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Abstract: Improving health and safety at work has been an important issue for the European Union
since the 1980s. The existing literature supports that shift work is associated with multiple indicators
of poor health but frequently neglects the potential impact of occupational hazards. This study
aims at describing and comparing the exposure to different workplace hazards among shift and
other workers before and after 1980. Exposure to different workplace hazards (noise, dust, pollutant,
and other physical stressors) were analyzed among 119,413 participants from the UK Biobank cohort.
After stratifying the analyses before and after 1980, exposure was compared between shift and
other workers. Potential confounding variables (sex, age, ethnicity, education level, occupational
category, and neuroticism) were adjusted for in the log-binomial regression. Shift workers had a
higher prevalence ratio (PR) than other workers of being exposed to almost all identified hazards both
before or after 1980. They were also more likely to be exposed to multiple hazards compared to other
workers, both before 1980 (PR: 1.25; 95% CI: 1.21–1.30) and after 1980 (PR: 1.34; 95% CI: 1.30–1.38).
The prevalence of all measured risk factors was higher after 1980 than before 1980 among shift
workers. Of note, the work environment has improved overall for other workers. Our findings
suggest that changes at the workplace have benefited other workers more than shift workers as they
are still more exposed to all occupational hazards.
Keywords: shift work; occupational health; work environment; hazardous substances; pollutant;
world disease; epidemiology

1. Introduction
High occupational exposures to physically hazardous conditions are important risk factors for the
development of non-communicable diseases [1–4]. Among these hazards, there are physical factors
such as noise or extreme temperatures and exposure to chemical factors such as paints, asbestos,
and pesticides that are known or suspected to be related to long-term diseases [5–8]. Monitoring
exposures to different physical and chemical agents should be a priority, both for improving work
conditions and health.
Over the last decade, significant changes have occurred in the work environment. Due to our
modern 24-h society, the number of shift workers has drastically increased [9]. In European countries,
shift work is undertaken by 17 percent of the active population [10]. Several findings throughout the
literature review supported that shift work is associated with multiple indicators of poor health and
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well-being such as a higher rate of cognitive disturbances [11], cancer [12], obesity [13], diabetes [14],
and cardiovascular diseases [15]. According to the literature, this association between shift work and
poorer health could be explained through the disruption of the circadian rhythms, perhaps as a result
of physiological and psychological maladaptation to chronically shifted patterns [16]. Yet, since the
circadian cycle is known to affect sensitivity to different stressors, exposure to hazardous substances
may be worse for “non-standard hour” workers [17]. However, only few studies investigated and
controlled for exposure to occupational health hazards among shift workers (e.g., noise, heat, dust,
as well as chemical exposure at work). Some research has reported that shift workers are both
more sensitive and more exposed to different job-related stressors [18–20]. For example, Parkes et al.
highlighted in a cohort of 1867 oil industry personnel that shift workers have an unfavorable perception
of their workplace. This was in comparison to their daytime working colleagues in the three dimensions
that form the basis of the demand-control-support model of work stress [20]. Bøggild et al. found in
a random sample of 5940 employees that shift workers, more often than day workers, report higher
exposure to heat, annoying noise, as well as walking or standing at work [18]. In addition, consistent
with reported findings, Jay et al. reported recently on a cohort of 3003 New Zealanders that shift
workers were not only more likely to be exposed to all types of workplace hazards, but also more likely
to be exposed to multiple hazards at one time [19].
The hazardous exposure to shift workers is frequently neglected in studies and could potentially
explain the higher rates of health disorders among this population. Considering this, larger
population-based epidemiological studies, including the broad variety of industries, jobs, and exposure
levels, are warranted to compare the work conditions of shift workers and other workers.
Regulations on workplace standards have changed since the beginning of the century in order
to offer safer and healthier work environments for employees [21,22]. According to the European
Parliament, improving health and safety at work has been an important issue for the European Union
since the 1980s [23]. However, most of the study designs do not investigate the trends of working
conditions over time. Indeed, as mentioned by Tynes et al., changing items in repeated surveys
prohibits the analysis of trends over the years [24]. Assessing this evolution is critical since work
conditions are known to be a determining factor for health. The UK Biobank cohort [25] afforded the
opportunity to look deeper into workplace conditions including lifetime occupational histories among
more than 100,000 participants born between 1936 and 1970. A new efficient and reliable web-based
tool has been developed to assess job histories [26] that enable researchers to monitor general trends of
the workplace after stratifying the analysis by time.
The present paper aims to describe and compare work conditions among shift and non-shift
(i.e., “other”) workers. We provide descriptive data on the numbers of UK Biobank participants
working shift in different occupational categories and frequency of exposure to different risk factors.
We also evaluate the trends of working conditions by comparing risk exposure before and after 1980.
2. Materials and Methods
The UK Biobank (UKB) is a large open source population-based prospective cohort. This study
includes information from over half a million participants that were recruited between 2006 and 2010.
Participants were invited to assessment centers in the United Kingdom where personal, demographic
data, and basic variables were collected [27]. Ethical approval for UKB data collection was granted by
the North-West Multicenter Research Ethics Committee and the use of the data at our Department was
further approved by the Regional Ethics Committee of Uppsala, Sweden. All participants provided
written consent with the right to withdraw at any time. Several years after joining UKB (between July
and September 2015), participants were invited via email to complete the web-based occupational
history questionnaire [26].
Study population
Overall, 122,189 participants (38%) completed the occupational history web-based questionnaire.
Among them, 2760 were excluded because of incomplete data, and 16 because they withdrew consent
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to continue being involved in the UKB study. Based on these inclusion/exclusion criteria, 119,413
participants were included in the study.
Primary study variables
We were interested in the characteristics of the first paid job carried out for more than 6 months and
for at least 2 days (or 15 h) a week after finishing full time education. Participants had to record their
job title as well as the corresponding year to the start and end of the job. Participants were also asked
about shift patterns and exposure to specific occupational hazards in this first job, as detailed below.
Job coding
Participants were asked to report their job by navigating down a three-level tree based on
the hierarchical structure of the UK standard occupational classification version 2000 (SOC2000).
According to the major job categories (i.e., 1-digit SOC codes) participants were classified into
9 categories: (1) Managers and Senior Officials, (2) Professional Occupations, (3) Associate Professional
and Technical Occupations, (4) Administrative and Secretarial Occupations, (5) Skilled Trades
Occupations, (6) Personal Service Occupations, (7) Sales and Customer Service Occupations, (8) Process,
Plant and Machine Operatives, (9) Elementary Occupations.
Shift pattern
The shift pattern was assessed using a binary question (“Did you ever work shifts [day and/or
night shifts] for this job?”). Day-shifts were defined as work in normal daytime hours of morning,
afternoon or evening work. Night-shifts were defined as work for at least 3 h between midnight and
5am. Answers were coded as “Yes” = 1 (called “shift workers” both day and night shift included in
this study) and “No” = 0 (called “other workers”).
Year job ended
As we were interested in the evolution of the occupational health hazards over time, we decided
to split the analysis into two groups regarding the year job ended as indicated by the participant.
To ensure equality of groups (numbers of participants), we split the participants from the 1980s.
Hence, 59,692 participants belong to the first group (time period before 1980) and 59,721 to the second
group (time period after 1980). Participants that answered “Ongoing” when data entered were part of
the second group.
Dependent variable: Occupational health hazards
The hazardous substances exposure was evaluated from seven questions: “Thinking about the
place where you worked: (1) Was it full of chemical or other fumes? (2) Was there a lot of cigarette
smoke from other people smoking? (3) Was there a lot of diesel exhaust? (4) Was it very dusty?
(5) Did you work with materials containing asbestos? (6) Did you work with paints, thinners or glues?
and (7) Did you work with pesticides?”. Five options were available. Participants could choose one of
the proposed answers (“Often”;” Sometimes”; “Rarely/Never”; “Do not know”) or they could skip
answering this question. Results were transformed into a binary variable, where “never/rarely” = 0;
“sometimes/often” = 1 point; and “Do not know” = missing value.
Using the same rating scale, workplace condition was assessed with three additional questions:
“Thinking about the place where you worked: (8) Was it very cold? (9) Was it very hot? (10) Was it
very noisy?”.
Confounding variables
Demographic characteristics (sex, age, ethnic background, educational status)
The sex variable has been acquired by the National Health Service Central Register and participants
updated this information in the touch-screen questionnaire. The age variable was derived based on the
date of birth and the date the participant attended an initial assessment center. Information related to
ethnic background was collected during the touch-screen questionnaire in which participants answered
a sequence of branching questions regarding their ethnic background. Due to the existence of multiple
ethnic groups in the UKB, the original categorical variable was recoded into a dichotomous variable in
which the British white ethnic group was coded as 1 and all other ethnic groups as 0. Finally, education
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level was recorded as “College or University degree” = 1 and other = 0. “Prefer not to answer” was
coded as a missing value.
Neuroticism
Previous research from our team highlighted the importance of considering the confounding
effect of negative personality traits for studies on the work environment [28]. Indeed, work perception
may be biased by personality traits [28], and previous literature suggests shift workers to have higher
neuroticism scores than other workers [29]. We therefore performed sensitivity analyses by adding
neuroticism in the study model. The neuroticism score was based on 12 neurotic behavior domains
from the touchscreen questionnaire at baseline. The range scored between 0 and 12 with a higher value
indicating higher neuroticism level.
Statistical analyses
Statistical analyses were carried out with SPSS software (IBM SPSS Statistics version 26).
The frequency (number and percentage) of those who worked shift in each job category (using
SOC 2000 coding) was calculated after stratifying for job period, before and after 1980. The odds ratio
by logistical regression can overestimate the prevalence ratio in cross-sectional studies, especially when
working with frequent outcomes (above 10%) [30]. Therefore, we adopted a prevalence ratio (PR)
calculated by the log-binomial regression method to estimate the risk of being exposed to occupational
health hazards (noise, cold, hot, dust, chemical or other fumes, smoke from other people smoking,
asbestos, paints/thinners or glues, pesticides, and diesel exhaust) among shift workers compared to
other workers (reference). The PR represent the risk of being exposed to the different occupational
health hazards, for example, a PR of 2 for diesel exhaust can be interpreted to mean that the proportion
of workers being exposed to diesel exhaust is 2-fold higher among shift compared to non-shift workers.
In a similar manner, log-binomial regression analysis was used to compare the evolution of workplace
perception before 1980 (reference) and after 1980, both separately for shift and other workers. All the
analyses were adjusted for sex, ethnicity, education level, age, and occupational category. The potential
impact of personality traits has been considered in the sensitivity analyses, by additionally adjusting
the analyses for the neuroticism score. The PR and 95% confidence intervals (CIs) were determined
by the log-binomial regression model [31]. We considered correction for multiple testing (Bonferroni
correction) and set the critical p level for significance at 0.05/10 = 0.005 since we tested 10 hazards.
Missing data were excluded for the analyses and the percentages of missing values are reported in
Table S1. Graphs were prepared using GraphPad Prism version 8.1.2.
3. Results
We undertook analyses among 119,413 participants distributed in two groups according to the
year job ended, either before or after 1980. The percentage of shift workers was 11.4% (n = 6800)
in the first period and 17.5% (n = 10,439) in the second one. Mean age of the participants at the
recruitment were respectively 59.6 (±5.4) and 52.6 (±8.0) years. Study descriptions and distribution in
the different job categories are provided in Table 1. As illustrated in Figure 1, the percentage of shift
workers increased in each job category after 1980, with a higher increase being found among “Process,
Plant, and Machine Operatives” (+21%), followed by “Skilled Trades Occupations” (+14.2%) and the
“Elementary Occupations” (+11.2%). The distribution of shift work across the different job categories
highlighted “Administrative and Secretarial Occupations”, “Sales and Customer Service Occupation”
and “Professional Occupation” as the sectors with the lowest numbers of people working shift.
3.1. Hazard Exposure
Prevalence of workplace hazards is reported in Tables 2 and 3. Table 2 allows comparison between
shift and other workers (either before or after 1980), whereas Table 3 highlights changes over time in
each group (i.e., changes among shift workers, and changes among other workers in the period before
and after 1980).
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3.1.1. Comparison between Shift and Other Workers
Before 1980, participants working shift were more likely to be exposed to all hazardous conditions
than other workers, except pesticides (PR [95% CI]: 0,98 [0.81–1.17]) and smoke from other people
smoking (PR [95% CI]: 0.89 [0.87–0.91]) (Table 2 and Figure 2A).
Table 1. Sample characteristics.
Shift Workers
n = 17,239
Sex—Female
Ethnicity—White British
Education—College or University
Age
± Standard
Int. J. Environ. Res. (Mean
Public Health
2020, Deviation)
17, x FOR PEER REVIEW
Managers and Senior Officials
Professional Occupations
Associate
Associate Professional
Professional and
andTechnical
Technical Occupations
Occupations
Administrative
Administrative and
and Secretarial
Secretarial Occupations
Occupations
Skilled
Skilled Trades
Trades Occupations
Occupations
Personal
Personal Service
Service Occupations
Occupations
Sales and
and Customer
Customer Service
Service Occupations
Occupations
Process, Plant
Plant and
and Machine
Machine Operatives
Operatives
Process,
Elementary Occupations
Occupations
Elementary

46.3 (7986)
89.8 (15,428)
42.4 (7248)
55.2 ± 7.8
1361 (7.9)
2898 (16.8)
7018 7018
(40.7)(40.7)
772 (4.5)
772 (4.5)
1817
1817 (10.5)(10.5)
1143 1143
(6.6) (6.6)
237 (1.4)
237 (1.4)
1089 1089
(6.3) (6.3)
904 (5.2)
904 (5.2)

Non-Shift Worker
n = 102,174
57.2 (58,468)
92.2 (93,857)
48.3 (48,991)
56.2 ± 7.6
5 of 12
7125 (7.0)
32,004 (31.3)
15,302
15,302
(15.0)(15.0)
24,955
24,955
(24.4)(24.4)
6.650
6.650 (6.5) (6.5)
2.6322.632
(2.6) (2.6)
4768 4768
(4.7) (4.7)
2692 2692
(2.6) (2.6)
6046 6046
(5.9) (5.9)

Figure
< 0.001.
Figure 1.
1. Percent of shift workers among job categories
categories before
before and
and after
after 1980.
1980. ***: p-value <0.001.

After 1980,
participants working shift had statistically significant higher prevalence than other
3.1. Hazard
Exposure
workers of being exposed to each of the reported workplace hazards (noise: 1.57 [1.52–1.61]; cold: 1.19
Prevalence
of workplace
is [1.14–1.21];
reported inchemical
Tables or
2 and
Table 1.81
2 allows
comparison
[1.26–1.32];
hot: 1.39
[1.37–1.42];hazards
dust: 1.17
other3.fumes:
[1.75–1.88];
smoke
between
shift
and
other
workers
(either
before
or
after
1980),
whereas
Table
3
highlights
changes
from other people smoking: 1.04 [1.02–1.06]; asbestos: 1.54 [1.44–1.64]; paints/thinners or glues:over
1.19
time
in eachpesticides:
group (i.e.,
changes
among
workers,
among
other
workers
the
[1.13–1.26];
1.15
[1.01–1.32];
andshift
diesel
exhaust:and
2.12changes
[2.01–2.23])
(Table
2 and
Figurein2B).
period before and after 1980).
3.1.2. Comparison Between Before 1980 and After 1980
3.1.1. Comparison Between Shift and Other Workers
Among the shift workers, the prevalence of being exposed to noise, cold, hot, dust, chemical or
participants
working
more likely
be 1980
exposed
to all before
hazardous
otherBefore
fumes,1980,
pesticides,
and diesel
exhaustshift
werewere
significantly
highertoafter
comparing
1980
conditions
other
workers,
except
pesticides (PR [95%
CI]: 0,98 were
[0.81–1.17])
and smoke
from
other
(Table 3 andthan
Figure
3A).
Exposure
to paint/thinner/glue
and asbestos
unchanged,
whereas
exposure
people smoking (PR [95% CI]: 0.89 [0.87–0.91]) (Table 2 and Figure 2A).
After 1980, participants working shift had statistically significant higher prevalence than other
workers of being exposed to each of the reported workplace hazards (noise: 1.57 [1.52–1.61]; cold: 1.19
[1.26–1.32]; hot: 1.39 [1.37–1.42]; dust: 1.17 [1.14–1.21]; chemical or other fumes: 1.81 [1.75–1.88]; smoke
from other people smoking: 1.04 [1.02–1.06]; asbestos: 1.54 [1.44–1.64]; paints/thinners or glues: 1.19 [1.13–
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to passive smoking was significantly reduced. After Bonferroni adjustment, dust exposure was not
significantly different anymore (p = 0.019).
Table 2. Prevalence ratio of workplace hazards among shift workers compared to other workers (reference).
Job Ended Before 1980
n = 59,692
Exposure

% Shift
Workers

% Other
Workers

PR

Noise
Cold
Hot
Dust
Chemical/fumes
Smoke
Asbestos
Paints/thinners/glues
Pesticides
Diesel exhaust
Exposed to ≥2hazards

64.0
35.3
56.7
29.8
26.2
48.4
13.6
13.2
2.0
16.5
64.8

39.6
27.0
36.2
25.2
16.1
53.2
7.1
10.2
1.8
6.8
49.5

1.57
1.22
1.47
1.14
1.49
0.89
1.55
1.14
0.98
1.95
1.25

Job Ended After 1980
n = 59,721

95% CI
1.54
1.19
1.44
1.10
1.43
0.87
1.44
1.07
0.81
1.83
1.21

1.60
1.27
1.51
1.19
1.56
0.91
1.66
1.21
1.17
2.06
1.30

p
Value

% Shift
Workers

% Other
Workers

PR

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.79
<0.001
<0.001

70.3
43.7
64.3
32.2
29.5
45.5
13.1
15.2
2.8
20.1
71.0

43.4
29.7
43.4
23.9
13.8
40.3
5.9
10.5
2.0
6.5
50.2

1.57
1.29
1.39
1.17
1.81
1.04
1.54
1.19
1.15
2.12
1.34

95% CI
1.52
1.26
1.37
1.14
1.75
1.02
1.44
1.13
1.01
2.01
1.30

1.61
1.32
1.42
1.21
1.88
1.06
1.64
1.26
1.32
2.23
1.38

p
Value
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
<0.001
<0.001
0.037
<0.001
<0.001

Int. J. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW
6 of 12
Analysis were adjusted for gender, ethnicity, education, age, occupational category and stratified by time. PR:
Prevalence ratio; CI: confidence interval; p value: probability value.

Table 2. Prevalence ratio of workplace hazards among shift workers compared to other workers
(reference).
Table 3. Prevalence ratio of workplace hazards after 1980 compared to before 1980 (reference).

Exposure
Exposure
Noise
Noise
Cold
Cold
Hot
Hot
Dust
Dust
Chemical/fumes
Chemical/fumes
Smoke
Smoke
Asbestos
Asbestos
Paints/thinners/glues
Paints/thinners/glues
Pesticides
Pesticides
Diesel
exhaust
Diesel
exhaust
Exposed
to
Exposed
to ≥2hazards
≥2hazards

% Shift
% before
Workers
1980
64.0

64.0
35.3
35.3
56.7
56.7
29.8
29.8
26.2
26.2
48.4
48.4
13.6
13.6
13.2
13.2
2.02.0
16.5
16.5
64.8
64.8

Job Ended Before 1980
Shift
Workers
n = 59,692
n = 17,239
% Other
PR
95% CI
%
after
Workers
PR
95% CI
1980
39.6
1.57 1.54 1.60
70.3
1.05
1.031.191.08
27.0
1.22
1.27
43.7
1.16
1.111.441.20
36.2
1.47
1.51
64.3
1.08
1.061.101.12
25.2
1.14
1.19
1.05
1.011.431.10
32.2
16.1
1.49
1.56
29.5
1.11 1.06 1.17
53.2
0.89 0.87 0.91
45.5
0.94 0.91 0.97
7.1
1.55 1.44 1.66
13.1
1.07 0.98 1.16
10.2
1.14
1.21
15.2
1.09
1.001.071.20
1.8
0.98
1.17
1.60
1.290.811.99
2.8
6.8
1.95
2.06
20.1
1.15
1.061.831.25

71.0
49.5

p
p
Value
Value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.019
<0.001
<0.001
<0.001
<0.001
<0.001
0.118
<0.001
0.054
0.79
<0.001
<0.001
0.001

1.04 1.01 1.06
1.25 1.21 1.30 0.003
<0.001

% Shift
%Workers
before
1980
70.3

39.6
43.7
27.0
64.3
36.2
32.2
25.2
29.5
16.1
45.5
53.2
13.1
7.1
15.2
10.2
2.8
1.8
20.1
6.8
49.5
71.0

Job Ended After 1980
Other
n =Workers
59,721
n = 102,174
% Other
p
PR
95% CI p
% after
Workers
Value
PR
95% CI
1980 43.4
1.57 1.52 1.61Value
<0.001
43.4 29.7 1.14 1.29
1.12 1.26
1.16 1.32
<0.001
<0.001
29.7 43.4 1.10 1.39
1.08 1.37
1.13 1.42
<0.001
<0.001
43.4 23.9 1.20 1.17
1.18 1.14
1.22 1.21
<0.001
<0.001
0.92 1.75
0.97 1.88
23.9 13.8 0.94 1.81
<0.001
<0.001
13.8
0.78 0.75 0.81 <0.001
40.3
1.04 1.02 1.06 0.001
40.3
0.79 0.78 0.80 <0.001
5.9
1.54 1.44 1.64 <0.001
5.9
0.94 0.89 0.99
0.015
<0.001
10.5 10.5 0.97 1.19
0.93 1.13
1.01 1.260.161
0.037
0.94 1.01
1.15 1.320.475
2.0 2.0 1.04 1.15
<0.001
6.5 6.5 0.88 2.12
0.83 2.01
0.93 2.23
<0.001

50.2

50.2

1.04

1.02 1.05 <0.001
1.34 1.30 1.38
<0.001

Analysis were adjusted for gender, ethnicity, education, age and stratified by shift pattern. PR: Prevalence ratio;
Analysis
were
adjusted
for gender,
ethnicity,
CI:
confidence
interval;
p value:
probability
value. education, age, occupational category and stratified by

time. PR: Prevalence ratio; CI: confidence interval; p value: probability value.

Figure 2. Prevalence ratio of occupational risk exposure among shift workers compared with
Figure 2. Prevalence ratio of occupational risk exposure among shift workers compared with other
other workers. (A) Prevalence for shift workers compared to other workers (reference) before
workers. (A) Prevalence for shift workers compared to other workers (reference) before 1980; (B)
1980; (B) Prevalence for shift workers compared to other workers (reference) after 1980. Analysis
Prevalence for shift workers compared to other workers (reference) after 1980. Analysis controlled for
controlled for sex, ethnicity, education level, age, and occupational category.
sex, ethnicity, education level, age, and occupational category.

3.1.2. Comparison Between Before 1980 and After 1980
Among the shift workers, the prevalence of being exposed to noise, cold, hot, dust, chemical or
other fumes, pesticides, and diesel exhaust were significantly higher after 1980 comparing before
1980 (Table 3 and Figure 3A). Exposure to paint/thinner/glue and asbestos were unchanged, whereas

Paints/thinners/glues
Pesticides
Diesel exhaust
Exposed to
≥2hazards

13.2
2.0
16.5

15.2
2.8
20.1

1.09
1.60
1.15

1.00
1.29
1.06

1.20
1.99
1.25

64.8

71.0

1.04

1.01

1.06

0.054
<0.001
0.001
0.003

10.2
1.8
6.8

10.5
2.0
6.5

0.97
1.04
0.88

0.93
0.94
0.83

1.01
1.15
0.93

49.5

50.2

1.04

1.02

1.05

0.161
0.475
<0.001
<0.001

Analysis were adjusted for gender, ethnicity, education, age and stratified by shift pattern. PR:
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Figure 3. Prevalence ratio of occupational risk exposure, exposure after 1980 compared with before
Figure 3. Prevalence ratio of occupational risk exposure, exposure after 1980 compared with before
1980. (A) Prevalence for shift workers after 1980, compared to shift workers before 1980 (reference);
1980. (A) Prevalence for shift workers after 1980, compared to shift workers before 1980 (reference);
(B) Prevalence for other workers after 1980, compared to other workers before 1980 (reference). Analysis
(B) Prevalence for other workers after 1980, compared to other workers before 1980 (reference).
controlled for sex, ethnicity, education level, and age.
Analysis controlled for sex, ethnicity, education level, and age.

Among the other workers, the prevalence for noise, cold, and hot were increased, whereas exposure
3.1.3. Multiple Hazards Exposure
to dust: 0.94 [0.92–0.97]; chemical or other fumes: 0.78 [0.75–0.81]; smoke from other people smoking:
Shift workers
were0.94
more
likely to be
exposed
to multiple
(two
or more)
in theThere
workplace
0.79 [0.78–0.80];
asbestos
[0.89–0.99];
and
diesel exhaust:
0.88hazards
[0.83–0.93]
were
decreased.
were
compared
to those
working
non-shiftamong
(Figure
4), either for
before
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3.1.3. Multiple Hazards Exposure
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3.2. Sensitivity Analyses
Further adjustment for the neuroticism trait is reported in the sensitivity analyses. Table S2
allows comparison between shift and other workers stratifying for job period. In line with the main
analyses, we found that before 1980, participants working shift were more likely to be exposed to all
hazardous conditions than other workers, except pesticides and smoke from other people smoking.
After 1980, participants working shift had statistically significant higher prevalence than other
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3.2. Sensitivity Analyses
Further adjustment for the neuroticism trait is reported in the sensitivity analyses. Table S2 allows
comparison between shift and other workers stratifying for job period. In line with the main analyses,
we found that before 1980, participants working shift were more likely to be exposed to all hazardous
conditions than other workers, except pesticides and smoke from other people smoking. After 1980,
participants working shift had statistically significant higher prevalence than other workers of being
exposed to each of the reported workplace hazards. Table S3 highlights changes over time in each
group. Similar to the main analyses, among the shift workers, all the risk factors were significantly
more prevalent after 1980 comparing before 1980, except smoke and paint/thinner or glue exposure.
Among the other workers, the prevalence for noise, cold, hot, and paints/thinners or glues exposure
were increased, whereas exposure to dust, chemical or other fumes, smoke from other people smoking,
asbestos, and diesel exhaust were decreased.
4. Discussion
The present study provided the opportunity to compare the work environment of shift and other
workers in two different time periods. Our findings revealed that shift workers report higher exposure
to hazardous conditions than other workers, both before 1980 and after 1980. Moreover, while the
work conditions seem to have been overall improved for all workers, our results highlight the potential
of higher exposure to hazards after 1980, compared with before 1980, for the shift workers.
This higher exposure to different occupational risk factors among shift workers compared with
other workers could perhaps in part explain the higher prevalence of non-communicable diseases
reported in this population [29]. It is possible that previous studies, often focusing on the behavior of
shift workers, may have underestimated exposure-related factors that could contribute to increased
risks for diseases. It has been previously demonstrated that several physical aspects of the workplace
environment (e.g., noise, temperature and pollutant exposure) may have an impact on the development
of serious adverse metabolic and mental health diseases [4]. The discrepancies between shift and other
workers in occupational exposure could thereby contribute to the established association between poor
health and shift work.
In accordance with previous literature [13], our results supported that shift workers were not only
more likely to be exposed to several types of workplace hazards, but also more likely to be exposed
to multiple hazards at once. This issue is of high relevance since in some cases, the overall effect
of multiple hazardous exposure is considerably greater than the individual effects, as there may be
synergistic relationships between the different hazards [32]. Again, this result could possibly explain,
at least in part, the unfavorable health conditions reported among shift workers [29].
The differences in exposure to hazardous conditions reported by shift workers and other workers
could be explained by the nature of the jobs involved. Indeed, according to both our results and previous
literature, shift work is more common in some occupations (e.g., industrial sectors, manufacturing,
and transport) and these industries have often weaker occupational health and safety conditions,
and increased exposure to hazardous substances, noise, and manual handling risks [33]. In addition,
evening and night work are highly prevalent among protective services (police, security guards)
and these employees, particularly those that are working outdoors, are exposed to different types of
weather, including uncomfortable temperatures. This point suggests that shift work is more prevalent
among jobs with unfavorable working environments. Yet, even when controlling for social class and
job coding, our results still show higher prevalence of hazardous conditions among shift workers than
other workers.
Some authors suggest that the higher exposure risk reported by shift workers is due to an altered
perception induced by specific personality traits [34]. Indeed, evidence suggests that shift workers differ
from day workers in negative affectivity [29]. Moreover, previous research by our team highlighted the
neuroticism trait to be an important confounding effect in work perception [28]. Our results are based
on declarative information and thereby reflect the interaction between the real working environment
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and its perception by the worker. However, we performed further adjustments to the neuroticism score
and did not find substantially different results. More specifically, we have not found here that further
adjustment on personality traits affect the association between occupational exposure and shift pattern.
Our analysis shows that the prevalence of shift work has drastically increased, from 11.4% to
17.5% after 1980. While previous studies also reported an important increase in the prevalence of
shift work [10], we did not find other papers addressing the evolution of occupational exposure over
time among this population. Efforts to improve worker safety were developed since the beginning
of the century (such as improved ventilation and dust suppression, for example) leading to the
overall reduction of occupational health risks and workplace deaths [23,35]. However, most of the
previous study designs have not enabled studies of this kind and it has therefore been difficult to
draw conclusions of how shift work has changed over time. Contradictory with what we might have
expected, our results indicate that the prevalence of being exposed to different risk factors was higher
after 1980 than before 1980 for the shift workers, while the work environment has been overall improved
for other workers (lower prevalence of being exposed to dust, chemical or other fumes, smoke from
other people smoking, asbestos, and diesel exhaust after 1980 than before 1980). Our findings could
suggest that changes at the workplace may have benefited some workers more than others. In this
regard, it could perhaps be advisable that authorities ensure protective threshold limit values, not only
for “normal working conditions”, but also specifically for “non-standard hour workers”, like shift
work personnel.
The strength of this analysis is that it includes a large panel of participants, involving a variety of
education levels, job categories, socioeconomic status, in contrast to most previous studies that include
a single-workplace or small cohorts. We performed sensitivity analyses adjusting for neuroticism,
which is relevant to the interpretation of the findings. This suggests that the variance in occupational
hazards exposure is not due to a personality trait or a self-report bias. Moreover, our study design
also brought very relevant information about the general trends in the work environment which
are rarely investigated in other studies. Yet, it is important to note the limitations of this study,
which highlights perspectives for further work. Firstly, information regarding exposure to risk factors
was retrospectively and subjectively recorded and was only sought on the presence or absence of
the hazards, not on quantitative exposure levels or timing of exposure which limits us to judge the
magnitude of the risk of disease development. In addition, we may have considered other potential
confounders in the analyses such as sleep parameters since shift workers are known to sleep less
than day workers and to be more tired [36], which could have affected the perception of the work
environment. However, we did not have access to retrospective information regarding sleep quality.
Lastly, the present study did not directly examine health outcome, so the link between exposure to
occupational health hazards, shift work, and poorer health remains to be explored. Further work is
required to deeply investigate the relation between health, occupational exposure to hazards and shift
pattern. Specifically, studies are needed to analyze more specific work patterns (day or night shit,
duration of the shifts, rest day during the shift period, etc.).
5. Conclusions
In conclusion, this study found that whereas significant improvements have occurred among
non-shift workers’ environment, workplace safety among shift workers remains insufficient. We found
higher risks of being exposed to all occupational hazardous conditions among shift workers compared
with non-shift workers. Addressing the possibly damaging effects of the work environment is a critical
element when considering the multitude of potential factors that may contribute to the adverse health
status reported among shift workers. The present data suggest that occupational health exposure
among shift workers may contribute to their adverse health status, compared with other workers. In
this respect, the present study adds to the existing shift work literature and aims to call attention to
occupational health exposure among this specific population. Future studies have to consider that
exposure to hazardous conditions may differ among shift workers and non-shift workers.

Int. J. Environ. Res. Public Health 2020, 17, 7495

10 of 12

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/20/7495/s1,
Table S1. Number and percentage of missing values for outcome variables. Table S2. Prevalence ratio of workplace
hazards among shift workers compared to other workers (reference). Sensitivity analyses. Table S3. Prevalence
ratio of workplace hazards after 1980 compared to before 1980 (reference). Sensitivity analyses.
Availability of Data and Materials: All data supporting this study is openly available from the UK Biobank
(https://www.ukbiobank.ac.uk/).
Author Contributions: M.M. wrote the paper with support from G.R., O.E.T. and H.B.S. M.M. designed the work
and performed the analysis. G.R., O.E.T. and H.B.S. provided critical revision of the article. All authors have read
and agreed to the published version of the manuscript.
Funding: H.B.S. is supported by the Swedish Research Council and AFA insurance. G.R. is supported by the
SSMF. O.E.T. is supported by grants from the Geriatric Foundation, research for healthy aging, and Börjeson, Emil
and Ragna Foundation.
Acknowledgments: This research has been conducted using the UK Biobank Resource, under UK Biobank data
application number 25308 “Identifying adverse working environment. Association of working condition with
poor health outcomes”. Thanks to Misty M. Attwood for proofreading the article.
Conflicts of Interest: The authors declare that they have no conflict of interest.
Ethics Approval and Consent to Participate: The UK Biobank Research Ethics Committee is 11/NW/0382. Ethical
approval for UKB data collection was granted by North-West Multicenter Research Ethics Committee and the use
of the data at our Department was further approved by the Regional Ethics Committee of Uppsala, Sweden. All
participants provided written consent with the right to withdraw at any time.

References
1.
2.

3.
4.
5.
6.
7.
8.
9.
10.
11.

12.

13.
14.

Obelenis, V.; Malinauskiene, V. The influence of occupational environment and professional factors on the
risk of cardiovascular disease. Medicina 2007, 43, 96. [CrossRef] [PubMed]
Kim, K.-W.; Won, Y.L.; Ko, K.S.; Heo, K.-H.; Chung, Y.H. The Effects of Hazardous Chemical Exposure
on Cardiovascular Disease in Chemical Products Manufacturing Workers. Toxicol. Res. 2012, 28, 269–277.
[CrossRef] [PubMed]
Rizi, H.A.Y.; Hasanzadeh, A. Noise exposure as a risk factor of cardiovascular diseases in workers. J. Educ.
Heal. Promot. 2013, 2, 14. [CrossRef] [PubMed]
Stave, G.M.; Wald, P.H. Physical and Biological Hazards of the Workplace; John Wiley & Sons: Hoboken, NJ,
USA, 2016.
Skogstad, M.; Johannessen, H.A.; Tynes, T.; Mehlum, I.S.; Nordby, K.-C.; Lie, A. Systematic review of the
cardiovascular effects of occupational noise. Occup. Med. 2016, 66, 10–16. [CrossRef] [PubMed]
Kwak, K.M.; Paek, D.; Zoh, K.-D. Exposure to asbestos and the risk of colorectal cancer mortality: A
systematic review and meta-analysis. Occup. Environ. Med. 2019, 76, 861–871. [CrossRef] [PubMed]
Leso, V.; Capitanelli, I.; Lops, E.A.; Ricciardi, W.; Iavicoli, I. Occupational chemical exposure and diabetes
mellitus risk. Toxicol. Ind. Health 2016, 33, 222–249. [CrossRef] [PubMed]
Sekhotha, M.M.; Monyeki, K.D.; Sibuyi, M.E. Exposure to Agrochemicals and Cardiovascular Disease: A
Review. Int. J. Environ. Res. Public Health 2016, 13, 229. [CrossRef]
Costa, G. Flexibility of working hours in the 24-hour society. Med. Lav. 2006, 97, 280–287.
5th European Working Conditions Survey: Overview Report; European Foundation for the Improvement of
Living and Working Conditions: Dublin, Ireland, 2012.
Titova, O.E.; Lindberg, E.; Elmståhl, S.; Lind, L.; Schiöth, H.B.; Benedict, C. Association between shift work
history and performance on the trail making test in middle-aged and elderly humans: The EpiHealth study.
Neurobiol. Aging 2016, 45, 23–29. [CrossRef]
Jacobs, D.I.; Hansen, J.; Fu, A.; Stevens, R.G.; Tjønneland, A.; Vogel, U.; Zheng, T.; Zhu, Y. Methylation
alterations at imprinted genes detected among long-term shiftworkers. Environ. Mol. Mutagen. 2012, 54,
141–146. [CrossRef]
Sun, M.; Feng, W.; Wang, F.; Li, P.; Li, Z.; Li, M.; Tse, G.; Vlaanderen, J.; Vermeulen, R.; Tse, L.A. Meta-analysis
on shift work and risks of specific obesity types. Obes. Rev. 2017, 19, 28–40. [CrossRef] [PubMed]
Morris, C.J.; Purvis, T.E.; Mistretta, J.; Scheer, F.A.J.L. Effects of the Internal Circadian System and Circadian
Misalignment on Glucose Tolerance in Chronic Shift Workers. J. Clin. Endocrinol. Metab. 2016, 101, 1066–1074.
[CrossRef]

Int. J. Environ. Res. Public Health 2020, 17, 7495

15.

16.
17.

18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

11 of 12

Lunde, L.-K.; Skare, Ø.; Mamen, A.; Sirnes, P.A.; Aass, H.C.D.; Øvstebø, R.; Goffeng, E.; Matre, D.; Nielsen, P.;
Heglum, H.S.A.; et al. Cardiovascular Health Effects of Shift Work with Long Working Hours and Night
Shifts: Study Protocol for a Three-Year Prospective Follow-Up Study on Industrial Workers. Int. J. Environ.
Res. Public Health 2020, 17, 589. [CrossRef]
Antunes, L.C.; Levandovski, R.; Dantas, G.; Caumo, W.; Hidalgo, M.P. Obesity and shift work:
Chronobiological aspects. Nutr. Res. Rev. 2010, 23, 155–168. [CrossRef]
Smolensky, M.H.; Reinberg, A.E.; Fischer, F.M. Working Time Society consensus statements: Circadian time
structure impacts vulnerability to xenobiotics—Relevance to industrial toxicology and nonstandard work
schedules. Ind. Health 2019, 57, 158–174. [CrossRef]
Bøggild, H.; Burr, H.; Tüchsen, F.; Jeppesen, H.J. Work environment of Danish shift and day workers. Scand.
J. Work. Environ. Health 2001, 27, 97–105. [CrossRef]
Jay, S.M.; Gander, P.H.; Eng, A.; Cheng, S.; Douwes, J.; Ellison-Loschmann, L.; McLean, D.; Pearce, N.;
‘Tmannetje, A. New Zealanders working non-standard hours also have greater exposure to other workplace
hazards. Chrono Int. 2017, 34, 519–526. [CrossRef]
Parkes, K.R. Shiftwork and environment as interactive predictors of work perceptions. J. Occup. Health
Psychol. 2003, 8, 266–281. [CrossRef]
Barlow, C.A.; Sahmel, J.; Paustenbach, D.J.; Henshaw, J.L. History of knowledge and evolution of occupational
health and regulatory aspects of asbestos exposure science: 1900–1975. Crit. Rev. Toxicol. 2017, 47, 286–316.
[CrossRef] [PubMed]
Drechsel, D.A.; Barlow, C.A.; Bare, J.L.; Jacobs, N.F.; Henshaw, J.L. Historical evolution of regulatory
standards for occupational and consumer exposures to industrial talc. Regul. Toxicol. Pharmacol. 2018, 92,
251–267. [CrossRef]
Kennedy, A.; Schulz, S.; Szpejna, M. Health and safety at work Fact Sheets on the European Union European
Parliament, March 2020. Available online: https://www.europarl.europa.eu/factsheets/en/sheet/56/healthand-safety-at-work (accessed on 22 June 2020).
Tynes, T.; Aagestad, C.; Thorsen, S.V.; Andersen, L.L.; Perkio-Makela, M.; García, F.J.P.; Blanco, L.G.;
Vermeylen, G.; Parent-Thirion, A.; Hooftman, W.E.; et al. Physical working conditions as covered in
European monitoring questionnaires. BMC Public Health 2017, 17, 544. [CrossRef] [PubMed]
Sudlow, C.; Gallacher, J.; Allen, N.; Beral, V.; Burton, P.; Danesh, J.; Downey, P.; Elliott, P.; Green, J.; Landray, M.;
et al. UK Biobank: An Open Access Resource for Identifying the Causes of a Wide Range of Complex
Diseases of Middle and Old Age. PLoS Med. 2015, 12, e1001779. [CrossRef]
De Matteis, S.; Jarvis, D.; Young, H.; Young, A.; Allen, N.; Potts, J.; Darnton, A.; Rushton, L.; Cullinan, P.
Occupational self-coding and automatic recording (OSCAR): A novel web-based tool to collect and code
lifetime job histories in large population-based studies. Scand. J. Work. Environ. Health 2016, 43, 181–186.
[CrossRef]
Bycroft, C.; Freeman, C.; Petkova, D.; Band, G.; Elliott, L.T.; Sharp, K.; Motyer, A.; Vukcevic, D.; Delaneau, O.;
O’Connell, J.; et al. The UK Biobank resource with deep phenotyping and genomic data. Nat. Cell Biol. 2018,
562, 203–209. [CrossRef]
Rukh, G.; Dang, J.; Olivo, G.; Ciuculete, D.-M.; Rask-Andersen, M.; Schiöth, H.B. Personality, lifestyle and job
satisfaction: Causal association between neuroticism and job satisfaction using Mendelian randomisation in
the UK biobank cohort. Transl. Psychiatry 2020, 10, 1–9. [CrossRef]
Wyse, C.; Celis-Morales, C.; Graham, N.; Fan, Y.; Ward, J.; Curtis, A.M.; Mackay, D.; Smith, D.J.;
Bailey, M.E.S.; Biello, S.; et al. Adverse metabolic and mental health outcomes associated with shiftwork
in a population-based study of 277,168 workers in UK biobank. Ann. Med. 2017, 49, 411–420. [CrossRef]
[PubMed]
De Barros, A.J.D.; Hirakata, V.N. Alternatives for logistic regression in cross-sectional studies: An empirical
comparison of models that directly estimate the prevalence ratio. BMC Med Res. Methodol. 2003, 3, 1–13.
[CrossRef] [PubMed]
Ye, R.; Gao, Y.; Yang, Y.; Chen, Y. Using log-binomial model for estimating the prevalence ratio. Zhonghua Liu
Xing Bing Xue Za Zhi 2010, 31, 576–578. [PubMed]
Nguyen, T.-H.-Y.; Bertin, M.; Bodin, J.; Fouquet, N.; Bonvallot, N.; Roquelaure, Y. Multiple Exposures and
Coexposures to Occupational Hazards Among Agricultural Workers: A Systematic Review of Observational
Studies. Saf. Heal. Work. 2018, 9, 239–248. [CrossRef]

Int. J. Environ. Res. Public Health 2020, 17, 7495

33.
34.
35.
36.

12 of 12

Guidotti, T.L. Global Occupational Health; Oxford University Press: Oxford, UK, 2011. [CrossRef]
Berthelsen, M.; Pallesen, S.; Bjorvatn, B.; Knardahl, S. Shift schedules, work factors, and mental health among
onshore and offshore workers in the Norwegian petroleum industry. Ind. Health 2015, 53, 280–292. [CrossRef]
Verra, S.E.; Benzerga, A.; Jiao, B.; Eruggeri, K. Health Promotion at Work: A Comparison of Policy and
Practice Across Europe. Saf. Health Work. 2019, 10, 21–29. [CrossRef] [PubMed]
Di Muzio, M.; Diella, G.D.; Di Simone, E.; Novelli, L.; Alfonsi, V.; Scarpelli, S.; Annarumma, L.; Salfi, F.;
Pazzaglia, M.; Giannini, A.M.; et al. Nurses and Night Shifts: Poor sleep quality exacerbates psychomotor
performance. Front. Neurosci. 2020, 14. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.
© 2020 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/).

