).
In this case, the RULA carried out a more precautionary assessment as it gave an index that fell into a
higher action level compared to the corresponding level calculated with REBA. In the comparison of
the normalized numerical indices, all of the RULA scores were higher than the corresponding REBA
scores for all of the tasks (Table 3). The application of RULA showed to be more precautionary than
REBA for all the tasks, as it returned a higher score value in each loading.

Table 3. Comparison between the normalized scores of RULA and REBA indices for the seven tasks.

Task 1 RULA REBA

1 0.67 0.50
2 1.00 0.71
3 0.67 0.29
4 0.83 0.64
5 0.50 0.29
6 0.67 0.50
7 0.33 0.29

1 Note. Tasks 1–6 represent the loading of logs with different lengths and diameters; Task 7 represents the loading
of branches.

4. Discussion

The present study showed that RULA and REBA are two effective methods for assessing the
postural overload determined by incongruous postures adopted in the act of manually loading the
wood-chipper with logs of various diameters and lengths. The two methods appeared to be both
effective and suitable for the identification and quantification of the level of postural risk using a
manually fed wood-chipper, as they highlighted similar levels of urgency of intervention, analysis and
modification actions. The high congruence between RULA and REBA evaluations confirmed similar
results from other investigations in the industrial context [66]. However, the present study showed
that RULA tended to be more precautionary, giving a higher risk index, for all the tasks, consistent
with previous studies comparing the two methods in the industrial sector [18]. This underestimation
by REBA was also found in KOSHA’s research [67] in different sectors like ship building, automotive,
electronics, general manufacturing, and service industries.

Comparing the action level in which the calculated indices fall, and, therefore, the corresponding
severity and urgency of intervention, RULA and REBA suggested an almost identical level and, in
only one case (Task 3, intermediate size and small diameter wooden elements), RULA returned a
higher action level than REBA (Table 2). Task 3 is also the one which reported the highest difference
between normalized RULA and REBA scores. Comparing normalized scores, RULA always resulted
in being more precautionary as it returned higher values for all the tasks. The evaluation of the
branches’ manipulation task presented the most contained difference between the two normalized
values, but also in this case the risk estimated by RULA, even if slightly, prevailed. RULA appeared to
be constantly more precautionary in the risk assessment for all of the tasks considered, both in medium
or high risk conditions. RULA also seemed to be more precise as it better highlighted the differences
in the level of risk exposure between the manipulation of logs and branches. This could be due to
the presence of different postural issues of the upper limbs, such as radial or ulnar deviation of the
wrist, rotation of the wrist and movements performed across the body or out to the side, which play an
important role in the postural risk assessment of these tasks and are not considered by REBA. About
the branches loading, RULA normalized score returned a value of 0.33, which was the lowest of all
tasks. REBA did not seem to be influenced by these differences among logs and branches manipulation.
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The minimum normalized REBA score was 0.29, and it was the same value for both the manipulation
of the branches (Task 7) and for the manipulation of logs of Tasks 3 and 5.

RULA highlighted how biomechanical workload in the interaction with the wood-chipper is
limited to the upper part of the body and it determines an important involvement especially of the
wrist and forearm, and on the rachis due to flexion of the chest and postural asymmetries. REBA
scores, obtained evaluating the lower limb biomechanical risk in greater detail, had no higher values
than RULA in all the tasks, confirming the absence of serious criticalities for the lower limbs in
wood-chipper manual feeding.

According to the results of the present study—even though they were obtained by observing one
single operator and should not therefore be considered as conclusive—RULA is more precautionary,
probably because of the more precise workload evaluation of the upper limbs and trunk. RULA
considers in a much more limited way the postural and workload conditions of the lower limbs
compared to REBA, but, nevertheless, in the present investigation, REBA did not give higher risk
estimation values, which means that, during the loading of the wood-chipper, there was not any
evidence of risk to the lower limbs (otherwise, REBA would have highlighted it with a higher
risk index). Therefore, RULA may be a more adequate method for the assessment of postural
risk of interaction with the machinery when exposure to risk of the lower limbs is less relevant.
This consideration confirms results from previous studies which reported the effectiveness of RULA in
evaluating the interaction with agricultural machines [44].

The analysis pointed out different RULA scores due to the different lengths and diameters of logs,
with shorter ones determining incongruous postures. This consideration opens new perspectives for
the analysis of human–wood-chipper interaction stressing the importance of avoiding short logs during
the cutting operations, when they are intended to be chipped. In this way, a postural disadvantage
occurs even if the mass is reduced. Future investigation should be addressed at investigating a larger
number of operators regarding how much log mass, besides the length, determines incongruous
postures (high RULA score) and physical effort (applied force and perceived fatigue). The results of
such studies could provide suggestions about an “optimal” cutting length for logs, determining a
better postural conditions for operators of manually fed wood-chippers. Indeed, in ergonomics, it is
not enough to concentrate on the design of the machine, but it is important to intervene in the different
components of human–machine interaction through a holistic approach, as widely documented in the
literature and recommended by international standards [68–71].

Besides the attention paid to safety and technical characteristics of the forestry machine, this
study highlighted the importance to inform and train the operators to perform gestures, postures
and activities in accordance with the ergonomic principles. In this way, in addition to optimize the
human–machine interaction, it can be possible to intervene on the organization and management of
the whole activity. This integrated approach may contribute to risk reduction and enhance the system
productivity and operator’s wellbeing.

5. Conclusions

Agricultural and forestry operators interact with a variety of tasks and machinery, which can
require ad hoc methods for the assessment of postural risk. The present investigation showed that the
RULA method is suitable for the evaluation of postural overload in the human–machine interaction
related to a manually fed wood-chipper, more than the REBA method, because it showed indices that
corresponded to a higher level of risk for all the tasks observed, independently of the shape, size, mass
of the wooden material and, therefore, it would be a more precautionary method to protect operator’s
health. Further considerations about the postural risk of manually-loaded wood-chippers should
focus not only on the posture of the operators, but also on the safety standards imposed by the safety
regulations (for instance, the former EN 13,525:2005 + A2:2009 [62]). The extended application of RULA
in real and differentiated agro-forestry conditions will allow for assessing postural risks and physical
effort to improve human–machine interaction and operators’ wellbeing in the wood-chipping activity.
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Abstract: Steep slopes are the main cause of rollover incidents in agriculture. Targeted safety signs
have been developed to warn machinery operators against risky slopes. However, machinery user’s
manuals and road signs report information regarding slope steepness in two different ways, by using
the tilt angle in degrees and the slope percentage, respectively. In this study, we investigated the
comprehension of safety signs depicting critical slopes, either in degrees or as percent values in a
group of Italian agricultural machinery operators while considering the possible influence of previous
experience with agricultural machinery, previous incidents, and on-farm occupation. Eighteen
tractor and self-propelled machinery operators were administered graphical representations of seven
slope angles in a randomized order and then were asked to estimate the slope steepness as both
a tilt angle and a slope percentage. The participants tended to overestimate slope steepness in
degrees, whereas the opposite was true for percentages. Farmers who were previously involved
in a machinery-related incident were more accurate in their estimates. The present results raise
some considerations regarding the need to redesign safety communication and to promote targeted
training interventions.

Keywords: agriculture; injury risk; occupational safety; road sign comprehension; slope angle;
warning sign

1. Introduction

Agriculture is one of the most dangerous industries, with an incident rate that is nearly triple that
of other sectors, both in the United States and in the European Union [1,2]. Nearly 80% of all incidents
are caused by farm machinery, and tractors are involved in most of the fatalities [3,4], with rollovers
predominating [5]. The National Institute of Occupational Safety and Health (NIOSH) reported
approximately 130 tractor rollover incidents per year in the United States [6]; Darçın and Darçın [7]
reported that, in Bilecik, Turkey, 58 out of 80 tractor fatalities between 2005 and 2015 were due to
rollovers, whereas Kogler et al. [8] and Pessina and Facchinetti [9] showed that tractor rollover resulted
in many fatal injuries in Austria and in Italy in 2015 and 2017, respectively. In Italy, in particular,
approximately 90 of 120 fatalities involving tractors in 2016 were fatal rollovers [10]. In addition to
tractors, many other off-road self-propelled machines with a ride-on operator (driver) adopted in
farming, such as harvesters [11] or handling machinery [12], or farm-like (lawnmowers, All Terrain
Vehicles (ATV) and Side-by-Side) [13] operations are exposed to the risk of rolling or tipping over.
According to Abubakar et al. [5] driving a vehicle downhill, crossing a steep slope, and climbing uphill
represent the main reasons for machine rollovers. Previous studies showed also that agricultural
machinery operators often disregard the steepness of terrain [13–15] and they tend to be inaccurate
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when estimating slopes [5,14]. This may lead to driving in hazardous conditions, thereby increasing
the risk of a rollover incident [16].

To ensure the health and safety of workers, a five-step hierarchy of controls should be applied
to the design of machinery and equipment [17,18]. The first three steps, i.e., elimination (step 1),
substitution (step 2) and engineering controls (step 3), in particular, are the preferable methods to avoid
a worker’s exposure to dangerous situations, since they remove the hazards at the source. Regarding
machinery rollover, some studies have commented on possible solutions (step 1 and step 2) to improve
tractor stability [19]. However, it is difficult to completely eliminate the hazard and to guarantee the
comprehensive stability of the vehicle, since the risk of overturning is the result of the interaction
between different factors, including the slope steepness [5,20]. Therefore, different technical protective
measures can be adopted to prevent injuries (step 3) in the case of a rollover: the combined use of
a Roll-Over Protective Structures (ROPS) and a seatbelt is the most effective way to prevent fatal
injuries during rollover incidents [6,21–23]. The effectiveness of such features has been investigated
and recognized for many years, and they have been required to be fitted to tractors since the ’80s in
the markets of developed countries [24–26]. Retrofitting programmes to implement ROPS on tractors
that were originally sold without a ROPS and a seatbelt have been recently implemented both in the
United States and in the European Union to extend the benefits of these devices to a larger number of
units [21,27]. Although “eliminating hazards is the most effective way to make the workplace safer
[ . . . ] this is not always practical” [28]. Thus, there is a need to focus on the work activity and to push
towards the correct use of safety tools. To that end, the fourth step of the hierarchy of controls, i.e.,
administrative controls, includes training and the installation of signs, warning labels, and pictograms
to inform users about the residual risks that could not be eliminated either by design or by adopting
technical solutions [16,17].

The comprehension of safety signs in agriculture has been previously investigated with regard to
pesticides [29,30], machinery-related risks [31], and the use of Personal Protective Equipment [32], and
the research has often highlighted poor comprehensibility and a positive relation with the expertise
of the target audience [33,34]. For instance, Caffaro, Schmidt, Murphy, and Cavallo [34] showed that
years of experience with agricultural machinery significantly increased users’ comprehension of the
meaning of safety pictograms that were affixed to agricultural machinery.

However, the comprehensibility of safety signs on slopes has not been investigated yet. Increasing
knowledge about this issue is even more relevant if we consider that international standards and user
manuals for safe operation of machinery do not adopt a unique graphical solution to depict critical
steepness. On the one hand, the international standard ISO 16231-2 [35] for the assessment of stability
of self-propelled agricultural machinery defines the maximum slope on which a machine is intended to
work as a percentage; on the other hand, in OECD Code 6 [36], for the testing of front-mounted ROPS
fitted on tractors and in the American National Standard ANSI/ROHVA 1-2016 [37] for determining
the maximum steepness to operate ATVs, the slopes are described in degrees. Furthermore, the user
manuals of different agricultural machinery display information regarding the maximum slope to
operate a vehicle as a percentage [38,39], whereas the safety labels that were affixed to machinery
give the same information in degrees [21]. Finally, in the Vienna Convention on Road Signs and
Signals [40], the well-known road sign warning against a dangerous slope depicts the slope in terms of
a percent value.

Based on these previous considerations, the present study investigated which kind of graphical
representation of slope steepness, i.e., the tilt angle in degrees or a slope percentage, in a safety sign
that was administered to a group of agricultural machinery operators was more comprehensible.

Furthermore, the study investigated the role that is played by the driving experience of agricultural
machinery, the on-farm occupation, and the previous history of incidents in the comprehension of the
safety sign. Experience with machinery was considered because of its known significant influence on
the comprehension of safety signs [41], whereas we were interested in exploring the role of the other
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two variables based on previous evidence regarding their relevance in the field of risk perception and
exposure in agriculture.

Concerning on-farm occupation, Day et al. [42] observed that farmworkers and contractors
reported increased injury risk when compared with farmers. Whereas farmers spent longer daily
working hours on farms [43], farmworkers and contractors interacted with many hazardous tools
and equipment that could increase their risk exposure [42]. Concerning operators’ previous history
of incidents, contrasting results are reported in the literature. McLaughlin and Sprufera [44] showed
that operators who are involved at least once in an incident without negative consequences feel more
confident in their interaction with machinery, thereby increasing their exposure to risky situations;
on the other hand, in a study that was conducted by Caffaro et al. [45], operators who survived incidents
with farm machinery developed a positive attitude towards safety and increased risk perception.

By analysing which kind of graphical representation of slopes (i.e., degrees or percentages) on
safety signs was better comprehended and which variables affected the comprehension, this study
aimed to provide useful suggestions in terms of the re-design of safety signs on slopes and/or targeted
training activities to improve safety communication.

2. Materials and Methods

2.1. Participants

The investigation was performed in Italy because of the high number of machinery rollover-related
fatalities [46] in this country. Eighteen Italian operators of tractors and self-propelled agricultural
machinery (17 males, one female) from Northern Italy participated in the study. The participants
were recruited from different agricultural holdings near Torino, Piedmont region, North western Italy.
To obtain more comparable data, only participants who were familiar with agricultural machinery,
i.e., with at least five years of operating experience (cutoff for experts, as in Kumar et al. [47]), were
involved in the study. The study was conducted in accordance with the Declaration of Helsinki and
the protocol was approved by the Research Advisory Group of the Institute for Agricultural and
Earthmoving Machines (IMAMOTER) of the National Research Council of Italy (CNR) on February
16, 2018.

2.2. Material and Procedure

Seven different levels of slope steepness were chosen for the investigation. Based on the study
that was conducted by Abubakar et al. [5] and Murphy et al. [19] regarding the stability limits for
different farm tractors, five tilt angles were chosen: 5◦, 10◦, 15◦, 20◦, and 25◦, which corresponded to
slope percentages of 9%, 18%, 27%, 36%, and 47%, respectively. Two other angles were considered,
as follows: 38◦, corresponding to 78%, which is the angle of inclination that is used for tractors’
preliminary lateral stability test conducted in accordance with OECD Code 6 [36], and 45◦, with a
corresponding percentage of 100%.

To investigate the above-indicated angles, we referred to a sign that warns against a steep slope,
as designed in the Vienna Convention on Road Signs [40] and to the study that was conducted by
Paniati [48], in which different alternatives of existing road signs were tested. The safety sign that
was considered in this study is characterized by two elements: a black triangle that represents the
slope and a slope percentage value above it. For the estimation of the slope steepness, two versions
of the sign were designed with two different graphical indications to focus users’ attention on the
unit of measurement that had to be reported. For the estimation as a percentage, the element that
represented the slope was underlined using a red line, with a percentage symbol (%) that was above
this line. For the estimation in degrees, a small coloured arch that was used when dimensioning angles
in a technical drawing was depicted to highlight the angle considered, and the degree symbol (◦)
replaced the percentage symbol adopted for the other version (see Figure 1). A total of fourteen signs
(i.e., seven slopes to be expressed in degrees and seven as percentages) printed on 210 × 297 mm
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paper were presented in a random order to the participants. Participants were asked to indicate the
degree of the tilt angle that was highlighted in red and the percentage of inclination of the red line with
respect to the grey triangle’s base. When a sign reporting the percentage symbol (%) was shown to the
participant, the following instructions were given: “In your opinion, what is the slope percentage of
the red line compared to the grey triangle’s base?” Similarly, when a sign reporting the degree symbol
(◦) was shown, the participant was asked the following: “In your opinion, how many degrees is the
red coloured angle in the picture?”

 

(a) (b) 

Figure 1. Example of the two versions of the safety sign submitted to users’ attention: (a) 36% slope
and its corresponding (b) 20◦ angle.

The participants were not informed that each slope was shown to them twice, once with the
percentage symbol (%) and once with the degree symbol (◦), so as not to affect their answers.

Participants were individually shown the signs. All of the answers were verbally reported [49,50]
and the interviewer recorded them. The instrument was pilot-tested before being used in the
present investigation. A sociodemographic questionnaire assessing participants’ occupation, years of
experience with agricultural machinery, and history of previous incidents with agricultural machinery
(dichotomous item, 0 = never involved and 1 = involved, as previously coded by Glasscock et al. [51])
closed the session.

Data Analysis

The answers that were reported by participants were classified according to the study conducted
by Cavallo et al. [21], i.e., considering the limit for an acceptable estimation at ±2.5 degrees of the actual
angle. In the absence of similar studies regarding percentages, the ±2.5 degrees limit was converted
into a percentage value to use the same indicators to evaluate the users’ estimation. Thus, the limit for
the acceptable estimation of slopes expressed as percentages was set at ±4%. For descriptive statistics,
the underestimations were coded as −1, correct answers were coded as 0, and overestimations were
coded as +1.

For subsequent multivariate analyses, two different total scores, one for the answers in degrees
and the other for the answers as percentages, were calculated as the sum of correct answers for each
participant, recoding correct answers as 1 and both the over and underestimations as 0 (each total
score ranged therefore between 0 and +7).

A multivariate analysis of co-variance (MANCOVA) was then performed to investigate the
influence of previous experience, history of incidents, and on-farm occupation on the comprehension
of the safety signs, with the total scores for degrees and percentages as dependent variables, on-farm
occupation, and involvement in previous incidents as factors and years of experience as a covariate.
The statistical analysis was performed with SPSS software v.24 (IBM Corp., Armonk, NY, USA).
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3. Results

3.1. Characteristics of the Participants

The main sociodemographic characteristics of the participants are reported in Table 1. Regarding
previous incidents, eight participants reported that they had previously overturned their tractor,
whereas three other participants reported other kinds of incidents involving agricultural machinery
(i.e., a rear-end collision and slipping from the stepladder).

Table 1. Sociodemographic characteristics of the participants.

Variable N (%)

Gender Male 17(94.5)
Female 1 (5.5)

Occupation 1 Farmer 7 (38.9)
Farmworker 8 (44.4)
Contractor 3 (16.7)

Mean (SD)

Age (years) 38.9 (13.0)
Driving experience (years) 25.0 (13.0)

1 Contractor = someone who is temporally hired jointly with specific equipment to perform farm work at a certain
price or within a certain timeframe. For the subsequent analysis, this variable was re-categorized and coded as 1 =
farmer and 0 = other to make group sizes more comparable.

3.2. Comprehension of Safety Signs: Tilt Angles in Degrees vs. Slope Percentages

When considering the answers expressed by all of the participants for the seven levels of
slope steepness investigated, a total of 126 answers were collected for angles in degrees and 126
answers for slope percentages. The angles expressed in degrees that yielded the highest correct
interpretations were the 5◦ and 45◦ angles, whereas the slope, as expressed as a percentage that
yielded the highest number of correct interpretations, was 9% (see Table 2). Overall, the angles in
degrees were mainly overestimated, whereas the slope percentages were mainly underestimated.
As shown in Table 2, 85 out of 126 answers overestimated the actual tilt angle, whereas only 11
answers reported an underestimation. The opposite trend was found for slopes that were expressed in
percentages: seventy-one out of 126 answers underestimated the slope, whereas 19 answers reported
an overestimation. Interestingly, no participants gave a correct answer for all seven levels of slope
steepness investigated, either as a degree or as a percent.

The MANCOVA showed that on-farm occupation and previous history of incidents had no
significant main effect on the answers in degrees and percentages (F (2, 12) = 2.306, p = 0.142, and F (2,
12) = 0.026, p = 0.974, respectively). However, the analysis showed a significant Previous Incidents
x On-farm Occupation effect (F (2, 12) = 8.498, p = 0.005): when having been previously involved in
an incident, farmers were significantly more accurate in estimating the inclination angles in degrees,
moving from a mean total score of 0.000 to 2.250. Years of experience with machinery showed no
statistically significant effect (F (2, 12) = 0.696, p = 0.518) on the comprehension of safety signs.
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4. Discussion

Previous research has reported a high rate of tractor rollover incidents in agriculture that
are caused by a steep slope [1], and safety signs play a key role in warning users against these
hazards [52]. In this study, the comprehension of two different graphical representations of slope
steepness, in degrees and percent values, was investigated, while also considering the possible effects of
previous experience with machinery, history of incidents, and on-farm occupation. Overall, the number
of correct estimations was similar between degrees and percentages; however, incorrect answers tended
to overestimate the slope when expressed in degrees and to underestimate the slope when it was
expressed in percent values. Being a farmer that was previously exposed to a machinery-related
incident significantly enhanced the estimation accuracy for tilt angles expressed in degrees.

Drivers’ accuracy in slope angle estimation is an important component of avoiding vehicle
rollovers [14], which is one of the most common and dangerous types of tractor incidents, and the
overestimation of a slope expressed in degrees can be considered to be a protective behaviour. In other
words, even when operators were not accurate in slope estimation, when it was expressed in degrees,
the error was in a protective direction, since they would presumably not operate the machinery on
a slope that they think is steeper than it actually is. The present results on the overestimation of
slopes expressed in degrees are consistent with those that were reported by Görücü et al. [15] and with
other previous studies, in which, when the responses were orally reported, the participants tended to
overestimate the investigated angles [50,53,54].

However, contrary to the results that were reported by Tillapaugh et al. [14], where “participants
were less able to accurately estimate angle as slope became steeper” (p. 262), our results revealed an
accurate and similar rate of correct estimations for both less steep angles (5◦ and 10◦) and the steepest
ones (38◦ and 45◦), whereas the lowest rate of correct answers was reported for the intermediate
angles (15◦, 20◦, and 25◦). The results that were obtained for these latter values are even more critical
if we consider that the user’s manual and warning labels on machinery recommend to not operate
the machine above these slope limits [13], since it would threaten the stability of the machine or
compromise the efficiency of the braking system.

Contrary to the results of other studies, years of experience in driving agricultural machinery,
previous history of incidents, and on-farm occupation did not affect the estimation of slope steepness
per se. However, a significant interaction effect between on-farm occupation and a history of incidents
with agricultural machinery was found. The analysis showed that farmers who had reported a previous
incident with agricultural machinery were more accurate in slope estimations when reporting in degree
values. As regards the role that is played by operators’ previous experience of incidents, Chan and
Ng [41], found similar results, in which the injury experience during working hours significantly
enhanced individual performance regarding the comprehension of safety signs. This result is consistent
with those of Caffaro et al. [55], in which participants who survived an incident developed a higher
risk perception and more careful behaviour. With regard to this, a possible development of the
present research could be to investigate the probability of adopting correct and precautionary driving
behaviours in agricultural machinery operators with different exposures to previous incidents. Focused
training activities and high engagement in safety training are considered to be useful tools in improving
the comprehension of safety communication and safety awareness [56] to reduce fatal injuries. This
holds true, not only for operators with lower rates of safety sign comprehension, but also for other
operators, since, as reported by Chan and Ng [41], “ . . . even people who perform relatively well
in guessing, such as those with safety incident experience, will also benefit from such training [...]”
(p. 695).

The issue of the most appropriate method of communication about slopes is worthy of further
investigation with a larger sample of operators for more reliable results, when comparing, for instance,
expert and novice drivers and/or older and younger operators. An additional future development
of the research could also address differences in the estimation of slope steepness between male and
female agricultural operators in gender-balanced samples. A participatory approach [57] that is based
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on the iterative and interactive involvement of users throughout the design process of communication
regarding slopes could be adopted to better account for tractor and self-propelled machinery operators’
informative needs and to increase the level of comprehension of safety information regarding slopes,
which may help to maximize operators’ preventive behaviours. Future developments of the study
could also address the relationship between configuration of, comprehension of, and compliance
with safety signs, based on previous evidence regarding the association between signs’ configuration
and drivers’ behaviour in reducing vehicle speeds in highway work zones [58–60]. The behaviour of
agricultural machinery drivers after being exposed to different types of safety signs on critical slopes
could be observed using a stability simulator, as was seen in Cavallo et al. [13].

5. Conclusions

According to the hierarchy of controls, hazards in the use of machinery should be eliminated or
controlled through design and engineering solutions. In the case of residual hazards, such as slope
steepness for tractor rollovers, safety signs warn operators, and help them to develop safe behaviours.
Thus, they are designed to be easily comprehended by users. However, adopting different methods to
visually communicate information regarding slope steepness could cause confusion and reasonably
lead operators to perform incorrect behaviours while driving the machines. The present results,
despite the small number of participants that are involved in the study, highlight some critical aspects
that may deserve further attention in future investigations. Expressing slope steepness in degrees
appeared to be more protective for operators when compared to percentages; indeed, the steepness
was often overestimated in the case of tilt angles expressed in degrees, whereas slope percentages were
mainly underestimated. Even though operators might be expected to be more comfortable with this
latter unit of measurement, since road signs report slopes as a percentage grade, this investigation
showed that this might not always be the case for agricultural machinery operators, highlighting
the importance of assessing target users’ knowledge. Moreover, the significant interaction between
having been previously involved in machinery-related incidents and on-farm occupation on safety
sign comprehension raises some considerations regarding the possibility of designing targeted training
interventions to promote the early detection of hazards and risks. Overall, the findings of the present
study indicate that the quality of the interaction between individual variables and processes and sign
features should be taken into consideration during the design process of safety signs regarding slopes
to ensure that safety communications are more comprehensible and possibly more effective.
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Abstract: Existing risk assessment tools are not effective or sustainable in identifying Oil and Gas
Extraction (OGE) workers at high risk of fatigue-related injuries or incidents. We developed a
comprehensive Fatigue Risk Assessment and Management in high-risk Environments (FRAME)
survey through an industry-academic participatory approach. The FRAME survey was developed
through: (1) systematic gathering of existing fatigue scales; (2) refining the inventory using the
Delphi Consensus technique; and (3) further refinement through employee/worker focus groups.
The participatory approach resulted in a final FRAME survey across four fatigue dimensions—sleep,
shiftwork, physical, and mental fatigue, and was composed of 26 items. The FRAME survey was
founded on occupational fatigue science and refined and tailored to the OGE industry, through
rigorous industry stakeholder input, for safer, effective, practical, and sustainable fatigue assessment
and management efforts.

Keywords: oil and gas; overexertion; sleep; shift; workload; questionnaire

1. Introduction

Fatigue plays a vast role in all industries in terms of performance, safety, and productivity and is
continually ranked among the top five human factors issues year after year [1]. It is estimated that
fatigue costs more than $18 billion per year in lost productivity alone, of which 84% is due to reduced
performance at work, rather than absenteeism [2]. Fatigue in oil and gas operations specifically can
have detrimental and catastrophic effects. An example is the BP Texas City Incident of 2005, which
resulted in the deaths of 15 workers, 180 injuries, and a loss of at least $1.5 billion [3]. Fatigue was
identified as a contributing factor as some operators had been working 12-h shifts for as many as 29
consecutive days. Another major incident was the Piper Alpha oil platform disaster that resulted in
the deaths of 167 workers [4]. It was determined that poor communication at the shift turnover was a
contributing factor. Currently, due to the lack of consistent, sufficient, and effective incident reporting
methods, it is difficult to estimate the extent to which fatigue has contributed to oil and gas extraction
(OGE) incidents and injuries [5–7]. However, it is estimated that up to 80% of industrial accidents and
incidents are due to human errors, for which fatigue was often partly responsible [5].

While the OGE sector is one of the most regulated sectors in terms of safety standards and
regulations [8], fatalities in OGE are still alarmingly high, especially when compared to all other
U.S. workers. The fatalities rate in this sector is about seven times greater [9]. This could be due
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to the dynamic environment surrounding OGE operations, including high physical and mental
workload, coupled with long work periods and shiftwork and prolonged social isolation [10].
The disproportionate fatality rate in this industry could be due to the complex combination and
interaction of these factors contributing to high levels of fatigue. For example, OGE workers are
typically working in remote locations for a 2–3 weeks’ deployment and these locations are among the
most demanding in terms of the technology used in daily operations and workforce demands [10].
Usually work schedules in OGE operations are 12-h periods in two shifts (day and night). While it has
been established that 12-h shifts are not necessarily unfavorable, when they are coupled with long work
weeks and night work, which are common practices in OGE operations, concomitant adverse events
have been observed [11]. In addition to long work periods and shiftwork, OGE workers, especially
drillers, are confronted with extreme cognitive demands. Drillers are responsible for the day-to-day
operations on the rig. This includes monitoring and maintaining well control (i.e., to avoid blowout),
organizing and leading work on the rig floor, as well as ensuring safety of the team [12]. Such high
cognitive demands, paired with long work days and rotating schedules could potentially compound
fatigue levels, thus increasing the risk of an adverse event.

Due to the multidimensional nature of fatigue, effective fatigue assessment is a critical challenge,
particularly when considering the complex OGE working environment. While there is no gold standard
for measuring comprehensive fatigue, several objective and subjective fatigue assessment methods
exist that have been employed in different occupational sectors. The method for assessing fatigue
is typically tailored to the environment and setting in which fatigue is being evaluated and can be
considered as research-oriented (i.e., neuroimaging techniques and electrocardiogram) [13,14] and/or
practice oriented in nature (i.e., performance test and subjective assessments) [15,16]. For example,
within the transportation sector, there is an abundance of literature that demonstrates utility of different
assessment methods to measure driver fatigue. Traditional lab-based studies have used methods that
include brain activity via electroencephalography (EEG), eye movements using electrooculography,
cardiovascular responses, biochemical markers, psychomotor tests, and subjective responses [17–19],
while onboard devices exist that use EEG, which monitor and detect changes in drivers’ states [20].
In the aviation sector, there is a trend of using performance tests such as the psychomotor vigilance
test as a primary measure of fatigue rather than traditional lab-based methods [21], whereas subjective
surveys are typically used within the healthcare industry [22,23].

A recent study employed real-time physiological monitoring in order to assess shiftwork in
a 3-week offshore operation [24,25]. While valuable information was gained from physiological
monitoring, the authors argued that this fatigue assessment approach was not sustainable or feasible
for the OGE environment. Due to the hazardous and volatile environment of offshore operations,
introducing sensors into this environment may create additional safety risks. This presents a challenge
of identifying workers with high-risk fatigue levels. Without effective assessment methods, fatigue
management practices that are targeted and effective in reducing fatigue-related incidents in the OGE
industry are likely to be ineffective.

A potential safe and sustainable solution could be a non-intrusive, industry-specific subjective
assessments tool for assessing fatigue in high-risk environments. Indeed, research within the
OGE domain has traditionally assessed fatigue using subjective surveys and questionnaires [26–30].
However, the question remains whether these subjective research tools can be practically adopted
in everyday OGE operations to assess worker fatigue. Mehta et al. [25] augmented physiological
monitoring in their offshore shiftwork investigation with existing subjective methods to assess fatigue.
The surveys included some of the more occupationally used fatigue scales, such as the Swedish
Occupation Fatigue Inventory and the Occupational Fatigue Exhaustion Recovery [26–28]. They found
that none of these surveys were comprehensive, relevant, and feasible for the OGE workforce.
For example, compliance for completing these surveys declined over time due to the time-intensive
nature of completing the surveys. On average, it took workers approximately 45 min to complete all
the surveys used in this study. Additionally, the workers reported that some of the questions were not
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clear and they had trouble understanding certain terms (e.g., some were unsure what “palpitations”
meant). Because the SOFI was developed for the healthcare domain, the descriptions included medical
terminology that nurses and caregivers are familiar with. As such, Mehta et al. [25] highlighted a
critical gap in OGE fatigue assessment research and practice. Thus, feasible and sustainable fatigue
assessment surveys need to be developed for the OGE sector that address user needs and education
levels or utilize stakeholder feedback in OGE-specific hazardous work environment.

One methodology that holds strong potential to address tool development disconnect between
research and practice is the Delphi consensus technique. The Delphi consensus technique is an iterative
process that typically involves three to four rounds of questionnaires until consensus is reached
regarding a specific topic. This technique has been employed successfully toward the development of
human factors risk quantification in oil and gas drilling operations [31], fatigue surveys [32], as well as
medical checklists used for safe surgical practices [33,34], and forecasting and issue identification, and
framework development [35,36]. Since the Delphi consensus technique has been successfully applied
in the OGE sector for human factors and in the use of other fatigue survey development, this technique
provides a method that would be ideal for the development of an OGE specific fatigue survey.

The purpose of this study was to develop a comprehensive fatigue assessment tool specific
for OGE operations utilizing the Delphi Consensus technique with participation from several OGE
industry stakeholder groups, such as safety managers, consultants, researchers, and workers. To our
knowledge, this was one of the first collaborations integrating user feedback from the OGE stakeholders
and workers as well as occupational health and safety researchers. This effort will increase the
likelihood that the new fatigue assessment tool will be adopted by the OGE industry, thus increasing
its sustainability [37].

2. Materials and Methods

This study adopted a qualitative approach to develop a fatigue assessment inventory. A critical
component in the development of this method was the integration of end user, i.e., OGE industry,
inputs and expertise throughout the development process. This was completed in three phases.
Phase 1 included a systematic gathering of existing fatigue survey based on predetermined criteria to
develop a preliminary fatigue inventory. Phase 2 included the refinement of the inventory for content
validation, conciseness, and relevance to OGE operations through industry stakeholders (i.e., safety
managers from major OGE companies) and health and safety researchers (i.e., current doctoral students,
post-doctoral researchers, and faculty from Department of Environmental and Occupational Health at
Texas A&M University) using the Delphi consensus technique. Phase 3 involved further refinement
of the inventory by OGE workers, who are the intended end-users. The inventory was refined for
language and relevance to daily OGE work in this phase.

2.1. Fatigue Inventory Development (Phase 1)

Before the development of any assessment technique, the construct needs to be clearly defined
and operationalized for the specific domain. In this study, fatigue in the OGE environment was
operationally defined as a physiological state of reduced mental or physical performance capability
resulting from sleep loss, disrupted circadian phase, and high workload (physical and mental).
This definition was borrowed from the comprehensive definition of fatigue in aviation [38].

Potential items under consideration for developing the fatigue inventory were obtained from
a systematic gathering of articles published from 1970 to 2016 and indexed in the Scopus database.
Scopus was chosen for its thorough coverage of more than 22,800 titles with subject areas ranging from
social sciences (psychology, economics, and business: 8698 titles), health sciences (100% MEDLINE,
nursing, and dentistry: 7133 titles), physical sciences (chemistry, engineering, and physics: 7441 titles)
and life sciences (neuroscience, pharmacology, and biology: 4601 articles). The criteria for inclusion was
determined as: (1) ability to identify distinct fatigue symptoms, (2) applicability to health workforce,
(3) sensitivity to a range of fatigue levels, and 4) English language. The search was completed in
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April 2016. Search terms included: fatigue, physical demand, cognitive demand, psychosocial demand,
stress, sleep, shiftwork, staff, adult, worker, employee, healthy, scale, assessment, and survey.

2.2. Fatigue Inventory Refinement (Phases 2 and 3)

Phase 2 included the refinement of the preliminary inventory for content validation, brevity, and
relevance to OGE operations using two Delphi Consensus panels [39]. The size of Delphi panels varies
widely. However, most studies using the Delphi Consensus method use panels of 15 to 35 people [40].
The Delphi consensus method used for this study was composed of 13 OGE stakeholders, with
representation from researchers, consultants, and practitioners. Upon informed consent, the Delphi
panel was presented with the preliminary fatigue inventory and instructed to exclude items based on
the following criteria: (1) too general at describing a symptom of fatigue, (2) redundant of previous item,
and (3) not relevant to OGE operation. Each item was vetted and discussed and then voted on whether
to keep or remove the item. Items with a score of less than 80% consensus were removed. In Phase
3, focus groups were conducted with OGE workers, who are the intended end-user. OGE workers
were provided with the refined inventory from the two Delphi consensus conducted in Phase 2.
The inventory was further refined for language and relevance to OGE work.

2.3. Participants

Participants were recruited for Phases 2 and 3. Participant demographics are shown in Table 1.
For Phase 2, OGE stakeholders, health and safety researchers and practitioners, were recruited to
participate in the Delphi consensus study to refine the preliminary fatigue inventory. Industry
stakeholders (from major energy companies based in Houston, TX; 61,000–75,000 employees) were
invited for the Mary Kay O’Connor Process Safety Center at Texas A&M University. For Phase 3,
one focus group was formed, with OGE workers across different job categories from a medium-sized
(Houston, TX; 5000 employees) well-servicing company. Their role was to further refine inventory
based on the language and relevance to OGE operations. Participants across both phases provided their
informed consent approved through the Texas A&M Institutional Review Board (IRB2016-0676M).

Table 1. Participant Demographics.

Delphi Panel 1 (n = 8) Delphi Panel 2 (n = 5) Worker Focus Group (n = 11)

Gender
Male 6 4 100%
Female 2 1

Age (Years) 38.57 (12.45) 38.40 (17.47) 44.36 (3.98)

Race
American Indian 0% 0% 18.2%
Black or African American 0% 0% 9.1%
White 62.5% 60% 18.2%
More than one race 12.5% 0% 8.3%
Unknown or not reported 25% 30% 41.7%

Ethnicity
Hispanic or Latino 12.5% 0% 54.6%
Not Hispanic or Latino 87.5% 100% 27.3%
Unknown or not reported 0% 0% 18.2%

Education
Some High School 0% 0% 18.2%
HS Graduate or Equivalent 0% 0% 54.6%
Some College 100% 100% 9.1%
Unknown or not reported 0% 0% 18.2%
Experience (Years) 8.71 (11.22) 11.70 (11.29) 16.11 (4.36)

318



Int. J. Environ. Res. Public Health 2019, 16, 522

3. Results

3.1. Fatigue Inventory Development (Phase 1)

Figure 1 illustrates the flowchart for number of articles identified in each of the steps described
above. Ultimately, 14 peer-reviewed articles were included and reviewed, which yielded 12 widely
used surveys, scales, or questionnaires (2 surveys were duplicated) [12,23,32,41–49]. This resulted in
230 question items. These questions were directly used with their accompanying instructions and
scales in Phase 2.

 
Figure 1. Flowchart of articles gathered.

3.2. Fatigue Inventory Refinement (Phase 2)

This phase was completed in two steps utilizing two different Delphi Consensus panels. The first
panel (Table 1) was provided the initial inventory, created in Phase 1. The panel was instructed
to refine the inventory by improving grammar and language, and by eliminating redundant items.
Two hundred and thirty items were discussed and the consensus technique led to a reduced 50-item
inventory. Some examples of items that were removed due to vagueness of description included:
(1) “I feel tired” (2) “Thinking required effort” and (3) “I feel weak,” Another example for an item that was
removed due to redundancy (e.g., “My thoughts easily wonder”) was similar to a previous item (e.g., “I
have trouble concentrating”). Items such as “I don’t do much during the day” and “I think I do a lot during the
day” were removed as the panel argued that truthful responses will be difficult to obtain as responders
might be afraid to lose their job or human resources might interfere. An example of an item that was
included after rewording the description was “I use my days off recovering from work” from the original
“I use a lot of my spare time recovering from work”. Another example was “Vision is blurred” was changed
to “Vision is blurred or distorted.” This was revised to combine two items on the preliminary inventory.

The panel was also required to reach consensus regarding how far the worker need to reflect
(e.g., right now, past 24 h, or past week) to provide their responses on the fatigue symptoms. All panel
members felt that a time frame (i.e., right now vs. previous week vs. three months ago) for the
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instructions of the inventory needed to be established. A majority of the panelists stated that asking
“right now” would not only reflect the most accurate symptom response from the worker, but also
provide supervisors real-time valuable feedback from the workers necessary for implementing quick
fatigue mitigation strategies (e.g., reallocation/rescheduling of personnel and work tasks).

In step 2, 5 OGE stakeholders refined the inventory for OGE relevance and/or utility of the
responses on the items to guide management strategies. This reduced the inventory to 38 items.
However, the panel added a question they felt was important regarding assessing cognitive fatigue.
The added item was “Fatigue interferes with my mental functioning” which was developed from “Fatigue
interferes with my physical functioning.” Two items were removed based on the panel’s suggestion that
responses would not be accurate due to the respondent being afraid of losing job or to the Human
Resources tending to interfere. These items included “I frequently dozed off during break period” and
“I feel no desire to do anything.” Some examples of items removed due to redundancy included: (1) “I can
concentrate well” and (2) “Having tremors in limbs.” This brought the total items to 39 items at the end of
Phase 2.

The panel gave similar feedback about the importance of inventory instructions. The panel
suggested that all items began with the same phrase of either “To what extent...” or “To what degree . . . ”
but “To what degree . . . ” was favored. Additionally, a timeframe of “right now” or “during the last shift”
was determined as the most critical and valuable for fatigue management.

3.3. Fatigue Inventory Refinement Through OGE Worker Focus Group (Phase 3)

Eleven OGE workers refined the inventory for OGE relevance and language. In this phase,
all 39 items were kept. Feedback from the focus group was used to reword questions for better
comprehension, which is expected to allow workers to accurately respond to questions. The workers
agreed that all 39 items were relevant to OGE operations. However, they suggested that a few items
be reworded. For example, the item “To what degree do your joints (e.g., knee or elbow) feel achy?” was
changed to “To what extent do your joints (e.g., knee or elbow) feel stiff or achy?” Another example included
changing the item “To what degree do you experience tense muscles?” to “To what extent do you experience
stiff muscles?”

Additionally, workers gave their input on the type of scale they would prefer to respond to
(i.e., 1 (none) to 7 (a lot) vs. 0 (Not at all)-10 (Extremely)). Of the 11 workers, 9 preferred the 0 (not at all) to
10 (extremely), and the other two did not have any comments regarding the response scale. A majority
of the workers stated that it was natural for them to perceive zero as “nothing” or “not at all”, while 1
meant a little bit or slightly more than zero. Additionally, workers expressed that they preferred “to
what extent . . . ” rather than “to what degree . . . ”. The workers also suggested that having a Spanish
version of the final inventory would be critical for implementation and translation to sustainable
practice. Over 50% of workers spoke Spanish as their first language. They expressed that while they
understood the English version, it would be easier for them to understand and respond accurately and
quickly with a translated inventory.

3.4. Final Fatigue Inventory (FRAME)

After health and safety researchers, OGE stakeholders, and OGE workers reviewed the
preliminary inventory of 230 items, the final inventory decreased to 39 items. The 39 items were
further reviewed by the study research team to verify that all dimensions of fatigue (e.g., physical,
mental, sleep, and shift-related) were represented. In this review, the research team identified 13 items
that would not offer sufficient value to the organization (e.g., supervisors, safety managers, etc.) for
implementing effective fatigue management practices, but that could provide a better understanding of
workers’ personal strategies to manage fatigue. Because the original purpose of the fatigue inventory
was to help organizations develop effective and sustainable fatigue mitigation strategies, these items
were removed to enhance ease of use of the new tool. Examples of the removed items included: (1) “To
what extent do you worry about issues at home making it hard to relax?” (2) “To what extent do you use alcohol
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to help you sleep?” (3) “To what extent are you concerned for how long you can keep going at your work?” and
(4) “To what extent would you work overtime or an extra shift when you are sleepy or fatigue in you needed
extra money?” It should be noted that the mentioned items were discussed extensively in Phase 1 and
Phase 2. Participants from both the Delphi Panels and Employee focus groups suggested that these
were interesting items and hence were ultimately kept in the inventory, but unsure how responses
could be used for fatigue management programs. Ultimately, 26 items were selected for final fatigue
inventory (Figure 2). Figure 2 also lists the number of items that were classified within each dimension
of fatigue (physical, mental, sleep or shift-related) in each phase. It should be noted that items can be
classified as more than one dimension. An example of this is the item “fatigue interferes with carrying
out certain duties and responsibilities.” This item could be classified as all four dimensions.

Figure 2. Summary of Inventory Item Reduction.

The final fatigue inventory recommended by the research team along with when the question
should be asked (pre-shift or post-shift) is shown in Table 2.
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4. Discussion

The aim of this study was to develop a comprehensive fatigue assessment inventory specific for
OGE operations through involvement of OGE stakeholder input. The resulting survey instrument,
named Fatigue Risk Assessment for high-Risk Environments (FRAME) survey has a total of 26 items
encompassing four dimensions of fatigue. It should be noted that this survey was developed by
obtaining input from the OGE industry, and as such its application to other high risk industries, such
as mining, need to be evaluated.

A recent study comparing objective and subjective fatigue assessment in offshore work used five
different surveys to capture comprehensive operator fatigue over the course of a hitch [25]. An average
worker needs approximately 45 min to complete all the surveys as the wordings were not clear difficult
to understand. As a result, compliance was low as time progress over the hitch. Moreover, lengthy
surveys are at risk of resulting in participant response fatigue, implying that questions asked later
in a long survey are typically prone to increased error and untruthful and unreliable responses [50].
Pilot studies have found the FRAME survey, developed here, takes no longer than 10 min to complete,
simply due to the reduced number of times [51]. This would allow for compliance to be greater
and additionally recovery time between shifts, as operators will not spend a great amount of time
completing surveys. Sustained use of the FRAME survey could help to facilitate the successful
implementation of effective fatigue management practices outline in the API Recommended Practice
755: Fatigue Risk Management System [52].

Fatigue-related incidents have been continually identified as one of the most dangerous risk
factors in high-risk industrial setting [27]. When workers were asked to define fatigue, most simply
said it’s when they are “tired” or “exhausted”. Fatigue is typically described as tiredness, overexertion
and strenuous movements [27]. Overexertion injuries were the third leading cause for days away
from work in 2007 behind being struck by an object or caught in object, equipment, or material [53].
Currently, the most common method for assessing physical fatigue in OGE sector is surveys and
questionnaires [26,29,30,54]. Regarding physical workload, the FRAME survey has 10 items to gauge
physical fatigue, ensuring that this important dimension of fatigue is assessed through the new tool.

Not only does physical workload affect fatigue-related performance and safety outcomes, intense
mental workload associated in specific operations, specifically drilling and well control scenarios, can
contribute significantly to fatigue development. In both onshore and offshore operations alike, drillers
are responsible for maintaining and ensuring rig safety, in addition to performing day-to-day tasks
required for rig performance. The day-to-day tasks are outlined by a well operation plan [55]. The well
operation plan is an overview of the drilling parameters that must be monitored and maintained.
In addition to following the well operation plan, drillers are also responsible for providing well control
if necessary. This means that in the case of an adverse event such as a kick or loss of circulation, they
are required to intervene to avoid blowout [55]. Performance on daily operations relies heavily on
cognitive dexterity [12]. Similar to physical fatigue assessments, the most common method that is
currently used to assessing cognitive fatigue in OGE is surveys and questionnaires such as the Swedish
Occupational Fatigue Inventory and Work Ability Index [26–28]. However, none of these surveys were
designed specifically use for OGE operation. Since the FRAME survey was developed with OGE input
and consideration, it is better suited than current surveys being used for cognitive fatigue assessment.
To assess cognitive fatigue, the FRAME survey has 12 items. It might be argued that workers may tend
to respond to some questions based on their awareness rather than their experience (for e.g., question
item 18 in Table 2). Future testing (such as reliability analysis) may help identify questions whose
responses could potentially be biased by awareness rather than actual experiences.

In OGE operations, insufficient sleep and changing shift pattern are the primary cause of
fatigue [11]. Traditional work schedules are typically 7–14-day tour, with sequential 12-h shifts
and shift changes. Evidence suggests that 12-h shift are not necessarily detrimental, but when coupled
with extended workdays (i.e., beyond 4 days) and/or night work, there are many adverse effects on
worker performance, safety and health [11]. As sleep and shift-related factors are a common source of
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fatigue, the FRAME survey has nine items to effectively assess these factors. A common practice in
OGE operations is the use of a swing shift (i.e., switching from a night shift to a day shift or from a day
to night shift). Swing shifts are used to allow workers to become adapted to day schedule for them to
return home after a hitch [56]. It has been observed that workers can physiologically adapt to 12-h night
shift but their internal circadian cycle is desynchronized for at least the first 4-5 days [57]. But those who
start with a day-shift then switch to night shift do not adequately adapt [57]. The common practice
of switching shifts in the middle of a hitch could potentially introduce several health and safety.
The responses from sleep and shift-related questions could help to test effectiveness or implications of
a swing shift. In addition to understanding the implications of swing swifts, responses on the shift and
sleep-related questions could explain or allow for better interpretation of other responses for other
questions within the FRAME survey. For example, if a worker has reported a low score (i.e., did not
recover between shifts) to the item “To what extent did you recover completely between shifts”, it should
be taken into account if they report a high score (i.e., found it extremely difficult to pay attention)
to the item “To what extent did you find it difficult to pay attention to someone, even when being spoken to
directly.” By understanding the cause and consequence of fatigue, effective mitigation strategies can be
designed, which ultimately may reduce fatigue-related injuries and incidents.

Valuable feedback has been received from employee focus groups regarding the survey content.
It was suggested that a Spanish version of the FRAME survey would be highly beneficial. According
to the BLS, 32.3% of workers within extraction are Hispanic or Latino, while the cross-industry average
is merely 16.1% [58]. In 2011, 25% of OGE worker fatalities were Hispanic or Latino [53]. In addition to
NIOSH identifying “decrease-fatigue related injuries and fatalities in the oil and gas extraction industry” as
a top strategic goal for the Oil and Gas Extraction Program, “reduce the incidence of injuries, illnesses,
and fatalities among vulnerable workers in the oil and gas extraction industry such as contract workers, young
and old workers, workers new to the industry, and immigrants” has also been determined as a strategic
goal. The addition of a Spanish version will allow for a greater number of workers to be properly
assessed. However, future research would be needed to assess the readability of the FRAME survey
with Spanish-speaking workers.

There are a few limitations that should be mentioned. First, the employee focus group was
completed using only one onshore well-servicing company. However, the second Delphi Consensus
Panel was composed of representatives from major energy companies. By using both small and major
companies, considerations from different size companies were incorporated in the development of the
FRAME survey. While subjective assessments only provide workers’ perception of their fatigue, due
to the dynamic working environment of OGE operations, an industry-specific survey that is feasible,
sustainable, and non-intrusive appears to be a viable approach to improving our understanding of
fatigue. However, objective assessments beyond physiological measures need to be explored for
OGE operations. Future research is required to test the reliability and validity of the FRAME survey
in onshore and offshore OGE operations against traditional fatigue assessment methods such as
performance tests and physiological monitoring. In addition to testing the reliability and validity
of the FRAME survey, the scoring method should also be evaluated. A potential scoring method
could be to sum the response for each dimension individually. The sum score of each dimension
may identify what aspect of fatigue the workers are at the greatest risk, which could help to identify
mitigation practices. Finally, while the FRAME survey provides worker perceptions on the degree to
which fatigue impacts their physical and cognitive capabilities, future work could investigate coupling
the survey with quantifiable fatigue sources (e.g., weather, rig activity—that implicates physical and
cognitive workload, shift lengths/durations) to provide better decision support to supervisors and
schedulers for effective and guided fatigue management practices. It is possible that, while the Delphi
panel added question items, the panel members were biased by the nature of questions in the existing
surveys—which were largely focused on identifying and quantifying symptoms rather than identifying
the role of work factors.
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5. Conclusions

Fatigue is a critical work risk factor in the oil and gas industry and one of the barriers to effective
fatigue management is its assessment. The present study adopted a participatory mixed-method
approach to develop a 26-item survey to conduct fatigue risk assessment and management in high-risk
environments (FRAME survey), that assessed fatigue across four major dimensions, namely, sleep,
shiftwork, physical, and mental fatigue. Because the FRAME survey was founded on occupational
fatigue science and refined and tailored to the oil and gas industry, through rigorous industry
stakeholder input, it will facilitate safer, effective, practical, and sustainable fatigue assessment and
management efforts.
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Abstract: The use of hearing protectors in various noisy workplaces is often necessary. For safety
reasons, auditory information may be required to correctly localize the direction of an auditory danger
signal. The purpose of this study was to verify if the selection of a specific level-dependent hearing
protector may be important for the ability to localize a vehicle back-up alarm signal. The laboratory
conditions reflected industrial conditions, under which an impulse noise was emitted against a
background of continuous noise. A passive mode and a level-dependent mode (maximum and
incomplete amplification) were considered. Four different models of level-dependent earmuffs and
one model of level-dependent earplugs were included in the tests. The tests enabled differentiation
between the individual hearing protectors. The use of earplugs in level-dependent mode did not
significantly affect the ability to correctly localize the back-up alarm signal. For the earmuffs, the
global assessment of the impact of a mode change revealed that, depending on the model of the
earmuffs, the impact may be insignificant, but may also result in considerable impairment of the
ability to localize the back-up alarm signal.

Keywords: sound localization; level-dependent hearing protectors; back-up alarm; directivity of
hearing; impulse noise; earmuffs; earplugs; auditory danger signal; warning signal; safety at work

1. Introduction

Noise is a physical factor that affects the hearing of people who have to be in places where it
is emitted. Impulse noise is a particularly dangerous type of noise due to the sudden nature of its
impact [1]. This type of noise may be present during military field exercises and in industrial conditions.
Under industrial conditions, impulse noise occurs most often against a background of continuous
noise. Noise reduction possibilities using technical means are limited [2]. Certain activities, such
as metalworking, require manual handling close to the noise source so that physically separating a
person’s workplace from the noise source is impossible. The final solution, albeit the only one available,
is the use of hearing protectors. Level-dependent hearing protectors are gaining in popularity and
are being used more frequently. Their advantage over typical passive hearing protectors is that they
do not reduce the relatively quiet sounds as much as sounds with a high sound pressure level [3].
This enables the perception of low pressure level sounds that are relevant for those using hearing
protectors [4].

Level-dependent hearing protectors can be defined as a system consisting of a barrier that
passively reduces the transmission of sound under these hearing protectors and from the sound
transmission path in certain situations. The sound transmission path is created by means of an
electronic system that reproduces the sound present in the user’s environment through a speaker
placed under a hearing protector. The electronic system must be designed so that the amplification
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in the sound transmission path decreases as the sound pressure level of the signal present outside
the hearing protector increases. The sound under the hearing protectors must be transmitted so as to
ensure safe noise conditions for the user of these devices. In this respect, hearing protectors should
meet the requirements set out in relevant standards, which apply to both earmuffs [5] and earplugs [6].

Some studies have been conducted on the possibility of reducing impulse noise by means of
level-dependent hearing protectors [7–9]. It was observed that, for hearing protectors with electronic
systems used in military conditions, the provision of adequate hearing protection should not be
considered the only problem. Detection, recognition, identification, localization, and communication
were also found to play significant sound-related roles [10]. Thus, when using hearing protectors
under industrial conditions, in addition to the protective properties of hearing protectors, using the
information contained in auditory danger signals is also crucially important. The presence of an
electronic system used to transmit the sound under the hearing protector affects the formation of
the sound reaching the users of these devices. The use of these hearing protectors may impair the
ability to localize sound, i.e., recognize the direction of the source of the sound [11–13]. For safety
reasons, under industrial conditions, it is vital to be able to correctly localize the noise source, which
particularly applies to vehicle back-up alarm signals. Localization enables the user to take action
to avoid being hit by a vehicle. The problem with the perception of back-up alarm signals was
deemed serious enough that a dedicated electronic system for earmuffs was designed and introduced.
The system functions to support the detection of such signals during the use of earmuffs in noisy
environments [14]. The ability to perceive back-up alarm signals when using hearing protectors was
also assessed [15]. The results of the study cited showed, with some exceptions, that the ability of
normal-hearing people to locate a vehicle’s back-up alarm signal in the presence of pink noise did not
improve when using level-dependent hearing protectors (one model of level-dependent earplugs and
earmuffs) in comparison to using passive hearing protectors. In a different study [16], the authors
checked the possibility of locating a back-up alarm signal in the presence of noise simulating quarry
conditions using one specific model of hearing protector. The localization of the back-up alarm signal
was found to be slightly worse when the protector was used in passive mode in comparison to when
it was not used, and did not improve after the electronic system was switched on. Vaillancourt et
al. [17] compared the effects of different types of signals used as a vehicle back-up alarm signal and
concluded that, despite the specific advantages of a signal with broad frequency content, the use of
passive hearing protectors more severely affected the detection thresholds when compared to a tonal
alarm. Unfortunately, the study did not consider level-dependent hearing protectors.

The purpose of this study was to verify whether the selection of a specific level-dependent
hearing protector could be important for the ability to localize the auditory danger signal, represented
by a back-up alarm signal, under industrial conditions where impulse noise is generated against a
background of continuous noise. We also aimed to examine the impact of changes in the amplification
of the electronic system of level-dependent hearing protectors. The tests were carried out in the
presence of ambient noise recorded under industrial conditions containing impulse components,
which is in contrast to the previous study [11,13–15,17].

2. Materials and Methods

2.1. Ethics and Bioethics Commission

Prior to the commencement of this research, an application for the study was submitted to
the Ethics and Bioethics Commission of the Cardinal Stefan Wyszyński University in Warsaw. The
commission issued a positive review (No KEiB-22/2017) of the study, providing consent for the
implementation and publication of the research results.
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2.2. Hearing Protectors Included in the Tests

We considered commercially available level-dependent hearing protectors produced by different
manufacturers including four models of earmuffs and one model of earplugs. The hearing protectors
studied included: N1 (designation introduced for the purpose of this study and to retain the anonymity
of the manufacturer), which were earmuffs designed for military applications, digitally controlled; N2,
earmuffs designed for industrial applications, digitally controlled; N3, earmuffs designed for industrial
applications, analogically controlled; N4, earmuffs designed for hunting, analogically controlled; and
W, earplugs designed for industrial applications with polymer tips, digitally controlled. In the case of
the earplugs, the subjects were provided two different sizes of tips. All hearing protectors carried the
CE mark (means that specified European Union requirements relating to hearing protectors have been
fulfilled), which is a mandatory requirement for a product to be considered as a personal protective
device. The hearing protectors included in the study varied in terms of price. The most expensive was
more than 11 times more expensive than the cheapest.

The tests were performed in three hearing protector operation modes: passive mode, with
the level-dependent system switched off (labelled PASS); level-dependent mode, with maximum
amplification in the sound transmission path (labelled LD-MAX); and level-dependent mode with the
amplification set to incomplete (approximately half and labelled LD-MID).

2.3. Subjects

The test group consisted of 50 people. The group included an equal proportion of women and
men. The age of the subjects ranged from 18 to 42 years old. The subjects qualified for the trial based on
the condition of their hearing, which had to meet the requirements of EN 24869-1:1992 [18] regarding a
subjective method for the measurement of sound attenuation. This standard requires that the hearing
threshold should not be greater than 15 dB for frequencies up to 2000 Hz and no more than 25 dB for
frequencies above 2000 Hz.

2.4. Back-Up Alarm

Vehicles used in Polish industrial plants are most often equipped with acoustic signaling devices
to warn others about reverse driving, and they generate a tonal signal. Two types of signaling devices
can be distinguished that differ in the location of the dominant spectral components of the signal
generated. These can be in the 1/3-octave band with a center frequency of 1250 Hz or 3150 Hz. The
dominant spectral components in the first type are within the range of 500 to 1500 Hz, as specified in
ISO 7731:2003 [19], in reference to one of the conditions to be met by an auditory danger signal. In the
tests, we used a vehicle’s back-up alarm signal that met the required standards.

The system designed to reproduce the back-up alarm signal was based on eight M-Audio Bx5
D2 loudspeaker sets (inMusic Brands, Cumberland, RI, USA) that were placed at the height of a
sitting person’s head. The M-Audio loudspeaker sets were evenly distributed in eight directions,
every 45◦, where the first loudspeaker set was placed directly in front of the subject’s face. This
direction was marked as 0◦. Figure 1 provides a graphic representation of the directions from which
the back-up alarm signal was reproduced. The distance between the loudspeaker sets and the point
determined by the center of the person’s head was 1.8 m. The electrical signal was fed to the inputs
of the M-Audio loudspeaker sets from a MOTU 24I/O audio interface (MOTU, Cambridge, MA,
USA). The sampling frequency was 44,100 Hz. For the purpose of testing the perception of back-up
alarm signals, 15 different sequences of these signals were prepared. The order of signal reproduction
from individual directions was randomly determined. The test of each elementary measurement
situation was performed based on a sequence of 24 instances of a back-up alarm signal, as this signal
was reproduced from eight directions, and the measurement was repeated three times in each of
the directions.
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Figure 1. The directions from which the back-up alarm signal was reproduced and the location of the
subject in the experimental setup.

2.5. Acquisition of the Direction Indications Provided by Subjects

The subjects indicated the directions from which a back-up alarm signal was received by pressing
a button on a panel of eight push buttons arranged in a circle, reflecting the possible locations of the
sound source. The response panel has been described in detail in a previous study [20].

2.6. Reflecting Industrial Noise Conditions

To reflect the presence of noise generated in industrial situations under laboratory conditions,
a virtual acoustic environment using ambisonic technology was developed. The experimental setup
was located in an acoustic chamber in the Tech-Safe-Bio CIOP-PIB Laboratory (Central Institute for
Labour Protection—National Research Institute, Warsaw, Poland) [21]. The ambient noise obtained
was reproduced in the experimental setup based on the recording of noise generated during metal
processing at a forge. The ambient noise consisted of acoustic impulses generated by drop-forging
hammers against a background of continuous noise. The recording was performed with the use
of a Sennheiser AMBEO VR Mic ambisonic microphone (Sennheiser Electronic GmbH & CO KG,
Wennebostel, Germany) connected to a Tascam DR-680 MkII recorder (TEAC Corporation, Tokyo,
Japan).

A total of 17 Avantone MixCube loudspeakers (Avantone Pro, Tallman, NY, USA) were placed in
the test room to reproduce ambient noise. The loudspeakers were located in a sphere with a 2-m radius
in relation to the center of the seated person’s (the subject’s) head. Eight loudspeakers were placed
circumferentially directly above the M-Audio BX5 D2 loudspeaker sets (inMusic Brands). Another four
Avantone MixCube loudspeakers (Avantone Pro) were placed on the floor, and another four above the
test subject (45 degrees upward in relation to the level of the subject’s head). The 17th loudspeaker
was placed directly above the subject’s head. The sound reproduction system was supplemented with
two sets of Nexo LS600/PS8 subwoofers (Nexo, Plailly, France). A photograph of the experimental
setup during the tests is shown in Figure 2. The ambient noise was reproduced using a Rapture 3D
Ambisonic Player (Blue Ripple Sound Limited, London, UK) at a sampling frequency of 48 kHz.

The A-weighted equivalent sound pressure level of the ambient noise reproduced on the
experimental setup was 84.8 dB. The C-weighted peak sound pressure level was 111.8 dB. The values
of the noise parameters were monitored before the beginning of each measurement session. The
measurements were recorded at the location of the subject’s head while the subject was absent by
using a SVAN 979 Class 1 sound level meter (SVANTEK Sp. z o.o., Warsaw, Poland).
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Figure 2. The experimental setup during the back-up alarm signal localization tests, performed with
the participation of a subject wearing a level-dependent hearing protector.

2.7. Test Method

Before commencing the tests, each subject completed a training session. Each subject participated
in the measurements for all five hearing protectors (listed in Section 2.2) in each of the three
operation modes.

Industrial noise conditions were reflected during the tests. The ambient noise was reproduced
according to the rules defined in Section 2.6. A back-up alarm signal was reproduced against the
background of this noise according to randomly defined sequences (as described in Section 2.4). The
task of the subject sitting in the center of the experimental setup was to indicate the direction of the
back-up alarm signal by pressing the appropriate key on the panel (as described in Section 2.5). During
the tests, each subject provided 360 indications (a sequence of 24 signals in each basic measurement
situation for the three operation modes of each of the hearing protectors, for five different hearing
protectors).

To analyze the obtained data, we created a direction recognition index for the back-up alarm
signal. This index expresses, as a percentage, the ratio of the number of correct indications of the
direction (or directions) in a given measurement situation to the number of all reproductions of the
back-up alarm signal from the direction (or directions) considered in this situation.

2.8. Statistical Analysis

To determine which changes in the value of the direction recognition index between particular
measurement situations should be considered significant, we completed a statistical analysis of the
obtained data. For this purpose, a Wilcoxon test (equivalent to the Mann-Whitney U test) was used.
The calculations were performed using MATLAB R2017b (version 9.3) with the Statistics and Machine
Learning Toolbox (MathWorks Inc., Natick, MA, USA).

3. Results

3.1. Distribution of Indications between Individual Directions

The first step of the back-up alarm signal perception assessment involved analyzing how the
indications of the subjects changed if the signal was reproduced from a specific direction. This analysis
enabled the identification of the regularity of level-dependent earmuffs (N1–N4). In situations where
the danger signal was reproduced from the 0◦ and 180◦ directions, in the majority of cases, a significant
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number of indications did not only reflect the direction from which the signal was played. Correct
indications of the 0◦ direction were noted for 20–40%, 31–47%, and 25–45% of cases for earmuffs used
in the PASS, LD-MAX, and LD-MID modes, respectively. Correct indications of the 180◦ direction were
slightly more frequent and their numbers expressed as a percentage were 45–53%, 26–53%, and 26–67%
for the PASS, LD-MAX, and LD-MID modes, respectively. In the case of these two back-up alarm
signal reproduction directions, 0◦ and 180◦, the most frequent errors were of the ‘front–back’ type. This
means that the subjects had problems in determining whether the back-up alarm signal came from in
front or from behind. This situation is represented by the example in Figure 3a, where, for the back-up
alarm signal from the 0◦ direction, the indications of this direction given by all subjects accounted for
39% of all indications, whereas the indications of the 180◦ direction were only six percentage points
lower, representing 33% of all indications. Indications for the other directions in any situation did not
exceed 10% of the overall number of indications.

Figure 3. Distribution of the indications given by users of the N2 earmuffs in the LD-MAX mode
when the back-up alarm signal was reproduced from a certain angle: (a) 0◦, (b) 45◦, and (c) 90◦.
LD-MAX—level-dependent mode, with maximum amplification in the sound transmission path.

An even worse situation occurred when the back-up alarm signal was reproduced from the
directions at the angles of 45◦ and 315◦. In these directions, the direction of the signal was reproduced
was not the one that was indicated the most often. The subjects made errors in changing the direction
from the front to the direction from the back of the person and indicated the directions of sound as
adjacent to the directions from which the signal was played. An example of this situation is shown in
Figure 3b, where, in the case of the back-up alarm signal coming from the 45◦ direction, the correct
indications of this direction identified by all subjects were not the most frequent (31%). A larger
number of indications, at 38%, was in the direction deviated from the axis crossing the person’s ears
by 45◦; however, not from the front, but from beyond at 135◦. Therefore, these were front–back type
errors. A significant proportion of indications (21%) were in the direction adjacent (90◦) to the direction
from which the signal to be recognized was reproduced.

However, in the case of directions located to the side of the person, i.e., from directions at angles
of 90◦ and 270◦, the situation was different, since the majority of the indications of the subjects when
the signals were reproduced from these directions were correct. Therefore, the correct indication of the
90◦ direction occurred in up to 81% of cases. This occurred when using the N3 earmuffs in LD-MAX
mode. This was also the case for the 270◦ direction. In the case of these two directions (90◦ and 270◦),
the histograms were the slimmest. An example of this is shown in Figure 3c, where, in the case of the
back-up alarm signal from the direction at the 90◦ angle (left side of the person), the correct indications
of this direction given by all subjects were by far the most frequent, representing 76% of the total. For
the other two directions of 45◦ and 135◦ (adjacent to direction 90◦), 5% and 19% of indications were
given, respectively.
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The widest histogram distributions were obtained with the N4 earmuffs and indications regarding
the reproduction of the back-up alarm signal from the directions at angles 0◦ and 180◦. In such
situations, the indications ranged over all eight directions. An example of this situation is shown
in Figure 4a. For the earmuffs (N4), there were a significant number of front–back errors, which
occurred for the back-up alarm signal reproduction directions at the angles of 45◦ and 315◦. Then, in
all operation modes of the N4 earmuffs, the majority of subjects responded that the signal came from
the direction of 135◦ instead of 45◦ (as shown in Figure 4b) and similarly from the direction of 225◦

instead of 315◦.

Figure 4. Distribution of the indications given by users of the N4 earmuffs, when the back-up
alarm signal was reproduced from a certain angle: (a) 0◦ (earmuffs used in the LD-MAX mode)
and (b) 45◦ (earmuffs used in the LD-MID mode). LD-MAX—level-dependent mode, with maximum
amplification in the sound transmission path; LD-MID—level-dependent mode with the amplification
set to incomplete (approximately half).

In the case of the W earplugs, the situation was different from the earmuffs. The direction
most frequently indicated by the subject was almost always the direction from which the back-up
alarm signal was reproduced. The histogram bar showing the direction from which the signal was
reproduced was almost always (23 out of 24 histograms) the highest of the eight directions considered.
For the directions from angles of 90◦ and 270◦ (at the side of the person), nearly 90% of the indications
were correct, whereas the lowest frequency of correct direction recognition (37%) was for the angle of
0◦ when the earplugs were used in passive mode.

Similar direction recognition observations could be made when the signal came from the
front/behind or from side of the person were also made in mean absolute error analysis. Mean
absolute error was calculated as the mean angular distance between response and the direction from
which signal was reproduced. The examples of error values are shown in Figure 5a,b, respectively, for
N2 earmuffs and W earplugs. The greatest errors were observed for angles of 0◦ and 180◦, regardless of
the model of the level-dependent hearing protector. For angles of 90◦ and 270◦ mean error values were
the smallest and they were approximately equal to the angular resolution used in the experiment (45◦).
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Figure 5. Mean absolute errors calculated for the indications given by users of the N2 earmuffs (a); and
W earplugs (b). PASS—with the level-dependent system switched off. LD-MAX—level-dependent
mode, with maximum amplification in the sound transmission path; LD-MID—level-dependent mode
with the amplification set to incomplete (approximately half).

3.2. Direction Recognition Index

3.2.1. Global Index Values

During the tests, all subjects provided a total of 18,000 indications; 8181 of which were correct,
meaning the directions of the back-up alarm signal were correctly identified. Therefore, the global
direction recognition index of the back-up alarm (as defined in Section 2.7) was 45.5%. For each of
the hearing protectors, the subjects provided 3600 indications. The values of the direction recognition
index determined for all results obtained for each hearing protector were: 41.6% (N1), 45.0% (N2),
45.9% (N3), 38.6% (N4), and 56.1% (W). The numbers indicate that the correct recognition of the
direction of the back-up alarm signal is possible in more cases when level-dependent earplugs are
used rather than level-dependent earmuffs.

3.2.2. Index Values Broken Down by the Different Modes of Using Hearing Protectors

To compare the influence of different modes of level-dependent hearing protectors on the ability
to correctly recognize the direction of sound, the values of the direction recognition index were
determined with a breakdown by these modes. The values obtained are shown in Figure 6. Every
point in the chart was created based on the 1200 indications provided by the subjects. Overall, the
use of earplugs enabled the correct localization of the back-up alarm signal in a greater number of
cases than with earmuffs, regardless of the operation mode of the hearing protectors. Differences in
the number of correct indications of the back-up alarm signal direction between the different operation
modes of the hearing protectors was as low as 2.3 percentage points (N2 earmuffs). However, these
differences could exceed 15 percentage points (N4 earmuffs).
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Figure 6. Values of the direction recognition index determined for all of the measurement data
obtained for each of the hearing protectors with a breakdown by the operation mode of these
protectors. PASS—with the level-dependent system switched off. LD-MAX—level-dependent mode,
with maximum amplification in the sound transmission path; LD-MID—level-dependent mode with
the amplification set to incomplete (approximately half).

3.2.3. Values of the Index Determined by Breakdown by Different Directions of Back-Up Alarm Signal
Reproduction

The diagrams shown in Figures 7–9 present the results obtained in each of the three operation
modes of the hearing protectors with a breakdown by the individual directions of the back-up alarm
signal source. The results of the analysis, indicating which changes in the values of the direction
recognition index should be deemed as significant, are presented in Table 1.

Figure 7. The values of the direction recognition index determined for different directions when using
earmuffs in different modes: (a) N1 and (b) N2. PASS—with the level-dependent system switched
off. LD-MAX—level-dependent mode, with maximum amplification in the sound transmission path;
LD-MID—level-dependent mode with the amplification set to incomplete (approximately half).
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Figure 8. The values of the direction recognition index determined for different directions when using
earmuffs in different modes: (a) N3 and (b) N4. PASS—with the level-dependent system switched
off. LD-MAX—level-dependent mode, with maximum amplification in the sound transmission path;
LD-MID—level-dependent mode with the amplification set to incomplete (approximately half).

Figure 9. The values of the direction recognition index determined for different directions when
using the W earplugs in different modes. PASS—with the level-dependent system switched off.
LD-MAX—level-dependent mode, with maximum amplification in the sound transmission path;
LD-MID—level-dependent mode with the amplification set to incomplete (approximately half).

Analyzing the data in Figures 7–9, we confirmed that users of level-dependent hearing protectors
have the least difficulty in correctly indicating the direction of the back-up alarm signal when the
signal is reproduced from the side of the person (angles 90◦ and 270◦). The values of the direction
recognition index were lower when the sound was played behind a person and the lowest when it
came from directly in front of a person.
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Table 1. Determined p-values for comparisons between different modes of using level-dependent
hearing protectors for individual angles. PASS—with the level-dependent system switched off.
LD-MAX—level-dependent mode, with maximum amplification in the sound transmission path;
LD-MID—level-dependent mode with the amplification set to incomplete (approximately half).

Angle (◦)
PASS

–LD-MAX
PASS

–LD-MID
LD-MAX
–LD-MID

PASS
–LD-MAX

PASS
–LD-MID

LD-MAX
–LD-MID

N1 1 N2

0 <0.01 2 <0.01 0.20 0.05 0.02 0.73
45 0.78 0.67 0.48 0.37 0.51 0.12
90 0.17 <0.01 <0.01 0.04 0.72 0.10
135 0.72 0.06 0.03 0.25 0.82 0.35
180 0.04 0.01 0.72 1.00 0.01 0.01
225 <0.01 0.02 0.49 <0.01 0.17 0.02
270 0.55 0.41 0.15 0.38 0.01 0.06
315 0.77 0.17 0.10 0.01 0.02 0.62

N3 N4

0 0.25 0.35 0.82 0.16 0.79 0.25
45 0.12 0.01 0.28 0.05 0.04 0.88
90 0.02 0.15 0.39 0.03 <0.01 0.01
135 <0.01 <0.01 0.01 0.02 0.08 0.55
180 0.13 0.17 <0.01 <0.01 <0.01 1.00
225 <0.01 <0.01 0.26 0.02 0.25 0.23
270 0.51 0.19 0.52 <0.01 <0.01 0.35
315 0.06 0.62 0.16 0.04 <0.01 <0.01

W

0 0.20 0.24 0.91
45 0.56 0.49 0.20
90 0.06 0.04 0.89
135 0.05 0.07 0.91
180 0.13 0.56 0.35
225 0.64 0.02 0.05
270 0.37 0.32 0.06
315 0.81 0.35 0.48

1 Hearing protector; 2 p-Values for comparisons that are significant (p < 0.05) are in bold font.

When using level-dependent hearing protectors, it is important to determine whether the change
in the operation mode of the protector significantly affects the user’s ability to correctly localize the
back-up alarm signal. The data presented in Figures 7–9 indicate that, in many situations, a change in
the mode of use of a hearing protector does not affect the direction recognition index. However, this is
not a rule. For example, in the case of the N1 earmuffs (Figure 7a) and the 0◦ direction, the change
from passive (PASS) to level-dependent mode led to a 27 percentage points and 20 percentage points
increase in the number of correct indications for LD-MID and LD-MAX, respectively. These increases in
the direction recognition index values, according to the data from Table 1, were statistically significant.
Whereas, in the case of 90◦, the change from the PASS to LD-MID mode resulted in a reduction in
the number of correct indications by 16 percentage points, while at the angle of 180◦, both variants
of using the N1 earmuffs in level-dependent mode were less advantageous than in passive mode.
This case was in contrast to the one observed for the angle of 225◦. Here, in contrast to passive
mode, both level-dependent modes were advantageous. The increase (statistically significant) was
13 percentage points (LD-MID) and 17 percentage points (LD-MAX). The results showed that the use of
level-dependent mode relative to passive mode, depending on the specific angle at which the back-up
alarm signal was received, resulted in an increase or decrease in the number of correct indications of the
direction. In the case of the N1 earmuffs, statistically significant changes occurred in 7 out of 16 possible
cases (eight related to the LD-MAX mode and eight to the LD-MID mode). An increase in the number
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of correct indications was observed in four cases and a decrease in three. A similar situation occurred
in the case of the N2 earmuffs (Figure 7b), where statistically significant changes occurred in 7 out of
16 cases. In three of these cases, the number of correct indications increased, and in four cases, this
number decreased. The use of the N3 earmuffs resulted in only 6 of 16 statistically significant increases
(two cases) or decreases (four cases) in the number of correct indications. With the N3 earmuffs
(Figure 8a), the reduction in the direction recognition index related to the operation in level-dependent
mode in contrast to passive mode produced relatively high values ranging from 17 to 40 percentage
points, observed for the angles of 135◦ and 225◦. The values of the advantageous changes (increase in
the value of the direction recognition index) were 14 (LD-MID, 45◦) and 11 (LD-MAX, 90◦) percentage
points. For the N4 earmuffs (Figure 8b), a significant number of cases, 11 out of 16 possible, were
identified where the impact of changing the earmuff’s mode from the PASS to the LD-MAX or LD-MID
was statically significant. All 11 changes were unfavorable; after activating the level-dependent mode,
we observed that the number of correct indications of the back-up alarm signal direction decreased.

Results obtained during the use of W earplugs (Figure 9) indicate that a change in the mode of
their use was of little significance. Statistically significant changes in the direction recognition index
occurred only after the change from the PASS to LD-MID mode at the angles of 90◦ (decrease by
9 percentage points) and 225◦ (increase by 14 percentage points).

4. Discussion

The analysis of the changes in the indications of the 50 subjects between the individual eight
directions shows that, for the 0◦ angle (straight in front of the person) and 180◦ (behind the person),
in the majority of cases using level-dependent earmuffs, a considerable number of ‘front–back’ errors
were observed. The people who participated in the study had problems in determining whether
the back-up alarm signal came from the front or was possibly from behind. These types of errors
(in addition to the indication of adjacent directions) were also frequent in the case of the directions of
45◦ and 315◦. These situations were opposite to the cases when the back-up alarm signal was played
from directions located at the sides of a person, i.e., from directions at the angles of 90◦ and 270◦.
The direction of signals reproduced from these directions was indicated correctly in the vast majority
of cases.

These results provide the first significant differentiation between level-dependent earmuffs and
earplugs. For the earplugs, in nearly all of the situations considered, the direction from which the signal
was reproduced was indicated almost always more frequently than the remaining seven directions.
For the earmuffs, this was not always true because, for the angles of 45◦ and 315◦, the direction from
which the signal to be recognized was reproduced was not indicated most frequently. The conclusions
resulting from the distribution of indications for the individual directions are partly consistent with
other studies, where the authors claimed that the problems in locating the sources of sound occurred
particularly often on the front–back axis [22]. In addition, the back direction is indicated by the subjects
less frequently when the sound comes from the front rather than the other way around [23]. In this
study, the correct indications of the 180◦ direction were insignificantly more frequent than for the 0◦

direction. However, this pertained to different situations than the work mentioned above, i.e., during
the use of hearing protectors.

Little data exist on sound direction recognition tests for level-dependent hearing protectors.
However, the results obtained in this study can be referred, to a limited extent, to the data available.
A study where the direction of sound reproduction of cocking an AK-47 (70 dB) in the presence of
broadband masking noise (55 dB) was analyzed, presented the indications of 10 subjects with the
reproduction of the test signal from directions 30◦ apart [13]. The analysis of the diagrams regarding
the use of level-dependent earplugs (EB-15 earplugs and earplugs designed by the authors of the
above-mentioned study) enabled the identification of a similar distribution of direction indications to
the ones obtained in this paper. Despite of different test conditions, for the direction at the angle of 0◦,
a significant number of indications fell not only in this direction, but also at 180◦. The same was true
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when the sound was reproduced from the direction of 180◦. In addition, for the 30◦ direction, Brown
et al. [13] reported the occurrence of front–back errors and the indication of adjacent directions, which
is similar to the situation that occurred in this study when the back-up alarm signal was reproduced
from the 45◦ direction. We observed that the relatively smallest diversity of indications in Brown et
al. [13], where the test signal was reproduced from directions of 90◦ and 270◦, corresponded to the
slimmest shapes of the graphs in the histograms obtained in this study (Figure 3c).

In this study, we determined the direction recognition index for the back-up alarm signal. The
values of this index, which were determined with a breakdown by hearing protector operation modes
(i.e., set globally without dividing the individual directions of the alarm signal), showed that regardless
of the mode of these protectors, it is possible to correctly localize the back-up alarm signal in a much
larger number of cases when level-dependent earplugs are used compared to when level-dependent
earmuffs are used. The average value of the index for the earplugs (with consideration of all three
modes of operation) exceeded the average value for all four earmuffs and their modes of operation
by more than 13 percentage points. The range of the direction recognition index values between
the different operation modes of the hearing protectors was relatively small (two to four percentage
points) for the N1 and N2 earmuffs and the W earplugs. Slightly greater differences in the direction
recognition index between the modes were observed for the N3 earmuffs (seven percentage points).
The largest span, exceeding 15 percentage points, was observed for the N4 earmuffs.

This global analysis of the results indicated that among the hearing protectors, the operation
mode for some (N1, N2 earmuffs and W earplug) has an insignificant impact on the user’s ability to
localize the back-up alarm signal. The mode of use of the hearing protectors may also influence, to a
certain extent, the ability to recognize the direction of a sound. This was the case with the N3 earmuffs,
for which the level-dependent mode resulted in a noticeable deterioration in the ability to localize
the back-up alarm signal. Additionally, the type of hearing protectors may significantly influence
the possibility of recognizing the direction of back-up alarm signals. Hearing protectors may include
those (N4) that significantly impair the user’s ability to recognize the direction of the sound when
switched from passive to level-dependent mode. This deterioration occurred with both the maximum
and incomplete amplification in the level-dependent system of the N4 earmuffs, and amounted to
above 11 and 15 percentage points in comparison to passive mode, respectively.

The results published in Alali and Casali [15] can be compared with the values of the direction
recognition index measured as part of this study. In Alali and Casali [15], the correct recognition of
the direction of the signal in the presence of pink noise with an A-weighted sound pressure level
of 90 dB was 47.7% for the level-dependent earmuffs and 62.2% for the level-dependent earplugs.
Within the framework of this study, for earmuffs, the direction recognition index (global values) ranged
from 38.6% to 45.9%, and 56.1% for the earplugs. Considering the differences in the test conditions
and the test facilities themselves, the results obtained can be regarded as comparable. In another
study [11] where the recognition of sound directions, including the front–back, left-right, and up-down
directions, was examined, the results from 20 subjects showed that the number of correct indications
for level-dependent earplugs was about 42.5% and 31.5% for level-dependent earmuffs. Again, the test
conditions (eight loudspeakers that were the source of the test signal with a 230 ms burst of wideband
noise) or the models of the hearing protectors differed from those in this study, but the tendency of the
relationship between the earplugs and the earmuffs is similar.

The determination of the direction recognition index for the back-up alarm signal, broken down
by direction, enabled repeating the previous general observation that users of level-dependent hearing
protectors have the least difficulty in correctly indicating the direction of the back-up alarm signal
when it is reproduced from the side of a person (angles of 90◦ and 270◦). The values of the direction
recognition index were lower when the sound was played behind a person (180◦) and the lowest when
the source was directly in front of the person (0◦). For the number of errors falling on the directions of
0◦ and 180◦, and 90◦ and 270◦, a similar distribution of results was obtained in the aforementioned
study [13]. The root mean square error (RMSE), defining the mean angular distance of responses from
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the target angle, for the level-dependent EB-15 earplugs was about 38◦ and 55◦, when the sound came
from the front and back directions, respectively, and about 9◦ and 11◦ when the sound came from the
right and left sides of a person, respectively. However, these results are not fully comparable with
the results of our study as a different measure was applied to different models of test earplugs and
different test conditions. Nevertheless, the ratio of the average number of incorrect indications of the
front–back directions to incorrect indications of the left–right directions in both studies indicated the
same trend, which was 3.1 in this study and 4.7 for the cited study [13].

Alali and Casali [15] demonstrated, with some exceptions, that the ability of normal-hearing
people to locate a vehicle’s back-up alarm signal in the presence of pink noise did not improve when
using level-dependent hearing protectors (earplugs and earmuffs) in comparison to the use of passive
hearing protectors. A similar finding was reported by Giguère et al. [16], where the situation did not
improve after switching from passive mode to the electronic system mode. This conclusion was also
reached in this study with regard to earplugs, where their operation mode had practically no impact
on the measured values of the direction recognition index. For earmuffs, in this study and in certain
cases, the change from passive mode to level-dependent mode (maximum or incomplete amplification
in the level-dependent system) resulted in statically significant differences in the value of the direction
recognition index. During the use of the N1 and N2 earmuffs, statistically significant changes occurred
in 44% of cases; however, the number of changes resulting in increasing the direction recognition index
value roughly balanced the number of changes resulting in a decrease in the index value. Using the
N3 earmuffs in level-dependent mode resulted in a change in the direction recognition index in almost
38% of the cases, whereas the deterioration of the ability to recognize the direction was twice more
often (four instances of decreases) than the improvement (two instances of increases) when compared
to passive mode. A slightly different situation was observed for the N4 earmuffs, where there was a
total of 69% of cases where the ability to correctly recognize the direction of sound was statistically
significantly different from passive mode, but all of the changes were negative, meaning the changes
resulted in a decrease in the value of the direction recognition index. The analysis of the use of earmuffs
in level-dependent mode in comparison to passive mode, with a breakdown by different directions,
demonstrated that in a certain number of cases (from 38% to 69%), the mode affected the ability of
the users to localize the back-up alarm signal, which differed from the conclusion drawn in the cited
study [15]. Notably, the authors [15] used different ambient noise (pink noise with A-weighted sound
pressure levels of 60 dB and 90 dB), a different back-up alarm signal, and included hearing protectors
(one model of a specific type of hearing protector) other than the ones used in this study.

This issue is important from the perspective of ensuring safety in a workplace. The methodology
used in this study can be used to assess the ability of workers using level-dependent hearing protectors
to recognize the direction of an auditory danger signal. Test results indicate that the model of a
level-dependent hearing protector available to a worker will significantly affect their ability to localize
the vehicle’s back-up alarm signal. However, the tests carried out under laboratory conditions cannot
fully replicate the conditions encountered in an industrial facility. The localization of auditory danger
signals by users of level-dependent hearing protectors may be, to some degree, worse in real-life
conditions than in experiments conducted in a laboratory because the attention of the subjects who
participated in the experiment was entirely focused on the task of sound localization. In real industrial
conditions, however, the workers are focused on their jobs.

5. Conclusions

The tests enabled the differentiation of the level-dependent hearing protectors in terms of the
ability to assess the direction of an auditory danger signal, represented by a back-up alarm signal, by
the user of these protectors under industrial conditions where impulse noise is generated against a
background of continuous noise.

We found that the operation mode of level-dependent earplugs, i.e., passive or level-dependent,
did not significantly affect the ability to correctly indicate the direction of a back-up alarm signal.
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The assessment of the earmuffs was complicated. The analysis of a breakdown by the individual
directions indicated that, in a significant number of cases, there was a change in the operation mode
result depending on the direction of the back-up alarm signal, either by an increase or decrease in
the ability to properly recognize this direction. The global assessment showed that depending on the
model of the earmuffs, the impact of switching on level-dependent mode may be insignificant, but it
may be clearly noticeable, or even result in a significant deterioration of the ability to recognize the
direction of the back-up alarm signal.

The above conclusions on level-dependent earplugs and earmuffs mean that, in workplaces where
it is important for the safety of a worker using hearing protection to correctly recognize the direction
of a back-up alarm signal, the choice of a specific model of these protectors is of crucial importance.
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Abstract: Offshore wind workers in Germany usually spend 14 days offshore, alternating with 14
days of spare time at home. The offshore lifestyle may considerably affect offshore workers’ partners
and families. However, there is a lack of evidence regarding the psychosocial adaptation among
offshore wind couples living the 14/14 schedule. The present study intended to offer a contemporary
view on the topic from the perspective of the women of offshore workers. Our aim was (1) to examine
the perceived features of living the 14/14 schedule, (2) explore women’s coping strategies, and (3)
investigate their views on the reconciliation of offshore work and partnership/family life. The women
reported differentiated views on the benefits and costs associated with their living situation, and stated
various coping strategies that facilitated psychosocial adaptation. Despite some burdens, overall, most
of the women seemed to have adapted relatively favourably to their lifestyle. This was particularly
eased by recent sociological and technological advances, e.g., improved communication technologies.

Keywords: offshore wind industry; reconciliation of offshore work and family life/partnership; coping
strategies; psychosocial adaptation; qualitative analysis

1. Introduction

In Germany, coastal areas of the Northern and Baltic Sea offer possibilities for the construction of
offshore wind parks. The growth of the German offshore wind industry as part of the green energy
revolution is shown by recent figures: in the first six months of 2018, 62 new wind energy convectors
were taken into operation [1]. All in all, there were 20 German offshore wind parks by the end of June
2018, generating about 5.300 megawatt (MW) [2]. This development goes along with an increase in
employment figures in the branch. Recent estimates indicate that approximately 27,200 workers, most
of them men, are currently employed in the German offshore wind industry along the value chain [3].

Offshore wind jobs are associated with many hardships, as well as physical and psychological
demands for their employees [4–7]. A key element of working in the German offshore wind branch
is the 14/14 work schedule that is applied: offshore wind workers usually spend 14 days offshore,
where they work in 12-h-shifts and live on platforms, ships, or neighboring islands. These periods of
leave alternate with 14 days of spare time the workers spend at home. From a psychosocial viewpoint,
this schedule implies that the workers are confronted with a phase of absolute separation from their
families and social environment, followed by an intensive free time period spent together. The 14/14
work schedule is unique and qualitatively different from other work patterns, e.g., work schedules of
shift workers or employees with on-call-work. While the latter jobs still allow off-duty time at home
each day, offshore workers spend entire weeks away [8]. The 14/14 schedule of workers in the offshore
wind industry also deviates considerably from the schedules of other commute workers: the periods
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of absence of offshore workers are longer than those of commuters coming home for the weekend, but
shorter than those of, e.g., seafarers in the maritime sector spending months away from home.

It has recently been noted that the recurrent absences from home represent a job demand for
many offshore wind workers, leading to difficulties in reconciling offshore work and family life [5,6,9].
However, the specific lifestyle of the offshore personnel does not only influence the workers themselves,
but may also affect their partners and families at home who must deal with the repeated partings,
reunions, and phases of intermittent absence. For example, female partners of offshore workers may
find it challenging to manage all domestic and parenting tasks alone, to deal with the disruption to
shared family activities, and to establish routines in their daily life. Likewise, there could be certain
features of the 14/14 schedule that may potentially enhance family life, e.g., the chance to continuously
spend intensive time together on a regular basis.

The notion of women experiencing difficulties in dealing with the intermittent absences of their
partners is supported by studies carried out in branches with extended periods away from home, e.g.,
the offshore oil and gas branch and mining industries [8,10–12]. Research from the offshore oil and gas
sector has indicated that partners staying at home experience various demands on their own [8], being
condensed within the statement of “living two lives”. Moreover, early research on the intermittent
presence and absence of offshore oil and gas workers has differentiated between three perceived phases
for the couples: her single life at home, his offshore life, and their common life together [11]. Specific
demands for the women, as revealed in previous studies, consisted of experienced negative emotions,
as well as difficulties related to role allocation and family structures [8,13].

Similar to offshore branches, mining industries are also characterized by long distance commuting
and specific rosters. They are often referred to as fly-in fly-out (FIFO) branches. The presence of
the partner at home is also rather frequent and extended in the FIFO branches in comparison to
other industries with prolonged absences. It has been proposed that the living situation of FIFO
couples may be described as a cycle with the stages reunion, time commonly spend together, parting,
and time alone [12]. In this cycle, every stage was associated with certain demands, adjustments,
and negotiations to be made by the couples, and with a range of perceived emotions attached to
the transitions.

Although the offshore lifestyle was found to be related to specific demands, an early study among
so-called offshore wives did not find differences between the mental and physical health of offshore
and onshore wives [14]. Likewise, recent research results suggest a healthy functioning range for
psychological wellbeing, relationship satisfaction, and perceptions of family function in FIFO workers
and their partners [15]. Further research on the health of FIFO families showed a generally high level
of family cohesion, healthy flexibility, and a general contentment with regard to family satisfaction and
communication [10].

The ability to deal with the challenges encountered by partners of commute workers may partly
depend on the coping strategies being applied. According to the transactional approach of Folkman and
Lazarus [16,17], coping can be defined as the cognitive and behavioral efforts made to master, tolerate,
or reduce external and internal demands, as well as conflicts among them. Coping efforts may either
concern the management of the stress-inducing problem (problem-focused coping) or the regulation of
emotions or distresses (emotion-focused coping) related to the situation encountered [16,17]. Research
among FIFO families has, for example, indicated the existence of different coping strategies of the
couples to deal with the difficulties they have encountered. As described in an interview study, such
strategies encompassed maintaining open communication, parting on good terms and without major
arguments or conflicts, and generally maintaining a positive attitude towards the situation [12].

Despite existing research studies in FIFO and offshore oil and gas industries, there is a lack of
evidence regarding the situation of offshore wind couples living the specific 14/14 schedule. Findings
for couples in the oil and gas and FIFO branches are not directly applicable to the situation of couples
in the offshore wind industry, since the work schedules in the branches can differ considerably, and
employees in the afore mentioned branches usually do not follow the 14/14 work pattern as applied in
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the German offshore wind branch. Moreover, there are further differences between the branches, e.g.,
regarding specific regulations, work areas, and work tasks [4,6,18].

In addition, much of the existing research on offshore couples dealing with intermittent absences
was conducted in the 80’s, 90’s, and early 00’s, indicating a need for an updated view. Within the last
decades, profound organizational, technological, and sociological changes have taken place which
pertain to offshore industries [8]. For example, the extension of means of communication provides
couples with further possibilities to keep in regular contact. Changes in society have also occurred in
terms of women’s qualifications and employment rates, making it more likely that women of offshore
workers are engaged in paid work. Finally, as a corollary of social changes, women’s role models and
aspirations have evolved: nowadays, women tend to have stronger expectations as to their husband’s
involvement in childcare and housekeeping [8]. Such recent changes could have either beneficial or
detrimental impacts on the living situation of couples dealing with intermittent absences, which has
not yet been empirically explored.

Since a further increase in the offshore wind workforce is to be expected, more couples and
families will have to deal with the particularities of living the 14/14 schedule. Therefore, it is crucial to
conduct up-to-date research and generate new knowledge on the specific features of this lifestyle. This
study intended to offer a contemporary view on the psychosocial adaptation of offshore wind families
against the background of the modern society and working world.

The aim of our study was to examine how women of male offshore wind workers perceive the
specific features of living the 14/14 schedule. In adherence to the approach by Parkes and colleagues [8],
we focused on the different phases of women’s daily life, including aspects of being home alone and
time spent together as a couple. Moreover, our purpose was to investigate the coping strategies of the
women and the couples to deal with the specific living situation. Furthermore, we aimed to explore
the women’s perceptions of the reconciliation of offshore work and partnership/family life.

We proposed the following research questions:

1. What are the advantages and disadvantages of living the 14/14 schedule as perceived by the
women of offshore wind workers, particularly regarding the following phases:

(1) life without offshore partner;
(2) life together as a couple/family;
(3) transition phases (reunion/parting)?

2. What coping strategies are employed by the women and couples to deal with the specific features
of living the 14/14 schedule?

3. How do the women judge the reconciliation of offshore work and partnership/family life, including
aspects of organizational support?

2. Materials and Methods

2.1. Study Design and Participants

We conducted 14 semi-structured telephone interviews with female partners of German offshore
wind workers from January to March 2017. The interviews were carried out by two female psychologists
working as researchers in occupational health psychology at the time of the study. We applied purposeful
sampling and recruited interviewees of different ages, with and without children, and with offshore
partners working in different companies. Participants were eligible if they were female, fluent in the
German language, and at least 18 years old. Moreover, the females’ partners had to have worked for
at least six months in the offshore wind industry, and had to have experiences with the 14/14 work
schedule. To recruit suitable participants, we sent invitation mails, emails, and leaflets to German
offshore wind workers from different companies who had already participated in a prior interview
study conducted at the research institute [5,6]. Moreover, we posted the study information on online
platforms and forums for German offshore wind workers. We asked the workers to inform their female
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partners, who then contacted us directly via mail or telephone. Study participation was voluntary. Prior
to the interviews, participants were asked to sign a declaration of informed consent. All participants
were in a position to understand and consent to the study requirements, and provided written informed
consent. The interviews were conducted until no new themes were identified, i.e., data saturation was
reached. They were conducted in German and were tape recorded. Interview length was from 28 to 54
min. Participants were able to terminate the interviews at any time. No non-participants were present
during the interviews. No repeat interviews were carried out. Field notes were made immediately
after each interview.

2.2. Interview Guideline

A semi-structured interview guideline was developed within the framework of the empirical
and theoretical background. The interview topic list is depicted in Table 1. A pre-test interview was
performed in order to receive feedback from research colleagues and improve the interview guideline.

Table 1. Interview topic list.

1 Introduction Study information, confidentiality, informed consent

2 Socio-demographics

Interviewee: age, marital status, occupation, work
schedule, duration of partnership with offshore
partner, shared household, children
Offshore partner: offshore experience, occupation,
work schedule

3 Phase 1: Single life without offshore partner Advantages and disadvantages of the phase,
contact opportunities while partner is offshore

4 Phase 2: Daily life with offshore partner Advantages and disadvantages of the phase,
associated behavior patterns and feelings

5 Phase 3: Transition phase Associated behavior patterns and feelings,
needs and expectations upon the partner’s arrival

6 Coping strategies Strategies of the interviewee and the couple

7 Reconciliation of offshore work and family
life/partnership

Reconciliation of offshore work with family
life/partnership; wishes for a facilitated reconciliation

2.3. Analysis

All audio recordings were transcribed verbatim. The transcripts of the interviews were anonymized
and analyzed in a deductive-inductive process according to Mayring’s qualitative content analysis [19]
by means of the software MAXQDA Analytics Pro, version 12 (VERBI Software GmbH, Berlin,
Germany) [20]. An iterative process was applied in which the authors identified and refined codes,
categories, and sub-categories. The coding was mutually checked for accuracy and was thoroughly
discussed until consensus regarding the final coding system was reached. The final coding system was
summarized in a separate document in which the material was further reduced and compacted. During
the course of analysis, reflexivity and transparency regarding the potential influence of the researchers’
objectives and preconceptions on the results and interpretations were encouraged. Transcripts and
results were not returned to the interviewees. All quotes that were used for publication purposes were
translated into English.

3. Results

3.1. Sample Characteristics

As illustrated in Tables 2 and 3, seven women were aged between 31 and 40 years old; 10 women
were married; seven women reported to work full-time, two worked part-time, and five were currently
on maternity or parental leave; and eight women were mothers of children living in the household
at the time of the study. The partners of 10 women had worked offshore from the beginning of
their partnership. Furthermore, 12 offshore partners were currently working in a regular 14/14 work
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schedule, and two partners were working in a different schedule at the time of the interview but did
have experience with the 14/14 schedule. Additionally, seven partners had at least three years of
offshore work experience.

3.2. Single Life without the Offshore Partner

3.2.1. Advantages

As a major advantage of living the single life, many women found themselves to be more
independent and self-reliant in their scheduling of activities and appointments. This was also reported
regarding duties and routines within the household and parenting:

“Very simple things, like, for example, when to make purchases, what to buy, when to clean certain
things ( . . . ).” (Interviewee #8)

Table 2. Participant characteristics.

Interviewee n

Gender

female 14
Age

20–30 years 4
31–40 years 7
41–50 years 3
Marital status

not married 4
married 10
Work schedule

full-time 7
part-time 2
currently in maternity or parental leave 5
Duration of partnership

1–5 years 6
6–10 years 4
11–20 years 2
>20 years 2
Partnership with partner working offshore from the start

yes 4
no 10
Children

yes and living in household 8
expecting 4
no 2

Offshore partner n
Work schedule

14 days offshore/14 days onshore 12
other 2
Offshore experience

<1 year 1
1–2 years 6
3–4 years 3
>4 years 4
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A further advantage of the time spent alone was that the women pursued their own interests to a
greater extent and were able to become engaged in several leisure activities:

“Advantages, perhaps, that one deals with being alone and tries to find strategies to better cope with it.
You do not rely on the fact that there is always someone there, but you put more thoughts in your own
leisure activities.” (Interviewee #4)

Meeting friends and family, doing sports, and following diverse hobbies were stressed by the
women as important leisure activities in this phase.

3.2.2. Disadvantages

An important disadvantage of living the single life was reported to consist of the management
and organization of daily life without the partner’s general support. Spare time was described to be
affected by the partner’s absence in such way that the women perceived being forced to spend big
parts of their social life alone:

“A disadvantage is, of course, that you can only maintain your social contacts alone. If there are
invitations or birthday parties, or if you just want to spend a nice evening with friends, this doesn’t
work.” (Interviewee #13)

During their time alone, there were moments in which the women especially missed their partners.
These often concerned moments that both partners usually shared, in particular regarding time during
the evenings or weekends. Difficult situations such as sickness, problems at work, or issues with
childcare were also mentioned. Moreover, the partner’s being missing on special occasions, e.g.,
weddings or special moments in the children’s development, was emphasized. Some interviewees
indicated emotional changes, e.g., feeling lonely or more tense than usual:

“I realize that I’m not feeling well when he’s not there. Sometimes I do not sleep for nights because I
cannot stand it.” (Interviewee #5)

Another disadvantage consisted of perceived insecurities related to child care and parenting.
Some interviewees described that they considered themselves as single mothers when their partners
were offshore:

“Well, more or less, I am a single parent for two weeks.” (Interviewee #9)

The perceived unpredictability, e.g., regarding the exact time of the partner’s arrival back home,
was also seen as disadvantageous. Moreover, the awareness of constraints in reachability when the
partner was offshore—especially in cases of emergency—was highlighted as burdening.

Many women spoke about changes in their work routines when their partners were away. They
described often working overtime during this phase in order to be able to work less or leave on time
when the partner was at home:

“Of course, when my husband is not there, I work more. When he’s at home, I scale that back a bit, so
that we have more time for each other.” (Interviewee #9)

Especially women with children found themselves to be less flexible and more constrained in
their work times when they were alone, e.g., due to their children’s schedules. Some mothers also
described that their children’s ill-health seemed to be connected to the absence of their father:

“It also happens that the children get sick if he is not there for a long time.”

(Interviewee #6)
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3.2.3. Communication and Contact Styles

Staying in contact with the partner during his offshore assignments was reported to be crucial
for the women. Most of them described being able to contact their partners on a daily basis. The
scheduling of contact was stated to depend on the shifts and workloads of the partner:

“During his shift, I can write him and if he reads it in between, he can also answer me. But we rather
talk on the phone during his free shifts.” (Interviewee #12)

Certain difficulties and restrictions to make contact were also described by some women; however,
contact that could be initiated by both partners was reported to be the rule. The usage of several
media (phone, messenger services, video telephony) was mentioned by the majority of the women. In
particular, improved communication technologies were stated to enable more intensive contact and
direct exchange. All in all, the majority of the women stated being satisfied with both the frequency
and regularity of contact. Reasons for dissatisfaction were related to the time of contact and the general
notion that technology-mediated contacts were not comparable to personal contacts.

3.3. Life as a Couple

3.3.1. Advantages

Advantages of the 14/14 work schedule were often attributed to the time spent together as a
couple during the partners’ free turn. This time was stated to provide the couple with much time for
joint activities and family life. The family life was perceived as being even more intensive due to the
previous phase of separation, providing the couple with an opportunity to miss and look forward to
seeing each other again. This was indicated to contribute to the liveliness of the relationship:

“It’s also good for our relationship, it’s good to have such a short break (...). That brings in a certain
freshness.” (Interviewee #6)

The presence of the offshore partner at home was reported to allow for a higher quality of
communication through face-to-face talks. A further advantage of the time spent together was that the
partner could be involved in the child care and housekeeping. Family fathers were also able to follow
their children’s development more closely during their free time at home.

More generally, some women described time-wise benefits of the daily living together, such as
a greater flexibility for the couple in terms of planning short vacations or having breakfast together
during the week. Financial benefits of the offshore job (e.g., in the form of good salaries) that contributed
to family life were also mentioned.

3.3.2. Disadvantages

A main disadvantage of the daily living together in the 14/14 schedule concerned the lack of
habitualness and missing daily routine which could not be established in the course of two weeks:

“We are all habitual people and habits can be very difficult at 2 weeks/2 weeks, I think.” (Interviewee #11)

A few interviewees described feeling an increased need to talk to their partners and to plan
appointments when they were home. Some women even described a perceived pressure to get
all everyday things—for which they normally had four weeks of time—done during the two
weeks together:

“You always have the feeling that you must put everything into these two weeks, because afterwards,
your time together is over. Need for action, discussion needs . . . what you just can’t always hold on
the phone.” (Interviewee #9)

In terms of their work, many women described their own job as meaningful to them, regardless of
the presence or absence of their partners. However, some women found it harder to go to work with
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their partners being at home and preferred staying at home with them, e.g., because they experienced
feelings of guilt for leaving the partner alone.

In addition, some women reported that the situation was especially disadvantageous for their
partners: their free turns could be rather unsatisfactory, since the time they were able to spend with
their families and friends was restricted due to other people’s normal work routines:

“It was not satisfactory for him either. He was not socializing as much as he had wished. The days are
long when all people around you work full time.” (Interviewee #11)

Other interviewees explained that their partners struggled to find a balance in terms of the time
spent with the family and with friends outside home. This was due to the fact that the workers were
solicited a lot during their onshore turns, in particular on the weekends:

“The time on the two weekends becomes very, very scarce. When there should be time for the
partnership, but also for family, friends, and your own interests.” (Interviewee #4)

Several women described that their partners absolved work tasks and were contacted for
professional purposes during their free turns onshore. Talking about offshore work and being contacted
by colleagues were associated with greater difficulties for the partners to mentally detach and recover
from work. Therefore, many interviewees disapproved of this behavior.

3.3.3. Conflicts and Compromises

When asked about conflicts and compromises due to the specific living situation, about half of the
women stated not noticing any specific conflicts. The non-existence of conflicts was attributed to the
couple’s mutual understanding and awareness of their limited time together:

“Because we are separated again and again, you appreciate it (the time spent together) very much.
And that makes us both feel that we are not arguing so fast and so much.” (Interviewee #10)

The other women reported that minor conflicts or discussions attributable to their specific living
situation sometimes occurred. Conflicts, for example, emerged when the partner refused to get
involved in housekeeping, or when he dedicated too much time to his work during his free turn.
Further discussions were described to relate to planning difficulties of the couple due to the partners’
offshore work. Moreover, minor discussions between the offshore partner and the children were
reported to occur. In addition, it was stated that ‘offshore couples’ sometimes had to deal with a lack of
understanding from their friends, who did not comprehend the amount of time the couple needed
for themselves.

The majority of the interviewees thought that they had to make more compromises compared
to couples living a ‘normal life’. They expressed that more agreements and consultations were
necessary to suitably plan living together. Compromises were, for example, described in terms of
the parenting, since the children had to live without their father for a while. Moreover, planning
difficulties were a central concern, since all appointments had to be made in accordance with the
partner’s offshore schedule:

“We have to direct our everyday life according to these offshore trips. He never knows when the trips
will be —they are not set at the beginning of the year—so we just cannot plan at all.” (Interviewee #5)

3.4. Transition Phase

3.4.1. Reunion with the Partner

The women described varying feelings, e.g., increasing anticipation and excitement, upon their
partners’ arrival back home. Typical behavior patterns were tidying up the house and avoiding
other appointments:
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“Then I just run from A to B and check that everything is neat ( . . . ). That the food is ready and that
no more laundry is lying around. That there are no disruptive factors in order for us to simply enjoy
this moment together.” (Interviewee #5)

Only a few interviewees stated that they did not perceive a certain transition phase when their
partners arrived back home. The majority declared that they needed a familiarization phase in which
they had to adapt to their partner and the two adult household again:

“At the beginning, you often need some time to get close again, because you have not seen the other
person for so long.” (Interviewee #7)

The transition phase was generally described to last between one and four days. Women described
that the arrival of the partner could upset the whole household, and that the habits and routines of the
women at home were suddenly turned around:

“You develop different habits—your own habits—when the partner is not there. And as soon as he
comes back, it’s all jumbled up.” (Interviewee #8)

In households with children, it was pronounced that the children behaved more actively and
turned up during the father’s arrival, demanding more attention than usual:

“When he comes back, the children are usually there, and then the alarm goes from 0 to 100 in the
booth.” (Interviewee #13)

3.4.2. Needs and Expectations upon the Partners’ Arrival

Needs and expectations of the women regarding the time as a couple consisted of spending as
much time together as possible and following social activities. Some women particularly highlighted
their expectation that the partner should get involved in housekeeping and other duties at home:

“I indeed expect that he will also take care of the household and of the things that happened while he
was not there.” (Interviewee #13)

In contrast, expectations of the offshore partners stated by the women included that the women
should await them at home upon their arrival and that the couple should share a good meal together
on the first evening. A relevant need of the partner consisted of physical closeness to the women.

Some interviewees believed that their needs and expectations corresponded well with those of
their partners; for example, when both partners wished for physical closeness, calmness, and time
spent together. In contrast, other women perceived discrepancies, which were especially related to the
women’s “work situation” versus the partners’ “free time situation”: while the women had to continue
their daily work routine, the offshore partners found themselves to be in a holiday mood:

“I get up at the same time in the morning, go to work, and come back in the evening. And then my
partner took the time as a vacation, but I was still in the working cycle.” (Interviewee #4)

3.4.3. Parting

The interviewees described that the time spent together as a couple usually passed rapidly. Some
women described that during the last days before their partners’ departure, the workers started to
mentally prepare themselves for their offshore assignments. The departure was termed as a difficult
situation by some women, provoking feelings of sadness. Some women also reported that their
children’s behavior changed during their father’s departure. For example, they could demonstrate
their displeasure by crying or working themselves up.

Figure 1 gives an overview of the specific features, advantages, and disadvantages of living the
14/14 schedule as related to the different phases of daily life.
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3.5. Coping Strategies

3.5.1. Strategies of the Women

When asked about strategies to cope with the absence of their partners, many women described
that actively searching for the support of families and friends played an important role:

“I think that you rely more on the social network around you. That you particularly promote your
network. You simply intensify other social contacts, family, friends.” (Interviewee #4)

In general, pursuing an active lifestyle was described as a coping strategy by many women. This
included, for example, doing sports or meeting friends. Further ways to cope with the situation were
stated to consist of adapting oneself to the schedule, focusing on the time spent together as a couple,
and staying in regular contact during periods of separation:

“For me, this is already somewhat normal. And we talk on the phone in the evenings and write each
other during the evenings when he has enough time.” (Interviewee #12)

Some interviewees stated that they coped with the situation by structuring their time in an
organized manner, while others reported that they coped by keeping their expectations low regarding
the time spent together. Some women reported that they did not apply any coping efforts.

When being asked about sustaining exchange with other women living in a similar situation,
most interviewees responded that they had not made contact with other women of offshore workers,
although some found such an exchange to be desirable. A few others, in contrast, described having
irregular contact with other partners of offshore workers. These contacts were reported to be organized
autonomously and without the offshore companies’ support.

3.5.2. Strategies of the Couples

In terms of coping strategies applied by the couples, many women emphasized the meaning of
communication and structure for dealing with the phases of separation:

“This always means a lot of exchange with each other, and a lot of talking and communicating. Then
it works. But those who do not have this ability will find it difficult.” (Interviewee #9)

The importance of adhering to fixed and regular contact times was stressed. Additionally,
spending time as a family/couple when the partner was onshore was underlined, explaining that other
obligations or appointments were avoided in order to create more family-time:

“Certain rituals are that, when he’s at home, ( . . . ) the last weekend before he leaves, or at least
1 or 2 days, that you have these days completely to yourself. And then accept no appointments.”
(Interviewee #10)

Mutual understanding and trust were also highlighted as important. Still, there were couples
who did not apply any coping strategies or rituals to deal with the specific situation.

Table 4 summarizes the coping strategies applied by the women and couples.

Table 4. Coping strategies of the women and the couples.

Coping Strategies of the Women Coping Strategies of the Couples

Seeking support of families and friends Adhering to fixed contact times
Pursuing an active lifestyle Mutual understanding and trust
Structuring time in an organized manner Spending an intensive time together
Adapting oneself to the living situation
Focusing on time spent together as a couple
Keeping expectations low
Contact with other women in the same situation
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3.6. Reconciliation of Offshore Work and Family Life/Partnership

3.6.1. Opinions on Reconciliation

The women’s views on whether or not they considered offshore work and family life to be
reconcilable differed. There were some interviewees who described offshore work as being sufficiently
family-friendly, especially when the children were already older in age. The primary reason for the
family-friendliness was that fathers were able to spend intensive periods of time at home:

“Which father of a family can say that he is completely at home for 2 weeks, from morning to night?”
(Interviewee #10)

In contrast, other women did not consider offshore work to be family-friendly due to the several
named disadvantages implied by the 14/14 schedule. This was particularly pronounced by interviewees
with smaller children, emphasizing that the partner would miss out on too much of their development:

“I just think that the men miss too much. Especially when a child is born. In the first year, our son
actually had only me, his dad was always a bit of a rival.” (Interviewee #5)

A dividedness regarding interviewees’ opinions was also apparent with regard to the reconciliation
of offshore work and partnership. Some women believed that offshore work was partnership-friendly
and that it helped in keeping the partnership alive. Living with the periodical absences of the partner
was reported to be practicable without children:

“Without a child, I’d say, it works. Then you can deal with it, even without noticing a negative impact
on the relationship.” (Interviewee #4)

However, other interviewees stated that the 14/14 schedule imposed heavy demands on the
relationship, and that they personally perceived the situation as burdensome:

“The big disadvantage is that the private life suffers greatly, that one must cut back on the partnership
because the contact is missing.” (Interviewee #5)

The appraisal of whether or not offshore work was partnership-/family-friendly was stated to
depend on the couples’ expectations (e.g., the amount of time the couple wanted to spend together
and the desired frequency of contact). Moreover, the amount of support from external sources (e.g.,
parents, friends) played a role in the women’s judgement:

“If you do not have family support, then it is not necessarily family-friendly. So I think that the
environment still plays a big role.” (Interviewee #7)

3.6.2. Needs and Wishes for Improving Reconciliation

When asked about wishes for improving the reconciliation of offshore work and family
life/partnership, some women stated that they did not have any specific wishes, or explained that
they did not think that any measures for improvement could be taken due to the unchangeable 14/14
schedule. Others, however, described wishes regarding their partners’ work schedule (e.g., other
days of arrival and departure, longer offshore or onshore stays). The wish for greater regularity and
predictability of the offshore assignments was also expressed:

“These are my concerns, reliability and predictability.” (Interviewee #6)

Furthermore, it was proposed that the workers should get more free time offshore in order to
increase chances for communication with the families and to strengthen the workers’ recovery from
work. A few women also wished to get to know their partners places of work to develop a better
understanding of the work situation offshore.
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3.6.3. Support from Offshore Companies

The women mostly described that they did not know about specific offers provided by their
partners’ companies to facilitate the reconciliation of offshore work and family life/partnership.
However, they described single offers provided by the companies that they considered to be helpful,
e.g., flights back home at short-notice in case of emergencies:

“Of course, if there was a death in the family or something, definitely. Or now with the child’s birth, I
could call him anytime and would try to get him off the platform.” (Interviewee #10)

Some women said that company events were organized for the whole family, and that parental
leave for fathers was an option. Further offers consisted of the free use of a telephone and internet
connection on the offshore platforms, allowing the couples to stay in contact:

“That’s a good option, I think, that companies put a lot of emphasis on enabling the workers to have
regular contact with their families at home.” (Interviewee #10)

4. Discussion

By conducting our interview study, we were able to gain important insights into the challenges,
advantages, and disadvantages, as well as the psychosocial adaptation, associated with living the 14/14
schedule from the perspective of women of offshore wind workers.

We generally found the proposed differentiation between the three distinct social realities for
offshore couples (her single life at home, a phase of transition, and the couple’s common life together),
as suggested by Solheim [11], to be similarly described in our study. Moreover, our results seem to be
in line with the FIFO cycle proposed by Gallegos [12] for both offshore employees and their partners.
For example, the occurrence of mixed emotions during transition phases, as identified in previous
research [12,15], was also prevalent for the women in our sample.

Overall, despite some burdens, the women in our sample seemed to have adapted relatively
favorably to the challenges and demands of living the 14/14 schedule. Although minor difficulties and
problems related to the partnership and family life were stated, most women seemed to be able to cope
with the challenges associated with the 14/14 work schedule. When contrasting our findings with those
of earlier research studies in the offshore oil and gas branch, we found previous research to illustrate a
slightly more negative picture regarding the psychosocial adaptation of offshore families [21]. However,
the situation seems to have improved over the last decades. For example, Parkes and colleagues [8]
noted a positive trend, and our study further supports this development.

4.1. Single Life without the Offshore Partner

As regards the single life of the women, we found the main advantage to consist of the greater
self-reliance and independence women perceived in their daily living. This is in line with previous
results showing that women were able to enjoy their independence and freedom [21,22], and that they
could benefit from their partners’ absences in developing greater personal confidence [8]. However, in
general, we found that the women in our study reported more disadvantages than advantages of their
single life. Negative aspects, such as perceptions of loneliness when the partner was away, have been
similarly revealed in previous studies [8,12]. For example, in an interview study, two thirds of the
spouses of offshore oil and gas workers reported loneliness to be a problem “sometimes” or “often” [8].

In contrast to earlier studies in which women reported experiencing social isolation due to their
partners’ absences [8,13,22], our interviewees did not describe difficulties in fully participating in social
life during this phase. This difference could be related to the fact that the women in our study did not
seem to center their social lives strictly around their partners; in contrast, many of them stated that
they actively engaged in social life when their partners were away. In earlier studies, women were
found to deliberately restrict their social lives when their partners were away [8,22].

An important finding of our study relates to the use and impact of new ways of communication
as a result of technological advances. We found the women in our study to positively highlight their
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chances for communication via the use of diverse social media. While earlier studies declared problems
in communication due to the—back then—existing communication systems [13], today’s offshore
women may draw on several communication systems which allow them to keep in contact with their
partners. The importance of improved telecommunications in facilitating adjustment and maintaining
family connectedness has also been noted for offshore and FIFO families [8,10,22]. One study, for
example, found that women who could initiate calls to contact their offshore partners had less difficulty
in adjusting to the absence compared to women who were unable to do so [8].

Our results indicate an intrinsic work motivation among the women in our sample: becoming
engaged in work was identified to be important, helping them to fill the days when their partner was
offshore. In contrast to an earlier study in which women’s employment tended to increase family
strain [23], we did not find this to be the case in our study. This discrepancy should be interpreted
in view of the specific sample: six out of 14 women did not have children in the household, thereby
potentially increasing their chances to engage in paid work. Furthermore, the result may also be
attributable to sociocultural changes that have occurred during the last decades: nowadays, it is
more common and socially accepted for women to build their own careers. The trend of increased
employment rates among women is also reflected in our sample, in which all women were employed
(despite five women currently being on parental or maternity leave). In contrast, in earlier samples of
offshore wives, only one third [23] and two thirds of the women [8] respectively, were engaged in paid
work. Similarly, only two women in our study were in part-time employment, whereas more than
half of the women in the study of Parkes and colleagues [8] worked part-time, which was found to
be influenced by the demands of childcare. The fact that most women in our study worked full-time
may also be related to currently increasing options for child care, e.g., provided by day care centers
and kindergartens.

4.2. Life as a Couple

With respect to life as a couple, the women in our study had differentiated views on the costs
and benefits of the 14/14 schedule for their living situation. A major advantage related to the 14/14
schedule was seen in the workers’ rest periods onshore, allowing an increased duration of presence at
home and favoring family life. This advantage was also noted in earlier studies [8,12,13,21].

As previously identified [11,12,24], we found that both partners initially needed a familiarization
phase to readjust to having another adult in the household. Similar to our results, it was previously
found that reunions and partings are the most difficult times emotionally for couples and families [10,12].
Moreover, in accordance with previous findings [12], women in our study reported that their routines
could become less structured when their partners returned home.

In terms of the children’s behavior, some women described their children’s conduct as varying
and depending on the phase of absence, presence, or transition. Gallegos [12] has similarly described
that the behavior of children of FIFO workers could become clingy, and that it could take some time
for the children to feel comfortable upon their father’s return.

Notably, there were only a few conflicts described as having occurred during the time spent
together, although conflicts seemed to be a stressor for couples in previous studies [21–23], especially
during the first days spent together [21]. In contrast to previous research highlighting women’s
increased responsibilities as a potential source of conflict [13,15], conflicts described by our sample
seemed to emerge from the partners’ behaviors at home, e.g., their reluctance to get involved in
housekeeping. In earlier times, housework did not represent a source of conflict for offshore oil and
gas couples [21]; the major responsibility for domestic work remained with the wives, which was
attributed to the more traditional views on household division back then [21]. In contrast, our results
support the notion that women’s aspirations and role models have changed [8], since women in our
sample reported distinct expectations regarding the workers’ engagement in the household.

The fact that conflicts among the couples were described to occur rather seldom could also be
related to the coping strategies that were applied, which may be effective in reducing potential conflicts.
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Moreover, the women in our study seemed to be aware of existing differences compared to non-offshore
families; for example, they acknowledged that more compromises had to be made in contrast to other
couples. It has been noted previously that such an awareness may increase the implementation of
strategies to support family functioning [15].

4.3. Coping Strategies

We found the women in our study to apply several coping strategies for dealing with their
situation, such as seeking support, thinking positively, and regulating adverse emotions. Thereby, our
results undermine previous findings indicating that many offshore women actively pursue some form
of coping, e.g., engaging in an active lifestyle or utilizing social support [8,12,22,23]. In earlier studies,
women of offshore oil and gas workers were found to use coping strategies to mitigate loneliness
when the partner was offshore (e.g., keeping busy, keeping in touch with the family, and taking
part in recreational activities [8]). Similarly, FIFO workers were found to engage in social networks
providing them with assistance and companionship while the workers were away [12]. Still, there is
a need for further investigation of the women’s coping strategies. Aspects such as work schedules
(full-time, part-time) and childcare may require different coping strategies that should be examined by
further research.

An important strategy of the couples was reported to consist of staying in regular contact,
which was also of importance for oil and gas, as well as FIFO, families [8,10,12]. In studies among
FIFO families, regular effective communication was the most important strategy to protect family
cohesiveness [12], and was found to be strongly associated with family satisfaction [10].

4.4. Reconciliation of Offshore Work and Family Life/Partnership

Women’s views regarding the reconciliation of offshore work and family life/partnership seemed
to partly depend on their availability of external sources, such as support from friends and family,
as well as on the couples’ own expectations. This agrees with the notion that a stronger accordance
between perceptions and expectations of partners, e.g., regarding family satisfaction, could lead to less
family conflicts [10] and less critical family structures [13].

A support offer provided by offshore companies was named in terms of the flexibility of shifts in
cases of emergency. This has also been noted by women of offshore oil and gas workers, who were
confident that their partners could be flown home in a family emergency [8]. However, in sum, the
women in our study did not report an intensive bandwidth of offers provided by offshore companies
to facilitate the reconciliation of offshore work and family life. This finding might either indicate a
need for the companies to improve their offers, or to make existing offers more visible for offshore
families. In contrast, in FIFO, as well as oil and gas industries, more company support has become
evident, e.g., consisting of counseling services, peer-programs, organized family events, or visits to the
site for families [8,12]. Such offers may also add to the reconciliation for couples and families in the
offshore wind industry.

4.5. Strengths and Limitations

A strength of our study is the fact that we recruited women with varying sociodemographic
characteristics, e.g., different ages and family status. This enabled us to establish a more complete
picture of the situation of offshore women with varying backgrounds. To increase the trustworthiness
of our findings, we employed rich descriptions of our results and displayed many direct quotes from
the interviewees [25]. Moreover, we discussed our results profoundly within the group of researchers,
and contrasted them with empirical references.

However, it should be noted that our findings are based on a convenience sample which was
partly achieved via a snowballing technique, thereby increasing the risk of self-selection among the
participants. For example, women with a greater interest in the topic might have been more prone to
participate, and may not be representative of other female partners of offshore workers. Moreover, our
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sample is likely to represent a self-selected group of ‘survivors’, as it has been noted for other samples
of offshore women [8,21]. There are several indications for this assumption: for example, interviewees’
partners were currently working offshore, and many of them had already worked offshore for several
years. It can be assumed that offshore workers are more likely to continue with their work when their
women are also able to adjust to the offshore lifestyle [8]. Our sample, therefore, likely represents a
survivor group of women that have responded rather positively to this lifestyle and experienced less
difficulties in adjustment. Moreover, it should be kept in mind that 10 out of 14 workers were already
involved in offshore work at the beginning of the relationship, meaning that most couples did not have
to deal with a disrupt change of their living situation during the course of the relationship.

Further methodological limitations concern the fact that we conducted telephone interviews
instead of face-to-face interviews, implying an asynchronous communication of place by telephone
and a reduction of social clues [26,27].

Another limitation of our study may be seen in the relatively small sample size. However, the
size of interviews in our study appeared to be sufficient to achieve data saturation. In support of this,
it has been concluded that data saturation usually occurs within the first twelve interviews [28]. In any
case, generalizations of our results are impeded by the nature of our qualitative research design.

Further research studies with larger sample sizes are needed. In such studies, it would be
interesting to conduct interviews with couples in order to incorporate both the views of offshore
workers and their female partners. Moreover, quantitative research studies should be conducted to
statistically explore the antecedents, moderators, and outcomes of psychosocial adaptation among
offshore couples. Previous research has, for example, suggested that role expectations, the presence of
dependent children at home, and the quality of communication in the relationship may influence the
effects of stressors on psychosocial adaptation [10]. Moreover, since our sample likely represents a
survivor group of couples living the 14/14 schedule, it seems worthwhile to compare their situation
with the situation of families where workers decided to leave offshore work.

5. Conclusions

The present study expanded upon the current scientific evidence and provided an up-to-date
perspective on the situation of offshore wind couples and families living the 14/14 work schedule.
The women in our study reported differentiated views as to the benefits and costs associated with
their particular lifestyle. Various coping strategies were stated by the women, which could facilitate
psychosocial adaptation. Despite experiencing certain burdens, most of the women in our sample
seemed to have adapted relatively favorably to their living situation. Our results suggest that certain
sociological and technological advances within the last decades, e.g., changes in women’s role models
and improved communication technologies, may ease psychosocial adaptation among offshore families.
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Abstract: The aim of the paper is to analyse the effect of key factors affecting the risk of workplace
injuries and to identify the most common workplace accidents regarding injured body parts with
respect to anthropometric data measurements of the population. Data associated with workplace
accidents over the years 2000–2016 were drawn from the records of the state enterprise Forests of
the Slovak Republic, situated in Banská Bystrica. Gathered data were processed and entered into
the database complemented by the data on accidents of the self-employed working in the forestry
industry. A total of 1874 workplace accidents in the state enterprise were recorded and statistically
evaluated during the analysis period. A method for contingency table was used to analyse correlation
between qualitative (categorical) variables in the dataset. A Poisson regression model was used
to determine the injury rate. Forest harvesting is considered the most risky phase of the process
of harvesting, processing, and transport. The highest number of workplace accidents (31.8% of all
recorded workplace accidents) occurred during the forest harvesting phase during the analysis period.
Timber skidding, with 16% of recorded accidents, was the second highest-risk phase. The workplace
injury rate in the forest industry in Slovakia decreased over the course of the years 2000–2016.
Head and facial injuries were those with the highest rate (67.1% injuries of these body parts) during
the phase of harvesting and skidding.

Keywords: workplace injuries; work safety; health and safety; work errors forestry; injury rate

1. Introduction

The scope of human physical and mental abilities is limited. Long-term uncomfortable or painful
feelings can cause damage to organisms due to a significant weakening in performance, with a
higher injury risk [1]. The forestry sector is one of the industries of the national economy with
the highest injury risk. The specific working conditions in forests, involving the type of terrain,
weather conditions, and the use of power tools and heavy machinery, make work hazardous, with a
certain risk of serious injuries [1–4]. The risk of work-related injuries is very high in forestry jobs in
general [5,6]. In order to create healthy and safe working environments, processes, and conditions,
accident investigations can reveal information about causation that can be used to develop injury
prevention and protection programmes.

In order to create health and safe working environment, real accidents have to be analysed and
subsequently, a system of preventive measures has to be developed. Methods to protect health are
constantly evolving. Forestry generates many jobs, which are offered mostly by private companies in
the case of Slovakia. Several activities carried out on forest estates are managed by private enterprises
that underestimate the risks to health and safety that can arise. When health and safety legislation and
requirements are not met, the health and lives of workers are endangered. Work-related health issues
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in small enterprises are recorded in many countries, both developing and developed. Some examples
include South Africa, Sweden, Slovakia, and Croatia [7–10].

Many previous studies have focused on injury incidence and prevalence to underscore the need
for great safety in the workplace. The authors of [11,12] state that an analysis of injury rate can provide
complete information about changes in injury rate depending on a specific prognostic variable. Further
results can be gathered using Poisson regression models.

Employees in forestry, especially those exposed to harmful factors for at least six years, appear
to suffer from work-related injuries. Noise, vibration, extreme temperatures, dust, exhaust fumes
(especially carbon monoxide), and fixed or constrained body positions are considered to be harmful to
health. [13]. Working with chainsaws, the most commonly used tool by forest workers in Slovakia,
can be considered one of the most dangerous activities in forestry.

The aim of the paper is to analyse work phases in forestry that may be associated with risk of
injury. Moreover, the research is focused on determining the significant factors affecting the risk of
damage to the health in the forestry sector.

2. Materials and Methods

2.1. Data Collection and Processing

Data associated with workplace injuries were drawn from the records of the state enterprise
Forests of the Slovak Republic situated in Banská Bystrica. Gathered data were processed and
entered into the database, complemented by data on injuries of the self-employed working in forestry.
Questionnaires about the accidents were delivered to various forest enterprises in order to gather
relevant information about circumstances and causes of workplace accidents. Workplace accidents
were identified with accordance with “European Statistics on Accidents at Work” (ESAW) [14] in order
to create a dataset. Circumstances and causes of workplace accidents in Slovakia were determined
using the authors’ classification based on the Decree of Ministry of Labour, Social Affairs and Family
of the Slovak Republic No. 500/2006 Coll. on establishment of a template for reported occupational
accident in accordance with the unified statistical reporting system in the European Union [15].
A dataset of workplace accidents was created over the years 2000–2016. During the analysis period,
1874 workplace accidents in forest enterprises in Slovakia were recorded.

2.2. Contingency Tables

A method for contingency tables was used to analyse the correlation between qualitative
(categorical) variables in a dataset consisting of workplace injuries.

Investigation of the correlation between two variables is based, similarly to a one-dimensional
statistical dataset, on finding frequencies mentioned in contingency tables. The research methodology
follows that of several works [16–18].

For the case of the two categorical variables A and B, where the classes of variable A are A1, A2,
A3, . . . Ak and the classes of variable B are B1, B2, B3 . . . Bm, a k × m contingency table as illustrated in
Table 1 is formed.
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Table 1. Template of contingency table.

Variable B Classes of Variable B
Total

Variable A B1 B2 . . . BJ . . . Bm

Classes of Variable A

A1 n11 n12 . . . . . . . . . n1m n1A
A2 n21 n22 . . . . . . . . . n2m n2A
. . . . . .

Ai ni1 ni2 . . . niJ . . . nim nJA
. . . . . .

Ak nK1 nK2 nKJ nKm nkA

Total nB1 nB2 . . . nBJ . . . nBm N

Source: Authors’ compilation.

The degree of correlation between two categorical variables A and B is measured following
the comparison of the observed frequencies in individual classes of the contingency table nij to the
expected frequencies n′

ij, when the variables are independent. The expected variables are calculated
using Formula (1):

n′
ij =

ni·nj

n
(1)

They are calculated as the product of the corresponding frequencies (ni for the variable A and nj
for the variable B) divided by the size of dataset n.

The chi-squared test of independence was used to determine whether the occurrence of serious
workplace accidents during the phase of harvesting and skidding is statistically significant.

Testing the hypothesis on the significance of expected dependence is based on the calculation of
χ2 (chi-squared) defined by Formula (2):

χ2 =
k

∑
i=1

m

∑
j=1

(
nij − n′

ij
)2

n′
ij

(2)

χ2 is calculated in the contingency table, where besides observed frequencies nij (cell of the table),
the calculated expected frequencies n′

ij, and even the differences (nij − n′
ij) are displayed.

Expected frequencies (n′
ij) must be calculated for cells of the table without observed frequencies.

The value of these frequencies is χ2 (Equation (3)):

n′
ij =

(nij − n′
ij)

2

n′
ij

(3)

The results gathered using the formula are relevant when the size of dataset is n > 40. In case
that 20 < n < 40 and some of expected frequencies n′

ij are less than 5, the class with the mentioned
frequency must be combined with two or more adjacent classes of variable A or B. The mentioned
method cannot be used in the case of the size of dataset is n < 20.

Testing the null hypothesis (H0) on the independence of variables A and B follows χ2:

H0 : nij − n′
ij = 0, or

k

∑
i=1

m

∑
j=1

(
nij − n′

ij
)
= 0 (4)

Small values of χ2 confirm H0; on the other hand, large values of χ2 reject it.
The test statistics have an approximately χ2 distribution only if less than 20% of n′

ij < 5 ∀ i, j.
If χ2 > χ2

(k−1) (m−1) (α), the hypothesis on the independence of variables A, B is rejected.
Critical values (k − 1) (m − 1) (α) are percentage points, and (k − 1) (m − 1) is the number of

degrees of freedom.
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Sometimes χ2 is called the likelihood ratio. The value of χ2 provides information whether
correlation between variables A and B can be considered to be statistically significant or not. However,
it does not provide information on the degree of dependence of the variables. The degree of dependence
can be measured using the coefficient of association of two categorical variables A and B. It is calculated
using the Formula (5) [18]:

rAB =

√
χ2

n
√
(k − 1)·(m − 1)

(5)

2.3. Injury Rate Analyses

The aim of the injury rate analysis is to make decision about the effect of the commonly used
prognostic variables on the injury rate. Moreover, the association between the prognostic variables
and injury rate is studied as well [19]. The analysis is carried out using the Poisson regression model.
The model is often used to analyse the data related to age group in epidemiology [20–23] and it is
mentioned in several works [19,24,25].

Statistical models provide a possible solution to the problem. Poisson regression models provide
a standard framework for more complex statistical analyses of injury rate. However, a detailed insight
into the impacts of many variables is possible as well. The injury rate is estimated with regard to the
number of accidents (d) divided by the amount of produced wood (1000 m3) (N),

injury rate = d/N, (number of accidents/1000 m3) (6)

Data gathered in the year 2017 could not be included in the analysis because data associated with
the wood produced by the Slovak forest industry in that year were not available. Data associated with
wood production over the previous years were drawn from the Green report issued by the Ministry of
Agriculture and Rural Development of the Slovak Republic [26].

The number of injuries is predicted using the Poisson distribution with the mean μd = N × λ,
where λ is the incident injury rate. The average number of injuries, injury rate is expressed by
parametric function of prognostic variables. As the Poisson distribution assumes that the meaningful
value in distribution is greater than zero, this function of prognostic variables is often limited by values
of a function greater than zero. The following logarithmic-linear model is usually used to model the
injury rate λ as a function of a set of prognostic variables X1, . . . Xp:

log (λ) = log (μd/N) = β0 + β1X1 + . . . + βp Xp (7a)

or
log (μd) = β0 + β1X1 + . . . + βp Xp + log (N) (7b)

where β is a regression coefficient of average number of injuries of i-th prognostic variable X (i = 1 . . . n).
Thus, the log (of rate) is a linear function of prognostic variables. In the language of generalised linear
models (GLMs), the usual specification of the linear component is due to the inclusion of the term log
(N). This term is called the “offset” [27,28]. In the log function (Formula 7b) the average number of
injuries is expressed using the linear combination of prognostic variables, while log (N) is expressed by
fixed-value coefficient. The analyses relate to the amount of produced wood. The number of employees
(full-time as well as part-time workers) can be used as an alternative to the produced wood (1000 m3).

If the variance and the mean are equal, this is the condition to select the Poisson distribution for
the number of injuries (d). Multiple linear regression with homogeneity of variances is based on the
Poisson distribution.

If the variance and the mean are not equal, standard errors relating to parameter proposal are
incorrect. The condition is usually broken when the variance is larger than the mean, the so-called
over-variance. Methods dealing with over-variance are mentioned in the work [28]. The relevancy test
for Poisson regression models of both the variance and the mean is determined in the χ2 distribution
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used to compare the observed and expected frequencies [27]. A comparison of statistical models based
on measuring the model discrepancy and variance is also used for qualitative evaluation of model
adequacy. If the variance and the degrees of freedom are approximately equal, the model is considered
to be adequate.

Many important aspects have to be taken into consideration when the models are used,
for example, whether models are specified correctly, the determination of prognostic variables,
and appropriate methods for distribution. Additional analyses have to be carried out in order to
determine the suitability of the regression model for making predictions. Moreover, the data quality
must be evaluated (reliability, accuracy, etc . . . ) as well as random factors related to the analyses of
injury rate resulting from the various source of data.

3. Results

3.1. Injuries in Forestry Operations

Timber harvesting is the most risky phase of the process of harvesting, processing, and transport
(Figure 1). The highest number of workplace accidents (31.8% of all recorded workplace accidents)
occurred during the mentioned phase in the analysis period, due to motor-assisted technology with
chainsaws in the timber harvesting phase. Timber skidding, with 16% of recorded accidents, was the
second highest-risk phase. The timber harvesting phase is the riskiest phase. Forty-eight percent of
fatal injuries and 26% of serious injuries leading to permanent damage to health were recorded in
the forest industry during the analysis period. Seventy-five percent of all serious or fatal injuries and
48% of all workplace accidents mentioned in the database occurred during the phase of harvesting
and skidding.

 

Figure 1. Workplace injuries in Slovak forestry over the years 2000–2016.

Observed and expected frequencies related to fatal injuries and serious workplace injuries leading
to permanent damage to health during the phase of harvesting and skidding and also during other
phases and activities with recorded workplace injuries are shown in a contingency table (Table 2).
The null hypothesis was tested:
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Hypothesis 1. The difference in the occurrence of fatal injuries and serious workplace injuries leading to
permanent damage to health during the phase of harvesting and skidding and also during other phases and
activities is not statistically significant.

Table 2. Contingency table for the occurrence of fatal injuries (A-injuries) and serious injuries
(B-injuries) in forest harvesting and timber skidding operations.

Phase Injuries/Abundance A-Injuries B-Injuries Σ

Forest harvesting + timber skidding Real injuries 96 126 222
Expected abundance 63 159

Other
Real injuries 32 199 231

Expected abundance 65 166

Σ 128 325 453

Source: Authors’ compilation.

• χ2 = 47.4400
• Degree of freedom (DF): 1

At the level of significance α = 0.05 with the degree of freedom 1, the value of chi-squared is 3.8.
The calculated χ2 is bigger than χ2

1(0.05) and the null hypothesis can be rejected with 95% confidence.
The difference in the occurrence of fatal injuries and serious workplace injuries leading to permanent
damage to health during the phase of harvesting and skidding and also during other phases and
activities is statistically significant. More fatal injuries than the “expected dependence” occurred
during the phase of harvesting and skidding. The risk of fatal injuries recorded in the mentioned
phases is higher than in all other phases and activities in the forest industry.

Due to the coefficient of association of rAB = 0.32, there is a low positive relationship.

3.2. Injury Rate

The injury rate in the forest industry over the years 2000–2016 was decreasing. The trend in the
injury rate for the forest industry on 1000 m3 of produced wood in the years 2000–2016 is illustrated in
the graph (Figure 2).

 

Figure 2. Trend in the injury rate on 1000 m3 in the Slovak forestry sector over the years 2000–2016.
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A simple one-dimensional Poisson regression model can be used to analyse whether the trend in
the injury rate is a function of one hypothetical variable—the calendar year. The number of workplace
injuries and the amount of produced wood in the Slovak forest industry in 1000 m3 were primary
data in the first model. The effect of other prognostic variables was not taken into consideration. It is
expressed using the formula:

ln
(
λyear

)
= b0 + b1(year) (8)

where λyear is an injury rate or each year.
A regression model (Figure 3) described using Formula (8) (hereinafter Model (8)), means that ln

(injury rate) should be dependent on the year (b1). Results of the regression analysis are mentioned
in Table 3.

 

Figure 3. Trend in the injury rate in the Slovak forestry sector over the years 2000–2016 after calculation
with Model (8).

Table 3. Simple regression results with dependence variable (injury rate in forestry).

Simple Regression Results with Dependence Variable: C (Injury Rate)
R = 0.9199, R2 = 0.8463, Edited R2 = 0.8360, F (1,15) = 82.5660, p

N = 17 B Standard Error from b b Standard Error from b T (15) p-value

Absolute term 327.0145 35.7358 9.1509 0.0000

Year −0.9199 0.1012 −0.1617 0.0178 −9.0865 0.0000

Source: Authors’ compilation.

Coefficients used in Model (8) were b0 = 327.0145 and b1 = −0.1617, with the standard error
of s.e.(b0) = 35.7358 and s.e.(b1) = 0.0178. As is shown in the model, the injury rate decreases by
0.16 units per year after logarithmic transformation. Expected change in the number of injuries was
exp (−0.1617) = 0.8510 from year to year. Therefore, the injury rate decreases approximately by
14.9% (= 100 × (1 − 0.8510)%) annually. An approximate 95% confidence interval for the parameter
which is changed yearly is −0.1617 ± 1.96 (0.0178) = (−0.1264; −0.1969). Seeing that b1 = 0 is not in
this interval, a significant change in the primary observed injury rate per year is expected.
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3.3. Injured Body Parts

Forestry jobs have a risk of permanent damage to health or ability to perform manual tasks.
Therefore, an analysis of injured body parts has to be carried out. According to many authors,
the anthropometric parameters of the Slovak adult population have been increasing to date [29–31].
That is why the risk of workplace accidents in several forest operations has been affected as well.
The overview of the number of injuries related to individual body parts occurring in forest industry in
the years 2000–2016 is shown in Figure 4.

 
Figure 4. Injured body parts due to forestry operations in Slovak forestry over the years 2000–2016.

The most common parts of the body affected by workplace accidents are legs—all parts of legs
(42.5% of all injuries). Leg injuries are not usually life-threatening. Head and facial injuries are
those with the highest rate (67.1% injuries of these body parts) during the phase of harvesting and
skidding. Moreover, these injuries can result in life-threatening damage. Injuries of the whole body or
several body parts at the same time occur most often (54.2%) in the phase of harvesting and skidding.
The mentioned results correspond to the high rate of fatal injuries in the phase of forest harvesting and
timber skidding (3.1), as injuries to these body parts are most often life-threatening.

4. Discussion

A non-significant decrease in the injury rate over the years 2000–2016 was determined in the
analysis of the workplace injury rate in the Slovak forest sector. Grzywinski et al. [32] analysed
workplace accidents in Szczecinek (NW Poland) legally administered by the Regional Directorate of
State Forests in the years 1990–2009. A total of 10,420 workplace accidents and an injury rate of almost
15 injuries per 1000 employees were recorded. Following the analysis, it seems the privatisation in the
forestry industry did not affect the number of workplace accidents significantly.

Benavides et al. [33] carried out an analysis in Spain, finding that the injury rate of full-time
workers (44.9 per 1000 employees in the year 2002) was lower than the injury rate of seasonal workers
(120.6 per 1000 employees in the year 2002). This is influenced by the quality of professional training as
well as the work experience of full-time workers. In [34], a decrease in fatal injury rate in agriculture,
game keeping, and forestry in Arkhangelsk region from 43.9 per 1000 employees in the year 1996 to
20.8 per 1000 employees in the year 2007 is mentioned. The authors of [35] compared the fatal injury
rates in Australia and the United States over the years 1989–1992 and in New Zealand over the years
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1985–1994. The average fatal injury rate in New Zealand was 4.9/100,000, while in Australia it was
3.8/100,000, and in the United States it was 3.2/100,000. In the course of the years 1975–1984, the death
rate of forest workers in New Zealand was 8.0 per 100,000 employees per year.

Suchomel [36] carried out the analysis of workplace accidents in the process of forest harvesting
over the years 1984–1993. The position of individual phases in the process of harvesting, processing and
transport was as follows: forest harvesting—32%, timber skidding—29%, work on the skidway—9%,
timber hauling—8%, work at the conversion depot—6%, repairs and maintenance—15%, and internal
control—1%. Following the overview, almost the same order of the phases as during the analysis
period 2000–2016 can be seen. Small differences result from subjective as well as objective factors.
In the work [37] the analysis of Sweden is carried out. The results show that serious workplace
accidents are very common in Sweden and the death rate of self-employed in forestry is 7% of the total
number of workers killed in work-related activities recorded by the employment office. Falling trees
are the main cause of fatal or life-threatening injuries. Dangerous practises and procedures at work
result in injuries when using work tools (e.g., portable chainsaws). Therefore, quality training as well
as skill improvement must be offered to line workers to equip them to deliver health and safety to
the workplace.

When evaluating specific injured body parts in the analysis of workplace accidents,
the authors [37] found out that a knee is the most commonly injured part of the body in the process
of forest harvesting. The results of our analysis show that leg injuries occurred most often during
harvesting as well (258). This represents approximately 14% of all recorded injuries. An injury rate
of 28% is mentioned in [38], a rate of 14% of all injuries in [36], and a rate of 19% (excluding foot and
ankle injuries) in [1].

5. Conclusions

Forest harvesting and timber skidding represent operations with a high risk of injury. Working
with chainsaws, the most commonly used tool by forest workers in Slovakia, can be considered one of
the most dangerous activities in forestry. In order to create a healthy and safe working environment,
real accidents have to be analysed and subsequently, a system of preventive measures has to be
developed [39].

The self-employed must be the focus of attention. Making money is more important for them
than following safety instructions and advice. Their equipment is not in accordance with regulations,
and they do not wear protective clothing made for forestry workers seeking the best combination
of safety and optimal ergonomics in daily work. They underestimate and break the general norms
for ensuring the safety, health, and welfare of workers and do so intentionally. Minor injuries not
threatening their lives or not leading to permanent damage to health are not recorded and the labour
inspectorate is not informed about them. Forest jobs are also commonly offered to enterprises not
putting equal emphasis on qualification, training, or skills. Workers have only poor information about
doing enough to protect their health and keep them safe at work. The job of forest operators is a
physically demanding job associated with health risk. The abovementioned facts are often ignored
by the self-employed, who often work alone—for themselves. In case of workplace accidents there
is nobody to arrange first aid or any other medical treatment they need on time. It is necessary to
act and think quickly to avoid delayed treatment during an emergency, although this can be seen
as ineffective or even harmful. Moreover, they often do not have health insurance coverage from
commercial health insurance due to lack of finances and consequently, serious injury can result in
severe financial hardship.

In practise, measures for prevention and control can be inspired by the results of the analysis.
Following the analysis of the records related to workplace injuries and occupational diseases, the risk
to health during the process of harvesting, processing, and transport can be evaluated. Changes in
forest operations, especially in the phase of forest harvesting and timber skidding, aimed at technology
innovation, environmentally-friendly procedures, and protection of the employees from workplace
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dangers need to be made. The education and training of forest operators should be focused on the
safe use of a chainsaw, the proper use of personal protective equipment, and also on maintaining the
good posture in order to prevent workplace injuries caused by fatigue. Mechanical and physical risk
prevention must be supported in small and medium-sized enterprises (there are currently very weak
prevention measures). In the case of a decrease in workplace injuries, the social insurance contribution
paid by an enterprise should be lower. This is a method to motivate employers to follow requirements
in order to provide a safer environment in the workplace. In order to cope better with health and
safety issues for the self-employed, further safety legislation and laws must be implemented.

Even though the results of the analysis show a decrease in injury rate considering an increase
in forest production, misinterpretation is a common problem when using statistical information,
especially data related to the self-employed. Due to a high number of fatal and serious injuries in the
process of forest harvesting and timber skidding, there is widespread recognition of the importance of
good education and training of forest operators. Great emphasis must be placed on the use of proper
equipment and technology as well as safety processes and procedures to minimise the risk of injury in
the workplace.
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Abstract: This paper assesses the relationship between obesity and the job market by focusing on
young adults early on in their careers, while considering the factor of gender and the individuals’
job qualifications. This study extracted data on high school students for four years from the Korean
Education and Employment Panel (from 2010 to 2013), a nationally representative dataset comprising
of 2000 middle school students and 4000 high school seniors. The individual-level fixed effects
were controlled using conditional logistic regression models and an ordinary least squares model.
Obese and overweight men were 1.46 times more likely to be placed in professional jobs and
had 13.9% higher monthly wages than their normal-weight counterparts. However, obese and
overweight women were 0.33 times less likely to have service jobs, earned 9.0% lower monthly
wages, and half as likely to have jobs with bonuses than that of their normal-weight counterparts.
However, such penalty among women was found only when they had none of the assessed job
market qualifications. Given that initial jobs and job conditions have lingering impacts in long-term
job performance, the cumulative penalty for overweight or obesity could be more substantial for
young adults in particular.

Keywords: obesity; labor market performance; job qualifications; young adults

1. Introduction

The prevalence of obesity has dramatically increased across the globe and has become a major
public health concern [1]. From 1980 to 2013, an increase in obesity prevalence has been evaluated
in developed countries from 28.8% to 36.9% for men, from 29.8% to 38.0% for women, from 16.2%
to 22.6% for girls, and from 16.9% to 23.8% for boys [2]. This rise has also been observed in newly
developed and developing countries where obesity had not been a concern [3]. South Korea is not
exceptional in this regard, given that the number of those that are overweight or obese particularly
among young adults in the 20s and 30s age group soared from 24.4% in 1998 to 43.8% in 2015 [4,5].

Obesity is a well-recognized risk factor for various illnesses, including cardiovascular diseases
and cancer [6]. Being overweight or obese has negative implications in social aspects as well.
Several previous studies signify appearance-based discrimination on obese and overweight persons
to result in an overall negative effect [7]. For instance, slimness is considered a beauty norm,
which accordingly leads obesity to be looked down upon in most modern societies [8,9]. In addition,
for the reason that obesity is often controllable at the individual level, it results in the conception of
having insufficient self-control and practicing unhealthy behaviors or having poor self-esteem and
time management [10–12]. Furthermore, one’s overweight or obesity status is visible.

Int. J. Environ. Res. Public Health 2019, 16, 139; doi:10.3390/ijerph16010139 www.mdpi.com/journal/ijerph377
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Assuming that employers desire healthy workers with positive social characteristics, all these
aspects of overweight or obesity place disadvantages on such individuals in the job market [13]. It has
been reported that obese people earn less, are less likely to be hired, or are more likely to remain
unemployed [14,15]. Further studies also indicate that obese individuals are less likely to be sorted
into jobs that have socially desirable work profiles, such as earning a high salary, positioning in a
professional or semi-professional sector, and receiving benefits of high quality in both monetary and
non-monetary aspects [16].

The present study builds on previous literature and focuses on the labor market penalty for the
obese in their early adulthood life, a period in which individuals are generally new to the labor market,
and explored the association between overweight or obesity and job market performance varied by
the respondents’ job qualifications. While variables like education can be easily observed, studies find
that the measure of the impact of these qualification variables regarding their careers take place after
the firms gain access to more information on the productivity of their employees [17]. Likewise, given
that young adults tend to be new in their jobs, they do not have the offsetting information that is
needed to repel the stigma stemming from obesity [18]. Considering that disadvantage in the labor
market early on in their careers may linger later in their career, overweight and obese young adults are
more disposed to the negative effects of obesity in the job market [19,20]. Focusing on young adults
also gives us leverage to partially mimic experimental settings, since the manifestation of any reverse
impacts in job market activities on body mass have yet been realized [6].

There are certain features in a job profile that makes a job aspiring among young adults who are
entering the labor market for the first time. The characteristics that comprise of a good job include social
prestige, job security such as permanent status and labor union presence, monetary compensation,
work contents, and fringe benefits [21]. Although remuneration is the core aspect of a good job,
studies indicate that non-pecuniary characteristics also form important attributes that enhance the
appeal of a job [21–24]. Thus, this study also addresses the correlation between overweight or obesity
and job market performance by considering both a job’s pecuniary as well as non-pecuniary aspects to
comprehensively understand the relationship.

2. Materials and Methods

2.1. Data

The study obtained data from the Korean Education and Employment Panel (KEEP), a nationally
representative dataset comprising of 2000 middle school students and 4000 high school seniors from
general high schools and vocational schools. The data gathered via survey comprises of information
on the respondents’ education, employment, and household details since 2004, such as parents’
socioeconomic status. This study extracted data on high school students for four years from the
Korean Education and Employment Panel (from 2010 to 2013). The response rates of the annual
survey during the period from 2010 to 2013 for this study were 76.5%, 75.8%, 76.4%, and 76.4%,
respectively. Due to the potential non-randomness of the non-response to the survey, we applied
weight on the non-response to adjust the gap between the actual responses and the objective responses.
The following exclusion criteria was applied to a total of 9944 person-year observations: missing
household information (17 observations), BMI under 10 (one observation) or over 40 (13 observations),
and missing income information (40 observations). The final sample included 8340 person-year
observations (4714 males and 3626 females), of which 4185 (1959 males and 2226 females) person-years
were employed.

2.2. Variables

The dependent variable for this study is job performance, which is measured by: (1) employment
status, (2) permanent status of one’s job, (3) bonus provision, (4) presence of a labor union, (5) job sector
(professional, semi-professional, sales, service, and blue-collar), and (6) monthly wage. Respondents
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who helped their family at least 18 h per week without payment were considered employed,
whereas full-time students and students working as either teaching or research assistants were
considered not employed. Temporary employment was defined as either having a job with a
labor contract of less than one year or having daily jobs without contracts. Job sector, another
measurement of job performance, was categorized based on the South Korean standard classification
index (Korean Standard Industrial & Job Classification, 5th edition, 2000.1.7, Statistics Korea) into
professional, semi-professional, sales, and service groups, with reference to the blue-collar sector,
which comprises of other previously unlisted job classifications like skilled agricultural and fishery
workers, installation technicians, and mechanics. Wages were measured on a monthly basis as a
linear variable in units of 10,000 Korean Won (KRW). Each dependent variable excluding wage was
represented by binary variables.

The key independent variable is obesity status. The study determined the independent variable
using the individual’s BMI, which is calculated by dividing the respondents’ self-reported weight in
kilograms by the square of the respondents’ self-reported height in meters. Three dummy indicators
were generated, representing a clinical classification of BMI: underweight (BMI < 18.5), overweight or
obese (BMI ≥ 25), and normal weight (BMI between 18.5 and 25) as reference. Overweight and obesity
were combined, considering that the World Health Organization Regional Office for the Western
Pacific (WPRO) and Korea Center for Disease Control and Prevention [25] specified BMI ≥ 25 as
obese for Asians [26,27]. This study also considered individual qualifications for the job market
as independent variables, e.g., having foreign language and other special certificates, job training
experiences, or internship experiences. All the qualifications were measured using dummy indicators,
with non-experienced as the reference condition.

We controlled the following variables in all estimations as covariates: highest level of
educational attainment (high school graduate or below, with reference to college graduate or above),
demographic status (gender), health behaviors (cigarette and alcohol use and general health status),
personal characteristics (decisiveness and self-restraint), experience of discrimination, and parents’
socioeconomic profiles (employment status and highest education level attained). The ages of the
respondents varied by a very small margin because the panel gathered data since the period in which
respondents were in their senior year of high school. Furthermore, given that the sample population
was in their late twenties, the respondents’ marital status and number of children did not show much
variations. Smoking was coded as a binary variable to denote whether the respondents were current
smokers. Alcohol usage was measured as drink occasionally and drink frequently, with never drink as
the reference. The respondents’ general health statuses were also measured using a dummy variable
that represents being healthy and feeling unhealthy, as the reference. Likewise, the respondents’
practice of decisiveness and self-restraint were also measure with dummy indicators.

2.3. Estimation

The individual-level fixed effects were controlled using conditional logistic regression models for
the dichotomous dependent variables and an ordinary least squares model for a linear measurement
of the dependent variable (1):

Yit = β0 + β1BMIit + β2Quali fit + β3Xit + μi + εit (1)

where the subscripts i and t denote individual and year, respectively. Y indicates either linear log
monthly wages or the following four binary dependent variables: employment, permanent status
of the job, bonus provision of the job, and presence of a labor union. The β s indicate estimated
parameters. BMI indicates either a linear measurement of BMI or a series of dummy indicators
representing underweight and overweight or obese, with normal weight as the reference. Quali f
denotes dummy indicators for job qualifications including highest education attainment level, and
obtainment of special certificates, job training or internship experiences. X is a vector of family
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information and individual demographic and socioeconomic variables. μ represents individual-level
permanent observed and unobserved characteristics, and ε denotes time-varying error term. The unit
of analysis was individual-year. For each dependent variable, two separate models were applied, one
with a linear measurement of BMI and another wherein BMI was clinically classified into underweight
and overweight or obesity (with normal weight as the reference). All estimations were run separately
according to sex. Survey weights were applied in all analyses to adjust the unequal selection probability.
All statistical analyses were performed using Stata 13.1 (StataCorp, College Station, TX, USA).

3. Results

Table 1 shows the distributional characteristics of the final sample by gender. The employment
rate was 71.6% for women and 55.11% for men.

Table 1. Descriptive statistics.

Variables

Mean (Standard Deviation)
(Minimum, Maximum)

Men (N = 4714) Women (N = 3626)

Dependent variables

Employed 0.5511 0.7168

Monthly wages (10,000 Korean Won) a 178.18 (76.89)
(12, 1000)

163.38 (55.96)
(15, 500)

Job sector classification a

Professional/managerial 0.162 0.220
Semi-professional 0.078 0.193
Sales 0.104 0.084
Service 0.230 0.402
Others (reference) 0.423 0.101

Job Quality a

Permanent position b 0.802 0.870
Having bonus b 0.619 0.587
With labor union b 0.216 0.164

Independent variable of interest

BMI 23.31 (3.15)
(13.36, 39.39)

20.20 (2.39)
(14.52, 33.62)

BMI Group c

Underweight 0.024 0.245
Normal weight (reference) 0.728 0.713
Overweight and Obese 0.248 0.042

Qualifications
Job training b 0.046 0.054
Certificates b 0.101 0.087
Internship b 0.175 0.429

Own education level
≤High School (reference) 0.616 0.240
College or higher 0.384 0.760

Other covariates

Experience of discrimination based on physical appearance 0.058 0.084
Being Decisive b 0.600 0.492
Being Self-restrained b 0.593 0.495
Self-reported health status: healthy b 0.688 0.490
Currently smoking b 0.444 0.060
Drinking behavior
Does not drink (reference) 0.196 0.234
Occasional drinker 0.708 0.718
Frequent drinker 0.098 0.051
Father’s socioeconomic status
High School graduate or lower education b 0.746 0.822
Employed b 0.946 0.937
Mother’s socioeconomic status
High School graduate or lower education b 0.891 0.927
Employed b 0.635 0.655

a Calculated only for the employed sample (1959 men and 2226 women). b Dummy indicator. c BMI groups include
underweight (BMI < 25), overweight or obese (BMI ≥ 25), normal weight (18.5 < BMI ≤ 25) as references.
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The higher employment rate among women possibly because of the national military service
obligation for Korean men, which is approximately three years long and is usually fulfilled in their
20 s. The average monthly wages earned by men and women were 1,781,800 KRW (approximately
1537 USD) and 1,633,380 KRW (approximately 1415 USD), respectively. The majority of the employed
had permanent jobs (80% of men and 87% of women). Approximately 61% of men and 58% of women
were paid bonuses, but only 21% of men and 16% of women worked in companies with a labor union.
There were also gender differences with regard to job qualifications. Women had a larger proportion
of internship experiences (42%) than men did (17%), whereas it was the contrary when considering
the attainment status of certificates (8% for women and 10% for men). The average BMIs of men and
women were 23.31 and 20.20, respectively. Approximately, a quarter of men fell in the overweight or
obese category, whereas roughly a quarter of women were in the underweight category. The proportion
of women who have reported an experience in discrimination on physical appearance was higher than
the proportion for men (8.4% for women versus 5.8% for men). Additionally, an estimate of 60% of
men and 50% of women self-assessed that they were decisive or self-restrain in their daily lives.

Figure 1 shows an unadjusted distribution of monthly wages by units of one million KRW
(approximately 1000 USD) over BMI. The figure illustrates a negative association between BMI
and monthly wages among women, initially showing an ascending pattern up to the average BMI
level, following a descending pattern as BMI increases past the average BMI. In the case of men,
there was a positive relationship between BMI and monthly wages, showing a descending pattern in
the underweight group and a gradual rise in the obese group. Figure 1 also shows the overall penalty in
job quality of overweight or obese individuals. As illustrated, the tendency in which an individual has
a permanent job, bonus, and assignment in a company that has a labor union dramatically decreases
among both men and women with a BMI of 25 or more.

Figure 1. An unadjusted distribution of monthly wages in one million South Korean won and the
probabilities of permanent job status, getting a bonus, and having labor union over BMI. Note: The
X-axis represents body mass index, calculated as weight in kilograms divided by the square of height.
The Y-axis represents one million Korean won (for monthly wages (a)) or probability (for having
permanent job (b), bonus (c), and labor union (d)). In both the figures, the solid line is for women and
the dotted line is for men.
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The regression results as shown on Table 2 confirm no statistically significant association of
BMI to overweight or obesity and the probability of employment for both genders. Subsequently,
the study assessed the association of overweight or obesity with employment in specific job sectors,
which consisted of professional, semi-professional, service, sales, and blue-collar sectors. A unit
increase in BMI for men was associated with a higher likelihood of having professional jobs by 1.05
times, but a lower likelihood of having service jobs by 0.94 times. An alternative model with a
clinical classification of BMI further revealed that there was a positive association between professional
jobs and overweight or obese men (by 1.46 times) when compared to that of normal-weight men.
On the contrary, men with higher BMI were less likely to belong to service jobs (by 0.94 times) and
semi-professional jobs (by 0.50 times), compared to that of normal-weight men.

Table 2. Results from conditional logistic regression for the association between body mass status and
overall employment and job sectors.

Key Independent
Variables

Odds Ratio b (90% Confidence Interval):

Employed
Job Sector

Professional Semi-ProfessionalService Sales Blue-Collar

MEN

Model 1

BMI
0.988 1.051 ** 0.982 0.943 ** 1.015 0.991

(0.97, 1.00) (1.01, 1.09) (0.94, 1.03) (0.90, 0.98) (0.99, 1.05) (0.97, 1.02)

Model 2

Underweight a 1.033 2.036 * 0.312 1.281 0.258 ** 1.453
(0.73, 1.46) (1.02, 4.07) (0.06, 1.68) (0.60, 2.74) (0.09, 0.70) (0.77, 2.17)

Overweight & Obese a 0.905 1.469 ** 0.501 ** 0.983 0.973 0.955
(0.63, 1.29) (1.15, 1.87) (0.42, 0.86) (0.70, 1.25) (0.79, 1.20) (0.80, 1.14)

N 4714 1959 1959 1959 1959 1959

WOMEN

Model 1

BMI
0.996 0.995 0.983 0.833 *** 1.019 1.138 ***

(0.97, 1.02) (0.96, 1.03) (0.94, 1.02) (0.78, 0.89) (0.99, 1.05) (1.08, 1.19)

Model 2

Underweight a 1.111 1.010 1.100 1.340 * 1.004 0.523 ***
(0.96, 1.28) (0.82, 1.24) (0.89, 1.36) (1.00, 1.79) (0.84, 1.20) (0.37, 0.74)

Overweight & Obese a 0.970 0.220 1.006 0.333 ** 0.957 1.450
(0.70, 1.35) (0.79, 1.89) (0.62, 1.63) (0.14, 0.80) (0.66, 1.40) (0.86, 2.44)

N 3626 2226 2226 2226 2226 2226
a BMI groups include underweight (BMI < 25), overweight or obese (BMI ≥ 25), normal weight (18.5 < BMI ≤ 25) as
references. b * for p-value < 0.1, ** p-value < 0.05, *** for p-value < 0.01.

For women, there were statistically significant associations between the respondents’ body mass
status and the likelihood of having a service or sales job. Women with higher BMI were less likely
to have service jobs (by 0.83 times), and the magnitude of the negative relationship between the two
factors was more apparent for women in the overweight or obese category (by 0.33 times) compared to
that of normal-weight women. In contrast, underweight women were nearly half as likely to have
blue-collar jobs and were associated with a 13% higher probability of having a blue-collar job per unit
increase in BMI (Table 2).

Table 3 shows the association between overweight or obesity and monthly wages.
When controlling for time-invariant individual characteristics in a fixed-effect model, overweight or
obesity among women was associated with lower monthly wages by 9.0%. Results among men were
contrary to that of women, given that a unit increase in BMI was associated with higher monthly wages
by 4.6%. An alternative model with a clinical classification of BMI also demonstrated that overweight
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or obese men had 13.9% higher monthly wages compared to the wages of their normal-weight
counterparts (Table 3).

Table 3. Results from the individual-level fixed-effects model for the association between BMI and log
monthly wages.

Key Independent Variable
Regression Coefficient b (Standard Error) on Log Monthly Wages

Women (N = 2226) Men (N = 1959)

Model 1

BMI
0.001 0.046 ***

(0.007) (0.009)

Model 2

Underweight a −0.003 0.025
(0.027) (0.090)

Overweight & Obese a −0.090 ** 0.139 ***
(0.040) (0.044)

a BMI groups include underweight (BMI < 25), overweight or obese (BMI ≥ 25), normal weight (18.5 < BMI ≤ 25) as
references. b ** p-value < 0.05, *** for p-value < 0.01.

There were statistically significant associations between overweight or obesity and job qualities,
particularly among women. Underweight women were 1.57 times more likely to have a permanent
job when compared to that of normal-weight women. Similarly, with each unit increase in BMI,
women were 0.94 times less likely to have a job with a bonus provision, and overweight or obese
women were only half as likely to have jobs with bonuses compared to that of normal-weight women.
In addition, overweight or obese women were only 0.39 times likely to have a job in companies
that have labor unions than that of their normal-weight counterparts. Such BMI penalties seen in
job quality were marginally significant for employed men positioned in companies that have labor
unions (Table 4).

Table 4. Results from conditional logistic regression models for the association between BMI and
job quality.

Key Independent Variable

Odds Ratio b (90% Confidence Interval):

Having A Permanent Job Getting Bonus in the Job
Having Job in a Company with a

Labor Union

WOMEN

Model 1

BMI
1.043 0.949 *** 0.905 ***

(0.99, 1.09) (0.92, 0.98) (0.86, 0.95)

Model 2

Underweight a 1.579 *** 1.010 0.748
(1.25, 2.00) (0.85, 1.20) (0.60, 0.93)

Overweight & Obese a 1.125 0.501 *** 0.390 **
(0.66, 1.92) (0.34, 0.74) (0.20, 0.74)

N 2226 2226 2226

MEN

Model 1

BMI
0.998 0.982 0.965 *

(0.96, 1.03) (0.96, 1.01) (0.94, 0.99)

Model 2

Underweight a 0.502 1.032 2.156
(0.23, 1.08) (0.77, 2.19) (0.97, 4.78)

Overweight & Obese †a 0.615 1.305 1.360
(0.28, 1.34) (0.76, 2.23) (0.60, 3.07)

N 1959 1959 1959
a BMI groups include underweight (BMI < 25), overweight or obese (BMI ≥ 25), normal weight (18.5 < BMI ≤ 25) as
references. b * for p-value < 0.1, ** p-value < 0.05, *** for p-value < 0.01.
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Table 5 exhibits the results obtained from subgroup analyses of two groups, where one group
comprises of individuals with at the least one job qualification—the possession of foreign language or
other special certificates, or experience in job training or internship—and the other group comprises of
those without any of the three stated job qualifications. A part of the results revealed that, compared
to having none of the three qualifications, having at the least one qualification alleviated penalty for
those in the overweight or obesity category. When only considering women with none of the three
qualifications, overweight or obesity was estimated to penalize the likelihood of having a permanent
job (by 0.35 times compared to their normal-weight counterparts). Similarly, overweight or obese
women were 0.33 times likely to have a job with a bonus provision than that of their counterparts.
Women in the underweight category were estimated to have rewards for monthly wages in only the
subgroup comprising of those without any of the three qualifications.

Table 5. Subgroup analyses by job qualification status for the association between BMI and job quality
using conditional logistic regression or fixed-effects ordinary least squares.

Key Independent Variables

Odds Ratio b

(90% Confidence Interval):
Regression Coefficient b

(Standard Error):

Employed Permanent Bonus Labor Union Wage

MEN WITH AT THE LEAST ONE QUALIFICATION c

BMI group

Underweight † 1.196 1.573 0.486 0.445 0.061
(0.65, 2.21) (0.40, 6.25) (0.18, 1.26) (0.12, 1.62) (0.157)

Overweight & Obese † 0.988 1.110 1.144 0.624 ** 0.087
(0.81, 1.21) (0.77, 1.60) (0.87, 1.50) (0.46, 0.85) (0.067)

N 1912 920 920 920 920

MEN WITHOUT ANY QUALIFICATION c

BMI group

Underweight † 0.896 2.003 0.854 0.479 −0.030
(0.59, 1.37) (0.80, 5.03) (0.46, 1.60) (0.17, 1.34) (0.127)

Overweight & Obese † 0.813 ** 1.316 0.899 0.597 ** 0.196 ***
(0.69, 0.95) (0.96, 1.81) (0.70, 1.16) (0.42, 0.84) (0.065)

N 2802 1039 1039 1039 1039

WOMEN WITH AT THE LEAST ONE QUALIFICATION c

BMI group

Underweight † 0.772 ** 1.573 1.082 1.313 −0.038
(0.62, 0.96) (0.40, 6.25) (0.85, 1.37) (0.98, 1.77) (0.083)

Overweight & Obese † 1.082 1.110 0.581 0.290 −0.076
(0.65, 1.79) (0.77, 1.60) (0.36, 0.94) (0.11, 1.79) (0.072)

N 1881 1249 1249 1249 1249

WOMEN WITHOUT ANY QUALIFICATION c

BMI group

Underweight † 1.015 0.656 ** 0.873 1.359 0.109 ***
(0.83, 1.24) (0.47, 0.92) (0.68, 1.13) (0.99, 1.87) (0.039)

Overweight & Obese † 0.741 0.352 ** 0.332 *** 0.871 −0.033
(0.49, 1.13) (0.18, 0.68) (0.18, 0.61) (0.38, 1.98) (0.071)

N 1745 977 977 977 977
† BMI groups include underweight (BMI < 25), overweight or obese (BMI ≥ 25), normal weight (18.5 < BMI ≤ 25) as
references. b ** p-value < 0.05, *** for p-value < 0.01. c The following three qualifications were considered: having
any certificates, job training, or internship.
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Based on the analyses on men, overweight or obese men without any qualifications had a
0.81 times less chance of employment compared to that of their counterparts, whereas a statistically
significant overweight or obesity penalty was not found for men with at the least one qualification.
Overweight or obese men were less likely to have a job in companies that had a labor union compared
to that of their counterparts, both in circumstances of having at the least one of the qualifications
(by 0.62 times) and in having none of the qualifications (by 0.59 times). Higher monthly wages among
overweight or obese men compared to that of their normal-weight counterparts were found only
among men with none of the qualifications (Table 5).

4. Discussion

Our findings indicate that overweight or obesity had negative associations with labor market
performance, particularly for women. The results are similar to those of previous studies showing
penalties on overweight or obesity that affect job market performance, particularly among women [15,
28–32], and highlight and confirm the existence of such penalties among young adults in their late
20s. Our findings also indicate that a penalty exists not only in the pecuniary aspect but also in other
qualitative aspects of a job. For instance, overweight or obese women had job penalties in terms of not
only monthly wage level but also job quality features, e.g., permanence status, bonus provision, and
labor union presence. However, for men, overweight or obesity was associated with higher monthly
wages and a higher likelihood of having professional jobs and enjoying other high quality features
such as being part of a labor union.

The present study further explores the extent to which the impact of obesity on job performances
is moderated by the level of individual job qualifications, which refers to stipulated abilities used
to increase the chance of employment. Job qualifications play a significant role in making hiring
decisions because it comprises of a crucial part of the restricted information that firms receive from
their applicants. Therefore, firms tend to make judgments by basing off from the average performance
for a given job qualification for comparison [33]. Young adults are new to the job market and are more
likely to be more prone to the effect of job qualification due to the paucity of evidence of their job
capabilities [33].

Education is a representative job qualification and is actively explored for its influence when
signaling in the job market [34,35]. The present study expands the observation of job qualifications
by adding features that require supplemental personal investments, such as the possession of any
certificates, special training for a job, or the completion or presence of internships. This extension
is particularly relevant in the context that young adults in South Korea have been substantially
investing in extra qualifications other than in formal education, such as internships, foreign language
certifications, or short-term coursework abroad—particularly resulting from the recent increase in
unemployment rate [36]. The findings of the present study show that the job market penalty for
overweight or obesity was mitigated to a certain extent by a boost in job qualifications among young
adults. Previous studies also report that job qualifications could moderate poor achievements in
the job market for overweight or obese individuals [6,28]. At the same time, other studies find that,
regardless of previous experience in job training, obese women face a larger penalty in their job market
performance, such as employment outcomes and monthly wages, compared to that of normal-weight
women [6,37].

It is also important to acknowledge and address the limitations in the present study. First, since the
data was gathered via written questionnaires, height and weight were self-reported. Considering
that height is usually over-reported and weight is usually under-reported, the effect of overweight
or obesity might be underestimated in this study [38,39]. The existence and extent of these errors
cannot be ascertained from the data used in this study. Nevertheless, several studies report that
adjusting the gap between the actual and self-reported numbers do not affect the overall estimation
results [15,32]. Second, BMI has limited ability to measure actual obesity status particularly in the
medical perspective because it does not effectively distinguish fat from fat-free mass such as muscle
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and bone [40]. Despite this limitation, BMI has several merits including handiness for measurement
and high comparability to previous related studies due to its wide use, particularly in the social sciences
field [41]. Since there is a limited number of studies that have used fat mass in assessing the impact of
obesity on job performance [42], comparisons cannot be accurately constructed between this study
and other related studies. BMI is also more affected by visible look than other obesity measurements
such as % body fat, and thus, it is useful to assess the relationship between overweight/obesity and
job market performance in terms of distaste on appearance in the job market. Third, there is also a
potential of reverse causality in our estimations. For example, job performance may reversely influence
one’s body mass criteria. Any time-invariant mechanisms for reverse causality were controlled via
individual-level, fixed-effect models for both linear and binary dependent variables related to job
market performance. However, the presence of any remaining time-varying sources in the error term
was not tested.

The study measured job market performance of young adults over a span of four consecutive years.
Future studies must explore the evolution of the relationship between overweight or obesity and job
market performance throughout their career path, to thoroughly understand the relationship between
the two variables and their significance for the general population. Furthermore, comparative studies
on the impact of obesity on the job market by different cultural and labor market contexts, both within
and across continents, for young adults would also highlight the understanding of mechanisms that
underlie in one’s job market performance. Future studies should endeavor to compare differences
in the relationship between obesity status and job market performance when obesity is measured
based on look versus on actual body fat. Such comparisons will improve our understanding of the
mechanism (via obesity-related health versus distaste related to appearance) behind this relationship.

5. Conclusions

In summary, this study builds on previous literature by demonstrating the persistence of an
association between overweight or obesity and labor market performances in South Korea when
holding young adults’ job qualifications independent. Our results imply that the cumulative penalty
for overweight or obesity could be more substantial for young adults in particular, given that it is likely
of initial jobs and job conditions to have lingering impacts in long-term job performance. The obesity
burden on individuals is likely to be spilled over to non-health areas such as the job market, and thus,
more proactive public efforts will be needed to control obesity for the younger generations.
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Abstract: Nurses remain at the forefront of patient care. However, their heavy workload as a
career can leave them overworked and stressed. The demanding nature of the occupation exposes
nurses to a higher risk of developing negative mental states such as depression, anxiety, and stress.
Hence, the current study aimed to assess the prevalence and risk factors of these mental states in a
representative sample of Australian nurses. The Depression Anxiety Stress Scale was administered to
102 nurses. Information about demographic and work characteristics were obtained using lifestyle
and in-house designed questionnaires. Prevalence rates of depression, anxiety, and stress were found
to be 32.4%, 41.2%, and 41.2% respectively. Binominal logistic regressions for depression and stress
were significant (p = 0.007, p = 0.009). Job dissatisfaction significantly predicted a higher risk of
nurses developing symptoms of depression and stress respectively (p = 0.009, p = 0.011). Poor mental
health among nurses may not only be detrimental to the individual but may also hinder professional
performance and in turn, the quality of patient care provided. Further research in the area is required
to identify support strategies and interventions that may improve the health and wellbeing of nursing
professionals and hence the quality of care delivered.

Keywords: mental health; nursing; depression; anxiety; stress

1. Introduction

The health workforce in Australia is dominated by nurses, making them indispensable to the
healthcare sector [1,2]. Nurses not only provide care and assistance to patients, but also participate in
their rehabilitation, provide support to patients and their families, and advocate health education [3],
playing an important role in improving and promoting health services in the community [4].
Their broad and multifaceted workload presents them with the largest amount of time spent with
patients and allows them to cover all areas of the healthcare network [3]. Yet, the profession is invariably
recognised as a stressful and demanding occupation.

Nurses regularly experience a variety of work-related stressors including but not limited
to: long work hours, time constraints, meeting patients’ needs, irregular schedules, and lack
of professional support [2,5–7]. With such demanding occupations, the ongoing strain faced by
healthcare professionals could have a severe impact on their mental health and quality of life [8,9].
Previous studies have shown that the ongoing stress faced by these professionals can have negative
effects on their psychological well-being [10,11]. Poor mental health among health care providers
may also hinder their professional performance and have a considerable effect on the quality of
care they provide to patients [2,10] (inevitably impacting negatively on patients’ health). Therefore,
administrators and nursing managers are becoming increasingly interested in the health status
of nurses.

Psychological indicators for distress include but are not limited to, low self-esteem, fatigue,
and sleep/appetite disturbances [12]; while physical impacts may include the increased risk of
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cardiovascular disease, high blood pressure, decreased immunity, migraines, muscle aches, and chronic
fatigue [13]. Additionally, high levels of stress may lead to or exacerbate maladaptive behaviours,
such as smoking, over/under eating, excessive alcohol consumption, and substance abuse [14,15].
Depression and anxiety also remain two of the most prevalent mental disorders in Australia with
12-month prevalence rates of approximately 4% and 14% respectively [16]. Investigating depression,
anxiety, and stress levels in nurses and identifying predictors for these mental states is crucial for
future health systems to provide safer and more amenable workplaces while promoting the well-being
of its employees.

The prevalence of depressive symptoms among nurses in the USA was between 35–41%,
but another study reported it to be 18% [7,10], 11%–80% in Iranian nurses [17,18], 35% in Chinese
nurses [19], 17% in Australian Midwives [20], and 51% in Brazilian nurses [21]. Additionally,
approximately 33% of French nurse managers and 10% Canadian nurses were found to suffer from
depressive symptoms as well [22,23]. A high incidence of anxiety in nursing professionals is also
evident, with studies stating prevalence rates ranging from 20% in Australian Midwives [20] to 32–43%
in Chinese nurses [11,19,24], 40–46% in Iranian nurses [4,25], 44–66% in Brazilian nurses [21,26],
and 22–24% of American nurses who showed PTSD symptomology [27,28]. The level of stress among
nurses can generally range from moderate to high [29,30] and the few prevalence rates that have
been presented range from approximately 40–90% [31–34]. Predictive factors such as job satisfaction,
high workloads, shift work, sleep disturbance, years of employment, and marital status [10,17–19,35]
were commonly implicated with these mental disorders.

Hence, the current study aimed to

1. Assess the prevalence of depression, anxiety, and stress in a cohort of Australian nurses.
2. Determine demographic and work characteristics associated with each mental state.

2. Materials and Methods

2.1. Participants and Sampling

A cross-sectional study design was used to examine the prevalence and correlates of depression,
anxiety, and stress symptoms in a cohort of Australian nurses. Data from 102 clinically active nurses
were used in the current analysis. Prior to inclusion, all participants were screened for chronic
disease/illness (including clinically diagnosed depression, anxiety, and other mental health issues),
medication use, smoking habits (in excess of 10 cigarettes a day), and alcohol intake (in excess of
16 standard drinks a day) via an in-house designed lifestyle questionnaire. Participants were excluded
if they answered yes to any of the screening questions above. All participants provided informed
consent prior to the commencement of the study. At the commencement and conclusion of each session,
the participant’s blood pressure (BP) was measured three times with an automated blood pressure
monitor (Omron IA1B, Kyoto, Japan), and then averaged to derive an average BP value to determine
further inclusion into the study (requiring BP < 160/100 mmHg).

2.2. Data Collection/Measures

Demographic, lifestyle, and work-related data were collected using in-house designed
questionnaires; developed to determine lifestyle risk factors/habits and determine inclusion/exclusion
criteria for the study.

The 42-item Depression Anxiety Stress Scale (DASS) [36] was applied to assess symptom severity
of each mental state. Together, each scale of the DASS assessed a comprehensive range of psychological
distress symptoms to identifying psychological disturbances perceived by an individual ranging
from situational anxiety, anhedonia, and dysphoria to levels of chronic non-specific arousal such as
irritability and difficulty relaxing [36,37]. It can be noted that perceived job strain and control are
commonly associated with self-reported mental health outcomes [38,39]. As the scale examines general
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mental health and is based on self-perception, it accounts for environmental and work-related factors
that may influence how an individual is feeling.

2.3. Statistical Analysis

Data was initially subject to descriptive statistical analysis. Pearson’s correlation analysis was
conducted to assess associations between blood pressure and Depression, Anxiety, and Stress.
Variables were then dichotomised to enable a good comparison of outcomes; participants with a cut-off
score of ≥10 in depression, ≥8 in anxiety, and >15 in stress were considered as having these disorders
as referenced by the DASS [36]. A forward-stepwise (conditional) binominal logistic regression was
utilised to measure the strength of associations between variables and sought to identify significant
predictors for the outcomes of interest to the study. The level of statistical significance was defined
as p < 0.05. Statistical analysis was performed using SPSS Version 23.0 for the Windows platform
(SPSS Inc.; Chicago, IL, USA).

3. Results

3.1. Demographics

Participants demographics are presented in Table 1. As seen in Table 1, a majority of the
participants were females working as Assistants in Nursing (AIN’s) and Registered nurses. A majority
of the participants also worked in aged care and hospital environments, reflecting the large number
of AIN’s and registered nurses. Finally, most of the nurses assessed in the current study engaged
in shiftwork.

Table 1. Demographics (n = 102).

Demographic/work factor Mean ± SD or %

Age 30.91 ± 11.52
Gender (female) 79.41% (81F: 21M)
Position

Assistant in Nursing 43.14% (44)
Enrolled nurse 15.69% (16)
Registered Nurse/Midwife 39.22% (40)
Other 1.96% (2)

Facility
Aged care 33.33% (34)
Hospital 34.31% (35)
Multiple facilities 9.80% (10)
Other 5.88% (6)
Unspecified 16.67% (17)
Shift workers 78.43% (80)

Job satisfaction
Yes 37.25% (38)
No 26.47% (27)
Unspecified 36.27 (37)

Mean DASS scores and prevalence for each mental state are displayed in Table 2. In the
total sample, according to DASS scores, 32.4% of participants scored over the normal threshold
for depression. Of those individuals, 21.57% fell into the mild/moderate categories while 4.9%
showed sufficient scores for severe depression and 5.88% for extremely severe depression. However,
though some individuals did not have scores over the normal threshold, 86.27% of the total cohort did
report some level of depressive symptoms.

Similarly, 41.2% of participants scored over the normal threshold for anxiety. Of those individuals,
20.59% fell into the mild/moderate categories while 9.8% showed sufficient scores for severe anxiety
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and 10.78% for extremely severe anxiety. Though not all the scores were over the threshold, 91.18% of
the total cohort did report some level of anxiety.

Finally, 41.2% of participants also scored over the normal threshold for stress. Of those individuals,
24.51% fell into the mild/moderate categories while 10.8% showed sufficient scores for severe stress
and 5.88% for extremely severe stress. Once again, though some individuals did not score over the
threshold, 95.10% of the total cohort did report some level of distress.

Table 2. Prevalence and Average scores for Depression, Anxiety, and Stress (n = 102).

Normal Threshold Cohort Mean ± SD Interpretation Prevalence (%)

Depression <10 8.38 ± 8.81 Normal 32.4
Anxiety <8 8.47 ± 7.86 Mild 41.2
Stress <15 13.90 ± 9.94 Normal 41.2

As previously mentioned, blood pressure was assessed for inclusion criteria. Associations between
blood pressure and depression, anxiety, and stress were non-significant, as seen in Table 3.
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3.2. Binary Logistic Regression Models

The logistic regression model for depression was significant (p = 0.007), explaining 14.2%
(Nagelkerke R2) of the variance in depression, and correctly classified 67.7% of cases. Job dissatisfaction
significantly predicted depression (S.E. = 0.538, Exp(B) = 4.07, df = 1, p = 0.009) with individuals who
reported not being satisfied being more likely to present with depression.

The logistic regression model for anxiety was non-significant. The association between the study
variables showed no significance between anxiety and the following: age, gender, facility, shift work,
shift type, shift length, job satisfaction, physical issues, and registration level.

The logistic regression model for stress was significant (p = 0.009), explaining 13.2%
(Nagelkerke R2) of the variance in stress, and correctly classified 66.2% of cases. Job dissatisfaction
significantly predicted stress (S.E. = 0.53, Exp(B) = 3.85, df = 1, p = 0.011) with individuals who reported
not being satisfied also being more likely to present with symptoms of distress.

4. Discussion

We assessed the status of depression, anxiety and stress symptomology in a representative sample
of Australian nurses. Our study demonstrated that depressive symptoms were common in nurses
with a prevalence rate of over 30%, compared to only 4% of the general Australian population [16].
Thus, the results suggested that more than a quarter of the current sample complied with DASS
cut-off criteria for depression (scores of 10 and above). Notably, multiple had presented with severe
depressive symptoms. Depression prevalence among nurses in our study was also within the ranges
reported in previous literature around the world with depression rates ranging from approximately
18–53% [10,18–21]. Likewise, the prevalence of anxiety symptoms was common among the
current sample, with a prevalence rate of over 40% compared to 14% of the general Australian
population [16]. Again, more than a quarter of the current sample complied with the DASS cut off
criteria for anxiety (8 and above) and among these individuals, over 10% had presented with severe
anxiety. The prevalence of anxiety among nurses in our study also fell within the ranges commonly
reported in the literature (ranging between 20–60%) [4,11,19–21,24,26,29]. Finally, levels of distress
were high with over 40% of the current nursing sample complying with the DASS cut-off criteria for
stress (scores of 15 and above) and once again multiple individuals presented with severe levels of
distress while our prevalence rate was similar to those of other countries [32,34].

As previously mentioned, rates of depression, anxiety, and stress in the current cohort were much
higher than population norms. Ignoring the signs of anguish and depression presented by nursing
professionals may not only increase the amount of physical and emotional stress on the individual
but may also result in low-quality patient care and higher work burdens on establishments [40].
Literature suggests that poor mental health may lead to a decrease in cognitive performance such as an
individual’s ability to focus and process information, in turn, resulting in inadequate performance [41,42].
Such consequences in the workplace can include decreased alertness and reduced job performance,
which could endanger human lives and increase the risk of adverse medical events [43,44].

Australian state spending on mental health services has increased over the past few years,
now costing approximately $9 billion [45] and more notably, the cost and number of workers’
compensation claims associated with stress and stress-related mental disorders are noticeably higher
in medicine and healthcare compared to other occupations [46,47]. Individuals who suffer from mental
health issues also tend to have more days out of role, taking approximately five days off work and
having 11 days of reduced productivity annually; adding billions of dollars lost to absenteeism and lost
productivity [48,49]. Although the number of nurses in Australia has increased over the last decade [50],
nurse shortages remain an ongoing issue [51]. High turnover, absenteeism, and lost productivity
within the health workforce could amplify shortages and easily leave facilities understaffed and unable
to meet patient demands, placing patients at risk [3,52]. Thus, as the prevalence of mental health
disorders increases within the profession so too will the economic, social, and individual impacts of
these disorders.
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The current findings suggested that demographic and occupational factors associated with an
increased incidence of developing symptoms of depression, anxiety, and stress were limited as only
one occupational factor was associated with poor mental health outcomes. While job dissatisfaction
was associated with an increased risk of distress and depression, no factors were found to significantly
increase the likelihood of developing anxiety. Further, blood pressure parameters were similarly not
associated with depression, anxiety, or stress. However, previous literature has implicated various
demographic and work-related predictors for the relatively high prevalence of negative mental
states among nurses. Previous studies have found common predictors such as age, job satisfaction,
sleep disturbance, years of employment, and marital status [10,17–19,53] to increase the likelihood of
developing stress, anxiety and depression. Associations between highly stressful work and its impact
on mental wellbeing necessitate the consideration of interventions which aim to improve working
conditions and reduce the personal and occupational stress of nurses in an aid to reduce and/or
prevent symptoms of depression, stress, and anxiety [43].

Limitations (such as a small representative sample and cross-sectional study design) do exist
in the current study, and hence further research may benefit from longitudinal study designs to
fully determine predictors of stress, depression, and anxiety in nurses. As the current data was
collected as part of a larger study, limited information was collected and available for analysis. A more
comprehensive assessment of demographic, personal, and work-related factors that may be considered
predictors for negative mental states may also be beneficial.

5. Conclusions

Nursing is an important role in our health care system, and patient care is heavily reliant upon
their ability to work optimally and deliver the best care possible [54]. It is becoming increasingly
recognised that nurses are affected by symptoms of stress, depression, and anxiety [9]. The prevalence
of nurses affected by negative mental states in the current study was high, and it is possible that poor
mental health can be detrimental to both the individual and the industry [2,10]. Further research is
needed to help care for the well-being of nurses and minimize poor mental health in the workplace.
Additionally, the development of short and long-term support strategies and interventions aimed at
improving the mental health needs of nursing professionals should be a priority to combat the physical
and psychological exhaustion associated with these mental states.

The stress, depression, and anxiety experienced by nursing professionals may not be entirely
preventable but realising its prevalence in the workplace is considerably important [55]. A healthy
workforce is essential in ensuring that both personal wellbeing and quality patient outcomes are
achieved [55].
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Abstract: The objective of this study is to analyse sick leave episodes of a university’s collective of
statutory workers in the State of São Paulo, between January 2010 and December 2015. For this,
a descriptive study analysed 5776 registered spells of sick leave of four university units: agricultural
sciences; human health, health and animal reproduction, and biological sciences; an administrative
unit; and a university hospital. The medical expert assessment was carried out by general practitioners
and psychiatrists who managed sick leave and return to work cases. Around 52% had up to three
sick leave episodes, and 10% of the workers had 20 or more episodes. Each spell of sickness absence
lasted a median of 30 days (IQR 8–60 days). Among all of sick leaves, 35% had as a primary cause
mental or behavioural diseases, of which 30% were depressive disorders, followed by around 18%
related to the musculoskeletal system and the connective tissues. In the medical reports, 80% of the
workers reported pain and 30% reported psychological symptoms. The collective, seen as privileged
by many for their job stability, has a high percentage of sick leave due to mental illness, with extended
periods which affect the levels of disability and reduce possibilities of return.

Keywords: sickness absence; public workers; university; psychosocial work environment;
occupational health; health workers

1. Introduction

Sickness absence is a complex phenomenon that is strongly influenced by factors other than
health [1–3]. It has been suggested that many workers will attend work with conditions that others
will be absent with, and that where there are high rates of absence there are also high rates of
“presenteeism”. Many EU governments have introduced programmes aimed at encouraging long term
absentees getting back into the workforce [1].

In Brazil, civil servants may be statutory or public employees. The former are holders of public
office and are subject to statutory regimes established by the federal, state and local governments.
On the other hand, the latter are subject to the rules of the Consolidation of Labour Laws (CLT), the
decree that governs labour relations in Brazil [4].

In Brazilian public universities, the same rule coexists. However, the workers are divided into
two other categories, technical-administrative and professors. Also, there may additional differences
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between the weekly work time, which may be full or part-time, and the type of dedication, exclusive
or not. Thus, Brazilian universities have a multiplicity of worker types, not to mention outsourced
workers, who deserve a separate analysis.

As many as 12% of Brazilian workers are civil servants, a similar proportion to some Latin
American countries, but far from the percentages found in developed countries, where the average is
21%, according to the Organization for Economic Co-operation and Development [5]. It is even further
from some Scandinavian countries where more than a third of the economically active population is
employed in the public service.

Even though working as a civil servant requires passing a civil service examination, it is highly
desirable. This is due to the security and employment stability provided by the organisations,
opportunities for professional formation and qualification, possibilities of professional advancement
and salary increases through career plans and promotions, coverage of special pension regimes with
higher pensions for lower contribution rates [6], while workers in the private sector tend to lead
unemployment statistics. As a consequence of the higher level of education needed to be admitted to
public service and its development during working years, more than half of civil servants have a higher
education degree. On the other hand, in the private sector this percentage is 15% [7]. For example,
more than 60% of the employees of a public university have a higher education degree, even though
they occupy high school education level positions [8].

Although these benefits still exist or at least part of them, from the 1990s onwards and parallel to
the transformations that occurred in business, the Government also reformed itself. It did so through
a politico-ideological movement with economic roots, adopting management practices, until then
typical of the private sector, and focusing on the search for quality and efficiency [9–13].

The changes in technical devices, management rules and the reorganisation of work environments
resulted, for the workers, in an increase in qualification, workload and flexibility, in addition to the
reduction of autonomy and remuneration. At the same time, this process accentuated competitive
behaviours and disarticulated the capacity for social support, producing feelings of isolation and
insecurity in employment [14,15]. In addition, the public service extinguished positions considered
non-essential, allowing the hiring of outsourced workers (for a specific period of time, under different
contract regimes and with unequal/lower salaries), of whom compliance with goals and an increase in
pace and productivity was demanded [15].

A non-ideal work environment was generated as a result of all these changes, increasing
psychosocial risk markers for workers’ physical and mental health problems: excessive workloads,
conflicting work demands, lack of clarity of function, lack of involvement in decision making and of
influence on the way work is done, insecurity, ineffective communication and lack of social support
from supervisors or colleagues [16,17]. These risk factors affected in quantity and intensity, what
contrasts with the improvements in general health conditions of the world population in the same
period [18] and, mainly, with the healthy worker effect [19].

The main indicator of workers’ health problems is absenteeism [20], here defined as absence to work
due to a disease and justified by a medical statement [21]. Studies on absenteeism in civil servants [22–27]
indicate that the predominant disease is related to work activities and the professionals involved; and, also,
that they are more frequent in female workers and in the age group between 30 and 45 years. Between
2003 and 2006, according to data from all civil servants employed by all departments and agencies related
to the Government of São Paulo State (Southeast Brazil), nearly 200,000 sick leaves were granted each
year, with mental disorders being responsible for almost 30% of these leaves [22].

In Brazil, official data [28] shows that mental disorders represent 10% of all pension benefits,
being surpassed only by musculoskeletal disorders (20%) and external causes (25%). This is certainly
resulting from the negative effects of these new work environments on workers’ health.

In addition to the impact of absenteeism on productivity and interpersonal relationships at work,
workers’ illness often results in long-term sick leave. This implies difficulties in returning to work,
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mainly when it involves changes in job, function and the status derived from the limitations caused by
the disease.

Thus, the objective of this study is to present an epidemiological profile of a university group
of civil servants’ sick leaves over a period of six years, as well as defining work characteristics and
possible causes of sick leave.

2. Materials and Methods

2.1. Study Design and Setting

This is a descriptive study of sick leaves. Its population was composed of civil servants from
a university located in inland São Paulo State, Brazil, that took sick leaves between the months of
January 2010 and December 2015.

During the period that the information was collected by the University’s Technical Section of
Worker’s Health, the university campus was composed by four academic units (agricultural sciences,
human health, biological sciences and animal health and reproduction), an administration unit,
and a university hospital.

2.2. Participants

The sum of the populations in these units, in the middle of the period (2012), was 4090 workers,
among which about 60% were statutory civil servants, while the others were public employees subject
to the CLT or outsourced public workers. The approximate proportional distribution of workers per
unit, in the middle of the period, was: administration (5%), agricultural sciences (13%), human health
and hospital (56%), animal health (11%), biological sciences (15%).

During the six years of the study, 965 workers were examined by physicians, resulting in 5776
episodes of sick leaves, which comprised the study sample. It should be noted that the estimates of
the populations made available from each year were fluctuating, which made it difficult to establish
precise annual denominators and imposed the need to analyse the data globally.

The institution has its own occupational medical service, who examines all statutory workers who
request a sick leave with duration of two days or more. This service is composed by general practitioners,
who evaluate sick leave applications due to non-psychiatric morbidity, and psychiatrists, who evaluate
sick leave applications due to mental disorders. The service not only manages all sick leaves applications,
since it is the only one that can grant or deny them, but also all cases of readaptation to work.

2.3. Variables and Data Sources

For the exploratory phase of the study, data was extracted from two institutional databases:
(a) Integrated Occupational Management Software (IOM) (UNESP, São Paulo, Brazil), which identifies
the worker and stores physician’s evaluation data; (b) Healthcare Medical System (HMS) (UNESP,
São Paulo, Brazil), which records information about cases of work readaptation.

It is important to highlight that the two databases were not integrated or built under the same
computational architecture (neither for research purposes), nor did it allow searches or information
filtering (in the case of the HMS), which made it necessary to evaluate one by one all cases of work
readaptation already made by that service to make them coincide with the valuations of the period.

Then, after retrieving and organising the information, a database was built. It contained variables
of the following types: sociodemographic (place of birth, sex, current age and age when hired by
the university, marital status and coexistence with partner), job characteristics (position, work unit,
rehabilitation history, working time in the institution and total work time), sick leave characteristics
(duration of each episode, number of medical evaluations in the period, total duration of all episodes,
reason of the leave classified by the International Classification of Diseases (ICD-10) and behaviour of
repeated sick leaves) and work readaptation (if it happened, time passed until it happened and if it
resulted in any limitations). The reason for each sick leave was defined as the first or main diagnosis
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pointed by the physician, since it could have multiple reasons. Thus, it was necessary to create
data mining tools to search for the reason of each leave and for variables related to the physicians’
evaluations (type of injury, affected part and presence of psychological symptoms) in the IOM, a textual
qualitative record base.

2.4. Statistical Analysis

The variables were analysed using simple and cumulative percentage distributions and measures
of central tendency and dispersion (for discrete and continuous variables, respectively), using IBM
SPSS software, v.20.0 (IBM, Armonk, NY, USA).

2.5. Ethical and Legal Aspects

The research has been carried out with the consent and support of the Human Resources of the
units involved and was approved by the Ethics Committee of the Botucatu Medical School (protocol
1.874.625, of 12/19/2016).

3. Results

A total of 5776 spells of sick leave, of two or more days, from 965 workers, were studied.
Table 1 shows that workers who took a sick leave had been hired by the university at a young
age (28.6 ± 6.7 years), but they had been in the institution for a long time (21.1 ± 7.6 years) before
taking the first sick leave during the period studied.

Table 1. Sociodemographic and working characteristics of the study population (n = 965).

Mean SD Min. Max. p25 Median p75

Age started working at university 28.65 6.74 18.35 59.22 23.07 27.84 33.10
Time working at university 21.12 7.65 0.4 50.39 17.02 21.73 25.99

n % C % *
Sex Female 605 62.7 62.7

Male 360 37.3 100.0
Marital status Married 538 55.8 55.8

Separated 232 24.0 79.8
Divorced 132 13.7 93.5

Single 57 5.9 99.4
Widowed 6 0.6 100.0

Has a partner Yes 538 55.8 55.8
No 427 44.2 100.0

Origin São Paulo 952 98.7 98.7
Another state 13 1.3 100.0

Unit Administration 41 4.2 4.2
Agricultural sciences 61 6.3 10.6

Human health 748 77.5 88.1
Animal health 56 5.8 93.9

Biological sciences 59 6.1 100.0
Position Mid-level healthcare 374 38.8 38.8

Administration 143 14.8 53.6
Operational 119 12.3 65.9

Academic support 72 7.5 73.4
High-level healthcare 61 6.3 79.7

Teaching 54 5.6 85.3
Rural work 45 4.7 89.9

Others high-level 22 2.3 92.2
Supervision and reception 22 2.3 94.5

Others mid-level 16 1.7 96.2
Supervisor 15 1.6 97.7

Radiotherapy 13 1.3 99.1
Transport 9 0.9 100.0

* cumulative percentage.
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The majority were women (62.7%), lived with a partner (55.8%) and born in the State of São Paulo
(98.7%). The largest proportion of workers belonged to the Human Health university unit (77.5%) and
occupied mid-level healthcare positions (38.8%).

Table 2 shows that the population had, on average, about 50 years of age when they took the sick
leave and that the average total duration of the sick leave per worker was 564 days, varying between
15 to more than 6 thousand days, distributed in single (23.5%) and multiple (76.5%) leaves. It should be
highlighted that 23.5% and 17% of the workers had had one and two spells of sick leave, respectively,
and almost 80% of the workers had up to 10 episodes during the study period. 10% had 20 or more,
reaching a maximum of 59. Each spell of sick leave (n = 5776) had a median length of absence of 30
days (IQR 8–60 days), with minimums and maximums of 2 and 1439 days, respectively.

Table 2. Characteristics of sick leaves.

Mean SD Min. Max. p25 Median p75

Age at the start of the process (n = 965) # 49.77 7.67 25.58 81.61 45.28 50.01 54.68
Total length of absence in days (n = 965) 564.47 1053.95 15.00 6077.00 79.00 147.00 351.00
Time until readaptation in days (n = 239) 343.24 684.99 2.00 5925.00 15.00 60.00 290.50

Each sick leave spell length of absence (n = 5776) 50.19 129.27 2.00 1439.00 8.00 30.00 60.00
n % % cum.

Readaptation (n = 965) No 714 74.0 74.0
Yes 251 26.0 100.0
No 56 22.3 22.3

Readaptation with limitations (n = 251) Yes 195 77.7 100.0

Number of medical evaluations in the period (n = 965) 1 227 23.5 23.5
2 162 16.8 40.3
3 111 11.5 51.8
4 73 7.6 59.4
5 58 6.0 65.4

6–10 140 14.5 79.9
11–20 112 11.6 91.5
21–59 82 8.5 100.0

I 130 2.3 2.3
ICD-10 chapter (n = 5776) * II 219 3.8 6.0

III 13 0.2 6.3
IV 83 1.4 7.7
V 2022 35.0 42.7
VI 131 2.3 45.0
VII 215 3.7 48.7
VIII 48 0.8 49.5
IX 245 4.2 53.8
X 182 3.2 56.9
XI 189 3.3 60.2
XII 96 1.7 61.9
XIII 1031 17.8 79.7
XIV 168 2.9 82.6
XV 22 0.4 83.0
XVI 1 0.0 83.0
XVII 18 0.3 83.3
XVIII 89 1.5 84.9
XIX 362 6.3 91.1
XX 25 0.4 91.6
XXI 487 8.4 100.0

Injured body part (n = 1018) ** Trunk 228 22.4 22.4
Hands 162 15.9 38.3
Eyes 151 14.8 53.1
Feet 130 12.8 65.9

Arms 124 12.2 78.1
Legs 99 9.7 87.8
Head 87 8.5 96.4

Fingers 37 3.6 100.0
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Table 2. Cont.

Mean SD Min. Max. p25 Median p75

Pain 1112 80.3 80.3
Type of injury (n = 1385) ** Fracture 141 10.2 90.5

Contusion 55 4.0 94.4
Sprain 35 2.5 97.0
Burn 17 1.2 98.2

Sharp-cutting 15 1.1 99.3
Dislocation 8 0.6 99.9

Lethargy 2 0.1 100.0

Psychological symptoms (n = 5776) ** No 4044 70.0 70.0
Yes 1732 30.0 100.0
No 768 79.6 79.6Symptoms start with other chapter and change to chapter

V of the ICD-10 until 20th expert record (n = 965) Yes 197 20.4 100.0
Symptoms start with chapter V of the ICD-10 and is kept

until 20th expert record (n = 965)
No 740 76.7 76.7
Yes 225 23.3 100.0

ICD chapter modified (n = 965) No 332 45.0 45.0
Yes 406 55.0 100.0

# Refers to the worker’s age at the first sick leave spell during the study period. * I—Certain infectious and parasitic
diseases; II—Tumours (Neoplasms); III—Diseases of the blood and blood-forming organs and certain disorders
involving the immune mechanism; IV—Endocrine, nutritional and metabolic diseases; V—Mental and behavioural
disorders; VI-Diseases of the nervous system; VII—Diseases of the eye, adnexa. VIII—Diseases of the ear and
mastoid process; IX—Diseases of the circulatory system; X—Diseases of the respiratory system; XI—Diseases of the
digestive system; XII—Diseases of the skin and subcutaneous tissue; XIII—Diseases of the musculoskeletal system
and connective tissue. XIV—Diseases of the genitourinary system; XV—Pregnancy, childbirth and the puerperium;
XVI —Certain conditions originating in the perinatal period; XVII—Congenital malformations, deformations and
chromosomal abnormalities; XVIII—Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere
classified; XIX—Injury, poisoning and certain other consequences of external causes; XX—External causes of
morbidity and mortality; XXI—Factors influencing health status and contact with health services. ** Referred to by
the doctor-expert in the record (based on complaints) of the consultation and extracted from the text.

More than one third (35%) of all sick leaves had, as primary (or main) cause, diseases classified as
mental or behavioural disorders, according to the ICD-10 [29]. These were followed at a distance by
diseases of the musculoskeletal system and of the connective tissue (17.8%). According to the medical
evaluations, 20% of all cases affected the trunk; there was pain in up to 80% of the episodes; and there
was psychological symptomatology in 30% of all cases.

Regarding the main cause according to the ICD-10, considering up to the 20th episode of sick leave
(91.5% of cases), the cause of the first episode was modified in subsequent events in 45% of the cases,
and it may have or not returned to the cause of the first episode. The main cause was subsequently
modified to a diagnosis included in the chapter ‘Mental and behavioural disorders’ from the ICD-10 in
20% of the sick leaves that did not have a mental disorder as the main cause in the first episode. And,
in about 23% of the cases, mental disorders were the main cause from the beginning until the end of
the follow-up.

Table 2 shows that 26% (239) of the 965 workers who took a sick leave had to be readapted to
work, with an average waiting period of 344 days. Of these, 77.7% (195) were readapted with some
degree of activities’ limitation when returning to work.

Table 3 presents the 51 most frequent causes of sick leave among the 150 diseases that were
registered as the main cause in the period studied and that represent 90.1% of the total causes. Among
the mental and behavioural disorders (Chapter V of the ICD-10), we see depressive disorders and
the use of psychoactive substances as those that were most frequently recorded. Meantime, among
the osteomuscular diseases (Chapter XIII of the ICD-10), dorsalgias, arthropathies and shoulder
diseases were the most frequent. The other 99 diseases corresponded to 9.9% of the events among the
5776 registered spells of sick leave.
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Table 3. Main causes of 5776 sick leaves (ICD diagnosis code or range).

P. * ICD Diagnosis Code or Range n % C % **

1 Major depressive disorder, recurrent 1131 19.6 19.6
2 Major depressive disorder, single episode, moderate 635 11.0 30.6
3 Dorsalgia 547 9.5 40.0
4 Convalescence after surgery 411 7.1 47.2
5 Shoulder lesions 254 4.4 51.6
6 Disorder of conjunctiva 159 2.8 54.3
7 Malignant neoplasm 158 2.7 57.0
8 Alcohol dependence 132 2.3 59.3
9 Arthropathies 103 1.8 61.1

10 Injuries of the knee and leg 96 1.7 62.8
11 Personality and behavioural disorders 81 1.4 64.2
12 Diseases of the veins and vessels and lymph nodes 80 1.4 65.6
13 Injuries of the ankle and foot 79 1.4 66.9
14 Other joint disorders 72 1.2 68.2
15 Disorder of nerves, roots and nerve plexuses 61 1.1 69.2
16 Ischemic diseases of the heart 58 1.0 70.2
17 Superficial trauma of the wrist and hand 57 1.0 71.2
18 Acute infections of the upper respiratory tract 54 0.9 72.2
19 Benign neoplasm 53 0.9 73.1
20 Diabetes Mellitus 51 0.9 74.0
21 Calculus of kidney 49 0.8 74.8
22 Disorders of the gallbladder, biliary tract and pancreas 49 0.8 75.7
23 Influenza (flu) and pneumonia 48 0.8 76.5
24 Hypertensive diseases 45 0.8 77.3
25 Diseases of the inner ear 36 0.6 77.9
26 Other local skin and subcutaneous tissue infections 36 0.6 78.5
27 Chronic diseases of the lower respiratory tract 32 0.6 79.1
28 Episodic and paroxysmal disorders 32 0.6 79.6
29 Pain and other conditions related to the female genital organs and the menstrual cycle 32 0.6 80.2
30 Dermatitis and eczema 30 0.5 80.7
31 Person in contact with health services due to other circumstances 29 0.5 81.2
32 Inflammatory polyarthropathy 29 0.5 81.7
33 Diseases of the esophagus, stomach and duodenum 27 0.5 82.2
34 Symptoms and signs that involve the digestive system and abdomen 27 0.5 82.6
35 Diseases of the oral cavity of the salivary glands and jaws 26 0.5 83.1
36 Other diseases of the upper respiratory tract 26 0.5 83.5
37 Other diseases of the urinary system 26 0.5 84.0
38 Other diseases of the intestines 26 0.5 84.4
39 Symptoms and general signs 26 0.5 84.9
40 Cerebrovascular diseases 24 0.4 85.3
41 Other viral diseases 24 0.4 85.7
42 Other forms of heart disease 24 0.4 86.1
43 Hernia 23 0.4 86.5
44 Organic mental disorders, including symptomatic disorders 22 0.4 86.9
45 Injuries of the forearm and elbow 22 0.4 87.3
46 Injuries of the shoulder and arm 22 0.4 87.7
47 Schizophrenia, schizotypal disorders and delusional disorders 21 0.4 88.0
48 Other bacterial diseases 20 0.3 88.4
49 Viral fevers transmitted by arthropods and hemorrhagic viral fevers 19 0.3 88.7
50 Obesity and other types of hyperalimentation 18 0.3 89.0
51 Other external causes of accidental injuries and falls 17 0.3 89.3

Other (99 categories) 617 10.7 100

Total 5776 100

* Position; ** Cumulative percentage.

4. Discussion

First of all, it should be highlighted that the databases accessed to obtain the information used in
this research contained data only on the civil servants who took at least one spell of sick leave during
the study’s period. Therefore, our results and their interpretation are valid only to this particular group
of individuals and cannot be generalised to university civil servants in general.

The present study allows us to describe sick leave causes in a group of great importance because
of its number and that is not usually studied, such as public university workers. This is a group of
workers seen by many as privileged in terms of psychosocial risk protection due to their special work
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regime (for the most part of them), their job stability [30] and/or their educational levels above the
average [7]. We identified a high percentage of sick leaves related to mental disorders (35%), of which
30% are depressive disorders. Having data on the causes, frequency and duration of sick leaves makes
it possible to propose preventive measures related to organisational factors and aimed at improving
the management of health services at these public institutions.

It must be borne in mind that the results presented in this study refer only to a subgroup of civil
servants, statutory workers. However, the fact that the results show that workers with a medium
level of education are the ones who take more sick leaves seems to corroborate the statement of health
protection for that kind of worker. At the same time, it should be considered that these workers occupy
lower positions in the employment hierarchy and perform less flexible activities, while those with
a higher level of education tend to occupy management positions. These positions are frequently
more flexible, and may be able to make use of informal agreements. Thus, their sick leaves may be
under-registered in the system.

When a civil servant (regulated by statute or specific regulation, contributor of a provisional
regime that belongs to an administrative unit, whether federal, state or municipal) requests a sick
leave, he/she undergoes a medical expert examination that aims at the social and financial equilibrium
of the institutions [31]. This study was conducted at an institution where the medical evaluations of
sick leave are made by physicians who depend on the same employer of the workers they examine.
This could mean that their decisions may not correspond to the reality of the diseased workers, for
example, anticipating times of return to work. Although the medical evaluations carried out by
these professionals may induce doubts, it is evident that the centralisation of these evaluations at
the institution’s own occupational medical service leads not only to reductions of travels to undergo
examinations, but also facilitate the standardisation of criteria [32].

The expected work time until a worker takes a sick leave should be in accordance with the life
cycle, in other words, older workers should be more likely to take sick leaves. This statement is
corroborated in the present study, in which we see that 76% of workers were over 46 years of age
and the average time they had spent in the institution until the first sick leave was over 21 years.
However, other international studies on sick leaves due to non-work directly related causes show that
this proportion is less than 30% [33].

Another finding of this research is that almost two thirds of the workers who took a sick leave
were women, while in other scenarios women were less than 50% [33]. Consideration should be
given to sex discrimination, which could influence the distribution of medium and higher education
positions and its relation to the frequency of sick leaves. Although when analysing only sick leave
cases without having the denominator of exposed workers, we cannot affirm that the proportion in
one of the two sexes is greater or not. Likewise, it is well known from previous studies that women
must attend to family emergencies to a greater extent than men, and this generates a higher percentage
of sick leaves because there is no other mechanism that allows an individual to take care of children or
other family members when such events arise [34].

The university unit with the highest proportion of sick leaves was the Human Health one (77.5%),
in equal percentage to the proportion of workers of the Faculty of Medicine, and the university
hospital accounted for 73% of those who composed this study’s sample. It should be highlighted that
almost half of the sick leaves were taken by health care workers, a fact that corroborates that, due to
risks ranging from biological to organisational type [35–37], they are a population of workers quite
vulnerable to temporary incapacities for work.

Making a reflection on the two previous considerations, the higher prevalence of workers from
the Human Health unit can also determine the higher incidence of sick leaves among women, since
the majority of the workers in the health sector are females, as stated by international and Brazilian
literature [38–40].

The average duration of sick leaves for each worker probably varies in function of age, the type
of work carried out and seriousness of the disease, associations that were not analysed since this is a
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descriptive study. However, it is necessary to highlight the multiplicity of events that the same worker
can have, since 77% of the workers had more than one episode of sick leave in the study period and,
of these, 45% had repeated episodes, maintaining the main cause from the first to the last episode.
That is to say, it is very possible to infer tendencies of chronification of the diseases that originated the
sick leaves, although they can also be explained, in part, by the greater age of the studied workers.
However, to corroborate these hypotheses, no studies were found that had investigated predictors of
the multiplicity of sick leaves.

Analysing chronic diseases, if we assume that longer sick leaves are a good example, we observe
that these occurred to a greater extent among mental and behavioural diseases. This is consistent with
the natural history of these diseases given that this type of pathologies produces acute symptoms to
a lesser extent, except in some cases such as depressive disorders. However, if we analyse the records
of the medical evaluations in less than a third of the registered sick leaves, psychological symptoms
were identified as a complaint.

On the other hand, the same medical evaluation reports (when based on the initial complaints)
that initially did not corroborate the diagnoses of the causes of temporary incapacity for work, now
revealed that pain was present in 80% of all events. Thus, it is a widely found symptom in the
majority of the acute causes that originated temporary incapacities for work, although they can also
become chronic.

The finding that more than a third of the sick leaves had as their main cause mental and
behavioural diseases is an important warning, especially because it does not agree with other
populational studies [28]. In these, they are the fourth cause (and very close to the fifth), with a
percentage close to 9% of the total. This was not either in accordance with other European studies
where this group of diseases is the fifth cause and accounts for less than 8% of the sick leave total,
behind musculoskeletal, respiratory, infectious diseases or those grouped in chapters XIX and XX of
the ICD-10, generically described as external causes [32,33].

Depressive disorders were the most prevalent among all registered illnesses and one fifth of the
workers had a main diagnosis related to mental health throughout their sick leave history. These
results are congruent with previous studies [41] and can be explained by several reasons, which may
also interact. We see how the mental health of civil servants is worse than that of the workers of the
private sector. This leads us to believe that the recent changes in management mechanisms and work
organisation that the civil sector has been through have led to work organisation models typical of the
private initiative, based on productivity, which may impact more significantly on civil servants than in
other sectors.

Another possible explanation is that the presence of psychiatrists among the physicians that work
in the institution’s own occupational medical service could lead to a better diagnosis or overdiagnosis
of mental and behavioural diseases. It has been described, in previous publications, that the presence
of such specialists can increase the diagnoses of mental illnesses and that such inadequate diagnoses
and treatments can increase the risk for the said persons to develop physical disorders such as diabetes,
cardiac disorders, weight gain, and other potentially serious health conditions [42].

In any case, due to overdiagnosis or not, addictions as a consequence of mental and behavioural
disorders imply a large number of sick leaves to require medical treatment, in addition to great
personal, institutional, economic and social losses, such as those derived from absenteeism, reduction
of work ability and loss of productivity [15,22,26]. Substance addiction is also associated with jobs with
high psychological demands and low work control [43,44], and the high prevalence obtained in this
study can indicate that the work environment in the university presents such negative characteristics
to workers’ mental health.

There is consensus on the high cost of mental illness attributed to the loss of productivity and
measured as absenteeism or lost work days. Thus, it is advisable to open lines of research that allow
us to better understand the incidence, extent and recurrence of this type of diseases in this workers’
population [45].
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A large number of workers needed a readaptation of their previous work activity and, for many
of them, with limitations. This aspect is important because we know from bibliography that the
longer the duration of the sick leave the more it is related to the degree of disability and the lower the
probability of returning to their original job [46].

Strength and Limitations

There are some limitations in this study. First, sick-leaves are multi-factorial and influenced
not only by the health status of the individuals, but also by their work environment, social and
psychological factors [47], attitudes and commitment to work as well as social insurance system. Thus,
since the medical reports mainly contained health related information, we cannot make inferences
about other possible sick leave causes related, for example, to psychosocial and workplace factors.

Second, it is a common problem for many registry-based studies of sick leaves that they only
have access to one diagnosis, while we know that workers often struggle with several complaints and
illnesses. Unfortunately, this was also the case of the databases that we had access to. They did not
contain all the information we consider relevant, such as all the diagnoses related to each sick leave
spell. In the system, only the main diagnosis of each sick leave spell is recorded. To identify all the
workers with multiple complaints and their diagnoses, access to the medical records of each worker
would be needed. However, we did not have access to these documents.

Third, we did not have access to the total number of workers at the units, forbidding the possibility
to establish a denominator for the amount of sick leaves. This is a clear limitation, as it precludes us
to know e.g. the overall prevalence and/or incidence of sick leaves in the units or to what extent the
distributions of the various sociodemographic and work characteristics mirror that of the working
population as a whole. The total number of workers at the units was not known, since it was fluctuating
(due to hiring, layoffs, transfers and retirements), both during the entire study period and yearly. This
made it difficult, if not almost impossible, to establish a precise estimation of the workers’ population
(needed denominator for prevalence and incidence calculation), and the decision to run an overall
analysis of the entire six-year period made it even harder. A possible solution would be to use the
number of workers recorded in the middle of 2012 (2364). However, this would bring even more
inaccuracies and lead to the stratification of the analysis year by year, what would end up determining
an annual analysis. Fourth, our results may be conditioned by the fact that the medical evaluations of
sick leaves are made by physicians that work in the same university institution, being able to speed the
return to work. However, a strength related to this centralisation of the evaluations, by the institution’s
own occupational medical service, is the standardisation of criteria.

The main difficulty to perform this study was that both databases were not integrated or built
under the same computational architecture. This fact forced us to build the database used in the study
manually, which was time-consuming and required extensive effort to collect information. These
databases also presented most of the five methodological problems regarding the analysis of sickness
absence described by Hensing et al. [48]. Solving these problems would facilitate the use of this useful
source of information, not only for research purposes but also for the follow-up of sick leaves by the
occupational medical service in the future.

5. Conclusions

Around 90% of all spells of sick leave were due to mental illness and musculoskeletal disorders.
We would highlight that, when compared with other groups of sick workers, they have a higher
number of sick leave spells due to mental illnesses, mostly depressive disorders. This fact has a
negative effect on the workers involved and higher costs for the university. This is because they are
a type of sick leave associated with higher levels of disability, fewer possibilities of return to work
and that needs a process of readaptation to the previous job position. From a practical perspective,
these results are of great relevance for those involved with workers’ health management: they allow
an overview of the diseases that are related to sick leaves in university workers, their burden, and
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also the widening of Occupational Health and Safety (OSH) managers’ understanding about workers’
sociodemographic data relation with sick leaves and return to work. Furthermore, the results might
guide the construction of a workplace’s preventive and protective measures and of health promotion
interventions to reduce the burden on workers’ health.

Using both record databases (Integrated Occupational Management Software and Health Medical
System) to acquire the data used in this paper has allowed us to identify some points that must be
improved in order to achieve the full potential of these tools, such as the absence of important data,
the use of different computational architecture for both databases and the need of linkage between
them. But this is not all, they have allowed us to demonstrate the usefulness of these databases for
better sick leaves management by OSH managers and workers.

The analysis of data on sickness absences stored in computerised databases can lead to the
detection of failures in the management system, the identification of groups, pathologies and
organisational measures where action is needed. An example is the greater vulnerability found
in the “Human health” unit that can be explained by being composed mostly by females and health
personnel, two of the variables that in previous studies have been associated with a greater number of
sick leave spells.

Finally, the effort to extract the data from both databases and reconstruct it under a unified
database will contribute for OSH researchers and workers in concomitant and/or subsequent studies.
With these, we intend to investigate some hypotheses that were generated during this study regarding
predictors of multiple spells of sick leaves. For example, the ageing of the workforce due to not
replacing retired workers and the effects of the economic crisis.

To conclude, the studied sick leaves taken by the university workers differ from those presented
in previous publications, since more than a third of the sick leaves had as their main cause mental and
behavioural diseases, also because women comprised almost two-thirds of the workers who took a
sick leave and due to the fact that 76% of the workers who took a sick leave were over 46 years old, as
previously stated in the discussion. Furthermore, the long duration of the sick leaves found in this
study is remarkable and it may be related to the fact that multiple repetition of events occurred in
several cases.

We would also like to highlight the important contingent of workers that were readapted to their
previous work activity and the high percentage of those who were readapted to work with limitations.
This is important since it is well known that the longer the sick leave is, the higher the disability levels
and the lower the chances of return to work.
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Abstract: Despite having to perform the same occupational tasks as full-time soldiers, part-time
soldiers may have lower levels of physical conditioning and report higher rates of injury per unit
exposure to active service. The purpose of this study was to profile the leading body site of injury
occurring in part-time soldiers to inform injury prevention strategies. Injury data from the Australian
Army Reserve (ARES) spanning a two-year period were obtained from the Department of Defence
Workplace Health, Safety, Compensation and Reporting database pertaining to locations, nature,
mechanisms, and the activity being performed at the time of injury. Among the 1434 injuries reported
by ARES personnel, the knee was the most common injury site (n = 228, 16%). Soft tissue injury due
to trauma or unknown causes was the most common nature of knee injury (n = 177, 78%). Combat
training was the most common activity being performed when soft tissue injuries occurred at the knee
(n = 73, 42%), with physical training the second most common (n = 51, 30%), due to muscular stress
(n = 36, 71%) and falls (n = 8, 16%). Targeted intrinsic and extrinsic approaches to injury minimization
strategies for soft tissue knee injuries during combat and physical training should be designed.

Keywords: reserves; part-time; military; health and safety; defence; injury

1. Introduction

An effective military force is required to be agile, capable, efficient, and potent. Injuries to military
personnel interrupt active duty service and detract from overall army capability [1]. Emphasis is on
ensuring injury prevention strategies are put in place to minimise injuries sustained during military
service [2–4]. To be effective however, these intervention strategies need to be informed by research
investigating key types and sources of injuries, so that risk mitigation strategies are directed towards
the most prevalent or serious types and sources of injury [2–4].

The Australian Defence Force is comprised of both part-time and full-time personnel [5].
Even though part-time personnel are not employed on a full time basis, these members are
important contributors to the Army’s capabilities [6]. With part-time members having similar training
requirements, fitness standards, and occupational tasks as full-time personnel; injuries pose similar
concerns for this population. Injuries may be of even greater concern for part-time soldiers, as previous
research has shown part-time personnel report a substantially higher rate of injuries per unit exposure
to active duty when compared to their full-time counterparts, with some showing up to double the
rates in part-time compared to full-time personnel [7,8].

One possible reason for a heighted risk of injury in part-time personnel may be lower levels
of aerobic fitness in part-time personnel [9–11]. Part-time personnel may have a lower fitness level
when compared to full time personnel, possibly due to the necessity to balance both civilian life and
military life [9]. It is well known that lower aerobic fitness is a risk factor for injuries in military
personnel [10,12].
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The lower limb has been shown to be the most commonly injured body site in military
personnel [13]. However, further detail regarding the particular sites in the lower limb that are
most frequently injured and the activities and mechanisms that give rise to injuries affecting those
sites is lacking for part-time personnel [13]. This detail is needed to inform injury prevention efforts
for part-time personnel and so enhance the readiness of this important element of Army capability.
A detailed investigation of the nature and cause of injuries affecting specific lower limb sites will
valuably inform selection and implementation of interventions designed to minimise both the incidence
and severity of injuries suffered by the part-time army population. This approach is supported by
previous research in the army context, which has provided positive evidence for injury rate reduction
through targeted interventions, once high risk activities and locations have been identified [2,14–16].
The aim of this study was to profile the most common injury occurring in part-time soldiers with
respect to the predominate location, nature, activity, and mechanism, with a view to informing injury
prevention strategies for these part-time personnel.

2. Materials and Methods

The study employed a cross-sectional design, using Australian Department of Defence population
data and records of injuries reported by Australian Army Reserve (ARES) personnel over a two-year
period. The mean annual population size for the ARES across the period (n = 15,034) was ascertained
from published Department of Defence Records [17,18]. The injury records for ARES personnel were
sourced in a non-identifiable form from the Workplace Health, Safety, Compensation and Reporting
(WHSCAR) database of the Australian Department of Defence, which constitutes the official record
of incidents and injuries sustained by Army personnel [19]. The WHSCAR records provided to the
researchers included, for each injury to an ARES soldier: details of the Service (Army) and service
type (part-time), the type of occurrence the record reported (serious injury or minor injury), the injury
date, the body site, the nature of the injury, the activity being undertaken at the time of the injury,
the mechanism of injury, the soldier’s duty status at the time of injury (on duty or off duty), age and
rank, and a narrative description of the injury incident.

The injury records extracted from the WHSCAR database were included in the study if they related
to: (1) ARES personnel; and (2) a minor or serious injury that occurred while the soldier was ‘on duty’.
The definitions of injury, whether for minor personal injury (MPI) or serious personal injury (SPI),
were those provided by the Australian Department of Defence [19]. An SPI required immediate treatment
as an in-patient in a hospital, whereas an MPI was defined as any minor injury which did not result in a
fatality, SPI, illness, or dangerous incident. Records were excluded if they: (1) related to personnel from
military services other than the Australian Army; (2) related to full-time Army personnel; (3) related to
personnel from a foreign defence force, on secondment with the Australian Defence Force; or (4) contained
missing or incomplete data pertinent to this study (for example, site of injury).

The WHSCAR data were manually cleaned following receipt to ensure that only eligible records
were retained. Each record was reviewed, and duplicate and ineligible records were removed;
the latter with reference to the inclusion and exclusion criteria listed above. Each datum record
was further verified, corrected, or made more precise by manually comparing the allocated Type of
Occurrence Classification System (TOOCS) classifications with the free text narrative data from the
same record. When discrepancies were identified, precedence was given to the free text narratives
and the TOOCS classification was adjusted accordingly, as narratives provided by incident reporters
are considered more detailed and accurate than data entered by a third party using a finite coding
system [20]. The adjusted dataset was employed in the data analysis. To increase data accuracy,
brevity, and sensitivity, some TOOCS fields were aggregated, notably the ‘nature of injury’ and
‘activity’ fields. In the TOOCS ‘nature of injury’ classifications, ‘soft tissue injuries due to trauma or
unknown mechanism’ subsumed ‘trauma to muscle’ (a soft tissue) and ‘trauma to tendons’ (another
soft tissue). In addition, ‘trauma to joints and ligaments’ subsumed ‘trauma to joints and ligaments,
not elsewhere classified’ and ‘trauma to joints and ligaments unspecified’. In the TOOCS ‘activity’
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classifications, all sports were merged into an aggregated classification, ‘sport’. ‘Running’ was
subsumed by ‘physical training’, and ‘patrolling’ and all weapon handling activities were subsumed
by ‘combat training’.

Data Analysis
Following this data cleaning process, descriptive analyses were employed to examine and

describe the data to address the study aim. Injury incidence rates were first calculated as follows:
the counts of minor injuries and serious injuries reported by ARES personnel across the two-year
study period were each divided by the number of full-time-equivalent years of active service provided
by ARES personnel across these two years and the result was then multiplied by 100 to derive the
number of injuries reported by ARES personnel per 100 years of active service. In these calculations,
one full-time-equivalent year of active service by ARES personnel was defined as 232 days of active
service, based on the following:

Total days of active service in one full-time year = 365 days in a full year − 104 days of weekends
(or equivalent days ‘in lieu’) − 20 days of annual leave − 9 days of public holidays = 232 days.

The proportion of reported occupational injuries in ARES personnel which occurred at each
of the reported body locations was next calculated and these proportions were tabulated to enable
identification of the most common body site of injuries in ARES personnel. Subsequently calculated
were the proportions of knee injuries reported by ARES personnel which were associated with
personnel in specific age brackets (less than 20 years, 20–29 years, 30–39 years, 40–50 years and
greater than 50 years) or at specific rank levels, or which involved specific: (1) natures of injury;
(2) activities being performed at the times injuries occurred; and (3) injury mechanisms. The latter
proportions were used to identify the key natures, causes, and mechanisms of knee injuries reported
by ARES personnel.

The Australian Defence Human Research Ethics Committee (ADHREC, LERP14-024) and the
Bond University Human Research Ethics Committee (BUHREC, RO-1907) granted ethics approval
for this study. As this data were retrospective and non-identifiable, it met the pre-requisites for
a waiver of participant consent as there were no means through which the participants could be
identified, and consent gained. Departmental authorisation for the project was obtained in parallel to
the process for obtaining ADHREC approval. Authorization to publish this study was obtained from
Joint Health Command.

3. Results

A total of 1434 injuries were reported by the ARES population of 15,034 personnel within the 2-year
study period, representing a reported injury incidence rate of 30.5 injuries per 100 person-years of
active service. Minor personal injuries (MPIs) accounted for 95.4% of these reported injuries (n = 1368),
with the remaining 4.6% (n = 66) being classified as serious personal injuries (SPIs). The body sites
of all lower limb MPI and SPI reported by ARES personnel in the two-year study period are listed in
Table 1.

The knee was the most commonly reported specific body site of injury, accounting for 15.9%
(n = 228) of all injuries reported by ARES personnel (Table 1) and therefore will be the focus for the rest
of this investigation. Of the total 228 knee injuries reported by ARES personnel, 98% (n = 224) were
MPIs and 2% (n = 4) were SPIs (Table 1). The SPIs which occurred at the knee were due to dislocation,
one during parade and one while jogging.

The nature of soft tissue injuries suffered by part-time personnel can be found in Table 2 below.
The most common nature of knee injuries reported by the ARES personnel was soft tissue injury due to
trauma or unknown mechanisms, which was responsible for 81% of the injuries in this bodily location.
This was followed by trauma to the joint and ligaments.
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Table 1. Body sites of SPIs and MPIs reported by ARES personnel. Reported as number of injuries
(percentage of overall injuries).

Location MPI SPI MPI and SPI

Knee 224 (16.4%) 4 (6.1%) 228 (15.9%)
Ankle 139 (10.2%) 2 (3.0%) 141 (9.8%)
Foot 55 (4.0%) 2 (3.0%) 57 (4.0%)
Thigh 46 (3.4%) 0 46 (3.2%)
Lower limb general 35 (2.6%) 2 (3.0%) 37 (2.6%)
Gastroc-soleus complex 25 (1.8%) 0 25 (1.7%)
Hip 18 (1.3%) 1 (1.5%) 19 (1.3%)
Shins 15 (1.1%) 0 15 (1.1%)
Lower limb multiple 13 (1.1%) 0 13 (0.9%)
Pelvis 1 (0.1%) 0 1 (0.1%)

Data expressed as number of injuries (% of injuries). MPI = minor personal injury, SPI = serious personal injury.

Table 2. Nature of injuries of knee injuries in Australian Army Reserve (ARES) personnel.

Nature of Injury MPI SPI

Soft tissue injuries (trauma or unknown mechanisms) 181 (80.8%) 0
Trauma to joints and ligaments 16 (7.1%) 0
Contusion/bruising and superficial crushing 8 (3.6%) 0
Dislocation 6 (2.7%) 2 (50%)
Laceration 5 (2.2%) 0
Superficial injury 5 (2.2%) 0
Infectious and parasitic diseases 1 (0.4%) 0
Fracture 0 0
Multiple injuries 1 (0.4%) 0
Other diseases of skin and subcutaneous tissue 1 (0.4%) 0
Bursitis 0 1 (25%)
Other soft tissue diseases 0 1 (25%)

Total 224 4

Data expressed as number of injuries (% of injuries). MPI = minor personal injury, SPI = serious personal injury.

The activity being performed while soft tissue injuries were suffered at the knee can be found
in Table 3 below. Combat training was the leading activity in which injuries occurred at the knee
with 43% of injuries, while physical training was the second most common. Combining both combat
training and physical training led to a total of 72% of soft tissue knee injuries and will therefore be
explored further.

The most common mechanisms of injury reported by ARES personnel for soft tissue injuries at the
knee joint that occurred while they undertook combat training were falls and muscular stress with no
object being handled (n = 27, 37.0% and n = 21, 28.8%, respectively; Table 4). Similarly, ARES personnel
reported muscular stress with no objects being handled and falls as the most prevalent mechanisms
causing soft tissue injuries at the knee joint during physical training, accounting for 70.6% (n = 36) of
the soft tissue injuries reported during physical training (Table 5).

Table 3. The activity in which soft tissue injuries occurred at the knee in part-time personnel.

Activity MPI

Combat training 77 (42.2%)
Physical training 53 (29.5%)
Marching 14 (8.7%)
Walking 13 (6.9%)
Boarding/alighting a vehicle 5 (2.9%)
Manual/materials handling 4 (2.3%)
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Table 3. Cont.

Activity MPI

Sitting/standing 3 (1.7%)
Admin activities 2 (1.2%)
Driving 2 (1.2%)
Sport 3 (1.7%)
Construction/engineering 1 (0.6%)
Diving/immersion training 1 (0.6%)
Maintenance 1 (0.6%)
Sleeping 1 (0.6%)
Adventure training 1 (0.6%)

Total 181

Data expressed as number of injuries (% of injuries). MPI = minor personal injury.

Table 4. Knee injuries suffered during combat training. Number of injuries (% of injuries).

Mechanism MPI

Falls 28 (36.4%)
Muscular stress with no object being handled 24 (31.2%)
Muscular stress while lifting carrying or putting 5 (6.5%)
Contact with moving or stationary object 13 (16.9%)
Other and multiple mechanisms 5 (6.5%)
Contact with or exposure to biological factors of non-human origin 1 (1.3%)
Stepping kneeling or sitting on objects 1 (1.3%)

Total 77

Data expressed as number of injuries (% of injuries). MPI = minor personal injury.

Table 5. Knee injuries suffered during physical training. Number of injuries (% of injuries).

Mechanism MPI

Muscular stress with no object being handled 38 (71.7%)
Falls 8 (15.1%)
Muscular stress while lifting carrying or putting 1 (1.9%)
Contact with moving or stationary object 4 (7.5%)
Other and multiple mechanisms 2 (3.8%)

Total 53

Data expressed as number of injuries (% of injuries). MPI = minor personal injury.

Profiles of the Part-Time Soldiers Who Reported Knee Injuries

The mean age of the ARES personnel who reported knee injuries was 33.7 ± 11.1 years, ranging
from 18 to 63 years of age, and the age and military rank distributions for the ARES personnel who
reported these knee injuries are provided in Tables 6 and 7. The results presented in Table 6 indicate that
while 43% of knee injuries reported by ARES personnel were reported by personnel in the 20–29-year
age bracket, 54% of the reported knee injuries were reported by ARES personnel over the age of
30 years. Non-officers reported 183 of the knee injuries reported by ARES personnel (80.3%) while
officers (including officer cadets) reported 45 of the knee injuries (19.7%; Table 7). Also, of note, 25% of
the knee injuries reported by ARES personnel were reported by recruits, trainees and officer cadets
and would therefore appear to have occurred during ARES initial training courses (Table 7).
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Table 6. Ages of ARES personnel who reported knee injuries (n = number of injuries).

Age (years) n %

<20 7 3.1%
20–29 99 43.4%
30–39 45 19.7%
40–49 53 23.3%
≥50 24 10.5%

Total 228 100.0%

Table 7. Military ranks of ARES personnel who reported knee injuries (n = number of injuries).

Rank n %

Recruit 25 11.0%
Officer cadet 26 11.4%
Private trainee 6 2.6%
Private 44 19.3%
Private proficient 51 22.4%
Lance corporal 10 4.4%
Corporal 26 11.4%
Sergeant 11 4.8%
Warrant officer class 2 7 3.1%
Warrant officer class 1 3 1.3%
Lieutenant 4 1.8%
Captain 7 3.1%
Major 5 2.2%
Lieutenant colonel 2 0.9%
Colonel 1 0.4%

Total 228 100.0%

4. Discussion

The aim of this study was to identify the leading predominate locations, natures, activities,
and mechanism of injuries occurring in part-time army personnel with a view to informing injury
prevention strategies. This is the first known study to provide a detailed analysis of the leading body
sites, natures, and causes of injuries reported by part-time army personnel. A key finding of this study
was that the knee was the most commonly reported body site of injury in ARES personnel, accounting
for 16% of all injuries reported by these part-time army personnel. Part-time personnel (30.5 injuries
per 100 years of active service) appear to be injured more than their full-time colleagues with previous
reports of full-time personnel injury rates of 16.72 injuries per 100 years of active service [7]).

This finding is in agreement with previous studies in military personnel, with injuries occurring
at or below the knee most common [2,10,11,21]. Kaufman’s review [2] included seven studies in which
knee injuries comprised 10.2–34.3% of all reported injuries in a variety of military recruits including
marines, army and naval special warfare candidates. Knapik found the knee to be the location of
21% of injuries for males and 19% for females in an army population, a similar finding to this current
study [10]. In Knapik’s study, the ankle and foot (20%) were commonly injured, in line with the
findings of this study in which the ankle was the third most common site of injuries, accounting
for 9.83% of all reported injuries (Table 1). Jennings found 18% of injuries in army soldiers were to
the knee [21], while previous research on Australian military recruits has found that 24% of injuries
occurred at the knee [11]. Across the Australian Army as a whole, aggregated injury data showed that
knee injuries accounted for the highest proportion of lower limb injuries (35%) associated with a single
body site and the highest proportion of working days lost (40%) [8].

Soft tissue injuries were the most common nature of injuries in the part-time, ARES population
that was the subject of the current study, and these soft tissue injuries were most commonly due to
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either trauma or unknown mechanisms. It should be acknowledged however that the categorization of
the nature of injury soft tissue injuries (trauma or unknown mechanisms) may be broad in nature and
therefore may be over-represented because of this. Soft tissue injuries at the knee have previously been
found to be the predominant type of injury amongst active duty military personnel, most commonly
involve damage to structures such as the patella, meniscus, and ligaments [22]. The risk factors for
soft tissue injuries affecting the knee amongst military personnel may include a history of prior injury
to the affected knee, prior deployments, infantry service, and prior hip injury [22]. Hill et al. [22]
also identified age greater than 30 years and increasing length of service to be risk factors for knee
injuries. While this study similarly found that personnel over the age of 30 years featured heavily
among those reporting knee injuries in this part-time, ARES population (53.51% of knee injuries),
higher military ranks (and potentially lengths of service) did not appear to be strongly associated with
higher injury rates.

In this study of part-time army personnel from the ARES, military combat training and physical
training were the most common activities being performed when soft-tissue injuries occurred to
the knee. Combat training is inherently more difficult for part-time personnel to prepare for. Unlike
physical training which they can perform in their own time, combat training requires access to
other personnel, restricted equipment, and preferably military styled tasks [23]. An example would
be combat load carriage, which would preferably involve carrying their actual military loads and
equipment [24]. This requirement is of importance given that military personnel are required to carry
heavy combat loads, which can be in excess of 45 kg [25], and carrying these loads is a known cause
of serious knee injuries. In a study of military soldiers conducting a 20-km march with a 46-kg load,
Knapik et al. [26] observed an injury frequency of one per cent (two of 335). These two knee injuries
equated to 14 days of limited duties. A subsequent study by Knapik et al. [27] found that, of six soldiers
who could not complete a series of load carriage trials (six 20-km marches with loads ranging from 34
to 61 kg and utilising two difference pack designs), three were diagnosed with a knee strain, with the
remaining three suffering injuries across three other body sites. To maintain specific fitness for combat
load carriage, it is recommended that a load carriage training session using combat loads is conducted
every seven to 14 days [28,29]. Considering this, it is noteworthy that part-time army personnel like
those in the ARES may struggle to maintain this level of specific load carriage training, since having
ARES personnel carrying military style equipment through urban areas in order to maintain their load
carriage conditioning is likely to generate serious concerns among the general public, given current
security threats.

Noting the importance of physical fitness for military personnel, it is of concern that physical
training is a common source of injuries in both the general military population [8] and in this study.
Injuries in physical training are often associated with sudden increases in training volume or
intensity [30]. As such, while part-time personnel may be able to maintain some personal fitness,
they may be at greater risk of injuries during unit physical training than full-time personnel due to
undertaking lower volumes of military physical training than their full-time colleagues. Opportunities
to increase military physical training are therefore needed for part-time personnel, potentially utilizing
novel approaches like community-based training groups, where ARES personnel can be motivated
to train in small groups, connected by close proximity or virtually, in order to maintain a suitable
minimum level of fitness [23].

The most common mechanisms of injury during combat training and physical training were
falls and muscular stress with no objects being handled. Injuries due to both microtrauma and
macrotrauma appeared to occur during combat training in these part-time army personnel, whereas
soft tissue injuries with no external stresses, such as overuse injuries, were more prevalent in physical
training. Other studies within a military context have found injuries due to running and falls to be
common [21], along with a high prevalence of overuse injuries due to repetitive activities [2], with
some authors finding overuse mechanisms to be the cause of 75% of injuries in males recruits and 78%
in females recruits [10].
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Knee injuries in sport are known to occur more frequently in the latter stages of competition under
conditions of fatigue, thought to be due to decreased neuromuscular control. Proprioceptive training
for the lower limb with embedded cognitive challenges may therefore have a role in the minimization
of ankle and knee injuries in those who have been identified with poor proprioception or a previous
injury. Programs consisting of wobble boards and jump landing training have shown success in
improving both ankle and knee proprioception [31], with wobble boards showing an optimization of
ankle joint stability in landing tasks [32]. Poor landing mechanics have been linked to acute ankle and
knee sprains [33] Generally increasing levels of fitness and endurance will enable soldiers to operate
under less fatigue at the same relative work load, which may also play a role in injury reduction.

Investigating prevention strategies for overuse injuries in military personnel, a meta-analysis
by Kollock et al. [34] has found a possible link between lower hip and thigh strength and overuse
injuries of the knee. Despite focusing mainly on patello-femoral pain, the study found decreased hip
external rotator, knee extensor, and knee flexor strength in symptomatic personnel, when compared to
asymptomatic personnel. While acknowledging that physical training itself may be a cause of injury,
it is possible that dedicated and specific strength and conditioning of the hip and knee of military
personnel may be useful in minimizing these strength deficits in military personnel, as demonstrated in
sporting populations [35]. For the lower limb in general, other injury prevention measures that may be
useful in reducing lower limb loading during physical training include altering running surfaces [36],
changing training loads [4], bracing ankles for certain activities [3], and use of shock-absorbing
innersoles [2].

Not all injury prevention strategies are effective however. There is some evidence suggesting that
pre-exercise static stretching, may be ineffective at reducing injury rates in military populations [11].
Likewise, the addition of balance and agility programs on top of physical training has been shown
to increase injury rates when implemented in military recruits [37]. It is thought this may be due to
this training being offered in addition to normal physical training within an already compact training
schedule, leading to extra fatigue and a subsequent increase in injury risk [37]. This study adds to
the current body of literature regarding ARES personnel and highlights the top site in which injuries
occur among this service type. Differences in injuries between service type may be explained by less
chronic conditioning, fewer opportunities to expose personnel to combat training, and time constraints
to training in ARES personnel when compared to ARA personnel. Targeted approaches to injury
prevention, such as specific physical training, load reduction, avoiding repetitive tasks, and use of
ankle bracing may be of use in preventing these injuries. The findings of this study can be used to
inform injury prevention efforts and future research for part-time army populations such as the ARES.

A limitation of this study was that data were extracted from a system in which injury information
was collected by use of a formal injury report. This may have led to minor, or less severe injuries not
being reported and therefore captured in this reporting system. A recent study has suggested that
only 11–19% of injuries are captured with the WHSCAR system [7]. Under this system, the casualty is
required to report to a system retrospectively and therefore the numbers of injuries reported in this
study may underrepresent the absolute number of injuries in this population. It does remain likely
that the proportional distributions of body sites, natures, and causes of injuries reported by ARES
personnel are still representative of this part-time army population. There have been recommendations
for a ‘point of care’ system of reporting to be utilized, in which health care personnel create a report at
the time an injured soldier presents for health care, rather than relying on the casualty to report to a
system retrospectively [7].

5. Conclusions

Soft tissue injuries affecting the knee were found to be the most common nature and site of injury
amongst the part-time, ARES personnel. These injuries occurred most commonly during military
combat training and physical training, due to falls, soft tissue injuries with no object being handled.

420



Int. J. Environ. Res. Public Health 2019, 16, 12

Author Contributions: Conceptualization, B.S., R.O., and R.P.; methodology, B.S., R.O., and R.P.; formal analysis,
R.P.; writing—original draft preparation, B.S.; writing—review and editing, B.S., R.O., and R.P.

Funding: This study was supported by a Defence Health Foundation Grant.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Department of Defence. Defence White Paper; Australian Government Department of Defence:
Canberra, Australia, 2016.

2. Kaufman, K.R.; Brodine, S.; Shaffer, R. Military training-related injuries: Surveillance, research, and
prevention. Am. J. Prev. Med. 2000, 18, 54–63. [CrossRef]

3. Amoroso, P.J.; Ryan, J.B.; Bickley, B.; Leitschuh, P.; Taylor, D.C.; Jones, B.H. Braced for impact: Reducing
military paratroopers’ ankle sprains using outside-the-boot braces. J. Trauma 1998, 45, 575–580. [CrossRef]
[PubMed]

4. Almeida, S.A.; Maxwell Williams, K.; Shaffer, R.A.; Luz, J.T.; Badong, K.E.; Brodine, S.K. A Physical Training Program to
Reduce Musculoskeletal Injuries in U.S. Marine Corps Recruits; Naval Health Research Center, Technical Report; National
Technical Information Service, U.S. Department of Commerce: Washington, DC, USA, 1997.

5. Australian Department of Defence. Defence White Paper; Australian Government Department of Defence:
Canberra, Australia, 2013.

6. Smith, H.; Jans, N. Use them or lose them? Australia’s defence force reserves. Armed. Forces Soc. 2011, 37, 301–320.
[CrossRef]

7. Pope, R.; Orr, R. Incidence rates for work health and safety incidents and injuries in Australian army reserve
vs. full time soldiers, and a comparison of reporting systems. J. Mil. Veteran’s Health 2017, 25, 16–25.

8. Department of Defence. Australian Defence Force Health Status Report; Department of Defence: Canberra,
Australia, 2000. Available online: http://www.Defence.Gov.Au/media/2000/health/01.Pdf. (accessed on
15 November 2016).

9. Warr, B.J.; Heumann, K.J.; Keating, C.J.; Swa, P.D.; Alvar, B.A.; Dodd, D.J.; Mitros, M.R. How do they
compare? An assessment of predeployment fitness in the arizona national guard. J. Strength Cond. Res. 2011,
25, 2955–2962. [CrossRef] [PubMed]

10. Knapik, J.J.; Sharp, M.A.; Canham-Chervak, M.; Hauret, K.; Patton, J.F.; Jones, B.H. Risk factors for training-related
injuries among men and women in basic combat training. Med. Sci. Sports Exerc. 2001, 33, 946. [CrossRef] [PubMed]

11. Pope, R.P.; Herbert, R.D.; Kirwan, J.D.; Graham, B.J. A randomized trial of preexercise stretching for
prevention of lower- limb injury. Med. Sci. Sports Exerc. 2000, 32, 271–277. [CrossRef] [PubMed]

12. Pope, R. Prediction and Prevention of Lower Limb Injuries and Attrition in Army Recruits. PhD. Thesis,
Charles Sturt University, Sydney, Australia, 2002.

13. McDonald, D.; Orr, R.M.; Pope, R. A comparison of work health and safety incidents and injuries in part-time
and full-time Australian army personnel. J. Athl. Train. 2016, 51, 880–886. [CrossRef] [PubMed]

14. Pope, R.P. Injury surveillance and systematic investigation identify a rubber matting hazard for anterior
cruciate ligament rupture on an obstacle course. Mil. Med. 2002, 167, 359–362. [CrossRef]

15. Pope, R.P. Rubber matting on an obstacle course causes anterior cruciate ligament ruptures and its removal
eliminates them. Mil. Med. 2002, 167, 355–358. [CrossRef]

16. Pope, R.P. Prevention of pelvic stress fractures in female army recruits. Mil. Med. 1999, 164, 370–373.
[CrossRef] [PubMed]

17. Department of Defence. Agency Resources and Planned Performance; Defence Housing Authority; Defence Material
Organisation: Hague, The Netherlands, 2014.

18. Department of Defence. Agency Resources and Planned Performance; Defence Housing Authority; Defence Material
Organisation: Hague, The Netherlands, 2013.

19. Department of Defence. Incident Capture; Department of Defence: Canberra, Australia, 2011.
20. Australian Safety and Compensation Council. Type of Occurrence Classification System; Australian Safety and

Compensation Council: Canberra, Australia, 2008.
21. Jennings, B.M.; Yoder, L.H.; Heiner, S.L.; Loan, L.A.; Bingham, M.O. Soldiers with musculoskeletal injuries.

J. Nurs Scholarsh. 2008, 40, 268–274. [CrossRef] [PubMed]

421



Int. J. Environ. Res. Public Health 2019, 16, 12

22. Hill, O.T.; Bulathsinhala, L.; Scofield, D.E.; Haley, T.F.; Bernasek, T.L. Risk factors for soft tissue knee injuries
in active duty U. S. Army soldiers, 2000–2005. Mil. Med. 2013, 178, 676. [CrossRef] [PubMed]

23. Orr, R.; Knapik, J.J.; Pope, R. A physical training framework for reserve personnel: A rationalisation and
recommendations. Strength Cond. J. 2016, 28, 36–41. [CrossRef]

24. Orr, R.M.; Pope, R.R. Load carriage: An integrated risk management approach. J. Strength Cond. Res. 2015,
29 (Suppl. 11), S119. [CrossRef]

25. Orr, R.; Pope, R.; Johnston, V.; Coyle, J. Operational loads carried by Australian soldiers on military
operations. J. Health Saf. Environ. 2015, 31, 451–457.

26. Knapik, J.; Reynolds, K.; Staab, J.; Vogel, J.A.; Jones, B. Injuries associated with strenuous road marching.
Mil. Med. 1992, 157, 64. [CrossRef] [PubMed]

27. Knapik, J.J.; Johnson, R.F.; Ang, P.; Meiselman, H.; Bensel, C.K.; Johnson, W. Road march performance of
special operations soldiers carrying various loads and load distributions. T14-93. In Military Performance
Division; U.S. Army Research Institute of Environmental Medicine: Natick, MA, USA, 1993; p. 136.

28. Orr, R.; Pope, R.; Johnston, V.; Coyle, J. Load carriage: Minimising soldier injuries through physical
conditioning-a narrative review. J. Mil. Veteran’s Health 2010, 18, 31–38.

29. Knapik, J.J.; Harman, E.A.; Steelman, R.A.; Graham, B.S. A systematic review of the effects of physical
training on load carriage performance. J. Strength Cond. Res. 2012, 26, 585–597. [CrossRef] [PubMed]

30. Prigg, S.K.; Jones, D.D.; Kolonel, L.N.; Warfe, P.; Colgrave, N. Developing injury prevention strategies for
the Australian defence force. J. Mil. Veteran’s Health 2000, 19.

31. Waddington, G.; Seward, H.; Wrigley, T.; Lacey, N.; Adams, R. Comparing wobble board and jump-landing
training effects on knee and ankle movement discrimination. J. Sci. Med. Sport 2000, 3, 449–459. [CrossRef]

32. Silva, P.B.; Oliveira, A.S.; Mrachacz-Kersting, N.; Kersting, U.G. Effects of wobble board training on single-leg
landing neuromechanics. Scand. J. Med. Sci. Sports 2018, 28, 972–982. [CrossRef] [PubMed]

33. McKay, G.D.; Goldie, P.A.; Payne, W.R.; Oakes, B.W. Ankle injuries in basketball: Injury rate and risk factors.
BJSM 2001, 35, 103. [CrossRef] [PubMed]

34. Kollock, R.O.; Andrews, C.; Johnston, A.; Elliott, T.; Wilson, A.E.; Games, K.E.; Sefton, J.M. A meta-analysis
to determine if lower extremity muscle strengthening should be included in military knee-overuse
injury-prevention programs. J. Athl.Train. 2016. [CrossRef] [PubMed]

35. Ferber, R.; Bolgla, L.; Earl-Boehm, J.E.; Emery, C.; Hamstra-Wright, K. Strengthening of the hip and core
versus knee muscles for the treatment of patellofemoral pain: A multicenter randomized controlled trial.
J. Athl. Train. 2015, 50, 366. [CrossRef] [PubMed]

36. Ross, J. A review of lower limb overuse injuries during basic military training. Part 1: Types of overuse
injuries. Mil. Med. 1993, 158, 410–415. [CrossRef] [PubMed]

37. Goodall, R.L.; Pope, R.P.; Coyle, J.A.; Neumayer, R. Balance and agility training does not always decrease
lower limb injury risks: A cluster-randomised controlled trial. Int. J. Inj. Contr. Saf. Promot. 2013, 20, 271–281.
[CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

422



International  Journal  of

Environmental Research

and Public Health

Article

Occupational Diseases among Workers in Lower and
Higher Socioeconomic Positions

Henk F. van der Molen *, Sanne de Vries and Judith K. Sluiter †

Amsterdam UMC, Coronel Institute of Occupational Health, Netherlands Center for Occupational Diseases,
Amsterdam Public Health research institute, PO Box 22660, 1100 DD Amsterdam, The Netherlands;
s.de.vries@scp.nl (S.d.V.); coronel@amc.nl (J.K.S.)
* Correspondence: h.f.vandermolen@amc.nl, Tel.: +312-0566-7857
† Dr. Judith K. Sluiter passed away last year.

Received: 13 November 2018; Accepted: 12 December 2018; Published: 13 December 2018

Abstract: Background: To determine differences between workers in lower and higher socioeconomic
positions (SEP) in incidences of occupational disease (OD) and incapacity for work due to ODs.
Methods: From a Dutch dynamic prospective cohort of occupational physicians (OPs), ODs assessed by
OPs were retrieved for lower and higher SEP groups. Results: Among the lower SEP, musculoskeletal
disorders, and noise-induced hearing loss (NIHL) comprised two-thirds of the OD diagnoses. Among
the higher SEP, stress/burnout comprised 60% of the OD diagnoses. Temporary and permanent
incapacity for work due to work-related lower back disorders and repetitive strain injuries differed
significantly between workers in lower compared to higher SEP. Conclusions: Occupational diseases
occur at a 2.7 higher incidence rate for workers in lower SEP compared with higher SEP. Incapacity
for work varies between the type of OD and the level of SEP.

Keywords: occupational disease; socioeconomic position; incapacity for work

1. Introduction

Maintaining the health of workers in lower socioeconomic positions (SEP) is an increasing cause
for concern [1,2]. In higher SEP jobs, however, task demands can also exceed individual capacities,
as shown in a recent European overview regarding the effect of work on mental health [3]. Due
to demographic changes, the age of workers is increasing, resulting in more frequent morbidity or,
comorbidity, sickness absence [4], lower physical capacities, and higher cumulative work exposures.
These changes increase the risk of work-related diseases [5,6].

Socioeconomic status as a determinant of health has been recognized widely and analysed
as a composition of various underlying aspects such as education, income and social position [7].
Occupation is one dimension of socioeconomic status, and the weighing of occupations on education
and income by job title [8] could reflect SEP. Job complexity could also be an indicator of SEP, with
managerial and intellectually complex jobs at the higher end of SEP, and manual, less complex jobs at
the lower end of SEP [9]. Ultimately, lower and higher SEP will reflect the distinction between blue
and white-collar workers, with different task demands and working circumstances.

Registries of occupational diseases (ODs) can provide insight into job title, work-related diseases
and incapacity for work. ODs are relevant outcomes, because they are clinically established diseases
mainly caused by work [10,11]. In the Netherlands, OPs are obliged to report ODs to the Netherlands
Center for Occupational Diseases (NCOD). In contrast to most other countries, there is no financial
compensation system for diagnosed ODs in the Netherlands [12]. An OD is defined as a disease for
which the work-related fraction is >50%. Each worker diagnosed with an OD is anonymously reported
to the NCOD, with the following information recorded in its database: disease or pathology with
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clinical diagnosis, demographic characteristics, exposure, job title, economic sector, and incapacity for
work [12].

It is hypothesized that workers in lower and higher SEP still differ in health disparities from an
occupational perspective, with a higher burden of work-related diseases for lower SEP. The objective of
this study is to determine differences between workers in lower and higher SEP occupational groups
in (i) incidence and type of occupational disease and (ii) incapacity for work as a consequence of an
occupational disease.

2. Methods

From a dynamic prospective cohort of occupational physicians (OPs), all ODs diagnosed by the
OPs and reported to the Netherlands Centre for Occupational Diseases (NCOD) over a seven-year
period (2010–2016) were retrieved for workers with lower and higher SEP. Elementary occupations
and machine operating and assembly jobs (ISCO-08 groups 81–83, 91–96) were defined as lower
SEP. Managerial and professional intellectual jobs (ISCO-08 groups 11–14, 21–26) were defined as
higher SEP. The population size for the higher and lower SEP was retrieved from the database of
Eurostat [13], consisting of 1,090,700 workers for the lower SEP and 2,642,00 workers for the higher
SEP in 2016. During the period of 2010–2016, the annual populations varied between 1,002,400 and
1,207,000 workers for the lower SEP and between 2,478,800 and 2,642,000 workers for the higher
SEP group.

An OD was defined as a clinically diagnosed disease (ICD-10 classification) that was
predominantly caused by work-related factors [12]. Incidences were determined for all ODs and
seven frequently occurring groups of ICD diagnosis, which were the following: noise-induced hearing
loss (NIHL): H833, H919; non-specific low back pain: M545; repetitive strain injuries of the upper
extremity: G560, G589, I730, M189, M199 (partly), M531, M700, M709 (partly), M770, M771; arthrosis
of the knee and hip: M169, and M179; burnout/stress: Z730, F432; contact dermatitis: L239, L249, and
L259; asthma/COPD: J439, J449, J450, J451, J458, J459, and J689.

Incidence of OD with incapacity for work was determined for the seven frequently occurring ODs.
Trends in incidence were estimated using a multilevel negative binomial regression model. Annual
incidence was determined by dividing the number of reported ODs in 2016 by the total working
population. Differences in incapacity for work between lower and higher SEP were determined
through chi-squared tests (IBM SPSS 24, IBM, Armonk, NY, USA). Trends in incidence rates were
analysed with multilevel binomial regression analysis [14]. Case counts were analysed using a negative
binomial regression model with 2010 as the reference year. Population estimates, as natural logarithms
of the annual number of workers, were included in the regression model as an “offset”. No report of a
specific OD diagnosis was assumed to indicate a report of zero cases for that year. Trend analyses were
performed with Stata 15.1 (StataCorp LLC, Texas, TX, USA).

3. Results

In total, 1233 OPs reported 13,917 ODs for workers in lower and higher SEP during the period
of 2010–2016 (see Table 1). Lower SEP consisted of 8145 workers (82% male), of which 82% were
aged over 40 years. Higher SEP consisted of 5772 workers (59% male), of which 71% were aged over
40 years.

Among the lower SEP, musculoskeletal disorders (37%) and NIHL (32%) comprised two-thirds
of the OD diagnoses, with decreasing trends for non-specific low back pain (−12%; 95% CI: −18% to
−6%) and NIHL (−7%; 95% CI: −11% to −3%). Among the higher SEP, stress/burnout comprised
60% of the OD diagnoses, with an increasing trend (6%; 95% CI: 3%−8%).

Incapacity for work varied between OD and SEP. It was rarely reported for NIHL (2%−3%),
with no significant differences (p = 0.177) between SEP. Highest (temporary) incapacity for work was
reported for stress/burnout (94%), with no significant differences (p = 0.382) between SEP. Occupational
contact dermatitis, COPD and asthma, and knee and hip arthrosis showed the highest risks for
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permanent incapacity for work, varying from 13% to 32%, but no significant differences between SEP
(p > 0.50). Incapacity for work due to work-related lower back disorders (69% vs. 9%) and repetitive
strain injuries (89% vs. 47%) differed significantly (p = 0.000) between lower and higher SEP.

In 2016, 54 per 100,000 workers in Dutch elementary occupations, machine operating and assembly
jobs, and managerial and professional jobs had an OD diagnosed, of which 98 per 100,000 workers
were from lower SEP and 36 per 100,000 workers were from higher SEP.

Table 1. Occupational diseases and incapacity for work among workers in lower and higher
socioeconomic positions (SEP).

International
Classification of

Diseases—10

N
2010–2016 Incidence per

100,000
2016

2010–2016
Incapacity for Work

2010–2016

Occupational
Diseases

IRR * 95% CI Temporary% Permanent %

Total
Lower SEP 8145 98 0.95 0.94–0.97
Higher SEP 5772 36 1.03 1.01–1.05

Noise Induced
Hearing Loss

Lower SEP 2599 23 0.93 0.89–0.97 0.8% 2%
Higher SEP 830 3 0.99 0.93–1.05 0.2% 2%

Non-specific Low
Back Pain
Lower SEP 635 6 0.88 0.82–0.94 64% 5%
Higher SEP 131 0.5 0.92 0.80–1.04 7% 2%

Arthrosis Knee/Hip
Lower SEP 157 2 0.97 0.88–1.07 40% 27%
Higher SEP 19 0.1 0.97 0.71–1.22 32% 21%

Repetitive Strain
Injury

Lower SEP 2192 31 1.00 0.97–1.03 83% 6%
Higher SEP 339 2 0.95 0.89–1.02 45% 2%

Stress/Burnout
Lower SEP 463 8 1.00 0.95–1.06 91% 3%
Higher SEP 3439 25 1.06 1.03–1.08 92% 2%

Contact Dermatitis
Lower SEP 193 2 1.01 0.94–1.09 46% 13%
Higher SEP 28 0.1 1.09 0.88–1.29 36% 18%

COPD/Asthma
Lower SEP 54 0.5 0.93 0.79–1.07 44% 32%
Higher SEP 20 - 0.84 0.60–1.07 40% 30%

* IRR = Incidence Rate Ratio (reference year 2010). Bold means p < 0.05.

4. Discussion

Occupational diseases occurred at a 2.7 higher incidence rate for workers in lower SEP compared
with higher SEP in 2016. Among the workers in a lower SEP, musculoskeletal disorders and
noise-induced hearing loss were the most frequently occurring ODs, with trends decreasing over
a seven-year period. Among the workers in a higher SEP, stress/burnout was the most frequently
occurring OD, with an increasing trend over a seven-year period. The highest temporary incapacity for
work was reported for work-related stress/burnout, with no differences between SEP. Work-related
knee and hip arthrosis, as well as dermal and lung diseases showed the highest risks for permanent
incapacity for work, both in lower and higher SEP. Temporary and permanent incapacity for work due
to work-related musculoskeletal disorders were higher in lower SEP workers compared with higher
SEP workers.

Misclassification, selection bias, and uncertainty about missing values are methodological
limitations in this study. Misclassification in SEP due to job title by ISCO-08 codes is possible, but
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considered to be non-differential. Selection bias may have been introduced due to differences in
entrance to OPs; however, most employed workers visit their OPs when incapacity for work occurs
or as a result of worker health monitoring, irrespective of SEP. Furthermore, the reporting of ODs
may differ between SEP, e.g., OPs are more familiar with work-related musculoskeletal disorders,
which may cause selection bias. Since many ODs emerge after cumulative exposures over time, the
incidence of OD may depend on age; however, in our study no large differences in age between lower
and higher SEP were found at the time of the assessed ODs. Uncertainty about missing values in
regression analyses may have a large impact on the estimates of trends in OD incidence. To counteract
this, we modified our methods to input zero reports only when an OP demonstrated being active
in a specific year, thus assuming true zero reports [15]. The data in this paper were collected from
the Dutch national registry. In future research, OD incidence and incapacity for work between lower
and higher SEP could be enriched if SEP at an individual level also encompasses educational and
income level.

Occupational diseases occur in both higher and lower SEP, although they differ in incidence, type
of OD, and consequences for work capacity. Our results suggest that among lower SEP, hazardous
workplaces and adverse work practices are still present, with known biomechanical, physical, and
chemical risks factors still to be eliminated. In higher SEP requiring managerial and intellectual tasks,
psychosocial demands seem to present the largest risk factors for mental disorders, accompanied by a
temporary incapacity for work. Temporary and permanent incapacity for work due to work-related
musculoskeletal disorders are higher for lower SEP compared with higher SEP, suggesting fewer
opportunities to modify work tasks and working circumstances for lower SEP jobs. These findings are
in line with evidence that work indeed explains socioeconomic inequalities in self-rated health among
workers besides lifestyle factors [16], while differences in incidences of the specific ODs reflect the
prevalence of risk factors in the lower SEP (e.g., noise levels [17] and biomechanical risk factors [18]
and higher SEP (psychosocial risk factors [19]).

The understanding of whether SEP influences the possibility to stay in work with an OD is of
considerable interest. Although adverse health conditions due to work hamper sustainable work
ability, especially in lower SEP [20], higher SEP is at risk for especially work-related stress disorders.
The frequently reported ODs among the Dutch working population revealed population attributable
fractions varying between 3% and 25%, leaving considerable potential for taking preventive actions on
work-related exposure in terms of the occurrence of ODs and their medical and productivity cost [21].

5. Conclusions

Occupational diseases occur at a 2.7 higher incidence rate for workers in lower SEP compared with
higher SEP. Occupational diseases differ in incidence, type, and resulting incapacity for work between
workers in higher and lower SEP. Among the workers in a lower SEP, musculoskeletal disorders and
noise-induced hearing loss were the most frequently occurring ODs, with trends decreasing over
a seven-year period. Among the workers in a higher SEP, stress/burnout was the most frequently
occurring OD, with an increasing trend over a seven-year period. This provides further insight
into disparities between workers in different socioeconomic positions in terms of their capacity to
counteract negative consequences due to work.
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Abstract: Objective: The use of high-performance sports technology to describe the physiological load
of stress and the quality of recovery in a population of executives during the workday. Methodology:
Heart rate variability values were recorded during 48 h from which the relationship between
stress/recovery quality (stress balance) was obtained for three differentiated time slots: work, after
work, and night in a workday. Results: We observed a negative stress balance during the 24 h of
measurement in the course of a workday, being negative at work and after work, and positive at
night. The stress generated or maintained outside working hours correlates significantly with a lower
quality of recovery during the 24 h workday. Conclusions: It is necessary to prioritize strategies that
help improve stress management in executives through the improvement of tools and strategies that
mainly promote greater relaxation outside working hours.

Keywords: stress; stress management; human resources; executives; physiology; health; technology;
business

1. Introduction

Stress is defined as the physical and mental responses of the body and adaptations to real and
perceived changes and challenges in life. Stress is, for many, considered as the silent disease of the
21st century. However, it was not officially classified as a disorder or alteration to take into account
differently to anxiety until the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM) by the American Psychiatric Association published on 1 October 2016.

Nowadays society faces the great challenge of adapting to a continuous rate of change, connected
to a large number of internal and external stimuli that, poorly managed, can become important daily
stress triggers, with the physical and mental consequences that all of this involves in and out of
working time. To this effect, there are several challenges that companies and governments must face
when it comes to promoting health and well-being. Actually the increase of pathologies, such as stress,
anxiety, and/or depression, have led to financial losses up to €136 million in companies reaching
percentages of more than 75% of workers in the European Union who suffer daily stress being already
more than 20% the working age population that suffer serious health problems, such as the chronic
stress syndrome known as burnout [1].

In this sense, and due to the multifactorial nature of stress, other factors such as poor rest, physical
inactivity, overweight, and obesity are increasingly present in today’s companies, aggravating and
increasing the risk of suffering cardiovascular diseases, immunological, as well as chronic diseases
susceptible to reduce the quality of life of the individual [2–4], which affects not only at an individual
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level, but also at social and professional levels [5]. In this regard, and according to data from the
European Heart Network, Spain is in the top ten European countries with a more sedentary lifestyle
among adults; 42% of those over 18 say they do not do any physical activity during the week, against
6% in Sweden or 7% in Finland. In addition, data from the European Foundation for improving living
and working conditions confirm that Spaniards spend an average of 1720 h a year at work [6].

Among the factors that currently have the greatest potential to become stressors, understood as
stress triggering situations, could be any direct or indirect, external or internal stimulus (physical,
chemical, acoustic or somatic, or sociocultural), that favors a disruption in the dynamic equilibrium of
the organism (homeostasis) we can find environmental factors (work, family, work meetings, corporate
culture, climate, environment, etc.) as those related to lifestyle (level of practice of physical activity,
eating habits, and emotional management, among others) [7].

On a psychological level, a recent study detected through univariate and multivariate statistical
analysis of the risk prediction score of cardiovascular disease (CVD), and of the general welfare of
WHO, that a combination of general risk factors and organizational factors contribute to increase the
risk and well-being of CVD, with a direct and inversely proportional relationship between work stress
and the welfare index [8]. In addition, a study carried out with a sample of 2991 German and Chinese
students where a lifestyle for positive mental health (PMH) and mental health problems (MHP) was
analyzed through the Positive Mental Health Scale and a version of 21 items on the scale of anxiety,
depression, and stress, obtained as results the importance of following a healthy lifestyle to improve
psychological well-being and develop fewer mental health problems. Factors such as BMI, frequency
of physical and mental activities, frequency of alcohol consumption, smoking, vegetarian diet and the
irregularity of social rhythm were considered in this study to consider the lifestyle of the subjects [9].

Physiologically, the exposure to one or several stressors’ stimuli triggers the response of
the sympathetic nervous system (SNS), activating the hypothalamic pituitary adrenal axis in
charge of releasing the hormone corticotropin (ACTH) that acts directly on the pituitary gland to
secrete adrenocorticotropin, thereby increasing the levels of cortisol, cortisone, epinephrine, and
norepinephrine into the blood. This chain reaction provoked by a stressor stimulus is responsible for
increasing the levels of brain and blood glucose, heart rate (HR), and blood pressure, among others
(Figure 1) [9].

 

Figure 1. Neuroscience applied to stress control.

It is important to comprehend the physiological process that triggers stress to better understand
the type of strategies that will be necessary to be implemented in stress management. Additionally,
the response of our body to various stressors corresponds to a “mechanism of escape” whose magnitude
of enrollment; both neuroendocrine and physiological depend on the duration and specific needs of
the body. Its implementation not only involves a high energy expenditure, but also the release of
hormones and substances that generate an over-excitation of the nervous system, which, maintained
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over time, can lead to an intensification in cellular aging, oxidative stress, inflammation of tissues, and
cardiometabolic problems, among others [10].

To know the levels of stress in the body from a physiological point of view there are two
non-invasive methodologies: the measurement of cortisol levels through saliva [11] and the recording
of heart rate variability (HRV) understood as the variation between two consecutive beats: the greater
the variation, the greater the parasympathetic activity [12] through devices recording the HR.

Studying the heart by HRV (Figure 2) provides us with a vast amount of information about our
body. From beat to beat, heart rate is constantly changing to meet the needs of life. HRV means
the variation in time between consecutive heartbeats. It is universally accepted as a non-invasive
marker of autonomic nervous system (ANS) activity. A variety of physiological phenomena affect
HRV, including:

• Inhalation and exhalation, control of breathing
• ANS adjustments
• Hormonal reactions
• Metabolic processes and energy expenditure
• Physical activity, exercise, and recovery from physical activity
• Movements and changes in posture
• Cognitive processes and mental load
• Stress reactions, relaxation, and emotional reactions

Figure 2. HRV means the variation in time between consecutive heartbeats.

Heart rate variability increases during relaxing and recovering activities and decreases during
stress. Accordingly, HRV is typically higher when the heart is beating slowly and decreases as the heart
beats more quickly. In other words, heart rate and HRV have a generally inverse relationship. Also,
HRV changes from day to day based on activity levels and amount of work-related stress. In addition
to these external stress factors, internal stress factors cause variation daily HRV levels. Internal stress
factors include poor nutrition, alcohol use, illness, etc.

The principle of the method is to utilize HRV and HR reactions as a tool for analyzing autonomic
nervous system activity in order to build a digital model of human physiology for recognizing different
bodily states.

The human nervous system consists of central nervous system and peripheral nervous system.
The latter has two major divisions, the voluntary and the autonomic systems. The voluntary nervous
system is concerned mainly with movement and sensation. The ANS mainly controls functions over
which we have less conscious control. These include for example the cardiovascular system, whose
regulation is fast and involuntary.

The ANS is divided into sympathetic and parasympathetic nervous systems (Figure 3).
Sympathetic and parasympathetic nerve cords start from the central nervous system and lead to
different target organs all around the human body. Sympathetic and parasympathetic divisions
typically function simultaneously in opposition to each other. The parasympathetic division is
primarily involved in relaxation, helping the body to rest and recover. The sympathetic division
prepares the body to fight by accelerating bodily functions, and is also associated with stress.
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Figure 3. Autonomic nervous system controls different target organs via parasympathetic and
sympathetic nerve cords. The parasympathetic nerve controlling the hearts is called the vagus nerve.

With stress reactions, the human body tries to cope with the demands of the surrounding
environment. Positive stress gives energy “to get the job done”. Negative stress causes negative
emotions and reactions. Physiologically, the response to positive and negative stress is similar. As a
result of the stress reaction, the ANS is activated and stress hormone production starts along with
an increased rate and force of contraction of the heart [13]. The magnitude of the neuro-endocrine
response reflects the metabolic and physiological demands required for the behavioral activity [14].

Therefore, although there is an ongoing debate of the exact definition of stress in the scientific
literature, stress can be physiologically characterized by reduced recovery of the neuroendocrine
reaction [14] and sympathetic dominance of the ANS function, whereas recovery is characterized as
parasympathetic dominance.

In this study we will focus on HRV as an objective indicator to know the reactions to stress during
the workday, as well as the quality of recovery of the nervous system (NS) during work, outside
of work and at night. Its validity has been proven in several studies, both in the sports field with
a focus on the study of high-performance training and in the workplace that concerns us [15–19].
In addition, a recent review of the literature on physiological biomarkers related to the study of stress
in the workplace, concluded that the correlation between cortisol and work stress are less clear than
those found with HRV [20].

In particular, the number of studies in which HRV has been used has been increasing in recent
years. The most relevant findings show how acute stress correlates with a decrease in HRV during
sleep [21] and during the day [22], finding a strong relationship between the decrease in HRV and
work stress [5,12,18,23,24].

In order that the measurements made are accurate in a different environment to sports or medicine,
much more accustomed to monitoring, it is necessary to take into account the technology to be
implemented according to the characteristics of the population to be studied. Currently, there are
several easy-to-use, mobile heart rate monitors that keep data of the intervals between beats (RR
intervals) during the workday. Scientists to analyze HRV in sports science, medicine, and other fields
of research have used commercial devices, such as heart rate monitors and activity clocks [25]. Recent
studies have validated the HR recording devices in relation to different electrocardiogram systems
with results that offer high reliability in the registration of RR interval series for the analysis of HRV
similar to those offered by electrocardiography (ECG) equipment [26].

Among the new technologies applied in the workplace for HRV monitoring, we find the Body
Guard 2 device of the Firstbeat® philanthropy as one of the best options at the scientific level [15–20],
since it also provides information about the quality of recovery of the records obtained.

In this sense, the quality of recovery is one of the key variables to take into account in stress
management and not only the level of daily reaction to it. It should also be noted that the quality of
recovery in the executive sector not only gives the duration and quality of sleep. The characteristics of
the executive profile make it necessary to acquire personalized strategies that can help them to combat
stress during the workday, outside the working day, and during the night, independently of the areas
and activities that they have assigned and the variability of them. To this effect, studies indicate that
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HRV has been used to monitor the effort and recovery in sports such as judo or basketball [27,28], as
well as after performing submaximal exercise [29]. However, there are few studies that analyze our
target population specifically during the night to assess the quality of recovery; although there are
studies carried out with Finnish workers (n = 16.275) that correlate a practice of high physical activity
with lower percentages of stress during workdays and during one’s work, as well as a balance of stress.
Also positively related to a lower BMI with better recovery during sleep [30], the correct design of
healthy strategies within the workplace, sustainable over time, could help the quality of recovery of
workers within and out of work.

For everything described above, the aim of this study has been to describe the physiological
burden of stress and the quality of recovery in a population of senior managers during the workday
analyzed during three different time zones: work, after work, and night.

As a secondary objective, we mark the relocation of the use of high-performance technology for
the objectification of parameters related to health management and stress in executive positions of
high responsibility in a business environment.

Our hypothesis is that the physiological load derived from a low-quality recovery during the 24 h
working day negatively influences the increase in the physiological load that results from stress in the
manager in the medium-long term.

2. Materials and Methods

2.1. Participants

The study was carried out with a total of 48 subjects (n = 48). Of this total, 28 were men and 20
were women. All of them are senior managers of multinational companies based in Spain with high
categories of responsibility during the working day. The sample had an age of 45.92 ± 6.97 years,
height of 1.72 ± 0.09 m, weight of 76.04 ± 13.57 kg, and BMI of 25.54 ± 3.39.

The sample analyzed was of Caucasian race with a medium-high socioeconomic status and payroll
above the Spanish average (1636 €/month). In addition, during the period of analysis, the sample did
not express situations of stress beyond normal to the researcher group, so that the records were made
in situations of habitual stress to them, performing their daily tasks during the HRV registry.

All subjects were healthy subjects who had not suffered any type of cardiovascular or nervous
system disease/disorder. The exclusion criteria for participation in the RR interval recordings included
severe heart disease, very high blood pressure (≥180/100 mmHg), type 1 or 2 diabetes with autonomic
neuropathy, severe neurological disease, fever or other acute illnesses, and a BMI > 40 kg/m2.
These exclusion criteria represented by the manufacturer of the analysis software are presented
in detail [31]. In all cases, acceptance and voluntary and informed signing of participation in the study
was indispensable.

We certify that during the course of our investigation all the regulations marked on the ethical use
of human volunteers marked in the Declaration of Helsinki were followed. In addition, the personnel
in charge of collecting the data of the subjects included in the study did not include in the study data
that could accurately identify the worker in accordance with the requirements of the General Data
Protection Regulations (RGPD) (UE) 2016/679.

2.2. Material

The non-invasive device Firstbeat Bodyguard (Firstbeat Technologies Ltd., Jyväskylä, Finland)
(Figure 4) was used to register the HRV. The data was recorded using Firstbeat Analysis Server software
(version 6.3, Firstbeat Technologies Ltd.), which includes the artifact detection and correction function
for irregular ectopic beats and signal noise. Its subsequent use was carried out with the exportation of
the same to the software excel (version 15—year 2013) for the analysis of the individualized form of the
relationship between stress and recovery (stress balance) in the different studied ranges: work, after
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work, and night, as well as the treatment of the different variables analyzed. All statistical analysis
was performed with SPSS V.23. (SPSS Inc., Chicago, IL, USA) for Windows.

Figure 4. Firsbeat Bodyguard 2. Firstbeat Technologies Ltd.

The device is used through two disposable electrodes. The hydrogel electrodes that were used
during the data collection in our sample were the model Kendall 530 foam (Meditrace). All participants
were given the device and six additional electrodes so that they could exchange them when showering,
since the device cannot get wet.

2.3. Protocol

The measurement data was interpreted following the Healthy Box® methodology for specialized
research in companies (Freedom and Flow Company, Madrid, Spain). For the analysis of the data
we took into account data such as sex, age, height, and weight for the interpretation of the results
obtained through FirstBeat®. Ambulatory beat-to-beat R-R intervals were used to determine the
amount and intensity of blood pressure (BP), stress, and recovery. The software calculates the HRV
indices second by second using the short-time Fourier transform method and calculates the variables
derived from HR and HRV of the respiration rate, oxygen consumption, on/off kinetics (increase or
decrease of HR), and parameters describing the excess post-exercise oxygen consumption using neural
networks. Subsequently, the software divides the measurement data into coherent data segments
and categorizes these segments into different physiological states, such as physical activities (PA) of
different intensities, stress, and recovery [32,33], taking into account the individual characteristics,
levels, and scales of HR and HRV, and the individual relationships between HRV and autonomic
control [34]. More information of this method of analysis is available in a document from Firstbeat
Technologies Ltd [35].

All the participants received the device in hand in their respective offices, the protocol to be
followed was explained to them during the next 48 h and they were given access to a diary where
they indicated all the activities they would perform during the registration time, including working
hours and sleeping time. All the participants had placed the device during 48 working hours with
the objective of analyzing 24 full hours of registration, regardless of their lifestyle and working hours.
This methodological decision was taken to try to homogenize to the maximum the different working
hours that we can find in this studio population, where in some cases, the change of continental time
between the different headquarters of the analyzed multinationals had to be taken into account.

2.4. Variables

To calculate the physiological load of stress and recovery we monitor through the Firstbeat®

Bodyguard 2 device we measure the HR in beats per minute (PPM), the VFC measured in seconds
(seconds), and the analysis of Root Mean Square of the Successive Differences (RMSSD) as is measured
in milliseconds (ms) during a workday. From these parameters, the variables analyzed were [33]:

RMSSD: one of the few time domain tools used to evaluate the variability of heart rate. RMSSD
searches for the successive difference between the R-R intervals in order to calculate the square of the
middle root of the junction of the adjacent R-R intervals and provide an indicator of the vagal cardiac
control (parasympathetic tone). Therefore, we can say that it is a parameter that informs us of those
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variations that occur in a short period between the R-R intervals, obtaining information on how the
parasympathetic nervous system (SNP) affects the cardiovascular system. Thanks to the RMSSD we
know with little time of measurement if there have been changes, the greater the RMSSD being the
greater the parasympathetic activity.

Heart rate increases and, thus, the time between successive RR-intervals gets shorter during
inhalation (inspiration) and longer during exhalation (expiration). This fluctuation in the time between
the successive RR-intervals is called HRV. Image extracted by Stress and Recovery Analysis Methods
based on 24 h heart rate variability, Firstbeat Technologies Ltd. (Figure 5).

• Time stress in 24 h (minutes): time in minutes of an average of 24 h reacting to stress.
• Stress percentage (%) (% Stress): percentage of reaction to stress in an average of 24 h.
• Recovery time in 24 h (minutes): total time, measured in minutes, in which the body is recovering.
• Percentage recovery (%) (% Recovery): percentage of total recovery time in 24 h.

Figure 5. Electrocardiogram (ECG) exhibiting respiratory sinus arrhythmia.

The studies say that in 24 h, an adequate management of stress that impacts healthily in the
professional and personal environment would entail between 40–60% of the time spent in activities that
suppose a positive stress in the organism, indispensable for the high work performance, complemented
with more than 30% of regenerative activities/recovery, which would be equivalent to 432 min of the
1440 min that day. We could summarize it (Figure 6):

 
Figure 6. Values expressed in percentage of the impact of stress and recovery on performance.

It is important to note that stress is not always harmful. Stress can be positive or negative.
The presence of stress may indicate that the person is experiencing something exciting or joyful.
However, high stress indicators over a long period of time negatively impact personal well-being and
health. Moderate stress levels during a normal working day are associated with high productivity
at work.

Stress Balance: The 24 h stress balance features identify areas of stress in an executive’s routine.
This variable evaluates the balance between stress and recovery during the day or time slots analyzed,
identifying if the body tendency reacts predominantly towards stress or relaxation.
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Regular recovery is necessary for physiological systems to overcome the effects of stress. Recovery
means reduced activation levels in the body in the absence of internal and external stress factors.
During recovery, parasympathetic (vagal) activations dominate the ANS and psychophysiological
resources are restored.

The connection between HRV and stress-recovery is commonly recognized. Strong indicators of
recovery include individually low HR and high HRV. Night-time recovery rates are a key factor in
stress balance.

The Firstbeat software gives us the stress balance value automatically for all the monitored record,
this value being between 1 and −1 (values closer to 1 will indicate a correct recovery, while values
close to −1 indicate a poor recovery) (Table 1).

Table 1. Stress balance areas.

High Tendency
to Stress

Moderate Tendency
to Stress

Moderate Tendency
to Relaxation

High Tendency
to Relaxation

From −1 to −0.5 From −0.49 to 0 From 0.1 to 0.49 From 0.5 to 1

Following the Healthy Box® methodologyy for specialized research in companies (Freedom and
Flow Company, Spain) and in order to homogenize the recorded data as much as possible, we decided
to divide the day into three strips and analyze the variables in a segmented manner for each of them,
protocolizing the analysis and data processing:

• Work: in those cases in which the subject did not indicate an atypical variation of his work
schedule, we applied the protocol of the type schedule (09:00 a.m. to 6:00 p.m.), as well as in the
subjects who specified us schedule, and we filtered all the minutes worked throughout the 24 h of
analysis, even if it was a split day.

• After Work: we consider here all the hours in which you are not working or sleeping, being
the standardized hours from 6:00 pm to 11:00 pm, always respecting the specifics of the sample
indicated by each subject.

• Night: For the evaluation of the recovery index, the results are highly individualized, since the
method is to use a 4 h window that starts 30 min after going to bed, in order to compare the
intensity of recovery with the highest measurement of registry.

For the calculation of stress balance, all the moments in which there is no signal or identification
by the device, were broken. In this way, we were able to calculate the stress balance in each time slot
through the following formula:

Stress Balance =
(Relaxion + Recovery from exercise)− “non − identificable”
(Relaxion + Recovery from exercise) + “non − identificable”

The last of the analyzed data was training effect (TE), which represents the degree of alteration
of the homeostasis resulting from a physical activity session (in our case of the 24 h measurement).
The effect of training is based mainly on the values of COPD during the exercise, which is extended
depending on the physical state or level of activity of the people. The higher the value of TE, the
greater the expected increase in maximum performance after the exercise will also be. COPD (and TE)
increases when the intensity or duration of exercise increases.

• Training effect describes the effect of the exercise on a scale of 0–1: 0.0–0.9 = no effect;
1.0–1.9 = minor effect; 2.0–2.9 = maintenance effect; 3.0–3.9 = improvement effect; 4.0–4.9 = highly
improving effect; 5.0 = temporary overreach effect.
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2.5. Statistics Analysis

The data processing was carried out in two general lines:

• Descriptive study of the physiological burden of stress and recovery during a workday in a
sample of n = 48 executives. All values are shown as mean ± standard deviation (Med ± DS).

• Descriptive study comparative of the physiological load of stress and recovery during a workday
between men (n = 28) and women (n = 20).

All statistical analyses were performed with SPSS® V.23. (SPSS Inc., Chicago, IL, USA) for
Windows. All values are shown as mean ± standard deviation (Med ± DS). Due to the size of the
sample, less than 50 subjects, the U-Mann Whitney test was carried out to verify the normality of
the sample distribution. The level of significance was set at p < 0.05. Those variables that followed a
normal distribution were applied the Student’s T test for independent samples with two-tailed analysis,
making the comparison with a confidence interval of 0.95 percent. In case of finding differences, and in
order to avoid the type I errors that are made when making multiple comparisons, the Bonferroni post
hoc test was performed. For those variables that needed their corresponding analysis of non-parametric
type, Friedman’s nonparametric test was used. To determine between which intervals differences were
obtained, we used the nonparametric test of two Wilcoxon-related samples. The level of significance is
set at p < 0.05. For the correlation tests, the Pearson or Spearman test was used according to parametric
or nonparametric variables.

3. Results

In the descriptive study of the physiological burden of stress and recovery during a workday in a
sample of n = 48 executives. All values are shown as mean ± standard deviation (Med ± DS).

The general aspects to consider are the reaction time to stress in minutes and percentage with
respect to the total of the day. In this sense the reaction to stress can be positive or negative. An
optimal average for work performance and health would be to find the percentage of reaction to stress
between 40–60% of total hours of the day (9.6 h–14.4 h out of a total of 24 h). On the other hand,
the relaxation time corresponds to the periods of time in which the body is recovering/regenerating.
Important recovery periods include sleep and rest times during the day. As a reference, we should
rest at least 30% (7.2 h) in a 24 h period. The result of the average percentage of time directly related
to physiological reactions to stress during a 24 h workday in the group analyzed is 40.96 ± 18.91%,
placing them within the values rated as habitual and optimal for performance. On the other hand, the
average relaxation time in a 24 h period expressed as a percentage is 24.38 ± 11.45%, being lower than
the recommended values (<30%). Significant differences have been found between stress time and
relaxation time during the workday, a which mean that in a 24 h workday, stress is more present in the
body than relaxation (p < 0.05). Below are the results analyzed for each time slot (Table 2).

Table 2. Descriptive analysis of the physiological load and recovery (Med ± SD).

Relax Time (min) %Relax Total Stress Time (min) %Stress Total Stress Balance

Work 51.38 ± 89.14 3.57 ± 6.19% 310.11 ± 157.84 * 21.54 ± 10.96% −0.59 ± 0.48 *
After Work 38.41 ± 45.67 2.67 ± 3.17% 212.89 ± 93.08 * 14.78 ± 6.46% −0.52 ± 0.48 *

Night 276.13 ± 94.88 * 19.18 ± 6.59% * 85.78 ± 88.11 * 5.96 ± 6.12% 0.57 ± 0.43 *
Total 351.75 ± 164.86 24.38 ± 11.45% 589.88 ± 272.37 40.96 ± 18.91% −0.31 ± 0.37

Min = minutes. * p < 0.01

As we can see in Table 2, the highest stress time is given in the time slot corresponding to the
working hours, decreasing significantly in the after work range (p < 0.00) and during the night (p < 0.00).
With respect to the relaxation time, we did not find significant differences in the time of relaxation
inside and outside of work, although there we did between after work and night (p < 0.00), with
other types of activities being able to exist outside the working hours that the device does not identify
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as stressors, and with it their corresponding impact on the SN, but that also do not allow the body
to relax.

In the analysis of the impact of stress generated during working hours can generate in the rest
of the variables, we found that there is a low positive correlation between the time of stress at work
and stress time outside working hours (r = 0.30) (p < 0.05), being significantly different among them
(p < 0.00), which indicates that the more stress at work, the more stress tends to be outside of working
hours. We also found a low positive correlation between work stress and stress time present during the
night time (r = 0.38) (p > 0.05), being significantly different, so, in this sense, having higher work stress
is also relates to a greater tendency to suffer greater nighttime stress (p < 0.00). However, we did not
find in the results any kind of correlation between the stress time shown during working hours and
the nighttime relaxation time, which shows that the stress time generated during working hours does
not have to involve lower values of relaxation during the night, although it does imply a significant
decrease in the values of SB nocturne (r = −0.37) (p < 0.05).

On the other hand, when we analyze the impact of stress that is generated and/or remains outside
of working hours after working hours, we find a moderate negative correlation between the stress
time generated outside of working hours and the nighttime relaxation time, which indicates that the
greater the hours of stress outside of work, the shorter the relaxation time during the night (r = −0.48)
(p < 0.01) and the lower values of the SB at night (r = −0.35) (p < 0.05).

If we analyze separately the tendency of the organism to be in a state of stress or recovery
during the full working day (24 h), the average found is identified with “moderate tendency to stress”
(−0.31 ± 0.37), maintaining a high tendency to stress both within (−0.59 ± 0.48) and outside working
hours (−0.52 ± 0.48), compensated with moderate recovery values only during the night (0.57 ± 0.43)
(Figure 7).

 
Figure 7. Stress balance for different time slots.

In the descriptive study of the physiological load of stress and recovery during a workday,
segmented by gender (men, n = 28 and women, n = 20), we only found significant differences between
gender in the time of reaction to stress by the night, being significantly lower in men (62.37 ± 73.0 min)
than in women (119.0 ± 98.5 min) (Table 3).

In the descriptive study of the effect of training during a working day, we found that the analyzed
sample obtained a TE of 1.69 ± 0.67, which means that it has a low level of physical activity (less
training effect).
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Table 3. Descriptive analysis of the physiological load and recovery segmented by sex (Med ± SD).

Relax Time (min) % Relax Total Stress Time (min) % Stress Total Stress Balance

Work
Men 60.78 ± 104.02 4.22% 313.56 ± 175.72 21.78% −0.63 ± 0.48

Women 38.70 ± 64.33 2.69% 305.45 ± 134.25 21.21% −0.55 ± 0.50

After work
Men 42.37 ± 45.84 2.94% 194.48 ± 90.32 13.50% −0.46 ± 0.53

Women 32.79 ± 46.07 2.28% 239.05 ± 92.98 16.60% −0.61 ± 0.38

Night Men 292.3 ± 90.79 20.30% 62.37 ± 73.05 * 4.33% 0.65 ± 0.43
Women 253.16 ± 98.23 17.58% 119.05 ± 98.53 * 8.27% 0.47 ± 0.41

Total
Men 381.32 ± 182.87 26.48% 550.04 ± 294.57 38.20% −0.23 ± 0.41

Women 310.35 ± 128.91 21.55% 645.65 ± 233.66 44.84% −0.41 ± 0.26

* p > 0.05.

4. Discussion

After analyzing the results, we explained that the main objective of this study was fulfilled, which
was to describe the physiological burden of stress and the quality of recovery in a population of
senior managers during the workday analyzed during three differentiated time slots: work, after
work, and night. The marked secondary objective has also been met, through which it was sought to
transfer the use of high-performance technology for the objectification of parameters related to health
management and stress in executive positions of high responsibility to the business environment.

The hypothesis of research generated at the beginning of the study was fulfilled in which we
established that the physiological load derived from a low quality of recovery during the 24 h workday,
negatively influences the increase in the physiological load that stress entails in the manager in the
medium-long term.

As we can see, the stress generated in the time interval between the work output and the time
of going to bed is the one that significantly seems to influence more strongly in a low quality of
recovery during the night since it does seem to influence the nighttime relaxation time with a negative
correlation of r = −0.48. While the stress time generated during working hours does not correlate
with it. In this case, whether in a general way or segmented by sex, the organism’s longest period of
relaxation occurs significantly at night, finding in this range the only positive SB values, related to a
better quality of recovery.

To this effect, the data show a low positive and significant correlation between stress time at
work and stress time outside working hours, which a priori indicates that the more stress at work,
the more stress tends to exist outside working hours, thus influencing a worse quality of night recovery.
However, if the stress is significantly lower after working hours but does not find significant differences
in the relaxation time inside and outside of work, it may lead us to think that there may be other types
of activities outside of work hours that, although not being identified by the body as stressors and are
not directly related to work, nor allow the body to relax.

In line with this hypothesis, the device used identifies physical activity as an element different
from stress/relaxation, which is why we include in the analysis of variables the effect of training
derived from the time that the device collects as a practice of physical activity. In the analyzed
population, the effect of the training is 1.69 ± 0.67 out of a maximum of 5.0, which means that they
hardly did any physical activity during the day they wore the device, so we can rule out the practice of
physical activity outside the working hours as a physical stressor responsible for the values recorded
with respect to the time of stress and its relationship with relaxation time outside working hours,
leaving the hypothesis open to the cause of stress outside working hours corresponds to other types of
activities personal and/or professional.

In this regard, the study by Föhr et al., (2016) correlated in a sample of 16,275 lower Finnish
workers percentages of stress during the days of work and during the work itself in those who had
a practice of high daily physical activity, impacting also in its quality of recovery [28], In the upper
management segment, the practice of physical activity is, thus, defined as a great compensatory tool for
the stress generated during the day, deficient in the sample analyzed, which would serve to improve
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not only their levels of strength and aerobic capacity, but also improve the effects of training in general
health and the management of physiological stress in particular.

On the other hand, our results confirm previous studies showing a strong relationship between
the decrease in HRV and stress in the body [20,23,24], however most of these studies describe stress as
“work-related stress”. Analyzed in a general way, nevertheless, by segmenting the working day in
three time zones—work, after work, and night—our results show how the stress generated during
working hours is not directly responsible for the decrease in HRV sustained in time, and may not be
in this case and for this sample, the problem to “manage” if the period included outside work hours
(after work) until the time of going to bed.

Acute stress correlates with a decrease in HRV during sleep [21] and during the day [22],
which may mean that the acute stress peaks that significantly decrease the quality of recovery during
the night in our group are not given during work hours, but outside of work.

In this sense, the management of stress produced outside of work is decisive to achieve a quality
of positive recovery and enough to compensate the reactions to stress the rest of the workday, if the
stress generated outside of work is not caused for the practice of physical activity (positive stress),
there are other personal or professional causes that strongly condition the quality of recovery in the
upper management segment. In relation to this line of hypotheses, the team of Zoupanou et al. (2013)
concluded in its study that employees strongly influenced by work are the ones with the highest
negative stress, however, this result cannot be confirmed with our study, being necessary to continue
expanding the sample with the aim of knowing which activities are those that cause an increase or
maintenance of stress levels outside working hours, and cannot be directly attributed solely to the
workload generated during the same.

5. Conclusions

The stress generated or maintained outside working hours correlates significantly with a lower
quality of recovery during the 24 h workday.

It is necessary to prioritize strategies that help improve stress management in executives through
the improvement of tools and strategies that promote greater relaxation outside working hours mainly.

The sample analyzes presents values of physical activity practice lower than those recommended
by the World Health Organization.

6. Limitations

Variables, such as the IQ or socioeconomic status throughout the working life of the sample, were
not analyzed in this study, with possible covariates that would improve the analysis.

The comparison of the stress obtained through HRV with self-perceived stress questionnaires
could be very useful to obtain the physiological and mental relationship of stress both at a specific
time of the day and a total balance throughout the same.

There is some limitation in the exact control of the work and after work bands in terms of the
completion of the work moment and the start of after work, which can be a factor of confusion for the
reader. The rest of the strips selected in the sample are very clear and precise. When developing the
sample we analyzed its functions in a fixed physical place, and we could assess the possibility that
these strips were inside the workplace and outside the workplace, as long as there was no mobility on
the part of the subject.
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Abstract: Oral disease can cause economic loss due to impaired work performance. Therefore,
improvement of oral health status and prevention of oral disease is essential among workers.
The purpose of this study was to investigate whether oral health-related behavioral modification
intervention influences work performance or improves oral health behavior and oral health status
among Japanese workers. We quasi-randomly separated participants into the intervention group
or the control group at baseline. The intervention group received intensive oral health instruction
at baseline and a self-assessment every three months. Both groups received oral examinations and
answered the self-questionnaire at baseline and at one-year follow-up. At follow-up, the prevalence of
subjects who use fluoride toothpastes and interdental brushes/dental floss were significantly higher in
the intervention group than in the control group. Three variables (tooth brushing in workplace, using
fluoride toothpaste, and experience of receiving tooth brushing instruction in a dental clinic) showed
significant improvement only in the intervention group. On the other hand, work performance and
oral status did not significantly change in either group. Our intensive oral health-related behavioral
modification intervention improved oral health behavior, but neither work performance nor oral
status, among Japanese workers.

Keywords: work performance; oral health; intervention study; behavioral modification

1. Introduction

Health impairment influences work performance due to pain, absence for treatment and physical
disability [1–4]. The World Health Organization states that protecting workers’ health is important to
household income, productivity, and economic development, and work-related health problems result
in an economic loss of 4–6% of gross domestic product (GDP) for most countries [5].

Several chronic diseases, including oral diseases, were reported to cause economic loss due to
impaired work performance [6]. In Japan, 34.8% of workers had problems with work due to oral
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diseases and impaired work performance [7]. Another study reported that oral diseases indirectly
impose an economic burden, costing US$144 billion in terms of productivity losses due to absenteeism
from work [8]. Thus, prevention and control of oral diseases is important for workers to avoid impaired
work performance and subsequent economic loss.

Improving individual oral health behavior is effective for preventing oral diseases. Dentists
or dental hygienists perform behavioral modification for improvement of patient oral health
behavior [9–11]. Adopting methods for behavioral modification, such as “prompt self-monitoring of
behavior”, “prompt intention formation”, “prompt specific goal setting”, “provide feedback on
performance”, and “prompt review of behavioral goals”, are effective [12,13]. However, there have been
few studies investigating the effects of intervention for behavioral modification on work performance.

We hypothesize that oral health-related behavioral modification intervention will improve work
performance by improving oral health behavior and oral health status. This study aims to investigate
whether oral health-related behavioral modification intervention influences work performance or
improves oral health behavior and oral health status among Japanese workers.

2. Materials and Methods

2.1. Study Population

We estimated the sample size using G*Power and calculated minimum sample sizes for a
chi-squared test. We set the effect size at 0.3, alpha at 0.05, and power (1 − β) at 0.80 [14]. The minimum
sample size was 108 (chi-squared test). Assuming an attrition rate of 30% [15,16], the planned sample
size was therefore a minimum of 308 participants (154 in each group).

Among central or branch offices in Okayama in Japan, we recruited companies that have never
received oral examination in work places and agreed to participate in the study. A total of 14 companies
in Okayama, Hiroshima, Osaka, and Kyoto cities in Japan agreed to participate in this study. Inclusion
criteria for participant recruitment were to complete oral examinations and questionnaires, while
exclusion criteria were participants who did not agree to participate. We enrolled 611 workers from
April to December 2015 and performed re-examination from April to December 2016.

This study was an assessor-blinded, quasi-randomized trial (alternate allocation). All participants
first received an oral examination and answered self-administered questionnaires, and were then
divided into two groups in the order in which they came at baseline (2015). After alternate
allocation (ratio; 1:1), participants were assigned to the intervention group or the control group.
After oral examination, the intervention group received instructions for oral health-related behavioral
modification. They were involved in further intervention by the mailing method, which was performed
every three months. The control group received only oral examinations. After one year (follow-up)
(2016), the two groups received re-examination and answered self-questionnaires.

All study protocols were approved by the Ethics Committees of Okayama University Graduate
School of Medicine, Dentistry and Pharmaceutical Sciences and Okayama University Hospital
(no. 1507-001). Written informed consent was obtained from all targeted participants. Moreover,
this study was registered at the University Hospital Medical Information Network (no. 000023011)
before commencing.

2.2. Oral Examination

At baseline and follow-up, six dentists (M.M., T.I., H.M., A.T.-T., A.Y., D.F.) who did not know
the allocation performed oral examinations (single blind). The dentists assessed oral health status
based on community periodontal index (CPI) [17], debris index-simplified (DI-S) [18] and bleeding
on probing (BOP) using a CPI probe (YDM, Tokyo, Japan). CPI, DI-S, and BOP were measured
for 10 representative teeth (maxilla: right first and second molar, right central incisor, left first and
second molar; mandible: right first and second molar, left central incisor, left first and second molar).
CPI scores were binarized; 0–2 vs. 3, 4. DI-S was evaluated in 4 grades (0–3). BOP was expressed as
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percentage (%BOP). In addition, the number of present teeth, decayed teeth, and filling teeth were
recorded [17]. For assessment, all dentists received training and calibration. Data of CPI score (≤2/>2)
were analyzed using a non-parametric kappa test. The kappa coefficients for intra- and inter-examiner
reliability were 1.0 and 0.83, respectively.

2.3. Self-Questionnaire

Before oral examination, participants answered self-questionnaires on sex, age, job category [19],
work pattern (daytime/daytime and nighttime/flextime), and 10 questions about oral health [20],
as presented below:

(1) Do you have a family dental doctor? (Yes/No)
(2) Does your work disturb you going to dental clinic? (Yes/No)
(3) Do you brush your teeth in your workplace? (Always/Sometimes/No)
(4) Do you eat snack food between meals? (Always/Sometimes/No)
(5) Do you smoke tobacco? (Current smoking/Past smoking/Never)
(6) Do you brush your teeth before going to bed? (Always/Sometimes/No)
(7) Do you use fluoride toothpaste? (Yes/No/I don’t know)
(8) Do you use interdental brushes/dental floss? (Always/Sometimes/No)
(9) Have you received tooth brushing instruction at a dental clinic? (Yes/No)
(10) Have you received oral examination in the past year at a dental clinic? (Yes/No)

Furthermore, to assess whether oral status influences work performance, we asked “Have you
had any problems with work performance because of oral diseases?” [7]. The answer was given in a
“yes/no” format. If the answer was “yes”, work performance was assessed as impaired.

2.4. Intervention

The intervention group received individualized instruction for five minutes. During the study
briefing, the participants set three goals for oral health behavioral modification to improve individual
oral status and received advice on achieving the goals using a leaflet and a dental model. The instructors
were dental hygienists or dentists who did not perform oral examinations. Moreover, we performed
self-assessment questionnaires three times per year by mail (mailing method). In the mailing method,
the intervention group evaluated the level of achievement of the goals, which were suggested at
baseline intervention and reconsidered the direction. If the goals were achieved, new goals were
established by participants.

2.5. Statistical Analysis

SPSS version 20 software (IBM, Tokyo, Japan) was used for statistical analyses. Values of p < 0.05
were considered to indicate significant associations. Chi-squared tests or non-paired t-tests were used to
assess whether there were significant differences between the intervention group and the control group
at both baseline and follow-up. McNemar test, McNemar-Bowker tests or paired t-tests were used to
assess whether there were significant changes between baseline and follow-up.

3. Results

Figure 1 shows the flow chart for study participants. All participants agreed to participate in this
study. As the participants who did not undergo re-examination or provided incomplete data were
excluded, 371 workers out of 611 workers were included in the analysis (final follow-up rate; 60.7%).
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Figure 1. Flow chart showing the protocols for selecting analyzed workers from among those who
agreed to participate in this study.

Table 1 shows the distribution of participants’ characteristics at baseline. Data were not
significantly different between the two groups at baseline (p ≥ 0.05, chi-squared tests, data not shown).
The most common job category was professional and technical workers (36.9%). Daytime workers
accounted for 85.4% of participants.

Table 1. Characteristics of participants at baseline.

Variables Intervention (n = 188) Control (n = 183)

Sex

Male 149 (79.3) 1 148 (80.9)
Female 39 (20.7) 35 (19.1)

Age (y) 40.7 ± 11.9 2 41.4 ± 11.9

Job category

Administrative and managerial workers 16 (8.5) 25 (13.7)
Professional and technical workers 67 (35.6) 70 (38.3)
Clerical workers 38 (20.2) 23 (12.6)
Sales workers 20 (10.6) 15 (8.2)
Service workers 3 (1.6) 4 (2.2)
Security workers 9 (4.8) 7 (3.8)
Manufacturing process workers 28 (14.9) 36 (19.7)
Transport and machine operation workers 7 (3.7) 3 (1.6)

Work schedule

Daytime work 160 (85.1) 157 (85.8)
Daytime and nighttime work 8 (4.3) 6 (3.3)
Flextime work 20 (10.6) 20 (10.9)

1 n (%); 2 Mean ± standard deviation.
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In Table 2, we show a comparison of clinical variables between the two groups at baseline and
at follow-up. All variables related to oral health status did not significantly differ between the two
groups at baseline and follow-up (p ≥ 0.05, non-paired t-tests or chi-squared tests, data not shown).

Table 2. Comparison of clinical variables between the intervention group and the control group
at follow-up.

Variables

Baseline (2015) Follow-up (2016)
p-Value

Intervention
(n = 188)

Control
(n = 183)

Intervention
(n = 188)

Control
(n = 183)

DI-S 1 0.36 ± 0.34 4 0.38 ± 0.33 0.35 ± 0.36 0.34 ± 0.37 0.784 6

%BOP 2 39.0 ± 30.5 40.5 ± 28.4 36.3 ± 27.3 37.4 ± 26.3 0.674
Present teeth 28.3 ± 2.4 28.5 ± 1.8 28.3 ± 2.4 28.6 ± 1.9 0.246
Decayed teeth 0.69 ± 1.58 0.77 ± 2.06 0.64 ± 1.60 0.60 ± 1.56 0.796
Filling teeth 8.67 ± 6.08 9.06 ± 5.73 8.66 ± 6.13 9.20 ± 5.64 0.376
CPI 3 ≤2 113 (60.1) 5 110 (60.1) 121 (64.4) 116 (63.4) 0.845 7

1 Debris index-simplified; 2 Percentage of bleeding on probing; 3 Community periodontal index; 4 Mean ± standard
deviation; 5 n (%); 6 Non-paired t-test at follow-up; 7 Chi-squared test at follow-up.

The distribution of self-questionnaire answers between the intervention group and the control
group is shown in Table 3. At baseline, there were no significant differences between the two groups
(p ≥ 0.05, chi-squared tests, data not shown). After intervention, the frequency of fluoride toothpaste
and interdental brushes/dental floss use was higher in the intervention group than in the control
group (p < 0.05). There were no significant differences in work performance.

Table 3. Comparison of qualitative variables between the intervention group and the control group
at follow-up.

Vriables

Baseline (2015) Follow-up (2016)

p-Value 1
Intervention

(n = 188)
Control
(n = 183)

Intervention
(n = 188)

Control
(n = 183)

Have you had any problems with work performance because of oral diseases?

Yes 9 (4.8) 2 12 (6.6) 7 (3.7) 7 (3.8) 0.959
No 179 (95.2) 171 (93.4) 181 (96.3) 176 (96.2)

Do you have a family dental doctor?

Yes 118 (62.8) 116 (63.4) 126 (67.0) 122 (66.7) 0.942
No 70 (37.2) 67 (36.6) 62 (33.0) 61 (33.3)

Does your work disturb you going to dental clinic?

Yes 91 (48.4) 76 (41.5) 83 (44.1) 71 (38.8) 0.296
No 97 (51.6) 107 (58.5) 105 (55.9) 112 (61.2)

Do you brush your teeth in your workplace?

Always 56 (29.8) 46 (25.1) 51 (27.1) 50 (27.3) 0.07
Sometimes 38 (20.2) 43 (23.5) 62 (33.0) 42 (23.0)
No 94 (50.0) 94 (51.4) 75 (39.9) 91 (49.7)

Do you eat snack food between meals?

Always 43 (22.9) 45 (24.6) 43 (22.9) 52 (28.4) 0.344
Sometimes 115 (61.2) 111 (60.7) 114 (60.6) 108 (59.0)
No 30 (16.0) 27 (14.8) 31 (16.5) 23 (12.6)
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Table 3. Cont.

Vriables

Baseline (2015) Follow-up (2016)

p-Value 1
Intervention

(n = 188)
Control
(n = 183)

Intervention
(n = 188)

Control
(n = 183)

Do you smoke tobacco?

Current smoking 43 (22.9) 44 (24.0) 45 (23.9) 43 (23.5) 0.994
Past smoking 33 (17.6) 29 (15.8) 31 (16.5) 30 (16.4)
Never 112 (59.6) 110 (60.1) 112 (59.6) 110 (60.1)

Do you brush your teeth before going to bed?

Always 152 (80.9) 137 (74.9) 160 (85.1) 140 (76.5) 0.075
Sometimes 25 (13.3) 28 (15.3) 21 (11.2) 28 (15.3)
No 11 (5.9) 18 (9.8) 7 (3.7) 15 (8.2)

Do you use fluoride toothpaste?

Yes 95 (50.5) 82 (44.8) 124 (66.0) 96 (52.5) 0.029
No 36 (19.1) 46 (25.1) 34 (18.1) 44 (24.0)
I don’t know 57 (30.3) 55 (30.1) 30 (16.0) 43 (23.5)

Do you use interdental brushes/dental floss?

Always 26 (13.8) 28 (15.3) 43 (22.9) 32 (17.5) 0.021
Sometimes 74 (39.4) 70 (38.3) 88 (46.8) 70 (38.3)
No 88 (46.8) 85 (46.4) 57 (30.3) 81 (44.3)

Have you received tooth brushing instruction at a dental clinic?

Yes 129 (68.6) 129 (70.5) 146 (77.7) 135 (73.8) 0.382
No 59 (31.4) 54 (29.5) 42 (22.3) 48 (26.2)

Have you received an oral examination in the past year at a dental clinic?

Yes 72 (38.3) 65 (35.5) 89 (47.3) 87 (47.5) 0.969
No 116 (61.7) 118 (64.5) 99 (52.7) 96 (52.5)

1 Chi-squared test on differences between intervention and control groups at follow-up; 2 n (%).

Changes in measured variables from baseline to follow-up in each group were also compared
(Table 4). Use of interdental brushes/dental floss and dental examinations in the past year
improved significantly in both groups. On the other hand, three variables (tooth brushing in
workplace, using fluoride toothpastes, and experience of receiving tooth brushing instruction) showed
significant improvement only in the intervention group. Work performance and oral status did not
change significantly.

Table 4. Changes in variables in intervention and control groups.

Variables
Intervention (n = 188) Control (n = 183)

Baseline Follow-up p-Value 6 Baseline Follow-up p-Value 6

Continuous variables
DI-S 1 0.35 ± 0.36 4 0.36 ± 0.34 0.913 0.38 ± 0.33 0.34 ± 0.37 0.165
%BOP 2 39.0 ± 30.5 36.3 ± 27.3 0.290 40.5 ± 28.4 37.4 ± 26.3 0.179
Present teeth 28.3 ± 2.36 28.3 ± 2.37 0.381 28.5 ± 1.78 28.6 ± 1.90 0.414
Decayed teeth 0.69 ± 1.58 0.64 ± 1.60 0.515 0.77 ± 2.06 0.60 ± 1.56 0.062
Filling teeth 8.67 ± 6.08 8.66 ± 6.14 0.969 9.06 ± 5.73 9.21 ± 5.64 0.337
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Table 4. Cont.

Variables
Intervention (n = 188) Control (n = 183)

Improved Worsened p-Value 7 Improved Worsened p-Value 7

Categorical variables

CPI 3 33 (17.6) 5 25 (13.3) 0.358 32 (17.5) 26 (14.2) 0.512

Have you had any problems with work performance because of oral diseases?

9 (4.8) 7 (3.7) 0.804 10 (5.5) 5 (2.7) 0.302

Do you have a family dental doctor?

13 (6.9) 5 (2.7) 0.096 18 (9.8) 12 (6.6) 0.362

Does your work disturb you going to dental clinic?

26 (13.8) 18 (9.6) 0.291 25 (13.7) 20 (10.9) 0.551

Do you brush your teeth in your workplace?

30 (16.0) 16 (8.5) 0.003 22 (12.1) 19 (10.4) 0.256

Do you eat snack food between meals?

27 (14.4) 26 (13.8) 0.997 18 (9.8) 28 (15.3) 0.403

Do you smoke tobacco?

4 (2.1) 7 (3.7) 0.392 8 (4.3) 7 (3.8) 0.978

Do you brush your teeth before going to bed?

13 (6.9) 4 (2.1) 0.132 13 (7.1) 10 (5.4) 0.733

Do you use fluoride toothpaste?

53 (28.2) 7 (8.0) <0.001 35 (19.1) 22 (12.0) 0.076

Do you use interdental brushes/dental floss?

50 (26.6) 7 (3.7) <0.001 26 (14.2) 15 (8.2) 0.049

Have you received tooth brushing instruction at a dental clinic?

24 (12.8) 7 (3.7) 0.003 16 (8.7) 10 (5.5) 0.327

Have you received an oral examination in the past year at a dental clinic?

28 (14.9) 11 (5.9) 0.009 32 (17.5) 10 (5.5) 0.001
1 Debris index-simplified; 2 Percentage of bleeding on probing; 3 Community periodontal index; 4 Mean ± standard
deviation; 5 n (%); 6 Paired t-test; 7 McNemar test or McNemar-Bowker test.

Oral health behavioral interventions are not invasive. Therefore, there were no study-related
serious adverse events in this study. Furthermore, outcomes did not change after the trial commenced.

4. Discussion

To the best of our knowledge, this was the first study to assess changes in work performance
after oral health-related behavioral modification intervention. The study design was reliable as
examinations were performed blinded, participants were quasi-randomly (alternate allocation)
separated into either an intervention group or a control group, and the sample size was sufficiently
large. Unfortunately, this intervention did not improve work performance, and there are several
reasons for this. In a previous study [21], it was reported that work performance is mainly influenced
by pain from oral diseases. In this study, there was a significant association between work performance
and oral pain (baseline, p = 0.002; follow-up, p = 0.019; chi-squared tests; data not shown). However,
there was no significant difference in the decrease in oral pain between the intervention and control
groups (p ≥ 0.05). A previous study showed that a combination of professional oral hygiene treatment
and oral hygiene instructions contributed to a decrease in gingival-related pain [22]. Thus, in the future,
we should investigate whether a combination of professional oral hygiene treatment and oral health
instruction improves work performance.
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Oral health-related behavioral modification intervention improved oral health behavior but not
oral health status. A systematic review showed that oral hygiene instruction had short-term and
long-term effects [10]. The short-term effects were improving knowledge, attitudes, self-efficacy, oral
health behavior, and theory constructs. The long-term effects included improving the number of
decayed teeth, plaque score, BOP, and gingival condition [10]. The results of this study may be
included in the short-term effects. Menegaz et al. suggested that a follow-up time of less than one
year led to a lack of efficacy for educational intervention [23]. In addition, Oshikohji et al. reported
that workers who had more participation time for oral examination and oral health instruction had
better periodontal condition than those with less time [24]. If the duration of this study and/or the
frequency of instruction was increased, oral health status might improve.

The intervention in this study was advantageous as it included some of the known factors
that lead to behavioral modification. We explained why the workers should change their
behavior (prompt intention formation), let the workers set goals independently (prompt specific
goal setting), and checked their improvement and prompted them to reconsider their goals
(prompt self-monitoring of behavior and prompt review of behavioral goals) [12,13]. Goals to improve
oral status were also set based on individual situations in this study. These concepts were supported by
a previous study [25]. Finally, the intervention time was short (5 min), a factor which may be effective
in workplaces to improve oral health behavior.

There were 17 participants who had problems with work because of tooth or gum disease
(4.6% of participants) at baseline. These conditions agree with the prevalence of poor work performance
caused by oral pain in previous studies, which ranged between 1.0–7.6% [25–28]. The percentage in
this study was within this range. However, the job sector of participants in this study was skewed.
The percentage of workers who belonged to the tertiary industry sector was high (83%), and there were
no workers from the primary industry sector. Therefore, we should exercise caution when applying
our results more generally.

There were some limitations with regard to the interpretation of these results. First, although
most of the participants visited a dental clinic during the study period, the type of dental health
instruction they received was not confirmed. The intensity of instruction may have affected the results.
Second, the follow up rate was not high (approximately 60.7%). As >20% loss would pose a serious
threat [29], the high percentage of loss to follow-up may have affected our results. In the intervention
group, the ratios of work performance, oral status, and oral health behavior were not significantly
different between the analyzed and non-analyzed workers (188 vs. 85 workers, chi-squared test and
non-paired t-test, p > 0.05). However, in the control group, the percentage of those using interdental
brushes/dental floss was significantly different (183 vs. 90 workers, chi-squared test, p = 0.034).
In the control group, use of interdental brushes or dental floss might have been improved because
more workers who did not use these were not analyzed. Other limitations include the short-term
scale of the study period and the fact that this was not a randomized trial.

5. Conclusions

In conclusion, oral health-related behavioral modification intervention improved oral health
behavior, but not work performance in Japanese workers.
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Abstract: Background: People on long-term sick leave often have a long-lasting process back to work,
where the individuals may be in multiple and recurrent states; i.e., receiving different social security
benefits or working, and over time they may shift between these states. The purpose of this study
was to evaluate the effects of two vocational rehabilitation programs, compared to a control, on
return-to-work (RTW) or increased employability in patients on long-term sick leave due to mental
illness and/or chronic pain. Methods: In this randomized controlled study, 427 women and men
were allocated to either (1) multidisciplinary team management, i.e., multidisciplinary assessments
and individual rehabilitation management, (2) acceptance and commitment therapy (ACT), or (3)
control. A positive outcome was defined as RTW or increased employability. The outcome was
considered negative if the (part-time) wage was reduced or ceased, or if there was an indication of
decreased employability. The outcome was measured one year after entry in the project and analyzed
using binary and multinomial logistic regressions. Results: Participants in the multidisciplinary team
group reported having RTW odds ratio (OR) 3.31 (95% CI 1.39–7.87) compared to the control group
in adjusted models. Participants in the ACT group reported having increased employability OR
3.22 (95% CI 1.13–9.15) compared to the control group in adjusted models. Conclusions: This study
of vocational rehabilitation in mainly female patients on long-term sick leave due to mental illness
and/or chronic pain suggests that multidisciplinary team assessments and individually adapted
rehabilitation interventions increased RTW and employability. Solely receiving the ACT intervention
also increased employability.

Keywords: return-to-work; vocational rehabilitation; multidisciplinary rehabilitation; chronic pain;
mental illness; sick leave

1. Introduction

Common mental illness and chronic pain are the two most frequent reasons for long-term sick
leave in many countries, including Sweden [1,2]. In addition to the individual suffering related
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to mental illness and chronic pain, there is a major public/societal burden related to productivity
losses [3]. In 2008/2009, the social insurance system in Sweden was reformed and maximum time
sick-leave reimbursements were introduced; people on sick leave were transferred to the Swedish
Public Employment Service (SPES) to have their work ability assessed [4]. During 2010–2012,
about 40,000 people reached the maximum time for sick-leave compensation, and were among the first
to have their work ability assessed by SPES, and thus be available for work in the labor market.

People on long-term sick leave often have a long-lasting process back to work [5], where the
individuals may be in multiple and recurrent states; i.e., receiving different social security benefits or
working, and over time they may shift between these states. This includes shifts between different
social security benefits, programs, and part-time and full-time work [5]. Even if individuals do not
necessarily move directly to return-to-work (RTW), they might come closer to, or further apart from,
the labor market. Longer periods of sick leave are also known as a risk factor for not RTW [6,7].
Other factors that are associated with less RTW are female gender, age, pain, disability, depression,
high work demands, previous sick leave, unemployment, and activity limitations [8].

Several strategies have been proposed to prevent work absence and facilitate RTW, and these
interventions can be broadly classified as unimodal (for example individual psychotherapy),
multimodal programs (team-based assessments and synchronized treatment by several health
professionals), and interventions that target a structural level [9]. A recent systematic review of
workplace interventions for RTW for musculoskeletal, pain-related, and mental health conditions
concluded that there is strong evidence that multimodal intervention encompassing at least two
of the three domains shortens duration away from work [10]. The current intervention project,
which was carried out between 2010–2012, targeted people on long-term sick leave and at risk of
losing their reimbursement from social insurance. Previous studies have foremost targeted people
having short-term or medium-term sickness absence [10]. It is still not fully explored how people
on very long-term sick leave RTW after experiencing mental illness or chronic pain. The aim of the
study was to investigate the effects on RTW or changes in employability for people on long-term
sick leave. The objective was to analyze the effects of two vocational rehabilitation interventions: a
multidisciplinary team assessment and individualized treatment and/or unimodal psychotherapy
with ACT intervention in patients on sick leave due to common mental disorders or chronic pain. To
study an empirically relevant intervention outcome that reflects a stepwise rehabilitation perspective,
individuals shifting between sources of income was used as an indicator of increased or decreased
employability and RTW.

2. Materials and Methods

This study was conducted as a randomized controlled trial (RCT) and was implemented in two
phases. In the first phase, only female participants were allocated to the multidisciplinary treatment
(MDT) intervention group, the acceptance and commitment therapy (ACT) intervention group, or
to the control group. In the second phase, both women and men participants were allocated either
to the MDT group or the control group. The study sample from phase 1 has being used in previous
studies [11,12]. The present study evaluates pooled data from both phases.

2.1. Subsection

Participants eligible for the study were women and men (men only in phase 2) on long-term
sick leave or a temporary disability pension due to a mental illness and/or pain-related diagnosis
in Uppsala County, Sweden. Mental illnesses included F-diagnoses (with the exceptions of the
exclusion criteria diagnosis), and pain diagnoses included M-diagnoses and R-diagnoses defined in the
International Statistical Classification of Diseases and Related Health Problems 10th revision (ICD-10).
The office of the Swedish Social Insurance Agency (SSIA) identified 1331 individuals on sick leave,
with these problems expected to reach their maximum time of sick leave between 2010–2012. After
first inclusion, the individuals’ sickness certificates were screened by a physician and an occupational
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therapist or psychologist to determine fulfilment of the inclusion criteria, and to ensure that they
did not fulfil the exclusion criteria. The inclusion criteria were: (1) on sick leave for mental illness
and/or chronic pain; (2) aged between 20–64 years. The exclusion criteria were: (1) at high risk
for suicide; (2) ongoing alcohol/substance abuse; (3) major mental illness (schizophrenia, bipolar
disorder type I, severe social dysfunction/personality disorder); (4) participation in psychotherapy or
another vocational rehabilitation program. The SSIA initially identified 1331 people as eligible for the
project; after screening, 418 were excluded from the project due to not meeting the inclusion criteria
or meeting the exclusion criteria. The remaining 913 individuals were then contacted by mail with
information about the project and invited to participate. Out of these, 473 did not respond or declined
to participate. A further 13 people were excluded from the research part of the study (but received care
in accordance with their allocation) due to being contacted before the formal approval by the ethics
committee. The remaining 427 gave their consent to participate, and were randomized by the SSIA into
the multidisciplinary team group (n = 178), ACT group (n = 102), or control group (n = 147). Out of
these, 282 participants answered the outcome measure (see Figure 1). The inclusion, randomization,
and allocation were performed consecutively during the project, about three to four months ahead of
the date to match when participants were expected to transition to the SPES. Initially, the participants
had an equal chance of being allocated into either the MDT, ACT, or control groups. In phase 2 of
the study, two-thirds were randomized to the MDT group and one-third was allocated to the control
group. The second phase also included men; the reason for also including men was an increased need
among men for this type of intervention.

Figure 1. Flow chart of inclusion and follow-up procedure.

2.2. Interventions

The interventions started one to three months ahead of each participant’s expected transfer
to the SPES. Patients randomized to the MDT group met individually with professionals from a
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multidisciplinary team, including a psychologist (PS), a physician (MD), an occupational therapist
(OT), and a social worker (SW). The health professional assessed the participant’s strengths and
limitations for RTW from each perspective. The team then met without the participant to establish
an individualized rehabilitation plan, which was later brought back to the participant by one of the
team members. The participants had the choice of accepting all, none, or parts of the rehabilitation
plan’s suggestions and interventions. The plan could involve further examinations, assessments,
meetings, or psychotherapy (which then was delivered by the PS) for up to a period of one year.
The team met weekly during the project period to evaluate the situation and synchronize the planned
or ongoing activities for each participant. Participants allocated to the ACT group received solely ACT
treatment. ACT is psychological therapy that uses cognitive behavioral therapy (CBT) and acceptance
and mindfulness strategies, together with behavioral strategies, to increase function and quality of life
rather than decreasing symptoms to increase psychological flexibility, which has shown to be of value
for a number of long-lasting conditions [13]. Most psychotherapy sessions and meetings, for both the
multidisciplinary team and ACT group, took place at the clinic, but there was also a possibility of
conducting meetings at the participant’s home, work, or elsewhere. Sessions were typically about an
hour long.

In the second phase of the project, the possibility of being randomized to sole ACT treatment
(ACT group) was omitted. The reason was that during phase 1, it turned out that some participants
randomized to the ACT group were not interested in receiving ACT, but were interested in receiving
other types of treatments. Participants randomized to the MDT group (in both phases) had the option
of receiving ACT if suggested by the psychologist after assessment. In addition to the treatments,
all of the participants also had scheduled collaboration meetings with their administrator at the
SPES, the SSIA, and their contact person within the project. These meetings aimed to ascertain the
rehabilitation plan and its goal for the individual as well as for the participating organizations.

The control group did not receive any intervention organized within the intervention project,
but was free to receive the usual assistance and care provided by their regular contact with the SSIA,
SPES, and potential contacts with healthcare providers. The control group responded to the same
follow-up questionnaires as the intervention groups.

2.3. Questionnaires and Outcome Measures

Data collected before the intervention included demographics, such as the respondent’s gender,
age, and educational level (categorized as compulsory school, secondary school or equivalent, or
university). Factors related to mental health were assessed using the Hospital Anxiety and Depression
Scale (HADS) [14]. The HADS is a 14-item scale; seven of the items relate to anxiety, and seven relate
to depression. The General Self-Efficacy scale (GSE) was used to measure the participants’ perceived
self-efficacy [15]. The GSE consists of 10 statements and is answered on a four-point Likert scale
ranging from 1 = “Not at all true” to 4 = “Completely true”. The items were summed to give a total
score of 10 to 40. A mean value was calculated as the sum of all of the answers divided by the number
of statements, as long as no more than three statements were missing [16]. The current version of the
GSE has been translated into Swedish and has been validated [17]. There is no definite cut-off score
for the self-efficacy scale. In this study, the mean value (2.3) of self-efficacy was used to categorize
participants with lower (<2.3) versus higher (≥2.3) self-efficacy. The work-related predictor variables
that were used in this study included employment contract status (unemployed or employed), extent of
sick leave (full-time or part-time), and years with income replacement, which were collected through
SSIA registry data.

To measure intervention outcomes, the participants responded to a mailed follow-up
questionnaire 12 months from randomization (see Figure 1).

This study’s primary outcome uses self-reported sources of income at baseline and follow-up at
12 months to create an outcome variable with four exclusive categories that were believed to capture
both changes in RTW as well as changes in employability. Outcome was measured by using the
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following question: “How do you provide for yourself?” Participants indicated answers in percentages
of income from various sources currently and a year earlier. Income sources included: wages (through
employment or own business); sickness compensation from the SSIA; and compensation through
the SPES. The answers were then compared. If a person reported having increased their proportion
of wage due to more work as source of income at 12 months, then they were categorized as “RTW”
(having returned-to-work in full or to some degree). A person was categorized as having an “increased
employability” if the compensation change indicated increased availability for work, such as increased
compensation from the SPES instead of sick leave compensation from the SSIA, as an indication that
the person was (more) eligible for work in the labor market. Outcome was considered “negative” if
the (part-time) wage was reduced or stopped, or if there was an indication of decreased employability
(increased compensation from the SSIA without increased wage). An unchanged outcome was defined
as having no changes in wage, employability, or sickness benefits. The outcome variable was further
dichotomized for the binary logistic regression analysis into those having a positive (having RTW or
increased employability) or negative (having negative or unchanged outcome) outcome.

2.4. Analyses

Differences in outcome between the two intervention groups and the control group were
investigated using Chi-square tests. The intervention’s effects were analyzed using binary and
multinomial logistic regression models. In randomized controlled trials, confounders are believed
to be equally distributed between compared groups. However, it might be of interest to investigate
the associations among different factors to the outcome. It might be of further interest to adjust
for confounders that are potentially associated with the attrition. To adjust for potential predictors
and confounders and other variables that may be associated with the outcome, a stepwise approach
was performed using sets of variables. In model 1, the intervention group was adjusted for age and
education level. In model 2, additional adjustments were made for HADS, self-efficacy, employment
contract, extent of sick leave, and years with income replacement.

Multinomial logistic regressions were used comparing a negative outcome, increased
employability, and RTW to those with no changes as a reference category. Multinomial logistic
regressions were also performed and adjusted for potential confounders. A complete case analysis
was performed in which respondents answered the outcome measure; also, due to a large number of
missing values in the outcome variable (34.0%), a sensitivity analysis was performed, in which missing
participants were assumed to have made no change in outcome (reference category). All of the tests
were two-sided, and a level of p < 0.05 was considered statistically significant. The statistical analyses
were performed using SPSS statistics (IBM Corp, Armonk, NY, USA), version 22.0.

2.5. Ethical Considerations and Trial Registration

All of the participants provided written informed consent for the study. The first phase of the
study was approved by the Regional Ethical Review Board of Uppsala in 2010 (Reg. no. 2010/088)
and the extension (second phase) of the project was approved in 2011 (Reg. no. 2010/088/1). In the
reporting of the results of this trial, we have tried to follow the Consolidated Standards of Reporting
Trials (CONSORT) checklist as far as possible. The study was registered at the Clinicaltrials.gov
Register Platform (ID NCT03343457) on 15 November 2017 (retrospectively registered).

3. Results

The average age of the study group was 48.9 years (SD 8.3). The study group consisted of 94.7%
women and 5.3% men. Secondary school was the most common completed education level. Most of
the participants (68.1%) had an employer, and the average time on sick leave was 7.7 years (SD 3.2).
About half of the participants were on full-time sick leave, and half were on part-time sick leave.

One-third of the participants were on sick leave for psychiatric disorders, about one-third were
on sick leave for pain-related conditions, and about one-third were on sick leave for a combination of
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psychiatric and pain-related disorders. Common pain-related problems were fibromyalgia and pain
in the back, neck, or joints. Common mental disorders were depression (current and recurrent) and
stress-related and anxiety disorders.

Participants in the multidisciplinary team group attended on average 4.4 (SD 5.4) sessions
delivered by the MD, OT, PT and SW, and 4.7 (SD 6.4) sessions with a psychologist who provided ACT,
for a total average of 9.1 (SD 8.4) sessions. Participants in the ACT group attended on average 8.0 (SD
6.0) sessions with a psychologist providing ACT, as shown in Table 1. Of the complete cases in this
study, 66% of the participants in the MDT group received at least one meeting with a psychologist
providing ACT as one part of their individual plan.

Table 1. Characteristics of study participants.

Variable Group/Measure MDT Group ACT Group Control Group Total

Sex
Female 90.4 100.0 93.9 93.9
Male 9.6 0.0 6.1 6.1

Age, years Mean (SD) 49.9 (8.5) 47.8 (7.8) 48.0 (8.3) 48.7 (8.3)

Education
Compulsory school 22.2 14.7 21.1 20.1

Secondary school or equal 48.9 44.0 46.5 46.9
University 28.9 41.3 32.5 33.0

HADS a Anxiety, mean (SD) 10.9 (5.0) 10.1 (4.9) 11.1 (5.3) 10.8 (5.1)
Depression, mean (SD) 9.5 (4.7) 8.5 (4.2) 9.1 (5.1) 9.1 (4.7)

SE b SE, mean 2.3 (0.7) 2.4 (0.7) 2.3 (0.7) 2.3 (0.7)

Employment
contract

Employed 66.3 57.8 61.9 62.8
Not employed 33.7 42.2 38.1 37.2

Extent of sick leave
Full-time 55.7 53.9 55.2 55.1
Part-time 44.3 46.1 44.8 44.9

Years with income
replacement Mean (SD) 8.1 (3.3) 7.6 (3.1) 7.5 (3.2) 7.8 (3.2)

Dosage of
intervention

Sessions with psychologist,
mean (SD) 4.7 (6.4) 8.0 (6.0) 0.0 (0.0) 3.9 (5.9)

Sessions with MD c. OT d. PT
e and SW f, mean (SD)

4.4 (5.4) 0.0 (0.0) 0.0 (0.0) 1.8 (4.1)

Total sessions in the project,
mean (SD) 9.1 (8.4) 8.0 (6.0) 0.0 (0.0) 5.7 (7.4)

Figures as percentages if not stated otherwise. a Hospital Anxiety and Depression Scale, b Self-efficacy, c Physician,
d Occupational therapist, e Physical therapist, f Social worker. ACT: acceptance and commitment therapy.

3.1. Return-to-Work, Increased Employability, Negative Outcome, or No Change

At the 12-month follow-up, 64 participants (22.7%) had RTW, 69 participants (24.5%) had increased
employability, 28 participants (9.9%) had a negative outcome, and 121 participants (42.9%) had not changed
in any direction. Among participants in the multidisciplinary team, 31.1% had RTW, 27.0% had increased
employability, and 4.3% had a negative outcome. Among participants in the ACT group, 17.9% had RTW,
35.8% had increased employability, and 9.0% had a negative outcome, as shown in Table 2.

Table 2. Return to work, increased employability, negative, or unchanged outcome according to
different groups.

Outcome MDT Group ACT Group Control Group Overall

RTW (%) 31.3 ** 17.9 ** 16.0 ** 22.7
Increased employability (%) 27.0 ** 35.8 ** 14.0 ** 24.5

Negative outcome (%) 4.3 ** 9.0 ** 17.0 ** 9.9
No change (%) 37.4 ** 37.3 ** 53.0 ** 42.9

Pearson Chi-Square test was used for proportions. ** p ≤ 0.01. RTW: return-to-work.
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3.2. Logistic Regression Models

The adjusted binary logistic regression analysis showed that the MDT group had an OR of 4.62
(95% CI 2.27–9.41) for RTW or increased employability. The corresponding number for the ACT group
was OR 2.35 (95% CI 1.07–5.19), as shown in Table 3.

Table 3. Binary logistic regressions presenting odds ratios (OR) of reporting return to work or increased
employability vs. negative or unchanged outcomes.

Variable Group/Measure
Crude OR
(95% CI)

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Intervention group

Group
Control (ref.) 1 1 1

MDTa group 3.26 **
(1.85–5.74)

4.22 **
(2.18–8.15)

4.62 **
(2.27–9.41)

ACTb group
2.71 **

(1.42–5.16)
2.42 *

(1.17–4.97)
2.35 *

(1.07–5.19)

Demographic

Age 0.96 *
(0.94–0.99)

0.96 *
(0.92 - 0.99)

0.96 *
(0.93–1.00)

Education level
Compulsory school 1 1 1

Secondary school-equal 1.87
(0.91–3.82)

1.60
(0.74–3.46)

1.98
(0.85–4.58)

University 1.24
(0.58–2.66)

1.23
(0.55–2.77)

1.28
(0.53–3.11)

Health and work
related factors

HADSc, Anxiety 0.99
(0.94–1.04)

1.05
(0.96–1.14)

HADSc

Depression
0.97

(0.92–1.02)
0.97

(0.89–1.06)
Self-efficacy (<2.30) 1 1

Self-efficacy (≥2.30) 1.76 *
(1.07–2.89)

2.75 **
(1.33–5.72)

Employment contract
Not employed 1 1

Employed 0.70
(0.42–1.15)

0.78
(0.38–1.61)

Extent of sick leave
Full time 1 1

Part time 0.67
(0.42–1.07)

0.56
(0.29–1.10)

Years with income replacement 0.97
(0.90–1.05)

0.97
(0.88- 1.06)

Nagelkerke r2 14.0% 24.1%

Odds ratio (OR), 95% CI: 95% confidence interval. * p < 0.05, ** p < 0.01. aMultidisciplinary treatment. bAcceptance
and Commitment Therapy. cHospital Anxiety and Depression Scale, ranging from 0 to 21. Model 1 = Intervention
group + age + education level, Model 2 = Model 1 + HADS + Self-efficacy + Employment contract + Extent of sick
leave + Years with income replacement.

3.3. Multinomial Regression Models

The adjusted multinomial logistic regression analysis showed that the multidisciplinary team
group had an odds ratio (OR) of 3.31 (95% CI 1.39–7.87) for RTW, an OR of 4.24 (95% CI 1.60–11.26)
for increased employability, and an OR of 0.19 (95% CI 0.05–0.72) on negative outcome. The adjusted
multinomial logistic regression analysis showed that the ACT intervention group had an OR of 3.22
(95% CI 1.13–9.15) on increased employability, but no significant effect on RTW. See Table 4.

Due to a large number of internal missing values in the outcome measure (34.0%), a multinomial
logistic regression analysis was also performed, in which non-responding participants were assumed
to have made no change (reference category) in outcome. Similar results, despite somewhat lowered
effects, showed that the multidisciplinary team group had an adjusted OR of 2.57 (95% CI 1.19–5.58)
on RTW; an adjusted OR of 2.80 (95% CI 1.20–6.52) on increased employability; and an adjusted OR of
0.18 (95% CI 0.05–0.62) on negative outcome. The ACT intervention group had an adjusted OR of 2.79
(95% CI 1.12–6.97) on increased employability.
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Table 4. Results of multinomial logistic regression of intervention group’s effect on negative outcome,
return to work, or increased employability.

Variable

Return to Work or Change in System Position

Negative Outcome Increased Employability Return to Work

Crude
OR (95% CI)

Adjusted
OR (95% CI)

Crude
OR (95% CI)

Adjusted
OR (95% CI)

Crude OR
(95% CI)

Adjusted
OR (95% CI)

Intervention group

Group
Control (ref.) 1 1 1 1 1 1

MDTa group 0.36
(0.12–1.06)

0.19 *
(0.05–0.72)

2.73 **
(1.29–5.77)

4.24 **
(1.60–11.26)

2.77 **
(1.36–5.66)

3.31 **
(1.39–7.87)

ACTb group
0.75

(0.26–2.13)
0.36

(0.10–1.35)
3.63 **

(1.61–8.19)
3.22 *

(1.13–9.15)
1.56

(0.66–3.86)
1.36

(0.48–3.86)

Demographic

Age 0.99
(0.94–1.04)

0.94
(0.88–1.01)

0.95 **
(0.92–0.99)

0.94 *
(0.90–0.99)

0.97
(0.93–1.01)

0.96
(0.92–1.01)

Education level
Compulsory school 1 1 1 1 1 1

Secondary school or equal 1.41
(0.40–4.91)

0.76
(0.16–3.57)

3.78 *
(1.31–10.92)

4.52 *
(1.29–15.87)

1.16
(0.49–2.77)

1.08
(0.40–2.89)

University 1.44
(0.40–5.22)

0.61
(0.13–2.98)

1.79
(0.57–5.64)

2.24
(0.58–8.71)

1.10
(0.45–2.74)

0.85
(0.30–2.39)

Health and
work-related factors

HADSc, Anxiety 0.93
(0.85–1.01)

0.92
(0.80–1.06)

0.99
(0.93–1.06)

1.02
(0.92–1.14)

0.96
(0.90–1.02)

1.05
(0.94–1.16)

HADSc, Depression 0.93
(0.85–1.02)

1.14
(0.96–1.35)

0.96
(0.90–1.02)

0.98
(0.87–1.10)

0.96
(0.89–1.02)

1.01
(0.90–1.13)

Self-efficacy (<2.30) 1 1 1 1 1 1

Self-efficacy (≥2.30) 1.99
(0.84–4.73)

1.81
(0.52–6.34)

1.74
(0.93–3.25)

2.71*
(1.07–6.91)

2.35 *
(1.22–4.50)

3.31 **
(1.34–8.15)

Employment contract
Not employed 1 1 1 1 1 1

Have work 3.96 *
(1.13–13.93)

1.66
(0.32–8.70

0.52 *
(0.28–0.95)

0.64
(0.27–1.54)

1.55
(0.78–3.11)

1.09
(0.44–2.71)

Extent of sick leave
Full time 1 1 1 1 1 1

Part time 15.65 **
(3.55–68.94)

34.57 **
(3.84–311.31)

0.56
(0.30–1.05)

0.44
(0.17–1.02)

1.65
(0.89–3.05)

1.42
(0.62–3.21)

Years, with income
replacement

1.07
(0.94–1.22)

1.07
(0.89–1.29)

0.99
(0.90–1.09)

0.99
(0.89–1.12)

0.98
(0.89–1.07)

0.96
(0.85–1.07)

Reference outcome category: No change. For the adjusted model, Nagelkerke r2 = 37.8%. * p < 0.05, ** p < 0.01.
aMultidisciplinary treatment. bAcceptance and Commitment Therapy. cHospital Anxiety and Depression Scale,
ranging from 0 to 21. Odds ratio (OR), significant level and confidence interval (CI) for having made RTW or
(positive) system position change or negative change.

4. Discussion

This study aimed to investigate the effects on RTW and increased employability of two vocational
rehabilitation interventions in patients on long-term sick leave due to mental illness and/or chronic
pain. In this study, a non-dichotomous outcome was used to capture not only RTW, but also changes
in increased or decreased employability. The results indicate that multidisciplinary interventions and
individualized treatments may increase RTW and employability in patients on long-term sick leave due
to common mental illness and/or chronic pain. The results in this study are similar to results presented
in other studies regarding RTW [18–23]. Also, in review studies, this type of multi-domain intervention
seems to be the most effective intervention for RTW outcome when managing musculoskeletal
and pain-related conditions [10]. The results also suggest that multidisciplinary team and ACT
interventions may increase employability, i.e., transferring individuals in the insurance system to
increased availability for employment and work.

One reason for removing the separate ACT group in the second phase of the project was that the
intervention providers discovered that some people who were randomized to ACT were not keen on
receiving psychological therapy [24]; this might also explain the somewhat weaker outcome of the
ACT group.

At the time when the study was conducted, the participants were about to lose their sickness
insurance benefits due to a major change in the social insurance system. These circumstances may
have led to the inclusion of participants who would not otherwise have been motivated to participate
in vocational rehabilitation, thus creating a study population with relatively low motivation and
belief in their own ability to RTW. Since longer periods of sick leave and absence from the labor
market are known risk factors for RTW failure [6,7], this project was believed to target a difficult
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group. Taking all of the factors into account, including the interventions, the multinomial regression
explained 37.8% (r2) of the outcome, which leaves a 62.2% unexplained variance that is dependent
on factors that were not assessed in the model. This indicates that there are other factors outside
the intervention program that affect the outcomes. For instance, this study did not include any
work-directed modifications or interventions, which is seen as a factor to increase the chances of RTW
goals [25]. The causal chain between sick leave, mental illness, and chronic pain is not fully explored.
Sick leave is warranted by an inability to work, but sick leave may in itself also contribute to depression,
unhealthy living, and stress [26]. Previous research has identified several important factors for RTW [8].
Current demands in the labor market are important for re-entry to the workforce, including factors on
a systemic/organizational level [27]. Many of these factors are not affected by health and rehabilitation
interventions such as this project. Instead, several of these factors are found “upstream” in the analogy
of a “river”, which is used to describe how previous social, financial, environmental, and historic
factors ultimately go on to profoundly influence present outcomes [28]. In the present study, this
implies that even if a participant in the project reduces their ill health and increases employability,
these results might not be captured in a sole RTW outcome; thus, RTW is (also) dependent on upstream
factors that are determined outside the reach of the project. Especially when considering the long-term
sick leave period among the project participants (on average 7.7 years), it is reasonable to assume
that the labor market has changed in several aspects during their absence, such as work content and
demands etc. Therefore, an outcome measure was constructed that also captures changes in different
transition stages made by program participants, such as increased employability. This does not apply
to all of the participants; several had part-time jobs.

In Sweden, as well as in many other countries, concern and efforts provided by society for people
on sick leave are regulated by different laws and principals and divided among different authorities.
There have been doubts about whether a multi-actor model is optimal, and limitations have been
found in the system. This project included several authorities and professions with one collaborative
goal: to support the participants in their vocational rehabilitation and increase their likelihood for RTW.
This project was also a collaborative challenge, as different professions in the MDT worked closely
with one goal. It should be noted that the MDT and ACT groups received about the same total number
of sessions in the project. The ACT group only received sessions with an ACT psychologist; the MDT
group received on average about half of the sessions from an ACT psychologist and half from the
other professions.

The major findings in this study imply that a multidisciplinary team-based intervention directed
at people on long-term sick leave, including ACT counseling, seems to help people, even those on
long-term sick leave, to RTW. The findings add to the evidence that multidisciplinary interventions
such as vocational rehabilitation may increase RTW among patients with mental illness and/or chronic
pain [29].

There is a need to further investigate multidisciplinary RTW interventions, determine their core
components, and consider combining them with workplace collaboration, including the employer and
interventions in the work environment.

Strengths and Limitations

The strengths of this study include the randomized prospective controlled design and the
experimental design, which suggest that the effects on RTW are in fact effects of the interventions.

This study also has some limitations. Reliable evidence for RTW should be assessed using
information on validated employment and work activity. In this study, the outcome was based on
self-reported data and actual RTW was not measured; instead, a changed proportion of income source
was used as an indicator for changes in working status and employability. However, similar studies
often use proxy variables for measuring RTW [23]. Since the data—both exposures and outcomes—are
self-reported, there is a risk of recall bias. Another limitation of this study is that education level,
HADS, and self-efficacy were measured after randomization, so the scores could have already been
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influenced by the knowledge of intervention group affiliation. The results were not adjusted by type
of disease (mental illness or chronic pain).

Many participants did not show up, dropped out, or did not answer the follow-up questionnaires,
which weakens the assessment of the outcomes. There could be different reasons for the high attrition:
perhaps the participants did not actually want to be part of the project, were too sick to participate,
or felt they had a problem that would not benefit from the project.

Since participants in the treatment groups received individual treatment as well as organizational
collaboration, this raises the question of which of these interventions mediated the effect, if either.
The reason to include organizational collaboration was to set and mutually agree on each individual’s
RTW goal. Another potential problem with this study is that the two types of multidisciplinary team
interventions that were combined were not identical, but they were similar.

5. Conclusions and Practice Implications

This study of vocational rehabilitation in men and women on long-term sick leave due to
mental illness and/or chronic pain showed that multidisciplinary team assessments and individually
adapted rehabilitation interventions increased RTW and employability. Sole ACT intervention
increased employability.

The study implies that it is possible to increase RTW among people on long-term sick leave
due to mental illness and/or chronic pain with a multidisciplinary rehabilitation intervention.
Multidisciplinary team rehabilitation and sole ACT also seem to be useful for increasing employability
and gradually moving people in a stepwise positive direction, through the welfare system,
and eventually toward RTW.
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Abstract: Dust exposure is one of the major risk factors for respiratory health in many workplaces,
including coffee factories. The aim of this study was to assess the prevalence of respiratory symptoms
and lung function reduction among workers in Ethiopian primary coffee processing factories,
compared to a control group of workers. A total of 115 coffee workers and 110 water bottling
workers were involved in this study, from 12 coffee and 3 water bottling factories in Ethiopia,
respectively. The chronic respiratory symptoms were assessed using a structured interview, using a
standardized questionnaire adopted from the American Thoracic Society (ATS). The lung function
tests were performed according to the ATS recommendation for spirometry. The coffee workers had
a significantly higher prevalence of coughing, coughing with sputum, breathlessness, work-related
shortness of breath, and wheezing compared with the controls. The prevalence ratio of work-related
shortness of breath (PR = 3.7, 95% CI: 1.6–8.7) and wheezing (PR = 3.3, 95% CI: 1.3–8.4) was
significantly higher for the coffee workers compared to the controls. The coffee workers in the
age groups 28–39 years and ≥40 years, had a significantly lower forced vital capacity and forced
expiratory volume in 1 s compared to the controls in the similar age groups. The findings indicated
the need for longitudinal studies on the possible effect of coffee dust on respiratory health of coffee
production workers.

Keywords: coffee workers; dust exposure; Ethiopia; lung function; respiratory symptoms

1. Introduction

Several studies have indicated an association between working in coffee factories and respiratory
health problems. Allergies have been suggested to be related to the problems [1–7]. A few older studies
conducted in primary coffee processing factories have indicated that exposure to coffee dust is likely
to cause acute and chronic respiratory symptoms in these factories as well [8–11].

Recently, studies were conducted in primary coffee processing factories in Tanzania.
These demonstrated a higher prevalence of chronic respiratory symptoms in coffee workers than among
the controls [11,12]. The primary coffee processing factories are factories that perform mechanical
cleaning of the debris from the coffee-making process, such as the hulling, grading, hand picking,
and packing of green coffee beans. The lung function parameters were not different between the
coffee workers and the controls [12]. The Robusta coffee workers had higher prevalence of asthma
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symptoms than Arabica coffee workers [12]. The findings related to lung function were not clear,
and more studies are needed for conclusive information regarding the respiratory health of coffee
workers. Ethiopia produces exclusively Arabica coffee. The respiratory health impact of working with
these coffee beans has not yet been explored. In addition, the coffee pre-processing methods used on
the farms in Ethiopia is different from the ones used in Tanzania. Moreover, a recent study conducted
in the coffee factories of Ethiopia found much higher levels of personal dust exposure compared with
the levels measured in the Tanzanian factories [13].

In Ethiopia, more than 50% of foreign income comes from coffee, with an estimated 15 million
people relying on coffee production for their livelihood [14]. Understanding the level of respiratory
problems in Ethiopian coffee processing factories can generate information that could aid policy
makers and other relevant stakeholders to develop any necessary preventive and control methods.

Studying respiratory disease is difficult in these types of factories, as a healthy worker effect may
occur. This means that workers developing an illness may stop working, and may therefore not be
found at the work sites. Cohort studies are difficult to perform, as the methods for tracing persons
over longer periods is challenging. Case-control studies are also difficult to perform in Ethiopia, as the
population does not have easy access to hospitals, and are treated at a large number of small health
units. Therefore, a comparative cross-sectional study design was chosen, where the coffee factory
workers were compared to a control group.

The aim of this study was to assess the prevalence of respiratory symptoms and to study the lung
function among workers in the primary coffee processing factories of Ethiopia, and to compare these
findings with a control group of water bottling workers. The methodology can detect early signs of
respiratory diseases and is therefore useful in a company setting of relatively healthy workers.

2. Materials and Methods

2.1. Study Site and Period

There are about 746 primary coffee processing factories in Ethiopia. Almost all are found in three
regions, Oromia; Addis Ababa; and Southern Nations, Nationalities and Peoples’ Region (SNNPR).
We did a power calculation before beginning the study in order to estimate the required number of
workers. Taking into consideration the available resources, we selected 12 primary coffee processing
factories for inclusion in this study. The 12 primary coffee processing factories were divided equally
among the three regions (i.e., four factories from each of the three regions), and the factories were
selected randomly. The study was conducted from May to October 2016.

2.2. Control Group

The workers from three water bottling factories, one from each of the three study areas,
were selected as the control group. Water bottling factories were chosen as their workers experience
less dust exposure at work. Water bottling workers’ tasks are loading bottled water to the trucks.
There are about 38 water bottling factories in Ethiopia.

2.3. Dust Exposure Levels

The personal total dust was sampled in the workers’ breathing zone using 25-mm three pieces,
conductive cassettes with a cellulose acetate filter attached to a Side Kick Casella (SKC) pump with
a flow rate of 2 l min−1 [15] Altogether, 360 full-shift exposure measurements were conducted on
randomly chosen days of the week, and repeated sampling was conducted the next day. The sampling
process is described in a previous paper [13]. A total of 60 full-shift personal exposure measurements
were conducted in the water bottling factories. The arithmetic mean (range) of the personal total
dust exposure was 17.36 mg/m3 (1.12–81.61 mg/m3) and 0.33 mg/m3 (0.11–1.16 mg/m3) for the
coffee workers and controls, respectively. The personal total dust exposure levels among the coffee
workers were significantly higher than among the control workers with geometric means (GM) of
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12.30 and 0.30 mg/m3, respectively. The dust samples were analyzed gravimetrically using a standard
microbalance scale AT261 Mettler Toledo with a detection limit of 0.01 mg/m3, in the accredited
laboratory SINTEF MOLAB in Norway.

2.4. Study Population and Sample Size

The sample size for this study was calculated using a double population formula considering
that the prevalence of wheezing among the primary coffee workers in Tanzania was 16% and 4.3%
among the controls [12]. An 80% power was set to detect a difference in the wheezing between
the two groups at significance level of 0.05. After considering 15% for non-response, a total of 240
participants (i.e., 120 from coffee factories and 120 from water bottling) were selected by systematic
random sampling method, using the workers’ registration list as a sampling frame. All of the
participants were male. In the coffee factories, only workers directly related to coffee processing
were involved in this study. Office workers and guards were not included in this study.

2.5. Data Collection

2.5.1. Chronic Respiratory Symptoms Interview

The chronic respiratory symptoms among participants were assessed with an interview, using
a standardized questionnaire from the American Thoracic Society (ATS) [16]. This questionnaire
was chosen because it has been used in previous occupational studies of respiratory health in
East-Africa [12], making comparisons possible. The questionnaire was translated from English to
Amharic and Afan Oromo languages, and translated back to English. A pre-test was conducted prior to
the actual data collection for the validation of the data collection tool. Questions that were not easy for
the participants to understand were rephrased to make them more easily understood. The interviews
were conducted in an office located at their workplaces in absence of other people, in order to help the
interviewee speak freely. The interviews lasted between 25 and 40 min per respondent.

The data were collected by the principal investigator together with an experienced research
assistant. The questionnaire included socio-demographic data (age, height, weight, and Body Mass
Index (BMI)), occupational history (years of work experience in the present and other dusty factories),
past respiratory diseases (pneumonia, tuberculosis, bronchitis, asthma, and chest injury), and smoking
habits (current smoker, ex-smoker, and never smoker). The questionnaire also included questions
about the use of respiratory protective devices while working (yes/no), and the reason for not using
respiratory protective devices (RPD). We asked the workers about this information to see how many
of the workers use of RPD. The use of RPD during work might reduce respiratory health problems.
The questionnaire also included questions about chronic respiratory symptoms—coughing, coughing
with sputum, breathlessness, work related shortness of breath, wheezing, and chronic bronchitis.

2.5.2. Lung Function Test

Lung function tests were performed for a total of 225 participants (i.e., 115 coffee workers and
110 control workers), according to the ATS [17] recommendation for spirometry. A portable spirometer
(SPIRARE 3 sensor model SPS 320) was used to measure the lung function. The standing height
and weight of the participants was measured using standard weight and height measure. The test
was performed during the day shift between 08:00 and 16:00, with the workers in a sitting position.
Three acceptable maneuvers with consistent (“repeatable”) results were retained and the best of
all of these was recorded. Only the absolute values for the lung function are given in the results,
as there are currently no reference equations for the Ethiopia population for obtaining predicted
values. The lung function parameters included were FVC and FEV1, as well as the percentage ratio of
FEV1/FVC. The participants with FEV1/FVC < 0.70 were considered to have airflow limitations [18].
FEV1 is the maximal volume of air exhaled in the first second of a forced expiration from a position
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of full inspiration. FVC is the maximal volume of air exhaled with maximally forced effort from a
maximal inspiration.

Eleven spirometer results among coffee workers and seven among the controls were excluded
from the analysis because of unacceptable readings.

2.6. Operational Definition of Variables

Current smoker: participants who smoke currently or those who stopped smoking less than one
year ago.

Ex-smoker: participants who had stopped smoking more than one year ago.
Never smoker: participants who had never smoked.
Cough: participants were considered to have coughed if they answered “yes” to at least one of

the following four questions; cough first thing in the morning, cough during the day or night, cough as
much as four to six times a day in a week, or cough for most days for as much as three consecutive
months during the year.

Cough with sputum: participants were considered to have cough with sputum if they answered
“yes” to at least one of the four questions: cough with sputum first thing in the morning, cough with
sputum during the day or night, cough with sputum as much as four to six times a day in a week,
or cough with sputum for most days for as much as three consecutive months during the year.

Breathlessness: participants were considered to have breathlessness if he/she was troubled by
a shortness of breath when hurrying on level ground or walking up a slight hill, or get shortness of
breath when walking at his/her own pace on the level ground.

Work-related shortness of breath participants were considered to have work-related shortness of
breath if he/she usually experience chest tightness while at work or just after work.

Wheezing: participants were considered to have wheezing if his/her chest ever sounded wheezy
(whistling sound).

2.7. Data Management and Analysis

The collected data were checked for completeness and consistencies by the principal investigator
through a close follow up during the data collection period. The data were coded, and no names were
included in the database. The code list as well as the data were kept confidential, and were accessed
only by the research team.

Independent t-tests were used to compare mean values for the continuous variables. The Pearson
chi-square test or Fisher’s exact test, if the expected value was less than 5, were used to test the
difference between the groups regarding the categorical variables. Poisson regression analysis with
a robust variance was used to determine the prevalence ratio of the different respiratory symptoms
between the coffee workers and controls, with a corresponding 95% confidence interval, and the
statistical significance level was set to a p-value less than 0.05. As the prevalence of the chronic
respiratory symptoms was high, we chose the prevalence ratio over the odds ratio, because the odds
ratio overestimated the strength of association [19].

Analysis of covariance (ANCOVA) were used to compare the mean lung function parameters
between the coffee workers and controls when adjusting for height and education level. We adjusted
for education level, because there was a significant difference in the educational level between the
coffee workers and the controls.

2.8. Ethical Approval

The Institutional Review Board of the College of Health Sciences of Addis Ababa University
(Protocol number: 051/15/SPH) and the National Research Ethical Review Committee of the Federal
Ministry of Science and Technology (NRERC-3/10/110/2016) approved the study. Permission to
conduct the study was obtained from the factory managers. Written informed consent was obtained
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from each participant, and participation in the study was voluntary. Participants with lung function
impairments were advised to consult the nearest health center.

3. Results

3.1. Characteristics of the Study Participants

All of the participants were men. A total of 115 coffee workers and 111 controls participated in
the study, making the response rate 94%. The reasons for non-response were that five workers refused
to participate, seven workers were in sick leave, and two had stopped working. The coffee workers
were older and had a lower educational level than the controls (Table 1). No difference was found
between the groups regarding weight, height, BMI, and past respiratory diseases (Table 1).

Table 1. Characteristics of the participants.

Variable
Coffee Workers

(n = 115)
Control
(n = 110)

p-Value

Age (years); AM (range) 35.1 (18.0–75.0) 30.9 (18.0–71.0) 0.008 $

Weight (Kg); AM (range) 59.8 (43.0–88.0) 60.0 (45.0–90.0) 0.9 $

Height (cm); AM (range) 169.3 (148.0–187.0) 169.9 (153.0–183.0) 0.5 $

BMI (Kg/m2); AM (range) 20.8 (15.4–30.5) 20.7 (16.6–29.1) 0.8 $

Duration of employment at present work years AM (range) 6.5 (1.0–30.0) 3.4 (1.0–6.0) 0.001 $

Years worked in other dusty factories AM (range) 0.23 (0.0–12.0) 0.5 (0.0–12.0) 0.2 $

Education

Illiterate; n (%) 14 (12.2) 3 (2.7) 0.007 †

Primary education & above; n (%) 101 (87.8) 107 (97.3) 0.007 †

Smoking habits

Ex smoker; n (%) 4 (3.5) 1 (0.9) 0.37 ±
Current smoker; n (%) 3 (2.6) 4 (3.6) 0.71 ±

Cigarettes smoked per day for current smokers AM (range) 3 (2–4) 2 (1–3) 0.2 $

Cooking

Cooking food at home; n (%) 103 (89.6) 97 (82.2) 0.74 †

Kitchen located inside the living room; n (%) 34 (33) 31 (32) 0.87 †

Use biomass for cooking; n (%) 96 (93.2) 86 (88.7) 0.26 †

Previous Respiratory Disease

Pneumonia; n (%) 7 (6.1) 5 (4.5) 0.61 †

Bronchitis; n (%) 3 (2.6) 1 (0.9) 0.62 ±
Tuberculosis; n (%) 4 (3.5) 2 (1.8) 0.68 ±

Asthma; n (%) 8 (7) 4 (3.6) 0.27 ±
Participants who have had at least one of the respiratory

diseases, n (%) 22 (19.1) 12 (10.9) 0.09 †

AM: arithmetic mean; $ Independent t test between control and coffee workers; † Pearson chi square test; ± Fisher’s
exact test. BMI—body mass index; “n”: Number of study participants.

3.2. Use of Respiratory Protective Device (RPD)

The majority of the 112 (97.4%) coffee workers did not use any type of respiratory protective
devices (RPD). Among the non-users of RPD, 109 (97.3%) of the coffee workers indicated that the reason
for not using RPD was because it was not available or not provided at the work place. Others reported
that the reasons for not using RPD were because it was not comfortable (one worker) (0.9%), and that
the worker experienced that the RPD did not protect from the dust (one worker) (0.9%).

3.3. Chronic Respiratory Symptoms

The prevalence of chronic respiratory symptoms was in the range of 5.2–55% and 2.7–12.7% among
the coffee workers and controls respectively (Table 2). Six of the coffee workers (5.2%), and none
of the controls had chronic bronchitis. The prevalence ratio of all of the respiratory symptoms was
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significantly higher for the coffee workers compared to the controls after adjusting for age, education,
years worked in other dusty factories, and previous respiratory disease (Table 2). As the number of
current smokers were few, the analysis was also performed after excluding the smokers. This did not
change the results substantially.

Table 2. Prevalence of chronic respiratory symptoms among coffee workers and controls.

Variable
Coffee Workers

n = 115
Control
n = 110

Prevalence
Ratio, 95% CI

p-Value

Cough; n (%) 52 (46.4) 8 (7.5) 5.6 (2.9–11.7) <0.001
Cough with sputum; n (%) 26 (23.2) 2 (1.9) 11.4 (2.7–47.8) <0.001

Breathlessness; n (%) 40 (35.7) 12 (11.3) 2.9 (1.6–5.3) <0.001
Work-related shortness of breath; n (%) 22 (19.6) 6 (5.5) 3.7 (1.6–8.7) 0.003

Wheezing; n (%) 20 (17.9) 5 (4.7) 3.3 (1.3–8.4) 0.01

CI, confidence interval while adjusting for age; education, years worked in other dusty factories and previous
respiratory disease; p-value when comparing coffee workers vs. controls; “n”: Number of study participants.

3.4. Lung Function

Table 3 shows the result of lung function stratified age among the coffee workers and controls.
The coffee workers in the age group 28–39 years and ≥40 years, had significantly lower FVC and FEV1

compared with the controls in the similar age category. The FEV1/FVC-ratio was significantly lower
among the coffee workers compared to the controls in the oldest age group (Table 3). The prevalence of
airflow limitation (FEV1/FVC < 0.7) was higher among the coffee workers compared to the controls in
all of the age categories (Table 3). The analyses were also performed again without including education
level in the model, and the results were quite similar (data not shown).

Table 3. Lung function among primary coffee processing factories and control groups stratified by age
(three age groups).

Lung Function Parameters Age Group

No of Participants Absolute Value Mean (SD)

p-Value
Coffee Workers

n = 104
Controls
n = 103

Coffee
Workers

Controls

FVC (l)

18–27 35 57 4.60 (0.43) 4.70 (0.49) 0.35
28–39 35 23 4.08 (0.47) 4.43 (0.46) <0.001
≥40 34 23 3.38 (0.53) 3.67 (0.51) 0.05

All age group 104 103 4.03 (0.69) 4.41 (0.63) <0.001

FEV1 (l)

18–27 35 57 3.74 (0.46) 3.87 (0.39) 0.15
28–39 35 23 3.29 (0.58) 3.63 (0.47) 0.02
≥40 34 23 2.60 (0.50) 3.05 (0.51) <0.001

All age group 104 103 3.22 (0.69) 3.63 (0.54) <0.001

FEV1/FVC

18–27 35 57 0.81 (0.08) 0.83 (0.05) 0.43
28–39 35 23 0.80 (0.09) 0.82 (0.07) 0.48
≥40 34 23 0.77 (0.09) 0.83 (0.06) 0.02

All age group 104 103 0.80 (0.09) 0.83 (0.06) 0.01

FEV1/FVC < 0.7; n (%)
18–27 35 57 3 (8.6) 0 -
28–39 35 23 2 (5.7) 1 (4.3) 1 *
≥40 34 23 9 (26.5) 0 -

Analysis of covariance between coffee worker and controls while adjusting for height and education level. * Fisher
exact test between coffee workers and controls; p-value: significance level; “n”: Number of study participants.

4. Discussion

This study found a significantly higher prevalence of respiratory symptoms and lower lung
function among the coffee workers compared to controls. Our results are consistent with studies
conducted in primary coffee processing factories in Papua New Guinea, Uganda, and Tanzania [8,9,11].
All of these studies show that coffee workers have high prevalence of respiratory health problems.
However, our present study found a higher prevalence of some of the respiratory symptoms compared
with the studies conducted among Arabica coffee workers in Tanzania, where the prevalence of
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breathlessness was 14%, wheezing 13%, and chronic bronchitis 3.1% [12]. One of the reasons
for this difference could be the higher personal total dust exposure in Ethiopian coffee factories
(GM = 12.3 mg/m3) compared with the comparable job groups in Tanzanian primary coffee factories
(GM = 2.1 mg/m3) [20]. The different methods of coffee pre-processing could be another reason;
the Arabica coffee is pre-processed only by a wet-method in the Tanzanian factories, whereas in
Ethiopia, Arabica coffee is pre-processed either by dry or wet method, based on the individual farmers’
interests. In addition, only 3% of the workers used RPD in Ethiopia, compared to 33% in the coffee
workers in Tanzania. The lack of RPD use makes it more likely that the workers actually were exposed
to the dust levels measured in the factories. There may have been other additional factors that were
not identified in the present study that may also have influenced the respiratory health of the workers.

Similarly, the prevalence of a cough with sputum and wheezing in our study was higher than in
the study in Uganda; where the prevalence was 5.2% and 13.5%, respectively [9]. This might be due to
the different types of coffee species between the two countries; the Robusta and Arabic coffee were
processed in Ugandian factories, whereas only Arabica coffee was processed in Ethiopia.

For a cough with sputum, we found a higher prevalence than reported in the study in Papua New
Guinea (8.7%) [8]. This difference might be due to higher dust exposure in the present study compared
with what was measured in Papua New Guinea (0.7–10 mg/m3). In addition, the difference in working
environments, coffee processing methods, and level of awareness among the coffee workers about
the impact of dust exposure on their health might be the reason for the difference in the symptom
prevalence. In addition, there may be differences between these countries regarding the presence
of, for instance, lung infections or sequela after lung infections. Infections may cause respiratory
symptoms and influence lung function. This possibility is not very likely, as the examined workers are
performing hard physical work, but this factor needs to be considered, because of the high prevalence
of tuberculosis as well as HIV in East-African countries [21]. However, it is not likely that this type of
health problem is different among the workers in the two factory types included in our study.

The present study’s results showed that in the two oldest age groups of coffee workers, the FVC
and FEV1 were lower than among the controls, while FEV1/FVC was lower in the oldest age group
of coffee workers than among the controls. In the Tanzanian study, there were no difference in the
FVC and FEV1 between coffee workers and controls [12]. The considerably higher dust exposure in
the Ethiopian study (GM = 12.3 mg/m3) [13] compared to the levels reported for the processing of
Arabica coffee in Tanzania (GM = 2.1 mg/m3) [20] may have contributed to the difference in findings
related to lung function. Also, the study conducted in Papua New Guinea, where the dust levels were
lower than in the present study, did not find significant differences in FVC and FEV1/FVC between
the coffee workers and controls.

Both FEV1 and FVC were reduced among the coffee workers, indicating both obstructive and
restrictive lung effects. However, in the oldest age group, the FEV1/FVC ratio was less than 0.70 for
about 27% of the coffee workers, which indicates the presence of an obstructive lung disease [18]. It is
noteworthy that such a result was found, even though these workers were present at the workplaces
in physically demanding work.

No statistically significant difference was observed in the incidence of past respiratory diseases
between the coffee workers and controls; unfortunately, we have no information about when these
past respiratory diseases occurred. For example, they could have been before starting work in coffee
factories or after starting working in the factories. We only asked the participants if they had ever had
any previous respiratory disease.

The control group in the present study was from another production factory, with very low dust
levels. Another possibility would have been to choose a control group from the general population,
but this would have introduced other types of bias in the study, related to socioeconomic differences
between the factory workers and the population.

This is the first study to assess the prevalence respiratory symptoms and lung function among
coffee workers in Ethiopia. However, as this study is a cross sectional study, the cause and effect
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association between dust exposure, and respiratory symptoms and lung function reduction cannot be
drawn based on our findings. Our analyses were adjusted for other factors, including age, which may
affect lung function. However, it is worth noting that there may be other variables present, which we
have not identified. We would therefore recommend that a longitudinal study is undertaken in order
to characterize the association between dust exposure and lung function reduction.

This study used a questionnaire-based interview to assess the respiratory symptoms that might
result in recall and interviewer bias. However, similar questions were used to assess the respiratory
symptoms in both the coffee workers and control groups. To minimize bias, a well-trained interviewer
was involved in interviewing both groups. Also, the reported symptoms agreed with the objective
measures from the spirometry. Symptoms such as coughing, wheezing, and breathlessness are often
associated with obstructive lung disease [22].

This study included workers from all three coffee growing and processing regions of Ethiopia,
and the factories are considered to be representative to all similar primary coffee processing factories
in Ethiopia. Similar results might also be expected by any African coffee factory with a similar dust
exposure level and similar production type of Arabica coffee beans.

As this study showed that the majority of the coffee workers did not use any type of respiratory
protective devices, an immediate action to reduce respiratory health problems among coffee workers
would be to provide proper facemasks.

5. Conclusions

Workers in primary coffee processing factories in Ethiopia had a higher prevalence of chronic
respiratory symptoms and lower lung function than the controls. This might represent early signs of
lung disease. A longitudinal study on the possible effects of coffee dust on respiratory health among
coffee production workers is recommended.
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Abstract: This study aimed to describe the epidemiological characteristics, the occupational context,
and the cost of hospitalised work-related traumatic spinal injuries, across New South Wales, Australia.
A record-linkage study of hospitalised cases of work-related spinal injury (ICD10-AM code U73.0 or
workers compensation) was conducted. Study period 2013–2016. Eight hundred and twenty-four
individuals sustained work-related spinal injuries; 86.2% of whom were males and had a mean age of
46.6 years. Falls led to 50% of the injuries; predominantly falls from building/structures, ladders
or between levels. Falls occurred predominantly in the construction industry (78%). Transport
crashes caused 31% of injuries and 24% in heavy vehicles. Half of all the transport injuries occurred
‘off road’. The external cause was coded as ‘non-specific work activity’ in 44.5% of cases; missing
in 11.5%. Acute care bed days numbered at 13,302; total cost $19,500,000. High numbers of
work-related spinal injuries occurred in the construction industry; particularly falling from a height.
Off-road transport-related injuries were significant and likely unaddressed by ‘on-road’ prevention
policies. Medical record documentation was insufficient in injury mechanism and context specificity.
Workers in the construction industry or those using vehicles off-road were at high risk of spinal injury,
suggesting inefficient systems approaches or ineffective prevention policies. Reducing the use of
non-specific external cause codes in patients’ medical records would improve the measurement of
policy effectiveness.

Keywords: workplace injuries; spinal trauma; record-linkage data

1. Introduction

Traumatic spinal injuries (TSI) can comprise column fractures, spinal cord injury or both.
They are among the most severe injuries with potential long-term, physical, psychological, and social
consequences. The leading causes of TSIs are widely reported as falls and motor vehicle crashes [1–5];
some of these occur in occupational settings, placing a significant financial burden on both employer
and employee, the compensation system, and the health care system. Safe Work Australia calculated
the cost of work-related falls to be at $6,640,000, in 2012–2013 [6,7]. The economic cost of work-related

Int. J. Environ. Res. Public Health 2018, 15, 2121; doi:10.3390/ijerph15102121 www.mdpi.com/journal/ijerph475



Int. J. Environ. Res. Public Health 2018, 15, 2121

injury and illness, more broadly, has been estimated at ranging from 1.8% to 6.5%, of a country’s gross
domestic product [8]. Safe Work Australia’s current “Work Health and Safety Strategy” [9] has set
one of its three national targets as a 30% reduction in serious workplace injury compensation claims,
by 2022.

The global epidemiology of TSI has recently been estimated in a systematic review [10].
The modelled overall global incidence was 10.5 cases per 100,000 persons; meaning around 768,000
new cases across the world per year. These authors reviewed 102 studies, reporting the TSI from
work-related falls to be more common in low-to-middle-income countries, than in high-income
countries. Road traffic crashes and falls were the most common mechanisms of injury in all
income strata, however, low-to-middle-income countries had a higher proportion of cord injuries,
only, as part of the injury profile in TSI. While comprehensive, this review was unable to report,
more specifically, the industry context of the work-related TSIs. Numerous studies describing TSI
epidemiology have been single hospital or trauma centre-based only and have not apportioned
attributable risk to work-related incidents [2,3,11]. The authors recognised the paucity of the
literature, globally, in examining TSI in population-based studies [10], particularly relative to the
preponderance of studies considering solely cord injuries. If we are to consider only injuries to the
spinal cord, and which are attributable to work globally, this was estimated at between 10–25%,
in 2001 [12]. More recently, the Australian Institute for Health and Welfare (AIHW) reported the
incidence and prevalence of traumatic spinal cord injuries across Australia [13]; “working for an
income” was the second most common specified activity type at the time of injury, over the five-year
period; accounting for 13% of all spinal injuries. A notable limitation of the AIHW data is that it is
compiled using only data provided by consenting patients from the participating spinal cord injury
units (SCIUs), in Australia, therefore likely to be an underestimate, based on an analysis of state-wide
record-linked data, in New South Wales (NSW) [14]. Further, a vital missing component of these
reports is the examination of the activity, at the time of injury.

The primary aim of this study was to describe the population-based epidemiology and
occupational context of hospitalised traumatic spinal column and cord injuries, that occurred while
‘working for an income’ in NSW, the most populous state in Australia. The study does not include
work-related ‘back’ injuries, for example, only musculoskeletal injuries without any spinal column or
cord injuries. Traumatic spinal cord and column injuries are severe, and highly unlikely to avoid a
period of hospitalisation; hence, the capacity of this study to accurately describe the health system
burden of these injuries. A secondary aim was to describe the completeness of activity-coded data.

2. Methods

The study is set in the most populous Australian state—NSW, with approximately 7.5 million
inhabitants, spread over 800,000 km2 in suburban, rural, and very remote areas [15]. The study time
period covered from 1 June 2013–30 June 2016.

Study inclusion criteria were: patients aged ≥16 years, who had a recorded TSI as the reason
for their index admission and an indication that this injury was related to work. Work-relatedness
was defined by the International Classification of Diseases and Related Health Problems, 10th Version,
Australian Modification (ICD10-AM) [16] code U73.0, or at least some of the costs covered by funding
from workers compensation, in either the index admission or any subsequent episode of care within
the acute care continuous period of stay.

Study exclusion criteria were: patients aged <16 years, and those for whom the first admission
with a record of spinal injury was for rehabilitation.

Spinal injuries included all traumatic spinal cord injuries or spinal column injuries, defined on
the basis of specific ICD-10-AM [16] codes (Appendix A). Probabilistic data linkage was undertaken
by the Centre for Health Record Linkage (CHeReL), linking all patients where a TSI code was either
a principal or additional diagnosis, for any separation within the Admitted Patient Data Collection
(APDC). The APDC contains records for all patients admitted to all public hospitals across the state of
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NSW. Corresponding records were linked with the Emergency Department (ED) Data, NSW Mortality
data, NSW Ambulance data collections, and the NSW District Network Return (DNR) activity-based
funding data. The NSW APDC contains all inpatient records including patient demographics,
comprehensive admission, transfer and discharge data, ICD-10-AM [16] diagnosis codes, Australian
Refined-Diagnostic Related Group (AR-DRG) codes, procedure codes, separation mode (discharges,
transfers and deaths), and financial information from all NSW public hospitals, private hospitals,
and day procedure centres. The NSW DNR records the individual patient-level health service activity,
enabling the estimation of the costs incurred by the health service providers, in a bottom-up approach.
The first hospital episode for the patient, satisfying inclusion criteria conditions, as well as all other
contiguous episodes of care, including nested/non-nested transfers, was recognised as the ‘index
event’. The Socio-Economic Indexes for Areas (SEIFA); developed by the Australian Bureau of Statistics,
to rank areas in the country according to the relative socio-economic disadvantage or advantage, was
derived from the patients’ residential postcodes to describe the population relative to their education
and occupation, within this index.

Activity and the place of injury were derived from the first record, or from subsequent records of
the first continuous period of stay, if relevant information was missing in the first record. The
sub-codes of the root U73.0 were used to identify the attributed industry (U73.00–U73.09). Type of
TSI and body region affected was derived from any record within the first continuous period of stay.
Length of stay was calculated for the first continuous period of stay. Costs were derived from the NSW
DNR, which included the ED and the admitted costs.

Descriptive statistics were used to report the prevalence of various factors. Values were reported
as the mean and the standard deviation (SD), in normally distributed continuous variables, or
proportions; median and interquartile range (IQR) for non-normally distributed continuous variables.
All statistical analyses were performed using Stata version 15.0 (Stata Corporation, College Station,
TX, USA). Standardised reporting of the demographic and other variables, as recommended by
De Vivo et al. [17], was followed where possible. The incidence of injury was based on the NSW
Labour Force, aged 15 years and over [18],—note that the numerator data are based on persons 16 years
and over—with 95% confidence intervals calculated, assuming a Poisson distribution [19].

This study was approved by the Cancer Institute NSW, Population and Health Services Research
Ethics Committee: AU RED Reference: HREC/16/CIPHS/19, Cancer Institute NSW reference number:
2016/07/647.

3. Results

From this record-linked administrative dataset, 824 patients aged 16 years or over were identified
as having sustained a TSI in NSW, while working for an income over the period June 2013–June 2016.
Injury victims were predominantly male (86.2%), with a gender ratio of 6.22. Almost half of these
injuries occurred as a result of a fall (49.2%), and more than half of these (55.1%) were falls from building
structures, scaffolding or ladders (Table 1). Of the 254 (31%) transport-related spinal injuries, 50%
occurred in an off-road setting. Fewer workplace injuries occurred in summer (20%), compared with
other seasons, but the variation between seasons was not substantial (note that the proportion of
‘winter injuries’ includes one more month—June 2013—than the other seasons). Workplace-related
spinal injuries represented almost 5% of all acute TSI, identified in this dataset.

Table 2 shows that the most common injury was a fracture and/or dislocation to the lumbosacral
region (58%). Comorbid head, chest or abdominal injury was also sustained in 21% of incidents. Table 2
also quantifies the measure of resource required caring for these injuries. The mean length of the
acute-care stay was more than two weeks (16.1 days). The total number of acute-care bed days, used by
the 824 injured persons, was 13,302 at a total cost of $ 19,500,000 (95%CI $16 M–$23 M). The mean (SD)
per patient cost for acute admission was $23,681.00 ($62,304.00); median (IQR) per patient cost was
$7436.50 ($3381.50–$20,393.00).
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Table 1. Characteristics of the patient population and context of injury occurrence (n = 824).

Characteristics n (%)

Sex

- male 710 (86.2)
- female 114 (13.8)

Age category years

- 16–29 145 (17.6)
- 30–44 233 (28.3)
- 45–59 280 (33.9)
- 60–74 144 (17.5)
- 75+ 22 (2.7)

Season of injury

- Summer 165 (20.0)
- Autumn 205 (24.9)
- Winter 230 (27.9)
- Spring 224 (27.2)

Mechanism of injury (more detail Table 3)

- Falls (W00–W19) 405 (49.2)
- Transport (V01–V99) 254 (30.8)

o Traffic 127 (50.0)
o Non-traffic (off-road) 127 (50.0)

- Mechanical forces (W20–W64) 135 (16.4)
- Other and unspecified (X58–X59) 30 (3.6)

Place of injury occurrence

- Industrial and construction area 161 (19.5)
- Street and highway 124 (15.0)
- Farm 84 (10.2)
- Trade and service area 57 (6.9)
- Home 37 (4.5)
- Sports and athletics area 27 (3.3)
- Other specified 49 (5.9)
- Unspecified 285 (34.6)

Industry (external cause—within activity code)

- Construction 163 (19.8)
- Agriculture, forestry, and fishing 104 (12.6)
- Transport and storage 82 (9.9)
- Manufacturing 13 (1.6)
- Other specified work for income 183 (22.2)
- Unspecified 184 (22.3)
- Missing 95 (11.5)

SEIFA Index (Education/Occupation: quintiles)
*

- First quintile # 138 (17.3)
- Second quintile 193 (24.1)
- Third quintile 202 (25.3)
- Fourth quintile 151 (18.9)
- Fifth quintile ## 116 (14.5)
- Missing 24 (2.9)

* derived from patient’s residential postcode # lowest education and occupation status ## highest education and
occupation status.

For the 47 patients who had inpatient rehabilitation (130 hospital separations), the mean (SD)
length of stay in rehabilitation was 40 days (44).
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Table 2. Injury detail and consequent hospitalisation.

Injuries Sustained Number %

Spinal cord injury 62 7.5
Cervical level fracture/dislocation 183 22.2
Thoracic level fracture/dislocation 295 35.8
Lumbosacral level fracture/dislocation 480 58.3
Co-morbid traumatic brain injury 65 7.9
Co-morbid severe chest injury 93 11.3
Co-morbid severe abdominal injury 33 4
Subsequent rehabilitation admission = yes 47 5.7
Length of stay acute care days (mean (SD)) 16.1 (39.7)
Length of stay acute care days (median (IQR)) 4.9 (1.7–11.5)
Length of stay rehabilitation days (mean (SD)) 40 44
Length of stay rehabilitation days (median (IQR)) 24.3 (13.9–45.9)

Table 3 further investigates the activity within each broad mechanism of injury category,
permitting a greater understanding of the circumstances of injury, within certain activities.
The most common type of fall injury was related to falling from a building or structure (24.4%),
while the most common transport injury was sustained as an occupant of a heavy vehicle (23.6%).
Over half the workplace TSIs caused by a mechanical force resulted from being struck by a projected
or falling object (54.1%).

Table 3. A detailed description of injury in the context of activity.

Specific Activity Leading to Injury n (%)

Falls

- From building/structure 99 (24.4)
- On and from ladder 91 (22.5)
- Other from one level to another 77 (19.0)
- On and from scaffolding 33 (8.1)
- On and from stairs 27 (6.7)
- Same level 24 (5.9)
- Other same level 22 (5.4)
- Other & unspecified 21 (5.2)
- From tree 11 (2.7)

Total falls 405 (100)

Transport accidents

- Occupant of heavy transport vehicle (V60–V69) 60 (23.6)
- Car occupant (V40–49) 48 (18.9)
- Animal-rider (V80) 37 (14.6)
- Motorcycle (V20–V29) 21 (8.3)
- Occupant of special all-terrain vehicle (V86) 21 (8.3)
- Pedestrian (V01–V09) 12 (4.7)
- Occupant of pick-up truck (V50–V59) 11 (4.3)
- Other and unspecified (V98–V99) 11 (4.3)
- Occupant-vehicle mainly used in agriculture (V84) 9 (3.5)
- Other 9 (3.5)
- Pedal cycle (V10–V19) 8 (3.1)
- Occupant-vehicle used on industrial premises (V83) 7 (2.8)

Total transport accidents 254 (100)

Mechanical forces

- Struck by thrown, projected or falling object (W20) 73 (54.1)
- Bitten or struck by other mammals (W55) 21 (15.6)
- Contact with other and unspecified machinery (W31) 17 (12.6)
- Striking against or struck by other objects (W22) 13 (9.6)
- Other specified 11 (8.1)

Total mechanical forces 135 (100)
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The external cause activity was coded as ‘other or unspecified’ in 44.5% of cases, and ‘missing’ in
another 11.5% of cases (Table 1). Of the remaining cases where codes were specified to an industry,
78.8% of all falls occurred to persons in the construction industry, as did 48.3% of all mechanical force
injuries. Transport-related injuries occurred predominantly in the transport and storage industry (51%)
or agriculture/forestry industry (41.5%), and rarely in the construction industry (4%).

The annual rate of workplace-related spinal injuries was 7.2 (95% CI 6.8–7.7) per 100,000 persons,
with the rate per 100,000 persons for males (11.6, 95% CI 10.7–12.5) being six times that of females
(2.2, 95% CI 1.8–2.6).

4. Discussion

This study identified 824 persons during a three-year period who sustained TSIs while working
for income. Almost half of these injuries resulted from a fall (49.2%); often from building structures,
scaffolding or ladders (55.1%). Given that only 18% of TSI occurred in the 16–29 years age
group, developmental vulnerability, and inexperience do not seem to be major contributing factors.
The SEIFA index classifying education and occupational status shows a slightly higher proportion in
the lowest three quintiles (67%), than in the higher two. The only comparator to this study analysed
NSW hospitalisation and workers compensation data almost 20 years ago and considered all injury
types, and not TSI alone [20].

Almost half of all work-related spinal injuries in our study were due to falls. Fall risk in Australian
workplaces has been the focus of national attention over recent years. A Working at Heights Association
survey [21], in 2014, found concerning failure rates of unsafe equipment installation, where 94% of
fixed ladders were identified as potentially fatal. Despite numerous publications of codes of practice
promoting workplace health and safety (WHS), and strong WHS laws, our results suggest that
increased local surveillance of safety systems and stricter enforcement of relevant legislation may be
required to reduce risks and, therefore, fall-related injuries.

Heavy transport vehicle crashes were the leading cause of transport-related spinal injuries in this
study. A heavy vehicle driving crash risk is known to be reduced by the consumption of caffeinated
substances [22], however, increased with night shift driving, insufficient breaks, and lack of vehicle
safety devices [23]. Industry safety for heavy vehicle drivers has a long chain of responsibility that
involves general practitioners in driver licensing, logistics managers, employers of various sizes,
loading managers, goods consigners, and many others. Where multiple parties may be responsible
at different stages in risk profiles, it is clear that all parties must work seamlessly together to reduce
overall risk.

The reliability of the external cause codes in ICD10-AM [16] has been previously proven to be
questionable, with high levels of missing activity codes, and ‘non-specific’ coding to describe events
surrounding injury cause [24,25]. Analysis of a nationally representative sample of injury admissions
across Australia, in 2002, revealed an underestimation of around 32%, in hospital coding, of the true
burden of occupational injury [26]. The sub-codes of the root U73.0, used to identify the attributed
industry (U73.00–U73.09), within which the activity was being undertaken at the time of injury;
was missing or coded as ‘other’ or unspecified, in more than half of all cases (56%). Lack of coding
specificity clearly hampers the provision of information to injury prevention activities and policy
and likely leads to underestimation of actual events. The importance of improving the quality of
clinical documentation, and particularly the level of specificity surrounding the injury events has been
previously highlighted by Soo et al. [25]. These authors suggested that this perhaps indicated a
relatively lower perceived importance of activity information, compared to injury mechanism codes,
which have been more completely coded [25].

A particular strength of this study is its comprehensive profile of work-related TSIs, drawn from
a population-based record linkage; not previously offered in Australia. Despite the undoubted
under-reporting due to medical coding issues, these data aptly inform the current policy targets from
the Australian Work Health and Safety Strategy 2012–2022 [9], to achieve a “reduction in the incidence
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rate of claims resulting in one or more weeks off work of at least 30%” for workplace injuries. Baseline
data for this policy included serious non-fatal workers’ compensation claims, reportedly around
11.5 claims per 1000 employees, over the 2009–2010 to 2011–2012 period. The objective of 30% reduction
is acknowledged as ‘ambitious’ but thought to be attainable, if ‘concerted and sustainable effort is
made to target the most common causes of injury in those industry sectors that experience both high
numbers and high rates of injury’ [27]. This study did not consider TSIs related to other workplace
injuries, however, this injured population certainly would be included within a ‘30% reduction’
target. A replicated follow-up record linkage, in 2022, would ideally quantify the measure of any
reduction achieved.

Limitations of this study included the unavailability of various important variables about the
injured worker, such as ethnicity, level of education and experience, the employment situation
(e.g., whether permanent/part-time/casual), and specific occupation. Indigenous status was not
identified within the APDC collection; the population of NSW has 2.9% of indigenous people. These
variables may influence the risk profile within particular industries or worker groups. The source data
coding issues have been discussed earlier. Finally, the APDC does not include hospitalisation data for
patients who were admitted to private hospitals across NSW. The degree of under-representation that
this presents is uncertain, however, such severe injuries are much more likely to be treated within the
public hospital system.

5. Conclusions

Work-related traumatic spinal injuries create a significant burden of cost and disability for the
Australian workforce but are preventable, and also fall under a current focus of the Safe Work Australia
policy to reduce serious injury compensation claims, by 30%, by 2022. This study demonstrates
that the construction industry is still experiencing a high burden of work-related spinal trauma,
particularly related to falling from heights, with a need for more effective policies, risk management
strategies, and countermeasures for prevention. Transport injury prevention efforts equally need to
address heavy vehicle occupant risk. Further research is required to better understand the factors
contributing to traumatic spinal injuries in the workplace, including worker risk profiles, job design,
work environment, culture, and leadership. Finally, the design and tailoring of industry-specific
injury prevention strategies would be greatly assisted by improving the quality of medical record
documentation, including, specifically, a reduction in the use of non-specific external cause codes.
A more accurate identification of the activities and sectors which give rise to workplace spinal trauma,
has policy relevance, as injury circumstances inform public health initiatives to target injury prevention.
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Appendix A

ICD10-AM Codes provided to the Centre for Health Record Linkage, in order to identify persons
aged 16 years or over, at admission, who were admitted after sustaining a traumatic spinal injury:
S12, S12.0, S12.1, S12.2, S12.21, S12.22, S12.23, S12.24, S12.25, S12.7, S12.8, S12.9, S13.1, S13.10, S13.11,
S13.12, S13.13, S13.14, S13.15, S13.16, S13.17, S13.18, S13.2, S13.3, S14.0, S14.10, S14.11, S14.12, S14.13,
S14.70, S14.71, S14.72, S14.73, S14.74, S14.75, S14.76, S14.77, S14.78, S22.0, S22.00, S22.01, S22.02, S22.03,
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S22.04, S22.05, S22.06, S22.1, S24.0, S24.1, S24.10, S24.11, S24.12, S24.7, S24.70, S24.71, S24.72, S24.73,
S24.74, S24.75, S24.76, S24.77, S32, S32.0, S32.00, S32.01, S32.02, S32.03, S32.04, S32.05, S34.0, S34.1,
S34.3, S34.70, S34.71, S34.72, S34.73, S34.74, S34.75, S34.76, T06.0, T06.1, T09.3.
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Abstract: In recent decades, many researchers have focused on the issue of medical failures in the
healthcare industry. A variety of techniques have been employed to assess the risk of medical failure
and to generate strategies to reduce the frequency of medical failures. Considering the limitations of
the traditional method—failure mode and effects analysis (FMEA)—for risk assessment and quality
improvement, this paper presents two models developed using data envelopment analysis (DEA).
One is called the slacks-based measure DEA (SBM-DEA) model, and the other is a novel data-driven
approach (NDA) that combines FMEA and DEA. The relative advantages of the three models are
compared. In this paper, an infant security case consisting of 16 failure modes at Western Wake
Medical Center in Raleigh, North Carolina, U.S., was employed. The results indicate that both
SBM-DEA and NDA may improve the discrimination and accuracy of detection compared to the
traditional method of FMEA. However, NDA was found to have a relative advantage over SBM-DEA
due to its risk assessment capability and precise detection of medical failures.

Keywords: failure mode and effects analysis; medical failure; novel data-driven approach; data
envelopment analysis; healthcare

1. Introduction

In recent decades, medical failures, which are referred to as errors or adverse events in a medical
service, have attracted much attention in the healthcare industry due to the increasing concern for
patient safety [1]. The occurrence of medical failures may result in additional costs and a reduction
in medical quality [2]. The U.S. Institute of Medicine reported that preventable medical failures
result in 1,000,000 injuries and 44,000–98,000 deaths in hospitalized patients [3] and incur a loss of
$17,000,000 [4] each year in America. In Taiwan, approximately 500 medical conflicts each year await
legal mediation or trial [5]. Researchers suggest that reducing medical failures is critical for improving
patient safety in healthcare systems. The prevention of medical failures may consist of two stages:
risk assessment and quality improvement to monitor medical failures that may occur in a system.
In general, risk assessment is processed by categorizing medical errors and predicting the probability
of their occurrence [6]. The Joint Commission on Accreditation of Healthcare Organizations (JCAHO)
requires all accredited hospitals or other healthcare organizations to complete at least one proactive
risk assessment annually to assess the risk of errors and to continuously improve quality [7].

The techniques of risk assessment and quality improvement involve a variety of methods
to prevent medical failures, including Six Sigma, hazard analysis and critical control points
(HACCP), failure mode and effect analysis (FMEA) or healthcare failure mode and effect analysis
(HFMEA), the Toyota production system (TPS), hazard and operability studies (HAZOP), total
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quality management/continuous quality improvement (TQM/CQI), root cause analysis (RCA),
and probabilistic risk assessment (PRA) [8]. Among these methods, FMEA is widely accepted and
employed to assess the risk of medical failures [9–11] and thus serves as a basis for generating
preventive actions [12]. The validity of FMEA is commonly noted for the assessment of medical risk
by the JCAHO. In FMEA, three indexes, including severity (S), occurrence (O) and detection (D), are
applied to assess risk, where S denotes the seriousness of the effect of failure, O is the probability or
frequency of the failure, and D represents the probability that the failure will be detected before the
impact of the effect is realized. However, weaknesses in the process of assessing risk in FMEA have
been reported [13,14]. Based on a review of previous studies, the limitations of FMEA include the
following: (1) FMEA may not provide sufficient information regarding S, O, and D because it assumes
that the relative importance of S, O and D is equal [13]; (2) due to insufficient discriminative power,
the prioritization for the failure mode with different combinations of S, O, and D may yield the same
value for the risk priority number (RPN), resulting in difficulty in ranking priorities [15]; and (3) FMEA
provides limited corrective information on S, O and D for each failure mode.

Inspired by the technique of data envelopment analysis (DEA), this paper proposes two methods
to overcome the weaknesses of FMEA. One is called the slacks-based measure DEA (SBM-DEA) model,
and the other is a novel data-driven approach (NDA) that combines FMEA and DEA. The proposed
modified DEA models are applied to risk index datasets of S, O and D. The realistic solutions, including
complete prioritization and effective mitigation strategy, are generated to provide risk managers in
healthcare organizations with insights into the degree of risk of medical errors for each medical service.
Furthermore, the proposed models are also helpful for carrying out further process redesign for
risk mitigation.

The subsequent sections of this paper are organized as follows. The methodology is presented in
Section 2, in which the basic DEA model is briefly presented and three risk assessment approaches are
described. In Section 3, the numerical results of FMEA, SBM-DEA and NDA are presented. Section 4
presents a comparison of the three approaches. Section 5 concludes with a summary of findings.

2. Methodology

FMEA was first developed to solve reliability and safety problems in the aerospace industry in
the late 1950s. Because FMEA emphasizes the proactive prevention of medical failures rather than
solutions, it can assist managers in identifying failures and causes/effects and in eliminating failures
by instituting corrective actions in the risk assessment process [16]. In FMEA, a documented method is
employed, asking the manager to provide structural and formalized information for the risk control
and assessment of potential failures in terms of what might go wrong, what might cause it to go wrong,
and what effects it would have [17]. The prioritization of failure modes is determined by the RPN,
which is calculated by multiplying the scales of S, O and D. Higher values of RPN imply that corrective
action is more urgently needed. The calculation of the RPN is expressed as follows:

RPN = S × O × D (1)

DEA is a non-parametric analysis technique used to measure the relative efficiencies of
decision-making units (DMUs). By using mathematical programming, DEA yields a composite
efficiency score between zero and one for each DMU having multiple inputs and outputs. A DMU
is said to be efficient if and only if it has an efficiency score of one. In DEA, an assumption of the
weights for all of the productive indicators is not required. A set of weights is objectively generated
via a programming process in which favorable weights for all DMUs under evaluation are determined
by maximizing their efficiency scores. The result obtained from DEA may help decision-makers to
identify the inefficient units and to consequently establish improvement strategies.

To overcome the weakness of FMEA, a numerous studies suggest that DEA may be an effective
option for enhancing the assessment capability of FMEA [18–20]. DEA is a well-known data-driven
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approach for measuring the relative efficiencies among DMUs [21]. According to the efficiency
perspective, DEA aggregates all productive indicators and yields a composite score to reveal the
distance between a DMU’s position and efficiency frontier. The frontier is formed by efficient DMUs,
also called best -practices, representing the boundary condition for the whole system, which all DMUs
can benchmark at their current production technology [22].

In this paper, a slacks-based measure (SBM) was used to assess the risk of failure modes in the
healthcare industry. Suppose that there are n DMUs, each DMUj (j = 1, . . . , n) uses m inputs xij (I = 1,
. . . , m) to produce s outputs yrj (r = 1, . . . , s). Let DMUo be the DMU under evaluation, and its ith
input and rth output are denoted by xio and yro, respectively. The SBM score of DMUo, calculated
using the input orientation, is expressed by the following programming model:

Minimize θSBM
o = 1 − 1

m

m

∑
i=1

s−i /xio

s.t.
xio = ∑n

j=1 λjxij + s−i i = 1, . . . , m
yro ≤ ∑n

j=1 λjyrj r = 1, . . . , s
λj ≥ 0, s−i ≥ 0 j = 1, . . . , n

(2)

Model (2) is commonly referred to as the envelopment form and is the dual problem of the
multiplier form. In model (2), s− ∈ Rm is the slack vector for the input, and λj ∈ Rn is the non-negative
vector connecting all inputs and outputs to form an efficiency frontier. s−i denotes the excess amounts
in the input that can be decreased non-radially comparing with efficient DMUs. The θSBM∗

o is the SBM
efficiency of DMUo. If s−∗

i > 0, DMUo is identified as an inefficient unit, i.e., θSBM∗
o < 1; otherwise,

it is an efficient unit. Compared with a traditional radial DEA model, SBM provides a clearer view for
determining the specific input variable that causes the inefficiency. Through the optimal slack amount,
s−∗

i , the direction for improving inefficient DMUs can also be easily obtained.
Figure 1 depicts the process of risk assessment, including four steps:
Step 1: Collect the risk index report of failure modes.
Step 2: Generate a dataset of risk indexes (severity, occurrence, and detection).
Step 3: Assess the risk of failure modes using modified DEA, including SBM-DEA and NDA,

as discussed in this paper, and generate the risk rankings for all failure modes.
Step 4: Provide improvement strategies by mitigating risk for the prevention of medical failures.
Because the S, O, and D dataset in FMEA has the property of “the lower, the better”, which is

similar to inputs, this paper considers the risk indexes of S, O, and D as inputs. Thus, by applying
SBM, as depicted in Equation (2), the FMEA model yields the following:

Minimize θRPN
o = 1 −

(
ss−/So + sO−/Oo + sD−/Do

)
/3

s.t.
So = ∑n

j=1 λjSj + sS− for severity
Oo = ∑n

j=1 λjOj + sO− for occurrence
Do = ∑n

j=1 λjDj + sD− for detection
1 = ∑n

j=1 λj j = 1, . . . , n
λj, sS−, sO−, sD− ≥ 0

(3)

where sS−, sO− and sD− denote the slack for S, O, and D, respectively. The θRPN∗
o represents a composed

RPN index for each failure mode and is further employed as the basis for prioritizing n failure modes.
A failure mode with θRPN∗

o = 1 and sS−∗ = 0, sO−∗ = 0, sD−∗ = 0 represents a safer mode, whereas
failure modes with θRPN∗

o < 1 represent riskier modes. For risky failure modes, the improving targets(
So − sS−∗, Oo − sO−∗, Do − sD−∗) may be generated automatically by using the optimal slacks (sS−∗,

sO−∗, sD−∗). In this paper, Equation (3) is referred to as the SBM-DEA model.
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Figure 1. The process of risk assessment. DEA: data envelopment analysis.

SBM-DEA may successfully improve the discriminatory problem of traditional RPN, i.e., some
failure modes have the same RPN composed of different combinations of S, O and D, providing an
alternative adjustment as quantitative information for each risky failure mode. However, SBM-DEA
may present two chief shortcomings: (1) for safer failure modes, it is unable to generate the complete
prioritization, as they all have a unity score θRPN∗

o = 1; and (2) for risky failure modes, the improving
targets waste of risk mitigation resources.

To overcome the problem arising from SBM-DEA, this paper presents the NDA, expressed in
Equations (4) and (5). All failure modes are classified into two sets: safe failure modes and risky failure
modes. We then apply the Super SBM model developed by Tone [23] and a minimum distance model
developed by Aparicio et al. [24] to evaluate the RPN indexes of safe failure modes and risk failure
modes, respectively.

For safer failure modes:
Assume that there are n safe failure modes with θRPN∗

o = 1. To differentiate them, the RPN for
each safe failure mode is defined as the optimal value δRPN∗

o in the following model.

Minimize δRPN
o = 1 +

(
sS+/So + sO+/Oo + sD+/Do

)
/3

s.t.

So ≥ ∑n−1
j=1,j �=o λjSj − sS+ for severity

Oo ≥ ∑n−1
j=1,j �=o λjOj − sO+ for occurrence

Do ≥ ∑n−1
j=1,j �=o λjDj − sD− for detection

1 = ∑n−1
j=1,j �=o λj j = 1, . . . , n − 1, j �= o

λj, sS+, sO+, sD+ ≥ 0

(4)

For risky failure modes:
Let E be the set of safe failure modes with θRPN

o = 1 and λj = 1. Thus, the RPN index for each
risky failure mode can be solved by the following model.

Maximize θRPN
o = 1 −

(
ss−/So + sO−/Oo + sD−/Do

)
/3
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s.t.
So = ∑n

j=1, j∈E λjSj + sS− for severity
Oo = ∑n

j=1, j∈E λjOj + sO− for occurrence
Do = ∑n

j=1, j∈E λjDj + sD− for detection
1 = ∑n

j=1, j∈E λj j ∈ E
−(

vSSj + vOOj + vDDj
)
+ u = −dj

vS, vO, vD, u ≥ 1
0 ≤ dj ≤ Mbj
0 ≤ λj ≤ M

(
1 − bj

)
bj ∈ {0, 1}
sS−, sO−, sD− ≥ 0

(5)

where M is a large positive variable, and bj is the binary variable. The vS, vO and vD are the weights
for severity, occurrence and detection, respectively, which comply with the corresponding constraint
to the multiplier form.

Compared to SBM-DEA, in the NDA model, the safe failure modes to be evaluated are removed
from the safe frontier (λj, j �= 0). In addition, all of the slacks (sS−, sO− and sD−) in the constraints and
objective function are modified from positive to negative. Thus, the RPN for each safe failure mode
can be obtained as δRPN∗

o ≥ 1.

Data Collection in the Healthcare Industry

In this section, we reuse a case from Western Wake Medical Center in Raleigh, North Carolina,
which was first introduced by applying FMEA to mitigate the risk of preventing infant abduction in
Reichert [25]. The dataset is tabulated in Table 1 and consists of 16 failure modes, which were identified
by a managerial team in the medical service process.

Table 1. Risk indexes (S, O, D) in failure mode and effects analysis (FMEA) for preventing
infant abduction.

No. Failure Modes Severity Occurrence Detection

FM1 Child not banded 10 7 5
FM 2 Insufficient IS info provided to mom 5 4 8
FM 3 Mom not paying attention 5 8 8
FM 4 Info not understood 5 2 8
FM 5 Baby may not be HUGS banded prior to washing 10 9 3
FM6 Info not entered into computer system, including name/room 10 8 5
FM7 Delay in entering info into computer system 10 4 5
FM8 “Unfounded” Alarms 10 3 10
FM9 Alarm ringing—doors not locking 10 2 10
FM10 HUGS band not applied until reaching post-partum (sometimes) 10 5 2
FM11 Bands loosening 8 9 6
FM12 Bands not checked and/or tightened properly 8 3 8
FM13 Not checked against census 7 8 7
FM14 Transferred rooms, not updated 7 7 7

FM15 HUGS band may not be checked when moving to nursery, other,
for blood draws, circ, etc 5 7 3

FM16 Leaving SCN other than for discharge w/o HUGS band (may
include family room visiting) 8 5 8

Note: HUGS: Hugs infant security system SCN: special care nursery.

3. Results

This paper applies the failure mode data in Table 1 to the three models: FMEA, SBM-DEA and
NDA. The results are demonstrated in Figure 2 regarding the prioritization of failure modes among
the three different approaches. For each approach, the horizontal axis displays the ranked set of
failure modes sorted from highest to lowest risk, whereas the risk index is shown on the vertical
axis. Additionally, we divided all ranked FMs into four quartiles (designated Q1 to Q4), with Q1
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representing the highest 25th percentile of risk for FMs requiring urgent action. In Figure 2, we use the
reciprocal of optimal scores obtained by SBM-DEA and the NDA model for simple ranking. A risky
FM with θRPN∗

o , δRPN∗
o < 1 has the covered risk index 1/θRPN∗

o , 1/δRPN∗
o > 1, which serves as the

basis for ranking.

 

Figure 2. Prioritization of failure modes from risk priority number (RPN), slack-based measure (SBM)
and our approach. FMEA: failure mode and effects analysis; SBM-DEA: slacks-based measure; NDA:
data-driven approach.

In terms of FMEA, the subsets of the four quartiles included Q1 = {FM 11, FM 6, FM 13, FM 1}, Q2
= {FM 14, FM 3, FM 16, FM 8}, Q3 = {FM 5, FM 7, FM 9, FM 12} and Q4 = {FM 2, FM 15, FM 10, FM 4}.
It became clear that the discrimination of FM 3 from FM 16 (an ordinal number of 6th) and FM 7 from
FM9 (an ordinal number of 10th) was quite low due to their use of different combinations of S, O and
D to compose the same RPN, i.e., FM 3 and FM 16 have RPN = 320; FM 7 and FM 9 have RPN = 200.

SBM-DEA may overcome such discriminatory problems, identifying the following risk priorities:
FM 3 (1/θRPN∗

3 = 1.333) ≺ FM 16 (1/θRPN∗
16 = 1.482) and FM 7 (1/θRPN∗

7 = 1.143) ≺ FM 9 (1/θRPN∗
9 =
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1.304). However, the ranking is still not sufficiently complete. The risk indexes for FM 4, FM 10 and FM
15 in Q4 imply that they are relative safe modes requiring no corrective action. However, advanced
information on the priority of the modes is lacking because these three failure modes have the same
unity score. Furthermore, the analytical results for the failure modes in Q1 = {FM 11, FM 8, FM 6,
FM 13} and Q2 = {FM 16, FM 1, FM 14, FM 5} by SBM-DEA are not well matched to the results from
FMEA. Only 75% of failures in Q1 and 50% in Q2 are in agreement with the FMEA results.

According to the results from the NDA model in Figure 2, all of the problems mentioned above
were clearly solved. First, the weak discriminatory power of FMEA was improved upon. Risk rankings
between FM 3 and FM 16 and between FM 7 and FM 9 were obtained using the NDA model. The risk
index for FM 3 was (1/δRPN∗

3 = 1.333) greater than that for FM 16 (1/δRPN∗
16 = 1.25), and the risk

index for FM 7 (1/δRPN∗
7 = 1.125) was smaller than that for FM 9 (1/δRPN∗

9 = 1.304). Second, three
safe modes, including FM 4, FM 10 and FM 15, analyzed by SBM-DEA, showed the same unity score.
Through the analysis depicted in Equation (4), the risk of these three failure modes was completely
ranked using the NDA model. The priority ranking was determined as FM 15 � FM 10 � FM 4. Such a
result helps risk managers to obtain full prioritization. Finally, the prioritization of Q1 = {FM 1, FM 11,
FM 6, FM 13} and Q2 = {FM 3, FM 13, FM 8, FM 9} based on NDA is virtually a match, with the same
results as FMEA, i.e., 100% in Q1 and 75% in Q2.

4. Discussion

The RPN value calculated using FMEA provides very limited information for establishing
improvement strategies. Compared with the traditional FMEA, both SBM-DEA and the NDA model
not only can generate a composite risk index from an efficiency perspective for each FM but also
provide the risk control team with the quantitative information to set explicit targets for improving
their strategies. This quantitative information can be determined from the difference between risky
failure modes and their projection targets. However, these projection targets may differ between
SBM-DEA and the NDA model because the former uses the maximum difference, while the latter
concerns the minimum difference under programming.

Table 2 provides a detailed list of optimal scores, projection targets and difference rates for all
failure modes calculated from SBM-DEA and the NDA model. Both the SBM-DEA model (left-hand
side) and the NDA model (right-hand side) identify that FM 4, FM 10 and FM 15 are relatively safe
modes. For each, the SBM-DEA model yields a score of one and projection target of S, O and D that
are equivalent to the original data, such that the reduction rates are all zero. In contrast, the NDA
model provides a score of more than one that can be used as the basis for further ranking. Moreover,
the positive rates of S, O and D express additional information on risk-taking ability, i.e., FM 4 can
increase 100% of O, FM 10 can increase 40% of O and 50% of D, and FM 15 can increase 83% of S.

491



Int. J. Environ. Res. Public Health 2018, 15, 2069

Table 2. Comparative results of SBM-DEA and novel data-driven approach (NDA).

SBM-DEA NDA

Modes
θRPN∗

o
Index Original Projection Rate

Modes
δRPN*

o
Index Original Projection Rate

FM1 S 10 5.0 −50.00% FM1 S 10 7.5 −25.00%
0.700 O 7 7.0 0.00% 0.705 O 7 3.5 −50.00%

D 5 3.0 −40.00% D 5 5.0 0.00%

FM2 S 5 5.0 0.00% FM2 S 5 5.0 0.00%
0.833 O 4 2.0 −50.00% 0.917 O 4 4.0 0.00%

D 8 8.0 0.00% D 8 6.0 −25.00%

FM3 S 5 5.0 0.00% FM3 S 5 5.0 0.00%
0.750 O 8 2.0 −75.00% 0.750 O 8 2.0 −75.00%

D 8 8.0 0.00% D 8 8.0 0.00%

FM4 S 5 5.0 0.00% FM4 S 5 5.0 0.00%
1.000 O 2 2.0 0.00% 1.333 O 2 4.0 100.00%

D 8 8.0 0.00% D 8 8.0 0.00%

FM5 S 10 10.0 0.00% FM5 S 10 9.2 −8.33%
0.741 O 9 5.0 −44.44% 0.806 O 9 4.5 −50.00%

D 3 2.0 −33.33% D 3 3.0 0.00%

FM6 S 10 5.0 −50.00% FM6 S 10 7.5 −25.00%
0.658 O 8 7.0 −12.50% 0.730 O 8 3.5 −56.25%

D 5 3.0 −40.00% D 5 5.0 0.00%

FM7 S 10 7.5 −25.00% FM7 S 10 6.7 −33.33%
0.875 O 4 3.5 −12.50% 0.889 O 4 4.0 0.00%

D 5 5.0 0.00% D 5 5.0 0.00%

FM8 S 10 5.0 −50.00% FM8 S 10 6.7 −33.33%
0.656 O 3 2.0 −33.33% 0.756 O 3 3.0 0.00%

D 10 8.0 −20.00% D 10 6.0 −40.00%

FM9 S 10 5.0 −50.00% FM9 S 10 5.0 −50.00%
0.767 O 2 2.0 0.00% 0.767 O 2 2.0 0.00%

D 10 8.0 −20.00% D 10 8.0 −20.00%

FM10 S 10 10.0 0.00% FM10 S 10 10.0 0.00%
1.000 O 5 5.0 0.00% 1.300 O 5 7.0 40.00%

D 2 2.0 0.00% D 2 3.0 50.00%

FM11 S 8 5.0 −37.50% FM11 S 8 6.7 −16.67%
0.634 O 9 7.0 −22.22% 0.722 O 9 3.0 −66.67%

D 6 3.0 −50.00% D 6 6.0 0.00%

FM12 S 8 5.0 −37.50% FM12 S 8 6.7 −16.67%
0.764 O 3 2.0 −33.33% 0.861 O 3 3.0 0.00%

D 8 8.0 0.00% D 8 6.0 −25.00%

FM13 S 7 5.0 −28.57% FM13 S 7 7.0 0.00%
0.673 O 8 7.0 −12.50% 0.733 O 8 3.2 −60.00%

D 7 3.0 −57.14% D 7 5.6 −20.00%

FM14 S 7 5.0 −28.57% FM14 S 7 7.0 0.00%
0.714 O 7 3.0 −57.14% 0.752 O 7 6.2 −11.43%

D 7 7.0 0.00% D 7 2.6 −62.86%

FM15 S 5 5.0 0.00% FM15 S 5 9.2 83.33%
1.000 O 7 7.0 0.00% 1.278 O 7 7.0 0.00%

D 3 3.0 0.00% D 3 3.0 0.00%

FM16 S 8 5.0 −37.50% FM16 S 8 8.0 0.00%
0.675 O 5 2.0 −60.00% 0.800 O 5 5.0 0.00%

D 8 8.0 0.00% D 8 3.2 −60.00%

Note: FM15 and 16 are taken as two examples to elaborate the calculations of SBM-DEA and NDA (See Appendix A).
NDA: novel data-driven approach, SBM-DEA: slacks-based measure DEA (data envelopment analysis).

For risky failure modes with scores of less than one, the reduction rate with respect to the
corresponding original data provides the scales for improving the effort of S, O and D (see the fifth
and tenth columns of Table 2). By following these rates, the risky failure modes can be made safer,
i.e., either to achieve the projection targets or to produce a score of θRPN∗

o = 1 for the SBM-DEA
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model and δRPN∗
o ≥ 1 for the NDA model. Table 2 also shows large differences in optimal scores and

reduction rates between the SBM-DEA model and the NDA model. On the basis of the optimal scores,
the first three extreme cases include FM 16 (θRPN∗

16 = 0.675 and δRPN∗
16 = 0.800), FM 8 (θRPN∗

8 = 0.756
and δRPN∗

8 = 0.656) and FM 12 (θRPN∗
12 = 0.861 and δRPN∗

8 = 0.764). Regarding these failure modes,
the SBM-DEA model suggests that reduction rates are S (−37.5%), O (−60%), and D (0%) for FM 16;
S (−50%), O (−33.33%), and D (−20%) for FM 8; and S (−37.5%), O (−33.33%), and D (0%) for FM 12.
These targets seem unattainable. In contrast, the NDA model obviously provides a more attainable
(less effort) target for safety improvement with reduction rates of S (0%), O (0%), and D (−60%) for
FM 16, S (−33.33%), O (0%), and D (−40%) for FM 8 and S (−16.67%), O (0%), and D (−25%) for
FM 12. None of the reduction rates of S, O and D by the NDA model are ensured to be less than those
obtained by SBM-DEA. For instance, the NDA model suggests that FM 5 may reach the safety frontier
by reducing 8.33% of S and 50% of O, whereas the projection target provided by SBM-DEA asks FM
5 to reduce 44% of O and 33.33% of D. Figure 3 compares the average reduction rates between the
SBM-DEA model and the NDA model. The reduction rate calculated by the difference between the
projection target and the original data is 21.71% for the NDA model and 22.26% for the SBM-DEA
model. The result demonstrates that the projection target of NDA is more closed to FEMA. And thus,
on an average, safety improvement recommended by the NDA model are significantly more effective
than those provided by the SBM-DEA model.

Figure 3. The average reduction rates between SBM and our approach.

In brief, SBM-DEA may yield biased measurements of risk and generate unrealistic solutions
with two main shortcomings in comparison to the NDA model. First, SBM-DEA imperfectly generates
a complete prioritization for all failure modes. Second, the improvement strategy generated by
SBM-DEA for risk mitigation is feasible, but it results in a waste of resources.

5. Conclusions

Given the growing awareness of and pressure for healthcare quality and patient safety in today’s
healthcare environment, both academics and practitioners are increasingly concerned with risk
management in medical services to avoid the effects of medical failures. FMEA is a well-known
systematic procedure that is widely used to identify medical errors and to provide the necessary
corrective actions. In this paper, we presented two models for improving the traditional FMEA method
and compared the relative advantages among the three models. The analysis was based on an infant
security case at Western Wake Medical Center in Raleigh, North Carolina, U.S.
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Both the SBM-DEA model and the NDA model aim to solve the problem of discriminatory
power arising from FMEA, which may result in the same RPN with different combinations of S, O
and D for some failure modes. The results indicate that the SBM-DEA model and the NDA model,
by integrating both two models and FMEA, may provide realistic solutions on optimal targets for safety
improvement, whereas the risk mitigation strategies resulting from FMEA remain scarce. However,
SBM-DEA might be imperfect, as the corrective direction generated from the optimizing process
was unrealistic, resulting in a waste of resources. Additionally, SBM-DEA is incapable of providing
complete prioritization for all failure modes.

The NDA model was found to successfully overcome the problems associated with the SBM-DEA
model, as the NDA model can provide precise and complete prioritizations of failure modes in the
healthcare industry. The NDA model attempts to find the minimum distance for each failure mode
and then yields a strategy for improving medical failures. The corrective actions obtained from the
NDA model are guaranteed to require less effort. As risk mitigation is a vital activity for reducing any
further damages to safety once the risk assessment process is completed, risk mitigation plays a critical
role in enhancing safety. The empirical results clarify the superiority of the NDA model. In light of the
limited resources of healthcare organizations, the NDA model is a more effective and precise approach
for risk management and costs less.
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Appendix A. Calculations of SBM-DEA and NDA for FM 15 and 16

SBM-DEA solves the following linear problems to obtain the optimal objective values of FM 15
θRPN∗

15 = 1.000 and FM 16 θRPN∗
16 = 0.675, respectively.

Minimize θRPN
15 = 1 −

(
ss−/5 + sO−/7 + sD−/3

)
/3

s.t.

5 = (10λ1 + 5λ2 + 5λ3 + 5λ4 + 10λ5 + 10λ6 + 10λ7 + 10λ8 + 10λ9 + 10λ10 + 8λ11 + 8λ12 + 7λ13 + 7λ14 + 5λ15 + 8λ16) + sS−

7 = (7λ1 + 4λ2 + 8λ3 + 2λ4 + 9λ5 + 8λ6 + 4λ7 + 3λ8 + 2λ9 + 5λ10 + 9λ11 + 3λ12 + 8λ13 + 7λ14 + 7λ15 + 5λ16) + sO−

3 = (5λ1 + 8λ2 + 8λ3 + 8λ4 + 3λ5 + 5λ6 + 5λ7 + 10λ8 + 10λ9 + 2λ10 + 6λ11 + 8λ12 + 7λ13 + 7λ14 + 3λ15 + 8λ16) + sD−

1 = (λ1 + λ2 + λ3 + λ4 + λ5 + λ6 + λ7 + λ8 + λ9 + λ10 + λ11 + λ12 + λ13 + 7λ14 + λ15 + λ16)

λ1:16, sS−, sO−, sD− ≥ 0

Minimize θRPN
16 = 1 −

(
ss−/8 + sO−/5 + sD−/8

)
/3

s.t.

8 = (10λ1 + 5λ2 + 5λ3 + 5λ4 + 10λ5 + 10λ6 + 10λ7 + 10λ8 + 10λ9 + 10λ10 + 8λ11 + 8λ12 + 7λ13 + 7λ14 + 5λ15 + 8λ16) + sS−

5 = (7λ1 + 4λ2 + 8λ3 + 2λ4 + 9λ5 + 8λ6 + 4λ7 + 3λ8 + 2λ9 + 5λ10 + 9λ11 + 3λ12 + 8λ13 + 7λ14 + 7λ15 + 5λ16) + sO−

8 = (5λ1 + 8λ2 + 8λ3 + 8λ4 + 3λ5 + 5λ6 + 5λ7 + 10λ8 + 10λ9 + 2λ10 + 6λ11 + 8λ12 + 7λ13 + 7λ14 + 3λ15 + 8λ16) + sD−

1 = (λ1 + λ2 + λ3 + λ4 + λ5 + λ6 + λ7 + λ8 + λ9 + λ10 + λ11 + λ12 + λ13 + 7λ14 + λ15 + λ16)

λ1:16, sS−, sO−, sD− ≥ 0

NDA solves the following linear problems to obtain the optimal objective values of FM 15 δRPN∗
15

= 1.278 and FM 16 δRPN∗
16 = 0.800, respectively.
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Minimize θRPN
15 = 1 +

(
ss+/5 + sO+/7 + sD+/3

)
/3

s.t.

5 ≥ (10λ1 + 5λ2 + 5λ3 + 5λ4 + 10λ5 + 10λ6 + 10λ7 + 10λ8 + 10λ9 + 10λ10 + 8λ11 + 8λ12 + 7λ13 + 7λ14 + 8λ16) + sS+

7 ≥ (7λ1 + 4λ2 + 8λ3 + 2λ4 + 9λ5 + 8λ6 + 4λ7 + 3λ8 + 2λ9 + 5λ10 + 9λ11 + 3λ12 + 8λ13 + 7λ14 + 5λ16) + sO+

3 ≥ (5λ1 + 8λ2 + 8λ3 + 8λ4 + 3λ5 + 5λ6 + 5λ7 + 10λ8 + 10λ9 + 2λ10 + 6λ11 + 8λ12 + 7λ13 + 7λ14 + 8λ16) + sD+

1 = (λ1 + λ2 + λ3 + λ4 + λ5 + λ6 + λ7 + λ8 + λ9 + λ10 + λ11 + λ12 + λ13 + 7λ14 + λ16)

λ1:16( �=15), sS+, sO+, sD+ ≥ 0

Maximize θRPN
16 = 1 −

(
ss−/8 + sO−/5 + sD−/8

)
/3

s.t.
8 = (5λ4 + 10λ10 + 5λ15) + sS−

5 = (2λ4 + 5λ10 + 7λ15) + sO−

8 = (8λ4 + 2λ10 + 3λ15) + sD−

1 = (λ4 + λ10 + λ15)

−(
vS5 + vO2 + vD8

)
+ u = −d4

−(
vS10 + vO5 + vD2

)
+ u = −d10

−(
vS5 + vO7 + vD3

)
+ u = −d15

0 ≤ d4 ≤ Mb4

0 ≤ d10 ≤ Mb10

0 ≤ d15 ≤ Mb15

0 ≤ λ4 ≤ M(1 − b4)

0 ≤ λ10 ≤ M(1 − b10)

0 ≤ λ15 ≤ M(1 − b15)

vS, vO, vD, u ≥ 1
sS−, sO−, sD− ≥ 0
b4, b10, b15 ∈ {0, 1}
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Abstract: This study aimed to evaluate the association between intention to leave work, and working
conditions and health status among female care-staff in nursing homes. A multicenter cross-sectional
study included female care-staff in 105 nursing homes for the elderly. We used validated
questionnaires to assess occupational, psychosocial and medical data in a multicenter transverse study.
Univariate analysis on chi2 test was performed with stratification according to job (nurse, nursing
assistant), and variables found to be significant on each dimension were included on multivariate
models. 1428 nursing assistants and 342 registered nurses were included. 391 nursing assistants and
85 registered nurses intended to leave their work with the elderly. The registered nurses’ intention to
leave was associated with deteriorated care-team or residents relations, and with perceived elevated
hardship due to the proximity of residents’ death. The nursing assistants’ intention to leave was
associated with deteriorated management relation, with job insecurity and elevated hardship due
to the residents’ intellectual deterioration. Impaired physical or psychological health status also
correlated with this intention. Policy to reduce voluntary turnover of care-staff in nursing homes for
the elderly could be based on multifactorial management, acting on work organization and reducing
psychosocial stress.

Keywords: care workers’ intention to leave; nursing homes for the elderly; psychosocial factors;
musculoskeletal complaints; impaired well-being

1. Introduction

High rates of staff turnover in nursing homes are not a recent phenomenon, especially among
those who work most closely with the residents: registered nurses and nursing assistants. Nursing
homes for the elderly differ in functioning from hospitals in that they have lower level of medical
presence. They are residential establishments caring for increasingly elderly, dependent persons with
multiple comorbidities. Care is given by nursing assistants with various kinds of initial training and
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by registered nurses. Registered nurses usually ensure technical care and coordinate the work of the
nursing assistants. As well as catering and accompaniment, nursing assistants are in charge of hygiene,
comfort and preventive and curative care and are under the supervision of a nurse. About 17.5% of
new nurses leave their first job within one year of starting their jobs [1]. The proportion of nurses
considering or intending to leave the profession varied from 4% to 54% [2]. The cost of turnover from
the organizational perspective includes replacement costs (including training), lost productivity, lost
quality and lowered morale [3,4]. A previous study argued that these costs may well be reflected in
the quality of care that residents receive [3,5]. Three broad categories of factors that influence turnover
have been identified: general economic, work-related and personal factors [3]. Registered nurses and
nursing assistants in nursing homes are subject to strong mental and physical demands (e.g., lifting
and carrying, work schedule), and frequently describe their working environment as distressing [6].
The physical and mental deterioration of elderly patients and the proximity to death were more often
perceived as a source of hardship by registered nurses and nursing assistants. Registered nurses and
nursing assistants are more often confronted by aggressive patients than in hospitals or facilities for the
disabled [7–9]. Registered nurses who had experienced burnout or stress were more likely to intend to
leave the profession [2,10]. Fochsen et al. have focused on the relationship between musculoskeletal
disorders and intent to leave the profession in staff of nursing-homes for the elderly [11]. Several
studies underlined an association between impaired mental well-being in nursing home care workers
and psychosocial factors in health caregivers, but there has been less research on the association
between impaired mental well-being in nursing home care workers and health caregivers’ intention to
leave has hardly been studied [12–15]. Understanding why health care workers abandon their current
employer and/or their job in the nursing profession is important in retention of health providers.
The objective of the present study was to analyze occupational and medical factors associated with the
intention to leave work with the elderly, comparing between nursing assistants and registered nurses,
considering the differences in their tasks.

2. Materials and Methods

2.1. Design

The study was designed as a cross-sectional questionnaire survey design.

2.2. Participants

The target population of the survey was female employees working in with elderly patients
in nursing homes in the Rhône-Alpes Region of France. The occupational physicians of the Region
were asked to participate in the survey by the Regional Department of Businesses, Competition,
Consumption, Work and Employment (DIRECCTE), a state business consultancy. Volunteer
occupational physicians filled out a working conditions assessment questionnaire, and asked all
employees meeting the inclusion criteria in the nursing homes which they oversaw to take part.
Only employees who had been working with the elderly for at least 6 months on at least a half-time
basis were included. The occupational physician handed over the self-administered questionnaire
to subjects included in the study and collected data on working conditions and health status in
nursing staff. The number of subjects who refused to participate was anonymously collected by the
occupational physicians.

2.3. Data Collection

Between October 2009 and September 2010, data were collected by self-administered
questionnaires during periodic follow-up medical examinations or during company visits. These
self-administered questionnaires comprised personal characteristics (age, gender, family status,
number of children), health characteristics and work-related characteristics and used four
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questionnaires measuring Job related hardship, musculoskeletal complaints, impaired mental
well-being, and psychosocial demands [16–21].

2.4. Measures

Job related hardship: The questionnaire included visual analog hardship scales (1 = no hardship,
to 10 = great hardship) related to: premises (disrepair, stairs, clutter), lifting and carrying the elderly,
patients’ mental and physical deterioration, and proximity of death [16–18]. The choice of these
particular categories was based on the literature [21]. Hardship scores were categorized as slight (≤3),
moderate (4–7) or severe hardship (≥8).

Musculoskeletal complaints: Musculoskeletal complaints were assessed on the Nordic
Musculoskeletal Questionnaire, comprising multiple choice questions for each body part (such as
upper limbs, lower limbs, neck and back): “During the last 12 months, have you had trouble (such as
ache, pain, discomfort)?”. The Nordic Musculoskeletal Questionnaire is a standardized questionnaire
with reliability and validity moderate to high, which makes is a good instrument for epidemiological
survey into musculoskeletal disorders and complaints [19].

Impaired mental well-being: Developed as a screening tool to detect the workers likely to have or
to risk of developing psychiatry disorders, the General Health Questionnaire (GHQ) is a measure of
the common mental health problems, domains of depression, anxiety, somatic symptoms and social
withdrawal. It’s the 12-item version (GHQ-12) was used. Respondents had to indicate how frequently
they had recently experienced the various symptoms listed. Each item was rated on a 4-point scale,
with weights from 0 to 3 according to Likert-like type scale (0 = less than usual, 1 = no more than usual,
2 = rather more than usual, and 3 = much more than usual) [20]. Scores higher than 12 were considered
as indicating impaired mental wellbeing [22,23].

Psychosocial demands: Psychosocial demands at work were assessed on the effort-reward imbalance
(ERI) model using the Siegrist questionnaire. In this model, chronic work-related stress is identified
as non-reciprocity or imbalance between high efforts spent and low rewards received. Conversely,
positive emotions evoked by appropriate social rewards promote well-being, health and survival [16].
This questionnaire has three scales: two measuring the extrinsic components of ‘effort’ (6 items)
and ‘reward’ (11 items covering earnings, esteem and job security) and one measuring the intrinsic
component of ‘over-commitment’ (six items) [16,17]. Effort was measured either by six items on the
demanding aspect of the work environment (three measuring quantitative load, one qualitative load,
one increase in total load over time, and one physical load), rated as 1 = does not apply, 2 = does
apply but subject does not consider herself distressed, 3 = does apply and subject considers herself
somewhat distressed, 4 = does apply and subject considers herself distressed, or 5 = does apply and
subject considers herself very distressed. A sum score of these ratings was totalled, as documented in
several studies [16,17]. According to the ERI model, extrinsic and intrinsic effort scores are directly
proportional to effort, whereas the rewards score is inversely proportional to reward. ERI was measured
by calculating the ratio between the extrinsic effort index (E) and the inverse reward index (R): E/(R*c),
with c as a correction factor (c: 6/11); ERI >1 indicates a critical condition of high-cost/low-gain, or
effort-reward imbalance [16,17]. To obtain a more precise view of which rewards were related to which
indicators of employee health, three occupational rewards (earnings, esteem and job security) were
assessed separately. All three reward scores were dichotomized separately, using the most adverse
tercile to indicate low reward: the higher the reward score, the lower the reward [16–18,21,24,25].

2.5. Ethical Considerations

Approval by the French Ministry of Health Research (Comité Consultatif pour le Traitement
de l’Information en Matière de Recherche dans le Domaine de la Santé, 09.320) was obtained before
starting the study. The participants were given an information leaflet explaining the study objectives
and participation was voluntary.
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2.6. Data Analysis

The continuous quantitative variable of seniority in the establishment was transformed into an
ordinal qualitative variable for statistical purposes.

A descriptive step characterized the employee population according to personal characteristics,
working conditions, including occupational psychosocial factors, and mental health status.
Distinguishing between registered nurses and nursing assistants, associations were sought between
the intent to leave work with the elderly and personal factor, occupational factors, psychosocial factors
and medical factors. Frequencies were compared on chi-squared tests, with chi-squared trend tests
depending on the results of cross-analysis. Ratios of event probabilities per case of intent to leave were
studied. As the prevalence of each event was high, odds ratios would not provide a good estimate of
relative risk, and a log-linked binomial model was applied, using the PROC GENMOD procedure in
the SAS statistical package (version 9.3) with the DIST = BINOMIAL and LINK = LOG options.

Univariate and multivariate analyses were performed stratified on job category (nurse/nursing
assistant). The binary response of each case of intent to leave was modeled in two steps: Firstly, all
independent variables underwent univariate analysis; secondly, multivariate analyses were performed
for each dimension (sociodemographic, occupational, psychosocial, and personal health); variables
with p-value ≤ 0.1 were included in a multivariate model on a descending procedure, and variables
with p-value < 0.05 were kept in the model. The psychosocial and medical dimension models were
adjusted on age. For the psychosocial dimension, the global ERI variable is classically used, but in the
present study we sought to investigate the questionnaire sub-dimensions in greater detail, studying the
four variables of extrinsic effort and the three types of reward (esteem, earnings, and job security) in
the multivariate models. From these four multivariate models, multivariate regression was performed
on a descending procedure, with a significance threshold of 5%. In case of non-convergence of PROC
GENMOD because the maximum likelihood estimate (MLE) lay on the boundary of the parameter
space, the SAS COPY macro was used, which provides a good approximation to the exact maximum
likelihood estimates, as well as yielding good estimates of the true population parameters [26].

3. Results

3.1. Socio-Occupational and Medical Data

1770 women (19.6% registered nurses, 80.4% nursing assistants) working in direct contact with the
elderly in 105 nursing homes were included. Twenty-nine registered nurses and nine nursing assistants
refused to participate, leading to a global participation rate of 98%. Four hundred and seventy-six of
the 1808 women (26.3%), wished to leave their work with the elderly: 391 nursing assistants (26.8%)
and 85 registered nurses (24.2%).

3.2. Factors Associated with Intention to Leave Work on Univariate Analysis

Occupational factors: In both nursing assistants and registered nurses, severe hardship related
to residents’ physical deterioration, to proximity to death, or to lack of equipment was significantly
associated with intention to leave. In nursing assistants, weak attachment to the elderly residents,
understaffing, and severe hardship related to lifting and carrying residents, to premises, or to residents’
intellectual deterioration, were significantly associated with intention to leave (Table 1). In both nursing
assistants and registered nurses, work contract, seniority in work with elderly, working time, night
work and type of working hours were not associated with intention to leave.
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Psychosocial factors: In both nursing assistants and registered nurses, intention to leave was
significantly associated with impaired relations with residents, poor reward in terms of earnings, job
security, and esteem, over-commitment, and ERI.

In nursing assistants, intention to leave was significantly associated with physical, or verbal
aggression, and impaired relations with management, or families.

In registered nurses, intention to leave was significantly associated with impaired relations with
the care-team (Table 1).

Med Psychosocial factors: In both nursing assistants and registered nurses, intention to leave was
significantly associated with impaired relations with residents, poor reward in terms of earnings, job
security, and esteem, over-commitment, and ERI.

In nursing assistants, intention to leave was significantly associated with physical, or verbal
aggression, and impaired relations with management, or families.

In registered nurses, intention to leave was significantly associated with impaired relations with
the care-team (Table 1).

ical factors: For both nursing assistants and registered nurses, psychological distress and spinal,
or lower-limb complaints were significant. Upper-limb musculoskeletal disorder was significantly
associated with intention to leave in nursing assistants (Table 1).

3.3. Factors Associated with Intention to Leave Work on Multivariate Analysis

Occupational factors: Severe hardship related to proximity to death was associated with intention
to leave in registered nurses, as was severe hardship related to residents’ intellectual deterioration and
weak attachment to residents in nursing assistants (Tables 2–4). In this global multivariate analysis,
hardship related to inadequate equipment no longer featured as a significant factor (Table 4).

Psychosocial factors: Impaired relations with management in nursing assistants, impaired relations
with residents or with care team in registered nurses, remained associated with intention to leave. In
nursing assistants, high levels of effort and poor reward in terms of job security were associated with
intention to leave. Poor esteem from colleagues no longer featured as a significant factor on global
multivariate analysis (Tables 2 and 4).

Medical factors: Lower limb complaints and spinal complaints remained associated with intention
to leave in nursing assistants but not registered nurses on global multivariate analysis (Table 4).

Table 2. Significant associations between nursing assistants’ intention to leave work with the
elderly and sociodemographic, occupational, psychosocial and medical factors on intermediate
multivariate analysis.

Variables PR [95% CI]
Sociodemographic Factors

Age

<30 years 1 ***
30–39 years 0.91 0.74–1.14
40–49 years 0.72 0.58–0.90
≥50 years 0.60 0.46–0.78

Occupational Factors

Work contract
Permanent 1 *
Temporary 0.78 0.63–0.97

Hardship: equipment
Mild 1 **

Moderate 1.23 1.00–1.51
Severe 1.45 1.17–1.79

Hardship: residents’
intellectual deterioration

Mild 1 ****
Moderate 1.41 1.05–1.89

Severe 1.94 1.48–2.55

Do you get attached to
the residents?

Very often 1 **
Often 1.29 1.00–1.66

Seldom 1.48 1.11–1.97
Rarely/never 1.96 1.33–2.87
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Table 2. Cont.

Variables PR [95% CI]

Psychosocial Factors

Relations with
management

Satisfactory/very
satisfactory 1 *

Moderately
satisfactory/unsatisfactory 1.26 1.04–1.55

Extrinsic effort
No 1 **
Yes 1.31 1.08–1.60

Esteem
Yes 1 *
No 1.26 1.01–1.57

Job security Yes 1 ***
No 1.51 1.21–1.89

Medical Factors

Psychological distress No 1 ****
Yes 1.55 1.31–1.84

Spinal complaints No 1 **
Yes 1.38 1.13–1.70

Lower-limb complaints No 1 ***
Yes 1.39 1.15–1.69

PR: Prevalence Ratio; CI: Confidence Interval.* p < 0.05; ** p < 0.01; *** p < 0.001; **** p ≤ 10−4.

Table 3. Significant associations between registered nurses’ intention to leave work with the
elderly and sociodemographic, occupational, psychosocial and medical factors on intermediate
multivariate analysis.

Variables PR [95% CI]

Sociodemographic Factors

Age

<30 years 1 *
30–39 years 1.20 0.71–2.01
40–49 years 0.93 0.54–1.57
≥50 years 0.62 0.35–1.10

Occupational Factors

Hardship: equipment
Mild 1 *

Moderate 1.25 0.80–1.95
Severe 1.75 1.14–2.68

Hardship: proximity to
death

Mild 1 ***
Moderate 1.17 0.73–1.89

Severe 1.95 1.23–3.08

Psychosocial Factors

Relations with team
Satisfactory/very

satisfactory 1 **

Moderately
satisfactory/unsatisfactory 1.98 1.32–2.98

Relations with patients
Satisfactory/very

satisfactory 1 *

Moderately
satisfactory/unsatisfactory 1.43 0.93–2.19

Medical Factors

Psychological distress No 1 **
Yes 1.66 1.14–2.39

Spinal complaints No 1 *
Yes 1.65 1.07–2.53

PR: Prevalence Ratio; CI: Confidence Interval. * p < 0.05; ** p < 0.01; *** p < 0.001.
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4. Discussion

In the present study, care-workers’ intention to leave was significantly related to certain
psychosocial factors and impaired health status. This study of 1770 female registered nurses and
nursing assistants in 105 nursing homes for the elderly in the Rhône-Alpes Region of France had
a 98% response rate. This study has the advantage of having exploited for the administration of the
questionnaires the periodic visits conducted by the occupational physicians. This method usually
allows a high participation and minimizes the possibility that the answers are influenced by other
workers, because the time in the waiting room is very limited [27].

Validated questionnaires assessed psychosocial demand, musculoskeletal complaints and
psychological distress. The interest of the study lay in correlating intention to leave work with
the elderly and working conditions (psychosocial and organizational demand) while taking into
account the registered nurses’ and nursing assistants’ psychological and physical health status. This
cross-sectional study does not allow us to know the temporal relation between the different phenomena
that influence the intention to leave. However, previous studies have made it clear that the various
factors, violence and stress, are cyclically related to each other [28–30].

Four hundred and seventy-six (26.3%) of respondents wished to leave their work with the elderly,
and nursing assistants (26.8%) more frequently than registered nurses (24.2%). This finding agrees
with Fochsen et al., who reported that “being an assistant nurse was associated with leaving nursing
care” [11]. The NEXT-Study (Nurses’ early exit study) was established to investigate the degree,
reasons, circumstances, and consequences of premature departure from the nursing profession in
Europe. The proportion of nurses (24.9%) who had frequently considered leaving their profession in
nursing homes was higher in our study than in the French data of the longitudinal NEXT-Study (16.5%),
in which nurses were working in residential care for the elderly, hospital structures or home-care [31].
The negative relation-ship between age and turnover intent has been widely reported in previous
studies [13,32]. It has been argued that young nurses who belong to generation Y (born after 1980) hold
different attitudes and values towards their work, which may influence their retention. According
to Lavoie-Tremblay et al., the generation Y nurses reported that recognition was a key motivator.
Their needs are stability, flexible work schedules and shifts, recognition, opportunities for professional
development, and adequate supervision [33].

The study highlighted a significant association between hardship in relation to proximity to death
and intention to leave work with the elderly. Previous study showed that nursing home staff who
had had palliative care training were less liable to report severe hardship in relation to proximity to
death, suggesting that palliative care training has positive impact on perceived hardship in relation to
proximity to death [34]. Better training in the management of dementia patients and in palliative care
might reduce the intention to leave work with the elderly.

A number of researchers have reported an association between workload, stress and turnover
intention [35,36]. In this cross-sectional study, both workplace violence and bad relationships (which
often fall into verbal violence) are significantly associated with the intention to leave work. The effect
was higher in younger workers; this confirms what observed in previous Italian cohorts of nurse and
nursing students [37]. Previous studies suggested that the psychologically strenuous and stressful
nature of the work causes nurses to consider leaving the nursing profession [38–40]. In the present
study, intention to leave was significantly related to certain psychosocial factors. First effort/reward
imbalance was significantly related to intention to leave in nursing assistants. The ERI model was
used to analyze intention to leave the nursing profession in nurses (n = 21,299) in seven European
countries, in the NEXT-Study: ERI was associated with the frequency of considering leaving the
nursing profession [31]. Secondly, overcommitment was not significantly associated with intention to
leave in the present study, in agreement with previous findings [31,40]. According to Zeytinoglu et al.,
nurses with higher levels of career commitment showed statistically significantly lower levels of
propensity to leave nursing [10]. Wang et al. found that a higher level of occupational commitment
was related to stronger intention to stay [41]. Low affective commitment to the profession was
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associated with greater intention to leave the profession [2]. Moreover, Takase et al. found that nursing
staff commitment was directly related to reduce intention to quit the profession [42]. The present study
highlighted weak attachment to residents on the part of nurses and nursing assistants as associated
with intention to leave. Then high levels of effort were an important work environment factor for
intention to leave, consistent with previous findings [31–40]. Finally, for nursing assistants, poor
reward in terms of job security, but in terms of not earnings, was significantly associated with intention
to leave on multivariate analysis. Pay was found not a significant predictor for Jordanian nurses to
leave their organization [43]. According to Lavoie-Tremblay et al., the reasons most often given for
quitting the profession by nurses were difficult working conditions and a lack of job stability [34].
Improving the psychosocial work environment and specifically occupational rewards may be helpful
in retaining caregivers.

Poor relations with management for nursing assistants and poor relations with the care-team
and patients for nurses were significantly associated with intention to leave [44]. Nursing assistants
seemed to exchange little with nurses according to an ergonomic study of geriatric care-staff [45]. In
France, the working week was reduced to 35 h, which may have had the effect of reducing the time
available for verbal exchanges within the team. Moreover, increasing administrative work for nurses
and the increased work-load reported may have reduced the time available for verbal exchanges
between patients and nurses, impairing the nurse-patient relationship. Cowden et al., in a systematic
review of the literature, found a positive relationship between transformational leadership, supportive
work environments and staff nurses intentions to stay [46]. Creating a supportive work environment,
with supportive leadership gives nurses the confidence to stay [47,48]. Healthy and supportive work
relationships have been shown to be related to greater intention to stay in work for nurses [49,50].

The present study revealed a significant association between intention to leave and impaired
health status. First, lower-limb and spinal musculoskeletal complaints were significantly associated
with intention to leave for nursing assistants. Fochsen and Sjögren showed that musculoskeletal
problems of the neck/shoulder and knees were associated with leaving nursing care [11,51].
Secondly, psychological distress was significantly associated with intention to leave for both nursing
assistants and nurses, in line with the longitudinal study of 6441 caregivers by Kivimaki et al. [52].
Bartram et al. found that emotional labor has an indirect effect on intention to leave via burnout nurses
experience [53].

5. Conclusions

Care-staff in nursing homes for the elderly are exposed to elevated psychological and physical
demands in caring for dependent elderly persons often with comorbidities. The present study found
that some of the demands experienced by nurses and nursing assistants underlie an intention to leave
work with the elderly. The results highlight the importance of perceived working conditions in this
intention to leave. Policy to reduce voluntary turnover in nursing homes for the elderly could be based
on a multifactorial approach involving work organization, reduced psychosocial demand and access
to certain training modules such as in palliative care and the management of patients in dementia.
Reorganization to reduce nurses’ administrative workload by delegating tasks to administration
workers should allow nurses more time for exchanges with both patients and nursing assistants.
Having more time to devote to relational aspects would enhance verbal exchange between residents
and caregivers, which in turn should improve job satisfaction and quality of care. Greater involvement
in drawing up personalized care projects and reinforcing and developing caregiver autonomy in
performing everyday care tasks should improve the caregivers’ image of the job. Better recognition
of the work accomplished could be achieved by increasing the time available for exchanges between
colleagues and with management, and by improving job security.
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Abstract: The attention paid to the use of pesticides has increased notably in recent years as
demonstrated by the issue of laws and regulations requiring their safe and environmentally-conscious
use (e.g. Directive 2009/128/EC and Regulation (EC) no. 1272/2008). Despite the benefits that can
be achieved by pursuing the targets of stricter legislative framework, the difficulties for farmers in
complying with it are remarkable, especially for small-sized companies. In fact, in contrast to other
occupational health and safety (OHS) contexts, in the case of pesticides even a preliminary analysis on
the relationship between pesticide use and the consequent exposure risks for the workers is a complex
task. In order to reduce the above-mentioned gap, the present study is focused on the development
of an easy-to-use tool for carrying out occupational risk assessment of agricultural activities related
to the use of pesticides. The procedure was developed by starting from the Agricultural Health Study
(AHS) approach and its improvements, and continuing to the thorough development of a tool for
preliminary risk assessment, providing a simplified model for its practical application by farmers.
A case study concerning olive cultivation was used for its first verification. The results achieved
should be considered as an initial step for the promotion of safer practices when using pesticides,
providing a consistent base for their further validation.

Keywords: occupational health and safety; risk assessment; chemical risks; occupational exposure;
pesticides; occupational risk management; olive orchards

1. Introduction

In recent years, matters concerning the safer and more sustainable use of chemical products in
agriculture have risen in importance worldwide [1,2]. In the European Union this goal is represented
by the implementation of the Integrated Pest Management (IPM) policy [3], which relies on a series of
legislative interventions starting from the issue of Directive 2009/128/EC, establishing a framework
for community action to achieve the sustainable use of pesticides [4]. This directive, together with
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the related acts affecting, among others, the safety requirements of the machinery for pesticide
application [5], the placing of plant protection products on the market [6], the classification, labelling,
and packaging of substances and mixtures [7], and the requirements for the registration, evaluation,
authorization, and restriction of chemicals [8–10], have had a large impact on farmers and companies
operating in the agricultural sector.

These new and stricter obligations concern the whole cycle of pesticide use, starting from their
purchase up to the disposal of packaging and residues. As requested by Directive 2009/128/EC,
the mandatory requirements that should be satisfied for the proper use of pesticides are defined
by Member States through their National Action Plans (NAPs) [11]. From the farmers’ perspective,
this new approach towards a low pesticide-input in agriculture affects several aspects, ranging from the
change of agronomic practices to the compliance with more rigorous specifications for both machinery
maintenance as well as occupational health and safety (OHS) measures [12–14].

Besides the unquestionable benefits for the environment, human health, and social costs that
can be achieved pursuing the targets proposed by this new legislative framework, the difficulties for
farmers in complying with it are also remarkable [15,16].

The goal of the present study was to investigate the latter aspect, focusing on the assessment of the
occupational risks related to the use of pesticides. Numerous studies addressing risk assessment from
the epidemiological point of view can be found in the literature [17–21]. On the other hand, only few
studies have dealt with the practical needs of the companies, in particular agricultural enterprises,
of implementing risk assessment and management to guarantee the safe use of pesticides [8,22].
In particular, one of the major problems at the practical level, especially for small companies,
is represented by the provision of a document where, as per Article 9 of Directive 89/391/EEC,
“an assessment of the risks to safety and health at work, including those facing groups of workers
exposed to particular risks” is reported. Hence, companies have to implement and document a risk
assessment procedure that includes, among other aspects, the best practices, information, and training
issues coming from the application of Directive 2009/128/EC, and information provided by the
safety data sheet as defined by Regulation (EC) no. 1907/2006 in conjunction with Regulation (EC)
no. 1272/2008. Contrary to pesticide exposure, in other types of exposure to particular occupational
risks, such as vibrations, noise, or ultraviolet (UV) radiation, it is possible to provide a preliminary
evaluation of the exposures and risks. Specifically, when dealing with vibrating tools and machines
the exposure levels can be properly defined thanks to the availability of databases recognized from
scientific bodies/authorities [23,24]. Based on this, a preliminary risk assessment can be performed
considering the dose and the duration of exposure in a hands-on manner [25].

In the case of pesticides, the exposure depends on many factors and workers doing apparently
the same job might be exposed to different levels of an active substance. There is a lack of clear
evidence on how the dose levels or the repeated exposure might influence workers’ health [18,26–28].
Moreover, the products put on the market are in continuous evolution [29], and, although some
pesticide databases exist [30], their recognition by the OHS authorities is difficult. As a consequence,
even a preliminary risk assessment, providing information on the relationships between the pesticides’
use and the consequent exposure risks for the workers, is certainly a complex task [31], requiring
additional efforts and resources particularly in the case of small-sized companies [32,33]. In such a
context, in fact, safety knowledge, attitudes, and practices are still inadequate [34–36], even when
dealing with a proper understanding of safety pictograms [37–40].

In order to reduce the above-mentioned gap, the present study is focused on the development of
an easy-to-use tool for carrying out occupational risk assessment of agricultural activities related to
the use of pesticides. Such a tool is aimed at supporting companies in verifying the compliance with
mandatory requirements and providing OHS management indications to achieve and maintain safe
working conditions when using pesticides.

In the next section, an analysis of the legislative framework that the risk assessment activities have
to comply with is provided. Then, in Section 3 a background analysis on the scientific issues related to
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the solution of such a problem is reported. Section 4 presents the research approach/methodology,
illustrating the proposed risk assessment procedure, while in Section 5 its practical application in a
case study is reported. Section 6 discusses the achieved results and conclusive remarks are presented
in Section 7.

2. Legislative Framework

Table 1 synthetizes the interwoven combination of legislative acts, considering their
implementation in the Italian legislation and the main issues related to the safe use of pesticides.

Table 1. EU legislation, its implementation in the Italian legislation, the context, and the related
main issues.

Main Legislative Source Italian Legislation Context Main Issues

Directive 89/391/EEC Decree 81/2008
Occupational health and
safety (OHS) of
professional workers

Specific risk assessment of working activities
related to the use of chemical products;
Specific information and training of the
operators that use pesticides;
Provision of safe working equipment and
specific personal protective equipment (PPE).

Directive 2009/128/EC
Decree 150/2012 and
National Action
Plan (NAP)

Sustainable use
of pesticides

Certified information and training of the users,
distributors, and advisors;
Certified inspection of pesticide application
equipment in professional use;
Documented regular calibrations and technical
checks of the pesticide application equipment;
Proper handling and storage of pesticides and
treatment of their packaging and remnants;
Implementation of practices and products
allowing low pesticide-input pest management.

Directive 2006/42/EC Decree 17/2010 Machinery safety

Specific essential health and safety
requirements for the construction and
maintenance of machinery for
pesticide application.

Regulation (EC) no. 1272/2008
Classification, labelling,
and packaging of
substances and mixtures

New type of classification and labelling of
hazardous substances.

Regulation (EC) no. 1907/2006
Registration, evaluation,
authorization and
restriction of chemicals

New requirements for safety data sheets
(containing information concerning hazards,
first-aid measures, handling and storage,
personal protection, etc.)

Notes: (1) In the table, only the main legislative acts are mentioned, while their further updates/amendments were
not cited: e.g. concerning Directive 2006/42/EC, Directive 2009/127/EC was not mentioned. Similarly, when citing
Directive 89/391/EEC we intend its consolidated text, including for example Directive 2009/39/EC. (2) Regulation
(EC) no. 1907/2006 and its amendments (the so-called “REACH”) have not had a strong impact on pesticide users;
it was included in the table due to the new rules on safety data sheets.

From the risk assessment point of view, the combination of the mandatory requisites provided by
such legislative frameworks can be translated into the following requirements, which companies have
to deal with:

• Provide a documented risk assessment report, demonstrating that the employer has taken into
account all the risks derived from the use of pesticides;

• The risk assessment of the activities related with the use of pesticides should consider the worst
situation of exposure for each activity;

• All the phases of the process should be considered, starting from handling, preparation of the
mixture, setting of the application equipment, mixing, loading, and application, up to the final
operations related to the equipment cleaning and maintenance, as well as dealing with the
management of the cleaning water and the pesticide residues;

• The risk assessment has to take into account the hazardous properties of the pesticides,
the information on health and safety provided by the safety sheet of each product, the level
of exposure, and the duration of the exposure, as well as any occupational exposure limit values
or biological limit values associated with each product;
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• The preventive and protective measure applied, as well as the re-entry safety periods for each
type of application have to be defined.

The practical implementation of these provisions requires a high level of expertise and,
although a specific training for operators is mandatory to use pesticides, difficulties can arise in
correctly understanding and putting them into practice [41]. Moreover, if we consider the Italian
context, the companies operating in the agricultural sector are mainly small-sized or family-run
enterprises [42–44], where the lack of human and financial resources often represents a drawback in
properly implementing occupational health and safety duties [45].

To reduce these difficulties, which are similar for small and medium sized enterprises (SMEs)
operating in different contexts [46–48], a specific easy-to-use risk assessment procedure was developed,
which can allow companies to comply with the abovementioned requirements.

3. Background Analysis

The risk assessment activities are based on the estimation of the probability of occurrence of
a certain event and the severity of its consequences. In the case of chemical risk, such a basic rule
can be translated into the evaluation of the toxicity of the chemical product (e.g., based on the
acceptable operator exposure level (AOEL) or the “lethal dose” criterion) and the level of exposure of
the worker, intended as intensity of exposure per exposure time [49]. The assessment of the exposure
to pesticides has been discussed by numerous studies [1,27,29,30,50,51] and different approaches have
been proposed, which can be roughly distinguished into: (1) biomonitoring of exposure to pesticides,
i.e., the measurement of a pesticide, its metabolite(s), or biotransformation products in biological fluids
such as urine or blood [52]; (2) environmental monitoring, consisting in the measure of the exposure in
the working environment [53].

Nevertheless, measuring the level of exposure is a difficult and complex task, due to the
particularities that characterize the agricultural activities, the differences among the operators and
working environments [54]. Accordingly, alternative methods for exposure and risk assessment have
been developed, which vary from the use of expert opinion [55,56] and pre-marketing models [57,58] to
the use of combination of data from the literature, measurements, and expert opinion [54,59].
In particular, premarketing models were introduced due to the mandatory need for evaluating the
exposure of operators as well as for residents and bystanders [60], providing calculators based on
databases, such as the BROWSE model [61], EUROPOEM [57], or TOXSWA [62]. Despite their
ease of access, these models suffer from several drawbacks when applied in a practical context for
occupational risk assessment [63,64]. Similarly, the so-called job exposure matrices (JEMs) [65] present
with limited effectiveness when considering the agricultural activities [59,66], and for effective results
in the determination of intensity of exposure they should be used in combination with algorithms
that take into account other parameters such as the application rate, the type of equipment, and the
characteristics of the crop [67].

The latter category includes the widespread Agricultural Health Study (AHS) model [68],
developed for the estimation of the exposure to more than 50 individual pesticides, using questionnaire
responses and pesticide information published in the literature. Such an approach is considered the
most effective means for estimating the intensity level of the exposure to pesticides [69]. Without going
into detail since a large literature can be found on the AHS augmentation (e.g., in [18,27,54,70–72]),
the approach can be summarized in the following equation:

I = (MIX + APPL + REPAIR) × PPE, (1)

where

• I represents the intensity score level, i.e., the exposure level of the operator;
• MIX indicates the exposure during the mixing/preparation activities;
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• APPL indicates the exposure during the pesticide application activity;
• REPAIR stands for the exposure during the repair/maintenance/regulation operations of the

equipment for pesticide application; and
• PPE refers the personal protective equipment used (e.g., eye glasses, gloves, etc.).

As noted by Mandić-Rajćevič [73], the weights of these factors are based on the monitoring data
published in the scientific literature. Although both positive and negative examples of using the
AHS algorithm exist in the literature, this system was constructed for epidemiological studies and
not for the purposes of the mandatory issues of the OHS legislation. In order to provide a method
for the risk assessment of activities related to the use of pesticides, Colosio et al. [54] provided an
augmented algorithm based on the AHS approach, which allows a semi-quantitative estimation of
the occupational exposure and risk level consequent to pesticide application. Such a study provided
practical criteria for the assessment of the exposure factors, which are summarized in Table 2.

Table 2. Criteria used in the algorithm proposed by the Agricultural Health Study (AHS).

Factors Criteria

MIX Number of loadings; concentration of the active principle; type of formulation;
duration of mixing and loading

APPL Use rate; application pressure; treated area; interventions on machines during
application; condition of the equipment; duration of the application

REPAIR Maintenance of the equipment; duration of the maintenance

Also, modifying factors such as the type of tractor, the type of the PPE used, and the training/skill
of the operator were considered. In order to evaluate the toxicity, the criterion used consisted in
deriving the toxicity scores based on the risk phrases allocated to the compound of the pesticides
used. The advantage of this approach is that it uses the data readily available on the label of the
product and does not require any extra training in toxicological evaluation of active substances for the
workers. In line with such a framework, other studies (e.g., [74,75]) also provided practical criteria
for the estimation of the exposure during re-entry (especially for specific types of farming, such as
cultivation in greenhouses), which are based on the density of the plants and the type of pesticide.

Even though the above mentioned studies provide effective guidelines for the assessment of
operators’ exposure to pesticides and the related risk levels, they were developed for the purposes of
historical exposure assessment in epidemiological studies. Therefore, the models and their various
extensions fail to provide a documented risk assessment needed for companies to comply with the
health and safety legislation. One example is the option of non-use of proper PPE, which is a legitimate
option in epidemiological studies, but is not allowed by the legislation (Directive 89/391/EEC).
Additional examples include the specific training of operators as well as the maintenance/calibration
of the equipment (Directive 2009/128/EC), which are also cogent requirements.

Additionally, the risk phrases and precautionary statements have been replaced by the “hazard
statements” and the related codes due to the entry into force of Regulation (EC) 1272/2008,
which would make the approach proposed by Colosio et al. (2012) obsolete [54].

Based on the above considerations, we tried to extend the above-mentioned approaches
considering the perspective of an employer that has to draw-up a document where:

1. An assessment of the risks to safety and health at work is reported, including those facing the
workers exposed to chemical risks;

2. The protective measures to be taken as well as the personal protective equipment to be used are
defined; and

3. The specific training of operators and the related mandatory certificates are listed.
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4. Materials and Methods

The proposed approach consists of three main phases (Figure 1). In the first phase, a preliminary
check is carried out in order to verify if the company is compliant with general OHS requirements
related to the use of pesticides. Then, the specific assessment in case of chemical risks is carried out,
evaluating the exposure level of the operator related to the toxicity of the products used. Although
the procedure we propose represents a simplified and preliminary assessment of chemical risk,
in accordance with the national and EU OHS legislation, we use the locution “chemical risk assessment”
for this phase. Finally, the improvement options are proposed for a proper risk management.

 

Figure 1. Scheme of the proposed approach.

4.1. Preliminary Assessment

In this phase, a preliminary analysis of the context has to be performed in order to understand the
company’s practical needs and the working tasks that should be performed. Accordingly, the employer
has to verify the compliance with the general OHS requirements regarding the following topics:

1. Professional information and training of the operator and the related certification as the pesticides’
professional user;

2. Machinery conformity (tractor and pesticide application equipment);
3. Selection of the proper pesticides depending on the company needs;
4. Functional calibration of the application equipment;
5. Definition of working procedures for the pesticides’ application;
6. Selection of the proper PPE based on the type of pesticides and machinery used; and
7. Conformity with the health surveillance requisites.
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The fulfilment of all these requirements is mandatory and to support their management a specific
checklist was developed (Appendix A). The accomplishment of such requirements provides the
necessary input to perform the specific evaluation of the so-called “chemical risks”.

4.2. Chemical Risk Assessment

This analysis consists of a preliminary assessment (i.e., before the application of the pesticides is
carried out) aimed at the definition of an exposure risk profile, and it is realized through a three-step
approach. In the first step, the levels of exposure are estimated, considering all the possible exposure
determinants present in the scenario under evaluation. Based on their conditions in this scenario,
a numeric weight is assigned, and the obtained values are elaborated through a specific algorithm,
to obtain and estimate of the possible level of exposure. Then, a value of toxicity is assigned considering
the characteristics of the product that will be used. Finally, the estimation of the risk level is computed
combining these values.

4.2.1. Evaluation of the Possible Exposure

To evaluate the possible exposure level (Iexp) of the operators, the algorithm proposed by
Colosio et al. [54] and Mandić-Rajćevič [73] was improved as follows:

Iexp = [(MIX × tM + APPL × tA+ REPAIR × tR + RE-ENTRY× tRE) × SKILL × PPE] × FREQ (2)

where the possible re-entry of the operator was included (RE-ENTRY), as well as a reducing factor
considering the experience of the operator (SKILL), while PPE considers the status of the personal
protective equipment and FREQ indicates how many times in a year the operator carries out activities
involving the use of pesticides. With reference to the latter aspect, it has to be noted that, according to
the current Italian OHS legislation, the employer has to update the risk assessment document at least
yearly. As far as the time t is concerned, tM, tA, tR, and tRE represent the percentage of time dedicated to
the MIX, APPL, REPAIR, and RE-ENTRY activities, respectively in a working day, taking into account
that according to the Italian OHS legislation the duration of a working day is of 8 h. In other words,
we assumed that the sum of these factors is not more than 100% of time of a regular working day,
since the abovementioned activities cannot overlap each other as they are carried out sequentially by
one operator only in a working day. Regarding the factor SKILL, the criteria used to introduce this
aspect in Equation (2) are based on the information provided by the technical guideline provided by
the International Social Security Association (ISSA) [76], where the skills of the operator are estimated
considering its experience in carrying out a specific task.

As far as the RE-ENTRY working activities are concerned, they usually consist in any type of
activity performed in a field where pesticides were previously used. From the legislative point of view,
in line with the provisions of the Italian NAP, the re-entry in the field is allowed only 24 h after the
pesticide’s application. Then, during the following 24 h the operator can enter in the field only with
the proper PPE; after that (i.e., after 48 h) the use of the pesticides’ PPE is not mandatory. From an
agronomic perspective, it has to be underlined that in some types of cultivations (e.g., maize or rice) the
re-entry is not foreseen and thus it should not be computed. In our study, we included in this category
the following situation: the operator needs to refill the atomizer’s tank to complete the application
and goes back and forward from the loading point to the application area. In case the cultivated field
has more than one access, the latter activity is not computed if the operator can use other entry points
avoiding the already sprayed areas. Although such criteria might appear quite simple, they are based
on the experiences with farmers, which are often oriented towards practices that allow them to save
time and resources.

The assessment criteria and the relative scores of the elements of Equation (2) are reported as
follows: Table 3 (MIX), Table 4 (APPL), Table 5 (REPAIR), Table 6 (RE-ENTRY), and Table 7 (PPE, SKILL,
and FREQ). The criteria used in the following tables are based on multiple sources: the starting
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point consisted in the findings and the related scientific review provided by [36,64,73]; as additional
references for the weighting factors we have considered technical guidelines in the field of pesticide
management [77] and from other fields such as mechanical hazards [76]. Moreover, the weighting
factors were further discussed in a group of experts in order to verify their usability and effectiveness.

Table 3. Exposure factors during mixing and loading activities.

MIX = (LOAD × CONC) × COMP

LOAD

Number of loads per day Score
1 0.5

2–5 1
>5 2

CONC

Concentration of the active
principle Score

<50% 0.5
50–90% 1
>90% 2

COMP

Type of formulation/compound Score
Soluble bags 0.5

Granules/liquid 1
Powder 2

MIX: mixing; LOAD: loads; CONC: concentration; COMP: compound.

It has to be noted that CONC refers to the concentration of the active principle used in the product:
expressed as a percentage: this information can be depicted from the product’s Safety Data Sheet
(SDS) and it is expressed as a weight/weight (w/w) percentage (as indicated in Regulation (EC)
no. 1272/2008).

Table 4. Exposure factors during the application activities.

APPL = [(DOSE × SURF × BAR) ×TRACT] + INT + EQUIP

DOSE

Quantity of pesticide used (kg/ha) Score
<0.1 1

0.1–2.5 2
>2.5 3

SURF

Application surface (ha) Score
<3 0.5

3–10 1
10–20 2
>20 3

BAR

Application pressure/type of equipment (bar) Score
<3 1
3–5 2

5–10 3
>10 4

TRACT

Type of tractor used to operate the pesticide application equipment Score
Without cabin 3

With a non air-conditioned cabin 2
With an air-conditioned cabin 1

With an air-conditioned cabin equipped with activated carbon filters 0

INT

Number of in-field interventions to calibrate the equipment Score
0 0

1–2 1
>2 2
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Table 4. Cont.

APPL = [(DOSE × SURF × BAR) ×TRACT] + INT + EQUIP

EQUIP
Condition of the application equipment Score

Good 0
Not good 8

APPL: application; DOSE: dose; SURF: surface; BAR: pressure; TRACT: tractor; INT: interventions;
EQUIP: equipment.

It has to be noted that in Table 4, both INT and EQUIP were considered as additional weighting
factors of the exposure risk during the application phase. This is because especially in small companies
the attention paid to the condition of the application equipment is still limited [78–80].

Table 5. Exposure factors during in-field maintenance of the application equipment.

REPAIR

Equipment Maintenance Operations Score

Maintenance operations are carried out by a different person 0
Maintenance operations are carried out by the operator 30

Table 6. Exposure factors during re-entry activities.

RE-ENTRY = (DOSE × H/D) × EARL

H/D

Plants height/foliage density score
Low/Low 1
Low/High 2
High/Low 3
High/High 4

EARL

Time before re-entering in the field after the pesticide application in
order to carry out other activities score

>2 days 0
1–2 days (24–48 h) 1.5

Table 7. Exposure factors related to the condition of PPE, the operator’s experience, and the
application frequency.

PPEs

Condition of PPE Score
Good 0.5

Not good 1

SKILL

Experience/Skills of the Operator in Using Pesticides Score
>5 year 0.25

1–5 years 0.5
<1 year 1

FREQ

Number of Days Per Year Dedicated to the Use of Pesticides Score
<5 0.5

5–10 1
10–20 2
>20 3

Based on the results obtained by means of equation (2), for each pesticide used it is possible to
define an exposure level (Iexp), which can be classified as depicted in Table 8 following the criteria
proposed in [42].
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Table 8. Levels of possible exposure.

Exposure Level (Iexp)

Score Meaning

≤5 Very low level of possible exposure
6–15 Low level of possible exposure
16–30 Medium level of possible exposure
31–50 High level of possible exposure
≥51 Very high level of possible exposure

4.2.2. Evaluation of the Toxicity Level

The creation of a grid for the evaluation of the toxicity exposure needs the synthesis of toxicity
levels in ranked numeric values. As observed by Maroni et al. [31], despite its qualitative nature,
the use of the information provided by the product labels for a preliminary risk assessment in an OHS
context can be considered effective. Such an approach can answer to the needs of safety managers
or entrepreneurs that can use the data provided by the pesticides’ producers in compliance with
the mandatory authorization’s requirements [9], as practical information for a safe management of
pesticides. For this reason, as a reference we used the list of substances provided by Regulation (EC)
no. 1272/2008, although other types of lists proposed at the international level [81,82] can be found.

Based on this, we defined five levels of toxicity using as a surrogate of the potential toxicity
the hazard statements (H) established for toxic substances by the Regulation (EC) no. 1272/2008.
The grid is shown in Table 9, where a 1 to 5 toxicity index (Itox) is considered (1 = very low; 5 = very
high). The use of a Likert scale [83], ranging from 1 (not important) to 5 (extremely important) is
quite common in qualitative assessment and its application in risk assessment is foreseen by the
ISO/IEC 31010 standard [84].

Table 9. List of the toxicity levels based on Regulation (EC) no. 1272/2008.

Code Hazard Statement Toxicity Index (Itox)

H302 Harmful if swallowed

1
H319 Causes serious eye irritation
H335 May cause respiratory irritation
H315 Causes skin irritation

EUH066 Repeated exposure may cause skin dryness or cracking

H332 Harmful if inhaled

2
H312 Harmful in contact with skin
H301 Toxic if swallowed
H314 Causes severe skin burns and eye damage
H318 Causes serious eye damage

H331 Toxic if inhaled

3
H300 Toxic in contact with skin
H317 May cause an allergic skin reaction
H336 May cause drowsiness or dizziness

H330 Fatal if inhaled

4

H310 Fatal in contact with skin
H334 May cause allergy or asthma symptoms or breathing difficulties if inhaled
H361f Suspected of damaging fertility

H360Fd May damage fertility. May damage the unborn child
H362 May cause harm to breast-fed children
H304 May be fatal if swallowed and enters airways
H371 May cause damage to organs
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Table 9. Cont.

Code Hazard Statement Toxicity Index (Itox)

H373 May cause damage to organs prolonged or repeated exposure

5

H370 Causes damage to organs
H351 Suspected of causing cancer
H372 Causes damage to organs through prolonged or repeated exposure

H360F May damage fertility
H340 May cause genetic defects

H360D May damage the unborn child

In the grid both hazard statements (H) and supplemental hazard statements relating to particular
physical and health properties (EUH) were included: they were selected considering the pesticides
most used in Italy. From the practical standpoint, it is worth noting that most of the products available
on the market present more than one hazard statement. Hence, when carrying out the risk assessment,
the value given to the product is established based on the highest score of the toxicity index.

4.2.3. Definition of the Risk Level

The estimation of the risk level (RE) is performed combining the possible exposure level (Iexp) and
the toxicity index (Itox) by means of the following equation:

RE = Iexp × Itox (3)

The output of the second phase consists in the classification of the exposure risk level based on the
criteria exposed in Table 10: the definition of the different levels’ ranges are based on the suggestion
provided by the ISO/IEC 31010 technical standard [84] for the implementation on the risk matrix.

Table 10. Levels of the exposure risk (RE).

RE Level Meaning

≤15 I Acceptable level of exposure risk
16–60 II Medium level of exposure risk
61–150 III High level of exposure risk
≥151 IV Unacceptable level of exposure risk

4.3. Improvement Options

Based on the results obtained in the second phase, and the levels of risk pointed out, the next
phase of the evaluation consists in the definition of the need of risk management options addressed at
reducing the risk to acceptable values. In Table 11 the main preventive interventions which can be
done by the company are shown.

Table 11. Improvement measures depending on the exposure risk’s level.

Exposure Risk Level (RE) Improvement Measures

Level I No additional interventions are required.

Level II
Update information and training activities; verify the adequacy and the condition of PPE. Verify
the adequacy of the pesticides used.

Level III

Update information and training activities; verify the adequacy and the condition of PPE. Verify
the adequacy of the pesticides used and the possibility of selecting less hazardous products,
providing specific biological/environmental monitoring.
Verify the adequacy and the condition of the pesticide application equipment and its maintenance
operations. Update the operative procedures and instructions and carry out a new
risk assessment.

Level IV

The adequacy of the pesticides used needs to be verified and the use of less hazardous products
should be considered. A specific biological/environmental monitoring, as well as the operators’
health surveillance have to be implemented. Verify the selection of PPE and its condition as well
as the adequacy of operative procedures and instructions. Verify the adequacy and the condition
of the pesticide application equipment and its maintenance operations.
Carry out a new risk assessment.
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Once the preventive/protective measures are put into practice, the level of the exposure risk has
to be assessed again in order to verify the levels of risk anticipated after the intervention. It is worth
noting that the advantage of this approach is that the risk is assessed before the application, and the
application is done only when it has been proved the absence of an unacceptable risk.

Following the provisions of the OHS legislation, this information has to be documented in a
proper risk assessment file concerning each type of pesticide used by the company. If the company uses
more than one pesticide, the whole procedure described in the previous sections has to be applied for
each product. Hence, the proper preventive/protective interventions have to be defined considering
all the information collected, i.e., the overall risk assessment activities described in this section.

5. Case Study

In order to validate the proposed approach, we carried out, in collaboration with an Italian
company engaged in olive oil production, an “in-field study”. In particular, we considered a field of
about 2 hectares, where 210 olive trees are cultivated (Figure 2).

 
Figure 2. Aerial photo of the field.

5.1. Preliminary Assessment

The typical pathologies that can affect the olive trees and their fruits in the area where the
company’s fields are located (middle part of Italy) are the olive fly (Bactrocera or Dacus oleae) and the
so-called “olive peacock spot” (Spilocaea oleaginea), which are quite common in olive cultivation [85].
More in detail, considering the number and the dimensions of the trees, as well as the characteristics of
the field, the following products are used by the company:

• Product “A” against the “olive fly”: a synthetic pyrethroid is used, whose active principle is based
on the presence of deltamethrin (whose concentration derived from the SDS is 1.51 %). As far
as the quantity of product is concerned, the use of 0.9 L of pesticide was estimated for 1000 L of
water (i.e., the company uses 0.45 L of product A per hectare). The re-entry time is fixed in 3 days
after the treatment.
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• Product “B” against the “olive peacock spot”: a copper compound is used, i.e., a tribasic copper
sulfate (whose concentration derived from the SDS is 24%). The needed quantity was estimated
in 3.0 L per 1000 L of water (i.e., the company uses 1.5 L of product B per hectare). The re-entry
time is fixed in 20 days after the treatment.

The sprayer used for the application is a tractor-mounted mist blower for medium volume air
treatment with a capacity of 500 L. Thus in both cases it has to be used twice. The tractor is equipped
with a non air-conditioned cabin. As far as the treatments’ schedule is concerned, both of them are
applied in a 1 day working shift.

All the requisites of the conformity checklist (Appendix A) were verified positively: in particular,
the three operators attended the specific training, holding the certificate of competence as professional
pesticide users. One of them has 1 year of experience, while the other two have more than 5 years.
Hence, in the assessment the case of the first one is considered. The PPE was considered adequate to
the type of substances used and resulted in good condition.

5.2. Evaluation of the Possible Exposure Level

Two different assessments were done, for each of the two products used by the company.
In particular, the evaluation of the possible exposure level related to both the product “A” and
“B” are summarized in Table 12. In detail, for both products the scoring related to the considered
surface (SURF) is equal to 0.5 (as per values indicated in Table 4), while for the estimation of DOSE
we assumed that the specific weight of the formulation is roughly that of water (1 L = 1 kg). Then,
following the criteria exposed in Table 4, in both cases the DOSE = 2.

Table 12. Scores related to the calculation of the possible exposure level.

Code Product “A” Product “B”

1. MIX

1.1 LOAD 1 1
1.2 CONC 0.5 0.5
1.3 COMP 1 1
1.4 tM 0.042 (20 min) 0.042 (20 min)

2. APPL

2.1 DOSE 2 2
2.2 SURF 0.5 0.5
2.3 BAR 4 4
2.4 TRACT 2 2
2.5 INT 0 0
2.6 EQUIP 0 0
2.7 tA 0.312 (2.5 h) 0.312 (2.5 h)

3. REPAIR
3.1 REPAIR 30 30
3.2 tR 0.125 (1 h) 0.125 (1 h)

4. REENTRY

2.1 DOSE 2 2
4.1 H/D 3 3
4.2 EARL 1.5 1.5
4.3 tRE 0.042 (20 min) 0.042 (20 min)

5. PPE 0.5 0.5

6. SKIL 0.5 0.5

7. FREQ 1 2

Iexp 2.036 4.073

Based on the criteria exposed in Table 8, both the potential exposure levels can be ascribed as
belonging the level 1, i.e., “very low level of possible exposure”. It has to be noted that in both cases
the re-entry activities were considered only once, when the operator has to refill the sprayer’s tank.
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5.3. Evaluation of the Toxicity Level

The analysis of the toxicity level of the pesticides used by the company is carried out based on the
information provided in their safety sheets (Table 13).

Table 13. Evaluation of the Toxicity Index of both products.

Code Hazard Statement Toxicity Index (Itox)

Product “A”
H302 Harmful if swallowed 1
H315 Causes skin irritation 1
H301 Toxic if swallowed 2
H318 Causes serious eye damage 2
H331 Toxic if inhaled 3
H317 May cause an allergic skin reaction 3

Product “B”
H302 Harmful if swallowed 1
H319 Causes serious eye irritation 1
H315 Causes skin irritation 1
H317 May cause an allergic skin reaction 3
H330 Fatal if inhaled 4
H372 Causes damage to organs through prolonged or repeated exposure 5

5.4. Evaluation of the Risk Level

Combining the possible exposure level and the toxicity level as per Equation (3), the exposure
risk level (RE) for both products was estimated (Table 14).

Table 14. Scores related to the calculation of the exposure risk.

Iexp Itox RE Level

Product “A” 2.0361 3 RE = 6.11 I
Product “B” 4.073 5 RE = 20.36 II

5.5. Improvement Options

While the risk level when using the product “A” resulted “acceptable” and no further
interventions are required, in the case of “B” the risk level is higher mainly due to the limited experience
of the younger operator. For this reason, additional training activities were foreseen, and the company
decided to assign the application of “B” only to the two more experienced operators. Consequently,
the risk index was reduced to RE = 10.18, reaching the level of acceptability. A further improvement
could be achieved providing a proper route in the orchard in order to avoid or reduce the exposure
time during the re-entry when the refill of the sprayer is needed.

6. Discussion

The results achieved were considered positively by the company since our approach allowed
them to perform a complete analysis, updating their risk assessment documents in a user-friendly
manner. Moreover, the checklist for the preliminary assessment was considered a useful tool for
monitoring the proper application of safety procedures.

From a more general perspective, the problem of providing tools that allow the estimation of
the risk of the exposure to pesticides, contributing to the definition of exposure limits and to the
prevention of the toxic effects on workers is widely discussed in the literature [1,67,81]. As a matter of
facts, the risk assessment related to the exposure to pesticides presents numerous variables, making
it a more complex task than when dealing with other types of hazards agricultural workers are
exposed to [28]. In such a context, the definition of a tool aimed at supporting safety managers in

524



Int. J. Environ. Res. Public Health 2019, 16, 310

the documented preliminary risk assessment of working activities related to the use of pesticides
represents a narrow aspect of the problem, although the relevant impact it might have on the practical
needs of companies. In such a research niche, the present study can be considered a first attempt of
merging all the mandatory issues related to the use of pesticides in an easy-to-use procedure for the
correct implementation of OHS risk assessment activities.

In particular, our study is based on the results achieved in the epidemiological literature, together
with the provisions of technical guidelines and the experts’ opinions, translating them in an OHS
context. This result is in line with the research hints provided by Lichtenberg et al. [41] and Damalas and
Koutroubas [29]. To the authors’ knowledge this represents a novelty in context of the OHS literature.

The proposed algorithm constitutes a basis for a simplified risk assessment procedure
for the pesticides’ use and its implementation in a knowledge management system for risk
assessment activities [86] is currently being considered, as well as its implementation in an OHS
management system.

In addition, the current paper also aims at increasing the knowledge on the safe use pesticides.
Such a result, in line with the practical needs highlighted by Rijal et al. [87], provides a general
framework that integrates different disciplines and stakeholders.

Moreover, although the proposed approach is based on the requirements of the Italian legislation,
its general framework could be extended to other national contexts easily. As a matter of fact,
the preliminary characterization of exposure levels scenarios allows safety managers to better define
the potential damage and the evolution of hazard’s scenarios [88], supporting both the entrepreneur
and the appointed physicians in effectively perform the workers’ health surveillance (WHS) that is
mandatory in an OHS context in the EU countries [89].

Thanks to its simplicity and its task-based approach, the proposed methodology can be used also
as a reference framework to augment the operators’ knowledge and awareness on a safe behavior,
allowing the increase of all safety aspects within the company [90].

Beside these positive aspects, the study limitations have to be addressed as well. From a practical
point of view, we have to consider that the selection of the types of toxicity listed in Table 9 cannot
be considered exhaustive and a further analysis of possible toxicity typologies that can be found in
the pesticides available on the market nowadays should be carried out. The whole approach of using
hazard statements as a proxy of toxicity of substances needs validation, but any improvement in this
aspect would easily be implemented in the proposed method. It has to be noted that in the present
study the hazard statements related to the toxicity for the environment were not taken into account.
For instance, for both product “A” and “B” the statement H400 (very toxic to aquatic life) was listed
in the safety sheets. Since environmental concerns were not an objective of this study, an augmented
approach considering also these issues could be beneficial for a more holistic risk assessment. In such
a context, also the equipment’s cleaning operations should be included.

Furthermore, we also need to underline that improved solutions such as the so-called mass
trapping systems and bait sprays for the prevention of the olive fly were not considered in the study,
since the proper use of such solutions to define the reduction of pesticide use quantitatively requires
an expert’s analysis, which was not available when the case study was carried out. Nevertheless,
we are aware that the implementation and promotion of eco-friendlier solutions to replace the use
of hazardous substances is an important issue that needs to be investigated largely, as stressed by
Damalas and Koutroubas [91].

From a scientific perspective, the proposed approach needs validation, which should be carried
out by the parallel use of the proposed approach and environmental or biological monitoring to verify
the effectiveness of the proposed factors and weights. This can be beneficial for a more accurate
definition of the different weights’ ranges used for the computation of the various factors. Finally,
the type of results achieved through a single case-study as a research tool can be considered exploratory
and used to define new research questions and new understandings [92,93], but the findings’ external
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validity is limited by the sample concerned [94]. Accordingly, the application to different case studies
concerning other types of cultivations and hence of pesticides is necessary.

7. Conclusions

The paper illustrates a procedure for the risk assessment of activities related to the application
of pesticides, addressing the needs of farmers in complying with the recent legislative issues.
This approach is based on studies concerning the application of the AHS algorithm and the related
literature review [54,64,73]; through the integration of their findings with the provisions of technical
guidelines and experts’ opinion, a preliminary risk assessment framework that can be used at a
practical level to comply with the OHS legislation was defined.

The merit of this paper consists in the overall development of a tool for the preliminary
risk assessment, providing a simplified approach for its practical application. Our algorithm
aims at evaluating all the parameters that might influence the exposure to pesticides, providing
a qualitative result thorough the evaluation of a realistic situation. This supports the findings of
Acquavella et al. [95], highlighting the limitations of the risk assessment approaches based on passive
dosimetry in evaluating individual exposure situations effectively.

This study is at an initial step of implementation and the validation of the proposed approach
through biological monitoring is already planned. Thus, researchers and practitioners are also invited
to contribute to its further development.
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The appendix contains an excerpt of the preliminary conformity checklist.
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Working Equipment (Tractor) 

Type of tractor  

Verify the following items: (Y/N) Type and status 

ROPS    

PTO protection   

Cabin   

Is the tractor functionality safe and adequate for the working activities?  (Yes/No)  

Working Equipment (Sprayer) 

Type of sprayer  

Verify the following items: (Y/N) Date  

CE mark   

Periodical functional control   

Calibration    

Is the sprayer functionality safe and adequate for the working activities?  (Yes/No)  

Personal Protective Equipment (PPE) 

Type Aim 

Applicable Specify the type of PPE 

chosen (model, 

category, etc.) 

Quantity 

needed YES NO 

Protection of head Helmet     

Protection of eyes Safety spectacles, 

face-shields, etc. 

    

Protection of ears Earplugs, earmuffs, 

etc. 

    

Protection of hands Gloves     

Respiratory protective 

equipment 

Filtering face-pieces, 

masks, etc. 

    

Protection of body Boilersuits, chemical 

suits, etc. 

    

Protection of foots Shoes     

Is the selected PPE adequate for the type of working activities? (Yes/No)  

Is the selected PPE properly assigned to the operator/s? (Yes/No)  
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Is adequate information and training on the use and maintenance of PPE provided? (Yes/No)  

Training and Information of the Operators 

Training and information requirements  Name of the operator Date of the 

certificate 

Pesticides’ use  1.  

2.  

3.  

Tractor’s use 1.  

2.  

3.  

PPE use and maintenance 1.  

2.  

3.  

Is the training and information of the operators adequate for the working activities? 

(Yes/No) 

 

NOTE: If all the requirements are not satisfied, the company needs to apply the necessary preventive and protective 

measures to comply with them before carrying out the working activities. 
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Abstract: The present study seeks to demonstrate how Bayesian Network analysis can be used to
support Total Worker Health® research on correction workers by (1) revealing the most probable
scenario of how psychosocial and behavioral outcome variables in corrections work are interrelated
and (2) identifying the key contributing factors of this interdependency relationship within the
unique occupational context of corrections work. The data from 353 correction workers from a
state department of corrections in the United States were utilized. A Bayesian Network analysis
approach was used to probabilistically sort out potential interrelations among various psychosocial
and behavioral variables. The identified model revealed that work-related exhaustion may serve as a
primary driver of occupational stress and impaired workability, and also that exhaustion limits the
ability of correction workers to get regular physical exercise, while their interrelations with depressed
mood, a lack of work engagement, and poor work-family balance were also noted. The results suggest
the importance of joint consideration of psychosocial and behavioral factors when investigating
variables that may impact health and wellbeing of correction workers. Also, they supported the
value of adopting the Total Worker Health® framework, a holistic strategy to integrate prevention of
work-related injury and illness and the facilitation of worker well-being, when considering integrated
health protection and promotion interventions for workers in high-risk occupations.

Keywords: correction workers; stress; exhaustion; psychosocial and behavioral factors; Bayesian
Network; Total Worker Health®

1. Introduction

Correction workers work under psychologically and physically demanding conditions [1–3]. They
are frequently exposed to unexpected hold-over shift work that may result in circadian disruption,
sleep loss, and increased fatigue. Also, correction workers experience constant threat of inmate assaults
and riots, which can be emotionally draining due to hyper-alertness and anxiety [4]. Moreover, working
conditions in the correctional setting are known to be associated with numerous types of health and
performance outcomes, including immediate outcomes, like exhaustion and psychological distress, as
well as more distant outcomes, like job dissatisfaction and impaired work ability [5]. According to the
U.S. Department of Justice, correction workers, including correctional officers and administrative and
support staff, are at higher risk of suicide, substance abuse, and divorce, while their mortality rate is
the second highest of any occupation [6]. High turnover rates have also been reported [7].

The negative impact of demanding correctional work on correction workers’ wellbeing can be
explained by the classic stress-burnout model [8,9]. Adverse working conditions of correctional
work act as stressors causing stress. These stressors lead to psychophysical strain symptoms, such as
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various forms of psychophysical burnout. Echoing this, empirical studies on correction workers have
shown significant relationships between overwork and stress [8,10]. Also, studies have revealed that
correction workers’ stress is associated with burnout [8,11] and somatic symptoms [7].

These phenomena can also be understood within theoretical frameworks of the Job
Demands-Resources model [12]. Exposure to the physically and psychologically demanding
correctional working conditions with a lack of adequate resources is likely to deplete correction workers’
psychological resources for socially adaptive and physically healthy self-regulatory behaviors [13].
Thus, correction workers’ demanding work conditions can lead to exhaustion, which may then
negatively influence healthy behaviors as well as socially adaptive behaviors. Additionally, Wright
and Cropanzano showed that emotional aspects of exhaustion, which can be manifested in different
forms, such as depression and stress, can undermine job performance [14].

In general, the negative impacts of demanding work conditions and subsequent psychophysical
strain can be both extensive and derivative. Recent studies have shown various complications of stress.
For example, stress can contribute to increased risk of cardiovascular diseases [15], while burnout, as an
outcome of extended exposure to stress, can be associated with impairment of psychological resources,
such as emotional intelligence and self-efficacy, as well as loss of social support [16]. Moreover, it was
shown that burnout can negatively affect well-being at work, resources for coping, ability to work, and
engagement [17]. Considering these findings, it can be inferred that specific adverse effects on workers’
health in general (e.g., illnesses, psychological problems, obesity, etc.) are further compounded
by compromised family health (e.g., marriage dysfunction, problematic children’s behavior) and
employer dissatisfaction (e.g., due to declined performance, increased health care costs). In corrections,
work-related stress can lead to increased absentee rates, internal conflict, and suboptimal employee
performance [18], all which may have reciprocal adverse influences on the work environment.

Our study attempts to elaborate the Job Demand-Resource model, which primarily focuses on
stressors’ impact on stress outcomes (strains), by examining the interrelations among the potential
stress outcomes that are typical for correction workers. Our view is that the various stress outcomes
do not simply occur in parallel, but instead are able to have synergistic effects when they occur in
combination, in line with the view that stressor-strain relationships can be reciprocal [19,20]. Chronic
exposure to the occupational context of correctional facilities, with its high demand that also lacks
control or support, is likely to lead to various psychosocial and behavioral stress outcomes. In fact,
Tennant found that enduring structural occupational stress can contribute to psychological disorders,
like depression [21]. When confronted with different types of strain symptoms, one’s resources, which
are always limited in the case of correction workers, need to be used to cope with the extant symptoms
first, whilst one’s resources may not be adequately restored in a timely manner in order to respond to
the emergence of additional strain symptoms. Subsequently, one’s strain symptoms are likely to be
exacerbated as more problems arise and as resources become more and more depleted.

The process of resource depletion is particularly concerning in situations in which strain symptoms
are not simply end products but operate as derivative or secondary demands (or stressors). As various
strain symptoms negatively affect a person in different ways when they are either within or outside
the workplace, this suggests a person needs resources, including increased control and support, both
within and outside the workplace to handle multiple strain symptoms. This inference aligns with the
perspectives of Spillover Theory [22], as well as Conservation of Resources Theory [23]. Furthermore,
when there is a lack of adequate resources, the stress-burnout process would accelerate because of the
synergistic impact of multiple strain symptoms on resource depletion.

Our study explores the possible derivative or secondary role of strain symptoms as additional
stressors. By doing so, the domains of stress intervention are also broadened from focusing exclusively
on traditional stressors to also include strain symptoms themselves. This approach is not unlike
secondary (i.e., reducing the impact of an injury and disease that has already occurred) or even tertiary
(i.e., mitigating the impact of an ongoing injury and illness which has lasting effect) intervention
approaches found in medical science and public health [24]. The dire implications of doing nothing

536



Int. J. Environ. Res. Public Health 2019, 16, 282

to prevent any worsening or exacerbation of the health situation for correction workers was also a
motivating factor.

1.1. Socio-Technical Systems Framework and Total Worker Health® Paradigm

The present study is based on a socio-technical systems framework which recognizes the
interactions between behavior and the design of work system components and their potential to
promote workers’ health and safety [25,26]. Specifically, key principles of joint causation within the
socio-technical systems framework [26] provide the rationale for examining the interplay among the
organizational (i.e., workability, disengagement), social (i.e., work-family balance), psychological (i.e.,
stress, exhaustion, depression), and behavioral strain symptoms (i.e., limited physical exercises) in
relation to the unique occupational context of correctional work. Understanding the interrelatedness
of these various attributes can help in efforts to achieve compatibility of the work system’s elements
and goals in order to promote better organizational performance as well as employee safety, health,
and wellbeing [27,28].

Socio-technical systems approaches emphasize contextual factors whenever relationships are
examined among a specific set of variables used to represent the inherent complexity of the workplace.
In this regard, the socio-technical systems approach represents a holistic approach that is consistent
with the Total Worker Health® framework being advanced by the U.S. National Institute for
Occupational Safety and Health (NIOSH) [29]. NIOSH defines Total Worker Health as “policies,
programs, and practices that integrate protection from work-related safety and health hazards with
promotion of injury and illness prevention efforts to advance worker well-being” [30]. Researchers
and practitioners seeking to advance the Total Worker Health agenda are moving beyond conventional
health protection and health promotion approaches by undertaking more comprehensive assessments
of the health, safety, and wellbeing of workers, and also to design and test more integrated workplace
interventions [31].

According to the socio-technical systems framework, how correction workers deal with the
unusually demanding occupational conditions in corrections will be a key determinant of how this
adversely impacts them. For example, working conditions in corrections may make it harder for
correction workers to balance work and personal life. Subsequently, unique patterns of negative
spillover effects [32] can be anticipated to impact both the psychosocial and behavioral states of
correction workers, such that a disrupted work-family balance may exacerbate one’s depression,
stress, healthy eating, regular exercises, engagement to work, and workability. Meanwhile, the Total
Worker Health paradigm speaks to the importance of integrated efforts both within (e.g., management
commitment, working environment improvement) and outside the workplace (e.g., support from home
and community) in order to effectively manage the adverse impact of the stressful work environment
of corrections.

1.2. Analytic Approach: Bayesian Network Analysis

Bayesian Network analysis examines the relationships among variables based on their joint
probability [33]. It utilizes machine learning algorithms that can efficiently cope with the uncertainty
and complexity of component interactions within a system as a whole [34]. Bayesian Network analysis
offers a network diagram (directed acyclic graph), which consists of nodes and arrows. The nodes
are random variables that may consist of observed continuous or categorical quantities, or even
latent variables. The arrows (i.e., edges or arcs) indicate probabilistic relationships. If two nodes are
connected with an arrow, this suggests that the two nodes are conditionally dependent.

Bayesian Network analysis is efficient in examining the interactions of all system components
included in the model, when individual, organizational, and physical factors co-exist and can
jointly contribute, and this has the potential to provide valuable insights on the determinants of
employee safety and health outcomes. This approach is remarkably suitable to socio-technical systems
approaches, which emphasize the importance of examining the interplay among various system
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components in order to optimize their functioning for a healthy and sustainable workplace. The
structural learning algorithm of Bayesian Network analysis is a type of greedy search algorithm [35],
and this approach enables investigation of every possible structural association among selected
variables to estimate the most probable model that satisfies the model selection criteria of a particular
learning algorithm.

Moreover, Bayesian Network analysis is less susceptible to multicollinearity problems [36]. By
leveraging the inter-correlations among variables, Bayesian Network analysis provides conditional
probability distributions for the dependent relationships of study variables. A complex system can
thus be viewed in a modular way by “breaking down the discovery process into the search for the
specific components of a complex system, and thus avoiding . . . multicollinearity” (p. 59) [37].

Bayesian Network analysis has been successfully applied in various settings that require
quantitative modeling of complicated relationships among many variables, such as in genetic modeling
and disease diagnosis [37]. Also, the Bayesian Network approach has already been used to unveil
the mutual relationships among various organizational and psychosocial factors regarding stressors,
stress, and strain in workplace. Specifically, more task demands were associated with more stress
at work [38], while social support from both supervisors and co-workers was critical in workplace
stress prevention [39]. All things considered, Bayesian Network analysis is therefore well suited to
investigate complicated interrelationships among multiple psychosocial and behavioral outcomes
of stress.

In summary, it is worth noting that there has been no scientific study which integrates the
conceptual framework of Total Worker Health and the machine learning analytic framework as a
means to promote workplace health and well-being. No publication was found under the keywords
search of “Total Worker Health” and “machine learning” in PubMed and PsycINFO. To address
this gap, the present study adopted the Total Worker Health framework and Bayesian Network
analysis approach (1) to reveal the most probable ways that psychosocial and behavioral outcome
variables in corrections work are interrelated, and (2) to identify the key contributing factors of this
interdependency relationship within the unique occupational context of correctional work.

2. Method

2.1. Participants

Paper-and-pencil surveys were distributed at the correctional facilities with high (level 4) to
highest (level 5) security. The data from 353 employees at the Connecticut Department of Correction
was obtained from a study conducted by the Center for the Promotion of Health in New England
Workplace (CPH-NEW), a NIOSH center of excellence for Total Worker Health. In return for completing
the survey, monetary incentives were offered. Mean age of the sample was 42.84 (SD = 9.72) and 74.6%
were males. Average job tenure was 11.96 yrs (SD = 6.46). In terms of ethnicity, 71.5% were white,
15.8% were black, and the remaining 12.7% included Hispanic, Asian, and others. The vast majority of
the study participants were correctional officers (70.5%), followed by support staff, which included
administrative staff, maintenance staff, food service staff, teachers, chaplains (11.7%), counselors (5.7%),
medical staff (4.6%), lieutenants (4.3%), and others (3.2%). In general, the present study’s participants
were not considerably different from the correction workers from previous studies [40,41] in terms
of their demographic characteristics, such as mean age, proportion of male workers, and average
job tenure.

The total number of correction workers at the two correctional facilities in the present study was
862, and the number of total respondents in the final data set was 353 after removing the cases of
incomplete responses (i.e., more than 50% missing responses to survey; no response to the key study
variables), suggesting that the minimum response rate was 41.0%. This response rate might be partly
explained by the fact that correction workers often engage in shift work, are already dedicating a high
degree of their attention to the volatile and dangerous environments they work in, and experience
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high level of fatigue from this demanding work, all of which contribute to their lack of availability and
interest in participating in scientific studies. It can be noted that extant research on correction worker
samples reports similar response rates of 37% [40] and 43% [42].

2.2. Measures

Psychosocial and behavioral variables judged to be potential responses to stressful and demanding
working conditions were selected for Bayesian Network modeling. Physical assessment variables such
as systolic/diastolic blood pressure, waist circumference, hand grip strength, and body mass index
were excluded because the primary focus of the present study was on psychosocial and behavioral
factors of correction workers. Also, bio-physiological factors were excluded as they were more relevant
to chronic disease, having indirect long-term negative effects across the lifespan.

2.2.1. Exhaustion

Work-related fatigue and exhaustion were assessed with three items adopted from the Burnout
scale [43] and a 1–7 response scale (1: strongly disagree, 7: strongly agree). A sample item was; “After
work, I have enough energy for leisure activities (reverse scored)”. Internal consistency was satisfactory
with α = 0.70 [44].

2.2.2. Disengagement

Correction workers’ perception of disengagement from their work was assessed with the two
items adopted from the Burnout scale [43] and a 1–7 response scale (1: strongly disagree, 7: strongly
agree). The items were; “More and more often I talk about my work in a negative way” and “Sometimes
I feel really disgusted with my work.” Internal consistency was satisfactory (α = 0.82).

2.2.3. Depression

Depressed mood was measured with the 10 items of the Center for Epidemiologic Studies
Depression Scale [45]. All items had a 1–4 response scale (1: rarely or none of the time, less than 1 day
per week, 4: all of the time, 5–7 days per week). An example item was; “I was bothered by things that
usually don’t bother me.” Internal consistency was satisfactory (α = 0.76).

2.2.4. Stress

A slightly adapted single-item version of the Stress in General Scale, which was shown to be valid
by Stanton et al. [46], was utilized to assess stress. The item “On average, how stressful is your work?”
had a 1–5 response scale (1: not at all, 5: extremely).

2.2.5. Limitations to Regular Physical Leisure Exercise

Based on a series of focus group meetings with correction workers, and brainstorming with
subject matter experts in psychophysical health, such as medical doctors, epidemiologists, ergonomists,
as well as psychologists, a list of specific psychosocial and behavioral factors that are associated with
workers’ motivation and engagement to physical exercises was created by the CPH-NEW research
team [47]. Using a yes-no answer format, 12 factors that limit correction workers’ ability to get regular
physical exercise were evaluated. Example items included “Fatigue or need to schedule sleep,” “Pain
in joints or muscles,” and “Overtime or shift work.”

2.2.6. Work–Family Balance (Work to Family and Family to Work Conflict)

Perceived level of conflict between demands from work and family was assessed with four items
based on a 1–4 response scale (1: never, 4: always). The items were adopted from the questions used
by Frone et al. [48]. An example item was “How often do things going on at work make you feel tense
and irritable at home?” Internal consistency was satisfactory (α = 0.75).
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2.2.7. Workability

The Work Ability Index [49] was utilized to assess the correction workers’ perceived ability to
perform their work. The index consists of four items that are calibrated on a 0–10 response scale (0:
cannot work, 10: work at best). An example item was “How many points would you give your current
ability to work?”. Internal consistency was satisfactory (α = 0.91).

2.3. Analysis

Bayesian Network modeling was performed with GeNie [50], which is freely accessible to
researchers and practitioners. The study variables were all discretized into five equal intervals by
percent distribution (i.e., 0–20%, 21–40%, 41–60%, 61–80%, and 81–100%) in order to allow consistency
in making interpretations and to simplify the probabilistic dependency relationship between all
possible study variable pairs. By doing so, the strength of the probabilistic link between two variables
X and Y is defined as the chance of the specific state of Y (e.g., top 20 percentile) given the specific
state of X (e.g., bottom 20 percentile) in the identified Bayesian Network model. Furthermore, the
presumption is that a randomly-selected response category will be correct 20% of the time by chance
(i.e., one correct response out of five response options). Thus, if the classification accuracy of each
study variable’s state based on the Bayesian Network model is substantially greater than 20% (and
closer to 100%), it can be concluded that the model is valid.

In the Bayesian Network analysis framework, “learning” represents successful estimation of
probabilistic parameters and structure. After first randomly selecting half of the data (n = 182, 51.6%),
a Bayesian Network model was learned without any prior assumptions about the interrelations among
the interested psychosocial and behavioral factors. This enabled the modeling process to be completely
data driven. Specifically, the “learn parameter” function of GeNie [50] was utilized; it is based on an
expectation maximization (EM) algorithm with random restarts. EM is an iterative “hill-climbing”
algorithm, which attempts to maximize the expected log likelihood of the probabilistic model [51,52].
It is one of the most widely used Bayesian Network learning techniques, and is particularly useful
when data is incomplete (i.e., missing values) or when hidden variables are assumed.

The identified Bayesian Network model (learned with the first half of the data) was validated
by testing the variables’ state classification accuracy using the second half of the data (n = 171,
48.4%). Specifically, leave-one-out (LOO) cross-validation was utilized because it does not waste any
data points in contrast to other cross-validation approaches (e.g., k-fold cross-validation). The LOO
cross-validation attempts to answer how accurately the learned Bayesian Network model predicts the
state of a left-out data point given the second data set minus one data point. Accuracy is computed as
the percent of correct predictions, which can be compared with the minimum accuracy level, referred
to as the random classification accuracy [53].

2.4. Ethical Approval

All subjects gave their informed consent for inclusion before they participated in the study. The
study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Internal Review Board (IRB) of UConn Health (IE-13-033S-2).

3. Results

3.1. Bayesian Network Model Specification

Descriptive statistics of the study variables as well as their inter-correlations are presented in
Table 1. Bayesian Network model was “learned” to reveal the mutual dependence of the seven
psychosocial and behavioral factors. The final Bayesian Network model is presented in Figure 1. This
model represents the most probable scenario of how these factors are jointly associated with the health
and well-being of correction workers.
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Figure 1. Final Bayesian Network model: the most probable scenario of the potential negative outcomes
of correctional work. notes: W-F balance = Work-Family balance (work to family and family to work
conflict); Exercise Limit = Limitations to regular physical leisure exercise.

3.2. Validation of the Bayesian Network Model

In the final Bayesian Network model, the accuracy of the study variables’ state classification
was well above the random classification level (in the present study, 20%), suggesting acceptable,
but somewhat less than optimal, model validity. The specific classification accuracies were: 31.0%
(3.7–65.9% across the states) for exhaustion, 35.7% (12.5–63.2% across the states) for disengagement,
27.5% (0–46.7% across the states) for stress, 41.5% (4.5–74.5% across the states) for depression, 56.1%
(0–72.4% across the states) for work-family balance, 38.6% (0–66.7% across the states) for limitations to
regular physical leisure exercise, and 40.9% (0–66.1% across the states) for workability. These accuracy
levels were all greater than the random state, even though variations were detected across different
states of each study variable. Relatively low accuracy levels for particular states of the study variables
were primarily due to small observations for these particular states of the study variables, either in the
learning or validation data sets.

3.3. Conditional Probabilities

The final Bayesian Network model suggested that work-related exhaustion may lead to derivative
occupational stress as well as a loss of workability, and that work-related exhaustion also limits
a correction worker’s ability to get regular physical exercise. These three outcomes (i.e., stress,
workability, and limitations to regular physical leisure exercise) were also consistently interrelated
with the psychosocial factors of depressed mood, disengagement, and lack of work-family balance.
Particularly, depressed mood served as an important “hub factor”, being directly related to most of the
study variables. The likelihood of having a high (top 20 percentile) depressed mood increased from 6
to 38% as the level of work-related exhaustion changed from low (bottom 20 percentile) to high (top 20
percentile). The likelihood of having poor (bottom 20 percentile) workability increased from 4% to 48%,
as the level of depressed mood increased from low (bottom 20 percentile) to high (top 20 percentile).
The likelihood of having poor (bottom 20 percentile) ability to get regular physical exercise increased
from 4 to 17%. Graphical representation of the study variables’ conditional probability distribution
based on the final Bayesian Network model is presented in Figure 2.
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P (Depression|Exhaustion) P (Disengagement|Exhaustion)

P (Exercise Limit|Depression) P (Work Family Balance|Exhaustion)

Figure 2. Conditional probability distribution based on the data-driven final Bayesian Network model.
Notes: P(Y|X) = conditional probability of Y given X (i.e., probability of a particular state of Y given
the particular state of X); Exercise Limit = Limitations to regular physical leisure exercise.

The establishment of a final model permits the simulation of many different “what if” scenarios,
allowing the researcher to explore any revealed relationship in greater detail. In the present study,
the probabilities of correction workers’ stress, workability, and limitations to regular physical leisure
exercise were calculated for two specific situations: (1) when other variables, such as exhaustion,
disengagement, depression, and work–family balance are at their poorest (worst case scenario), and
(2) when these same variables are optimal (best case scenario). As expected, the more desirable states
of these variables—low stress, high workability, and reduced limitations to regular physical leisure
exercise—were much more probable in the best case scenario than in the worst case scenario (Table 2).

Table 2. Probabilities at the Simulated Worst and Best Scenarios.

Outcome Variables At Worst Scenario At Best Scenario

Exercise Limit Low (Bottom 20 percentile) = 20% Low (Bottom 20 percentile) = 49%
Workability High (Top 40 percentile) = 1% High (Top 40 percentile) = 89%

Stress Low (Bottom 20 percentile) = 3% Low (Bottom 20 percentile) = 52%

Notes: Low = Bottom 20 percentile; High = Top 20 percentile; Exercise Limit = Limitations to regular physical
leisure exercise.

4. Discussion

Psychological and physical health problems and concerns are diverse and prevalent among
correction workers. In order to reveal the interplay among potential outcomes within their unique
occupational context in a manner consistent with socio-technical systems approaches, the present
study adopted the Bayesian Network analytic framework because of its flexibility and efficiency
in exploring all possible interrelations among the study variables. Guided by well-established
frameworks for workplace stress mechanisms, including the Job Demands-Resource Model [12],
Spillover Theory [22,32], and Conservation of Resources Theory [23], study variables were selected
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based on assumptions about their potential interrelations. Subsequently, use of the data-driven
Bayesian Network approach identified a model showing a probable scenario in which correction
workers’ exhaustion had dominant influence over a chain reaction that significantly raised the risk
of several other negative psychosocial and behavioral outcomes. Correction workers’ exhaustion
was found to be associated with a lack of work engagement, depressed mood, and also interfered
with work-family balance. Additionally, increased disengagement was found to be associated with
work-related stress, while depressed mood was closely associated with less regular physical activity.
At the same time, depressed mood and work-family imbalance were jointly associated with reduced
work ability.

The results extend the previous finding of a close relationship between psychological distress
and work-family imbalance among correction workers [54]. The identified joint processes of how the
impact of exhaustion can be enhanced or mitigated by other factors also extends to previous findings
regarding the impact of exhaustion on depression, absenteeism, depersonalization, and reduced
personal accomplishment that were based on a French correctional officer sample [55].

4.1. Theoretical and Analytic Implications

First, the study findings complement relationships predicted by the Job Demands-Resource
Model. In this model, job demands that result in exhaustion can negatively impact worker engagement,
and this in turn is associated with work-related stress. Also, this model suggests that job demands
that are closely associated with exhaustion will be negatively associated with psychosocial (i.e.,
mood and work-family imbalance) and organizational behavior outcomes (i.e., work ability). These
same relationships were supported by the data-driven Bayesian Network model identified in the
present study.

However contrary to relationships posited in the conventional stress models, relationships
between stress to outcomes (i.e., engagement, workability) were not detected in the present study.
This may be partly explained by the fact that other factors, such as depressed mood and work-family
imbalance, were considered simultaneously along with the engagement and stress variables, speaking
to the importance of examining psychosocial variables in combination with occupational context
variables. Our findings indicate that the Job Demand-Resource Model may be a reasonable framework
to first approach occupational health and safety issues, but it is also important to account for workers’
adjustment to their particular work context, as is the case in the present study of correction workers.

Second, although a stress-to-burnout directional relationship has been widely accepted in previous
studies [8,9], the present study showed that burnout (i.e., exhaustion) may be associated with derivative
stress, which is subsequent to employee disengagement. In fact, there have been previous reports
that disengagement, which may be followed by burnout, leads to more stress in workplace [56] and
also a distressed mental state [57]. It should be noted that the finding here of a burnout-to-stress
relationship doesn’t necessarily reject the well-established causal link from stress to burnout, and also
that our findings were based on the unique context of correctional work for which well-established
causal linkages may not apply. Nonetheless, the results do suggest the need for adopting an unbiased
perspective on how stress may be exacerbated by burnout in a particular population of workers.
Within an autoregressive model framework [58], an outcome at one point in time can serve as a cause
at another future point in time, and this may also be the case for the reciprocal stress and burnout
relationship. Future studies could take a longitudinal approach to further examine the nature of the
causal mechanisms behind the stress-burnout relationship.

4.2. Practical Implications

The results support use of the Total Worker Health framework for considering a wide range of
factors impacting worker health and wellbeing. Integrated interventions that promote safety, health,
and well-being among correction workers appear to be warranted, given the complex interplay of the
psychosocial and behavioral factors reported on here. The results also suggest that taking steps to
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reduce the level of exhaustion in this working population may provide the most efficient way to reduce
depressed mood, interruption of work-family balance, and a lack of work engagement. These factors
were also shown to increase the risks of work-related stress, a reduction of regular physical exercise,
and lowered work ability. Continued failure to manage workers’ exhaustion would be ignoring an
apparent primary risk factor.

However, management of this primary risk factor may prove particularly challenging if there is
short staffing and also overtime requirements in an organization that functions 24/7 and that cannot
afford to be understaffed at any time. If work-related exhaustion cannot be avoided, then intervention
efforts can next focus on the proper management of workers’ depressed mood because this was also
shown to be strongly associated with the loss of work-family balance, increased negative attitudes
toward their job, and reduced workability. Establishing a hierarchy of risk factors and then selecting the
most attainable intervention is compatible with a participatory approach to intervention planning [28]
which aims at identifying and addressing workers’ needs and concerns that are most salient given
their present circumstances.

4.3. Limitations and Suggestions for Future Study

Some limitations of the present study need to be addressed in future research. Generalizability of
the findings is limited given the uniqueness and relatively small size of the sample. In particular, it
can be noted that only half of the data was utilized for Bayesian Network model learning, while the
remaining half of the data was utilized for the validation of the learned Bayesian Network model. Also,
the present study was cross-sectional, which did not allow examination of the dynamic relationships
among study variables across time. Moreover, the final Bayesian Network model’s accuracy level was
not at an ideal level, although it was found to be meaningfully above chance. To resolve this issue, a
larger sample can be used for Bayesian Network model learning to enable more robust and reliable
modeling. More data points generally ensure more reliable estimation of probability, particularly
when the probability is smaller. Also, future studies are needed to more clearly demonstrate the
distinct roles of job demands, job control, and support in the extended mechanisms affecting stressors,
stress, strain, and the exacerbation of the strain symptoms. The role of individual differences, such as
gender, age, and tenure in the interrelations among stress and stress outcomes can also be examined in
future studies.

5. Conclusions

The present study demonstrated the value of using a machine learning algorithm, like Bayesian
Network analysis, to explore the complicated interrelations among multiple psychosocial and
behavioral factors in a specific socio-technical work context, and the ways these interrelations may
be contributing to correctional officer health and wellness. Regardless of some limitations, like the
relatively small sample size for a machine learning approach and the use of cross-sectional data,
the findings of the present study suggest the importance of joint consideration of psychosocial
and behavioral factors when investigating variables that may impact the health and wellbeing
of correction workers. Moreover, the present study supported the value of adopting a Total
Worker Health framework with integrated intervention approaches as a means to benefit workers in
high-risk occupations.
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Abstract: Workers may sometimes do the same work, but differ in their risk of health-related
problems depending on whether the employment type is standard or non-standard. Furthermore,
even with similar job and employment types, there may be differences in risk factors for health-related
problems depending on sex. This study aimed to determine the prevalence of metabolic syndrome
(MetS) by employment type and sex using data from the Fifth Korean National Health and
Nutrition Examination Survey (KNHANES V) (2010–2012) and KNHANES VI (2013–2015) conducted
by the Korea Centers for Disease Control and Prevention. Overall, 9523 adult wage workers
(5523 standard workers and 4000 non-standard workers) aged ≥ 19 years were analyzed. To determine
MetS prevalence odds ratios according to employment type, logistic regression analysis was
performed disaggregated by sex. The prevalence of MetS significantly increased with age (p < 0.001),
being married (p < 0.05), current smoking status (p < 0.05), and high-risk drinking (p < 0.001)
among male subjects. The prevalence of MetS significantly increased among female manual workers
(p < 0.001), those with lower educational level and household income (p < 0.001). Non-standard
workers of either sex showed higher MetS prevalence than standard workers; only females
showed significant difference (p < 0.001). Female non-standard workers showed 1.44, 1.33,
and 1.34 (all p < 0.001) times higher odds of MetS prevalence in Models 1, 2, and 3, respectively,
compared to standard workers, suggesting a difference in risk factors of MetS according to sex. Also,
that employment type affects MetS prevalence suggests that employment pattern is an important
risk factor especially in females. Therefore, to manage MetS in female non-standard workers,
individual health care as well as social effort may be necessary.

Keywords: non-standard work; metabolic syndrome; Korean workers; socioeconomic status; sex

1. Introduction

Since the 2008 financial crisis, economic uncertainty has persisted throughout the world and this
has resulted in continual job instability [1]. In Korea, unstable jobs such as non-standard employment
began to emerge during the International Monetary Fund (IMF) economic crisis in 1997, and this trend
has continued to this day [2]. Non-standard workers are mostly employed under working conditions
with low wage levels and are treated differently regarding wages, including incentives and welfare
benefits [3]. In addition, many non-standard workers have more than one job due to the low wages,
and work during the weekend or late [4]. Long work hours, irregular lifestyle, and high risk of job stress
exposure among non-standard workers seriously threatens their health and safety [4,5]. Long working
hours or high occupational stress cause short-term problems such as stress, fatigue, lack of sleep,
smoking, excessive drinking, and lack of exercise, leading to long-term problems such as digestive
diseases, urogenital diseases, musculoskeletal diseases, and mental diseases [6]. The abovementioned
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short and long-term problems may individually threaten the health of workers, and various problems
may be combined, resulting in chronic diseases.

Recently, the prevalence of metabolic syndrome (MetS) is rapidly increasing worldwide. The risk
factors for MetS include aging, physical inactivity, Western diet, sedentary work, long working hours,
and high occupational stress [7]. In other words, lifestyle and socioeconomic status are important
risk factors for MetS [8]. The factors associated with MetS are closely related to cardiovascular risk
factors or diabetes, including abdominal obesity, triglyceride levels, high-density lipoprotein (HDL)
cholesterol levels, hypertension, and fasting plasma glucose levels [9]. Risk factors for MetS can be
controlled and prevented through appropriate management. However, many non-standard workers
are exposed to multiple risk factors regarding improper health management due to lack of money
and time. In recent years, many studies have examined the differences among various occupational
groups such as manual workers, non-manual workers, office workers, and firefighters concerning
the effect of socioeconomic status on MetS [8,10–12]. In previous studies, there was no consensus on
the association between job type and MetS prevalence. However, there was a consensus regarding
a difference in risk factors affecting MetS prevalence according to sex [11,13,14]. However, even if
they have the same occupation, health-related characteristics of workers may differ depending on
whether the employment is standard or non-standard. Nevertheless, little research has been done on
the difference in MetS prevalence according to employment type. Therefore, in this study, we aimed to
determine the prevalence of MetS by employment type and by sex.

2. Materials and Methods

2.1. Subjects

This study used raw data from the Fifth Korean National Health and Nutrition Examination
Survey (KNHANES V) (2010–2012) and the KNHANES VI (2013–2015) conducted by the Korea Centers
for Disease Control and Prevention. A stratified multistage cluster probability sampling design was
used to select representative samples of denormalized Korean civilians. A trained investigator visited
subjects’ homes directly for the standardized health evaluation and with a questionnaire. In order
to assess the association between MetS and full-time employment, we used data regarding wage
worker subjects aged 19 years or older with employment status. From 2010 to 2015, the final 9523
(5523 standard and 4000 non-standard) workers met the inclusion criteria, out of 48,482.

2.2. Definition of Variables

2.2.1. Metabolic Syndrome

The definition of MetS was based on the National Cholesterol Education Program Adult Treatment
Panel (NCEP ATP III) criteria, in which three or more of the following five risk factors were considered:
(1) abdominal obesity(defined for Koreans as a waist circumference of ≥90 cm in males and ≥85 cm
in females); (2) triglyceride level ≥ 150 mg/dL; (3) HDL cholesterol level < 40 mg/dL in males and
<50 mg/dL in females; (4) systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg;
and (5) fasting plasma glucose level ≥ 110 mg/dL [15].

For the measurement of waist circumference, the subject was allowed to comfortably rest his/her
arms on his/her waist while looking forward with his/her bare skin exposed. The lower end of the
last palpable rib and the upper points of the iliac crest on both sides were measured in the subject’s
midaxillary line. The subjects were asked to exhale; the tape was then pulled to such a point that the
skin was not pressed, and measured to one decimal place. Fasting blood glucose, HDL cholesterol,
and triglyceride levels were measured from blood samples. Blood pressure was measured using a
mercury sphygmomanometer. Prior to blood pressure measurement, subjects rested for 5 min; then the
blood pressure was measured once. They then rested for 30 s and the blood pressure was measured
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again. The average value was calculated from the two measurements. All measurements were made
in accordance with the National Health and Nutrition Examination Guidelines.

2.2.2. Job-Related Variables

In the sixth survey (2013–2015), we distinguished between standard and non-standard workers
using the variable “whether standard worker (EC_Wht_0)”. However, no similar variable existed
in the fifth survey (2010–2012) to confirm the standard worker status. Thus, standard and
non-standard workers were distinguished using the variables “working hours (EC_WH)” and
“employee status wage workers (EC_STT_2)”. Standard workers were defined as “full-time and
regular” workers. Non-standard workers were defined as “full-time and temporary”, “full-time
and daily”, “hourly and regular”, “hourly and temporary” or “hourly and daily workers” [16–18].
Non-manual and manual workers complied with the job classification of the Korean Standard
Classification of Occupations [18,19]. Those classified as non-manual workers were managers,
professionals, technicians, sales, and service workers. Those classified as manual workers were
those engaged in agriculture, forestry, fishery, manufacturing, construction, mining and soldiers.

2.2.3. Lifestyle-Related Variables

Smoking status was classified as current smoker, ex-smoker, and non-smoker. Ex-smoker referred
to a person who had smoked in the past but did not currently smoke, and a non-smoker referred to
a person who had never smoked. Drinking was classified into high risk, moderate, or non-drinking.
In Korea, high-risk drinking is defined as drinking more than 13 standard servings for men and over six
standard servings for women on a weekly basis [20]. High-risk drinking was used in reference to males
and females who drank more than 2–3 times in a week with more than 7–9 servings at a time and more
than 5–6 servings, respectively, at a time. In 2014 and 2015, physical activity was confirmed using the
practice rate of “aerobic physical activity”. In the data before 2013, there was no variable for the practice
rate of “aerobic physical activity”, “high-intensity physical activity time” and “moderate physical
activity time” were calculated according to the guideline on “aerobic physical activity practice rate”.
The “aerobic physical activity rate” guideline set the moderate physical activity for a week at more
than 150 min, or the high-intensity physical activity at 75 min or more, or the previous two physical
activities for a considerable amount of time. The denominator was set as the total number of subjects
aged 19 years or older. High-intensity physical activity at 1 min was calculated as 2 min of moderate
physical activity. Body mass index value was derived from the “anthropometric measurements”.
Stress was confirmed in four stages: “I feel stressed very much”, “I feel stressed a lot”, “I feel stressed
a little” and “I rarely feel stressed”. Depression was identified as a current disease.

2.2.4. Sociodemographic Characteristics

The sociodemographic characteristics of the subjects included age, educational level,
marital status, and household income level. Educational level is divided into “elementary school”,
“middle school”, “high school” and “≥university”. Marital status was classified into “married”
if “married” or “living together” but as “others” regardless of the reason, if not living together.
Household income level was divided into four stages from the first to the fourth quartiles.
Data regarding the area of residence were identified in the results from Seoul to Jeju.

2.3. Statistical Analysis

In this study, a composite sample analysis was performed using raw data from the National
Health and Nutrition Examination Survey, which was extracted using a two-stage stratified sampling
design, rather than a simple random sample design. Stratification and cluster variables were applied
and the composite sample design was conducted by applying the questionnaire survey weight.
Frequency analysis was performed to report on the general characteristics and major variables of the
study subjects. Chi-square analysis was used to determine the prevalence of MetS according to the
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general characteristics and MetS prevalence according to full-time employment. Odds ratios (ORs)
were calculated by logistic regression analysis to determine the effects of age, lifestyle, and job-related
factors on the prevalence of MetS. All statistical analyses were conducted using SPSS version 22.0
(IBM corp., Armonk, NY, USA). A p value < 0.05 was considered statistically significant. The study
protocol was approved by the institutional review board of the Catholic University of Korea, College of
Medicine (approval ID: KC18ZESI0410).

3. Results

3.1. General Characteristics of Subjects Included in the Study to Determine Metabolic Syndrome Prevalence

The study subjects were wage workers aged 19 years and older including 5006 men (52.6%),
and 4517 women (47.4%), totaling 9523 workers. The prevalence of MetS differed significantly
according to age and sex and seemed to increase significantly, for both sexes, with increasing age
(p < 0.001). However, aside from age, other variables with significant differences in MetS prevalence
differed between male and female workers (Table 1).

Table 1. General characteristics of subjects included in the study to determine metabolic syndrome
prevalence (N = 9523).

Characteristics

Metabolic Syndrome, N (%)

Men (n = 5006) Women (n = 4517)

Yes No p Yes No p

Age (years) <0.001 <0.001
19–29 35 (14.9) 211 (85.1) 14 (5.3) 315 (94.7)
30–39 288 (21.9) 1038 (78.1) 79 (17.2) 896 (90.9)
40–49 406 (28.8) 1035 (71.2) 202 (17.2) 1079 (82.8)
50–59 364 (33.7) 752 (66.3) 322 (28.1) 816 (71.9)
60–69 196 (29.9) 478 (70.1) 245 (45.0) 300 (55.0)
≥70 53 (23.9) 160 (76.1) 118 (48.0) 131 (52.0)

Education level 0.073 <0.001
≤Elementary school 115 (28.0) 331 (72.0) 398 (41.0) 544 (59.0)
Middle school 147 (32.6) 306 (67.4) 160 (29.2) 368 (70.8)
High school 461 (26.6) 1212 (73.4) 303 (18.4) 1322 (81.6)
≥University 619 (25.5) 1815 (74.5) 119 (8.7) 1303 (91.3)

Job type 0.244 <0.001
Non-manual worker 766 (27.4) 2010 (72.6) 454(15.3) 2388(84.7)
Manual worker 576 (25.7) 1654 (74.3) 526(29.6) 1149(70.4)

Marital status 0.019 0.271
Married 1247 (27.3) 3340 (72.7) 736 (19.9) 2810 (80.1)
Others 95 (21.0) 324 (79.0) 244 (21.8) 727 (78.2)

Household income level 0.386 <0.001
1st quartile 474 (27.7) 1221 (72.3) 208 (14.9) 1170 (85.1)
2nd quartile 435 (26.4) 1270 (73.6) 265 (18.8) 1117 (81.2)
3rd quartile 331 (25.0) 931 (75.0) 285 (22.1) 862 (77.9)
4th quartile 102 (29.5) 242 (70.5) 222 (34.5) 388 (65.5)

Smoking 0.003 0.273
Current smoker 596 (29.0) 1524 (71.0) 61 (22.4) 201 (77.6)
Ex-smoker 516 (25.9) 1394 (74.1) 36 (15.7) 166 (84.3)
Non-smoker 230 (22.6) 746 (77.4) 883 (20.4) 3170 (79.6)

Drinking <0.001 0.882
High risk drinking 365 (34.2) 711 (65.8) 43 (20.2) 170 (79.8)
Moderate drinking or non-drinking 977 (24.4) 2953 (75.6) 937 (21.7) 3367 (78.3)

Physical activity 0.261 0.111
Yes 613 (25.8) 1680 (74.2) 336 (21.9) 1151 (78.1)
No 729 (27.4) 1984 (72.6) 644 (19.5) 2386 (80.5)

Data were analyzed using Pearson’s χ2 test, p < 0.05.
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Males showed significant differences in MetS prevalence in lifestyle-related variables such as
smoking, drinking, and marital status. Among male subjects, MetS prevalence was significantly higher
among current smokers (p < 0.05), the high-risk drinking group (p < 0.001), and among the married
(p < 0.05). On the other hand, among female subjects, there were differences in socioeconomic variables.
Lower educational level (p < 0.001), household income (p < 0.001), and manual work (p < 0.001) were
related to a higher prevalence of MetS.

3.2. Metabolic Syndrome Prevalence According to Sex and by the Standard of Work

Among the male subjects, 3561 (71.1%) were standard workers and 1445 (28.9%) were
non-standard workers. The prevalences of MetS among standard and non-standard workers were
26.1% and 28.2%, respectively, and the proportion of non-standard workers was high. However,
there was no significant difference between the two groups. Among female subjects, 1962 (43.4%)
were standard workers and 2555 (56.4%) were non-standard workers. The prevalences of MetS
among the female subjects were 13.5% and 25.8% for standard and non-standard workers, respectively.
Non-standard workers showed a statistically significant difference in MetS prevalence compared to
standard workers (p < 0.001) (Table 2).

Table 2. Metabolic syndrome prevalence according to sex and by the standard of work.

Sex Employment Type
Metabolic Syndrome, N (%)

Total p
Yes No

Male
Standard workers 942 (26.4) 2619 (73.6) 3561 (100.0)

0.174Non-standard workers 400 (28.2) 1045 (71.8) 1445 (100.0)
Total 1342 (26.6) 3664 (73.4) 5006 (100.0)

Female
Standard workers 271 (13.5) 1691 (86.5) 1962 (100.0)

<0.001Non-standard workers 709 (25.8) 1846 (74.2) 2555 (100.0)
Total 980 (20.3) 3537 (79.7) 4517 (100.0)

Data were analyzed using Pearson’s χ2 test, p < 0.05.

3.3. Factors Affecting Metabolic Syndrome

To determine the factors affecting MetS, logistic regression analysis was performed. The model
consisted of three stages. Models 1, 2, and 3were adjusted for age, lifestyle factors, and factors related
to economic activity, respectively. Regression analysis among male subjects showed that non-standard
employment status in all models did not increase MetS prevalence. Among female non-standard
workers, however, there was a 1.44 times increase in the risk of MetS in model 1 (OR = 1.44, p < 0.001),
1.33 times increase in risk in model 2 (OR = 1.33, p < 0.001), and 1.34 times increase in the risk in
model 3 (OR = 1.34, p < 0.001) (Table 3).

Table 3. Prevalence odds ratios of factors affecting metabolic syndrome.

Sex

Model1 * Model 2 ** Model 3 ***

Standard
Workers

Non-Standard
Workers

Standard
Workers

Non-Standard
Workers

Standard
Workers

Non-Standard
Workers

Males Reference 0.97 (0.82–1.15) Reference 0.94 (0.78–1.15) Reference 0.97 (0.78–1.20)
Females Reference 1.44 (1.18–1.77) Reference 1.33 (1.07–1.65) Reference 1.34 (1.07–1.67)

* adjusted for age. ** adjusted for age, smoking, drinking, physical activity, BMI, stress, and depression. *** adjusted
for age, smoking, drinking, physical activity, BMI, stress, depression, household income, education level, job type,
marital status, and region. BMI, body mass index.
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4. Discussion

In recent studies, lifestyle-related factors such as age, unhealthy diet, and sedentary
lifestyle, as well as socioeconomic status and environmental factors such as job type,
occupational stress, and working hours have been reported as important causes of the increasing
MetS prevalence [7,8,21,22]. In this study, we analyzed the differences in MetS prevalence with
emphasis on employment type among the socioeconomic factors. As a result, MetS prevalence was
shown among non-standard workers to be higher than that among standard workers. In particular,
female subjects had a 1.34-fold higher risk of MetS prevalence among non-standard workers than
among standard workers. This is consistent with the results of a study in which the risk of hypertension
in non-standard female workers was 1.42 times higher than that of standard workers due to
employment type and sex differences in cardiovascular health [18]. Hypertension is one of the
risk factors for MetS, and might have affected the increased risk of MetS in female non-standard
workers. The results of this study showed that female workers were more affected by socioeconomic
factors than male workers. Among female workers, the lower the educational and household income
levels, the higher the prevalence of MetS. Low educational and household income levels could
cause differences in opportunities for workers to access health services and affect health-related
behaviors [23,24]. In particular, the lower the socioeconomic status of female workers, the less
they care about health care and hence, the higher the risk of MetS [12]. As a result of MetS
prevalence according to job type, the prevalence among manual workers was higher than that among
non-manual workers [25]. The highest MetS prevalence occurred among female skilled workers in
the agricultural and fishing industries. MetS prevalence was higher among low-income and local
residents [26,27]. These non-standard workers have low socioeconomic status and are treated poorly in
wages, working conditions, and social safety [28]. Non-standard workers have limited working periods,
resulting in unstable occupation that reduces perceived health condition, increases psychological stress,
and affects physical health [29]. Psychological stress and physical health problems in non-standard
workers increase the risk of chronic and acute diseases; furthermore, the social, physiological,
and self-rated health of workers become lowered [30]. Finally, the difference in socioeconomic status
due to unstable employment is a factor for health deterioration and social determinants of health [1].
Problems associated with low socioeconomic status among these non-standard workers have a greater
impact on female workers than male workers, which ultimately increases the prevalence of MetS
among female non-standard workers.

On the other hand, male workers showed no differences in economic level, educational level,
and job type, and significant differences occurred in MetS prevalence among factors related to
lifestyles such as smoking and drinking. Smoking increases the risks of low HDL cholesterol level,
higher triglyceride level, and abdominal obesity, thus increasing the prevalence of MetS among male
subjects [7]. Excessive drinking increases the risk of low HDL cholesterol level and cohort studies
among Korean office workers over the past decade have also identified male sex as a risk factor
for MetS [7,11]. Thus, unhealthy lifestyles such as smoking and drinking are closely related to the
risk factors for MetS [31]. However, with smoking and drinking adjusted for, the two variables
failed to show an increase in the prevalence of MetS among male non-standard workers. In other
words, unhealthy lifestyle has a greater impact on MetS prevalence than differences in socioeconomic
status. Thus, the inverse correlation between socioeconomic status and MetS in males was confirmed
in previous studies [14,25,32]. Among males, non-manual workers with high levels of education
and income had the highest risk of MetS, and the higher the socioeconomic status, the higher
the risk of MetS [25,32]. In addition, male subjects were less likely to have MetS among workers
with higher levels of physical activity [14]. The high prevalence of MetS among office workers is
attributed to their long working hours, longer sitting periods, and more exposure to risk factors
that can lead to MetS. Moreover, male office workers are known to have more opportunities for
drinking [12,27,33–35]. A study of firefighters showed that men tend to enjoy healthier lifestyles
with shift work and stressful job conditions, and that this lifestyle resulted in a lower prevalence of
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MetS among them than office workers [36]. These results suggest that male workers have higher
socioeconomic status than female workers, and that the type of work and their lifestyle are important
factors for MetS prevalence. Similar to this study, previous studies have reported sex differences in
the risk factors for MetS [11,13,25,37,38]. Hypertension, hyperglycemia, and high triglyceride level
were major risk factors for MetS in males, and obesity and low HDL cholesterol level were the most
common risk factors for females [13].

There are three possible reasons for the differences in MetS prevalence between male and female
non-standard workers, based on previous studies on the difference in risk factors for MetS according
to sex. The first is that female non-standard workers are more affected by work-related psychosocial
factors due to lower socioeconomic classes. The proportion of non-standard workers among female
workers is higher than that of non-standard male workers among male workers. In this study, 28.8%
of males and 56.6% of females were classified as standard and non-standard workers from 2010 to
2015. Females often work as administrative support workers rather than managers, and often quit
because of marriage, pregnancy, and childcare [11]. In addition, even after re-employment, it is difficult
to resume in stable jobs because of the long leave period. For this reason, many females work as
non-standard workers, and as temporary or part-time workers. With this low socioeconomic status,
female workers are easily exposed to job-related psychological stress and eventually to MetS risk
factors [25]. Female non-standard workers show poor mental health status such as high depression
and suicidal ideation levels [39]. In addition, the ability to overcome psychological stress was lower
than that among men [25,33]. Meta-analysis of the effects of work-related psychosocial factors on
MetS revealed significant risk factors for some components associated with MetS such as weight gain,
obesity, and hypertension [40].

The second reason is the high risk of obesity in female non-standard workers. Several studies
have reported that the risk of obesity in female non-standard workers is higher than that in male
non-standard workers [13,37]. Obesity and insulin resistance play a key role in the development
of MetS [18,41]. Obesity increases the amount of free fatty acids in the body, which in turn
increases insulin resistance, leading to cardiovascular diseases such as diabetes, lipid abnormalities,
and hypertension [37]. Ultimately, the high risk of obesity affects the risk of cardiovascular disease
and increases the risk of MetS [14].

The third reason is due to the physiological characteristics of female workers. In Korea, about 30%
of female workers are mostly pink-collar workers such as nurses, stewardesses, nannies, babysitters,
hairdressers, and administrative assistants [13]. These pink-collar workers engage more in shift work,
and this results in a 5% higher prevalence of menstrual irregularity than among daily workers [6].
Females with menstrual irregularities are often diagnosed with polycystic ovary syndrome, and such
females have a high risk of MetS [6]. However, the increased prevalence of MetS due to these hormonal
problems may be due to shift work, which may be difficult to identify among differences in standard
and non-standard workers. Nonetheless, the risk of MetS in non-standard workers is higher because
they are unable to take immediate action concerning their problems, even if it occurs while doing
the same thing [5]. These results suggest that the prevalence of MetS among female non-standard
workers was higher than that among standard workers. Psychological problems caused by differences
in socioeconomic status increase the risk of MetS in female non-standard workers, and the combination
of physiological characteristics of females and that of being a non-standard worker lead to anxiety and
consequent poor treatment.

The limitations of this study are as follows: First, the cross-sectional data used in the study may
not clearly show a causal relationship between factors. Second, there might be information bias due
to the self-reported questionnaire. For example, responses to smoking among female subjects may
not be representative. Finally, the definitions of standard and non-standard work varied according
to the survey period. In the sixth survey conducted between 2013 and 2015, there was a question
to directly confirm standard and non-standard (EC_Wht_0) work, but there was no such question
in the fifth survey conducted between 2010 and 2012. Therefore, the two items “job status wage
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worker (EC_STT_2)” and “working hours (EC_WH)” were defined according to non-standard worker
standards. However, international standards for non-standard workers are not clear and there is a
limit to how these apply in all countries [18]. Despite these limitations, this sample is representative of
the results of the six-year data systematically surveyed in the entire Republic of Korea.

In this study, the prevalence of MetS in female non-standard worker was increased, and it was
confirmed that the difference in socioeconomic status according to gender affects MetS prevalence.
Thus, a fundamental change in employment patterns will be needed to address health-related problems
that arise from non-standard work. The recent policy of converting non-standard work to standard
work by the government will be a way to overcome the difference in health risk due to working style.
However, there are difficulties in policy promotion due to various interests including current salary
level, welfare problem, and reverse discrimination against standard workers. Employment stability
and work environment improvement for non-standard workers are not only a matter of interest
in payroll improvement but also an important solution to lower the social cost of health care and
improve the quality of life and health care of all citizens. It is expected that the results of this study,
showing the high risk of MetS in non-standard workers could be utilized as a basis for government
policy promotion on health.

5. Conclusions

The results of this study confirm that the prevalence of MetS among non-standard female workers
increased according to employment type. In addition, the risk factors leading to increases in the
prevalence of MetS differed according to sex. In the future, direct research and long-term observation
of psychosocial, lifestyle, and biological factors among non-standard workers will be needed using
a cohort study of non-standard workers. It is necessary to clarify the cause of high MetS prevalence
among female non-standard workers. In addition, among the factors affecting MetS, it is considered
that lifestyle-related problems need to be investigated since these did not result in increased MetS
prevalence among male non-standard workers.
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Abstract: This study aimed to evaluate the relationship between various asbestos exposure routes and
asbestos-related disorders (ARDs). The study population comprised 11,186 residents of a metropolitan
city who lived near asbestos factories, shipyards, or in slate roof-dense areas. ARDs were determined
from chest X-rays indicating lower lung fibrosis (LFF), pleural disease (PD), and lung masses (LMs).
Of the subjects, 11.2%, 10.4%, 67.2% and 8.3% were exposed to asbestos via occupational, household,
neighborhood, and slate roof routes, respectively. The odds ratio (OR) of PD from household exposure
(i.e., living with asbestos-producing workers) was 1.9 (95% confidence interval: 0.9–4.2), and those of
LLF and PD from neighborhood exposure, or residing near asbestos factories) for <19 or >20 years,
or near a mine, were 4.1 (2.8–5.8) and 4.8 (3.4–6.7), 8.3 (5.5–12.3) and 8.0 (5.5–11.6), and 4.8 (2.7–8.5)
and 9.0 (5.6–14.4), respectively. The ORs of LLF, PD, and LM among those residing in slate-dense
areas were 5.5 (3.3–9.0), 8.8 (5.6–13.8), and 20.5 (10.4–40.4), respectively. Substantial proportions
of citizens residing in industrialized cities have potentially been exposed to asbestos, and various
exposure routes are associated with the development of ARDs. Given the limitations of this study,
including potential confounders such as socioeconomic status, further research is needed.

Keywords: asbestos; domestic; environmental; health impact survey; household; Korea; neighbor;
roof; slate

1. Introduction

Asbestos, which is composed of long, thin fibers, has been used widely for decades because
of its properties such as resistance to fire, heat, and electricity; tensile strength; and sound
absorption. However, asbestos exposure can cause asbestos-related diseases (ARDs) such as malignant
cancers, including lung cancer (LC), malignant mesothelioma (MM), laryngeal cancer, and ovarian
cancer, as well as benign diseases such as asbestosis, pleural plaques, and pleural thickening [1].
Asbestos exposure via occupational, household, and neighborhood routes was reported as early as
1960 [2–4]. Occupational asbestos exposure occurs through the production of asbestos-containing
products in settings such as mines and asbestos textile factories, or in workplaces that handle asbestos
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products, including shipyards and construction sites. Household exposure occurs when families
exposed to asbestos at work come to their homes with work clothes. Neighborhood exposure occurs
when living near to asbestos mines, asbestos factories, and shipyards. Although many studies have
explored the extent of occupational exposure, including the associated disease burden [5,6], studies of
household and neighborhood exposure to asbestos among ordinary citizens are rare. The majority of
these studies indicate that ARDs consequent to household and neighborhood asbestos exposure are
confined to MM [1,7]. However, most such studies did not control for other exposure routes, despite
the possibility of overlap [1,2,7].

One exposure route that may be encountered during ordinary life is the asbestos slate roof, which
is composed of 10–15% asbestos [8]. Asbestos slate has been widely used in western societies [9], and its
use is increasing in developing countries [10]. In Korea, slate was widely used to replace roofing
materials in rural areas during the period of rapid economic growth during the 1970s and 1980s,
and was commonly used in poor urban areas [8]. However, few studies have addressed the health
effects of living under or near slate roofs [8], even though the surrounding asbestos concentration in
ambient air might be substantial [11].

In 2009, the Korean government banned asbestos. In 2011, the government began to compensate
citizens for environmental asbestos diseases, and environmental health centers for asbestos (EHCA)
began to conduct health impact surveys (HISs) of areas containing asbestos mines, factories,
ship-building facilities, and large numbers of slate roofs [12,13]. Although HISs are based on the
voluntary participation of citizens living near former sources of asbestos exposure, the responses
elucidate the frequency of exposure and risks of occupational, household, and slate exposure among
ordinary citizens.

The present study investigated the frequency of asbestos exposure via the occupational, household,
neighborhood, and slate roof routes, and studied the relationships between these exposure routes and
ARDs using HIS data of EHCA adjusted for other routes.

2. Materials and Methods

2.1. Study Subjects

The study subjects comprised participants in a HIS conducted by Pusan National University
Yangsan Hospital (PNUYH) EHCA between 2009 and 2016. The majority of the participants currently
reside in the Busan metropolitan area, which serves as the center of one of the most industrialized
areas of Korea and traditionally housed many environmental asbestos exposure sources, such as
asbestos textile factories and shipbuilding and ship repair industries [13]. For this study, the subjects
were restricted to current citizens of Busan. Participants younger than 20 years were excluded to
account for the long latency period of ARDs (median: 20 years) [14]. Accordingly, 2053 of the
13,433 PNUYH-EHCA HIS participants were excluded based on these criteria. After excluding an
additional 194 cases because of incomplete questionnaire responses or chest radiography results,
the final study comprised 11,186 subjects. The institutional review board of PNUYH approved this
study (02-2009-037, 02-2012-018).

2.2. HIS Items: Questionnaire and Chest Radiograph

A structured questionnaire survey was administered by trained personnel through individual
interviews during which informed consent was obtained from the subjects. Asbestos exposure was
assessed qualitatively by the questionnaire. To determine occupational and household exposure,
the subjects were asked whether they or someone in their household was exposed to structured
asbestos-related work items during employment. To determine neighborhood exposure, the subject’s
life residential history was taken and verified using official residential records. Additionally,
the subject’s history of living under a slate roof was taken and compared to slate-dense areas
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predetermined by a previous study [13]. No exposure was defined as no exposure to occupational,
household, or neighborhood sources, living under a slate roof, or living in slate-dense areas.

Posteroanterior chest radiography was performed using an FCR 5501 digital radiograph device
(Fuji, Tokyo, Japan). Radiographs were read by two separate radiologists who had participated in
a special reading session for ARDs provided by a Korean environmental corporation. The reading
results were divided into three groups of ARDs: of asbestosis, pleural disease (PD), and LC.
The reading results were categorized as follows: lower lung fibrosis (LLF) (asbestosis surrogate):
asbestosis, diffuse lung disease, interstitial lung disease, nodular ground glass appearance; PD:
pleural plaque, pleural thickening, loss of costo-phrenic angle; and LC: suspected malignancy, mass
>1 cm, mediastinal enlargement. Any case of PD with a tuberculous history or reading opinion
suggesting tuberculosis was excluded. Only screening results were analyzed in this study because the
participation rates in secondary examinations to address abnormal screening results were low (4.6%)
and not representative [14].

2.3. Data Analysis

The X2-test and Fisher’s exact test were used to conduct frequency analyses, and trends were
assessed using the Cochran–Armitage trend test. Classes containing small numbers were merged
into adjacent classes. Logistic regressions were conducted using the three radiography outcomes
(LLF, PD, and LM) as the dependent variable. Simple, multiple (adjusted for sex, age, and smoking
as confounders) [3,15], and full model logistic regressions (adjusted for other exposure routes
and confounders) were conducted. The statistical analysis was performed using SAS, version 9.4
(SAS Institute, Cary, NC, USA).

3. Results

3.1. Prevalence Rates of LLF, PD, and LM by Subject Characteristics and Exposre

In our study, 120 (1.9%) and 211 (3.4%) cases of LLF and PD, respectively, were observed among
women, with 264 (5.3%) and 295 (5.9%) cases, respectively, among men (p-values for sex-based
comparisons < 0.0001). Furthermore, 61 (1.0%) and 45 (0.9%) cases of LM were observed among
women and men, respectively (p-value for comparison = 0.6063). Most patients were between 50 and
79 years of age, and the proportions of LLF, PD, and LM differed by age (p-values for comparisons
<0.0001). Compared to present and never smokers, ex-smokers were more likely to present with LLF
and PD (p-value < 0.0001). Of the single exposure routes, neighborhood exposure was most frequent
(53.3%), followed by slate roof (5.4%), occupational (3.4%), and household (2.4%) exposure. The total
proportions of neighborhood, slate roof, occupational, and household exposure were 67.2%, 8.3%,
11.2%, and 10.4% respectively. Among subjects exposed to slate roofs, 2.7% lived in slate-roof-dense
areas (data not shown).

The prevalence of LLF was highest among subjects exposed to all four sources (16.7%) followed
by those exposed to occupational + neighbor + slate (13.0%) and occupational + neighbor (12.5%).
Similarly, the prevalence of PD was highest among subjects exposed to all four sources (27.8%),
followed by occupational + household + slate (25.0%). The prevalence of LM was highest among those
exposed to slate roofs (4.2%), followed by occupational + slate (3.9%) (Table 1).
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Table 1. Prevalence and rates of radiological abnormalities by characteristics and exposure routes.

Variable
LLF PD LM Subjects Total

Case Rate p-Value Case Rate p-Value Case Rate p-Value No. %

Sex <0.0001 <0.0001 0.6063
Female 120 1.9 211 3.4 61 1 6160 55.1
Male 264 5.3 295 5.9 45 0.9 5026 44.9

Age (years) <0.0001 <0.0001 <0.0001
≤29 0 0 9 1 1 0.1 943 8.4
30–39 6 0.2 25 0.9 7 0.3 2777 24.8
40–49 2 0.2 15 1.8 3 0.4 848 7.6
50–59 44 2.1 88 4.3 12 0.6 2064 18.5
60–69 132 5 165 6.2 34 1.3 2643 23.6
≥70 200 10.5 204 10.7 49 2.6 1911 17.1

Smoking status <0.0001 <0.0001 0.7679
Never 156 2.1 268 3.7 66 0.9 7302 65.3
Ex-smoker 140 6.6 154 7.2 21 1 2131 19.1
Present smoker 88 5 84 4.8 19 1.1 1753 15.7

Exposure routes <0.0001 <0.0001 <0.0001
No exposure 11 0.5 10 0.5 7 0.4 2022 18.1
Occupational 9 2.4 8 2.1 1 0.3 378 3.4
Household 1 0.4 1 0.4 0 0.0 274 2.4
Neighbor 204 3.4 286 4.8 50 0.8 5960 53.3
Slate 30 5.0 42 7.0 25 4.2 599 5.4
Occupational + Household 2 3.1 0 0.0 0 0.0 65 0.6
Occupational + Neighbor 69 12.5 58 10.5 6 1.1 553 4.9
Occupational + Slate 4 7.8 6 11.8 2 3.9 51 0.5
Household + Neighbor 12 2.1 18 3.1 1 0.2 580 5.2
Household + Slate 2 4.0 4 8.0 0 0.0 50 0.4
Neighbor + Slate 19 4.6 47 11.5 10 2.4 410 3.7
Occupational + Household + Neighbor 10 7.9 8 6.4 3 2.4 126 1.1
Occupational + Household + Slate 0 0.0 3 25.0 0 0.0 12 0.1
Occupational + Neighbor + Slate 7 13.0 7 13.0 1 1.9 54 0.5
Household + Neighbor + Slate 1 2.9 3 8.8 0 0.0 34 0.3
Occupational + Household + Neighbor +

Slate 3 16.7 5 27.8 0 0.0 18 0.2

Total 384 3.4 506 4.5 106 0.9 11,186 100.0 *

LLF: lower lung fibrosis, PD: pleural disease, LM: lung mass, * total percent.

3.2. Occupational and Household Exposures and Radiologic Abnormalities

A total of 1257 (11.2%) subjects were occupationally exposed to asbestos (data not shown).
Among them, 104 (8.3%), 95 (7.6%), and 13 (1.0%) developed LLF, PD, and LM, respectively. The highest
prevalence of LLF was observed among asbestos miners (21.4%), asbestos cement manufacturers
(14.3%), and asbestos textile workers (11.9%) (p < 0.0001). The highest prevalence of PD was also
observed among asbestos miners (17.9%), followed by asbestos friction material and joint sheet
manufacturers (17.2%), and asbestos textile workers (11.9%) (p < 0.0001). By contrast, few subjects
with occupational exposure developed LM, and no differences among occupations were observed
(p = 0.3889). Differences in the prevalence of LLF and PD were also observed according to the duration
of work (p < 0.0001 and p < 0.0001, respectively).

A total of 1159 (10.4%) subjects were exposed to asbestos by other household members with
asbestos-related occupations (data not shown), and 31 (2.7%), 42 (3.6%), and 4 (0.3%) developed LLF,
PD, and LM, respectively. Among the occupations of household members, the highest prevalence of
LLF was associated with asbestos textile work (14.2%), followed by asbestos cement production (4.5%),
and the highest prevalence of PD was associated with asbestos textile work (23.8%), and asbestos
friction material and joint sheet manufacturing (8.3%) (Table 2).
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Table 2. Prevalence and rates of radiological abnormalities among cases of occupational and household
exposure by job type and exposure duration.

Variable
Occupational Exposure n (%) Household Exposure n (%)

LLF PD LM LLF PD LM

Occupation type No exposure 280 (2.8) 411 (4.1) 93 (0.9) 353 (3.5) 464 (4.6) 102 (1.0)

Production Mine 6 (21.4) 5 (17.9) 0 (0.0) 0 (0.0) 1 (4.4) 0 (0.0)
Cement 4 (14.3) 1 (3.6) 1 (3.6) 1 (4.6) 1 (4.6) 0 (0.0)
Friction, joint sheet 2 (6.9) 5 (17.2) 0 (0.0) 0 (0) 2 (8.3) 0 (0.0)
Textile 5 (11.9) 5 (11.9) 2 (4.8) 3 (14.3) 5 (23.8) 1 (4.8)

Use Construction 23 (9.9) 17 (7.3) 2 (0.9) 2 (1.3) 2 (1.3) 0 (0.0)
Chemical, power plant 4 (5.6) 5 (6.9) 0 (0.0) 5 (4.0) 9 (7.2) 1 (0.8)
Plumbing, insulation 7 (5.6) 11 (8.7) 1 (0.8) 0 (0.0) 8 (6.0) 0 (0.0)
Automobile, train repair 2 (5.7) 3 (8.6) 0 (0.0) 1 (2.9) 2 (5.7) 1 (2.9)
Shipbuilding, ship repair 37 (9.1) 27 (6.6) 5 (1.2) 8 (2.1) 7 (2.0) 1 (0.3)
Others 14 (5.5) 16 (6.3) 2 (0.8) 11 (4.5) 5 (2.1) 0 (0.0)
p-value (Fisher’s exact) <0.0001 <0.0001 0.3889 <0.0001 <0.0001 0.236

Duration No exposure 280 (2.8) 411 (4.1) 93 (0.9) 353 (3.5) 464 (4.6) 102 (1.0)
≤4 years 25 (5.7) 24 (5.4) 3 (0.7) 16 (2.4) 22 (3.3) 2 (0.3)
5–9 years 15 (8.2) 18 (9.9) 3 (1.7) 1 (1.0) 4 (4.1) 1 (1.0)
10–19 years 13 (5.7) 14 (6.1) 2 (0.9) 7 (5.3) 6 (4.5) 0 (0.0)
≥20 years 51 (12.6) 39 (9.7) 5 (1.2) 7 (2.8) 10 (4.0) 1 (0.4)
p-value (X2 test) <0.0001 <0.0001 0.7942 0.2052 0.5580 0.2244

LLF: lower lung fibrosis, PD: pleural disease, LM: lung mass

3.3. Neighborhood and Slate Roof Exposure and Slate Root-Dense Areas

A total of 7515 (67.2%) and 220 (2.0%) cases of neighborhood exposure from local asbestos
factories and mines, respectively, were reported (data not shown). The prevalence of LLF, PD,
and LM consequent to exposure to mines and factories were 302 (4.0%), 390 (5.2%), and 68 cases
(0.9%) and 23 (10.5%), 42 (19.1%), and 3 cases (1.4%), respectively (p-value < 0.0001, p-value < 0.0001,
and p-value = 0.6994, respectively).

Overall, 929 (8.3%) and 299 (2.7%) cases of slate roof exposure and residence in slate roof-dense
areas were reported, respectively (data not shown). The prevalence of LLF, PD, and LM associated
with slate roof exposure and residence in a slate roof-dense area were 35 (3.8%), 75 (8.1%), and 8 (0.9%);
390 (5.2%), and 68 (0.9%); and 31 (10.4%), 42 (14.0%), and 30 (10.0%), respectively (p-value < 0.0001).
Differences in radiological abnormalities were observed with regard to the durations of neighborhood
and slate roof exposure (p-value < 0.0001) (Table 3).

Table 3. Prevalence and rates of radiological abnormalities among cases of neighborhood, slate roof,
and slate roof-dense area exposure and exposure durations.

Variable
Neighborhood Exposure Slate Roof and Slate Roof-Dense Area

LLF PD LM LLF PD LM

Exposure type No exposure 59 (1.7) 74 (2.1) 35 (1.0) 318 (3.2) 389 (3.9) 68 (0.7)
Category1 * 302 (4.0) 390 (5.2) 68 (0.9) 35 (3.8) 75 (8.1) 8 (0.9)
Category2 ** 23 (10.5) 42 (19.1) 3 (1.4) 31 (10.4) 42 (14.0) 30 (10.0)
p-value <0.0001 <0.0001 0.6994 <0.0001 <0.0001 <0.0001

Duration No exposure 59 (1.7) 74 (2.1) 35 (1.0) 318 (3.2) 389 (3.9) 68 (0.7)
<4 years 30 (1.3) 55 (2.5) 14 (0.6) 3 (2.2) 11 (8.0) 1 (0.7)
5–9 years 41 (1.9) 80 (3.7) 5 (0.2) 8 (5.4) 12 (8.1) 3 (2.0)
10–19 years 157 (6.5) 194 (8.0) 30 (1.2) 10 (5.0) 17 (8.5) 3 (1.5)
≥20 years 97 (10.6) 103 (11.2) 22 (2.4) 45 (6.0) 77 (10.4) 31 (4.2)
p-value <0.0001 <0.0001 <0.0001 0.0003 <0.0001 <0.0001

LLF: lower lung fibrosis, PD: pleural disease, LM: lung mass. * Factory (Neighborhood exposure), Slate roof
(Slate roof and slate roof-dense area). ** Mine (Neighborhood exposure), Slate roof in slate roof dense area (Slate roof
and slate roof-dense area).
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3.4. Trends in Combined Variables of Exposure Routes and Durations

Occupational, household, neighborhood, and slate roof exposures were classified as use
vs. production, use vs. production, factory vs. mine, and slate roof only vs. slate roof in slate
roof-dense area, respectively. Subsequently, the two categories for occupational, neighbor, and slate
roof exposure were combined with durations of <20 vs. >20 years; the cut-off for household exposure
duration was 5 years because many subjects did not reside with household members for as long as
20 years. The increasing trends in LLF differed among the categories for all exposure routes except
household exposure (p-value < 0.0001). The trends in PD differed among the categories in all exposure
routes and increased for all routes except household exposure. The trends in LM differed by categories
for all exposure routes except household exposure, and increased with slate roof exposure (Table 4).

Table 4. Trend tests of combined exposure source and duration variables and chest
radiographic abnormalities.

Type Type and Duration (Year)
LLF n (%) PD n (%) LM n (%)

No Yes No Yes No Yes

Occupational No exposure 9649 (97.2) 280 (2.8) 9518 (95.9) 411 (4.1) 9836 (99.1) 93 (0.9)
Use & ≤19 years 698 (94.7) 39 (5.3) 694 (94.2) 43 (5.8) 732 (99.3) 5 (0.7)
Use & ≥20 years 345 (87.8) 48 (12.2) 357 (90.8) 36 (9.2) 388 (98.7) 5 (1.3)

Production & ≤19 years 102 (87.9) 14 (12.1) 103 (88.8) 13 (11.2) 113 (97.4) 3 (2.6)
Production & ≥20 years 8 (72.7) 3 (27.3) 8 (72.7) 3 (27.3) 11 (100.0) 0 (0.0)

p-value X2 <0.0001 <0.0001 0.0013
Trend test <0.0001 <0.0001 0.1428

Household No exposure 9674 (96.5) 353 (3.5) 9563 (95.4) 464 (4.6) 9925 (99.0) 102 (1.0)
Use & ≤4 years 598 (97.7) 14 (2.3) 596 (97.4) 16 (2.6) 611 (99.8) 1 (0.2)
Use & ≥5 years 444 (97.2) 13 (2.8) 440 (96.3) 17 (3.7) 455 (99.6) 2 (0.4)

Production & ≤4 years 62 (96.9) 2 (3.1) 58 (90.6) 6 (9.4) 63 (98.4) 1 (1.6)
Production & ≥5 years 249 (92.3) 2 (7.7) 23 (88.5) 3 (11.5) 26 (100.0) 0 (0.0)

p-value X2 0.3341 0.0137 0.1778
Trend test 0.2009 0.4177 0.0876

Neighbor No exposure 3392 (98.3) 59 (1.7) 3377 (97.9) 74 (2.1) 3416 (99.0) 35 (1.0)
Factory & ≤19 years 6399 (96.9) 205 (3.1) 6314 (95.6) 290 (4.4) 6558 (99.3) 46 (0.7)
Factory & ≥20 years 814 (89.4) 97 (10.7) 811 (89) 100 (11.0) 889 (97.6) 22 (2.4)

Mine & ≤19 years 192 (89.3) 23 (10.7) 176 (81.9) 39 (18.1) 212 (98.6) 3 (1.4)
Mine & ≥20 years 5 (100.0) 0 (0.0) 2 (40.0) 3 (60.0) 5 (100.0) 0 (0.0)

p-value X2 <0.0001 <0.0001 <0.0001
Trend test <0.0001 <0.0001 0.7600

Slate roof No exposure 9640 (96.8) 318 (3.2) 9569 (96.1) 389 (3.9) 9890 (99.3) 68 (0.7)
Roof & ≤19 years 427 (96.6) 15 (3.4) 408 (92.3) 34 (7.7) 438 (99.1) 4 (0.9)
Roof & ≥20 years 467 (95.9) 20 (4.1) 446 (91.6) 41 (8.4) 483 (99.2) 4 (0.8)

Roof in dense area & ≤19 years 39 (86.7) 6 (13.3) 39 (86.7) 6 (13.3) 42 (93.3) 3 (6.7)
Roof in dense area & ≥20 years 229 (90.2) 25 (9.8) 218 (85.8) 36 (14.2) 227 (89.4) 27 (10.6)

p-value X2 <0.0001 <0.0001 <0.0001
Trend test <0.0001 <0.0001 <0.0001

LLF: lower lung fibrosis, PD: pleural disease, LM: lung mass.

3.5. Logistic Regression Analysis

Given the small numbers of subjects in some categories, such as occupational exposure via
production >20 years, household exposure via production <4 years, neighborhood mine exposure
>20 years, and slate roof exposure in a dense area <19 years, these categories were merged with adjacent
categories in the logistic regression analysis. The odds ratios (OR) of LLF following occupational
exposure were increased in the categories of asbestos use >20 years and asbestos production. The ORs
of LLF following neighborhood exposure were increased in all categories and in all models. However,
for slate roof exposure, the OR of LLF was increased only in slate roof-dense areas.

The ORs of PD related to occupational exposure were similar to the ORs of LLF. The ORs were
increased in the categories of asbestos use >20 years and asbestos production. However, the OR of
PD following household exposure was increased only in the category of production. The ORs for
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PD following neighborhood exposure and slate roof exposure were increased in all categories and in
all models. Regarding LM, the OR following neighborhood exposure was increased in the category
of factory exposure >20 years in all models, and factory exposure <19 years only in the full model.
The ORs of LLF, PD, and LM in two categories, neighborhood factory exposure >20 years and slate
roof exposure in a slate roof-dense area, were increased in all models (Table 5).

Table 5. Logistic regression of radiologic abnormalities by exposure route.

Variable

LLF PD LM

Simple Multiple * Full ** Simple Multiple Full Simple Multiple Full

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Occupational
No exposure 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Use & ≤19 years 1.9 1.4 2.7 1.1 0.8 1.6 1.2 0.9 1.8 1.4 1.0 2.0 1.0 0.7 1.4 1.2 0.8 1.6 0.7 0.3 1.8 0.6 0.2 1.4 0.7 0.3 1.7
Use & ≥20 years 4.8 3.5 6.6 1.9 1.3 2.7 2.3 1.6 3.3 2.3 1.6 3.3 1.2 0.8 1.7 1.6 1.1 2.3 1.4 0.6 3.4 0.9 0.4 2.3 1.3 0.5 3.4
Production 5.3 3.2 9.0 2.8 1.6 4.9 3.1 1.7 5.6 3.3 2.0 5.7 2.1 1.2 3.6 1.8 1.0 3.2 2.6 0.8 8.2 1.8 0.6 5.9 2.1 0.6 7.6

Household
No exposure 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Use & ≤4 years 0.6 0.4 1.1 1.2 0.7 2.0 1.1 0.6 1.9 0.6 0.3 0.9 0.8 0.5 1.3 0.7 0.4 1.3 0.2 0.0 1.1 0.2 0.0 1.5 0.2 0.0 1.7
Use & ≥5 years 0.8 0.5 1.4 1.1 0.6 2.0 1.3 0.7 2.4 0.8 0.5 1.3 1.0 0.6 1.6 1.2 0.7 1.9 0.4 0.1 1.7 0.4 0.1 1.7 0.6 0.1 2.4
Production 1.3 0.5 3.5 1.3 0.4 3.6 1.0 0.3 3.0 2.3 1.1 4.6 2.3 1.1 4.7 1.9 0.9 4.2 1.1 0.2 7.9 1.0 0.1 7.1 0.7 0.1 5.6

Neighbor
No exposure 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Factory & ≤19 years 1.8 1.4 2.5 2.7 2.0 3.6 4.1 2.8 5.8 2.1 1.6 2.7 2.7 2.1 3.5 4.8 3.4 6.7 0.7 0.4 1.1 1.0 0.6 1.5 2.7 1.4 5.2
Factory & ≥20 years 6.9 4.9 9.6 5.1 3.6 7.2 8.3 5.5 12.3 5.6 4.1 7.7 4.4 3.2 6.0 8.0 5.5 11.6 2.4 1.4 4.1 1.9 1.1 3.2 5.6 2.8 11.4
Mine 6.7 4.1 11.1 2.9 1.7 4.8 4.8 2.7 8.5 10.8 7.2 16.2 5.6 3.7 8.6 9.0 5.6 14.4 1.3 0.4 4.4 0.7 0.2 2.3 2.2 0.6 8.1

Slate roof
No exposure 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Roof & ≤19 years 1.1 0.6 1.8 0.8 0.4 1.3 0.7 0.4 1.3 2.1 1.4 3.0 1.7 1.2 2.5 1.6 1.1 2.3 1.3 0.5 3.7 1.1 0.4 3.0 1.1 0.4 3.0
Roof & ≥20 years 1.3 0.8 2.1 0.5 0.3 0.9 0.8 0.5 1.3 2.3 1.6 3.2 1.2 0.9 1.8 1.8 1.2 2.6 1.2 0.4 3.3 0.6 0.2 1.8 0.9 0.3 2.7
Roof in dense area 3.5 2.4 5.2 1.6 1.1 2.4 5.5 3.3 9.0 4.0 2.9 5.7 2.4 1.7 3.4 8.8 5.6 13.8 16.2 10.4 25.3 8.7 5.4 14.2 20.5 10.4 40.4

LLF: lower lung fibrosis, PD: pleural disease, LM: lung mass. * Adjusted for sex, age, smoking. ** Adjusted for sex,
age, smoking + other exposure route.

4. Discussion

In the present study, 11.2%, 10.4%, and 8.3% of subjects were exposed to asbestos through
slate roof, occupational, and household routes, respectively. We note that these exposures were
identified incidentally, as the subjects participated in a HIS focused on neighborhood exposure and
slate roof-dense areas. As noted, despite many previous studies of ARDs and various asbestos
exposure routes [1,3,4], studies on the extent of exposure among ordinary residents are rare.
The proportions in this study might have been over-estimated because individuals who were well
aware of asbestos, such as occupationally exposed workers and their families, may have participated
at high rates. As the proportions of various non-occupational exposure routes have not been routinely
studied [6,16], the authors could not compare the frequencies of exposure via various routes with those
of other studies.

Occupational exposure in the asbestos mining and asbestos textile industries was associated
with higher prevalence of LLF and PD. In general, occupational exposure during the production of
asbestos-containing materials was associated with higher prevalence of LLF and PD, compared to
the occupational use of asbestos products [17]. A previous finding that low levels of occupational,
household, and neighborhood exposure may induce pleural plaques [18] is consistent with our results.
In this study, household exposure correlated only with PD. Previous studies of household exposure
have reported similar results, indicating a significant relationship between household exposure and
pleural abnormalities not related to lung cancer [19]. Although many studies identified pleural
abnormalities related to household exposure without controlling for confounders [19], the present
study adjusted for both confounders and other exposure routes.

The prevalence levels of PD were similar among those who resided near mines for <19 years
and near factories for >20 years. Although the ambient concentrations of asbestos fibers may
differ according to the source [13], previous studies have not addressed the effects of various
exposure sources, including mines, factories, and ship-building facilities, on environmental exposure.
Furthermore, the prevalence of PD increased among people who resided in slate roof-dense areas.
Although asbestosis normally occurs at relatively high exposure levels, with the exception of
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mild fibrosis occasionally occurring at lower levels [18], the high prevalence of PD resulting from
neighborhood exposure and slate roof exposure in a slate-dense area was unusual. The U.S.
Occupational Safety and Health Administration has set a permissible exposure limit for workers
of 0.1 asbestos fibers/cc in a time weighted average of 8 h [20]. However, a reference dose for
non-malignant ARDs is not available, and it is difficult to determine the concentration or exposure
level required to induce asbestosis.

Slate roofs can be damaged by age, rain, and wind [21]. Although a previous ecological study
predicted future mortality due to asbestos slate roofs, particularly due to malignant mesothelioma [8],
the study focused on asbestos consumption in general, and not on slate roof exposure. Another study
found that some of the indoor air concentrations of asbestos in slate roof houses in Busan city exceeded
1 × 10−4 f/mL [22]; although this might not support a high incidence of PD in in slate roof-dense areas,
it might support the development of LC. According to the US Environmental Protection Agency, specific
risk levels of combined LC and MM that cause extra cancer in relation to air concentrations are 1 in
10,000 for 4 × 10−4 f/mL, 1 in 100,000 for 4 × 10−5 f/mL, and 1 in 1,000,000 for 4 × 10−6 f/mL [23].

In short, this study indicated an increased cancer risk of >1 in 10,000 among residents with slate
roofs. Therefore, living under a slate roof might lead to ARDs. However, given the low sensitivity
and specificity of chest X-rays, the radiologic results in the present study might not have detected
genuine ARDs. People who live under slate roofs and/or in slate-dense areas tend to have a lower
socioeconomic status (SES), which is associated with other lung diseases such as idiopathic pulmonary
fibrosis [24,25]. Accordingly, the relationship between LM and a slate-dense area in the present study
may be attributable to a lower SES [26]. We note that ours may have been the only study to investigate
ARDs consequent to living under a slate roof and/or in a slate-roof-dense area.

This study had some limitations of note. First, both exposures and outcomes may have been
misclassified. Occupational, household, and slate roof exposure data relied on the memories of the
research subjects. However, as information about residential histories and slate roof-dense areas was
verified using official records, this bias might not apply to neighborhood exposure and slate-roof-dense
areas. Additionally, this study was based on the results of screening tests such as chest radiography,
rather than on specific confirmatory tests such as computed tomography and clinical diagnosis.
This may have led to the over- or under-estimation of disease prevalence. To avoid the misclassification
of tuberculosis sequelae such as pleural plaques or costo-phrenic angle blunting, we excluded cases
with histories of tuberculosis from the PD category. Despite these efforts to prevent misclassification,
the inherent limitations of the HIS dataset may have introduced substantial bias. Second, a subject with
respiratory symptoms might have been more likely to recall exposure sources, leading to information
bias. Third, although age, sex, and smoking status were controlled as confounders, SES was not
investigated, despite its role as a potential confounder. This variable should be controlled in future
studies, as subjects exposed to asbestos may have had a lower SES. Fourth, the study subjects were
voluntary participants, which reduces the generalizability of the results. Finally, exposure should
require the evaluation of the fiber number in the living area and/or the patient sputum, our study
is speculative and presently only indicative. It should be subsequently confirmed by the objective
evaluation of the exposure. Also, Korea used almost chrysotile asbestos, so the results cannot be
generalized to other situations in which amphiboles were mainly used.

These limitations warrant further studies that include objective exposure and specific outcome
measures, as well as a representative population in which to evaluate various asbestos exposure routes.
In addition, a well-designed study of exposure status should adjust for SES and the health outcomes
associated with slate roofs, including residence in a slate-dense area.

Despite these limitations, the observed asbestos exposure of ordinary citizens through various
routes has provided new insights. Previously, industrialized areas containing many factories and poor
urban areas may have housed working populations with greater exposure to asbestos, and residents in
those areas might have had a lower SES, which has been associated with respiratory disease.
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5. Conclusions

Substantial proportions of study subjects who had lived near asbestos factories, shipbuilding
facilities, and slate roof-dense areas were exposed to asbestos through occupational, household,
and slate roof routes. After controlling for sex, age, smoking status, and other asbestos exposure
routes, we found that the occupational, household, neighborhood, and slate roof exposure routes
were associated with LLF and PD; PD; LLF, PD, and LM; and LLF, PD, and LM, respectively. To our
knowledge, this may be the first report of the health effects of slate roof exposure. However, this study
is vulnerable to misclassifications of exposure and outcome measurements, information bias, and other
potential confounders, including SES. A well-designed study is needed to overcome those limitations.
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Abstract: The current study aims to investigate the aberrant driving behaviour and risk involvement
of Iranian taxi drivers. The sample comprised 405 Iranian taxi drivers, who were recruited with
a cross-sectional design, using a self-completion questionnaire survey during October and November
2016. We contribute to the literature by understanding how and to what extent the socioeconomic,
demographic, driving, and aberrant driving behaviours influence risk involvement (accident
involvement and traffic tickets). The validated 27-item Driver Behaviour Questionnaire (DBQ) was
applied to measure aberrant driving behaviour. The results from valid observations (n = 381) explored
a four-factor solution (including errors, ordinary violations, lapses, and aggressive violations) of the
DBQ. The results also showed that being a single driver, having a high annual driving mileage, and
a high number of daily taxi trips were positively associated with accident involvement. Furthermore,
there was a positive correlation between the more ordinary violations and aggressive violations and
accident involvement. Establishing better training and qualification mechanisms for taxi drivers
could be considered by traffic safety experts in order to reduce ordinary and aggressive violations.

Keywords: aberrant driving behaviour; accident involvement; taxi drivers; driver behaviour
questionnaire

1. Introduction

A growing interest has emerged in exploring the principal human factors of the driving behaviour
in road transport studies. Road traffic accidents are recognised as a major source of fatality in the
world. Several studies have shown that human factors play a critical role in road traffic accidents [1–3].

However, little is known about the aberrant driving behaviour of the taxi drivers, despite its
importance [4–7], particularly among taxi drivers in the Middle Eastern context. Firstly, taxi drivers
drive in a work-related context [8]. A small body of studies have investigated an occupational
context [6,9], and most of them have examined the driving behaviour among the general driving
population. Taxi drivers are mostly males and spend most of their time in urban traffic. In addition,
the taxi is recognised as a private mode of transportation in western countries, while taxi services
are seen as a mode of public transport (PT) in some eastern countries like Iran. This type of taxi has
become the main dimension of the integrated transport system in Iranian cities and is playing an
important role in passengers’ daily urban travel. Taxi drivers do not have to undergo specific training
and qualification in Iran. Any person with an ordinary driver’s license and no major criminal record
can be employed as a taxi driver. As taxi fares as a public transport mode are relatively low in Iran,
taxi drivers often comprise the low-income strata of society. Because of the higher workload and
spending greater time in traffic congestions, these drivers usually commit more risky driving compared
with the general driving population. Furthermore, the taxi industry in Iran, as an organisation related
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to municipalities, is responsible for the management of taxis by taking measures such as determining
the number of required taxis in each traffic analysis zone (TAZ) based on demand.

Most previous studies have been conducted in countries with good traffic safety performance.
There might be an increase in the negative consequences of road traffic accidents in regions with low
transport safety performance in the Middle East context, such as Iran [10,11]. For example, the global
status report on road safety shows that the share of pedestrians in traffic-related mortalities in Iran
is 23% [12]. Surprisingly, the national statistics of Iran show a high rate of fatality and injuries in
road traffic accidents between taxis and young pedestrians [13]. Dalziel and Job [14] also found that
taxi–pedestrian collisions were ranked as the fifth cause of all traffic accidents in Australia. A study
by Shi et al. [4] revealed that passengers and police appear to have a very negative impression of
the taxi drivers’ driving behaviours in Beijing, China. Hence, understanding how demographic
variables (e.g., age), socioeconomic characteristics (e.g., educational background and car ownership
status), and the driving experiences of taxi drivers are related to their aberrant driving behaviour
and risk involvement, could be interesting in countries with a similar traffic safety performance and
work-related context, such as Iran.

Given the importance of public health in occupational contexts, the current study aims to overcome
this deficiency by investigating the aberrant driving behaviour and risk involvement of Iranian
taxi drivers. For this purpose, we used the information of 405 Iranian taxi drivers, recruited with
a cross-sectional design, using a self-completion questionnaire survey during October and November
2016. We contribute to the literature by (1) identifying the principal dimensions of aberrant driving
behaviour (Driver Behaviour Questionnaire [DBQ] factors) and confirming the factor structure of the
DBQ among taxi drivers; (2) exploring socioeconomic, demographic, and driving factors, explaining the
identified DBQ factors; and (3) understanding how and to what extent the socioeconomic, demographic,
driving, and identified DBQ factors influence risk involvement (accident involvement and receiving
traffic tickets).

The remaining sections are organised as follows: Firstly, a review of the literature is presented
in the following section. Secondly, we describe the participants, data, and statistical procedure used
in this study. Thirdly, the results of the statistical analysis used in this study are discussed. Fourthly,
an in-depth discussion of the results is provided. The paper is concluded by summarising the key
findings and offering planning suggestions.

2. Literature Review

A critical review of previous studies showed that (1) most of the efforts were focussed on
identifying the principal dimensions of the DBQ, (2) a few studies have examined the determinants
of the identified DBQ factors through demographic variables (e.g., age and gender) and driving
characteristics (e.g., annual mileage), and (3) several papers have investigated the role of the DBQ
factors, as well as the demographic variables (e.g., age, gender) and driving characteristics in risks,
including in accident involvement and receiving traffic tickets. We classify the review based on the
aforesaid three findings. Then, the study’s contribution and research gaps are highlighted at the end of
this section.

2.1. The Driver Behaviour Questionnaire

The Driver Behaviour Questionnaire is one of the instruments widely used to measure the
human factors related to driving (i.e., aberrant driving behaviour) in different parts of the world [15].
The DBQ has played a prominent role in the realm of traffic psychology. The notion traces back to
1990, when Reason and colleagues [16] represented the DBQ’s first version, by including 50 items in an
instrument. The authors explored three principal factors (violations, dangerous errors, and relatively
harmless lapses) for this instrument. Later, the DBQ was abridged or extended to cover new driving
factors (e.g., aggressive violation) [17–22]. Several studies have applied the 28- or 27-item version of the
DBQ in recent years. The DBQ’s extended version has been mostly reported by a four-factor solution,
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including ordinary or rule violations, aggressive violations, errors, and lapses [23–26]. Violations
refer to a driver’s intention to infringe on the regulations of safe driving (e.g., overtaking a slow
driver on the inside). Aggressive violations are hostile motivations for aggressive driving (e.g., getting
angry at a driver and expressing your anger in some ways). Errors refer to misjudgements and
observational failures in driving (e.g., failing to notice that pedestrians are crossing when turning
into a side street); while lapses refer to limitations in memory and attention (e.g., hitting something
overlooked when reversing).

2.2. Correlates of the Driver Behaviour Questionnaire Factors

Gender and age are the demographic factors that are reported to be correlated with the DBQ
factors. Mesken et al. [27] found that men report fewer lapses and more violations than women do.
Shi et al. [28] also showed that aggressive violation behaviours in male drivers are more common
compared with female drivers. On the other hand, the authors found that male drivers make fewer
errors and violations. Furthermore, Rimmö and Hakamies-Blomqvist [29] reported that males and
females had similar results in the DBQ structure. Batool and Carsten [30] also found no significant
gender differences in the violation score. Sullman et al. [23] indicated that younger drivers tend to
have higher ordinary and aggressive violation. Batool and Carsten [30] found that younger drivers
display more dangerous driving behaviours. Among other variables, some studies found that a high
annual mileage, greater violations, and fewer lapses were correlated [16,23]. Batool and Carsten [30]
found that middle-income group drivers were more likely to display aggressive driving behaviour.
Furthermore, de Winter and Dodou [15], through a meta-analysis, showed that age and annual mileage
could be important correlates of errors and violations. The authors concluded that younger drivers
tend to have more violations and error scores, while more driving exposure was positively associated
with violations and errors.

2.3. Predictors of the Risks (Accident Involvement)

Several studies have shown that older drivers have a lower rate of accident involvement [23,31],
while an increased annual mileage (or driving exposure) escalate accident risks [31,32]. However,
studies have not found any definitive and significant association between the driver’s gender,
age, annual mileage, level of education, and accident risks, including accident involvement and
receiving traffic tickets [24,33]. In addition to accident involvement, traffic tickets can be used as a risk
indicator. A traffic ticket is the primary means of traffic law enforcement. Both types of tickets (either
by a police officer or by traffic cameras) have been included in this study.

Regarding the relationship between the DBQ factors and accident risks, studies have found that
ordinary violations [23,24,34–37], aggression [35], and pushing-speeding [38], as well as lapses and
errors [39] are related to accident risks. For instance, Gras et al. [24] found that higher violation scores
were positively related to accident involvement. Rowe et al. [36] reported that higher violations were
related to the bus drivers’ accident involvement. Bener et al. [39] showed that higher scores of errors,
aggression-speeding, and lapses were positively related to accident involvement.

2.4. Contribution of the Current Study

The literature suggests that (1) most of the previous studies have been conducted on samples
obtained from the general driving population, including car, bus, and truck drivers; (2) a large
body of studies has examined the DBQ in Western and European countries and areas with good
safety performances, such as Denmark [40], the United Kingdom [36], France [41], New Zealand [23],
Australia [26,32], and North America [25]; and (3) most of the previous studies have limited themselves
to an examination of the correlation between a few demographic variables (e.g., age and gender) and
driving characteristics (e.g., annual mileage), and DBQ factors and accident risks. Despite extensive
review, we did not find any study that focused on the DBQ factors of taxi drivers in a Middle Eastern
context. Machin and De Souza [42] showed that 29.7% of the accidents were caused by unsafe driving
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behaviours of taxi drivers in Australia. Also, they found that the major variables contributing to the
unsafe driving behaviours were aberrant driving behaviours and personal factors. Hence, this study
contributes to the literature by examining a wide range of socioeconomic variables in predicting high
scores of the DBQ factors and accident risks among Iranian taxi drivers.

2.5. Aims and Hypotheses

The aim of this study was to examine the association between different background variables
and the DBQ factors of Iranian taxi drivers, and their accident involvement and receiving traffic
tickets. It was hypothesized that the drivers with different taxi driving experiences, demographics, and
socioeconomic features might display different aberrant driving behaviour (e.g., lapses and ordinary
violations). For example, well-educated and older drivers often commit fewer violations. We were
also interested in investigating the role of a several variables such as years of taxi driving experience,
household size, and economic status of drivers (e.g., income status and car ownership), as well as the
DBQ factors in the accident involvement and traffic tickets.

3. Materials and Methods

3.1. Procedure and Respondents

A sample of Iranian taxi drivers was recruited during October and November 2016.
A cross-sectional design using a self-completion questionnaire survey was employed for data collection
in this study. Based on local data resources such as the number of taxi drivers and taxi stations in the
urban network, 20 taxi stations were selected for data collection in two Iranian cities. The study areas
were in Bojnurd and Neyshabur in the northeast of Iran. Bojnurd and Neyshabur have a population
of 324,083 and 451,780, respectively [43]. Public transport (PT) in the cities includes urban buses and
taxis (shared taxi). The taxis have specific stations (origins and destinations) across the cities. However,
they do not have dedicated paths and hence drive on all main streets and roads similar to other private
vehicles in the cities. The taxi stations are usually fixed-point waiting locations for picking up and
dropping off passengers. Taxis usually have a capacity of four passengers and as soon as a taxi picks
up its four passengers, the driver heads for the destination. The selected cities have some interesting
features, which motivated us to select them for in this study. For example, their public transport
system and the general urban traffic patterns are representative of most Iranian cities and other less
developed regions in the Middle East.

A convenience sampling method was employed to collect data in the taxi stations. Of the 405
distributed questionnaires among taxi drivers in the selected stations, 24 had not answered the
questions relevant to risk involvement and DBQ. Hence, these cases were removed from the analysis,
leaving 381 valid observations for further analysis. It is important to note that almost all of the Iranian
taxi drivers are males. Therefore, the present sample only included male taxi drivers.

Participation in the study was on an anonymous and voluntary basis. The taxi drivers were
ensured that the survey and responses would have no influence on their driving assessment by the
traffic police or taxi industry management. They were also assured that no information would be
delivered to their employing firms.

3.2. Measures

3.2.1. Demographic, Socioeconomic, and Driving Characteristics

Information regarding the drivers’ demographic and socioeconomic variables and driving
characteristics were gathered in the first part of the questionnaire. The age, educational background
(above high school = 1, high school or lower = 0), marital status (single = 1, other = 0), household size,
car ownership status, and income level of the participants were recorded. The driving characteristics
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including the annual mileage (km), years of driving’ experience, and hours of driving in a week, and
the number of respondent’s daily taxi trips were also recorded.

3.2.2. Driver Behaviour Questionnaire Measurement

The validated 27-item DBQ [17,19] was used to measure aberrant driving behaviour. The original
version of DBQ in Persian, which has been used in this study, was already tested and validated on
a group of professional lorry drivers in Iran [20]. The content validity of the original questionnaire
was checked by a panel of experts. In addition, before data collection, a pilot survey was conducted
among 30 taxi drivers in the study area, to examine whether the survey instruments and procedures
yielded the desirable outcomes. The pilot study led to minor corrections in the questionnaire.
For instance, the wording of some background variables was revised and one DBQ-item was changed.
The original English items were translated into Persian by two native Persian co-researchers; these were
then translated back into English by another English expert. A six-point Likert scale (0 = never,
1 = hardly ever, 2 = occasionally, 3 = quite often, 4 = frequently, and 5 = nearly all the time) was
used for measuring all of the items. The taxi drivers were questioned to report how often they had
engaged in each of the 27 behaviours in the past year. The instrument included eight items relevant
to lapses (L) like, “Realise that you have no clear memory of the road you have been travelling on”.
Aggressive violations (AV) contained six items, such as, “Become angry at another driver and chase
them with the intention of showing them how angry you are”. Ordinary violations (V) included five
items, such as, “Disregard the speed limit on a residential road”. Errors (E) also contained eight items,
such as, “When turning left, nearly hit a bicycle rider who has come up on your left”.

3.2.3. Risk Involvement

The information regarding the taxi drivers’ accident involvement and the number of traffic tickets
was queried. The survey assessed how many accidents the taxi drivers had been involved in during
the last year. The definition of accidents also covered injury to the participant (and any other person,
such as pedestrians) and damage to property or vehicles [23]. The number of received traffic tickets of
the taxi drivers was also recorded for the past year.

3.3. Statistical Analysis

To reveal the profiles of the background variables (demographic, socioeconomic, and driving
characteristics) and the overall scores of the DBQ items, descriptive statistics were applied. To test
the DBQ’s dimensional structure, the instrument principal component analyses (PCA) with a varimax
rotation and iteration were applied. To determine the number of extracted components, the Scree-plot
and Kaiser criterion (an eigenvalue above 1.00 was considered to be a significant value) were used.
A factor loading above 0.40 was used as a criterion for items to be retained in the DBQ components.
To test the internal consistency and reliability of the scales, Cronbach’s α (alpha) was calculated.
Furthermore, the average corrected inter-item total correlations (Aiic) were calculated as indicators of
reliability, because Cronbach’s α tends to be biased when the scales contain few or many items [44].
The cut-off value of 0.30 was considered for the Aiic. In addition to the PCA, a confirmatory factor
analysis (CFA) was utilized to confirm the factors identified in the current study and in the literature.
The factor structure of the 27-item DBQ was confirmed using CFA with Amos 23. The root mean
square error of approximation (RMSEA), the comparative fit index (CFI), and the Tucker–Lewis index
(TLI) were applied as fit indices to determine the fitness of the data with the specified model [45].
RMSEA values below 0.06 and CFI and TLI values between 0.90 and 0.95 reflected an adequate fit [46].
The chi-square (χ2) with corresponding significance level was also reported.

To predict the scores of the identified DBQ-factors across the background variables (demographic,
socioeconomic variables, and driving characteristics), four linear regression models were employed.
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The multiple linear regression model with the k predictor variables (x1, x2, x3, . . . , xκ) and a continuous
(or interval scale) dependent variable, y, can be written as Equation (1), as follows:

y = β0 + β1x1 + β2x2 + . . .βkxk + ε (1)

where ε is the residual terms of the model and βi is the regression coefficient. The ordinary least
squares method was used for estimation. Furthermore, two binary logistic regression models were
applied to predict the accident involvement and received traffic tickets. The binary logistic regression
model is a type of predictive modelling that can be applied when the dependent variable is binary;
that is, when there are only two possible outcomes (e.g., accident involvement = 1, otherwise = 0).
The general form of the logistic regression model is Equation (2), as follows:

log(
p1

1 − p1
) = β0 + β1x1 + β2x2 + . . .βkxk (2)

where, p1 is the probability that x1, x2, x3, . . . , xκ are predictors, and βi is the regression coefficient.
To estimate this model, the maximum likelihood method was employed.

Furthermore, the dichotomous variable (yes/no) about accident involvement and ticket
involvement was defined as the dependent variable in the binary logistic models. The dependent
variable of the self-report accident involvement was set to 1 if the drivers had been involved in at least
one accident over the past year, and zero otherwise (no accident). Furthermore, the dependent variable
for the self-report traffic tickets was set to 1 if they had received at least one traffic ticket during the
past year, and zero otherwise (no ticket).

In addition to the variables found statistically significant in a 95% confidence interval, all of the
non-significant tested variables have been adjusted for and been reported in the models. To calculate
the marginal effect of each explanatory variable on the outcome variable, the odds ratio (OR) was
reported. The OR for an explanatory variable indicates the relative amount by which the odds of
a dependent variable increase (OR >1) or decrease (OR <1) when the value of the explanatory variable
is increased by 1.0 unit. These statistical analyses were carried out in SPSS 22.0.

4. Results

4.1. Characteristics of the Driver Behaviour Questionnaire Items

Table 1 shows the descriptive statistics of the background variables. On average, the taxi drivers
were 36.26 years old (standard deviation (SD) = 11.57). The mean annual driving mileage was 79,143.31
km (SD = 72875.12) (see Table 1). The drivers had an average of 81.32 (SD = 62.67) hours of driving in
a week, and 13.42 (SD = 14.21) years of experience driving a taxi. On average, 38.03% of the respondents
reported that they had been involved in at least one accident during the last year.

Table 2 shows the means and standard deviations of all of the DBQ items reported by the taxi
drivers. Among the 27 DBQ items, on the aggressive violation item, “Get angry at a certain type
of driver and express your anger any way you can” (mean (M) = 2.24, SD = 1.97) and an ordinary
violation item, “Drive so close to the car in front that it would be difficult to stop in an emergency”
(M = 2.11, SD = 1.78), were the highest reported aberrant driving behaviours (Table 2). The item,
“Misread signs and exit roundabout on the wrong road” (M = 1.43, SD = 1.32) was the highest reported
lapse among taxi drivers. Furthermore, the item, “Queuing to turn left onto a main road, you pay such
close attention to the traffic on the main road that you nearly hit the car in front” (M = 2.01, SD = 1.69)
was the most prevalent reported error.

4.2. Dimensionality and Reliability Indices of the Driver Behaviour Questionnaire Items

The PCA with iteration and varimax rotation showed that the DBQ segmented into four
dimensions in the sample of the Iranian taxi drivers. Table 3 shows the results of the PCA solution.
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This solution explained 55.12% of the variance. The first dimension, the errors, included eight items
(Cronbach α = 0.76, average corrected inter-item correlation = 0.61, explained variance = 22.33%).
Ordinary violations, the second dimension, contained six items (Cronbach α = 0.83, average corrected
inter-item correlation = 0.69, explained variance = 13.47%). The third dimension, lapses, included four
items (Cronbach α = 0.71, average corrected inter-item correlation = 0.50, explained variance = 10.77 %).
The fourth dimension, the aggressive violations, included three items (Cronbach α = 0.74, average
corrected inter-item correlation = 0.51, explained variance = 8.55%). The results of a CFA for the
DBQ displayed good fitness (χ2 = 750.14, degree of freedom = 203, p < 0.001, RMSEA = 0.052,
CFI = 0.92, TLI = 0.92) with a four-factor structure, which was similar to the PCA results. As for
the distribution, all of the variables used in the CFA were shown to have normal distribution.
Furthermore, the Shapiro–Wilk (S–W) test for all of the variables did not indicate any significant
deviation from normality.

4.3. Predictors of the Driver Behaviour Questionnaire Factor Scores

Table 4 shows that four multiple linear regression models significantly predicted four factors
of the DBQ as four dependent variables (DV) (e.g., the model summary for the model with DV
‘error’ F-value = 2.20, p < 0.01, R2 = 0.11, Adjusted R2 = 0.08). Older taxi drivers reported more errors
(Beta (B) = 0.24, p < 0.001), and lower ordinary (B = −0.83, p < 0.05) and aggressive violations (B = −0.48,
p < 0.001). A higher educational background had a negative effect on aggressive violations (B = −0.82,
p < 0.001). Drivers who were single were more likely to commit ordinary (B = 0.15, p < 0.01) and
aggressive violations (B = 1.21, p < 0.001). A higher level of car ownership (B = −0.25, p < 0.05) and
income (B = −0.41, p < 0.05) were positively associated with more aggressive violations. A higher
annual driving mileage was related to more ordinary (B = 0.51, p < 0.001) and more aggressive
violations (B = 0.28, p < 0.05). Furthermore, more hours of driving were positively associated with
greater violations, while more years of driving experience were correlated with fewer violations.
The taxi drivers who had more daily trips tended to report more violations.

4.4. Predictors of the Risk Involvement

Table 5 shows that two binary logistic models significantly predicted accident involvement
(Model χ2 = 203.91, p < 0.001) and traffic tickets (Model χ2 = 198.12, p < 0.001). The old age of taxi
drivers (OR = 0.78, p < 0.001) and high-income level of households (OR =0.86, p < 0.05) were negatively
related to a traffic accident. The results showed that driver’s marital status (OR = 1.61, p < 0.001),
higher annual driving mileage (OR = 2.12, p < 0.001), higher hours of driving (OR = 1.75, p < 0.001),
and higher number of daily taxi trips (OR = 1.83, p < 0.001) were positively associated with the
accident involvement. Regarding the relationship between the DBQ-factor and accident involvement,
more ordinary violations (OR = 1.63, p < 0.001) and aggressive violations (OR = 1.92, p < 0.001) were
positively related to accident involvement.

The results also showed that being a single driver (OR = 1.85, p < 0.05), having a higher annual
mileage (OR = 2.75, p < 0.001), higher hours of driving in a week (OR = 2.10, p < 0.001), a higher number
of daily trips (OR = 1.48, p < 0.001), more errors (OR = 1.34, p < 0.001), and more ordinary violations
(OR = 1.28, p < 0.05) were positively associated with receiving traffic tickets. Also, a higher level of car
ownership (OR = 0.83, p < 0.05) and higher income level (OR = 0.92, p < 0.05) were negatively related
to traffic tickets involvement.
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Table 1. Descriptive statistics of the background variables and risk involvement (n = 381).
SD—standard deviation.

Variable Description Mean SD

Age of driver Continuous variable 36.26 11.57
Educational background of driver High (higher than high school) = 1, low = 0 0.37 0.47
Driver’s marital status Single = 1, otherwise = 0 0.14 0.34
Driver’s household size Number 2.90 1.82
Number of owned private car in household Number 0.94 0.35

Driver’s income status Higher than two million Tomans * = 1,
otherwise = 0 0.14 0.35

Annual driving mileage Continuous variable (kilometres in the last
year) 79,143 72,875

Hours of driving in a week Continuous variable (hours in a week) 81.32 62.67
Years of driving experience of a taxi Continuous variable (unit: year) 13.42 14.21
Number of respondent’s taxi trips in each day Number 47.34 45.57
Accident involvement in the last year
(self-reported) At least one accident = 1, no accident = 0 0.38 0.48

Traffic tickets involvement in the last year
(self-reported) At least one ticket = 1, no ticket = 0 0.43 0.49

* 1 Euro = 3496 Tomans (August 2017).
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5. Discussion

The purpose of the current study was to examine the predictors of risk involvement and aberrant
driving behaviour among Iranian taxi drivers. The study attempted to identify the barriers of public
health in the professional or occupational context of taxi drivers.

Firstly, in accordance with several previous studies that have been conducted among the general
driving population of car, bus, and truck drivers in other countries, the current study identified and
confirmed a four-factor solution of the DBQ for taxi drivers [19,24,26]. Secondly, the study explored
several predictors of drivers’ aberrant driving behaviours. Thirdly, the study examined whether
the demographic, socioeconomic, driving characteristics, and the DBQ factors (error, lapse, ordinary
violation, and aggressive violation) could predict two outcomes of risk involvement (accident and
traffic tickets).

The majority of studies conducted on the general driving population in countries with a Western
cultural orientation showed that some of the DBQ factors, such as ordinary violation and demographic
characteristics (e.g., age), were predictors of accident involvement [15]. In contrast to several previous
studies, and in accordance with the hypotheses of the study, the findings of the current study showed
that several socioeconomic variables and aberrant driving factors were significant predictors of risk
involvement among Iranian taxi drivers. The findings indicated that, in addition to ordinary violations,
the reported errors and aggressive violations of taxi drivers could be seen as significant and positive
predictors of risk involvement in Iran. These findings support our hypotheses that drivers with
different taxi driving experiences, demographics, and socioeconomic features as well as different DBQ
factors might influence risk involvement among taxi drivers.

Somewhat expectedly, the mean scores of the DBQ-items, including items relevant to ordinary
violation such as, “drive so close to the car in front that it would be difficult to stop in an emergency”,
and aggressive violations such as, “get angry at a driver and express your anger any way you
can”, were higher among Iranian taxi drivers compared with the general driving population [24,26],
bus drivers [37], and truck drivers [23] in Western countries. A plausible explanation may be the nature
of the study population (urban taxi drivers versus general public). In particular, a higher exposure of
Iranian taxi drivers and also more hours of driving in urban road traffic influenced aberrant driving
behaviours. A potential explanation for this relationship may be the negative influence of factors
related to driver’s work-related physical and mental characteristics, such as fatigue, sleepiness, anger,
and stress [9,47]. Additionally, heavy traffic, narrow streets, the overall chaotic driving environment
in the study area, delays and traffic congestion might increase such mental and physical features.
Nordfjærn et al. [48] also speculated that professional drivers might perceive significantly more
control and be involved in more accidents compared with non-professional drivers. This suggests that
professional drivers like taxi drivers may constitute a risk group in the road traffic.

Regarding the relationship between the aberrant driving behaviour and different background
variables, the four DBQ factors were significantly predicted by several explanatory variables, such as
the age and income status of drivers. In contrast to several previous studies [15], and in line with
the results of Tabibi et al. [49] and the hypotheses of this study, the findings showed that older taxi
drivers were more likely to commit driving errors. Interestingly, high-income drivers were less likely to
commit aggressive violations. To decrease violations, the finding highlights that policymakers should
consider the income status of taxi drivers, such as the development of taxi trade unions and developing
salary regulations in Iran. Additionally, single taxi drivers were more likely to report ordinary and
aggressive violations. These drivers might generally be more likely to engage in risk-taking behaviours
and excitement-seeking behaviours [50].

In line with previous studies [23,24], the probability of involvement in a traffic accident tended
to increase with the more reported ordinary violations. In addition to ordinary violations, the study
found that more aggressive violations of taxi drivers were strong and positive predictors of accident
involvement. This study also investigated the predictors of other measures of risk involvement
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(i.e., receiving traffic ticket). More errors and ordinary violations were positively related to greater
traffic ticket involvement.

Among the background variables, the young age of taxi drivers was associated with involvement
in accidents, which is congruent with the literature [23]. The authors found the positive influence of
young age on the higher accident involvement of truck drivers in New Zealand. Single drivers are
more likely to be involved in an accident and receive traffic tickets. Previous findings have also shown
that single drivers are more prone to risk-taking behaviours (e.g., [51]). The findings also showed that
a higher annual mileage, higher hours of driving, and a higher number of daily trips were related to
higher accidents and tickets. Lourens et al. [31] also showed that accidents were positively correlated
with annual mileage (exposure) in the general driving population in the Netherlands. Policymakers
could aim to reduce accident involvement of their taxi drivers by controlling the road traffic exposure
among the drivers.

To summarise, among the different demographic, socioeconomic, and driving factors, being
a young and single driver alone, with factors such as a high income, high annual driving mileage
and hours of driving, higher number of daily taxi trips, and reported ordinary and aggressive traffic
violations were positively related to a higher accident involvement among taxi drivers. However,
educational background, household size, car ownership status, driving experiences, errors, and
lapses were not associated with accident involvement. Furthermore, the non-ownership of the cars,
low income, high annual driving mileage and hours of driving, high number of daily taxi trips, more
errors, and ordinary traffic violations were positively associated with receiving more traffic tickets.
Meanwhile, the age of drivers, educational background, household size, driving experiences, lapses,
and aggressive violations did not significantly affect the relationship between the explanatory variables
and receiving traffic tickets.

Limitations

The present study has limitations such as the self-reported nature of measurements,
the cross-sectional design, and convenience sampling. The questionnaire was based on self-reports
including demographic variables, socioeconomic characteristics, risk involvement, and psychological
instruments such as aberrant driving behaviour (the 27-item DBQ). This may impose limitations
regarding potential socially desirable responses, causal explanations between the variables, and issues
regarding representativity. However, in the present study, we examined a rather large sample (10% of
the study population) of taxi drivers scattered in all regions of Bojnurd and Neyshabur (two cities in
Iran). This may increase the likelihood of a representative sample. A great deal of underreporting and
forgetting about driving accidents has been pointed out in a study [24]. This issue also reduces the
strength of any potential relationship and the variability in accident involvement.

6. Conclusions

Much of the previous research on aberrant driving behaviour has focussed on examining the
factor-solution of the DBQ among the general driving population in Western settings. Little evidence
exists to investigate a wide-range of demographic variables, socioeconomic characteristics, and driving
factors on the DBQ factors, as well as on the accident involvement among taxi drivers as public
transport drivers in the Middle East context. This research augmented the literature by exploring
the predictors of the DBQ factors and the risk involvement among Iranian taxi drivers. The study
explored a four-factor solution of a 27-item DBQ including errors, ordinary violations, lapses, and
aggressive violations. The study further indicated that several variables such as the drivers’ age,
marital status, annual mileage, number of daily trips, and ordinary and aggressive violations could
influence accident involvement.

The findings of the current study could be utilized for implementing and planning safe driving
behaviour interventions among taxi drivers. For example, interventions aimed to enhance the traffic
safety of taxis, as public transport, could tackle these risk by careful management of the work schedules,
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including the number of daily trips, hours of driving (see [52]), and improving the economic conditions
of taxi drivers [5]. This encourages more country-specific studies in the future. This may also require
an attitude change in the taxi industry management, where safety is equally important or prioritized
over economic profits and efficiency. Furthermore, establishing improved training and qualification
mechanisms for taxi drivers could be implemented by traffic safety experts to reduce the ordinary and
aggressive violations among the specific groups of taxi drivers, such as young and single drivers.
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