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1. Introduction

Regular physical activity (PA) is both a preventive measure and a cure for non-
communicable diseases (NCDs). Moreover, PA improves mental health, quality of life,
and well-being [1]. Conversely, physical inactivity and sedentary lifestyles have negative
impacts on individuals, families, and society, as evidenced in particular by the spread of
the obesity epidemic [2–6].

PA has proven to be a low-cost alternative for the treatment and prevention of disease.
Therefore, interventions to prevent avoidable diseases by increasing the proportion of
physically active people are fundamental.

The Special Issue “Physical Activity, Wellness and Health: Challenges, Benefits and
Strategies” was intended to collect research articles on anthropometric determinants of
health and performance, PA and healthy habits, exercise and diet, exercise and body compo-
sition, interventions to promote PA for people of all ages, strategies for the implementation
of an active life, and the beneficial effects of exercise on metabolic syndrome. Finally,
20 articles covering a wide range of information were published, indicating the interest
generated by this call. Below we will provide a summary of the main contents of this
Special Issue, highlighting proposals for future research that potentially contribute to the
health benefits of being physically active.

Topics included in this Special Issue fall mainly into the following three areas: anthro-
pometry, health, and sport; health benefits of exercise; population studies and strategies for
an active life.

2. Anthropometry, Health, and Sport

Anthropometric characteristics are important factors of a person’s physical perfor-
mance and health status. Four studies included in this Special Issue evaluated the contribu-
tion of these variables. Matias et al. [7] found that phase angle derived from bioelectrical
impedance spectroscopy is predictive of maximal isometric forearm strength in cancer
patients. Its relevance as a clinical indicator of disease-related function in breast cancer sur-
vivors was suggested. Handgrip strength was particularly influenced by body composition
parameters and handedness according to Zaccagni et al. [8], so much so that the authors
recommended it as a proxy for unhealthy conditions with impaired muscle mass, taking
into account laterality. Further research should also provide evidence for the effectiveness
and clinical relevance of hand strength testing in the assessment and prediction of critical
health conditions. Barbieri et al. [9] investigated the efficacy and accuracy of a data mining
methodology in predicting cardiovascular risk based on anthropometric, demographic,
and biomedical data from a very large sample of the population involved in competitive
sports practice. The procedure was conducted using a decision tree and logistic regression
to classify individuals as at-risk or not. In addition, the authors used the receiver operating
characteristic curve to assess classification performance, achieving satisfactory results. The
fourth study by Rinaldo et al. [10] departs from the previous themes to deal with injuries
that can occur in sporting activities, focusing on the relationship between anthropometric

Int. J. Environ. Res. Public Health 2021, 18, 7823. https://doi.org/10.3390/ijerph18157823 https://www.mdpi.com/journal/ijerph

1



Int. J. Environ. Res. Public Health 2021, 18, 7823

traits and injury occurrence. Their findings pointed out that an increased body mass
index, decreased calf muscle area, and being closer to the age of peak height velocity are
significant risk factors for injuries in elite soccer players aged 9–13 years. Consistently with
these findings, the authors claim that body composition and anthropometric characteristics
should be monitored to reduce the risk of injury in young soccer players. Furthermore,
training programs must be adapted to both the chronological age and the maturity status
of the players.

3. Health Benefits of Exercise

PA contributes to preventing and treating a wide range of NCDs and can improve men-
tal health, while also enhancing the quality of life and well-being. A total of seven studies
in the Special Issue were conducted in this area.

Two studies concern, in particular, the implications of regular exercise for disease
prevention and treatment. Kanai et al. [11] reported that the health utility score was
0.77 in stroke survivors and was associated with the number of steps; the more stroke
survivors walked, the higher their health utility score. Turning to multiple sclerosis, it is
well known that physical inactivity reduces cardiorespiratory capacity, promotes physical
deconditioning, and leads to comorbidities such as obesity, metabolic syndrome, and
osteoporosis. In this field, Pau et al. [12] examined possible sex-related differences in the
amount and intensity of PA performed by people with multiple sclerosis and showed
that the pattern for women was characterized by greater sedentariness and less activity of
light intensity than for men. Both studies [11,12] quantitatively assessed PA (moderate-to-
vigorous physical activity, MVPA) using accelerometers.

Five studies focused, in particular, on mental health and PA. PA promotes different
kinds of positive psychological responses. Regular exercise has a beneficial impact on
depression and anxiety. It reduces stress and improves overall well-being. The first study
starts from the evidence that poor sleep quality, common in young people, increases the
risk of morbidity and mortality. In this area, Zhai et al. [13] highlighted that regular
PA can improve poor sleep quality among college students. PA could enhance sleep by
helping individuals cope with stress, indicating that stress management could be a non-
pharmaceutical treatment for sleep improvement. Considering the mental health of young
people, Usán Supervía et al. [14] examined the relationships between the constructs of goal
orientations, emotional intelligence, and burnout in high school students. The authors
outlined that the psychological profile arising from these features could be important for
academic performance and school participation. Bíró et al. [15] examined gender, as a
socio-economic determinant of health, by testing the validity of the biopsychosocial model
of health with a limited life course perspective on a very large sample of students from
Hungarian universities and colleges. Their findings suggested that determinants of male
health included fewer variables focused on physical activity, and were less influenced
by social relationships, in contrast to female health, which was influenced by age and
social support. Kim and Ahn [16] showed that exercise participation for six weeks led to
positive changes in the self-esteem and mental health of college students. In a narrative
review, Belvederi Murri et al. [17] investigated the beneficial effects of PA on depressed
populations. A specific public health problem is the premature mortality of depressed
individuals. This is mainly caused by increased cardiovascular risk, as depression leads
to the development or exacerbation of unhealthy lifestyles. According to their findings,
PA can reduce depression severity and directly address cardiovascular risk factors. In
the field of public health, the development and dissemination of initiatives promoting
exercise-based interventions in depressed populations are recommended, focusing on their
cost-effectiveness.

4. Population Studies and Strategies for an Active Life Implementation

Nine articles in the Special Issue deal with this topic.
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Two studies took into account the multiple negative effects of physical inactivity on
health and the factors involved. In a South African adult population, Chifaku et al. [18]
assessed the levels and correlates of PA. They found that gender, marital status, and
health awareness were significant predictors, pointing out a high prevalence of insufficient
PA in some vulnerable groups, particularly the elderly and obese, and a general lack of
participation in sports and recreational activities. As PA plays a fundamental role in the
process of growth and development, Baqal et al. [19] analyzed data from a national study,
“Jeeluna”, on a large sample of adolescents living in the Kingdom of Saudi Arabia. The
authors found that 67% of adolescents who did not exercise led a sedentary lifestyle. Males
and adolescents aged 10–14 years were significantly more likely to engage in PA than
females and adolescents aged 15–19 years. Among the factors contributing to high rates of
inactivity among adolescents, the authors include the lack of PA programs in schools, hot
weather conditions, poor family and peer support, and socio-cultural barriers, which have
a particular impact on girls.

Despite the known benefits of regular PA, there is a high percentage of physically
inactive adults worldwide. Increased national attention on PA as a tool for health promo-
tion and disease prevention is therefore required [20]. Five studies in this Special Issue
examine different approaches and strategies that aim to increase PA. The first article, by
Potter et al. [21], is a pilot study on activities that naturally involve PA, considering a stealth
health approach to increase PA among inactive dog owners. The approach tested in this
study showed that dog obedience training could have, as a side effect, a positive impact
on both PA and sedentary behavior among dog owners; dog owners are induced to walk
more and sit less. Given the large number of dog owners, this new approach to promoting
PA may have a significant impact on public health and merits further investigation. In
Latin America, the prevalence of obesity and overweight is increasing in all countries,
despite the efforts of governments to promote healthy lifestyles. In this context, Farías [22]
analyzed which emotions out of fear and hope are most effective in stimulating individuals
to make health-related decisions, showing that these appeals in health advertisements do
not have any main effect on PA intention, although this effect is positively moderated by
perceived body weight and past healthy eating behavior, and is negatively moderated
by subjective norms in diet and exercise. Another study conducted by Shi et al. [23] on
university students indicated that the combination of insufficient physical activity levels
with mobile phone addiction is significantly linked to high levels of irrational procrastina-
tion. To improve efficiency and reduce irrational procrastination, it would be necessary to
increase physical activity and reducing mobile phone addiction. A systematic review by
Zaccagni et al. [24] reported the consequences on physical activity and health of the general
lockdown implemented in Italy from March to May 2020 due to the COVID-19 pandemic.
Their analysis of 23 studies showed that there has been a general reduction in PA and
unhealthy dietary habits as a result of this lockdown in Italy, with a deterioration of the
health status in both the general population and people with chronic diseases. According
to the authors, individual outdoor exercise should be promoted, especially during daylight
hours, while maintaining physical distance in the case of another lockdown to contain
current and future pandemics. Particularly in older people, sedentary behavior is a serious
public health problem. Monteagudo et al. [25] examined the impact of overground walking
interval training in sedentary older adults by comparing two different dose distributions
during a longitudinal study. Both training protocols led to a significant overall improve-
ment of physical function in older adults. As regards the strategy to be used in the elderly,
Monteagudo showed that the bout length is not a determinant of the functional health
effects associated with exercise; splitting a single exercise into two sets during the day
can be beneficial for autonomy, agility, and health-related quality of life. In particular, the
accumulative strategy is to be recommended when health-related quality of life is the main
goal, whereas the continuous strategy is to be recommended when weakness may be a
short- or medium-term threat.
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The last two studies of this section concern the fitness sector and the spread of sports
venues. The research of Moustakas et al. [26] aimed to define the drivers of change in the
fitness sector and to identify the skills needed by the fitness workforce to navigate these
changes. The main finding was that technology, health needs, and customer loyalty are crit-
ical drivers of change in the fitness industry. Fitness professionals must therefore respond
by improving both their professional skills, especially in providing services for special
populations, and their soft skills, stressing the particular importance of engaging with
technology and having an understanding of specific health issues. Mainland China, one of
the most populous upper-middle-income countries, also has to deal with a prevalence
of NCDs and physical inactivity. Analyzing the relevant characteristics of sports venues
associated with leisure-time PA in China, Wang et al. [27] identified the number and area
of sports venues as the most important indicators. The number of sports venues, which
increased between 2000 and 2013, is still comparatively small compared to the United
States and Japan. The urban–rural gap in sports venues exemplifies just a few aspects of
the ‘urban–rural dual structure’ in Chinese society.

5. Conclusions

The 20 manuscripts included differ in subject matter and methodologies applied,
and we consider this variability to be an enrichment for the Special Issue. According
to the previous subdivision, the studies included in this Special Issue dealt mainly with
interventions to promote PA for persons of all age groups and implementation strategies
for active living in different populations.

In general, the studies made important suggestions for planning targeted interventions
for specific diseases, ages, or population groups, but also for providing guidelines for a
healthy lifestyle, tailored to the requirements of individuals to achieve maximum effective-
ness. PA interventions are needed to reduce the treatment costs of chronic morbidity that
may result from a lower prevalence and better control of CVD and its risk factors. PA-based
interventions have also been shown to be effective as additional interventions in mental
health. In this respect, it should be emphasized that exercise is still underprescribed for
depressed individuals. It is therefore important to eliminate the barriers that are currently
restricting this prescription by clinicians.

The findings of several studies support the relevance of specific anthropometric
variables as potential health indicators, suggesting that anthropometric characteristics and
growth rates should be monitored in younger athletes. To improve clinical decision making
by reducing the number of unnecessary examinations, the application of data mining to
biomedical data, including anthropometric data, may be effective.

The importance to ensure the application of appropriate methodologies of measur-
ing quantitative traits (PA, strength, body composition measurements, etc.) was often
emphasized in the articles.

All of the studies support strategies to promote PA and reduce sedentary behavior
among adolescents, adults, and the elderly. There is no doubt that regular exercise is beneficial
to health, but the general population should be encouraged to engage in more of it.

With the support of all the contributing authors, we are confident that we have provided
a significant contribution to the knowledge of the topic addressed in this Special Issue.
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Abstract: Background: accurate prognostic tools are relevant for decision-making in cancer care.
Objective measures, such as bioelectrical impedance (BI), have the potential to improve prognostic
accuracy for these patients. This cross-sectional study aimed to investigate whether phase angle
(PhA) derived from the electrical properties of the body tissues is a predictor of muscular strength
in breast cancer survivors (BCS). Methods: a total of 41 BCS (age 54.6 ± 9.2 years) were evaluated.
PhA, obtained at frequency 50 kHz, was assessed with BI spectroscopy, and muscular strength with
a handgrip dynamometer. Moderate-to-vigorous physical activity (MVPA) was assessed using the
International Physical Activity Questionnaire (IPAQ). Measurements were performed in the morning
after an overnight fast. Results: linear regression analysis showed that PhA accounted for 22%
(r2 = 0.22) of muscular strength variance. PhA remained a borderline predictor of muscular strength
variance independently of age and MVPA. Conclusions: the findings of this study suggest that
PhA is a significant predictor of maximal forearm isometric strength and a potential indicator of
disease-related functionality in BCS.

Keywords: body composition; breast cancer; bioimpedance; handgrip strength

1. Introduction

Although muscular strength has received far less attention than cardiorespiratory fitness, recent
studies support the hypothesis that low muscular strength in adulthood also predicts all-cause mortality,
as well as mortality due to cardiovascular disease and cancer [1–10].

As most cancer patients do not engage in physical activity programs [11], muscle
dysfunction—characterized by an impairment in muscle strength—may occur. Growing evidence
suggests that exercise has the ability to ameliorate and/or reverse muscle dysfunction in cancer
patients [11]. As shown by Christensen et al. [11], early-stage breast cancer patients increased muscle
strength by 25−35% after a 17-week resistance training program. In this regard, the maximal isometric
forearm strength test is a reliable and valid method to assess muscle function [12,13]. Recent studies of
breast cancer survivors (BCS) show that surgical procedures and cancer cachexia, defined by severe
muscle wasting, systemic inflammation, and malnutrition [11,14], are associated with muscle strength
reduction and represent risk factors for all-cause mortality [11,13,14].
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Lymphedema related to surgery or radiotherapy of the axillary area is a common complication
of breast cancer treatment [15], characterized by the accumulation of protein-rich extracellular fluid
resulting from damaged or blocked vessels [13], and leading to a significant increase in the volume
of the affected limb that results from an impairment in the ability of the lymphatic system to drain
the proteins and macromolecules of the interstitium [15]. This edema formation, resulting from
the fluid redistribution between extracellular water (ECW) and intracellular water (ICW) spaces,
can compromise all cell functions [16,17]. Hence, an ECW/ICW ratio seems to be of great help in
detecting the early onset of lymphedema. This ratio, easily obtained with bioelectrical impedance
analysis, is a validated method and appears to have equal or better sensitivity than other techniques
for detecting lymphedema [18].

Recently, another simple measure obtained from bioelectrical impedance analysis has received far
more attention: the phase angle (PhA), which is a noninvasive simple measure directly retrieved from
resistance (R) and reactance (Xc) raw data [16]. From a biophysical point of view, PhA is calculated
from the arctangent of the ratio between the R and Xc, where R arises from ECW and ICW distribution,
and, conversely, Xc arises from the cell membrane’s ability to take an electric load and liberate it at a
later moment, after a brief delay. Therefore, it could be compared to a vessel-capacitance-like property.

Hence, PhA is considered a valuable indicator of cellular health and, as it is derived purely
from electrical properties of the tissue, it avoids the typical concerns associated with prediction
equations [19,20]. PhA is one of the indicators for cell membrane structure, and a lower PhA suggests
decreased cellular integrity [21]. Thus PhA is considered a prognostic marker in several clinical
conditions, including cancer [17], as it represents either cell death or malnutrition, both of which are
characterized by changes in cellular membrane integrity. Due to this characteristic, PhA seems to be a
useful predictor of impaired muscle function [16,17,22].

Gupta et al. [17] reported that PhA is a strong predictor of survival in breast cancer
patients after controlling for confounders, such as stage at diagnosis and prior treatment history.
Additionally, an association seems to exist between PhA and muscle strength in cancer patients, as both
represent prognostic measures [23,24].

The present study emerged from the unmet need to develop a simple, easily applicable,
and noninvasive tool to be used in the clinical setting to assess muscular strength. Although
clinical studies using these parameters have been previously conducted, none have explored the
relationship between both PhA and muscular strength in BCS after adjusting for potential confounders.
Therefore, the aim of this study was to determine if PhA is a predictor of muscular strength in BCS
after considering the mediation effect of lymphedema.

2. Methods

2.1. Participants

Forty-one BCS were recruited from Viva Mulher Viva Association and assessed in this observational,
cross-sectional study developed at Hospital de São José, in Lisbon. Before providing written informed
consent to participate, each participant was informed about the study’s goals and potential benefits.

All procedures were approved by the Ethics Committee (approval code: 27012016) of the Faculty
of Human Kinetics of the University of Lisbon and conducted in accordance with the World Medical
Association’s Declaration of Helsinki for human studies [25].

2.2. Inclusion/Exclusion Criteria

Inclusion criteria comprised patients who survived breast cancer and were currently in follow-up
for their disease. Since breast cancer treatments cause body composition and muscular strength
changes until six months after surgery, according to Gomes et al. [13], exclusion criteria included BCS
who performed a recent (<6 months) mammary tissue removal surgery.

8



Int. J. Environ. Res. Public Health 2020, 17, 4452

Recruited subjects could not be participating in other studies or have any kind of dependent
relationship with study investigators.

2.3. Measurements

Before the morning visit to Hospital de São José, each participant was instructed to perform
measurements after an overnight fast and to wear minimal clothing. Participants were further asked to
remove all objects that could interfere with the bioelectrical impedance assessment.

2.4. Anamnesis

All patients answered a general health questionnaire, in which questions about the type of surgery
were included.

2.5. Anthropometric Data

Participants’ weight and height were measured using a stadiometer with an incorporated scale
(SECA, Hamburg, Germany) according to standardized procedures [26]. Body mass index (BMI) was
calculated as body mass (kg) divided by the stature (m) squared. Waist circumference was measured
at the top of the iliac crest according to the United States National Institute of Health protocol [27].
Hip circumference measurement was performed at the widest portion of the buttocks [28]. Waist to
hip (WHR) ratio was calculated accordingly.

2.6. Phase Angle and the Ratio of Extra to Intracellular Water Compartments

Whole-body R and Xc data were obtained with bioelectrical impedance spectroscopy (BIS) (model
4200B, Xitron Technologies, San Diego, CA, USA), where participants adopted a supine position with
their arms and legs abducted at a 45◦ angle, and right hand and foot dorsal surfaces were cleaned with
alcohol. After a 10-min rest, four electrodes were placed on the cleaned surfaces and measurements
were performed.

Data collection was performed with a 5- to 1-MHz spectrum, from which the software was
programmed to perform biophysical modelling of the impedance data, fitting spectral data to a
Cole–Cole cell suspension model [29]. This procedure derives a theoretical impedance at zero and
infinity frequencies based on a non-linear curve fitting, and produces general Cole model terms,
namely Re (resistance associated with ECW), Ri (resistance associated with ICW), Cm (cell membrane
capacitance), and exponent α. The aforementioned Cole terms are automatically applied to equations
derived from the Hannai mixture theory [30], and ECW and ICW are individually calculated based
on the assumption that R0 represents the R of ECW and R∞ represent the R of the intracellular
and extracellular fluid sum. Accordingly, the ECW/ICW ratio was calculated and the presence of
lymphedema classified [31].

PhA was estimated by recording the voltage drop between the current applied and the two output
sites, and measuring phase shift at frequency 50 kHz.

2.7. Maximal Isometric Forearm Strength Test

Maximal isometric forearm strength was assessed with a dynamometer (Jamar, Sammons Preston,
Inc., Bolingbrook, IL, USA). Handgrip was measured on the right and left sides, with the dominant
side selected for further analysis. The assessment protocol for maximal isometric forearm strength
was conducted with the subject sitting in a straight-backed chair with their feet flat on the floor,
their shoulder adducted and neutrally rotated, and their elbow flexed at 90◦ with the forearm in
neutral position [32]. A 3-second contraction time was used to obtain the maximal isometric forearm
strength reading.
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2.8. Physical Activity

Physical activity was evaluated with the short form of the International Physical Activity
Questionnaire (IPAQ).

From the data treatment obtained in the questionnaire, several variables were accounted for in
scoring the domain of activity: minutes of physical activity (total), MET/minute/week, time spent in
vigorous/moderate/light physical activity, and time spent sitting over the week or weekend. The IPAQ
short form is a seven-item measure of four domains of activity: vigorous-intensity physical activity,
moderate-intensity physical activity, walking, and sitting [33].

In the present study, physical activity was calculated as the sum of the days, hours, and minutes
of vigorous-intensity and moderate-intensity physical activity (MVPA), presented in minutes [34].

2.9. Statistical Analysis

Sample size was calculated while considering a large (>0.15) Cohen’s ƒ2 effect size (appropriate for
calculating effect size within a multiple regression model with continuous independent and dependent
variables), with a 5% type I error, 80% power, and 4 predictors (independent variables: PhA, age,
MVPA, and TPS as confounding variable). The estimated sample size was 40 participants.

Statistical analysis was performed using IBM SPSS Statistics for Mac OS version 22.0, 2010 (SPSS
Inc., IBM Company, Chicago, IL, USA). Descriptive statistics (mean ± standard deviation) were
performed for all measurements. All variables were checked for normality using the Shapiro-Wilk
test. All the variables that resulted were normally distributed, with the exception of MVPA. Bivariate
correlations were conducted in a preliminary analysis. A potential confounding factor in BCS is edema
of the distal extremities, which may result from lymphedema and may potentially affect impedance
measurement [35]. A univariate general linear model test was performed to investigate whether
lymphedema had an impact on the relationship between PhA and strength. If this association was
nonsignificant (p < 0.05), the sample was further analyzed as a whole. Multiple regression analysis
was used to determine whether PhA was a significant predictor of muscular strength after adjusting
for confounding variables (age, MVPA).

p < 0.05 was established as significant, except in the multiple regression analysis, in which a
p < 0.1 indicated that the independent variable was a significant model predictor [36].

3. Results

A total of 41 BCS were included in this study. Anamnesis showed that 22 women underwent
mastectomy (15 of which included axillary dissection) and 19 underwent conservative surgery (10 of
which included axillary dissection). Additionally, five women had lymphedema.

Table 1 summarizes the characteristics of the study sample (n = 41).
A univariate general linear test was performed to investigate whether PhA was associated with

muscular strength regardless of the presence or absence of lymphedema. Since the analysis of the
interaction term lymphedema by PhA was nonsignificant (β = 0.006; p = 0.556) in explaining muscular
strength, the whole sample was used to test the association of PhA as a predictor of muscular strength.

A multiple regression analysis was performed while adjusting the relationship between PhA
and muscular strength for confounding variables (Table 2). PhA alone explained ~22% of muscular
strength variance (β = 0.47; p < 0.001). After adjusting for age, PhA remains a significant predictor in
the model (β = 0.32; p = 0.03). After adjusting for age and MVPA, PhA remains a significant predictor
in the model (β = 0.30; p = 0.05).

Figure 1 represents the association between forearm muscular strength and PhA.
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Table 1. Participant characteristics (N = 41).

Characteristic Mean ± Std. Deviation

Age (y) 54.6 ± 9.2
Body mass (kg) 68.0 ± 11.7

Stature (cm) 159.9 ± 6.7
BMI (kg/m2) 26.6 ± 4.6

Waist circumference (cm) 87.1 ± 10.9
Hip circumference (cm) 100.3 ± 8.9

WHR 0.9 ± 0.1
PhA (◦) 5.5 ± 0.7

ECW (L) 13.9 ± 1.7
ICW (L) 16.1 ± 3.0
E/I ratio 0.87 ± 0.09

MIF strength (kg) 25.0 ± 5.5
MVPA (min/week) 44.4 ± 49.7

Abbreviations: BMI: body mass index; WHR: waist hip ratio; PhA: phase angle; ECW: extracellular water;
ICW: intracellular water; E/I ratio: ratio of extracellular and intracellular water; MIF strength: maximal isometric
forearm strength; MVPA: moderate-to-vigorous physical activity.

Table 2. Unadjusted and adjusted models using phase angle (PhA) as the independent variable for
determining maximal isometric forearm strength.

Model Unstandardized Coefficients
Standardized
Coefficients

p-Value

β Std. Error β

Model 1 (R2 = 0.22; SEE = 4.9 kg)
(Constant) 3.51 6.57 0.60

PhA (◦) 3.91 1.19 0.47 0.00

Model 2 (R2 = 0.35; SEE = 4.53 kg)
(Constant) 22.60 9.23 0.02

PhA (◦) 2.71 1.19 0.32 0.03
Age −0.23 0.08 −0.39 0.01

Model 3 (R2 = 0.36; SEE = 4.57 kg)
(Constant) 24.39 9.77 0.02

PhA (◦) 2.48 1.26 0.30 0.05
Age −0.25 0.09 −0.42 0.01

MVPA (min/week) 0.00 0.01 0.09 0.06

Abbreviations: PhA: phase angle; MVPA: moderate-to-vigorous physical activity.

Figure 1. Regression plot of phase angle and maximal isometric forearm (MIF) strength.
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4. Discussion

This study revealed that PhA accounted for 22% of muscular strength variability, remaining a
significant predictor regardless of age and MVPA. PhA represents a novel and not yet fully understood
marker of cellular function [20]. A high PhA represents good cell integrity, and low PhA represents
cell death or decreased cell integrity [17].

However, despite its prognostic relevance, it is still necessary to define valid cut-offs to use this
marker as a clinical indicator of disease-related malnutrition in several conditions [37].

Indeed, there is an absence of consensus on the best cut-off to use, with different authors
using different cut-offs according to their study population, precluding their applicability to other
populations [38]. Gupta et al. [17], Hui et al. [23], and Lee et al. [39] reported longer survival in
cancer patients with a PhA higher than 5.6◦. In the current study, the mean PhA value (5.5 ± 0.7) may
be regarded as low when considering the cut-off values presented in the above-mentioned studies.
Nevertheless, all those studies were performed using single-frequency analysis equipment, while the
present study used a bioelectrical impedance spectroscopy approach. With that in mind, data from
single- and multi-frequency devices should not be used interchangeably, as previously noted, since
a lack of agreement exists between devices in determining individual R, Xc, Z, and PhA values,
with methodological and biological factors pointed out as potential justifications for the observed
differences [40].

Gupta et al. [17] took a step further and established that breast cancer patients with PhA <5.6◦
had a median survival of 23.1 months, while those with PhA >5.6◦ had a median survival of 49.9
months. Importantly, the aforementioned study was conducted in cancer patients, while the present
investigation only included breast cancer survivors. Although the PhA values of our sample were <5.6◦,
the higher mean age of our sample and methodological differences between impedance instruments
may help explain the lower than expected PhA values.

PhA is also one of the best indicators of cell membrane function related to the ECW/ICW
ratio [19,20,41]. Significant alterations in body fluid hydration, fluid distribution, and the ECW/body
cell mass (BCM) ratio caused by certain medical conditions can affect impedance measurement and are
probably associated with PhA changes [42]. According to Schwenk et al. [43], a low PhA corresponds
to a high ECW/ICW ratio in systemic illnesses due to ECW expansion and ICW loss. One of the most
significant confounding factors is edema of the distal extremities, which may result in lymphedema [35].
In the present study, a univariate general linear model was employed to explore whether lymphedema
moderated the relationship between PhA and muscular strength. Our results failed to find any
significant effect, extending the findings of Gomes et al. [13] that reported similar maximal forearm
strength values, regardless of the presence or absence of lymphedema.

Despite the existence or even the influence of lymphedema, loss of function and muscle strength
occurs with both disease and malnutrition and is of major clinical significance [38]. Further studies
using a longitudinal approach are required to investigate whether a decrease in muscle strength in
BCS is mediated by lymphedema.

Data from the present investigation suggest that PhA is a predictor of maximal isometric forearm
strength measured on the dominant side using the handgrip test. The gold standard for muscle strength
assessment is the force exerted in a maximum voluntary contraction, with force output measured by a
dynamometer [1,11,12]. This test reflects the maximum strength derived from the combined contraction
of extrinsic and intrinsic hand muscles, leading to hand joint flexion [44]. The Jamar dynamometer
has been reported as the most reliable, valid, fast, and easy-to-apply instrument, with the highest
calibration accuracy for maximal isometric forearm strength measurement. This tool has been recently
validated in advanced cancer patients [45–49].

In a study conducted by Norman et al. [24], a significant association was found between PhA
and forearm muscular strength. Another study [23] conducted in advanced cancer patients found that
PhA was a significant predictor of survival and that lower forearm muscular strength demonstrated a
trend towards shorter survival. A systematic review conducted by Neil-Sztramko et al. [50] pooled
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grip-strength data from 26 studies of breast cancer and reported a 22.8 kg mean value (95% CI 20.6−25.1).
However, stratifying by age groups, the mean muscular strength for the 50−59-year age group was
27.7 kg. Considering that the mean age of the present BCS cohort is within this age group, the mean
forearm muscular strength retrieved (24.9 kg) was below the expected. This emphasizes the need
to monitor physical activity after treatment (as well as during) to help health professionals identify
functional declines and promote functional outcome improvements in these patients.

Physical activity has been used as a therapeutic auxiliary in the treatment of various
pathophysiological conditions [51,52]. In healthy populations, a muscular endurance decrease
was found after a short period of physical inactivity [53]. In cancer patients, physical inactivity
has more exacerbated consequences [54–56], as moderate-intensity exercise can provide a sufficient
physiological stimulus to improve muscular strength in cancer survivors. One finding from the present
study is that most BCS do not sufficiently engage in physical activity programs (moderate-to-vigorous
physical activity (MVPA): 99.39 ± 118.67 min), not meeting minimal recommendations for weekly
physical activity (150 min). Besides the cancer treatment itself, this fact may be one of the reasons for
muscular strength loss.

Despite the encouraging findings of this study, some limitations must be addressed.
Firstly, the study sample is too small (n = 41) to detect a small-to-moderate effect size, and hence
the power to detect an association may have been compromised. Secondly, the sample was not age
balanced, with the youngest participant being 36 years old and the oldest 76 years old. This necessarily
influences body composition parameters assessed by bioelectrical impedance equipment, such as
PhA, as age is an important PhA determinant (lower PhA values are observed in older people due
to a reactance reduction that parallels muscle mass loss) [57,58]. Considering the above, the authors
adjusted the analysis for age as a potential confounder of the association between PhA and muscular
strength. Finally, given the study’s cross-sectional nature, a causal-effect relationship could not be
established, and therefore a reverse causality should not be discarded. In addition, future studies
should consider evaluating changes in the ECW/ICW ratio using the segmental bioimpedance analysis
approach by assessing the PhA measured in the arms.

5. Conclusions

The findings of this study highlight phase angle as a predictor of maximal isometric forearm
strength, regardless of age and level of physical activity, suggesting its usefulness as a clinical
indicator of disease-related functionality in breast cancer survivors. PhA represents a novel and
not-yet-fully-understood marker of cellular function, but despite its prognostic relevance, it is still
necessary to define valid cut-offs to use this marker as a clinical indicator.
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Abstract: The measurement of handgrip strength (HGS) is an indicator of an individual’s overall
strength and can serve as a predictor of morbidity and mortality. This study aims to investigate
whether HGS is associated with handedness in young adults and if it is influenced by anthropometric
characteristics, body composition, and sport-related parameters. We conducted a cross-sectional
study on a sample of 544 young Italian adults aged 18–30 years. We measured HGS using a
dynamometer and collected data on handedness and physical activity, along with anthropometric
measurements. In both sexes, the HGS of the dominant side was significantly greater than that of the
non-dominant side. Furthermore, in ambidextrous individuals, the right hand was stronger than
the left. A comparison between the lowest and the highest tercile of HGS highlighted its significant
association with anthropometric and body composition parameters in both sexes. Moreover, sex,
dominant upper arm muscle area, arm fat index, fat mass, and fat-free mass were found to be
significant predictors of HGS by multiple regression analysis. Our findings suggest that HGS is
especially influenced by body composition parameters and handedness category. Therefore, HGS
can be used as a proxy for unhealthy conditions with impairment of muscle mass, provided that the
dominance in the laterality of the subject under examination is taken into account.

Keywords: handgrip strength; anthropometry; handedness; body composition; physical activity;
sports practice

1. Introduction

Handgrip strength (HGS) is a fundamental parameter in biomechanical modeling, which has
found many important applications in the development of ergonomic tools, in the design of equipment
and consumer products, and in sports practices [1–8]. Grip strength is crucial for the human body when
performing prehensile and precision hand functions [9], and it is used as one of the main indicators for
testing muscle power. Moreover, it is a low-cost tool for predicting an individual’s overall strength,
which can reflect general health conditions and level of physical activity [10]. In fact, muscle weakness
and low grip strength have been related to disability and are considered predictors of sarcopenia, higher
recovery time, and higher mortality, especially in hospitalized patients [11–14]. Nevertheless, several
populations lack the HGS reference values that are necessary to ensure the health, safety, comfort, and
productivity of workers and consumers, as well as for clinical purposes and to monitor recovery after
post-injury treatment [15].
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Reference values are essential for the correct interpretation of acquired data, for the definition
of appropriate treatments, and for the evaluation of the effectiveness of interventions [16–18].
Furthermore, reference values can also be used as motivation for patients during rehabilitation
interventions. One of the goals of this study is to contribute new mean HGS values obtained
from healthy young Italian individuals disaggregated by sex, which can be used as a reference for
equivalent populations.

Many studies have reported the relationships between grip strength and various variables [9,19,20];
however, the predominant factor which influences hand grip strength remains unclear. From a summary
of the principal findings in the literature, some relations can be identified. Age has an important
influence on grip strength, for which a curvilinear relationship has been observed, resulting in
an increase in grip strength with age that reaches a peak between 30 and 40 years of age, and
decreases thereafter. The non-linear relation differs between the sexes and is more pronounced in
females. Males maintain their grip strength for at least another decade longer than females [15,21–23].
The difference between the sexes is evident at all ages and males generally have greater grip strength
than females [15,17,23–25]. This is the consequence of the larger size and related muscle mass in males,
as muscle strength is a function of these characteristics. Males generally feature bigger arm muscles
and are more involved in more activities which require strength than females. Strong correlations
have also been reported between grip strength and body dimensions (e.g., weight, height, and hand
length) [26–32]. With respect to body mass index, the results are controversial: some authors have
reported that static grip strength is positively related to body mass index (BMI), considering it to
be a predictor for grip strength, while others found no significant association, concluding that BMI
does not influence handgrip strength [15,20]. Forearm circumference, wrist joint circumference, palm
circumference, hand length, and middle finger length play major roles in influencing the dominant
hand’s grip strength [15,20,33–35]. Working activity can also influence handgrip strength, where
manual workers have a higher average grip strength than non-manual workers [15]. In light of
the above, it is necessary to find the best predictors of HGS values among different anthropometric
characteristics, as well as establish the impact of physical and sporting activities on hand strength.

Hand grip differs according to the laterality, where the dominant hand has a greater capability
for grip strength than the non-dominant hand [15]. This is probably related to the fact that the
dominant hand is used forcefully more often than the non-dominant one, such that the muscles of the
dominant side are bigger and, thus, stronger. Nevertheless, this is true for people with a dominant
right hand; while for people with a dominant left hand, this difference is smaller and sometimes not
even significant [15,20,36]. In this respect, it is important to remember that humans demonstrate
functional differences in the right and left of each bilaterally symmetrical body part [37–41]. Laterality is
particularly evident in the functions of the fingers, such as for spoon use or letter writing, and has
been considered to be due to the more preferential and frequent use of one hand in daily activities.
Until now, lateral dominance of muscle function has frequently been reported. Laterality represents
a multidimensional trait [42] and it is well-known that, in the adult population, 90% of people
prefer to use their right hand for common manual tasks, whereas about 10% of the population is
left-handed [43–46]. Another important observation is that, throughout human life, the development
of laterality is a very active process, influenced by both genetic and environmental factors [46–51].

Handedness can be defined as “the individual’s preference to use one hand predominantly
for unimanual tasks and the ability to perform these tasks more efficiently with one hand” [52].
Significant differences in the consistency of handedness between males and females have been
observed, and a significantly higher number of ambidextrous individuals among males has been
detected [51,53–55].

Another significant aim of this study is to assess the influence of laterality on hand muscle strength
in young adults subdivided by sex, in order to evaluate whether the level of laterality assessed as
the difference in handgrip skillfulness between the preferred and the non-preferred limb differs in
males and females. Finally, considering the limited information on dominant handgrip strength
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in the literature [56], especially for youth, this study is designed to identify anthropometric and
activity-related determinants of dominant hand strength in healthy young subjects.

2. Materials and Methods

2.1. Participants and Procedure

We carried out a cross-sectional survey which included young subjects, aged 18–30, in a convenience
sample. Given the ethnic variability of the anthropometric traits [57,58], only individuals of Italian
origin were included in the sample. They were recruited among the students of the Universities of
Ferrara and Bologna (Northern Italy), according to the inclusion and exclusion criteria specified below.

The inclusion criteria for participation were: (1) being of Italian origin; (2) being aged ≥18 years;
(3) having signed the written informed consent; and (4) having declared to be healthy. Those aged
>30 years were excluded.

For this study, we excluded 16 foreign students, 20 students over 30 years of age, and 50 subjects
with incomplete data on handedness. The result was a final sample of 544 young Italian adults
(356 males and 188 females) with an average age of 21.6 ± 2.9 years for males and 21.3 ± 2.0 years
for females.

The study was approved by the Ethics Committee of the University of Bologna (registration
number: 253035, 17 October 2019) and followed the rules and principles of the Helsinki Declaration.

2.2. Data Collection

The collection of data was carried out through self-administered questionnaires on hand laterality
and physical activity, as well as through the direct anthropometric measurements described in
detail below.

Questionnaires: First, we collected personal demographic information (sex, place and date of
birth, citizenship), health status (absence/presence of illness or infirmity), and the physical/sporting
activity of the participants. With regards to sporting activity, participants were asked whether they had
practiced any sport, which sport, for how many years, and how many hours they practiced per week.
Sports were categorized according to their metabolic equivalent of task (MET) intensity values [59].
Physical activities were assessed by the International Physical Activity Questionnaire (IPAQ) and
classified as light, moderate, or intense. We used the Edinburgh Handedness Inventory (EHI) as a
method to assess handedness on a quantitative scale [60]. Participants examined the 10-item inventory
by choosing the answer column (“left hand” or “right hand”) for each item and indicating their weak
(1) or strong (2) preference for the left or right hand in performing the given action specified in the item.
If there was no specific preference for one hand over the other in that item, the participant indicated 1
in both columns. At the end of the procedure, a handedness score (R) between −100 (strongly left) and
+100 (strongly right) was obtained. An ambidextrous condition was indicated by scores between −40
and +40 [61,62].

Measurements: Anthropometric measurements were collected by trained anthropometrists
using specific instruments (i.e., Raven anthropometer, Seca weighing scale, Lange plicometer, GPM
measuring tape, and Takei handgrip dynamometer). This study took into consideration seven
measurements—stature, weight, mid-upper arm circumference (MUAC), waist circumference (WC),
triceps skinfold thickness, and right and left handgrip strength (HGS)—collected from each subject
according to standard procedures [63–65], as well as five anthropometric indices (reported below)
obtained from previous measurements. Moreover, the body density (BD), estimated according to the
formula developed by Durnin and Womersley [66], was converted to percentage fat mass (%F) using the
Siri [67] equation: ((4.95/BD) − 4.50) × 100. The fat mass (FM, kg) was calculated as (%F × weight)/100,
and the fat-free mass (FFM, kg) as weight – FM.

With regards to anthropometric measurements, stature was measured from each subject while
standing barefoot. The subject’s head was oriented according to the Frankfurt plane. The weight of
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each participant was measured, while dressed in underwear or light clothing, using a mechanical
scale. The maximal HGS of both hands was measured in kg to five decimal points by a hand-grip
dynamometer. The participants carried out three maximum voluntary contractions per side with a 60 s
rest break between each test. In the statistical analyses, the highest strength value obtained in the three
tests of each hand was used. MUAC and triceps skinfold thicknesses were measured on both sides of
the body at the midpoint between the acromion process of the scapula and the olecranon process of the
ulna. WC was measured at the narrowest point between the lowest ribs and the iliac crest.

For the anthropometric indices, the body mass index (BMI) was computed as weight (kg)/stature
(m2). Subjects were classified as underweight, normal weight, overweight, or obese, according to the
World Health Organization (WHO) cut-points [68]. Based on the %F value, subjects were classified
as under-fat, normal fat, over-fat, or very over-fat, according to the cut-points of Gallagher et al. [69].
Using MUAC and triceps skinfold, we also calculated the following indices of nutritional status: total
upper arm area (TUA, cm2), upper arm muscle area (UMA, cm2), upper arm fat area (UFA, cm2), and
arm fat index (AFI, %) [70]. For all bilateral characteristics and related indices, we reported separately
the mean values of the right, left, and dominant side (the last value was replaced by the mean of the
two sides for ambidextrous subjects).

2.3. Statistical Analysis

Quantitative variables were described using means and standard deviations, and qualitative
variables described by frequencies. Due to the fact that all the variables (except for skinfold thickness)
had a normal univariate distribution (skewness and kurtosis were within acceptable ranges), parametric
statistical tests were applied. Comparisons between two independent samples (males vs. females;
lowest vs. highest tercile) were performed by Student’s t-test. These comparisons were carried out
using the logarithmic transformation of skinfold thickness to normalize this trait, which is usual
practice [66,71,72].

The paired samples (dominant vs. non-dominant handgrip strength) were compared with the t-test
for dependent samples, or with the Wilcoxon signed-rank test when the subsample size for a certain
trait was too small (i.e., comparison of HGS within some category of handedness). Then, one-way
analysis of variance (ANOVA) was applied to detect any difference in HGS means of the dominant side
among the three handedness groups (i.e., right-handed, left-handed, and ambidextrous individuals).

Comparisons among categorical data (frequencies of fat status categories; weight status categories)
were performed with the Chi-squared test.

The Pearson correlation coefficient was used to measure associations of anthropometric traits with
grip strength. Backward multiple regression analysis was carried out to assess possible predictors
of dominant HGS. Anthropometric variables (of the dominant side for characters detectable on both
sides), metabolic equivalent of task (MET), and fat status were included in the regression models in
the continuous scale, while sex was included in the model as a binary variable with females as the
reference group. Predictors input into the model were those found to have significant associations with
HGS (i.e., p < 0.05), while those with p > 0.05 were removed from the model. The multicollinearity of
the data was assessed by variance inflation factors (VIFs), assuming VIF values between 0.10 and 10 as
acceptable [23].

A value of p < 0.05 was accepted as the level of significance for all statistical tests.
All analyses were performed using the software STATISTICA, version 11 (StatSoft, Tulsa, OK, USA).

3. Results

Table 1 shows descriptive statistics of the sample by sex. As expected, males were significantly
taller, heavier, stronger in both hands in absolute and relative terms (handgrip strength/weight),
and with larger circumferences (waist and upper arms), on average, but with less skinfold thickness
than females.
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Table 1. Anthropometric characteristics, sports habits, and fat and weight status by sex (R = right; L = left;
D = dominant side).

Anthropometric Traits
Males Females

Mean SD Mean SD p

Stature (cm) 178.0 7.0 163.6 6.1 <0.0001
Weight (kg) 74.9 11.1 58.2 8.0 <0.0001
BMI (kg/m2) 23.6 2.9 21.7 2.6 <0.0001

WC (cm) 79.7 7.8 69.3 5.4 <0.0001
L MUAC (cm) 30.4 3.5 26.5 2.8 <0.0001
R MUAC (cm) 30.7 3.3 26.6 2.7 <0.0001
D MUAC (cm) 30.6 3.3 26.6 2.8 <0.0001

L Triceps skinfold (mm) 9.8 4.8 17.0 5.1 <0.0001 a

R Triceps skinfold (mm) 9.9 5.0 16.9 5.2 <0.0001 a

D Triceps skinfold (mm) 9.9 4.9 16.9 5.1 <0.0001 a

D TUA (cm2) 75.4 16.6 56.5 12.4 <0.0001
D UMA (cm2) 61.2 14.8 36.1 7.6 <0.0001
D UFA (cm2) 14.4 7.2 20.4 7.5 <0.0001

D AFI (%) 18.9 7.7 35.5 8.0 <0.0001
%F 14.4 4.4 25.8 4.5 <0.0001

FM (kg) 11.0 4.5 15.2 4.3 <0.0001
FFM (kg) 63.9 8.3 43.0 4.9 <0.0001

L HGS (kg) 43.9 8.1 27.5 5.0 <0.0001
R HGS (kg) 45.9 8.3 28.8 4.8 <0.0001
D HGS (kg) 45.7 8.2 28.9 4.7 <0.0001

D HGS/weight 0.6 0.1 0.5 0.1 <0.0001

Sports and PA
Sport amount (h/week) 7.0 4.0 6.1 4.1 0.0169
Sport practice (years) 9.2 5.2 8.9 5.2 0.5458

PA (METs) 4827.6 3268.7 3621.4 3300.5 0.0005

N % N % p

Weight status <0.0001
Under weight 5 1.4 16 8.5

Normal weight 269 75.6 155 82.4
Overweight 70 19.7 15 8.0

Obese 12 3.4 2 1.1

Fat status 0.0065
Under fat 23 6.5 26 13.8

Normal fat 295 82.8 152 80.9
Overfat 34 9.6 10 5.3

Very overfat 4 1.1 0 0.0

Distribution by categories of sports by METs 0.9595
METs < 2 11 3.1 6 3.3

2 ≤METs < 4 8 2.3 3 1.6
4 ≤METs < 6.5 74 20.8 40 21.2

METs ≥ 6.5 262 73.8 139 73.9

Distribution by categories of PA by METs 0.0463
Light 13 3.6 11 5.6

Moderate 70 19.8 54 28.9
Intense 273 76.7 123 65.5

a Comparisons were performed using Log skinfolds. Abbreviations: BMI, body mass index; WC, waist circumference;
MUAC, mid-upper arm circumference; TUA, total upper arm area; UMA, upper arm muscle area; UFA, upper
arm fat area; AFI, arm fat index; %F, percent fat mass; FM, fat mass; FFM, fat-free mass; HGS, handgrip strength;
PA, physical activity; MET, metabolic equivalent of task.
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Mean BMI values fell into the normal weight status, according to WHO weight status categories,
but the sexes differed in their distribution of weight status: underweight and normal weight categories
were more represented in females, while overweight and obese were more represented in males.

Concerning body composition, males were on average leaner than females: the muscle area of the
upper arm and FFM in males were higher than in females, but the fat area of the upper arm, arm fat
index, %F, and FM in males were lower than in females.

The fat status distribution also differed significantly by sex: the under-fat category was more
represented in females (almost twice as often in females than in males), and over-fat and very over-fat
categories were more represented in males (over-fat: almost twice as often in males as in females;
very over-fat: no females).

In both sexes, the number of years of sports practice (about nine) were similar, but males practiced
a significantly higher weekly amount of sport than females. Both sexes chose a similar sports discipline,
according to the classification of METs: nearly three-quarters chose intense sports and almost one-fifth
of them chose moderate sports.

With regards to physical activity (PA), as assessed with the IPAQ, males were significantly more
active than females and practiced more intense activities than females.

Table 2 shows the results obtained from the administration of the EHI. Females had, on average,
a significantly higher R score than males. The distribution of handedness differed significantly by sex,
with more ambidextrousness among males and more right-handers among females.

Table 2. R scores (mean and SD) and frequencies of hand preference (according to Edinburgh
Handedness Inventory (EHI)) by sex.

Handedness
Males Females

Mean SD Mean SD p

R score 45.0 42.7 54.2 37.7 0.0347
Frequencies N % N % 0.0075

Right-handed 212 59.6 137 72.9
Left-handed 18 5.1 8 4.3

Ambidextrous 126 35.4 43 22.9

Table 3 shows the results of the HGS by handedness category. In both sexes, the HGS of the
dominant side was significantly greater than that of the non-dominant side, apart from left-handed
females; moreover, in ambidextrous subjects, the right hand was stronger than the left hand.

Table 3. Comparison between sides in handgrip strength for each handedness category by sex.

Handedness Category
Right Handgrip Strength Left Handgrip Strength

Mean SD Mean SD p

Males
Right-handed 46.0 8.8 43.6 8.4 <0.0001 a

Left-handed 40.9 6.3 43.3 6.3 0.0468 b

Ambidextrous 46.6 7.9 44.6 8.3 <0.0001 a

Females
Right-handed 29.0 4.9 27.4 5.2 <0.0001 a

Left-handed 25.3 5.8 26.6 4.9 0.2489 b

Ambidextrous 28.8 4.1 28.0 4.5 0.0693 a

a Comparison was performed using t-test for dependent sample; b comparison was performed using Wilcoxon
non-parametric test.

No difference was detected in the comparison of the mean HGS of the dominant side among the
three independent handedness groups (disaggregated by sex) by ANOVA (males: F = 1.010, df = 2;
358, p = 0.3653; females: F = 1.330, df = 2; 191, p = 0.2669).
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Tables 4 and 5 report the results of the comparisons between the lowest and the highest terciles of
the dominant HGS, separately for each sex.

Table 4. Comparison between first and last tercile of dominant handgrip strength in males (D = dominant side).

Anthropometric Traits (Males)

1st Tercile
(Strength ≤ 42.0 kg)

3rd Tercile
(Strength ≥ 49.5 kg)

Mean SD Mean SD p

Stature (cm) 176.0 6.6 180.5 6.6 0.0000
Weight (kg) 69.5 8.8 80.9 10.9 0.0000
BMI (kg/m2) 22.4 2.5 24.8 2.9 0.0000

WC (cm) 76.8 6.8 82.1 8.6 0.0000
D Triceps skinfold (mm) 9.7 4.6 9.9 5.8 0.1969 a

D MUAC (cm) 28.9 2.8 32.5 3.2 0.0000
D TUA (cm2) 67.5 13.1 85.0 17.3 0.0000
D UMA (cm2) 54.5 11.1 70.2 15.9 0.0000
D UFA (cm2) 13.3 6.1 15.1 8.6 0.0647

D AFI (%) 19.3 7.2 17.6 8.3 0.0963
%F 14.0 4.3 14.4 4.7 0.5185

FM (kg) 9.9 3.8 11.9 5.2 0.0008
FFM (kg) 59.6 6.5 69.2 7.8 0.0000

Sports and PA
Sport amount (h/week) 6.6 3.7 7.4 4.3 0.1149
Sport practice (years) 10.1 5.1 8.2 5.2 0.0062

PA (METs) 4431.9 2912.9 4853.0 3050.2 0.3625

% % p

Weight status 0.0001
Underweight 4 3.2 0 0.0

Normal weight 103 83.2 75 63.6
Overweight 16 12.8 36 30.5

Obese 1 0.8 7 5.9

Fat status 0.8168
Under fat 10 8.0 7 6.0

Normal fat 102 82.4 95 81.2
Overfat 11 8.8 14 12.0
Obese 1 0.8 1 0.9

Distribution by categories of sports by METs 0.0038
METs < 2 4 3.2 4 3.4

2 ≤METs < 4 0 0.0 4 3.4
4 ≤METs < 6.5 18 14.5 35 29.7

METs ≥ 6.5 102 82.3 75 63.6

Distribution by categories of PA by METs 0.7627
Light 3 2.7 2 2.1

Moderate 28 22.7 23 19.1
Intense 93 74.7 93 78.7

Handedness categories 0.2947
Right-handed 75 60.8 76 64.4
Left-handed 10 8.0 4 3.4

Ambidextrous 39 31.2 38 32.2
a Comparisons were performed using Log skinfolds. Abbreviations: BMI, body mass index; WC, waist circumference;
MUAC, mid-upper arm circumference; TUA, total upper arm area; UMA, upper arm muscle area; UFA, upper
arm fat area; AFI, arm fat index; %F, percent fat mass; FM, fat mass; FFM, fat-free mass; PA, physical activity;
MET, metabolic equivalent of task.
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Table 5. Comparison between the lowest and the highest tercile of dominant handgrip strength in
females (D = dominant side).

Anthropometric Traits (Females)

1st Tercile
(Strength ≤ 26.8 kg)

3rd Tercile
(Strength ≥ 30.5 kg)

Mean SD Mean SD p

Stature (cm) 162.0 6.4 165.1 6.2 0.0062
Weight (kg) 55.6 6.1 61.8 8.7 0.0000
BMI (kg/m2) 21.2 2.1 22.6 2.8 0.0015

WC (cm) 68.2 4.4 70.7 5.2 0.0037
D Triceps skinfold (mm) 15.5 4.8 18.0 4.9 0.0026 a

D MUAC (cm) 25.7 2.1 27.5 2.8 0.0002
D TUA (cm2) 52.9 8.9 60.5 13.4 0.0007
D UMA (cm2) 34.2 6.4 38.4 8.3 0.0036
D UFA (cm2) 18.7 6.0 22.1 7.8 0.0107

D AFI (%) 35.0 8.4 36.2 7.3 0.4105
%F 25.2 4.5 26.6 4.0 0.0597

FM (kg) 14.1 3.4 16.7 4.5 0.0006
FFM (kg) 41.5 4.3 45.1 5.1 0.0000

Sports and PA
Sport amount (h/week) 5.4 3.6 7.0 3.7 0.0153

Sport practice (yrs) 9.0 5.6 9.1 5.2 0.9536
PA (METs) 2910.4 3080.9 3908.1 3373.6 0.1571

% % p

Weight status 0.3834
Under weight 4 6.9 4 6.0

Normal weight 51 87.9 54 80.6
Overweight 3 5.2 7 10.4

Obese 0 0.0 2 3.0

Fat status 0.1797
Under fat 11 18.3 5 7.5

Normal fat 45 78.3 59 88.1
Overfat 2 3.3 3 4.5
Obese 0 0.0 0 0.0

Distribution by categories of sports by METs 0.4536
METs < 2 1 1.8 2 3.0

2 ≤METs < 4 2 3.5 0 0.0
4 ≤METs < 6.5 9 15.8 12 17.9

METs ≥ 6.5 46 78.9 53 79.1

Distribution by categories of PA by METs 0.0948
Light 3 5.9 4 6.8

Moderate 22 38.2 14 20.3
Intense 32 55.9 49 72.9

Handedness categories 0.1770
Right-handed 39 67.2 49 73.1
Left-handed 5 8.6 1 1.5

Ambidextrous 14 24.1 17 25.4
a Comparisons were performed using Log skinfolds. Abbreviations: BMI, body mass index; WC, waist circumference;
MUAC, mid-upper arm circumference; TUA, total upper arm area; UMA, upper arm muscle area; UFA, upper
arm fat area; AFI, arm fat index; %F, percent fat mass; FM, fat mass; FFM, fat-free mass; PA, physical activity;
MET, metabolic equivalent of task.

As shown in Table 4, males with higher values of HGS (highest tercile) were taller and heavier,
with higher mean BMI and waist circumference values. Analyzing the body composition of the
participants in detail, we found higher values of strength in males with higher values of upper arm
muscularity, MUAC, FM, and FFM. However, the triceps skinfold, %F, and AFI did not differ between
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the lowest and the highest terciles. Consistently with the mean values of BMI, the distribution of weight
status categories was significantly different between the two terciles, as we found high percentages
of overweight and obese males in the highest tercile. In contrast, the fat status category distribution
was similar between the two groups. Regarding sport and physical activity, only the years of sports
practice and the intensity of the sport resulted in a significant difference between the two terciles.
Males from the lowest tercile, who showed more years of experience and practiced sports classified as
more intense by METs, had lower values of handgrip strength. There were no significant differences in
the handedness distribution between the two terciles (Table 4).

Comparing the anthropometric and body composition characteristics between the lowest and the
highest tercile in females (Table 5), the results were similar to those of the male group. Females with
higher values of HGS were taller and heavier, with higher values of BMI, WC, triceps skinfold, MUAC,
FM, FFM, UFA, and UMA. As in the male group, %F and AFI did not differ between the two terciles.
Moreover, the sample distribution in the weight and fat status categories was similar between the
two terciles. Considering the practice of sports and PA, only the hours of sports practice resulted in
a significant difference between the two terciles, with females with higher values of HGS practicing
more h/week. The handedness distribution was similar between the two terciles.

Table 6 shows the results of the correlation between the anthropometric variables and the dominant
HGS for each sex. Almost all the traits were positively correlated with HGS in both sexes. HGS was
positively correlated with dominant UFA in females and negatively correlated with AFI in males.
Both FM and FFM proved to be positively correlated with HGS in both sexes.

Table 6. Pearson correlation coefficients between anthropometric variables and dominant handgrip
strength by sex (asterisks denote statistical significance at the p < 0.05 level; D = dominant side).

Dominant Handgrip Strength Males Females

Stature 0.229 * 0.245 *
Weight 0.436 * 0.392 *

BMI 0.372 * 0.293 *
WC 0.272 * 0.270 *

D MUAC 0.502 * 0.319 *
D Triceps skinfold (Log) −0.047 0.201 *

D TUA 0.501 * 0.317 *
D UMA 0.522 * 0.275 *
D UFA 0.089 0.232 *
D AFI −0.125 * 0.076

%F 0.037 0.162
FM 0.176 * 0.300 *

FFM 0.490 * 0.375 *

Abbreviations: BMI, body mass index; WC, waist circumference; MUAC, mid-upper arm circumference; TUA, total
upper arm area; UMA, upper arm muscle area; UFA, upper arm fat area; AFI, arm fat index; %F, percent fat mass;
FM, fat mass; FFM, fat-free mass.

Table 7 shows the multiple linear regression analysis for the whole sample, conducted with all
the significant predictors input into the model with a backward method. In the multivariate model,
sex, dominant UMA, AFI, FM (negative coefficient), and FFM were significant predictors of HGS.
These independent variables accounted for 74.6% of the variance of HGS in young adults.
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Table 7. Results of multiple linear regression with backward regression analysis.

Predictor Variables
Dominant Handgrip Strength

β t p

Sex (male) 0.1980 3.4323 0.0007
D UMA 0.3463 5.9100 0.0000
D AFI 0.1345 2.1342 0.0335

FM −0.1784 −3.6116 0.0003
FFM 0.4420 6.2158 0.0000

R2 0.7491
R2 adjusted 0.7457

p 0.0000

β: standardized regression coefficient. Abbreviations: D UMA, upper arm muscle area (dominant side); D AFI, arm
fat index (dominant side); FM, fat mass; FFM, fat-free mass.

4. Discussion

The main purpose of this study was to analyze the relationship of HGS with anthropometric
characteristics and laterality, taking physical activity and sports practice of the participants into account,
in order to identify the determinants of dominant HGS by multivariate analysis. Moreover, we intended
to analyze the differences in the values of dominant and non-dominant handgrip strength among three
categories of handedness, comparing the results between the two sexes.

While the curvilinear association between HGS and age is well-known [73,74], the relationships
between HGS and several anthropometric characteristics or indices have not been well documented
in samples, nor selected for a specific sport, which has led to inconsistent or incomplete results in
different studies. The association between BMI and strength, for example, has been widely debated
in the literature; while some studies have recognized their positive association in both sexes, others
have denied it [75–77]. In addition, previous analyses have not generally taken into account manual
dominance, assessed according to defined criteria, as indicated by Oldfield [60]. Therefore, we
conducted the present study on a sample of healthy young Italian adults of both sexes to examine these
aspects in depth, taking into account their handedness through the EHI questionnaire. In particular,
we observed significant differences in HGS between sides in the sample’s paired comparison after its
division into three handedness categories by sex. The vast majority of the sample was right-handed,
but there was a significantly different distribution of handedness categories between sexes: more males
were left-handed (+0.8%) or ambidextrous (+12.5%), while more females were right-handed (+13.3%).
This finding was consistent with previous studies [78,79].

Within the categories with different handedness, the results of this study indicate a significant
difference in HGS between the sexes in favor of males, as well as a trend for the dominant hand to be
significantly stronger in both sexes (this difference was not significant in left-handed females, probably
due to the small sample size). Ambidextrous subjects of both sexes showed higher HGS of the right
hand (significant only in the male sex). This latter trend is likely due to the greater pressure of our
society to use the right hand in various occupational tasks from childhood on [47,80,81].

The HGS mean values of the dominant hand obtained in our study for young healthy Italian
adults were 45.7 ± 8.2 kg for males and 28.9 ± 4.7 kg for females. A detailed comparison of our HGS
results with previous studies is difficult, especially due to the different methods applied (if any) in the
evaluation of handedness. In general, we observed that male and female HGS values were, on average,
within the range of healthy young adults (not selected for sports) found in the literature (i.e., in subjects
aged 20, in Innes [82]; 18–33, in Nicolay and Walker [83]; 20–24, in Werle et al. [84]; 18–25, in Koley [85];
20, in McGrath et al. [86], 50th percentile values) with mean values ranging from 20.4 to 35.6 kg for
the dominant hand among females, and from 39.5 to 58.8 kg for the dominant hand among males.
A majority of studies reporting reference values for HGS were conducted by examining participants
living in developed countries, mainly Europe, Australia, and the US [82,84,86]. Only a few studies
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have reported reference HGS values for developing countries (i.e., Werle et al. [84] for the Indian
population). According to Dopsaj et al. [87], differences in HGS between sexes may be explained by
various factors, such as the cross-sectional area, muscle fiber characteristics, amount of skeletal muscle
mass, distribution of muscle mass in the upper limbs, and common anatomical differences.

According to the scientific literature [88], there is a strong positive correlation between HGS and
weight. As body mass can be considered a confounding factor in the evaluation and analysis of HGS,
we decided to adjust HGS to the body mass, in order to reduce this bias. Despite the fact that the
importance of the adjustment of HGS for weight has been proven, especially for the association of
this parameter with metabolic syndrome and sarcopenia [89], the results of our study did not show
particular differences between the sexes using the two parameters of HGS; males had a stronger
handgrip strength than females, regardless of their weight.

The dominant hand is used more often than the non-dominant one, such that the muscles of the
dominant arm are bigger and stronger. The general rule assumes that the dominant hand is 5–10%
stronger, compared to the non-dominant [90–93]. According to Adam et al. [93], there is a higher
percentage of recruitment of motor units at lower absolute force levels in the dominant hand; whereas,
in the non-dominant hand, there is a spread-out recruitment pattern. In our study, the difference was
observed for the lowest percentages, shifting from 5.1% for left-handed females (5.9% in males) to a
maximum of 5.8% for right-handed females (5.5% in males). These results are in line with the study of
Ekşioğlu [15], and the possible differences may be due to the different methodologies used. In some
studies, in fact, the dominance of the hand was established simply on the basis of the best performance
obtained in the measurement of HGS and not on the basis of the function of the hands in different
daily actions. In the examined ambidextrous subjects, the right hand was, on average, stronger than
the left hand, with a difference of 2.9% in females and 4.5% in males. To explain this feature, it is
important to take into account that most everyday tools and appliances are designed for right-handed
individuals. A left-hander who does not have access to left-handed instruments often has to adapt by
making his/her right hand the dominant hand [94]. As a result, the right hand is exercised more often
than the left, on a daily basis [91]. In addition, Ozcan et al. [95] reported that the laterality of manual
function is less pronounced in left-handed people than in right-handed people.

The results of the comparison between the lowest and the highest tercile of the dominant handgrip
strength for each anthropometric variable showed a significant difference for almost all considered
traits. Individuals of both sexes with higher values of HGS (highest tercile) were taller and heavier, with
higher mean BMI, WC, D triceps skinfold (only in females), dominant (D) MUAC, D TUA, D UMA,
D UFA (only in females), FM, and FFM. The larger sizes of the strongest individuals were confirmed by
the significant correlation of anthropometric characteristics with HGS. As the HGS increased, height,
weight, BMI, WC, D MUAC, D triceps (in females only), D TUA, D UMA, D UFA (in females only),
FM, and FFM increased. In males, D AFI decreased as HGS increased. Previous studies have generally
considered and confirmed only the associations of HGS with stature, weight, and BMI [96–98].

The hypothesis of a positive association between HGS and lean body mass, which has been
formulated in other studies only on the basis of an increase in BMI (especially in males) [99,100], was
confirmed in this study, through the assessment of body composition parameters and indices.

As evidence that BMI is an unreliable measure of body fat and does not differentiate between
weight changes due to an increase or decrease in muscularity or adiposity [101], we found higher
percentages of overweight and obese males in the highest tercile of HGS than in the lowest one
(36.4% vs. 13.6%). As further confirmation, neither D triceps skinfold, D UFA, D AFI, nor %F differed
between terciles and were not significantly correlated with HGS. As a consequence, underweight
and normal weight males were more frequent in the lowest HGS tercile than in the highest one
(86.4% vs. 63.6%). This trend was consistent with the results in the literature, reporting that grip
strength is lower in underweight individuals and increases across normal and overweight categories,
but plateaus through obese BMI ranges (although obese individuals are still stronger than normal
weight individuals), suggesting that strength declines only in extremely obese individuals [41,86].
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This was also consistent with the positive association we found between HGS and FM. In females, the
trend was similar but more shaded. Therefore, underweight and normal weight females were more
frequent in the lowest HGS tercile (94.8% vs. 86.6%) and overweight and obese females in the highest
HGS tercile (13.4% vs. 5.2%), without any statistical significance. This finding could be related to the
lower representation of overweight and obese categories in females. Again, however, D AFI and %F
did not differ between terciles and showed no significant correlation with HGS.

The comparison between the parameters of physical activity and sport practice between the two
terciles showed different results in the two sexes. According to the literature, intensity and years of
sports practice are both important for increasing HGS [102,103]. Surprisingly, we observed significantly
fewer years of sports practice in the stronger males, in addition to a lower weekly amount of sports
activity and a lower number of METs, although not significant. A possible explanation could be
that the HGS of the participants in this study was associated more with the specificity of each sport,
rather than with the intensity of the sport (as categorized by METs). This is an important result, as
there is a paucity of data in the literature regarding the general influence of sport intensity on HGS,
as the majority of the studies have generally focused on a specific sport. Among females, there was a
significantly higher amount of sport in the highest tercile of HGS. Thus, basically, a greater amount
of sport does not lead to higher HGS in men, while a greater amount of sport in women similar in
entity to males can lead to an increase in strength which is closer to the maximum strength, due to
their relatively smaller muscle mass [104].

Considering the complexity of HGS associations with anthropometric variables, weight status,
body composition, and sex, we applied multiple regression analysis in such a way that the final model
retained only the most significant factors after a stepwise exclusion procedure. According to the model,
body composition parameters and indices have proven to be the most effective, jointly with sex, in
explaining the variability of D HGS, which was best predicted by sex, D UMA, D AFI, FM, and FFM.
These factors account for about 75% of the HGS variability of the dominant side in our sample of
healthy Italian young adults.

In general, it can be deduced that HGS differs significantly between sexes and is directly influenced
by body composition. Consequently, we stress the impact that severe undernutrition, with subsequent
deficits in FFM, can have on HGS. Based on the results obtained, although we did not have severely
undernourished subjects in our sample, we can confirm that hand grip strength is an essential parameter
for indicating a deteriorating nutritional status [105,106]. Norman et al. [107] suggested that a reduction
in nutritional intake translates into a compensatory loss of whole-body protein, which is preferably
lost from the muscle mass; that is, the largest protein reserve in the body. As a result of this process,
cellular changes lead to a decrease in protein synthesis and an increase in proteolysis, thus causing
fiber atrophy. This, in turn, leads to a decrease in muscle strength and muscle function. This underlines
the importance of HGS, at all ages, as a marker of nutritional status which can be used to identify
patients at risk of undernutrition and malnutrition and to control them after nutritional interventions.
Moreover, it has been proven that the measurement of HGS could motivate malnourished subjects to
improve their nutritional status and may increase their perceived quality of life [104,108].

The use of grip strength estimates is a robust method to assess muscle weakness and can be of very
practical use in evaluating ageing populations, patients with neuromuscular disorders, and patients
during rehabilitation or return to work or sport. Further longitudinal studies may provide relevant
indications on HGS decline with body composition changes during the ageing process.

This study has some strengths and limitations. Our sample of healthy university students cannot
be considered representative of the whole population, even though it has proved adequate to draw
relevant conclusions. Moreover, the sample was homogeneous with respect to age, preventing us from
assessing changes in HGS with the age of the participants. It must also be considered that our sample
consisted only of Italians. Further investigations could be carried out in other populations, in order to
gain new data and generate more reference values. The strengths of our study included the direct
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measurement of several anthropometric characters collected by expert operators and the quantitative
assessment of handedness using recognized methods of investigation.

5. Conclusions

In this study, we successfully analyzed HGS according to laterality, as well as anthropometric
parameters and indices, in a sample of healthy young adults, in order to obtain an appropriate model
of the relationships between these variables. With regards to laterality, the dominant hand was
significantly stronger in both sexes, with ambidextrous subjects showing higher HGS in the right hand.
While the parameters connected with physical activity did not seem to show any association with
HGS, we identified body composition parameters and sex to be the major predictors of strength in
the dominant hand. Our findings are of particular relevance, suggesting that HGS can be associated
with unhealthy conditions—in particular, those related to low values of FFM—and can be used to
monitor changes in body composition, given that the dominant side is always measured. In conclusion,
we have highlighted the importance of the application of appropriate measurement methodologies
and the objective assessment of handedness, although further research is needed to provide evidence
of the effectiveness and clinical relevance of HGS testing in the evaluation and prediction of critical
health conditions.
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Abstract: Cardiovascular diseases are the main cause of death worldwide. The aim of the present study
is to verify the performances of a data mining methodology in the evaluation of cardiovascular risk
in athletes, and whether the results may be used to support clinical decision making. Anthropometric
(height and weight), demographic (age and sex) and biomedical (blood pressure and pulse rate) data
of 26,002 athletes were collected in 2012 during routine sport medical examinations, which included
electrocardiography at rest. Subjects were involved in competitive sport practice, for which medical
clearance was needed. Outcomes were negative for the largest majority, as expected in an active
population. Resampling was applied to balance positive/negative class ratio. A decision tree and
logistic regression were used to classify individuals as either at risk or not. The receiver operating
characteristic curve was used to assess classification performances. Data mining and resampling
improved cardiovascular risk assessment in terms of increased area under the curve. The proposed
methodology can be effectively applied to biomedical data in order to optimize clinical decision
making, and—at the same time—minimize the amount of unnecessary examinations.

Keywords: medical diagnostic; decision tree; logistic regression; machine learning

1. Introduction

Cardiovascular diseases (CVDs) are reportedly the major cause of death worldwide, taking an
estimated 17.9 million lives each year, according to the World Health Organization [1]. Obesity, smoking,
physical inactivity and high blood pressure are among the most important risk factors [2]. Even if
they may be mitigated by consistent sport practice [3,4], CVDs can still be considered an actual danger
for individuals engaged in competitions or strenuous training [5–8] because of intense and repeated
efforts. Therefore, athletes are routinely monitored by sport physicians, who collect some biomedical
and personal data and screen them by means of electrocardiography (ECG).

According to the outcome of the ECG examination, individuals are diagnosed as either at risk
(positive, P) or not (negative, N). Subjects at risk are denied medical clearance for sport practice
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and eventually undergo further examination. The two classes are usually imbalanced, since the N
class contains the majority of individuals, while the more interesting P class is under-represented.
In general, a missing P (false negative, FN) may have a very high cost—in some cases the loss of
a human life—while a false alarm (false positive, FP) usually has the cost of some further clinical
investigations and temporary suspension of sport activities.

Classification is a machine learning technique which can be applied to predict categorical binary
values, like P or N, and for such reason it may be of great value in the medical field, and in diagnostics in
particular. Machine learning, a branch of artificial intelligence, consists in the application of computer
algorithms in order to (semi) automatically extract knowledge from collected data. When classification
is applied to large datasets, we usually speak of data mining, which is defined as “the process of
discovering patterns in data (...) The patterns discovered must be meaningful in that they lead to
some advantage, usually an economic advantage” [9]. As the amount of collected data has increased,
researchers and physicians are interested in evaluating their diagnostic value by means of data mining,
and eventually suggest that the observed variables may be changed or increased in order to support
medical decisions. Several data mining methods have already been used as decision support systems
for medical diagnosis [10]. These methods may be applied to large datasets in order to estimate health
risk. Wong et al. [11] used Bayesian networks for early disease outbreak detection and obtained good
performances on real data from an emergency department database, containing 7 years of medical data.
The aim of the study was not diagnostic, since the data were collected from hospital patients who were
actually ill, but rather epidemiological: to verify an incipient influenza outbreak (this approach could
be adopted also in counter-terrorism, to detect a biological attack).

Campbell and Bennet [12] adopted a kernel-based method, which performed well on a medical
dataset in identifying a rare disease. Still, the dataset size was limited and the proportion of interesting
instances in the test set was very high (27 normal observations and 67 anomalies), compared to the
prevalence of the disease in the general population.

Marinić et al. [13] adopted WEKA as a data mining tool. They applied a random forest classifier
on a relatively small sample (n = 102) of psychiatric patients in order to diagnose Post Traumatic Stress
Disorder (PTSD) and achieved significant results. Class distribution though was perfectly balanced
(51 P and 51 N) and therefore different from that of the general population, where PTSD has a much
lower prevalence. In addition, Fontaine et al. [14] explored data mining techniques in order to improve
clinical evaluation of patients with neuropsychiatric disorders.

A data mining approach was proposed by Salam and McGrath [15] in dermatology. A multi-disease
classifier improved medical diagnosis of skin disorders. Sacchi et al. [16] adopted a Naïve Bayes
classification algorithm for the prediction of glaucoma. Having a small and imbalanced dataset,
they applied both bootstrapping and resampling to train the model. Chan et al. [17] showed that
machine learning classifiers outperformed traditional statistical approaches in the diagnosis of the
same medical condition.

An increasing interest in the adoption of data mining for classification and prediction in cardiology
was reported by Kadi et al. [18] in a recent systematic literature review. For example, Karaolis et al. [19]
adopted a decision tree (DT) for the assessment of coronary risk.

Comparing different classification methods in medical statistics has been suggested by several
authors [20–22] in order to assess the real advantages of one technique over the other. Still, there is a
lack of studies applied to large datasets in domains where diseases have a low prevalence (like CVDs in
sport medicine) but individuals may be at greater risk because of increased stress or pressure. Further,
there is an on-going debate on the necessity of a sustainable and cost-effective health care [23], also by
means of a more sensible use of medical tests [24].

The aims of this study were to assess the performances of a data mining method in the prediction
of ECG outcomes in an imbalanced dataset, when a resampling technique is applied, and to verify
whether the results may be used to support clinical decision making. The underlying hypothesis was

36



Int. J. Environ. Res. Public Health 2020, 17, 7923

that, given a limited set of predictive biomedical variables, data mining could achieve good predictive
accuracy if the proper algorithms were trained with a large amount of data.

2. Materials and Methods

2.1. Sample

A dataset including medical examinations of 26,002 athletes, both sexes, was collected at
the Polyclinic for Occupational Health and Sports in Zagreb (Croatia) by medical staff in 2012.
All individuals were involved in competitive sport practice, for which medical clearance was needed.
The following data were collected for all subjects: sex, age, height, weight, resting pulse rate, diastolic
and systolic pressure, and ECG at rest (P or N). The largest majority (91.2%) of outcomes was N, while
a minority (8.8%) was P.

This study is the result of the collaborative research project “Health status and life quality of
athletes”, involving the Institute for Anthropological Research in Zagreb, the Department of Biomedical
Sciences and Surgical Specialties of the University of Ferrara, the Polyclinic for Occupational Health
and Sports of Zagreb Sports Association with Laboratory of Medical Biochemistry in Zagreb, and the
Interdisciplinary Center for Network Science and Applications of the University of Notre Dame.
The research was approved by the Ethical Committee of the Institute for Anthropological Research in
Zagreb (registration number: 1.14-1169/13).

2.2. Machine Learning Background

Two classification techniques were trained and tested in order to predict the class (P or N) of
the athletes. DT was chosen because it allows us to describe the extracted knowledge (patterns) in a
simple and intuitive way, which can be easily understood by domain experts, like medical doctors.
It is commonly preferred when explanation (understanding) is as important as prediction (knowing).
Further, DT is a well-established support tool in medical decision making [25–29].

Logistic regression (LR) is a technique commonly applied to medical datasets, half-way between
classic statistics and machine learning. The main difference between regression and classification is
that in the former the predicted variable is numeric, while in the latter it is categorical. Since in logistic
regression, the predicted variable can have only two numeric values (1 or 0), it can be used for binary
classification [30], where 1 stands for P and 0 for N.

The assessment of classification performance is a major issue in imbalanced datasets. Usually,
the basic evaluation index is accuracy, the rate of correct guesses (i.e., true positives, TP, and true
negatives, TN) on total instances (TP + TN)/(P + N). It is an acceptable choice when class distribution
is symmetric or close to it.

In case the distribution is imbalanced, accuracy can be misleading, unless a trivial solution is
acceptable [31]. In fact, given a low prevalence, a high accuracy can be easily achieved classifying
all instances as N, but it would imply missing all P individuals. Therefore, classification algorithms
may have a high specificity or true negative rate (TNR = TN/N), as the majority class (N) is well
represented, while sensitivity, or true positive rate (TPR = TP/P) may be significantly lower, as the
minority class (P) is under-represented. Therefore, performance indexes other than accuracy should be
taken into consideration.

A trade-off between TPR and TNR can be represented in receiver operating characteristic (ROC)
space (for an introduction see [32]). Different cut-off values for the same classifier correspond to points
in ROC space. The interpolation of such points draws a curve. The area under the ROC curve (AUC) is
the accepted standard in the assessment of classification performances in imbalanced datasets [33],
in particular in diagnostic systems [34–36].

Youden index J= TPR+ TNR− 1 [37] is a summary measure corresponding to the distance between
a point (corresponding to a cut-off value) on the ROC curve and the underlying 45◦ (random-guessing)
line. J represents the probability of an informed decision. It has been used to assess the ability of
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biomarkers to correctly classify healthy and non-healthy individuals when equal weight is given to
both sensitivity and specificity [38,39].

Different resampling methods [40] can be applied in order to balance the class distribution and
thus improve performances. Resampling can either undersample the majority class and/or oversample
the minority class. Synthetic Minority Oversampling Technique (SMOTE) [41] has proved to be
reliable in different domains, including the prediction of type 2 diabetes [42], SMOTE does not simply
duplicate existing instances, which would easily lead to overfitting. It creates a new instance in feature
(i.e., variable, in data mining jargon) space, between an existing instance and one, randomly-chosen, of
its k nearest neighbors. Euclidean distance between two neighboring instances is calculated and then
it is multiplied by a random number between 0 and 1. The distance is used to calculate the position in
feature space of the new instance.

2.3. Data Cleaning and Resampling

The raw dataset was cleaned, removing outliers. Body weight and height were replaced by body
mass index (BMI =weight/height2), a common proxy for obesity and cardiovascular risk in the general
population [43–47]. Only systolic pressure was used, since systolic and diastolic blood pressures are
correlated, and according to recent findings, the former is a better predictor of risk [48,49].

SMOTE was applied to the minority class with 100% oversampling (P instances were doubled).
Higher percentages were tried but they did not improve classification or led to overfitting. Then random
undersampling was applied to the majority class with an even distribution spread, in order to balance
the two classes, so that class ratio P/N was set to 1.

2.4. Data Mining and Statistical Analyses

The dataset was divided into training (66% of total instances) and test (remaining 34%). DT was
first applied without resampling (1st run), then with resampling (2nd run, k = 5). In the latter case, only
training set was resampled, while test set kept the same distribution as the original subset (which is
supposed to be similar to the population, giving the high cardinality of the sample). This prevented
performances from being artificially high. Pulse rate was the best predictor in both cases. Two thresholds
were identified: low (L) and high (H). Risk was low in between, moderate for pulse rate <L and high
for pulse rate >H.

LR was applied twice. In the 1st run it was applied to all the collected variables directly. In the
2nd run, a discrete variable was created, with the following values: 0 (low risk) for pulse rate values
between L and H, 1 (moderate risk) for values <L and 2 (high risk) for values >H. This variable replaced
pulse rate in a data-driven way, instead of using a-priori values from the literature. Cross-validation
(10-fold) was used to assess the model’s performances and test whether this statistical regression
technique could improve the performances of a standard machine learning algorithm like DT.

TPR, TNR, J and AUC were used to assess the performances of the adopted method, which is
described in Figure 1.

Figure 1. Data mining process. DT: decision tree; LR: logistic regression; AUC: area under curve.

MS Excel 2016 (Microsoft Corporation, Redmond, WA, USA) was used for data collection and
data cleaning. WEKA 3.6 (University of Waikato, Waikato, New Zealand) was used for data mining.

38



Int. J. Environ. Res. Public Health 2020, 17, 7923

Stata IC 13.1 (StataCorp LLC, College Station, TX, USA) was used to perform LR, cross validation and
ROC analysis.

3. Results

Descriptive statistics by sex and age classes are shown in Table 1. Values are reported as mean and
standard deviation, with the exception of ECG positives, which are reported as count and percentage.

Table 1. Descriptive statistics by sex and age classes.

Variables 6–10 Years 11–14 Years 15–18 Years ≥19 Years Total

Females n = 1372 n = 1884 n = 970 n = 757 n = 4983

Weight (kg) 34.2 ± 8.8 51.7 ± 10.8 61.8 ± 8.8 65.1 ± 10.5 50.9 ± 15.1
Height (cm) 138.3 ± 10.0 160.6 ± 8.7 168.5 ± 7.0 168.9 ± 7.52 157.3 ± 14.9
BMI (kg/m2) 17.7 ± 2.8 19.9 ± 3.1 21.8 ± 2.6 22.8 ± 3.2 20.1 ± 3.5
Pulse rate (n) 83.1 ± 13.1 77.1 ± 13.0 68.3 ± 11.1 65.4 ± 11.7 75.2 ± 14.1

Systolic pressure (mm Hg) 97.3 ± 9.7 105.8 ± 9.9 108.7 ± 10.4 113.2 ± 11.8 105.2 ± 11.6
Diastolic pressure (mm Hg) 62.8 ± 7.47 66.4 ± 7.8 68.6 ± 7.8 73.3 ± 8.4 66.9 ± 8.6

ECG Ps (n (%)) 140 (10.2) 160 (8.5) 63 (6.5) 65 (8.6) 428 (8.6)

Males n = 4787 n = 5776 n = 4253 n = 6203 n = 21,019

Weight (kg) 33.6 ± 8.6 52.4 ± 13.4 71.4 ± 11.7 83.9 ± 12.7 61.3 ± 22.6
Height (cm) 136.9 ± 9.2 161.4 ± 11.6 178.6 ± 7.6 180.0 ± 7.3 164.8 ± 19.2
BMI (kg/m2) 17.7 ± 2.8 19.9 ± 3.3 22.3 ± 3.0 25.9 ± 3.4 21.6 ± 4.4
Pulse rate (n) 79.0 ± 12.6 73.1 ± 12.6 66.8 ± 12.4 63.8 ± 11.9 70.4 ± 13.7

Systolic pressure (mm Hg) 97.1 ± 9.1 106.8 ± 11.1 118.2 ± 10.9 126.4 ± 11.8 112.7 ± 15.6
Diastolic pressure (mm Hg) 61.5 ± 7.8 65.2 ± 7.8 69.6 ± 8.2 77.9 ± 9.4 69.0 ± 10.5

ECG Ps (n (%)) 379 (7.9) 405 (7.0) 397 (9.3) 699 (11.3) 1879 (8.9)

BMI: body mass index; ECG Ps: electrocardiography positives.

Classification performances of DT and LR are shown in Table 2.

Table 2. Algorithm classification performances.

Algorithm TPR TNR J AUC

DT (1st run) 0.29 0.97 0.26 0.68
LR (1st run) 0 1 0.00 0.56

DT (2nd run) 0.68 0.82 0.50 0.76
LR (2nd run) 0.65 0.82 0.47 0.78

TPR: True positive rate; TNR: True negative rate; J: Youden index; AUC: Area under the ROC curve; DT: Decision
tree; LR: Logistic regression.

DT performances improved considerably by means of resampling, particularly in terms of greater
sensitivity, from 0.29 to 0.68.

LR was highly significant in both runs (p< 0.001). Still, in the first run, with the default cut-off = 0.5,
performance was so low (AUC = 0.56) that no further attempt with other cut-off values was made.
DT performed better, even without resampling.

After a discrete variable was introduced in place of pulse rate, LR increased sensitivity (with
cut-off = 0.12) from 0 to 0.65, without considerably diminishing specificity. This result was achieved
because risk was high in both the lower and upper range of the continuous variable, and not
monotonously increasing. It became evident after DT was applied, since it classified as P instances
with either low or high pulse rate values. L and H were found inductively in the data (L = 60 bpm,
H = 99 bpm), but they were close to those which can be found in domain-specific literature.

4. Discussion

In the present study, we tested the effectiveness and accuracy of a data mining methodology in
the prediction of cardiovascular risk in athletes. The application of resampling and two classification
techniques on an imbalanced dataset was evaluated. Resampling improved classification by means of
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DT. LR has proved to be not an accurate diagnostic tool if applied directly to continuous variables,
since in the medical domain high risk is often associated with feature values which are either too low
or too high. This is particularly true in the assessment of cardiovascular risk, since pulse rate and
blood pressure have upper and lower thresholds.

Feature cut-off values, which were acquired inductively from the collected data, can be immediately
converted into a small set of simple decision rules to assist the diagnostic process. Additionally, they
can be used to create categorical or discrete variables for LR, in order to improve its performances,
without the need for a-priori assumptions. The chosen predictors can be easily measured by a family
practitioner at almost no cost, which would make cardiovascular risk evaluation very efficient.

Classification performances were not assessed by means of accuracy because of the asymmetric
distribution of the two classes. AUC and J have been suggested, because they represent a trade-off
between sensitivity and specificity, in case they are both given the same importance. Even if this
assumption can be reasonable from a statistical point of view, in medical diagnostics it poses a serious
ethical concern. In fact, a FP comes at a cost of some unnecessary examinations and temporary
suspension of sport activities, while a FN may imply the loss of a human life, in case a serious condition
is present. Since a FN has a higher cost than a FP, a cost matrix may be adopted, where correct
predictions (TP and TN) have no cost, and errors (FN and FP) have different weights [50]. Still, in the
medical domain, it is not always possible to compare the cost of errors. Since there is no general
agreement on the amount of resources which can be allocated to reduce the risk related to FN, it is not
easy to give the proper weights to the two kinds of errors.

Even if resampling improved DT performances, in terms of both TPR and J, sensitivity remained
lower than specificity, implying a high false negative rate. This may not be acceptable in a medical
domain where a high risk may imply the loss of a human life. Increased oversampling may lead to
overfitting, even if a minimum TPR may be required or imposed by medical authorities. Therefore,
LR cut-off values may be lowered to improve sensitivity, even if it implies a large reduction in both
specificity and J. Nonetheless, it is important to note that DT and LR performances were similar,
and therefore DT alone can be adopted as a predictive algorithm, with the advantage over LR of
improved understanding. DT confirmed to be a good means to capture and represent domain-specific
(medical, in this case) knowledge, in an intuitive and easy-to-understand way, something which
cannot be achieved by means of LR. These facts may even question the application to medical datasets
of statistical techniques instead of machine learning, when a binary classification is required, as
in diagnostics.

The main limitation of this study lies in the lack of comparison with a standard control method
(beside ECG, which is used as a gold-standard) for cardiovascular risk assessment. In order to overcome
this limitation, cardiologists and general practitioners as well should be involved in a future study
from the design phase.

5. Conclusions

This study tested the effectiveness of a simple resampling technique in improving the assessment
of cardiovascular risk, when data are imbalanced, as it is often the case in real-world situations.
SMOTE improved the performances of DT in terms of greater AUC and sensitivity. In addition,
DT produced actionable knowledge, which can be applied in the prediction of CVDs, diminishing the
need for assumptions.

Further research is required to test the performances of the proposed approach in the general
(i.e., non-athletic and older) population, to determine an acceptable and agreed classification
performance index—which will highlight the best trade-off between medical risk and sustainable
welfare—and to verify whether this data mining methodology can be applied to improve diagnosis
and optimize healthcare policies, thanks to a reduction of unnecessary examinations.
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Abstract: The involvement of pre-adolescents in soccer is becoming more and more frequent, and
this growing participation generates some concerns about the potential factors for sports injuries. The
purpose of this study was to investigate sports injuries in younger (U9–U11) and older (U12–U13)
children playing soccer at an elite level, analyzing potential anthropometric and maturity risk factors.
A total of 88 elite soccer players aged 9–13 years were investigated. Weight, stature, and sitting
height were measured at the start and at the end of the competitive season, computing the relative
growth velocities. Additional body composition parameters were taken during a second survey.
Maturity offset was calculated using predictive equations based on anthropometric traits such as
years from age at peak height velocity (YPHV). Injuries suffered during the competitive season were
recorded. Maturity and some anthropometric characteristics were significantly different according
to the presence or absence of injuries among the players. Multiple logistic regression revealed that
YPHV, body mass index (BMI), and calf muscle area were the factors most significantly correlated
with injuries. Players with increased BMI, with decreased calf muscle area, and who were closer to
their peak height velocity, were at a higher risk of injury. Findings showed that a monitoring program
of anthropometric characteristics taking into account the maturational stage needs to be developed
to prevent injuries.

Keywords: youth athletes; soccer; injury; overuse; maturation; anthropometry

1. Introduction

Soccer is one of the most popular sports in the world, and it is especially enjoyed by
children and teenagers. It is estimated that 3.9 million children and adolescents participate
in soccer annually [1,2]. The psychological and physical health benefits of physical activity
and sports practice are well known and documented [3–6]. However, given its nature as a
high-intensity contact sport, soccer is associated with a great injury risk, which makes it a
target sport for injury prevention [7,8].

For this reason, it is fundamental to analyze the factors related to injury occurrence in
soccer players, especially in elite and sub-elite players, as they usually result in a consider-
able amount of time loss from training and matches and represent a significant economic
burden for the health care system [1,9]. Previous studies analyzed the risk factors and the
rate of injuries in adult elite soccer players, both males [7] and females [10], but there is a
paucity of studies focusing on injury rate and modalities in children and adolescents [1,11].
Moreover, the studies focusing on this topic have several limitations [12] as they are usually
based only on adolescents [9] or high school and college players [13]. Sometimes, they also
report combined data from adolescents and adults [7], or they combine several sports [14].

Injury incidence among soccer players differs across levels of participation, age, type
of exposure, and sex [1,8,15–17] with soccer players under the age of 12 years exhibiting a
lower injury rate (1.0–1.6 injuries per 1000 h) compared to older players [1,16,17]. However,
this rate varies considerably among different studies. It is estimated that 2,995,765 children
and adolescents aged 7–17 had an emergency department visit in the United States during
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a 25-year epidemiological study, with an annual average of about 120,000 and an increased
rate of 111% from 1990 to 2014 [12].

The majority of injuries in young soccer players are caused by acute events resulting
from player-to-player contact, especially during competitions [18,19], and by overuse,
especially in the lower extremities (ankles and knees) [20,21]. It must be considered that
the type and location of injuries differ by age, with 5–14 year old players more likely to be
exposed to upper-extremity injuries [1,12,22] in comparison to their older peers.

Only a few studies were aimed at identifying risk factors for injuries in youth soc-
cer, such as neuromuscular imbalances, fatigue, biomechanical factors, and previous
injuries [15,21,23,24]. However, in addition to these, other factors which may increase
the potential for injury in sport should be analyzed. Although there is an increasing
interest in the role played by body composition, and anthropometric and growth charac-
teristics as injury risk factors in youth soccer, the research on this topic is still scarce and
controversial [21,25–27].

Previous studies suggested that the player’s age, evaluated as growth and maturation,
is an important risk factor, especially in the life period around the peak height velocity
(PHV) [25,26,28,29]. PHV is considered the moment with the largest increase in stature,
implying a high growth velocity [30]. In particular, an increased likelihood of overuse
injuries was observed during this adolescent growth spurt. During rapid growth, skeletally
immature athletes do not have the same resistance to tensile, shear, and compressive forces
as skeletally mature athletes or athletes in a prepubertal stage of greater immaturity [31].
Moreover, the anthropometric changes associated with adolescent growth spurts affect
coordination skills and, consequently, the injury risk [32]. Moreover, a decrease in flexibility
and bone density occurs during the maturation process, increasing the vulnerability of
the skeletal system [31,33]. In a recent study, Rommers et al. [11] reported that age,
total growth, and lower-limb growth were strongly associated with increased injury risk
in both preadolescent and adolescent elite soccer players. According to this research,
body weight and lower-limb length were also correlated with injuries [11]. From this
perspective, an increased bodymass index (BMI) and a low fat percentage were identified as
anthropometric injury risk factors in elite-standard young soccer players [25,34]. However,
the results concerning the association between body composition parameters and risk of
injuries are controversial. It is possible that there could be an optimal range in fat and
fat-free mass percentage in terms of injury risk, whereby every deviation could represent a
potential injury risk [35–37]. Further studies are needed to understand the effect of growth
rate, maturation, and anthropometric characteristics on the increase in injury rate risk.

Therefore, the main aims of this study were to: (i) describe the prevalence of injuries in
a sample of pre-adolescent elite soccer players of different ages, and (ii) evaluate whether
anthropometric characteristics, growth, and maturation are possible predictors of injury
risk. We hypothesized that great changes in anthropometric characteristics and being close
to the growth spurt would have a negative influence on the injury risk of young players.

2. Materials and Methods

2.1. Participants and Procedures

This research was carried out during the 2018–2019 competitive season from Septem-
ber to May. Figure 1 shows the experimental design of the study.

Anthropometric data were collected during the first two weeks of September in an
appropriate indoor space at the soccer field. Moreover, the tracking of these anthropometric
traits was investigated using a prospective design (second survey in the first two weeks of
May), supplementing the anthropometric profile of soccer players with some other useful
measurements for the assessment of body composition. The occurrence of injuries per
season was also recorded using questionnaires distributed at the beginning of the season
and collected at the end of the season. The coaches of each team were asked to check that
all injuries were recorded. The injuries associated with the anthropometric characteristics
and biological maturity of the players were assessed.
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Figure 1. Schematic figure showing the experimental design of the study.

The study protocol was approved by the Ethical Committee of the Province of Ferrara
(N. 140797). Children could only participate in the study if their parents/guardians pro-
vided informed consent. Participants were also informed that participation was voluntary
and that they could withdraw from the study at any time.

This research monitored 88 male players aged 9–13. This convenience sample was
recruited from teams under 13 (U13) (26 players), U12 (22 players), U11 (17 players), U10
(12 players), and U9 (11 players) of the youth academy of the professional soccer club
S.P.A.L. (Società Polisportiva Ars et Labor, Ferrara, Italy), playing in the first division of
the Italian soccer league. The sample (aged 11.5 ± 1.4 years, on average) was divided into
two subgroups U9–U11 (aged 10.2 ± 0.8 years) and U12–U13 (aged 12.5 ± 0.5 years). The
training program of this elite academy included at least three training sessions and one
match per week, usually on Saturday. In particular, U9–U11 participants trained three
days a week with a total weekly soccer training duration of 5 h and 30 min. U12–U13
participants trained four days a week with a total weekly soccer training duration of 7 h.

2.2. Anthropometric Measurements

At the start of the competitive season (September), we measured the following an-
thropometric traits: weight, stature, and sitting height. The length of the lower limb was
determined using an indirect method. The repetition of these anthropometric measure-
ments, collected during the first survey and particularly relevant for the assessment of
the child’s growth, and the measurement of other anthropometric characteristics for the
assessment of body composition, were included in the second survey at the end of com-
petitive season (May): stature, weight, sitting height, lower-limb circumference (medial
thigh and calf) and skinfold thickness (thigh and calf). In selecting the anthropometric
characteristics, we took into account the “fundamental” anthropometric measurements
(height and weight) [38] and those measurements (length of the lower limb, obtained from
stature minus sitting height, and body composition parameters) considered crucial during
the prepubertal and pubertal periods [39].The changes for the season in stature, weight,
lower limb length, and BMI were computed and then transformed into yearly growth
rates by dividing the change by the time between the two measurements. Anthropometric
characteristics of children were collected according to standardized methodologies [40–42].

Stature and sitting height were measured to the nearest 0.1 cm using an anthropometer
(Raven Equipment Ltd., UK). During the stature measurement, the child was upright
without shoes, with heels together, and with the head on the horizontal plane of Frankfurt.
During the sitting height measurement, the child was sitting on a box of known height
with his head oriented on the Frankfurt plane. By subtracting the height of this box
from the measured height, sitting height was determined. Weight was measured to the
nearest 0.1 kg using a Seca weighing scale (Seca Deutschland Medical Measuring Systems
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and Scale, Hamburg, Germany) for children dressed in light clothing. The lower-limb
length (subischial) was indirectly obtained as stature minus sitting height. Thigh and
calf circumferences were measured to the nearest 0.1 cm using an anelastic tape (GPM
measuring tape, DKSH, Swiss).

The same trained operator (N.R.) performed a double measurement of thigh and calf
skinfold thicknesses to the nearest 0.5 mm using a Lange skinfold caliper (Beta Technology
Inc., Houston, TX, USA). In the analysis, we used the average of two plyometric values.
The technical error of measurement (assessed prior to project start) was <5% for skinfolds
and <1% for other measurements.

All bilateral measurements were conventionally taken on the left side.
Among the anthropometric indices, we calculated the body mass index (BMI) as

weight (kg)/stature squared (m2) and the Skelic index as (lower limb length/sitting
height) × 100. Young players were classified as underweight, normal weight, overweight
or obese according to international age- and sex-specific BMI thresholds [43,44]. Body
composition and cross-sectional areas of the thigh and leg were also estimated from thigh
or calf circumference (C) in cm, and thigh or calf skinfold thickness (ST) in cm [45,46]
as follows:

Total area (cm2) = C2/4π,
Muscle area (cm2) = (C − (π × ST))2/4π,
Fat area (cm2) = Total area −Muscle area,
Fat Index (%) = (Fat area/Total area) × 100.

2.3. Peak Height Velocity

To determine the age at PHV of the players, we applied a sex-specific equation devel-
oped in Canadian and Belgian boys [30] on the basis of some anthropometric traits described
above. The predictive equation [47] for boys is as follows: −9.236 + (0.0002708× (lower-limb
length × sitting height)) + (−0.001663 × (age × lower-limb length)) + (0.007216 × (age
× sitting height)) + (0.02292 × (weight/stature × 100)). This equation predicts maturity
offset (time before or after PHV). According to the estimated year of PHV, four maturity
categories (YPHV = decimal age–PHV) were identified: category 0, YPHV >−1 year; cate-
gory 1, −2 years < YPHV ≤ −1 year; category 2, −3 years < YPHV ≤ −2 years; category 3,
YPHV ≤ −3 years.
2.4. Injuries

The injuries suffered by players during the 2018–2019 competitive season were col-
lected through questionnaires distributed and explained at the beginning of the season.
Players reported type, severity, and mechanism of injury (acute or overuse) according to
the Fuller et al. [48] questionnaire. In compliance with these authors, injuries were defined
as any physical complaint suffered by a player resulting from a soccer match or training,
regardless of the necessity of medical care or time lost from soccer activities. Injuries result-
ing from a specific and identifiable event were denoted as acute, while injuries caused by
repeated microtrauma without a single identifiable event were denoted as overuse. Injury
number was reported separately by each player. Their severity was reported as time lost
(number of days that the player was not able to take full part in competition or training):
slight for 0 days; minimal for 1–3 days; mild for 4–7 days; moderate for 8–28 days; severe
for >28 days [17,28,48]. Data on injury location and type were also collected. In terms
of anatomic location, injuries were grouped for simplicity into three main body regions:
trunk, upper limbs, and lower limbs [27].

We calculated injury incidence as the number of injuries per 1000 exposure player-hours
in training and matches, as follows: (Σ injuries/Σ exposure hours) × 1000 [17,49].

2.5. Statistical Analysis

Descriptive statistics (means and standard deviations) were separately computed
for the younger (U9–U11) and older (U12–U13) teams. We tested normality using the
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Kolmogorov-Smirnov test. The log-transformed values of thigh and calf skinfolds were car-
ried out before statistical comparisons. Percentage frequency was computed for qualitative
variables (weight status and YPHV categories).

Anthropometric variables were compared between injured and uninjured subgroups
using the Student t-test for independent samples, and Cohen’s d was calculated to estimate
the effect size. By convention, t-test effect size (ES) values of 0.2, 0.5, and 0.8 are considered
small, medium, and large, respectively [50]. Differences between observed frequencies of
qualitative traits (weight status; YPHV categories) and their frequencies expected under
the null hypothesis were tested using the chi-squared test.

Multivariate logistic regression analysis was executed to investigate the injury risk
factors. The dependent variable (selected criterion) was the injury occurrence (no injury
= 0, injury = 1), while the independent predictor variables for multivariate analysis were
identified using automated backward stepwise selection. The general fit of the model was
tested using the Hosmer and Lemeshow goodness-of-fit test (LS). The power of the model
was determined by Nagelkerke’s R-squared. The odds ratios (ORs) and 95% confidence
intervals (CI) were computed referring to the injury occurrence.

Analyses were done with STATISTICA software, version 11 (StatSoft, Tulsa, OK, USA).
Statistical significance was set at p < 0.05.

3. Results

3.1. Anthropometric, Maturation and Injury Characteristics

In the 2018–2019 competitive season, we surveyed a sample of 88 elite soccer play-
ers. Table 1 shows the anthropometric characteristics of the total sample and of the two
age subgroups (U9–U11 and U12–U13) according to the survey. As expected, the older
group had higher mean values of anthropometric variables in both surveys, except for
skinfold thicknesses. With regard to the weight status, there were 11 underweight (12.5%),
72 normal weight (81.8%), and five overweight (5.7%) players during the first survey (i.e.,
in September), whereas, at the end of the competitive season (i.e., in May), there were
five underweight (5.7%), 80 normal weight (90.9%), and three overweight (3.4%) players,
with non-significant changes in frequency. The growth rate in weight, stature, lower-limb
length, and BMI were higher in older than in younger players; the former players were, on
average, closer to maturity offset, as highlighted by the lesser distance from peak height
velocity (PHV).

Table 2 displays the descriptive statistics of injuries. During the 8-month period, a total
of 57 injuries were registered in the total sample: 34 injuries (equal to 60%) were a result of
overuse, whereas the remaining 23 (equal to 40%) occurred traumatically. Of the injuries,
40 occurred during matches, and 17 occurred during training sessions. A total of 37 players
(equal to 42% of entire sample) suffered no injury, 47 players (53.4%) suffered one injury
and four players (4.5%) suffered multiple injuries. Half of the younger group (i.e., U9–U11)
was injured, sustaining a total of 22 injuries (equal to 38.6% of all injuries), while 64.6% of
the older group (i.e., U12–U13) was injured, sustaining a total of 35 injuries (the remaining
61.4% of all injuries). The number of injuries and the number of injured players increased
with age, albeit not significantly, as highlighted by the higher injury incidence in the older
group (0.73 vs. 0.55). The injury incidence for 1000 h of exposure was 2.71 in the younger
and 2.82 in the older subgroup. The majority of injuries were to the lower limb (n = 44;
77.2%), followed by injuries to the upper limb (n = 7; 12.3%) and trunk (n = 6; 10.5%). The
most frequent injuries among the players were strains, sprains, and contusions. As regards
injury severity, the half (50.8%) of the injuries resulted in absence from sport fewer than 8
days, 28.1% in absence 8 to 28 days, and 21.1% in absence more than 28 days. In both age
groups, there were similar proportions with regard to the type of injury (~60% for overuse
and ~40% for acute); however, in the younger group, the incidence of both overuse and
acute injuries was lower, especially with respect to overuse.
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Table 1. Anthropometric characteristics (mean and SD) for the total sample and age subgroups of
elite soccer players during the first (above) and second (below) surveys.

Variable

Total Sample
(n = 88)

U9–U10–U11
(n = 40)

U12–U13
(n = 48)

Mean SD Mean SD Mean SD

First Survey

Age (years) 11.45 1.37 10.15 0.83 12.54 0.50
Weight (kg) 38.47 7.48 34.07 4.95 42.05 7.31
Stature (cm) 146.67 9.80 139.38 6.05 152.58 8.15

Sitting height (cm) 75.72 4.17 73.06 2.85 77.88 3.83
Lower-limb length (cm) 70.95 6.52 66.32 4.69 74.71 5.28

BMI (kg/m2) 17.75 1.95 17.50 2.02 17.95 1.88
Skelic index 93.67 6.51 90.84 6.57 95.97 5.53
YPHV (years) −2.33 0.98 −3.21 0.53 −1.63 0.61

Second Survey

Weight (kg) 41.33 8.83 35.64 4.79 46.08 8.64
Stature (cm) 150.61 10.79 142.45 6.21 157.42 8.92

Sitting height (cm) 77.02 4.86 73.79 2.97 79.72 4.48
Lower-limb length (cm) 73.59 6.86 68.66 4.68 77.70 5.57

BMI (kg/m2) 18.03 1.90 17.52 1.69 18.45 1.98
Skelic index 95.54 6.56 93.13 6.64 97.54 5.99
YPHV (years) −2.18 1.09 −3.13 0.54 −1.38 0.72

Weight gain rate (kg/year) 4.40 3.90 2.43 1.43 6.00 4.50
Stature gain rate (cm/year) 6.11 3.49 4.75 3.04 7.21 3.46
BMI gain rate (kg/m2/year) 0.43 1.38 0.03 1.09 0.75 1.52

Lower-limb length gain rate (cm/year) 4.08 3.32 3.61 3.44 4.46 3.20
Thigh circumference (cm) 39.96 3.93 37.77 3.11 41.78 3.62
Thigh skinfold (mm) 14.32 4.35 14.35 4.52 14.29 4.25
Calf circumference (cm) 30.99 2.51 29.58 1.81 32.17 2.41
Calf skinfold (mm) 8.30 3.11 8.15 3.25 8.42 3.02
Total thigh area (cm2) 128.30 25.74 114.29 19.41 139.98 24.65
Thigh muscle area (cm2) 101.03 19.59 88.50 12.30 111.47 18.44
Thigh fat area (cm2) 27.28 9.93 25.79 9.73 28.51 10.02
Thigh fat index (%) 21.00 5.07 22.09 5.24 20.10 4.78
Total calf area (cm2) 76.95 12.66 69.90 8.66 82.83 12.53
Calf muscle area (cm2) 64.57 10.39 58.31 6.38 69.78 10.24
Calf fat area (cm2) 12.38 5.08 11.59 5.06 13.04 5.05
Calf fat index (%) 15.90 5.22 16.30 5.51 15.57 5.00

Note: U, under; YPHV, years from age at peak height velocity; BMI, body mass index.

3.2. Injury Risk Factors

Table 3 shows the comparison between injured and uninjured players at the end of the
competitive season. The group of injured players was significantly closer to maturity offset,
with higher BMI and growth rates in stature and weight. According to the benchmarks
suggested by Cohen [50], the effect size was large for BMI and rate of weight gain, whereas
it was medium for rate stature gain and distance from peak height velocity. Repeating
the analysis separately for overuse injuries and acute injuries, the BMI, and the growth
rates in weight and lower-limb length, were found to be significantly different only when
comparing overuse injured and uninjured (BMI: p = 0.025, ES = 0.48; weight rate: p = 0.025,
ES = 0.46; limb length: p = 0.047, ES = 0.42). A further comparison of injured and unin-
jured players within the two age subgroups confirmed the general trend with significant
differences in weight (p = 0.011, ES = 0.85) and BMI (p = 0.008, ES = 0.88) in the U9-U11
subgroup, and in weight gain (p = 0.032, ES = 0.71) in the U12–U13 subgroup.
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Table 2. Injury characteristics for the total sample and both subgroups of elite soccer players.

All Injuries
Total Sample

n = 88
U9–U10–U11

n = 40
U12–U13

n = 48

N (%) 57 (100) 22 (100) 35 (100)
Injured players 51 (58.0) 20 (50.0) 31 (64.6)
Incidence (n/player season) 0.65 0.55 0.73
Injury risk per injured athlete 1.12 1.10 1.13

Injury severity

slight 9 (15.8) 4 (18.2) 5 (14.3)
minimal 10 (17.5) 4 (18.2) 6 (17.1)
mild 10 (17.5) 3 (13.6) 7 (20.0)
moderate 16 (28.1) 6 (27.3) 10 (28.6)
severe 12 (21.1) 5 (22.7) 7 (20.0)

Overuse injuries

N (%) 34 (59.6) 13 (59.1) 21 (60.0)
Injured players 29 (56.9) 12 (60.0) 17 (54.8)
Incidence (n/player season) 0.39 0.33 0.44
Injury risk per injured athlete 1.18 1.08 1.23

Acute injuries

N (%) 23 (40.4) 9 (40.9) 14 (40.0)
Injured players 22 (43.1) 8 (40) 14 (45.2)
Incidence (n/player season) 0.26 0.23 0.29
Injury risk per injured athlete 1.05 1.13 1.00

Note: Numbers in brackets are percentages.

Table 3. Comparison between injured and uninjured youth soccer players by risk factors. The anthropometric characteristics
and growth rate during the second survey are presented above, whereas the distribution of injured/uninjured players
according to their biological maturity (YPHV categories) is presented below.

Variable

Injured
n = 51

Uninjured
n = 37 pa Effect Size

Mean SD Mean SD

Weight (kg) 42.89 9.20 39.18 7.92 0.0513 0.43
Stature (cm) 151.65 10.29 149.19 11.44 0.2943 0.23
Sitting height (cm) 77.67 4.81 76.13 4.86 0.1427 0.32
Lower-limb length (cm) 73.97 6.54 73.06 7.33 0.5399 0.13
BMI (kg/m2) 18.48 2.16 17.41 1.26 0.0086 0.61
Skelic index 95.28 6.59 95.89 6.58 0.6634 0.09
YPHV (years) −1.98 1.04 −2.44 1.11 0.0478 0.43
Rate of weight gain (kg/year) 5.34 4.45 3.08 2.43 0.0070 0.63
Rate stature gain (cm/year) 6.76 3.71 5.18 2.95 0.0368 0.47
Rate of BMI gain (kg/m2/year) 0.62 1.58 0.15 1.00 0.1179 0.36
Rate of gain in lower limb length (cm/year) 4.38 3.64 3.66 2.78 0.3184 0.22
Thigh circumference (cm) 40.60 4.26 39.08 3.28 0.0723 0.40
Thigh skinfold (mm) 14.94 4.66 13.46 3.77 0.1315 0.35
Calf circumference (cm) 31.32 2.57 30.55 2.39 0.1579 0.31
Calf skinfold (mm) 8.64 3.29 7.81 2.83 0.1810 0.27
Total thigh area (cm2) 132.61 28.33 122.37 20.58 0.0650 0.41
Thigh muscle area (cm2) 103.65 21.01 97.41 17.08 0.1413 0.33
Thigh fat area (cm2) 28.96 11.08 24.95 7.64 0.0612 0.42
Thigh fat index (%) 21.50 5.11 20.32 4.99 0.2862 0.23
Total calf area (cm2) 78.57 13.12 74.72 11.81 0.1602 0.31
Calf muscle area (cm2) 65.51 10.29 63.27 10.53 0.3198 0.22
Calf fat area (cm2) 13.06 5.52 11.45 4.30 0.1442 0.33
Calf fat index (%) 16.34 5.24 15.29 5.20 0.3521 0.20

YPHV category N % N % pb Effect size

0 10 77 3 23 0.0625 0.41
1 16 64 9 36
2 15 52 14 48
3 10 48 11 52

Note: YPHV, years from age at peak height velocity; BMI, bodymass index; category 0, YPHV>−1 year; category 1,−2 years < YPHV≤−1 year;
category 2,−3 years < YPHV≤ −2 years; category 3, YPHV≤ −3 years; p a, probability associated with the t-test; p b, probability associated
with the chi-squared test; bold values indicate statistical significance.
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The lower part of Table 3 also shows the distribution of injuries in the four categories
of YPHV. Upon approaching peak height velocity, the occurrence of injuries increased from
the minimum of 48% registered in category 3, i.e., the furthest from maturity offset, to the
maximum of 77% in the closest category (i.e., YPHV category 0).

Table 4 displays the odds ratios of the multivariate model with 95% confidence in-
tervals and p-values. Logistic regression analysis revealed that three variables (YPHV,
BMI, and calf muscle area) were significant risk factors for injuries: increased YPHV with
2.6-fold increased risk of injury, increased BMI with almost twofold increased risk of
injury, increased calf muscle area with 13% decrease in risk of injury. The other anthropo-
metric variables provided no further contribution to the explanation of the model in the
multivariate analysis. The Hosmer-Lemeshow statistic adequately fit the data (p > 0.05).
Nagelkerke’s statistic indicated that the model’s explained variance was 22%.

Table 4. Multivariate logistic regression analysis of potential injury risk factors in young soccer players.

Risk Factors OR (95% CI) Wald p

YPHV (years) 2.633 (1.170–5.928) 5.471 0.019
BMI (kg/m2) 1.923 (1.225–3.018) 8.079 0.005

Calf muscular area (cm2) 0.874 (0.786–0.972) 6.139 0.013
Hosmer-Lemeshow 9.593 0.295
Nagelkerke R2 0.216

Note: YPHV, years from age at peak height velocity; OR, odds ratio; BMI, body mass index.

4. Discussion

In this study, we analyzed the prevalence of injuries in teams of young elite soccer
players by age, evaluating the main anthropometric and growth factors associated with
an increased risk of injuries. Our findings demonstrate a trend in the incidence of injuries
with age and biological maturity (PHV), as well as an association of some anthropometric
characteristics with the risk of injuries in young elite soccer players.

A higher overall number of injuries per 1000 exposure player-hours was found in
this study (2.77) than in other previous studies on soccer players (1.20 in children and
1.30 in adolescent Brazilian soccer players in [27]; 0.61 in 712-year-old Czechoslovak and
Swiss players in [17]), but similar to other findings from the literature (2.81 in high-school
soccer players, according to [51]). Considering the impact of different sports on the level
of exposure in male adolescents, the literature shows that this rate per 1000 exposures
achieves its highest values in football, hockey, and basketball, and its lowest values in track,
swimming, tennis, and badminton athletes [9,51,52].

The results of this study highlighted that the number of injuries varies among different
age groups (U9–U11 vs. U12–U13), regardless of the type of injury (acute or overuse).
In particular, older groups reported a greater number of injured players and a greater
incidence in comparison to younger players, especially with regard to overuse injuries.
This could be due to the increase in training load in the older groups, as reported in
the study by Vanderlei et al. [27], showing that injured adolescent players trained for
longer weekly hours. Although there is no concordance in the literature regarding the
relationship between athlete age and injury risk, lighter and smaller soccer players are
generally deemed to be less prone to injury [11]. Furthermore, it is recognized that, as
the level of competition and contact in sport increases with age, so does the risk of injury
in children and adolescents [9]. In soccer, as in other sports, the peak of injuries lies
consistently in the age group of older adolescents [9,53]. However, a major role could be
played by the maturity status, rather than by the chronological age.

Analyzing the frequencies of injuries according to the distance from the age at PHV,
we found an increasing trend of injury rate with the approach of the peak, as confirmed
by the ES. This was further confirmed by the comparison between injured and uninjured
players, where the mean YPHV appeared significantly lower in the first group, and by
the multivariate logistic regression, where the YPHV increased the injury risk more than
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twofold. Previous studies have consistently underlined that maturity status influences
the structural body changes of young soccer players, in addition to functional growth
capacity [11,21,25,26,28,32,54].

The findings of the current study support the relevance of specific anthropometric
variables from the perspective of injury prevention. BMI, calf muscle area, and growth rates
in weight, stature, and lower-limb length were identified as risk factors for injuries. This
finding is in line with previous studies showing that numerous anthropometric changes
linked to the growth spurt of adolescence [55] led to a period of increased risk of sports
injuries [56], so much so that it was suggested that earlier and later players follow different
training programs [28]. Therefore, regular anthropometric measurements of players (every
3 months according to [54]) should be used to monitor their somatic maturity [57] and
identify specific growth phases involving different injury risk [54].

In particular, with reference to the results of our prospective study, higher growth
rates in weight and stature were found to be significant risk factors; players were more
likely to be injured as the growth rates in weight and stature increased. In our study
the gain rate in lower-limb length, in addition to BMI and weight gain rate, was also
significantly different between overuse injured and uninjured players. These growth
parameters, particularly the increase in leg length and stature [55], define the tempo of
maturation and are strictly connected to the PHV, whereby the growth rate increases as the
YPHV tends to zero, approaching the peak. The tendency for the risk of injury to increase
with increasing maturation is probably due to the high training loads [27] that overlap with
the rapid yearly growth changes. A high tempo of maturation could be one of the causes
of the increase in injury rate around the PHV, as underlined by other studies performed in
young soccer players [11,24,28] and in young athletes of other sports [9,27]. This could be
connected to a temporary increase in skeletal fragility, which increases the rate of acute
injuries [58,59], and to a temporary decline in essential motor performance during years
of maximal growth caused by an imbalance between lower limb and trunk growth and
muscular size and strength [55,60]. Among injuries, however, it is also well known that
growth-related factors predispose players to overuse injuries [31,56], as observed in our
study. The increase in weight could also be a consequence of the growth [32], but this
anthropometric characteristic may be influenced by several other factors; thus, it is also
important to analyze the changes in BMI among injured and uninjured players. However,
the results in the literature are not always consistent. A study by Rommers et al. [11] found
that an increase in leg length in younger players (U10–U12) and having long legs in older
players (U13-U15) were associated with overuse injuries, while a higher weight and a
slower growth rate were associated with acute injuries.

Although we found no significant difference between injured and uninjured players
in body composition parameters, the relevance of calf muscle area in the occurrence of
injuries emerged through multivariate logistic regression analysis: injuries decreased as
the calf muscle area increased. This result underlines the importance of fat free mass in the
lower extremities, which strongly contributes to strength and power performance. Players
with greater muscle development in the lower limbs, due to training and/or structural
characteristics, have greater dynamic stability in their sporting actions with lower risk
of injury. An association of muscle weakness or alterations in muscle recruitment with
injury was previously reported [61]. From this point of view, it should be noted that the
stage between the ages of 12 and 15 represents a very sensitive period of neuromuscular
maturation, which has to be maintained through systematic training [62].

The increase in BMI, an index commonly used as a proxy for adiposity, was another
significant risk factor for injuries in our sample, as evidenced by the multivariate logistic
regression analysis, as well as by the statistical comparison between injured and unin-
jured players. Kemper et al. [25] suggested that every change in BMI, both increases and
decreases, should be monitored by coaches to reduce the risk of injuries, especially if
the increase is higher than the normal growth and maturation rate. Vanderlei et al. [27],
analyzing different sports, reported a significant association of weight and stature with
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injury risk in children over 12 years, but not in younger children. In our study, the stature
did not seem to be associated with injured risk, probably because the majority of elite
players examined were still far from their growth spurt (i.e., PHV), growing at an average
rate of 6.1 cm/year compared to the maximum growth rate reported for soccer players of
8–9.7 cm/year [63,64]. The fact that a BMI increase of at least 0.3 kg/m2 per month also led
to an increase in the relative risk of injury [25] is supported by our results: injured players
had a yearly BMI rate that was four times higher than that of uninjured players.

The major strength of this study is its prospective research design with the repetition
of some anthropometric measurements relevant to the assessment of the velocity of growth
over the competitive season of elite youth soccer players. Some body composition parame-
ters were also assessed during the second survey. All anthropometric measurements were
taken directly, whereas previous studies often employed self-reported measures or were
restricted to BMI values in non-elite samples, using a cross-sectional research design. Our
study also has two main limitations. The first is the small size of the sample, even if it
comprised only a selected group of elite soccer players. Anyway, as we analyzed an elite
sample, the results of this study can provide new indications useful for future in-depth
studies. The second limitation concerns the questionnaire on injury data collection [48];
despite it being the result of the Injury Consensus Group activities under the aegis of
the Fédération Internationale de Football Association Medical Assessment and Research
Centre (F-MARC), it was completed without medical supervision. Lastly, we could not
control for every other possible injury risk factor, and we could not exclude the possibility
of residual confounding. Future studies need to also consider injury risk factors for players
that have already reached or surpassed their PHV, when growth rates cannot provide
satisfactory explanations.

5. Conclusions

This study highlights the remarkable effect of biological maturity, assessed in terms of
PHV and anthropometric variables, on the injury occurrence of elite young soccer players.
Players who are closer to their biological maturity (YPHV) are at a higher risk of injury. On
the basis of our findings, we propose that anthropometric characteristics and growth rate
should be monitored because they could be connected with an increased risk of injuries in
young soccer players.

With regard to the practical implications of our study, the large individual variation in
adolescent growth spurts needs to be taken into consideration by coaches not only during
talent identification, but also during training. Indeed, training programs must be tailored
according to both the chronological age and the maturity status of the players. Moreover,
some body composition and anthropometric characteristics need to be monitored as part
of a prevention program in order to decrease injury risk, with particular attention paid to
rapid changes in weight status during early adolescence.
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Abstract: Health-related quality of life (HRQoL) after stroke tends to vary across studies or across
stages of stroke. It is useful to use the health utility score to compare HRQoL across studies.
Physical activity after stroke also tends to vary similarly. The purpose of the present study was to
determine associations between the health utility score and physical activity outcomes in stroke
survivors. This cross-sectional study recruited stroke survivors who could ambulate outside, free of
assistance. We assessed the health utility score with the EuroQoL 5-Dimension 3-Level questionnaire.
The physical activity outcomes were the number of steps taken and duration of moderate-to-vigorous
physical activity (MVPA) as measured with an accelerometer. Multiple linear regression analyses
were used to determine whether the physical activity outcomes were independently associated with
the health utility score. Fifty patients (age: 68.0 years; 40 men, 10 women) were included. Multiple
linear regression analysis showed the health utility score to be significantly associated with the
number of steps taken (β = 0.304, p = 0.035) but not with MVPA. This is the first study to examine
the association between the health utility score and objectively measured physical activity in stroke
survivors. Promoting physical activity especially by increasing the number of steps taken might be a
priority goal in improving a patient’s health utility score after stroke.
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1. Introduction

Stroke has a direct impact on overall health. The interval between the onset of
symptoms and arrival at the hospital can greatly influence the effectiveness of treatment
and patient prognosis [1,2]. Stroke survivors are additionally affected by long-term physical
and psychosocial well-being [3]. Several studies reported that health-related quality of life
(HRQoL) is also altered in stroke survivors. Most stroke survivors have a lower HRQoL
than healthy subjects [4–6], even when adjusting for confounding factors [6]. De Wit et al.
indicated that HRQoL of stroke survivors was more than 1/2 standard deviations below
that of a healthy population [4]. However, there are strong associations between levels of
HRQoL assessed by the EuroQoL 5-Dimension 3-level (EQ-5D-3L) questionnaire at three
months and survival within the first year [7]. Thus, assessing HRQoL may contribute to
predicting prognosis after stroke.

HRQoL after stroke tends to vary across studies [7,8] or stages of stroke [9]. Thus,
it is useful to use the health utility score to compare HRQoL across different studies. The
EQ-5D-3L is particularly useful for calculating the health utility score to compare health
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over time between different populations [10]. The EQ-5D-3L is utilized for the analysis of
cost-effectiveness as a means to use the outcome for quality-adjusted life years (QALY) [11].

Physical activity after stroke also tends to vary across studies or stages of stroke
because of factors such as stroke severity, physical function, and environmental factors [12].
Physical activity is just as important as HRQoL as a predictor of prognosis in terms of
mortality [13] and recurrent stroke [14,15]. Therefore, promoting physical activity may
be one of the most important strategies in improving stroke survival and preventing
recurrence. There are several reports on the relationship between HRQoL and physical
activity or exercise after stroke. Adaptive physical activity improves mobility function and
HRQoL in chronic stroke [16]. Hou et al. suggested thar long-term regular mild exercise
such as walking could improve HRQoL after stroke [17]. Based on the above reports,
exercise intervention might have a positive effect on HRQoL. In a cross-sectional study,
Rand et al. reported that HRQoL correlated significantly with the amount of daily physical
activity as measured with an accelerometer and self-reported questionnaire [8]. However,
their study did not calculate a health utility score based on HRQoL, so the association of the
health utility score with physical activity outcomes was not clear. Previously, we tried to
clarify these relationships in a preliminary cross-sectional study [18]. As a result, the health
utility score correlated significantly with the number of steps taken in community-dwelling
ambulatory patients with stroke. Thus, we concluded that the more the patients with stroke
walked, the higher their health utility score would be. However, because the study sample
was quite small, we could not conduct a multivariate analysis. Additionally, we could not
investigate the association between the health utility score and physical activity intensity.
If these associations are clarified even when considering confounding factors, we may
be able to develop appropriate methods to increase health utility by promoting physical
activity. In addition, the results of the present study might also serve as a steppingstone for
examining the relationship between QALY and physical activity in future trials.

We thus hypothesized that the health utility score would be associated with the
amount of physical activity or intensity of physical activity in stroke survivors. Therefore,
the purpose of the present study was to determine associations between the health utility
score and physical activity outcomes in stroke survivors.

2. Materials and Methods

2.1. Study Design and Participant Recruitment

This cross-sectional study was approved by the research ethics committee of Kobe
University Graduate School of Health Sciences (approval no. 690, 20 April 2018). In-
formed consent was obtained from all patients. Participants were selected from June 2017
to November 2018 at Itami Kousei Neurosurgical Hospital by a medical doctor or physical
therapist based on the inclusion criteria. The sample size used in the present study was
determined based on the total number of patients seen over the selection period.

The inclusion criteria were a previous history of stroke, ability to ambulate outside
free of assistance, and consent to measurement of physical activity. Exclusion criteria were
those younger than 18 years of age, patients with dementia or aphasia as evaluated by their
primary care physician, those with a modified Rankin Scale score [19] > 3 (moderate to
severe disability conditions that require assistance with walking and physical demands)
due to musculoskeletal disease, and those with severe cardiopulmonary disease or psychi-
atric disease such as schizophrenia based on evaluation of the patient’s medical records by
a physical therapist.

2.2. Clinical Characteristics

Patient characteristics, including age, sex, body mass index (BMI), subtypes of stroke
(ischemic or hemorrhage stroke), neurological deficit by the National Institutes of Stroke
Scale (NIHSS) [20], time from stroke onset, comorbidities (hypertension, diabetes mellitus,
dyslipidemia), handgrip strength, and comfortable walking speed [21] were collected from
electronic medical records. The NIHSS is one of the measures of stroke severity and assesses
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11 items related to cognition, vision, motor and sensory function, speech and language,
ataxia, and inattention. It consists of a score of 0–42, with lower scores indicating milder
neurological symptoms and higher scores indicating more severe symptoms. Comfortable
walking speed was determined from a 10 m walking test as 10 m/time required in sec-
onds [21]. We used a stopwatch to time the patient’s walking time over a 10 m length of a
14 m walkway. Grip strength was measured using a digital grip strength meter. During the
measurement, the patient was instructed to sit in a chair without a backrest and to keep the
upper limbs off the side of the body [22]. The grip strength was measured twice on each
side, and the maximum value was adopted.

2.3. Assessment of Health Utility Score

To assess the health utility score, we used the EQ-5D-3L questionnaire [23]. The EuroQoL-
5D-3L was introduced by the EuroQoL group and has been used in Japanese populations.
The EQ-5D-3L has an index score as the first component, and patients select outcomes
from choices of no problems, some problems, and severe problems (scored 1–3) for the
following five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxi-
ety/depression. The responses obtained from the EQ-5D-3L were converted by a physical
therapist to a health utility score, which was considered the primary outcome in the present
study based on a set of Japanese values [23]. The health utility score assesses HRQoL
quantitatively as a fraction of ideal health, with a score of 1 representing perfect health,
a score of 0 representing death, and a negative score representing health states worse
than death [23].

2.4. Physical Activity Measurement

The physical activity outcomes were the number of steps taken and duration of
moderate-to-vigorous physical activity (MVPA). We used a Fitbit One 3-dimensional ac-
celerometer (Fitbit, Inc., San Francisco, CA, USA) to measure the physical activity values.
The Fitbit One has been used in previous studies of stroke patients [18–25]. After patient
enrollment, the device was worn on the waist belt of all patients 24/h day for more than
one week, except when bathing or changing clothes. We used the first 7 days (1 week)
of continuous data to determine physical activity outcomes in the present study. We con-
firmed the number of steps, exercise energy expenditure, and duration of activity time
after downloading the data files to Fitbit online dashboard software [26]. We calculated
the average number of steps (/day) and duration of MVPA (min/day). Duration of MVPA
was calculated by the sum of MVPA time at greater than three metabolic equivalents.

2.5. Statistical Analysis

The results are shown as median (interquartile range) or as ordinal variables and
counts (%) for categorical variables. The Shapiro-Wilk test was used to access normality of
the values. Nonparametric analyses were used. Multiple linear regression analyses were
used to determine whether the physical activity outcomes were independently associated
with the health utility score. The health utility score was the dependent variable, and the
independent variables were the physical activity outcome and the following relevant
confounding variables that correlated with the health utility score by Spearman correlation
coefficient (p < 0.05): age, sex, BMI, handgrip strength, and walking speed. To account for
the effects of multicollinearity, physical activity outcomes were selected as the independent
variables in two separate models (Model 1: number of steps, Model 2: MVPA). A p-value of
< 0.05 was considered to indicate statistical significance. Statistical analyses were performed
with IBM SPSS 25.0 statistical software (IBM SPSS Japan, Inc., Tokyo, Japan).

3. Results

3.1. Participants and Clinical Characteristics

Participant flow through the present study is shown in Figure 1. Of the original
98 patients, 55 patients met the inclusion criteria, but five patients later dropped out

61



Int. J. Environ. Res. Public Health 2021, 18, 251

because they did not wear the accelerometer (n = 2), did not respond to the questionnaire
correctly (n = 2), or declined to participate (n = 1). Therefore, the study sample comprised
50 patients. Clinical characteristics of the patients are shown in Table 1.

Excluded (n = 43) 
Dementia or moderate to severe aphasia (n = 8) 
Declined to participate (n = 30) 
Followed by another hospital (n = 5) 

Dropped out (n = 5) 
Did not wear accelerometer (n = 2) 
Could not respond to the questionnaire correctly (n = 2) 
Declined to participate (n = 1) 

Included in the study 
(n = 55) 

Completed measurement of physical 
activity and questionnaire (n = 50) 

Assessed for eligibility 
(n = 98) 

Figure 1. Participant flow in the present study.

Table 1. Clinical characteristics.

Characteristic All Participants (n = 50)

Age (years) 68.0 (53.8–77.0)
Sex (male), n (%) 40 (80.0)
Body mass index (kg/m2) 23.1 (21.8–24.8)
Subtypes, n (%)

Ischemic 32 (64.0)
Hemorrhage 18 (36.0)

NIHSS (score) 1.0 (1.0–2.0)
Time since stroke (months) 4.2 (1.7–6.4)
Comorbidity, n (%)

Hypertension 44 (88.8)
Diabetes mellitus 18 (36.0)
Dyslipidemia 28 (56.0)

Handgrip strength (kgf) 31.9 (24.3–37.6)
Walking speed (m/s) 1.1 (0.9–1.3)

Abbreviation: NIHSS, National Institutes of Health Stroke Scale. Values are shown as median (interquartile range)
or as ordinal variables and counts (%) for categorical variables.

3.2. Health Utility and Physical Activity

The health utility score was 0.77 (0.71–0.85). The physical activity outcomes as indi-
cated by the number of steps taken and the duration of MVPA were 5472.9 (3445.2–7399.9)
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steps/day and 10.2 (1.7–33.0) min/day, respectively. The health utility score showed a sig-
nificant positive correlation with BMI, handgrip strength, walking speed, number of steps,
and MVPA and a significant negative correlation with sex (female) and NIHSS (Table 2).

Table 2. Relation between the health utility score and other characteristics.

Age
Sex

(0, Male; 1, Female)
BMI NIHSS

Handgrip
Strength

Walking
Speed

Number of
Steps

MVPA

HU
score

−0.204 −0.438 0.465 −0.326 0.396 0.429 0.454 0.497
(0.154) (0.001) (0.001) (0.021) (0.004) (0.002) (0.001) (<0.001)

Abbreviations: HU, health utility; BMI, body mass index; MVPA, moderate-to-vigorous physical activity; NIHSS, National Institutes of
Health Stroke Scale. Values are shown as � value (p value).

The results of the multiple linear regression analyses are shown in Table 3. The health
utility score in Model 1 was significantly associated with sex (β = −0.366, p = 0.026) and the
number of steps taken (β = 0.304, p = 0.035). The health utility score in Model 2 was
significantly associated only with sex (β = −0.354, p = 0.035) and not with MVPA (β = 0.231,
p = 0.102). In both Model 1 and Model 2, women had lower health utility scores.

Table 3. Multivariate regression analysis for the health utility score.

Model 1
(Adjusted R2 = 0.383)

Model 2
(Adjusted R2 = 0.357)

β p Value β p Value

Sex −0.366 0.026 −0.354 0.035
BMI 0.210 0.109 0.218 0.106

NIHSS −0.124 0.365 −0.142 0.309
Handgrip
strength −0.158 0.382 −0.082 0.641

Walking speed 0.188 0.182 0.171 0.257
Number of steps 0.304 0.035

MVPA 0.231 0.102
Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous physical activity; NIHSS, National Institutes
of Health Stroke Scale.

4. Discussion

4.1. Key Findings

To our knowledge, this is the first study to examine the associations between health
utility score and objectively measured physical activity in stroke survivors using multivari-
ate analysis. The results indicated that there was an association between the health utility
score and the number of steps taken in stroke survivors.

In addition to the EQ-5D-3L, there are other methods for calculating the health utility
score from other scales, such as the Short Form 6-Dimension questionnaire [27] and the
Health Utility Index 2 (HUI 2) and Health Utility Index 3 (HUI 3) [28]. The HUI 2 overall
score includes sensation, mobility, emotion, cognition, self-care, and pain, whereas the HUI
3 includes vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain.
The health utility score was 0.77 in stroke survivors in the present study. Haacke et al.
indicated that the health utility scores in long-term survivors of stroke as calculated by the
HUI 2, HUI 3, and EQ-5D-3L were 0.67, 0.47, and 0.73, respectively [28]. Post et al. reported
that health utility score was 0.64 for patients with minor stroke from a systematic review of
the literature [29]. Carod-Artal and Egido also presented several stroke sequels in which
the health utility score as assessed by the EQ-5D ranged from 0.60 to 0.70 for minor stroke
(NIHSS < 6) [3]. Most of the stroke survivors in the present study suffered strokes of minor
severity (median NIHSS score of 1.0), so the health utility score was generally consistent
with those of previous studies.
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4.2. Association of Health Utility Score with Physical Activity Outcomes

Rand et al. reported on the association between HRQoL and physical activity [8],
although not the health utility score. We previously reported that the health utility score
showed a positive correlation with the number of steps taken in stroke survivors [18].
In terms of the positive correlation between health utility score or HRQoL and physical
activity outcomes, the results of the present study support the findings of these two
previous studies. The present study added further evidence that there appears to be an
association between the health utility score and the number of steps taken, but not with the
duration of MVPA after adjusting for confounding factors in stroke survivors.

Macko et al. reported that a structured adaptive physical activity program comprised
of mobility, balance, and stretching exercises improves mobility function and QoL in
patients with chronic stroke [16]. Another study found that regular mild exercise such
as walking or Tai Chi improved QoL after stroke [17]. Grau-Pellicer et al. reported that
walking speed was a predictor of community mobility and HRQoL as assessed by the
EQ-5D-5L in a population of stroke survivors that included some patients who required
supervision to ambulate [30]. Although the health utility score in the present study showed
a significant correlation with walking speed, the correlation was not significant after
multivariate analysis. Because we only included stroke survivors who could ambulate
outside free of assistance, our result might differ from that of the Grau-Pellicer et al. study.
Walking activity represented by the number of steps taken is supposed to categorize a
community ambulatory level [31], so it is possible that the number of steps may have
been altered by engagement with others, and this social interaction might have affected
health utility.

Several reports investigated predictors of the health utility score including HRQoL.
White et al. suggested that potentially modifiable risk factors such as community participa-
tion and stroke-related disability affected HRQoL [9]. Tse et al. reported that the ability
to re-engage in work and social activities positively influenced HRQoL in the domains of
physical function, participation, and perceived recovery in stroke survivors [32]. Although
we could not investigate return to work or return to social activities after stroke in the
present patients, the health utility score showed some variability for each stroke survivor,
such that the health utility score might have been influenced by work and social activities.
Additionally, because these HRQoL or health utility-related factors such as community
participation and social activities do not necessarily require high-intensity physical activity,
the health utility score was not significantly associated with the duration of MVPA in the
present study. Therefore, the health utility score might be more strongly associated with
amount of physical activity rather than its intensity in stroke survivors.

The results of this study could be used to suggest that encouragement and support
for stroke survivors in order to increase the number of steps for community participation
and maintain independence could be a major strategy to increase health utility after
stroke. Further study should be conducted to examine QALY and number of steps in
stroke survivors.

4.3. Limitations

The present study has several limitations. First, we included only stroke survivors
who could ambulate outside free of assistance, so generalizability of the results of this study
requires caution. The reason we included only minor stroke survivors was because of the
accuracy of measuring the number of steps on the instrument. Although health utility after
stroke depends on stroke severity [29], physical activity after stroke also depends on stroke
severity [33]. Thus, the results of the present study might be partly generalizable, even if
the severity and level of mobility of stroke have changed. Second, we could not know the
exact wearing time of the accelerometer. The wearing time may have had some impact on
the degree of physical activity. Third, because we used the EQ-5D-3L to evaluate the health
utility score, there may have been a ceiling effect. In addition, due to the small sample
size, it was not possible to compare health utility score by sex difference. Because female
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stroke survivors tend to have a lower quality of life [34,35], the relationship between the
health utility score and physical activity outcome may have needed to be confirmed by
sex-specific models. Fourth, we did not evaluate the association of the health utility score
with physical activity outcomes considering confounding factors such as depression or
anxiety [32–36], which are quite common in stroke survivors and might have been present
in the participants of the present study. Finally, in the multivariate regression analysis, we
were not able to add a third model that includes number of steps and MVPA due to the
small sample size. We need to address these deficiencies in future studies.

5. Conclusions

The present study showed that the health utility score was significantly associated with
the number of steps taken by stroke survivors but not with the duration of MVPA. The more
stroke survivors walked, the higher their health utility score was. Promoting physical
activity especially through increasing the number of steps might be a priority goal in
improving the health utility score of patients after stroke. Additional study is needed to
clarify the association between QALY and number of steps.
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Abstract: In people with multiple sclerosis (pwMS), fatigue, weakness and spasticity may reduce
mobility and promote sedentary behavior. However, little is known about the existence of possible
differences in the way MS modifies the propensity to perform physical activity (PA) in men and
women. The present study aimed to partly close this gap by means of quantitative analysis carried
out using wearable sensors. Forty-five pwMS (23 F, 22 M, mean age 50.3) and 41 unaffected age- and
sex-matched individuals wore a tri-axial accelerometer 24 h/day for 7 consecutive days. Raw data
were processed to calculate average number of daily steps, vector magnitude (VM) counts, and
percentage of time spent in sedentary behavior and in PA of different intensities (i.e., light and
moderate-to-vigorous, MVPA). Women with MS spent more time in sedentary behavior and exhibited
a reduced amount of light intensity activity with respect to men, while MVPA was similar across sexes.
However, in comparison with unaffected individuals, the overall PA patterns appear significantly
modified mostly in women who, in presence of the disease, present increased sedentary behavior,
reduced MVPA, number of daily steps and VM counts. The findings of the present study highlight
the urgency of including sex as variable in all studies on PA in pwMS.

Keywords: multiple sclerosis; physical activity; accelerometer; gender differences

1. Introduction

Multiple sclerosis (MS) is a chronic immunomediated and neurodegenerative disease of the central
nervous system (CNS) which is thought to be caused by an interaction of environmental, genetic,
and epigenetic factors [1,2]. This disease, which represent the most frequent cause of disability among
young adults [1,3,4], presents with a variety of symptoms depending on the CNS site in which the
damage is located.

A number of relevant differences in terms of impact of the disease on physical and psychological
dimensions are also associated with the individual’s sex, besides the well-known disproportion in terms
of affected population (i.e., MS affects more women than men [5]). Men are more vulnerable to cognitive
deficits [6], more susceptible to disability accumulation (i.e., characterized by faster relapse-onset, [7,8])
more at risk of poorer prognosis [9] and participation restrictions [10], while women are more likely to
experience anxiety [11] but tend to cope better with the disease [12]. Focusing attention on mobility
issues, recent studies also report that men and women with MS exhibit peculiar gait patterns in terms
of kinematics [13] and that their functional mobility is differently influenced by muscular strength [14].
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However, little is known about the existence of possible sex-related differences in amount and
intensity of physical activity (PA) performed by pwMS, since few studies have explicitly considered
sex as a main variable of interest. This aspect is of extreme importance because approximately 80
to 85% of pwMS complain about the presence of mild to moderate fatigue as well as some kind of
gait impairment [15]. Owing to these symptoms, they tend to reduce overall daily mobility, exhibit a
sedentary behavior [16] and are more reluctant to follow a scheduled program of structured PA. Such a
phenomenon implies further negative consequences, as physical inactivity worsens cardiorespiratory
fitness and promotes physical deconditioning. It is also a co-factor in the onset of comorbidities such
as obesity, metabolic syndrome osteoporosis, etc. [17–19].

The scarce existing literature provides contrasting findings about a possible different impact
of MS on amount and intensity of PA carried out by women and men with MS. Anens et al. [20]
reported significantly lower levels of PA in men with MS (and thus hypothesized that they are more
physically affected by the disease than women) by analyzing data obtained through the Physical
Activity Disability Survey (PADS-R) administered to a cohort of 287 Swedish pwMS. In contrast,
no sex-related differences were found across pwMS in terms of moderate-to-vigorous PA objectively
assessed using a uniaxial accelerometer [21]. In a different study using the same device, men were
found less active when considering the number of daily steps as a metric representative of PA [22].
Finally, the recent systematic review of correlates and determinants of PA in pwMS by Streber et al. [23],
who analyzed data from 65 studies carried out in the period 1980–2015, concluded that sex was
inconsistently associated with PA among pwMS.

Such an apparent lack of agreement might be explained, at least partly, by several factors which
include: unbalanced samples composed predominantly of women (in percentages ranging from
70% to 85%), variety of data collection methods (e.g., questionnaires, accelerometers, pedometers),
type of parameter selected as representative of PA (e.g., number of daily steps, daily minutes spent
in moderate-to-vigorous PA, etc.) and participants’ disability level. Historically, self-reported data,
in the form of diaries and recall questionnaires, have been the most widespread technique used to
assess amount and intensity of PA owing to their low cost, easiness of use and versatility. However,
such an approach suffers from poor reliability and validity, participant recall bias, interpretation of
questions [24] and overestimates the amount and intensity of movement performed [25]. To overcome
such issues, starting from a decade ago objective techniques based on the use of wearable accelerometers
have been successfully employed in acquiring more reliable, long-term data, from which it is possible
to obtain the number of daily steps, classify the performed PA in terms of intensity and calculate energy
expenditure [26]. The availability of a massive amount of continuous quantitative data on mobility
of pwMS has shown itself to be quite useful, especially to elucidating the relationship between PA
levels and important features associated with MS, such as risk of falls [27], cognitive performance [28],
self-efficacy [29] and quality of life [30,31].

On the basis of the aforementioned considerations, the main purpose of the present study was
twofold: (1) to investigate the existence of possible differences between women and men with MS in
terms of amount and intensity of PA performed during a week, continuously acquired using wrist-worn
wearable accelerometers and (2) to verify whether the disease has a stronger impact on men or women
with MS. The latter aspect was analyzed through data comparison with a control group of unaffected
individuals matched for age, sex and socioeconomic attributes. Such information should be useful in
adding a sex perspective in the management of MS, especially as regards the design of training and
rehabilitative programs to reduce sedentary activity and promote a healthy active lifestyle in pwMS.
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2. Materials and Methods

2.1. Participants

In the period March-November 2019, a convenience sample of 45 outpatients (23 women, 22 men)
presenting with relapsing–remitting MS, followed at the Regional Center for Multiple Sclerosis of
Sardinia (Cagliari, Italy) were enrolled in the study following these inclusion criteria: diagnosis of
MS according to the 2005 McDonald criteria [32,33], which allow MS to be diagnosed on the basis of
the dissemination of lesions in the central nervous system in space and time supported by clinical
and instrumental parameters (magnetic resonance imaging, evoked potential and cerebrospinal fluid
analysis); age between 18 and 65 years; Expanded Disability Status Scale (EDSS, a score used to quantify
the disability caused by MS based on a neurological examination of 8 functional systems [34]) score ≤ 6;
being clinically stable and on treatment with disease-modifying agents for at least 6 months. Forty-one
age-matched unaffected individuals (21 women, 20 men), selected among relatives and caregivers
of the pwMS and hospital staff, composed the control group (HC). Both groups of pwMS and HC
were thus equally balanced in terms of women to men ratio (1.05:1). After a detailed explanation of
the purposes of the study and the experimental methodology, all participants agreed to participate
by signing an informed consent form. The study was carried out in compliance with the ethical
principles for research involving human subjects expressed in the Declaration of Helsinki and its later
amendments and was approved by the local ethics committee(102/2018/CE). The anthropometric and
clinical data of the participants are reported in Table 1.

Table 1. Anthropometric and clinical features of participants. Values are expressed as mean ± SD.

Healthy Controls Multiple Sclerosis
Women Men Women Men

Participants 21 20 23 22
Age (years) 46.7 ± 14.6 49.6 ± 14.4 49.4 ± 9.0 51.2 ± 11.8
Height (cm) 163.2 ± 6.4 171.0 ± 6.8 159.2 ± 6.5 172.8 ± 6.5

Body Mass (kg) 61.5 ± 10.4 73.9 ± 11.7 61.5 ± 10.4 71.8 ± 9.8
EDSS score NA 3.6 ± 1.8 3.6 ± 1.8
Type of MS NA 16 RR/4 PP/3 SP 14 RR/4 PP/4 SP

Disease duration (years) NA 17.6 ± 10.2 18.4 ± 13.4

EDSS: Expanded Disability Status Scale; MS: Multiple Sclerosis; PP: Primary Progressive; RR: Relapsing Remitting;
SP: Secondary Progressive.

For some specific supplemental analyses, individuals with MS were also stratified into two groups
according to their EDSS score as follows: mild disability (n = 29, 13 M, 16 F, EDSS in the range 0–3.5)
and moderate-severe disability (n = 16, 9 M, 7 F, EDSS > 3.5). Six participants (all belonging to the
moderate-severe disability group) reported the use of a walking aid on a regular basis.

2.2. Data Collection and Processing

Each participant was instructed to wear a tri-axial accelerometer (Actigraph GT3X, Acticorp Co.,
Pensacola, FL, USA) previously validated for use in pwMS [27,35] for 7 consecutive days 24 h/day
on the non-dominant wrist. Removal of the device was allowed only for showering, bathing and
when performing water-based activities (i.e., swimming). The choice of wrist as the placement site for
the device was made as it results generally better tolerated by pwMS for both comfort and aesthetic
reasons, thus increasing the likelihood of wear time compliance [36]. Wrist placement also makes
data collection on sleep patterns easier [37]. PA data was collected in 60-s epochs at 30 Hz frequency.
At the end of the acquisition period, raw data were downloaded on a PC and processed by means of
the dedicated ActiLife software (v6.13.3 Acticorp Co., Pensacola, FL, USA) to extract the following
variables on a weekly, daily and hourly basis:
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• step counts (SC);
• vector magnitude counts (VM), which are composite measures of accelerometric counts considered

a proxy for overall physical activity [38]. VM is calculated with the following equation:

VM =
√

(x2+y2+z2) (1)

in which x, y and z are the values of accelerations measured by the device in each of the three
orthogonal directions;

• levels of PA intensity classified into three categories according to the associated value of metabolic
equivalent (MET), namely sedentary behavior (SB, 0–1.5 MET), light intensity PA (LPA, 1.5–3 MET)
and moderate-to-vigorous PA (MVPA, > 3 MET). Such a discrimination was carried out based
on the cut-points for accelerometric counts per minute (cpm) proposed by Sandroff et al. [39] as
reported in Table 2.

Table 2. List of accelerometric cut-points employed to classify the intensity levels of Physical Activity
performed by people with Multiple Sclerosis and unaffected individuals (adapted from [39]).

Level of Physical
Activity Intensity

Metabolic
Equivalent (MET)

Accelerometric Counts Per Minute (cpm)

Healthy Controls and
People with MS with

EDSS Score ≤ 3.5

People with MS with
EDSS Score > 3.5

Sedentary Behavior (SB) <1.5 0–319 0–87
Light Physical Activity (LPA) 1.5–3 320–1980 88–1185

Moderate-to-Vigorous
Physical Activity (MVPA)

>3 >1980 >1185

As these thresholds refer to experiments during which accelerometers were positioned at the hip,
a correction (provided automatically by the ActiLife software) was applied to account for the wrist
placement. In the analysis, we considered and included only acquisition days characterized by an
overall wear time of at least 16 h.

2.3. Statistical Analyses

A two-way multivariate analysis of variance (MANOVA) was carried out to explore the existence
of a possible differential impact of the disease on men and women with MS considering as independent
variables sex (women or men) and status (pwMS or unaffected). Dependent variables were SC and
VM in one case and the three PA levels in the other respectively. The level of significance was set at
p = 0.05 and the effect sizes were assessed using the eta-squared (η2) coefficient. Univariate ANOVA
was carried out as a post-hoc test by reducing the level of significance to p = 0.025 (0.05/2) for SC and
VM and p = 0.016 (0.05/3) for the PA levels, after a Bonferroni correction for multiple comparisons.
Supplemental statistical tests focused on SC and VM only were performed using a two-way MANOVA
by considering sex (women or men) and group (unaffected, pwMS with mild disability or pwMS with
moderate-severe disability) as independent variables. All analyses were performed using the IBM
SPSS Statistics v.20 software (IBM, Armonk, NY, USA).

3. Results

Results regarding the absolute values (min/day) and the percentage of time spent in PA of different
intensities, as calculated from the accelerometric data, are reported in Table 3.
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Table 3. Physical activity patterns for men and women with Multiple Sclerosis and those unaffected.
Values are expressed as mean ± SD.

Healthy Controls Multiple Sclerosis

Women Men Women Men

SB
% 59.3 ± 7.8 66.1 ± 8.0 * 68.6 ± 8.2 † 62.6 ± 9.8 *

min 804.1 ± 132.0 899.9 ± 112.2 * 859.5 ± 149.1 † 810.1 ± 108.0 *

LPA
% 23.9 ± 3.9 23.0 ± 2.0 20.9 ± 6.5 27.1 ± 7.3 * †

min 311.9 ± 49.2 313.3 ± 70.4 266.0 ± 77.7 347.0 ± 95.4 †
MVPA

% 16.8 ± 5.3 10.8 ± 4.6 * 10.5 ± 5.5 † 10.3 ± 5.5
min 209.1 ± 69.8 147.7 ± 64.0 * 123.0 ± 74.2 † 134.9 ± 73.6

SC (steps/day) 12726 ± 2771 10850 ± 3532 8375 ± 3199 † 9719 ± 3071
VMC (106 counts/day) 2.68 ± 0.54 2.08 ± 0.63 * 1.85 ± 0.55 † 2.08 ± 0.66

LPA: Light Intensity Physical Activity; MVPA: Moderate-to-vigorous Physical Activity: SB: Sedentary Behavior;
SC: Steps count; VMC: Vector Magnitude Counts. The symbol * denotes a significant difference vs. women after
Bonferroni correction. The symbol † denotes a significant difference vs. unaffected individuals of the same sex after
Bonferroni correction.

3.1. Steps Count (SC) and Vector Magnitude (VM) Counts

MANOVA detected a significant main effect of sex (F(3, 80) = 3.13, p = 0.03, Wilks λ = 0.89,
η2 = 0.10), status (F(3, 80) = 7.66, p < 0.001, Wilks λ = 0.78, η2 = 0.22) and sex x status interaction
(F(3, 80) = 4.52, p = 0.006, Wilks λ = 0.85, η2 = 0.14) on SC and VM values. The post-hoc analysis
(data are graphically displayed in Figure 1) found significant main effects for sex (SC and VM) and
sex x status interaction (VM only) after Bonferroni correction. In particular, it was observed that in
women (but not in men) the presence of the disease significantly reduced both SC (−32%, 8375 vs.
12,283, p < 0.001) and VM counts (−45%, 2.58 106 vs. 1.85 106, p < 0.001)., VM counts were also found
significantly higher in unaffected women with respect to men (+24%, 2.58 106 vs. 2.08 106, p = 0.009).

 

(a) (b) 

Figure 1. Comparison of Daily Steps (a) and Vector Magnitude Counts (b) for women (pink line) and men
(blue line) with Multiple Sclerosis and unaffected individuals. The symbol †denotes a significant difference
between unaffected individuals and people with MS after Bonferroni correction (p < 0.025). The symbol *
denotes a significant difference between women and men after Bonferroni correction (p < 0.025).

Figures 2 and 3 show respectively the hourly trends and the average number of daily steps taken
by unaffected individuals and pwMS of different levels of disability according to the stratification
previously indicated. It appears that while the trend is quite similar for all groups, with two peaks
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of activity located approximately between 9–10 AM and 6–7 PM, mobility tends to decrease with
increasing disability, with differences particularly evident in the women’s group.

 

(a) (b) 

Figure 2. Comparison of hourly trends in women (a) and men (b) for step counts.

Figure 3. Average number of daily steps in women (a) and men (b) depending on their disability level.
The symbol * denotes a significant difference (p < 0.05).

The statistical analysis carried out on daily steps considering the participants stratified into the
three groups (unaffected, pwMS with mild disability and pwMS with moderate-severe disability)
detected a main effect of status (F(3, 80)= 3.13, p= 0.03, Wilks λ= 0.89, η2 = 0.10). However. the post-hoc
analysis revealed that the only significant differences involved women participants. Women with MS,
regardless their disability level, performed a reduced number of daily steps with respect to unaffected
(mild disability 9116 vs. 12,283, p = 0.003; moderate-severe disability 6679 vs. 12,283, p = 0.003).

3.2. Physical Activity Intensity Levels

MANOVA also detected a significant effect of sex (F(3, 80) = 4.46, p = 0.006, Wilks λ = 0.86,
η2 = 0.14), status (F(3, 80) = 3.33, p = 0.024, Wilks λ = 0.89, η2 = 0.11) and sex x status interaction (F(3,
80) = 4.03, p = 0.01, Wilks λ = 0.87, η2 = 0.13) on PA intensity levels. The post-hoc analysis (see Figure 4)
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detected significant sex x status interaction for SB and LPA intensity, and a significant effect of status
for MVPA intensity after Bonferroni correction. In particular, women with MS exhibited significantly
higher SB than those unaffected (68.6 vs. 59.3%, p = 0.035) and also higher than men with MS (68.6% vs.
62.6% of men, p = 0.021). As regards LPA, unaffected women and men displayed similar levels, while
men with MS exhibit a significant increase of LPA when compared to unaffected, passing from 23% to
27.1% (p = 0.029). Also, men with MS exhibit higher LPA than women (27.1 vs. 20.9%, p < 0.001). At
last, unaffected women of our sample spent more time in MVPA than men (15.9% vs. 10.8%, p = 0.003)
while the values become almost identical in people with MS. The decrease observed in MVPA for
women (from 15.9% to 10.5%) was found statistically significant (p < 0.001).

 

(a) 

 

(b) (c) 

Figure 4. (a) percentages of time spent in Sedentary Behavior, (b) Light Intensity and (c) Moderate-
to-vigorous intensity Physical Activity in women (pink lines) and men (blue lines) with Multiple
Sclerosis and unaffected individuals. The symbol † denotes a significant difference between unaffected
individuals and people with MS after Bonferroni correction (p < 0.016). The symbol * denotes a
significant difference between women and men after Bonferroni correction (p < 0.016).

4. Discussion

The aim of this study was to assess the existence of possible differences in amount and intensity
of PA (quantitatively assessed using accelerometers worn for a consecutive week) performed by men
and women with MS and to estimate the impact of the disease across sexes through comparison with a
sample of age and sex-matched unaffected individuals. The findings partly support both hypotheses
since women with MS exhibited a pattern of PA characterized by a significantly higher percentage
of time spent in sedentary behavior and a lower percentage of time spent in light intensity PA with
respect to men with MS, while a substantial similarity between groups was detected in terms of MVPA.
Nevertheless, even the trend of the remaining variables, though not fully supported by results of the
statistical analysis, concur in defining the picture of an overall lower engagement in PA for women
with MS. Our data also suggest that the disease has a stronger impact on women, since a significant
reduction in daily steps, VM counts, and percentage of time spent in MVPA, as well as an increase in
sedentary behavior, were observed in women with MS with respect to those unaffected, while this
phenomenon was not detected in men.

Firstly, it appears important to discuss the results obtained for unaffected individuals, as they
represent the reference basis for estimating the impact of MS on PA levels. It is commonly believed
that men are more physically active than women [40], but such a statement is not fully supported
by experimental findings. In fact, even though some epidemiologic studies observed higher activity
levels in men in terms of moderate-intensity, vigorous-intensity and total leisure-time physical activity
practice [41], others pointed out that sex-related differences closely depend on the type of activity
considered and, in particular, lower levels of PA in women are expected when no distinction is made
between regular sport activity and habitual physical activity in daily life. In practice, women are
not actually less physically active than men but active in a different way as they prefer, for example,
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activity such as light intensity exercise, walking, cycling, etc. [42]. Moreover, many studies did not
consider the physical effort associated with housework (in most cases still predominantly performed
by women, McMunn et al. [43]) which would further increase the levels of habitual physical activity.

In this context, our results are in agreement with those of two recent large-scale studies involving
more than 90,000 British [38] and 900 Finnish [44] participants, in which the same setup (i.e., wrist-worn
accelerometer) was adopted. In both cases it was observed that women were characterized by a
significantly higher value of daily VM counts with respect to men and, in particular, considering the
study by Wennman et al. [44] which employed the same brand/type of activity tracker, agreement with
our data was good even from a quantitative point of view. The sex-related differences were explained
mostly by the specific position selected for placing the accelerometer, which in most previous studies
was located on the hip, while more recently the wrist is becoming preferred to increase compliance and
acquire data on sleep. The main differences in terms of acquired data is that hip-worn accelerometers
are more suitable for describing whole-body movements, while wrist-worn accelerometers add more
specific details on upper limb activity. This increases the possibility of capturing information on a
range of activities that involve arm movements (such as those associated with household chores) which
are more frequently carried out by women.

The pattern of PA calculated for pwMS, considered as a single group, is also generally consistent
with data of previous studies, especially as regards daily steps and percentage of time spent in sedentary
behavior and light intensity PA. In particular, the number of daily steps calculated in our sample,
pooling both women and men regardless of disability level (9032 steps/day), or even considering it,
was found quite similar to results in studies on European pwMS [45–47], but well above those found in
several investigations performed in the United States. In the latter case, the value found for daily steps
varied from 5800 to 7698, depending on the average level of participants’ disability [48–51]. Such a
discrepancy might be due, among other factors, to the intrinsic propensity to walking, which may differ
significantly from country to country and which has generally been recognized as lower in the United
States with respect to EU countries, as found in several studies based on accelerometric, smartphone
and fitness tracker data [52–54].

In terms of PA intensity, the percentages of SB (63 to 68% for men and women respectively)
and LPA (20 to 27%) here calculated, were found fully consistent with those reported in previous
studies which indicated values from 60 to 70% for SB and 27 to 37% for LPA [16,42–44,55]. In contrast,
the percentage of time spent in MVPA (approximately 10%), was found slightly higher than what
usually observed for pwMS (1–7%). However, this result is not fully surprising, as the differences in PA
classification associated with different accelerometer positioning sites (i.e., wrist vs. hip) are usually
more evident in the case of intense activities [56].

The analysis of changes in PA magnitude and intensity across men and women with MS
suggest that the disease has a stronger impact on the latter, who experience larger reductions in
VM counts, daily steps, and percentage of time spent in MVPA, and also tend to exhibit a more
marked sedentary behavior. While this phenomenon probably originates from a complex interaction
between physiological, psychological and environmental factors which may differ across sexes,
some explanations of this may be formulated based on evidence reported in previous studies that
explicitly consider sex as the investigated variable. In the general population, it is known that women
with disabilities must cope with several barriers that may limit their engagement in PA such as fatigue,
lack of time, difficulty in accessing proper facilities, financial constraints and lack of knowledge about
how to exercise safely [57]. In women with MS, such issues are further worsened by a greater need for
assistance in performing daily activities with respect to men [58]. Moreover, of particular relevance in
this context is the role potentially played by fatigue, a typical symptom lamented by most pwMS that
represents a relevant barrier to PA even when performed in non-structured forms [59–61]. According to
the findings of a large-scale study carried out on data extracted from the US Patient-Reported Outcome
Measurement Information System (PROMIS), sex is a predictor significantly associated with fatigue
(i.e., women are more likely to experience fatigue than men [62]) and this would partly explain why in
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women with MS, PA is affected more than in men. Furthermore, since disability associated with the
disease modifies the physical capacity of women to meet both workplace and household demands [63],
even the possibility of performing activities in the domestic sphere may be lessened. As a result,
women with MS are more at risk of experiencing significantly reduced PA, not only that possibly
associated with leisure-time, but also that associated with household activity which, as previously
mentioned, represents a significant part of their daily PA balance.

Some limitations of the study are to be acknowledged. Firstly, the accuracy of the GTX3 device in
terms of calculation of number of steps and classification of the PA intensity might be, in some cases,
influenced by the wrist positioning adopted during our experimental tests. In particular, since the wrist
acceleration on the y-axis (i.e., the one used for steps count purposes) is lower with respect to the value
obtained for the typical positioning on the hip, it is possible that in some cases (i.e., in those participants
with relevant gait alterations such as very low speed) some steps were not correctly detected [64,65].
Also, it is possible that women with MS with more severe disability perform PA of light intensity in
which the arms are only marginally involved (for example stationary bike, yoga, pilates etc.) and thus
their overall sedentary behavior may result overestimated. Similarly, previous studies on general
population reported that women are more likely to perform activities of light intensity (like cycling
for work/leisure time purposes [42]) that might be misclassified due to the stationary position of the
arms. To overcome such discrepancies, in future studies it would probably be useful to integrate the
quantitative data acquired by accelerometers with some kind of diary or questionnaire, in order to
increase the accuracy of the classification of all the performed activities.

As regards the tested sample, it should be recalled that our participants were mostly individuals
characterized by low-mild disability (60% of them had an EDSS score of ≤ 3.5) who lived in an
inner-city residential area. Thus, generalization of the results presented here to different geographic
and socio-economic contexts and to individuals more severely impaired should be performed cautiously.
Also, most pwMS who participated in the present study were still engaged in part- or full-time working
activities, but in our analysis, we did not include specific information on the type of working task
(i.e., manual, office etc.). As a result, we were unable to specify whether superior levels of sedentariness
were somehow associated with the performed job. At last, given the cross-sectional nature of the study,
it is impossible to verify whether the sex-related differences observed here change in the course of the
disease or not. Although the level of disability and duration of the disease were similar across men
and women of our sample, it is to be considered that men usually take less time than women to reach
the same impairment level, and thus that the trajectory of change in attitude to performing PA may be
different for the two sexes. In this context, the results which refer to sedentariness should be further
verified in future studies performed on larger cohorts, as there are factors (like for example fatigue,
but also the presence of specific disabilities which affects mobility [55]) that are likely to change with
the duration of the disease, thus also modifying the propensity to perform PA.

5. Conclusions

This study investigated the existence of possible sex-related differences in both amount and
intensity of PA performed by women and men affected by MS using objective quantitative techniques
(i.e., wrist-worn accelerometers). Our initial hypothesis was substantially confirmed by the results,
which show a pattern of PA for women characterized by greater sedentary behavior and reduced
activity of light intensity with respect to men, while similar values of MVPA were found. However,
when comparing data of pwMS with those of unaffected individuals, most significant changes involved
women with MS, who exhibited increased sedentary behavior, reduced MVPA, number of daily steps
and VM counts with respect to unaffected ones. Taken together, such findings suggest that changes in
the propensity to perform PA caused by the presence of the disease observed in previous similar studies,
are mostly driven by the peculiar impact of MS on women, given their majority in the tested cohorts.
Although further studies on larger cohorts also composed of individuals with higher levels of disability
are needed to confirm the trend observed here, our data confirm the urgency of including sex as a
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variable in all studies on PA in pwMS, as well as selecting, whenever possible, quantitative objective
measurements of PA. These strategies would be of great benefit in planning adequate interventions,
in terms of training, physical therapy and even lifestyle guidelines, tailored to individuals’ needs to
maximize their effectiveness.

Author Contributions: Conceptualization, M.P. (Massimiliano Pau); Methodology, M.P. (Massimiliano Pau),
M.P. (Micaela Porta); Formal analysis, M.P. (Massimiliano Pau), M.P. (Micaela Porta); recruitment and clinical
assessment, E.C., J.F., G.C., L.L.; data curation, M.P. (Massimiliano Pau), M.P. (Micaela Porta); writing—original
draft preparation, M.P. (Massimiliano Pau); E.C. and L.L. writing—review and editing, M.P. (Massimiliano Pau);
funding acquisition, M.P. (Massimiliano Pau), E.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was partly supported by FISM—Fondazione Italiana Sclerosi Multipla (Italian Foundation
for Multiple Sclerosis) grant code 2017/R/19.

Acknowledgments: The authors wish to thank the participants of the study and their families for their valuable support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Compston, A.; Coles, A. Multiple sclerosis. Lancet 2008, 372, 1502–1517. [CrossRef]
2. Waubant, E.; Lucas, R.; Mowry, E.; Graves, J.; Olsson, T.; Alfredsson, L.; Langer-Gould, A. Environmental and

genetic risk factors for MS: An integrated review. Ann. Clin. Transl. Neurol. 2019, 6, 1905–1922. [CrossRef]
[PubMed]

3. Koch-Henriksen, N.; Sørensen, P.S. The changing demographic pattern of multiple sclerosis epidemiology.
Lancet Neurol. 2010, 9, 520–532. [CrossRef]

4. Thompson, A.J.; Baranzini, S.E.; Geurts, J.; Hemmer, B.; Ciccarelli, O. Multiple sclerosis. Lancet 2018, 391,
1622–1636. [CrossRef]

5. Trojano, M.; Lucchese, G.; Graziano, G.; Taylor, B.V.; Simpson, S.; Lepore, V.; Grand’Maison, F.; Duquette, P.;
Izquierdo, G.; Grammond, P.; et al. Geographical variations in sex ratio trends over time in multiple sclerosis.
PLoS ONE 2012, 7, e48078. [CrossRef]

6. Beatty, W.W.; Aupperle, R.L. Sex differences in cognitive impairment in multiple sclerosis. Clin. Neuropsychol.
2002, 16, 472–480. [CrossRef]

7. Bergamaschi, R. Prognostic Factors in Multiple Sclerosis. Int Rev. Neurobiol. 2007, 79, 423–447.
8. Ribbons, K.A.; McElduff, P.; Boz, C.; Trojano, M.; Izquierdo, G.; Duquette, P.; Girard, M.; Grand’Maison, F.;

Hupperts, R.; Grammond, P.; et al. Male Sex Is Independently Associated with Faster Disability Accumulation
in Relapse-Onset MS but Not in Primary Progressive MS. PLoS ONE. 2015, 10, e0122686. [CrossRef]

9. Damasceno, A.; Von Glehn, F.; Brandão, C.O.; Damasceno, B.P.; Cendes, F. Prognostic indicators for long-term
disability in multiple sclerosis patients. J. Neurol. Sci. 2013, 324, 29–33. [CrossRef]

10. Bertoni, R.; Jonsdottir, J.; Feys, P.; Lamers, I.; Cattaneo, D. Modified Functional Walking Categories and
participation in people with multiple sclerosis. Mult. Scler. Relat. Disord. 2018, 26, 11–18. [CrossRef]

11. Théaudin, M.; Romero, K.; Feinstein, A. In multiple sclerosis anxiety, not depression, is related to gender.
Mult. Scler. 2016, 22, 239–244. [CrossRef] [PubMed]

12. Jobin, C.; Larochelle, C.; Parpal, H.; Coyle, P.K.; Duquette, P. Gender issues in multiple sclerosis: An update.
Womens Health 2010, 6, 797–820. [CrossRef] [PubMed]

13. Pau, M.; Corona, F.; Pilloni, G.; Porta, M.; Coghe, G.; Cocco, E. Do gait patterns differ in men and women
with multiple sclerosis? Mult. Scler. Relat. Disord. 2017, 18, 202–208. [CrossRef] [PubMed]

14. Pau, M.; Casu, G.; Porta, M.; Pilloni, G.; Frau, J.; Coghe, G.; Cocco, E. Timed up and go in men and women
with multiple sclerosis: Effect of muscular strength. J. Bodyw. Mov. Ther. 2020, 24, 124–130. [CrossRef]

15. Kister, I.; Bacon, T.E.; Chamot, E.; Salter, A.R.; Cutter, G.R.; Kalina, J.T.; Herbert, J. Natural history of multiple
sclerosis symptoms. Int. J. MS Care. 2013, 15, 146–158. [CrossRef]

16. Motl, R.W.; Learmonth, Y.C.; Pilutti, L.A.; Appmaier, E.; Coote, S. Top 10 research questions related to
physical activity and multiple sclerosis. Res. Q. Exerc. Sport. 2015, 86, 117–129. [CrossRef]

17. Motl, R.W.; Goldman, M. Physical inactivity, neurological disability, and cardiorespiratory fitness in multiple
sclerosis. Acta Neurol. Scand. 2011, 123, 98–104. [CrossRef]

78



Int. J. Environ. Res. Public Health 2020, 17, 8848

18. Sandroff, B.M.; Klaren, R.E.; Motl, R.W. Relationships among physical inactivity, deconditioning, and walking
impairment in persons with multiple sclerosis. J. Neurol Phys. Ther. 2015, 39, 103–110. [CrossRef]

19. Giesser, B.S. Exercise in the management of persons with multiple sclerosis. Ther. Adv. Neurol. Disord.
2015, 8, 123–130. [CrossRef]

20. Anens, E.; Emtner, M.; Zetterberg, L.; Hellström, K. Physical activity in subjects with multiple sclerosis with
focus on gender differences: A survey. BMC Neurol. 2014, 14, 47. [CrossRef]

21. Klaren, R.E.; Motl, R.W.; Dlugonski, D.; Sandroff, B.M.; Pilutti, L.A. Objectively quantified physical activity
in persons with multiple sclerosis. Arch. Phys. Med. Rehabil. 2013, 94, 2342–2348. [CrossRef] [PubMed]

22. Dlugonski, D.; Pilutti, L.A.; Sandroff, B.M.; Suh, Y.; Balantrapu, S.; Motl, R.W. Steps per day among persons
with multiple sclerosis: Variation by demographic, clinical, and device characteristics. Arch. Phys. Med. Rehabil.
2013, 94, 1534–1539. [CrossRef] [PubMed]

23. Streber, R.; Peters, S.; Pfeifer, K. Systematic Review of Correlates and Determinants of Physical Activity in
Persons with Multiple Sclerosis. Arch. Phys. Med. Rehabil. 2016, 97, 633–645. [CrossRef] [PubMed]

24. Silfee, V.J.; Haughton, C.F.; Jake-Schoffman, D.E.; Lopez-Cepero, A.; May, C.N.; Sreedhara, M.; Rosal, M.C.;
Lemon, S.C. Objective measurement of physical activity outcomes in lifestyle interventions among adults:
A systematic review. Prev. Med. Rep. 2018, 11, 74–80. [CrossRef]

25. Boon, R.M.; Hamlin, M.J.; Steel, G.D. Validation of the New Zealand Physical Activity Questionnaire
(NZPAQ-LF) and the International Physical Activity Questionnaire (IPAQ-LF) with accelerometry. Br. J.
Sports Med. 2010, 44, 741–746. [CrossRef]

26. Casey, B.; Coote, S.; Galvin, R.; Donnelly, A. Objective physical activity levels in people with multiple
sclerosis: Meta-analysis. Scand. J. Med. Sci. Sports 2018, 28, 1960–1969. [CrossRef]

27. Sebastião, E.; Learmonth, Y.C.; Motl, R.W. Lower Physical Activity in Persons with Multiple Sclerosis at
Increased Fall Risk: A Cross-sectional Study. Am. J. Phys. Med. Rehabil. 2017, 96, 357–361. [CrossRef]

28. Sandroff, B.M.; Dlugonski, D.; Pilutti, L.A.; Pula, J.H.; Benedict, R.H.; Motl, R.W. Physical activity is associated
with cognitive processing speed in persons with multiple sclerosis. Mult. Scler. Relat. Disord. 2014, 3, 123–128.
[CrossRef]

29. Motl, R.W.; Snook, E.M.; McAuley, E.; Gliottoni, R.C. Symptoms, self-efficacy, and physical activity among
individuals with multiple sclerosis. Res. Nurs Health 2006, 29, 597–606. [CrossRef]

30. Motl, R.W.; McAuley, E. Pathways between physical activity and quality of life in adults with multiple
sclerosis. Health Psychol. 2009, 28, 682–689. [CrossRef]

31. Motl, R.W.; McAuley, E.; Snookm, E.M.; Gliottoni, R.C. Physical activity and quality of life in multiple sclerosis:
Intermediary roles of disability, fatigue, mood, pain, self-efficacy and social support. Psychol. Health Med.
2009, 14, 111–124. [CrossRef] [PubMed]

32. Polman, C.H.; Reingold, S.C.; Edan, G.; Filippi, M.; Hartung, H.; Kappos, L.; Lublin, F.D.; Metz, L.M.;
McFarland, H.F.; O’Connor, P.W.; et al. Diagnostic criteria for multiple sclerosis: 2005 revisions to the
McDonald criteria. Ann. Neurol. 2005, 58, 840–846. [CrossRef] [PubMed]

33. Polman, C.H.; Reingold, S.C.; Banwell, B.; Clanet, M.; Cohen, J.A.; Filippi, M.; Fujihara, K.; Havrdova, E.;
Hutchinson, M.; Kappos, L.; et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald
criteria. Ann. Neurol. 2011, 69, 292–302. [CrossRef] [PubMed]

34. Kurtze, J.F. Rating neurologic impairment in multiple sclerosis: An expanded disability status scale (EDSS).
Neurology 1983, 33, 1444–1452. [CrossRef] [PubMed]

35. Sandroff, B.M.; Motl, R.W.; Suh, Y. Accelerometer output and its association with energy expenditure in
persons with multiple sclerosis. J. Rehabil Res. Dev. 2012, 49, 467–475. [CrossRef]

36. Kos, D.; Nagels, G.; D’Hooghe, M.B.; Ilsbrouks, S.; Delbeke, S.; Kerckhofs, E. Measuring activity patterns
using actigraphy in multiple sclerosis. Chronobiol. Int. 2007, 24, 345–356. [CrossRef]

37. Buchan, D.S.; McSeveney, F.; McLellan, G. A comparison of physical activity from Actigraph GT3X+
accelerometers worn on the dominant and non-dominant wrist. Clin. Physiol. Funct. Imaging 2019, 39, 51–56.
[CrossRef]

38. Doherty, A.; Jackson, D.; Hammerla, N.; Plotz, T.; Olivier, P.; Granat, M.H.; van Hees, V.T.; Trenell, M.I.;
Owen, C.G. Large-Scale Population Assessment of Physical Activity Using Wrist-Worn Accelerometers:
The UK Biobank Study. PLoS ONE 2017, 12, e0169649. [CrossRef]

79



Int. J. Environ. Res. Public Health 2020, 17, 8848

39. Sandroff, B.M.; Riskin, B.J.; Agiovlasitis, S.; Motl, R.W. Accelerometer cut-points derived during over-ground
walking in persons with mild, moderate, and severe multiple sclerosis. J. Neurol. Sci. 2014, 340, 50–57.
[CrossRef]

40. The Lancet Public Health. Time to tackle the physical activity gender gap. Lancet Pub. Health 2019, 4, e360.
[CrossRef]

41. Azevedo, M.R.; Araújo, C.L.; Reichert, F.F.; Wernek, G.L.; Griep, R.H.; Ponce de Leon, A.C.; Faerestin, E.
Gender differences in leisure-time physical activity. Int. J. Pub. Health 2007, 52, 8–15. [CrossRef] [PubMed]

42. Meyer, K.; Niemann, S.; Abel, T. Gender differences in physical activity and fitness—Association with
self-reported health and health-relevant attitudes in a middle-aged Swiss urban population. J. Pub. Health
2004, 12, 283–290. [CrossRef]

43. McMunn, A.; Bird, L.; Webb, E.; Saker, A. Gender Divisions of Paid and Unpaid Work in Contemporary UK
Couples. Work Employ. Soc. 2020, 34, 155–173. [CrossRef]

44. Wennman, H.; Pietilä, A.; Rissanen, H.; Valkeinen, H.; Partonen, T.; Maki-Opas, T.; Borodulin, B. Gender, age
and socioeconomic variation in 24-hour physical activity by wrist-worn accelerometers: The Fin Health 2017
Survey. Sci. Rep. 2019, 9, 6534. [CrossRef]

45. Shammas, L.; Zentek, T.; von Haaren, B.; Schlesinger, S.; Hey, S.; Rashid, A. Home-based system for physical
activity monitoring in patients with multiple sclerosis (Pilot study). Biomed. Eng. Online 2014, 13, 10.
[CrossRef]

46. Romberg, A.; Ruutianen, J.; Daumer, M. Physical Activity in Finnish Persons with Multiple Sclerosis. J. Nov.
Physiother. 2013, 3, 3. [CrossRef]

47. Norris, M.; Anderson, R.; Motl, R.W.; Heyes, S.; Coote, S. Minimum number of days required for a reliable
estimate of daily step count and energy expenditure, in people with MS who walk unaided. Gait Posture
2017, 53, 201–206. [CrossRef]

48. Motl, R.W.; McAuley, E.; Snook, E.M.; Scott, J.A. Validity of physical activity measures in ambulatory
individuals with multiple sclerosis. Disabil. Rehabil. 2006, 28, 1151–1156. [CrossRef]

49. Sandroff, B.M.; Dlugonski, D.; Weikert, M.; Suh, S.; Motl, R.W. Physical activity and multiple sclerosis:
New insights regarding inactivity. Acta Neurol. Scand. 2012, 126, 256–262. [CrossRef]

50. Fjeldstad, C.; Fjeldstad, A.S.; Pardo, G. Use of Accelerometers to Measure Real-Life Physical Activity in
Ambulatory Individuals with Multiple Sclerosis: A Pilot Study. Int. J. MS Care 2015, 17, 215–220. [CrossRef]

51. Engelhard, M.M.; Patek, S.D.; Lach, J.C.; Goldman, M.D. Real-world walking in multiple sclerosis: Separating
capacity from behavior. Gait Posture 2018, 59, 211–216. [CrossRef] [PubMed]

52. Bassett, D.R.; Wyatt, H.R.; Thompson, H.; Peters, J.C.; Hill, J.O. Pedometer-Measured Physical Activity and
Health Behaviors in U.S. Adults. Med. Sci Sports Exerc. 2010, 42, 1819–1825. [CrossRef] [PubMed]

53. Althoff, T.; Sosi, R.; Hicks, J.L.; King, A.C.; Delp, S.L.; Leskovec, J. Large-scale physical activity data reveal
worldwide activity inequality. Nature 2017, 547, 336–339. [CrossRef] [PubMed]

54. Kosecki, D. Fitbit’s Healthiest Cities, Countries, and Days for 2017. 2017. Available online: https://blog.fitbit.
com/fitbit-year-in-review/ (accessed on 24 June 2020).

55. Neal, W.N.; Cederberg, K.L.; Jeng, B.; Sasaki, J.E.; Motl, R.W. Is Symptomatic Fatigue Associated with Physical
Activity and Sedentary Behaviors Among Persons with Multiple Sclerosis? Neurorehabil. Neural. Repair
2020, 34, 505–511. [CrossRef]

56. Hildebrand, M.; Van Hees, V.T.; Hansen, B.H.; Ekelund, U. Age group comparability of raw accelerometer
output from wrist- and hip-worn monitors. Med. Sci Sports Exerc. 2014, 46, 1816–1824. [CrossRef]

57. Stuifbergen, A.K.; Roberts, G.J. Health promotion practices of women with multiple sclerosis. Arch. Phys.
Med. Rehabil. 1997, 78, S3–S9. [CrossRef]

58. Stuifbergen, A.K.; Becker, H.; Blozis, S.; Timmerman, G.; Kullberg, V. A randomized clinical trial of a wellness
intervention for women with multiple sclerosis. Arch. Phys. Med. Rehabil. 2003, 84, 467–476. [CrossRef]

59. Ploughman, M. Breaking down the barriers to physical activity among people with multiple sclerosis—A
narrative review. Phys. Ther. Rev. 2017, 22, 124–132. [CrossRef]

60. Kalron, A.; Menascu, S.; Frid, L.; Aloni, R.; Achiron, A. Physical activity in mild multiple sclerosis:
Contribution of perceived fatigue, energy cost, and speed of walking. Disabil. Rehabil. 2020, 42, 1240–1246.
[CrossRef]

61. Mezini, S.; Soundy, A. A Thematic Synthesis Considering the Factors which Influence Multiple Sclerosis
Related Fatigue during Physical Activity. Behav. Sci. 2019, 1, 70. [CrossRef]

80



Int. J. Environ. Res. Public Health 2020, 17, 8848

62. Salter, A.; Fox, R.J.; Tyry, T.; Cutter, G.; Marrie, R.A. The association of fatigue and social participation in
multiple sclerosis as assessed using two different instruments. Mult. Scler. Relat. Disord. 2019, 31, 165–172.
[CrossRef] [PubMed]

63. Dyck, I. Hidden geographies: The changing lifeworlds of women with multiple sclerosis. Soc. Sci. Med.
1995, 40, 307–320. [CrossRef]

64. John, D.; Morton, A.; Arguello, D.; Lyden, K.; Bassett, D. “What is a step?” differences in how a step is
detected among three popular activity monitors that have impacted physical activity research. Sensors
2018, 18, 1206. [CrossRef] [PubMed]

65. Santos-Lozano, A.; Torres-Luque, G.; Garatachea, N. Inter-trial variability of GT3X accelerometer. Sci. Sports
2014, 29, e7. [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/).

81





International  Journal  of

Environmental Research

and Public Health

Article

Mediating Effect of Perceived Stress on the Association
between Physical Activity and Sleep Quality among Chinese
College Students

Xiangyu Zhai 1,†, Na Wu 2,3,†, Sakura Koriyama 1, Can Wang 4, Mengyao Shi 4, Tao Huang 4, Kun Wang 4, Susumu

S. Sawada 5 and Xiang Fan 4,6,*

��������	
�������

Citation: Zhai, X.; Wu, N.; Koriyama,

S.; Wang, C.; Shi, M.; Huang, T.;

Wang, K.; Sawada, S.S.; Fan, X.

Mediating Effect of Perceived Stress

on the Association between Physical

Activity and Sleep Quality among

Chinese College Students. Int. J.

Environ. Res. Public Health 2021, 18,

289. https://doi.org/10.3390/

ijerph18010289

Received: 23 November 2020

Accepted: 28 December 2020

Published: 2 January 2021

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional clai-

ms in published maps and institutio-

nal affiliations.

Copyright: © 2021 by the authors. Li-

censee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Graduate School of Sport Sciences, Waseda University, Saitama 359-1192, Japan;
xiangyu.zhai@akane.waseda.jp (X.Z.); gnymskr221@akane.waseda.jp (S.K.)

2 Key Laboratory for the Genetics of Developmental and Neuropsychiatric Disorders, Bio-X Institutes,
Shanghai Jiao Tong University, Shanghai 200030, China; Lorna.STJU@sjtu.edu.cn

3 Shanghai Key Laboratory of Psychotic Disorders, Brain Science and Technology Research Center,
Shanghai Jiao Tong University, Shanghai 200030, China

4 Department of Physical Education, Shanghai Jiao Tong University, Shanghai 200240, China;
wang_c@sjtu.edu.cn (C.W.); smy0214@sjtu.edu.cn (M.S.); taohuang@sjtu.edu.cn (T.H.);
wangkunz@sjtu.edu.cn (K.W.)

5 Faculty of Sport Sciences, Waseda University, Saitama 359-1192, Japan; s-sawada@waseda.jp
6 Shanghai Research Center for Physical Fitness and Health of Health of Children and Adolescents,

Shanghai University of Sport, Shanghai 200438, China
* Correspondence: fansheva@sjtu.edu.cn
† These authors contributed equally to this work.

Abstract: Background: While physical activity has been reported to positively affect stress and sleep
quality, less is known about the potential relationships among them. The present study aimed to
investigate the mediating effect of stress on the association between physical activity and sleep
quality in Chinese college students, after controlling for age, nationality, and tobacco and alcohol use.
Participants: The sample comprised 6973 college students representing three Chinese universities.
Methods: Physical activity, perceived stress, and sleep quality were respectively measured using
the International Physical Activity Questionnaire—Short Form (IPAQ-SF), Perceived Stress Scale—
10 Items (PSS-10), and Pittsburgh Sleep Quality Index (PSQI). Results: Mediating effects of perceived
stress on the association between physical activity and sleep quality were observed in males and
females, with 42.4% (partial mediating effect) and 306.3% (complete mediating effect) as percentages
of mediation, respectively. Conclusion: The results of this study may provide some suggestions that
physical activity could improve sleep by aiding individuals in coping with stress and indicate that
stress management might be an effective non-pharmaceutical therapy for sleep improvement.

Keywords: physical activity; sleep quality; perceived stress; mediating effect; Chinese college students

1. Introduction

Poor sleep quality (SQ) is a crucial public health problem increasing the risk of prema-
ture morbidity and mortality [1]. There is evidence that poor SQ is associated with impaired
attention and memory, physical and mental disorders, and increased healthcare costs [2,3].
Notably, insomnia and other sleep problems are quite common in young adults, especially
college students [4,5]. Evidence emphasized that insomnia prevalence in university is
higher than that in the general population [6]. It is reported that the prevalence rate of poor
SQ is as high as 25.7% in Chinese college students [7].

Subjective SQ is defined as an individual’s general level of satisfaction with the sleep
experience [8], which can be influenced by environmental factors and lifestyles [9]. There
has been increasing research focusing on the association between physical activity (PA) and
sleep situation [10], as it may imply and prevent health consequences in later life [11,12].
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Regular PA has been suggested as a non-pharmaceutical cure to improve SQ [13] which is
also easily accessible and less costly for treating insomnia [14]. Although overwhelming
evidence shows that light (e.g., walking) [15,16], moderate (e.g., yoga and tai chi) [17,18],
and vigorous (e.g., aerobic and endurance exercise) PA [19,20] have positive effects on SQ,
some cross-sectional research has indicated that no correlation between PA and SQ has
been observed [21–23]. Nevertheless, we suspected that this may be caused by a lack of
several key variables acting as mediators.

Previous studies indicate that stress was one of the main predictors of SQ [24]. Stress
is a normal reaction to everyday pressure, and excessive stress has numerous deleterious
effects on physical and mental health outcomes. According to the 2019 survey from the
American Psychological Association, more than three quarters of adults reported symptoms
of stress, including changes in sleeping habits [25]. Stress also commonly exists among
college students [26], as they frequently encounter it, possibly caused by experiences of
academic failure, high expectations from parents, and changes in friendships under this
unique developmental period of transition from adolescence into young adulthood [27].
Doolin et al. reported that stress was negatively associated with sleep in American and Bo-
livian university students [28]. The role of stress on the structure of neuroplasticity, such as
the release of endocannabinoids and brain-derived neurotrophic factor (BDNF), could lead
to restored sleep and improvement of insomnia but also lead to sleep deprivation [29–31],
which may have an effect on sleep.

Additionally, PA was also widely recommended as a strategy to cope with stress in
view of its protective effects against stress, including increased stress tolerance and lower
subsequent stress [32,33]. A cross-sectional survey of 36,984 Canadians reported that 40%
used exercise to cope with stress [34]. College students with vigorous PA were less likely
to experience stress [35] and even lower light PA was associated with a higher level of
stress [36], and thus a lack of PA was regarded as a predictor of stress.

Tobacco and alcohol abuse are critical problems that young adults face. According
to the data from the Substance Abuse and Mental Health Services Administration in
2019, 27.9% and 69.5% persons aged 18–25 reported tobacco and alcohol use in the past
year [37]. Substance use may be seen by students as a way to cope with stress [38]; however,
this unhealthy behavior may cause even more stress and other health problems such as
insomnia [39–44]. In fact, PA has been shown to be beneficial for decreasing substance use,
relieving stress, and improving SQ [13,35,45]. Therefore, tobacco and alcohol use were also
included as covariables to reduce bias.

In this study, we attempted to consider stress as a mediating variable to investigate the
relationship between PA and SQ in college students, after controlling for age, nationality,
and tobacco and alcohol use.

2. Materials and Methods

2.1. Participants and Procedures

This study, named Physical Activity and Sleep Quality in Chinese College Students,
was conducted by researchers at Shanghai Jiao Tong University. Participants who were
physically healthy were recruited from three public universities in Shanghai, China. Stu-
dents who were interested in this study filled out the electronic questionnaire via scanning
the Quick Response code (a type of two-dimensional barcode containing the link for the
online questionnaire) to complete the survey.

After excluding the participants with missing information (n = 2, 0.2%), outliers for
age (n = 166, 2.3%), and total time (the sum of sleep duration, vigorous PA time, moderate
PA time, low PA time, and sitting time) per day more than 24 h (n = 21, 0.3%), a total of
6973 students (age: 19.0 ± 0.9 years old) participated in this study, with a higher number
of male students (n = 4752, 68.2%) than female students (n = 2221, 31.9%).
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2.2. Ethical Considerations

The procedures were reviewed and approved by the Ethics Committee of Shanghai
Jiao Tong University (No. 20170100). Each participant was asked to indicate his or her
willingness to participate in this study before filling out the survey. The data in this study
were collected and analyzed anonymously.

2.3. Physical Activity Measurement

PA over the last seven days was measured using the International Physical Activity
Questionnaire—Short Form (IPAQ-SF) [46]. The total physical activity recorded by this
questionnaire was acceptably reliable (single measure intraclass correlation coefficient: 0.79;
the coefficient of variation as a percentage of the mean score: 26%) in a Chinese popu-
lation [47]. Three intensity levels of PA, including low-intensity activities (3.3 metabolic
equivalents, METs), moderate-intensity activities (4.0 METs), and vigorous-intensity ac-
tivities (8.0 METs), were evaluated and calculated via this questionnaire. Participants
were required to report the frequency and duration that they engaged in each level of
PA for at least 10 min. The total PA per week for each participant was calculated by
following formula:

Total MET-minutes/week = Low PA (METs × min × days) + Moderate PA (METs × min × days) +
Vigorous PA (METs × min × days).

2.4. Perceived Stress Measurement

Perceived stress, the degree that participants viewed their daily lives as unpredictable,
uncontrollable, and overwhelming, was measured using the Perceived Stress Scale—
10 Items (PSS-10) [48], which is a reliable (Cronbach’s α: 0.85) and valid (goodness-of-fit
index of two-factor model: 0.940) instrument in a Chinese population [49]. This scale
comprises 10 items to indicate how often participants felt or thought a certain way during
the last month; each item uses a 5-point Likert scale ranging from 0 (never) to 4 (very
often). Scores range from 0 to 40, with higher composite scores indicating greater levels of
perceived stress.

2.5. Sleep Quality Measurement

SQ was evaluated by the Pittsburgh Sleep Quality Index (PSQI) including subjective
SQ, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep medica-
tions, and daytime dysfunction [50]. The Chinese version of PSQI has been verified with
good reliability (Cronbach’s α: 0.84) and validity (factor loading of each component: >0.5)
in Chinese students [51]. Each component is scored from 0 to 3; scores range from 0 to 21,
with higher composite scores indicating poorer SQ.

2.6. Covariates

Several confounding factors including age, nationality, and tobacco and alcohol use
were considered as covariates in the present study. The age of participants was calculated
using the birthdate. Nationality was classified as Han Chinese or others. Tobacco and
alcohol use were divided into three categories (never, rarely, or always use) by the following
questions, respectively: “Have you ever used tobacco?” and “Have you ever used alcohol?”.

2.7. Statistical Analysis

Participants’ characteristics were examined using means, standard deviations (SD),
and percentages. Moreover, gender differences in age, total PA MET-minutes, PSS-10 scores,
and PSQI scores were investigated using t-tests. Gender differences in nationality and
tobacco and alcohol use were analyzed using chi-square tests.

In the causal steps approach of mediation, described by Baron & Kenny (1986) [52], the
starting point is to establish first that there is a significant zero-order effect of independent
variable (X) on dependent variable (Y). In other words, they consider that there is no point
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in further investigating whether the effect of X on Y is in fact mediated by Mediator (M) if
the X-Y test fails. However, some authors argue for waiving the X-Y test because if c and
a*b are of opposite signs (competitive mediation), then c can be close to zero and the X-Y
test may fail [53–56].

Therefore, a new typology of the mediation model being developed by Zhao, Lynch,
and Chen was used to estimate the mediating effect of perceived stress on the association
between PA and SQ [56]. In contrast to this traditional mediation analyses, the method in
this study indicates that the indirect path a*b test is the first step to estimate the mediating
effect. As shown in Figure 1, three regression models were established to verify the
mediating effect. Regression coefficient of PA to SQ was calculated in the first regression
model (path a). The regression coefficients for both PA and stress were calculated in the
second regression model (path b and c’). The effect of PA, excluding stress, as a predictor
of SQ was shown in the third regression model (path c). Continuous variables including
age, stress, PA, and SQ in regression models were standardized. The mediated effect was
examined with 95% bootstrapped confidence intervals (CIs), using 5000 bootstrapped
samples. Effects with CIs not including zero were interpreted as statistically significant.
Percentage of mediation was calculated by dividing the indirect effect by the total effect
to examine how much of the total effect was explained by the mediation. These analyses
were controlled for the effects of several confounding factors mentioned above.

Figure 1. Conceptual model: how perceived stress mediates the association between physical activity and sleep quality.
Note: a, b, c, and c’ refer to the path of models (more details in the method documentation).

All statistical analyses were conducted using R program (4.0 version). Lavaan package
in R was used to estimate the mediation analyses [57]. The acceptable threshold of statistical
significance was specified as 0.05 (two-tailed).

3. Results

3.1. Participant Characteristics

In total, 6973 students participated in this study. The characteristics of participants
are shown in Table 1. Compared to the female students, male students reported more PA,
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less perceived stress, and better SQ. Significant differences in nationality and tobacco and
alcohol use were also observed between genders.

Table 1. Demographic and characteristics of participating students in the survey.

Participant Characteristics Male (n = 4752) Female (n = 2221) Total (n = 6973)

Mean or n SD or % Mean or n SD or % Mean or n SD or % p

Age (years) 19.0 0.7 19.0 0.7 19.0 0.7 0.31
Nationality

Han Chinese 4315 90.8% 1930 86.9% 6245 89.6% <0.001
Others 437 9.2% 291 13.1% 728 10.4%

Tobacco use
Never 4624 97.3% 2196 98.9% 6820 97.8% <0.001
Rarely 95 2.0% 19 0.8% 114 1.6%
Always 33 0.7% 6 0.3% 39 0.6%

Alcohol use
Never 2537 53.4% 1527 68.8% 4064 58.3% <0.001
Rarely 2162 45.5% 676 30.4% 2838 40.7%
Always 53 1.1% 18 0.8% 71 1.0%

Physical activity
Total MET-minutes/week 3049.1 1908.8 2553.7 1667.2 2891.3 1849.6 <0.001

Perceived stress
PSS-10 (scores) 17.5 6.8 19.3 7.1 18.1 6.9 <0.001

Sleep quality
PSQI (scores) 4.7 2.6 5.2 2.8 4.8 2.7 <0.001

Note: SD, standard deviation; PSS, Perceived Stress Scale; PSQI, Pittsburgh Sleep Quality Index.

3.2. Mediation Models

The results of bootstrapped mediation models in male and female students after
controlling for age, nationality, and tobacco and alcohol use are presented in Table 2. In the
path a, PA was negatively associated with PSS in both male and female students. The total
effect (path c) and the direct effect (path c’) of PA on PSQI in the model were significant
only in male students. In female students, PSS was positively associated with PSQI (path
b), although there was no significant association between PA and PSQI (path c’).

As shown in Table 3, bootstrapped CIs of total, direct, and indirect effects in males
were all statistically significant, with 42.4% as percentage of mediation (partial mediating
effect). Only bootstrapped CI of indirect effects in females was statistically significant, with
306.3% as percentage of mediation (complete mediating effect).
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Table 3. Total, direct, and indirect effects of the mediation analyses investigating perceived stress as
a mediator between physical activity and sleep quality.

Bootstrap 95%CI

β Boot SE p Lower Upper PM (%)

Male Total effect −0.074 0.014 <0.001 −0.101 −0.047 −
Indirect effect −0.031 0.005 <0.001 −0.042 −0.021 42.4%
Direct effect −0.043 0.013 <0.001 −0.068 −0.018 57.6%

Female Total effect −0.012 0.028 0.66 −0.069 0.044 −
Indirect effect −0.038 0.011 <0.001 −0.060 −0.016 306.3%
Direct effect 0.026 0.025 0.30 −0.023 0.074 −206.3%

Note: CI, confidence interval; SE, standard error; PM, percentage of mediation.

4. Discussion

As people have placed increased emphasis on health problems, the interrelationship
among PA and sleep has drawn wide attention. Although a large number of previous
studies have shown that regular PA contributes to improving SQ [15–20], the results of cross-
sectional studies are still inconsistent. For instance, Mitchell’s and Youngstedt’s studies in-
vestigated the relationship between PA and sleep, and no correlation was observed [21–23],
while a significant relationship between low PA and poor SQ was found in the studies
conducted by Feng [58] and Ma [59]. It has been considered that this nonconformity may
be the result of differences in research design, ethnicity, and confounding factors. It is
worth noting that Semplonius and Willoughby et al. once reported that moderate PA
could indirectly predict SQ through emotion regulation [60]. Additionally, a bidirectional
relationship between stress and sleep has been reported [61]. For example, Garbarino et al.
found that workers exposed to chronic occupational stress had an increased incidence
of sleep problems, and bad sleepers suffered more from occupational stress factors than
good sleepers. Previous studies have suggested that stress may be predictive of negative
health conditions, including PA and sleep [62,63]. Therefore, we further added stress as
a mediating factor in this study. As we expected, the results of our study demonstrated
the effects of stress mediating the association between PA and SQ among college students,
and these associations still remained after controlling for age, nationality, and tobacco and
alcohol use. This may imply that reducing stress by increasing PA could be used as an
intervention strategy to improve SQ.

The association between PA and sleep might be explained by several direct and indi-
rect biological pathways such as body composition, metabolic activity, cardiopulmonary
function, immunity, and nervous system [64,65]. Schnohr et al. and Atlantis et al. found
that increasing PA or accepting other exercise-based intervention could decrease the level
of perceived stress [66,67]. Moreover, Zillman and Bryant reported that people with stress
were more prone to insufficient exercise [68]. This link may be attributed to the BDNF,
which is a neurotrophin having roles in the maintenance of neurons involved in emotional
and cognitive function [69]. Additionally, it was also reported that BDNF is modified detri-
mentally in the stress model [70]. Notably, sleep plays a vital role in cognitive functioning
involving the consolidation of neuroplasticity, which also tightly links with BDNF. Stress
exposure after inadequate sleep further damaged the hypothalamic–pituitary–adrenal re-
sponse to an increase in cortisol [71]. Additionally, cortisol might improve sleep disruption
and brain clearance. This subsequently increases cognition [72] and, hence, decreased
stress may promote sleep. From the above, our results hint at a potential mechanism which
may need to be verified in the future.

Interestingly, the mediating effects of stress were quite different between males and
females, with 42.4% (partial mediating effect) and 306.3% (complete mediating effect) as
percentages of mediation. It has been assumed that gender specificity affects the relation-
ship between PA and sleep through differences in biological features, e.g., sex steroids [73]
and cognitive function [74]. Kemp et al. showed that the response to negative stimuli
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of the frontal cortical measured by electroencephalography and the electrophysiological
signal in females were much faster and higher than those in males [75], implying that
negative emotions are more acceptable for females. Filkowski et al. observed that the
noradrenergic locus coeruleus (LC), which is the arousal center in the brain, was more
active in females when facing emotional swings [76], suggesting that stress may result in
a larger LC-mediated arousal response in females. These clues provided support for our
findings.

The main strength of the present study is considering stress as a mediator between
PA and sleep. Another strength is including a large sample of Chinese college students as
participants. However, this study has several limitations. Firstly, the directional relations
among PA, stress, and sleep cannot be observed, as the present study was a cross-sectional
one; more longitudinal studies need to be conducted in future. Secondly, the measurements
of PA, perceived stress, and SQ were all self-reported. This may have caused errors in
record, recall, and social desirability bias [77], which could have affected the reliability
and validity of the study. Thirdly, although confounding factors, i.e., age, nationality,
and tobacco and alcohol use, were considered, more detailed information, e.g., body
composition, cardiorespiratory fitness, and appetite, need to be included. Lastly, the
research was carried out among healthy and well-educated college students so the results
may be restricted when generalizing to all Chinese college students.

5. Conclusions

We highlight the mediating effects of stress on the association between PA and sleep
in both female and male college students, even after adjusting for age, nationality, and
tobacco and alcohol use. This may provide some suggestions that PA would improve sleep
by aiding individuals in coping with stress and indicate that stress management might be a
non-pharmaceutical therapy for sleep improvement.
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Abstract: During schooling, students can undergo, for more or less long periods of time, different contextual
settings that can negatively affect their personal and academic development, leading them not to
meet their academic goals. The main objective of this research responds to examine the relationships
between the constructs of goal orientations, emotional intelligence, and burnout in students.
Method: This research comprised 2896 students from 15 Spanish high schools with ages between
12 and 18 years distributed across male (N = 1614; 55.73%) and female (N = 1282; 44.26%) genders.
The measurements were made through Perception of Success Questionnaire (POSQ), the Trait Meta
Mood Scale (TMMS-24) and the Maslach Burnout Inventory Student Survey (MBI-SS). Results: Results
showed links between task orientation, high emotional intelligence levels, and adaptive behaviors
and between ego orientation, academic burnout and less adaptive behavior. Similarly, it was shown
that emotional intelligence can be used to predict goal-oriented behaviors. Conclusion: It is argued
that the promotion of task orientation among secondary school students can lead to the adoption of
adaptive behaviors and this, in turn, improve the development of students toward academic and
personal settings.

Keywords: adolescents; students; goal orientation; emotional intelligence; burnout

1. Introduction

During their school stage, students are affected by contextual, situational, and personal circumstances
that can have a strong effect on their learning processes, especially at the secondary school level,
during adolescence, a vital stage in the life of the individual about to enter adulthood [1].

For more or less prolonged periods of time, some students do not possess, or do not use,
the necessary strategies, tools, and skills to meet their academic demands. This triggers feelings
and perceptions that undermine their motivation and their wish to continue studying [2], physical
and psychic exhaustion [3], negative and unsatisfactory behavior and loss of interest in school [4].
All these circumstances can lead to poor academic performance and even failure and premature school
dropouts [5].

1.1. Goal Orientation

The achievement goal theory attempts to describe the motives of the people in their life performing
different personal behaviors [6]. In this case, this theory would respond to the reasons why students act in
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one way or another daily at school in achievement environments showing different capacities about their
abilities, capabilities and skills which suggests two motivational orientations: one, more self-determined,
is task-oriented, while the other, less self-determined, is more ego-oriented.

Those students who are task-oriented have the assumption that the motivation and development of
their capacities follow the effort and the dedication that the school demands, and suppose their success
at school is related to the assumption of intrinsic motivation in performing tasks [7], coping strategies [8],
academic performance and happiness [9], and psychological and emotional well-being [10].

Ego-oriented students aim to show skills, capabilities, and competencies above those shown
by their peers, and this is related to extrinsic motivations in undertaking school duties [11], anxiety
problems [12], less academic efficacy [13], and even lack of commitment to school activities and
dropout [14].

The Achievement Goals Theory considers task or ego orientations depending on how students
interpret, respond to and experience goal achievement and all its implications [6].

1.2. Emotional Intelligence

The capacity to be able to analyse the emotional information around the environment is called
emotional intelligence [15]. Traditionally, the conceptualization of emotional intelligence has been
conceptualized in two different ways [16]. The first of them, following the studies of Mayer and
Salovey [15], considers emotional intelligence as an inherent cognitive capacity of the person measured
by performance-based tests. The second one, the construct of emotional intelligence is considered to be
a personality trait and can be measured by questionnaires installed in the lower part of the personality
hierarchy levels [17].

Emotionally intelligent people can understand emotions in their immediate environment,
understanding their possible causes and effects as well as developing the necessary strategies to
regulate or manage different emotional states. In this way, emotional intelligence is constituted by
a series of abilities in the person’s subjective wellbeing such as emotional attention, comprehension,
and regulation [18]. Therefore, emotional attention responds to the ability to perceive, act and express
different emotions adequately; emotional comprehension is the ability to understand emotional changes
and moods; and the capacity to regulate emotions adequately is called emotional regulation.

Scientific literature on emotional intelligence in school environments is ample, focusing on
different groups and contexts. Most research in recent years analyzed the influence of emotional
intelligence in wellbeing of primary school students [19], secondary school students [20] and/or
university students [21]. These studies led to significant correlations between emotional intelligence
and subjective wellbeing and academic happiness linked with better academic performance [22].

It can be argued that emotions play a fundamental role in the adaptation of adolescents in their
school environment, helping them to manage all situations with the potential to affect their personal
wellbeing, academic motivation, and academic performance, among others [18].

1.3. Academic Burnout

By adopting more non-adaptative behaviors, some students can lose interest in, and no longer feel
committed to, their studies, while doubts and/or contradictions about their own personal capabilities
arise, which prevent them from moving forward. As noted, this can lead some students to a complete
lack of motivation, and even to drop out of school [23]. The presence of these personal symptoms
is well known as academic burnout [24,25] and the three main dimensions are emotional exhaustion,
cynicism, and self-efficacy. On the other hand, emotional exhaustion is associated with the physical
and emotional weariness that students might feel, more or less persistently, during their academic
lives; cynicism refers to relaxed attitude, indifference and a little interest in their studies and finally,
self-efficacy relates to the student’s attitude toward the academic tasks, demands and duties. Finally,
academic burnout is associated with high levels of stress [26], low levels of vigor and involvement
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with and dedication to academic duties [27], low levels of self-efficacy [28] and low levels of academic
performance [11].

1.4. Goal Orientation, Emotional Intelligence and Academic Burnout

Scientific literature has paid little specific attention to the relationship between these two constructs
in students, but some studies exist that approach the issue from a different perspective.

Currently, goal orientation and emotional intelligence are used interchangeably. Emotional
intelligence is regarded as a way to interact with our environment, and the motivations of the subject
play a very important role in this; as such, emotions are an integral part of motivation, insofar as
this triggers goal-oriented behaviours [29]. As pointed out by Fernández, Anaya and Suárez [30],
motivational systems and emotional intelligence interact and support one another in pursuance of
the desired goal, and to the detriment of interdependent positions. Buck, Powers and Hull [31]
found positive relationships between task orientations and the three dimensions that constitute
emotional intelligence, as well as with greater commitment to the school task and academic enjoyment.
Froiland and Worrell [32], in analyzing a sample of primary and secondary school students, found a
relationship between these variables and the student’s engagement with the school. Gargallo, Campos
and Almerich [33] highlighted the fact that more intrinsically and emotionally intelligent students
performed better and showed greater levels of self-efficacy.

By combining the two goal-oriented variables and academic burnout, several studies have related
achievement goals and levels of burnout by showing that motivational task-oriented achievement and
academic self-efficacy converge in more self-determined behavior patterns [34] while ego-oriented
achievement goals are related to emotional exhaustion and cynicism in a lower self-determined
behavior patterns [27].

Finally, all studies agree that emotional intelligence and academic burnout are negatively
correlated [35,36]. As an example, in a recent study with the same kind of population as in our
research, it was determined that students with high emotional intelligence were less likely to experience
school anxiety and more likely exhibiting resilience which in turn, reduced the risk of school burnout [37].
In any case, the greater the degree of emotional intelligence, the lower the levels of emotional exhaustion
and cynicism. Conversely, the greater the level of emotional intelligence, the higher the level of academic
self-efficacy and subjective wellbeing [36].

1.5. Study Objective

Based on the previous arguments, and following Cera, Almagro, Conde and Sáenz-López [38]
it can be argued that few studies have specifically analyzed our target variables in the primary and
secondary school environment. Therefore, to increase the scientific literature is needed more studies to
approach the understanding of the relationship between our target variables, with the ultimate aim
of improving the students’ academic and personal development in school environments. The main
objective of this research responds to analyze and examine the relationships between the variables of
goal orientations, emotional intelligence, and burnout in students.

Four hypotheses are presented:

Hypotheses 1. Task-oriented students present greater levels of emotional intelligence and lower of academic
burnout, following more adaptive behaviour.

Hypotheses 2. Ego-oriented students present greater levels of academic burnout and lower of emotional
intelligence, following less adaptive behaviours.

Hypotheses 3. Emotional attention, comprehension and regulation can be used to predict task-oriented behaviors.

Hypotheses 4. Physical/emotional exhaustion related to academic burnout can predict ego-oriented behaviors.
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2. Materials and Methods

Participants: This study was composed of 2896 students, both male (N = 1614; 55.73%) and female
(N = 1282; 44.26%) with ages ranging from 12 to 18 years (M = 14.78; DT = 1.71) belonging to 15 public
schools which were selected by simple random sampling. The students belonging to the different
classes of the schools responded to the inclusion criterion in filling the questionnaires as soon as they
knew how to read and understand the items of the questionnaires. Incomplete questionnaires (84)
were discarded to be include in the sample, including those from students who decided to drop out
half way and students with cognitive disorders who could not fully understand the questionnaire were
excluded from the study. The missing data was around 3%, taking valid and suitable questionnaires
around 97%.

Measurements: The following questionnaires were completed by the research participants: Perception of
Success Questionnaire (POSQ) [39] translated into Spanish language by Martínez, Alonso and Moreno [40].
Composed of 12 items and two subvariables: task-oriented (e.g., “When I’m in class, I perform to
the best of my ability”); and ego-oriented (e.g., “When I’m in class, I feel successful when I show the
teacher and my classmates that I am the best”) distributed on a five-point Likert scale in which the
students showed their degree of adequacy with the items presented where “1. Strongly disagree” was
the minimum mark and “5. Strongly agree” the maximum mark. Cronbach’s alpha values was 0.86 for
task-oriented and 0.83 for ego-oriented, respectively

Trait Meta Mood Scale-24 (TMMS-24) [41] adapted in a shortened version by Fernández-Berrocal,
Extremera and Ramos [42]. The scale is composed of three subvariables: emotional attention (α = 0.79)
(e.g.,: ‘I pay much attention to my feelings’); emotional comprehension (α = 0.83) (e.g., ‘I know how to
label my emotions´); and emotional regulation (α = 0.82) (e.g., ‘Even if I am not feeling well, I try to
have positive thoughts’) distributed on a five-point Likert scale in which the students showed their
degree of adequacy with the items presented where “1. Strongly disagree” was the minimum mark
and “5. Strongly agree” the maximum mark.

Maslach Burnout Inventory—Student Survey (MBI-SS) [24]. The inventory in Spanish language
consists of 15 items and three subvariables: physical/emotional exhaustion (α = 0.82) (e.g., “Studying
or going to class all day is exhausting”); cynicism (α = 0.80) (e.g., “I have become less enthusiastic
about my studies”) and self-efficacy (α = 0.79) (e.g., “I feel stimulated when I achieve my study goals”).
The inventory was distributed on a five-point Likert scale where “1. Strongly disagree” was the
minimum mark and “5. Strongly agree” the maximum mark.

Procedure: Prior to conducting this study, approval was obtained from the participating ESO
schools and from the students’ parents/guardians. In agreement with the different educational schools,
the questionnaires were handed out to all groups. Parents/guardians voluntarily participated through
Helsinki Declaration [43] ethical guidelines. The research protocol was endorsed by Psychology and
Sociology Department, Universidad de Zaragoza. The research code is (4620). The schools were in
charge of telling us the best day to pass the questionnaires to their students. On that day, we passed
the questionnaires to the same school in the different classes (1–4 grade) with the help of their tutors
in a single class. All the questionnaires were totally anonymous and voluntary and they could even
abandon it at any time if they wished not to continue with it.

Data analysis: To carry out the statistical analysis in the research, the description of the variables
and sociodemographic data of the participants was carried out in matters such as sex, age and academic
year. In turn, a correlational analysis of the three main constructs of the study was carried out. On the
other hand, a stepwise multiple regression (showing the last step) was used with the intention of
predicting goal orientations (task and ego) on the variables of emotional intelligence and burnout.
For these procedures, IBM SPSS v26.0 (IBM, Armonk, NY, USA) was used. Finally, an equation model
was performed between the three variables described under the maximum likelihood method with
AMOS v24 (IBM, Armonk, NY, USA). For all these procedures adopted a p ≤ 0.05 significance level and
a 95% confidence.
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3. Results

The statistical results of the research are described below.

3.1. Demographic Variables

The research comprised 2896 students, distributed in male (N= 1614; 55.73%) and female (N= 1282;
44.26%) adolescents, who were ranging from 12 to 18 years (M = 14.78; DT = 1.71), from 15 public
secondary schools (Table 1).

Table 1. Socio-demographic data by variables of gender, age, and school year.

Socio-Demographic Variables N %

Gender (male–female) Male 1614 55.73
Female 1282 44.26

Age (12–18)

12 447 15.43
13 543 18.75
14 553 19.09
15 677 23.37
16 476 16.43
17 154 5.31
18 46 1.58

School year (1–4 grade)

Year 1 698 24.10
Year 2 745 25.72
Year 3 867 29.93
Year 4 586 20.23

3.2. Descriptive Variables

In Table 2 we can see how different results were found by gender. Approaching to gender,
concerning goal task-oriented, emotional attention and self-efficacy are more pronounced in females.
Concerning goal ego-oriented, emotional comprehension and regulation and cynicism values,
these variables are in males.

Table 2. Goal orientation, emotional intelligence, and academic burnout descriptive variables.

Psychological Variables
Total Male Female

x sd x sd x sd

Goal Task-oriented 3.80 0.80 3.71 0.82 3.91 0.76
Goal Ego-oriented 2.89 1.03 2.95 0.98 2.82 1.08

Emotional attention 3.44 0.75 3.35 0.76 3.55 0.72
Emotional comprehension 3.41 0.72 3.50 0.70 3.31 0.74

Emotional regulation 3.56 0.75 3.62 0.70 3.49 0.79
Physical/emotional exhaustion 3.19 0.96 3.17 1.01 3.22 0.91

Cynicism 2.14 1.06 2.29 1.08 1.97 0.99
Self-efficacy 3.52 0.77 3.49 0.80 3.55 0.72

X: Mean/SD: Standard Deviation.

3.3. Correlational Analysis of Goal Orientation, Emotional Intelligence and Burnout

Then, a correlational analysis was carried out with the corresponding significant relationships of
the variables (see Table 3).
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Table 3. Goal orientation, emotional intelligence, and academic burnout correlation analysis.

Psychological Variables 1 2 3 4 5 6 7 8

(1) Goal Task-oriented 1
(2) Goal Ego-oriented 0.289 ** 1

(3) Emotional attention 0.383 ** 0.100 ** 1
(4) Emotional comprehension 0.378 ** 0.029 ** 0.155 ** 1

(5) Emotional regulation 0.355 ** 0.093 ** 0.255 ** 0.0451 ** 1
(6) Physical/emotional exhaustion −0.182 ** 0.132 ** 0.100 ** −0.136 ** −0.198 ** 1

(7) Cynicism −0.434 ** 0.164 ** 0.047 −0.172 ** −0.251 ** 0.328 ** 1
(8) Self-efficacy 0.520 ** 0.256 ** 0.060 0.331 ** 0.388 ** −0.158 ** −0.489 ** 1

X 3.80 2.89 3.44 3.41 3.56 3.19 2.14 3.52
SD 0.80 1.03 0.75 0.72 0.75 0.96 1.06 0.77

Cronbach’s α 0.86 0.83 0.79 0.83 0.82 0.82 0.80 0.79

** Significant correlation at 0.01 (bilateral); X: Mean/SD: Standard Deviation.

Task orientation is positively correlated with all three dimensions of emotional intelligence—attention
(r = 0.383), comprehension (r = 0.378) and regulation (r = 0.355)—and in a negative way with
burnout variables as exhaustion (r = −0.182) and cynicism (r = −0.434). Besides, ego orientation goal
was positively correlated, albeit less strongly, with the three dimensions that constitute emotional
intelligence and academic burnout.

Finally, emotional comprehension and regulation correlated negatively with physical/emotional
exhaustion and cynicism. However, academic self-efficacy correlated positively with emotional
comprehension (r = 0.331) and regulation (r = 0.388).

3.4. Regression Analysis of Emotional Intelligence and Academic Burnout on Goal Orientation

In this procedure, the variables of emotional intelligence and academic burnout will be used as
possible predictors of goal orientation (task and ego). The results of the final step of the multiple
regression analysis are shown in Tables 4 and 5, introducing the variables that have a significant effect
on the task-oriented and ego-oriented goals.

Table 4. Emotional intelligence and academic burnout on goal orientation (task).

Psychological Variables B s.e. R2 t Sig.

Constant 2.172 0.296 0.342 7.334 0.000
Attention 0.095 0.035 1.672 0.006

Comprehension 0.096 0.035 2.701 0.007
Regulation 0.093 0.030 3.608 0.002
Self-efficacy 0.363 0.035 10.303 0.000

Cynicism −0.165 0.024 −6.780 0.000

Excluded variables: Physical/emotional exhaustion (academic burnout). s.e.: standard error; sig.: significative or not.

Table 5. Emotional intelligence and academic burnout on goal orientation (ego).

Psychological Variables B s.e. R2 t Sig.

Constant 1.082 0.243 0.077 4.448 0.000
Comprehension 0.117 0.049 2.377 0.018

Self-efficacy 0.323 0.047 6.953 0.000
Exhaustion 0.086 0.035 2.448 0.015

Excluded variables: Emotional attention and regulation (emotional intelligence)/Cynicism and self-efficacy
(academic burnout).
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In this procedure created for goal orientation, the predictor variables used were emotional
attention, comprehension and regulation, academic self-efficacy (emotional intelligence) and cynicism
(with a negative value) (academic burnout). Nagelkerke’s R2 obtained a value 0.342 for task-oriented
goal (Table 4).

Concerning ego orientation (Table 5), the predictor variables used were emotional comprehension,
academic self-efficacy and physical/emotional, and the adjustment value was R2 = 0.077.

3.5. Goal Orientation, Emotional Intelligence and Academic Burnout Structural Equation Model

Finally, Figure 1 shows the result of the analysis undertaken with structural equations and
the Maximum Likelihood Method, which confirms the suitability of the model and the constructs
considered herein. The model indicates a negative correlation of goal orientation and burnout (r=−0.64).
Furthermore, goal orientations are correlated in a positive relation with emotional intelligence (r = 0.46)
and academic burnout negatively correlated with emotional intelligence (r = −0.74). The adequacy
and validity of the structural equations model carried out was endorsed by the appropriate indices:
x2 (17) = 52.396, p < 0.001; x2/gl = 3.082; CFI = 0.96; NFI = 0.95; TLI = 0.90; RMSEA = 0.070, IC = 95%
(0.052–0.089).

Figure 1. Goal orientation, emotional intelligence and academic burnout structural equation model.

4. Discussion

The purpose of this research was to examine the relation among goal orientation (task and
ego), emotional intelligence and academic burnout in adolescent students. Four hypotheses were
put forward:

First, that task-oriented students present greater levels of emotional intelligence and lower of
academic burnout, following adaptive behaviors.

The supposition was completely confirmed. Our statistical results showed the variables are
strongly correlated. In this way, the task orientation of the adolescent students who have the belief that
success comes from dedication and effort toward school demand is positively related to emotional
attention, comprehension, and regulation, and negatively correlated with the less self-determined
physical/emotional exhaustion and cynicism, subvariables pertaining to burnout construct.

The scientific literature shows studies that maintain the line of the results found between the
relationship between goal orientation and emotional intelligence. Buck, Powers and Hull [31] advocate
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positive relationships with the three dimensions that constitute emotional intelligence, along with
greater motivation and academic enjoyment. Ferriz, Sicilia and Sáenz [44] highlight the relation
between high motivation and emotional intelligence, leading to better academic performance. Froiland
and Worrell [32], in analyzing a group of primary and secondary school students, found a relationship
between emotional intelligence and task orientation, which are also in relation to the student’s
commitment to the school. In the same vein, Cera, Almagro, Conde and Sáenz-López [38] add that
greater emotional control leads to less self-perceived stress in adolescents. Therefore, it is argued that
task-oriented adaptive behaviors and good levels of emotional intelligence lead to greater psychological
and emotional wellbeing and less academic burnout in adolescent students [10].

The second hypothesis stated that ego-oriented students present greater levels of academic
burnout and lower levels of emotional intelligence, following less adaptive behaviors.

We were only able to partially demonstrate this hypothesis. On the one hand, there was no
negative correlation that we predicted in the relationship between emotional intelligence and ego
orientations, even showing that the variables were related in a positive way. On the other, the results
found maintain the line that the orientation toward the ego was related to academic burnout and
non-adaptive behaviors of adolescent students.

Some studies reach similar conclusions concerning the relationship between ego orientation,
academic burnout and non-adaptive behaviors. Caballero, Bresó and González [23] argue that less
motivated and ego-oriented students suffer greater physical/emotional exhaustion and cynicism.
DeFreese and Smith [11] claim that the relationship between goal orientation and extrinsic motivations
leads to less academic commitment and engagement. Estrada et al. [35] take into consideration
school commitment and task-confronting strategies that lead to non-adaptive behaviors and less
psychological wellbeing.

Therefore, the results of the research showed that ego orientation does not have to be related with
low levels of emotional intelligence. Following to Saies, Arribas, Cecchini, De Cos and Otaegi [45]
extrinsic orientations do not necessarily involve negative attitudes. In this regard, the metacognitive
ability of subjects to choose themselves the positive factors of two goal orientations (task and ego) is
important when carrying out their school tasks. According to Pekrun [46] managing positive emotions
such as hope of success, anticipated enjoyment, subjective normative ability, pride, the feeling of
having one’s value recognized by significant third parties, etc. can be regarded as positive extrinsic
motivations which complement and, to some extent replace, intrinsic motivations. Therefore, students
can be motivated complementary towards task orientation and ego orientation according to their
motives, aims and reasons for carrying out any activity in any academic and personal situation [45,46].

In this vein, various studies point out that task orientation has a stronger correlation with emotional
intelligence than ego, but that the latter correlation exists [47,48]. A relationship between non-adaptive
conducts and ego orientation and academic burnout is attested, but the expected negative correlation
between ego orientation and low levels of emotional intelligence has not. It is thus shown that in order
to pursue their ends and meet their academic targets, students can use their emotional intelligence to
find a balance between positive and negative elements in both goal orientations [49].

The third hypothesis stated that emotional attention, comprehension, and regulation can be
used to predict task-oriented behaviors. This hypothesis was fully demonstrated, and the exercise also
showed that the most determinant factor in this regard was self-efficacy.

Few studies analyzed the predictor variables of goal orientation, but approach the issue from a
different perspective. Pérez’s [50] analysis of the impact of emotional intelligence on goal orientation
argues that emotional comprehension and regulation can be used to predict goal orientation, in line
with our own results, which also include emotional attention. Cera et al. [38] found that the dimensions
of emotional intelligence can predict more self-determined goal orientations. Inam, Nomaan and
Abiodullah [51] suggest that intrinsic motivation, emotional intelligence, and life satisfaction predict
self-determined goal orientations.
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Finally, the fourth hypothesis stated that physical/emotional exhaustion related to academic
burnout can be used to predict ego-oriented behaviors. This hypothesis was not corroborated, although
it was shown that physical/emotional exhaustion, emotional comprehension and self-efficacy can be
used to predict ego-oriented behavior, in line with previous conclusions, i.e., ego-oriented behaviours
carry with them negative implications, although subjects can use them to meet their ends and their
academic targets. Schaufeli and Salanova [25] advocate that exhaustion and cynicism can be used to
predict extrinsic motivations. In the same vein, Gutiérrez, Ruiz and López [52] emphasize the impact
of academic burnout on academic motivation.

5. Conclusions

Based on these results, the effect of goal orientation, emotional intelligence and academic burnout
in education seem to be beyond discussion. In addition to other personal and contextual variables,
these features constitute a psychological profile that could have an important impact on the academic
performance and commitment to school. For example, these findings may lead to the recognition
in educators of exhaustion situations and maladaptive responses in their students that affect their
school learning as well as poor school performance or lack of motivation in tasks to promote adaptive
behaviors such as goal orientation toward the task or emotional intelligence that help prevent burnout
or cynicism. At the same time, educational programs carried out by educational professionals (teachers,
psychologists, educational communities, etc.) can help improve the variables studied in our study
for optimal personal and academic development. Therefore, to advocate for adequate personal and
academic development of adolescent students, it is essential to address these issues that to a large
extent, will also affect their school development [53].

Finally, as study limitations, the cross-sectional design can be highlighted by taking the data in
the schools at a unique moment. This can vary in different trimesters and can affect the scores on the
variables studied depending on the academic performance, personal and/or social situation with their
classmates or even their happiness or boredom in class. Likewise, the schools responded to a random
selection not being able to take all areas of the city with its own features despite the large number of
subjects involved in the research. Besides, the variations in scores in the variables of goal orientations,
emotional intelligence and academic burnout may change from year to year and it is appropriate to
opt for longitudinal studies that measure the evolution of the constructs in subsequent investigations.
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Abstract: The biopsychosocial model of health in a limited life course perspective was tested among
students in higher education using data from a nationwide cross-sectional survey of students on
track to become teachers in Hungary. Health determinants were grouped into categories of biological,
psychological, and social determinants and arranged in a temporal manner from childhood to the
present. The model was tested by canonical correlation analysis followed by multivariate analysis of
covariance. One composite outcome of health and six determinant groups were examined out of a
total of 24 variables in both genders. Separate sets of health determinants were identified for men
and women. The health of men was determined by fewer variables that were more proximal in time,
more centred around physical activity, and less influenced by social relations. As opposed to that of
men, women’s health was influenced by age; determinants were grouped around the ingestion of
various substances and social support. In contrast to men, the health of women seemed to be more
obviously multifactorial. The study supports the usefulness of the biopsychosocial model of health
in research. The best fit models provided evidence for the importance of gender awareness when
designing public health interventions aimed at students.

Keywords: biopsychosocial model of health; life course perspective; university students; multivariate
analysis; wellbeing; physical activity; social support

1. Introduction

Ever since Engel called attention to the inadequacies of the biomedical model of
health and proposed a more comprehensive, biopsychosocial (BPS) perspective [1], the
biopsychosocial model of health has found increasing acceptance. The use of its practical
application has been shown in various fields of clinical medicine [2–4], health psychol-
ogy [5,6], and public health [7,8]. According to the World Health Organization (WHO), the
BPS model provides a coherent view of different perspectives of health from a biological,
individual and social point of view [7]. Therefore, the BPS constitutes the basis on which
the International Classification of Functioning, Disability, and Health (ICF)—the WHO
framework for measuring health and disability at both individual and population levels ac-
cepted in 2001—rests. Some researchers have called for the revision of the ICF model [9,10],
however, the use of the general biopsychosocial model as a dynamic multilevel explanatory
framework is still relevant [11].

Nevertheless, the BPS model continues to have its share of criticism on theoretical and
practical grounds alike in the scientific literature. Of all fields of health care, psychiatry
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and mental health care have not embraced the BPS model or have even argued against
it [12,13]. The argumentation is based on the grounds that its boundaries are not sufficiently
specific, especially in terms of the psychological approach to be used [14]; that it is not an
appropriately developed model at all, and no proper methods are available for investigating
its dimensions [15]. Further counterarguments are that its three main domains are not
sufficiently integrated [5], and there is not enough empirical evidence to support it [16].

A life course approach represents an attempted synthesis of models of disease causa-
tion integrating biological and social risk processes [17]. This approach allows the study
of long-term effects on disease risks of physical and social exposures during gestation,
childhood, adolescence, young adulthood, and later adult life. It includes studies of the
biological, behavioural, and psychosocial pathways that operate across an individual’s life
course, as well as across generations, influencing the development of diseases [18]. Life
course epidemiology builds and tests theoretical models that postulate pathways linking
exposures across the life course to health outcomes later in life [17].

The aim of the present study was to test the validity of the BPS model of health from a
life course perspective [18] by using data from a nationwide survey of students in Hungary.
In our hypothesised model shown in Figure 1, a life course model of health (including its
mental and physical aspects together) was constructed by dividing exposures into biologi-
cal, psychological (teenage activities and lifestyle), and social (sociodemographic variables
and social support) domains in accordance with the BPS model. Investigated exposures
were arranged in a temporal (based on their occurrence from childhood to present) and
inter-related manner as recommended [17]. Mental health, as an outcome, was measured
by various psychological constructs such as the dynamic feeling of confidence measured by
sense of coherence, psychological distress, and health locus of control. Physical health was
approximated by body mass index, and perceived health, including physical and mental
aspects, was used as a summary measure of health. The model was tested separately for
women and men since some of the outcome measures have been known to differ by gender.

Figure 1. The hypothetical life course model of health for students in higher education.
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2. Materials and Methods

2.1. Participants

Sampling was done by stratified systematic sampling as described elsewhere in de-
tail [19]. The sampling frame included students of 27 faculties of the six largest universities
and colleges in Hungary (N = 30,901 students) of whom 5% were systematically sam-
pled. 1059 questionnaires were received, yielding a response rate of 68.6%. Of those,
1010 questionnaires (65.4%) were eligible for analysis. The mean age of the students was
23.3 years (age range: 20–49; 97.2% below the age of 30; standard deviation: 2.88); 67% of
the respondents were women.

2.2. Tools of Measurement

The questionnaire included domains on demographic (age, gender, population size
of permanent residence, type of cohabitation meaning whom the respondent lived with),
socioeconomic indicators (parents’ education, perceived financial status of family), health,
health behaviour (physical activity, diet, smoking, alcohol and drug use), and social support
from family and peers. Social support was measured by seven questions, each on a 1–3 scale.
Overall sum scores ranged from 7 to 21 (Cronbach’s alpha = 0.846). The maximum score of
21 indicated no lack of social support, scores of 18 to 20 indicated a moderate lack of social
support, and scores of 17 showed that individuals perceived a severe lack of social support.
One item addressed perceived support from peers at the university. Questions not cited
separately were adapted from the tool of the Hungarian National Health Interview Survey
(HNHIS) 2003 [20] for the purpose of comparisons.

A set of four questions asked respondents about their extracurricular activities before
entering higher education, such as dance, art, music, and any kind of sporting activity
outside of school-based mandatory physical education. These latter questions were piloted
in an earlier small-scale survey (unpublished).

The following variables were used to assess health:

2.2.1. Perceived Health

Perceived health was assessed by a standard question with five response categories
from “very bad” to “very good” as recommended by the WHO [21]. Responses were
analysed as categorical variables.

2.2.2. Psychological Distress (PD)

PD was measured by the 12-item General Health Questionnaire (GHQ). Items are
answered on a 1 to 4-point Likert scale. Cases were detected by scoring in the simplest
manner, the so-called usual (0-0-1-1) method which assigns a score of 1 to each existing
symptom, while symptoms absent are scored 0. Summarising these yields a score between
0 and 12; notable psychological distress was indicated by scores above 4 [22]. Responses
were analysed as binary variables. The Cronbach’s alpha of the scale was 0.869.

2.2.3. Sense of Coherence (SoC)

Antonovsky’s SoC was quantified by the abbreviated 13-item Orientation to Life
questionnaire [23]. Items are answered on a 7-point Likert scale, where the scores of the
items 1, 2, 3, 7 and 10 have to be reversed before calculating the total sum score, which
varies between 13 and 91. Higher scores indicate stronger levels of sense of coherence.
Scores were analysed as continuous variables. The Cronbach’s alpha of the scale was 0.829.

Hungarian versions of GHQ and SoC were validated and published earlier [24].

2.2.4. Health Locus of Control (HLoC)

HLoC was approximated by the question of “how much can you do for your health”
with four categories of answer from “nothing” to “very much”. Responses were analysed
as categorical variables.
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2.2.5. Body Mass Index (BMI)

The respondents were asked about their body height without shoes and their body
weight without clothes. These data were used to calculate BMI with the usual formula
(weight (kg)/height (m2)), which was analysed as a continuous variable.

2.3. Data Collection

Since students at six universities in six cities were included, nationwide data collection
was needed for the research. Since neither mailed paper questionnaires alone nor online
questionnaires alone were predicted to provide a sufficiently high response rate [25],
the optimal method for data collection had to be found. Details of this process were
described elsewhere [19]. Briefly, a pilot study was carried out to choose the method which
produced the highest response rate in the most cost-effective manner. Based on its results,
a combination of postal and Internet-based questionnaires was used for data collection
to which a small up-front gift was enclosed, and conditional incentives upon response
were promised.

2.4. Construction of the Model

Data were analysed by Stata 10.0 and SPSS 22 software. Since the distribution of
the values of psychological distress (test value = 0.122; p < 0.001) and sense of coherence
(test value = 0.043; p = 0.001) were not normal according to the Kolmogorov–Smirnov test,
medians were used for point estimation and interquartile range (IQR) for interval estima-
tion of these variables. Scores for SoC and psychological distress were stratified by gender,
and medians were compared by the Kruskal–Wallis test. The chi-square and Fisher’s exact
tests were used to investigate gender differences in terms of categorical variables.

Health as a latent outcome variable was defined by five measured variables of which
three related to mental health: SoC as a measure of a dynamic feeling of confidence,
GHQ as an approximate measure of psychological distress, and health locus of control
approximating the perception of how much control the respondent had over his/her health.
Body mass index was used as a measure of physical health, and perceived health was
included as a subjective measure of general health. Explanatory variables were grouped
into the following latent variables: health behaviour (current physical activity, alcohol,
drug consumption, fruit consumption, smoking, eating breakfast); social support (from
family and from peers); teenage activities (engagement in sport, arts, dance or music before
entering higher education); family background (father’s and mother’s education, economic
status of family); habitat (population size of permanent residence, type of cohabitation
in terms of whom the respondent lived with); and biology (age, self-identified gender).
Latent variables were arranged on a time axis (time) from childhood to the present on
which habitat, family background, and biological factors were defined as (from the present)
most distal determinants. Teenage activities were expected to impact upon current health
behaviour and social support, whereas all these together thought to impact upon current
health status (HEALTH) as shown in Figure 1. We tested this model, including all data
using the methods described below, separately for men and women.

At first, canonical correlation analysis was carried out to select variables to be included
in the model. Outcome variables constituted the first set, and all other variables were
included in the second set in order to determine relationships among these two sets.

The next step was to fit a multivariate analysis of covariance (MANCOVA), keeping in
mind its limitation, namely that it is not appropriate for establishing hierarchical relations.
The reason to apply MANCOVA was that it fit our purpose better as several groups could
be compared with respect to more outcome variables at the same time. We also wished to
remove the effect of some concomitant variables called covariates. The effect of a covariate
could serve to reduce the error variance of the outcomes. On the other hand, MANCOVA
provided the advantage of modelling differences in variances and means over time between
groups. The steps of modelling are described in detail below.
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2.5. Multivariate Analysis of Covariance (MANCOVA)

The full dataset with 1010 subjects was used for the analysis. Only those outcomes
and groups of determinant variables, as well as covariates, were included that remained
significant in the previous analysis. The data matrix was first examined for missing data
and outliers on the outcomes using the Missing Value Analysis procedure in SPSS 22.
Boxplots of the outcomes on the seven groups of determinant variables were also explored.
Overall, 116 cases were removed as outliers so that the final sample size was reduced to
894. The proportion of missing values was less than 5% for almost all variables and was
replaced by the mean. The assumptions of MANCOVA were tested by a series of univariate
analyses of variance (ANOVA). Levene’s test was used to check the equality of variance,
and Box’s M test was used for the homogeneity of covariance assumption. In light of the
rather large number of groups, multivariate normality could be assumed because of the
central limit theorem. The assumption of low measurement error of the covariates was
tested by calculating Cronbach’s alpha coefficient. Interaction terms between covariates
and groups of determinants were checked by performing univariate covariance analyses
and were considered significant at 5%. F-ratio, Wilks’s lambda, and eta squared were used
to interpret the results of MANCOVA [26].

3. Results

Of those who responded, 65.2% rated their health as very good or good. There was no
significant difference in terms of perceived health between men and women (p = 0.470).

Regarding psychological distress (GHQ), almost one-quarter (23.6%) of the respon-
dents scored above the cut-off value (4) that indicates unfavourable mental status. The
proportion of women with notable psychological distress was significantly higher com-
pared to men (26.5% vs. 17.6%; p = 0.002). The median score of men was significantly
more favourable, reflecting lower distress than that of women (p < 0.001). The median for
SoC was 62 points (IQR: 16, min: 21, max: 87), with no significant difference between men
and women (p = 0.862). There was a marked gender difference in psychological distress,
therefore, the model of health was analysed separately for men and women.

3.1. Variable Selection for Modelling “Health”

Based on the results of the canonical correlation analysis, two major dimensions were
formulated. The first dimension may be designated as “mental health” that was mainly
correlated with drugs (except smoking), social support, and sport in teenage years. The
perceived financial status of the family and maternal education were also influential on this
dimension (mental health). The second dimension approximated “physical health” that
showed a strong relationship with age, drugs (except marijuana) and dancing in teenage
years. Based on these results, other variables were omitted from further investigations.
Wilk’s lambda statistic was 0.601, and the F-statistic also proved to be significant (p < 0.001)
of all canonical correlations (r1 = 0.518; r2 = 0.282).

As described above, health as a group of outcome variables (HEALTH in Figure 1) was
approximated by body mass index (BMI), sense of coherence (SoC), psychological distress
(GHQ), health locus of control (HLOC), and perceived health (PERC_H). A reasonable
but modest correlation was found among these outcome variables except for body mass
index, so this was excluded from the final model. Health locus of control was also excluded
from the outcomes in the final model as its correlation with covariates was weak, and it
also violated the assumption of equality between-group variances (p < 0.001; F = 1.679).
Accordingly, sense of coherence, psychological distress, and perceived health were included
in the final model.

In addition, six groups of determinant variables (variables of health behaviour such
as smoking and fruit consumption, social support from family and support from peers, use
of sedatives with or without a prescription and physical activity), and four covariates such
as age, teenage experience with dance, sport, and arts were defined. After the inclusion of
covariates, multivariate outcomes became much stronger in most cases, and some of the
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error variances were also reduced. The assumption of homogeneity of the covariances was
fulfilled (Box’s M: 339.11; F(234,6233) = 1.064; p = 0.243). Reliability analysis for covariates
yielded a reasonably high Cronbach’s alpha coefficient (0.768).

3.2. Result of MANCOVA for Men

As can be seen from Figure 1, the hypothetical model posited the determinants of
health at different time points (see “time” axis). Living conditions, family background, age,
and gender were set as the most distal (farthest from the present) determinants, followed
by teenage activities (activities before entering university). Health behaviour and social
support were experienced while at university. All these impacted the latent variable of
actual health as approximated by the three measured variables described above.

All the most distant determinant variables disappeared from the multivariate analysis
of covariance for men (R squared = 0.767), leaving only sport and dance as teenage activities
the most distant determinants, of which sport impacted indirectly (through interaction
with actual physical activity), dance impacted directly on health (Table 1).

Table 1. Effects of health determinants on indicators of health in men.

Variable

Sense of
Coherence 1

Psychological
Distress 2 Perceived Health 3

Overall Effect
on the

Multivariate
Outcome

Partial Eta
Squared 4

F-ratios from the Tests of between Subject Effects p-Value
According to

Wilks’ Lambda

Intercept 71.254 ** 62.273 ** 65.218 ** <0.001 0.558

Social support
from peers at the

university
0.702 0.234 0.328 0.855 0.005

Social support
from family,

friends
3.528 * 0.757 0.258 0.048 0.031

Use of sedatives
with prescription 0.199 0.367 0.919 0.937 0.005

Use of sedatives
without

prescription
0.160 0.770 0.725 0.957 0.007

Fruit consumption 2.058 1.666 1.150 0.378 0.021

Physical activity 1.506 1.143 2.262 * 0.022 0.052

Smoking 0.693 1.167 2.490 * 0.022 0.052

Arts 0.000 1.843 2.258 0.306 0.015

Dance 1.615 2.079 8.679 ** 0.034 0.035

Sport 0.317 0.442 0.034 0.724 0.005

Age 0.058 0.021 0.699 0.814 0.004

Social support
from peers × sport 1.550 1.780 0.252 0.302 0.015

Smoking × sport 0.314 1.178 1.075 0.507 0.019

Physical activity ×
sport 1.492 2.625 * 1.551 0.013 0.039

Social support
from family,

friends × age
2.024 0.845 0.193 0.341 0.014

Notes: Significant overall effects are marked in bold. 1: R squared for sense of coherence = 0.331; 2: R squared for psychological distress = 0.227;
3: R squared for perceived health = 0.297; 4: overall R squared = 0.767; * significant at p < 0.05; ** significant at p < 0.01.
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Actual physical activity, smoking, dance during teenage years and social support from
their family had a significant positive impact on health measured by sense of coherence,
psychological distress, and perceived health in male students (Figure 2).

3.3. Result of MANCOVA for Women

MANCOVA yielded a different result for women (R squared = 0.551). Of the most
distant determinant variables, age had a significant direct impact on current health. Dance
during teenage years had a significant direct impact on current health, while teenage sport
impacted only indirectly through peer support and smoking. Current use of sedatives
without prescription, fruit consumption, smoking, social support from family and peers
alike had a direct, significant impact on health (Table 2).

Figure 2. Best fit model for the relationship between health and its determinants in male students.

All determinants—except current physical activity—found significant in men were
also significant in women as well, but in addition, age, social support from peers, fruit
consumption, and use of sedatives without prescription (drug use) also remained in the
model. In contrast to male students, female students’ health seemed to be more obviously
multifactorial (compare Figure 3 to Figure 2).
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Table 2. Effects of health determinants on indicators of health in women.

Variable
Sense of

Coherence 1
Psychological

Distress 2 Perceived Health 3

Overall Effect
on the

Multivariate
Outcome

Partial Eta
Squared 4

F-Ratios from the Tests of between Subject Effects p-Value
According to

Wilks’ Lambda

Intercept 82.360 130.549 42.212 <0.001 0.401

Social support
from peers at the

university
4.827 ** 0.183 0.764 0.035 0.012

Social support
from family,

friends
1.626 6.084 ** 2.011 0.021 0.013

Use of sedatives
with prescription 1.294 0.999 2.791 * 0.149 0.012

Use of sedatives
without

prescription
4.761 ** 2.545 * 3.085 * 0.001 0.020

Fruit consumption 2.094 3.658 ** 4.500 ** 0.001 0.023

Physical activity 2.698 * 1.887 1.831 0.084 0.014

Smoking 1.819 1.320 2.830 * 0.018 0.017

Arts 1.295 1.432 0.101 0.565 0.004

Dance 0.074 7.438 ** 0.078 0.024 0.017

Sport 0.078 0.882 2.119 0.364 0.006

Age 7.353 ** 1.377 5.580 * 0.014 0.019

Social support
from peers × sport 0.529 4.288 * 1.754 0.021 0.013

Smoking × sport 1.783 1.007 3.579 ** 0.030 0.016

Physical activity ×
sport 2.211 1.289 0.405 0.378 0.010

Social support
from family,

friends × age
0.263 4.182 * 1.241 0.135 0.009

Notes: Significant overall effects are marked in bold. 1: R squared for sense of coherence = 0.331; 2: R squared for psychological distress = 0.227;
3: R squared for perceived health = 0.297; 4: overall R squared = 0.767; * significant at p < 0.05; ** significant at p < 0.01.
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Figure 3. Best fit model for the relationship between health and its determinants in female students.

4. Discussion

The biopsychosocial model of health with a limited life course perspective was found
to be a useful point of departure to investigate the relationship between various health
determinants and health outcomes in a large sample of university students by multivariate
analysis of covariance. Considerably different sets of health determinants were identified
for the two genders. Male students’ health was determined by fewer variables that are
more proximal in time (closer to the present), more centred around physical activity, and
less influenced by social relations. Female students’ health, as opposed to that of men,
was influenced by age; more determinants were grouped around the ingestion of various
substances and social support. Our final models did not contradict our hypothetical model
(shown in Figure 1) and were in line with other findings regarding gender differences in
the genesis of health [27,28]. Regarding the possible reasons why are there fewer variables
involved in men’s health and more that influence women’s health, only speculation can be
offered. Gender is a socioeconomic determinant of health according to the World Health
Organization [29]. Women’s quality of life and opportunities have still been lagging behind
that of men, which is why gender equality and women’s empowerment has been one
of the 17 sustainable development goals of the United Nations [30]. Disadvantage and
inequality due to being a woman results in greater difficulties to satisfy needs that tend to
call for greater efforts to mobilise resources. Therefore, a gender approach can be helpful
in a number of areas, for example, it can accelerate the prevention of noncommunicable
diseases [31–35].

One of the strengths of our model derives from the fact that determinants of health
were measured by a rather comprehensive set of variables. Another strength is the inclusion
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of positive (sense of coherence) and negative (psychological distress) measures of mental
health along with perceived health, a reliable measure of general health [36]. The BPS
model in a life-course perspective allowed the creation of an easy-to-comprehend visual
guide (model). The generalizability of our results is supported by the rather large dataset
from a nationwide sample of students on track to become teachers at the largest universities
of the country, but limitations following from self-reported assessment tools have to be
taken into consideration when interpreting the results.

Optimal modelling should include longitudinally generated temporal [17] and hier-
archical [37] data. One shortcoming is the cross-sectional nature of data collection in our
study. However, this was countered by specific items that related to earlier periods in the
students’ lives. Data were not representative for all students in higher education in Hun-
gary, but since the effect size measures of the model were acceptable, especially in light of
the complexity of the latent outcome variable (health) and the high number of explanatory
variables, general conclusions may be drawn. The generalisability of our results should
be confirmed in other populations, including older persons. Men and women were not
different in terms of sense of coherence, but—though women had greater social support
and used more coping techniques—a greater proportion of women were overstressed
compared to men. Having a wide range of coping techniques is of special importance for
students preparing to become teachers because teaching—along with working in prisons
and being a police officer—is one of the most stressful occupations in modern times [38].
The difference between the genders in terms of social support is in line with previous
studies, where perceived social support from family or friends was more important for
women compared to men [39]. Health behaviour, reflecting a particular combination of
more or less effective coping techniques [40], has been shown to be a strong predictor of
morbidity and mortality [41,42]. Interventions to change health behaviour at universities
need to be targeted, for which our results offer a practical guide in addition to arguing for
the usefulness of the biopsychosocial model of health in research aimed at uncovering the
relationship between health determinants and outcomes. We hope that our study will be
one of those that help “turn meaningful epidemiologic questions into studies that provide
useful epidemiologic answers” [43], especially in terms of whether gender-specificity or
gender-equality in health-promoting interventions are needed and how to develop proper
interventions based on evidence [44]. Answers for these questions will be needed to achieve
Goal 5 specifying gender equality of the Sustainable Development Goals of the United
Nations [30].

5. Conclusions

The positive effects of social support on health, along with gender differences in
health, are well known, but less is known about the specifics of gender differences on
health behaviour among university students. A multivariate model of the determinants of
health in a life course perspective was investigated with data obtained from college students
at major Hungarian universities. Notable differences between health determinants of men
and women were uncovered. Male students’ health is determined by a fewer number of
variables that are more proximal (closer to the present), more focused on physical activity,
and less influenced by social relations. The health of female students is influenced by
more determinants, age being one of them; determinants are related to oral consumption
of various substances and social support. Our final models are in agreement with our
hypothetical model and the findings of others, adding further evidence to the notion that
gender differences exist in health determinants that should be taken into account when
planning interventions.
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Abstract: The aim of the present study was to examine the impact of the changes in physical self-
concept induced by exercise participation on the changes in global self-esteem and mental well-being
using a structural model analysis. A total of 189 university students in Seoul, Korea, participated
in the present study for two waves. The participants responded through a survey measuring
physical self-concept, self-esteem, and mental well-being before and after a six-week exercise course.
Regression analysis was used to calculate the amount of change in each variable, and the calculated
residual scores were used for correlation analysis and structural model analysis. The amounts of
changes in the variables are significantly correlated with each other and there was a complementary
mediating effect of the changes in self-esteem on the pathway from the changes in physical self-
concept to the changes in mental well-being. Physical self-concept changed by exercise participation
might directly and positively influence mental well-being, and it can indirectly influence the changes
in mental well-being via the improvement of self-esteem.

Keywords: exercise participation; physical self-concept; self-esteem; mental well-being

1. Introduction

Physical activity and exercise are known to be beneficial to health through preventing
diseases, enhancing physical abilities, diminishing depression, and promoting happi-
ness [1]. Positive psychologists who have focused on psychological and subjective well-
being also emphasized that exercise is one of the important factors in a happy life [2], which
has led to a growing interest in the relationship between physical activity and happiness.

Even though physical activity is widely known to be an important factor in reducing
negative emotions and leading to a happy life, many people still do not exercise. In
particular, the lack of exercise among young adults has been remarkable. According to
a study, the level of physical activity among university students was lower than that of
adolescents [3], and there is also research showing that the sedentary lifestyle of college
students limits the amount of physical activity and causes many health problems [4]. This
period is the transition from adolescence to adulthood, which is a very important period
for the formation of health behaviors that can be maintained throughout life [5]. Therefore,
it is important to encourage university students to participate in sports by emphasizing
that exercise is a crucial element of a happy life.

According to existing research related to the correlation between well-being and
exercise participation, physical activity can positively influence mental health by reducing
negative depression and anxiety and enhancing self-esteem and self-concept [6]. Especially
physical self-concept as an important element of the global self-concept has been widely
researched in the fields of sports and exercise psychology related to exercise and well-being.

Physical self-concept is defined as one’s perception or evaluation of their physical
ability and physical appearance, and it is one of the sub-factors of the global self-esteem
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with social self-concept and emotional self-concept [7]. Fox and Corbin [7] developed
the Physical Self-Perception Profile (PSPP), and identified four sub-factors of the PSPP,
including sports competence, attractive body, physical strength, and physical condition.
Marsh, Richards, Johnson, Roche and Tremayne [8] redefined the PSPP in terms of eleven
subdomains by dividing the four factors in the PSPP and adding self-esteem and general
physical self-concept. They developed the Physical Self-Description Questionnaire (PSDQ).
Thus, physical self-concept is explained by several sub-factors and it explains one’s general
self-perception at the same time in three levels of hierarchical structure.

Many studies have reported that the physical self-concept is positively related with
happiness and well-being. Fox [9,10] identified that self-perception of body is essential
for mental health and well-being, and Morales-Rodríguez and colleagues [11] reported
that physical self-concept is one of the psychosocial factors of the psychological well-being
in university students. Roh [12] assured that the perception of one’s physical state is
correlated with health perception and psychological well-being, and Kim and Oh [13]
also reported by a meta-analysis that there was a positive correlation between physical
self-perception and happiness. In other words, existing research has shown that there is a
general consensus that developing a positive self-concept is helpful for a happy life.

Although the relationship between physical self-concept and happiness is being dis-
cussed from a positive psychological perspective, existing research has been conducted
with a limited selection of some elements of happiness, such as psychological well-being, or
life satisfaction. However, positive psychologists have defined happiness as a multidimen-
sional concept that includes subjective well-being defined as affirmation and satisfaction of
life [14] and psychological well-being [15] pursuing self-actualizing happiness. Moreover,
Keyes [16] redefined subjective well-being as emotional well-being and suggested an inte-
grated concept of mental health by adding social well-being to the existing psychological
well-being. A recent study insists that, to fully understand mental health, it is necessary
to consider the multidimensional nature of well-being, and many existing studies that do
not take this into account have missed the key facets of well-being [17]. In other words,
the concept of mental health, which includes all aspects of emotional, psychological, and
social aspects, is widely applied in studies related to happiness, while existing studies
on physical self-concept and well-being did not consider this, so they might have missed
important factors in mental health.

To examine the relationship between mental health and physical self-concept, it might
be necessary to examine one’s self-esteem. According to early research, developing the
physical self-concept could induce the enhancement of one’s self-esteem because it is one
of the sub-factors of global self-esteem [7,18]. A study from Garn and colleagues [19]
reported that students’ physical self-concept could influence their general self-esteem, and
Harther [20] has also supported that physical self-esteem is a major factor influencing
global self-esteem. Such implications mean that the change of one’s perception of physical
worth could induce positive changes of overall self-perception or self-esteem.

Physical activity or exercise may play a role in developing physical self-worth. Babic,
Morgan, Plotnikoff, Lonsdale, White, and Lubans [21] revealed by a meta-analysis that
various perceptions about the body were strongly related to physical activity, and that
strategic participation in exercise could develop certain factors of the physical self-concept.
In addition, a recent Spanish study identified that physical activity can help adolescents
develop a positive self-concept and improve psychological well-being through satisfaction
with their body and improvement of their physical self-concept [22]. On the contrary,
it was also said that the improvement of self-perception about sports competence and
physical fitness can act in the direction of promoting participation in exercise. Thus, it can
be said that physical activity can be an antecedent variable of the physical self-concept
or an outcome variable [23], which might mean that the causal relationship between the
two variables remains ambiguous. This suggests that a longitudinal design, not a cross-
sectional, is needed to examine the causal relationship between exercise participation and
physical self-concept.
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To sum up, physical activity and exercise are known to contribute to the improvement
of happiness and quality of life by positively influencing the physical self-concept and self-
esteem. However, despite these advantages, many people still do not exercise, especially
university students, who are at a crucial time in the formation of lifelong health behaviors,
do not participate enough in exercise. Existing studies have a limitation in that they did
not apply the multidimensional concept of happiness defined from positive psychology.
Additionally, since the causality of participation in exercise and physical self-concept is
unclear, a longitudinal study is needed to examine that the physical self-concept changes
through exercise and affects self-esteem and happiness.

The purpose of the present study was to examine the effect of physical self-concept
changed by participation in exercise on the changes in self-esteem and mental health in
university students. To consider the multidimensional aspect of happiness, we applied
the concept of mental health including emotional well-being, psychological well-being,
and social well-being suggested by Keyes [16]. Moreover, a longitudinal design was used
to examine the changes of other variables due to participation in the exercise. This study
extends the knowledges about how the changes in self-awareness through exercise can
affect various aspects of mental health, and through this, it provides implications for the
importance and direction of participation in exercise for young students’ happy life.

2. Methods

2.1. Participants

A total of 189 students from a university located in Seoul, Korea, who are enrolled in
physical fitness classes participated in this study. The participants were sampled through
the convenient sampling method, and only the students who did not exercise at all outside
of class participated in the survey. There were three classes taught by three lecturers but
the teaching methods and the contents of all classes consisted equally with various kinds of
exercises, such as weightlifting, aerobic exercise, core training, and stretching. The students’
majors varied, but none of them majored in physical education or sports science, and they
had no experience taking physical fitness classes in the past. The survey was conducted
twice before and after the classes, and 161 students participated in both surveys (102 males
and 59 females; M age = 21.8, SD age = 2.1). There were no significant differences between
classes and gender in the means of each variable.

2.2. Study Procedure

Among the students who voluntarily enrolled in the physical fitness classes, the
students who did not exercise outside of the class were encouraged to participate in the
study. Prior to conducting the survey, permissions were obtained from the instructor
and the internal review board of the researchers’ university, and the questionnaire was
distributed only to students who voluntarily agreed to participate in the survey. The first
survey was conducted before starting the classes, and the second survey was conducted
after the physical fitness classes, which were conducted twice a week for 6 weeks and
100 min per session. The questionnaire was composed of questions that measure physical
self-concept, self-esteem, and mental health, and it takes about 15 min to complete.

2.3. Measures

Physical self-concept. The Korean version of the Physical Self-Description Question-
naire (K-PSDQ) [24] translated from the original version developed by Marsh, Richards,
Johnson, and Roche [8] was used to measure the participants’ physical self-concept. The
K-PSDQ consists of 4 questions per factor, a total of 40 questions for 10 factors, but only
four factors that can change through physical fitness classes were selected and used in
the study, including strength, endurance, flexibility, and sports competence. Examples
of the questions for each factor include: “I am stronger than most people my age” for
strength, “I can run a long way without stopping” for endurance, “I am quite good at
bending, twisting, and turning my body” for flexibility, and “I am good at sports” for
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sports competence. A confirmatory factor analysis on the four-factor model with 16 items
was conducted, and the result revealed that the model fit was acceptable with the fit indices
(χ2 = 186.546, df = 98, p < 0.001, CFI = 0.962, TLI = 0.954, RMSEA = 0.076). Each item
was coded on a 6-point Likert scale (1 = absolutely not, 6 = very much so). The internal
consistency of the scale was also acceptable, with the Cronbach’s alpha coefficients ranging
from 0.881 to 0.946.

Self-esteem. To measure self-esteem of the participants, the Korean version of the
Rosenberg Self-Esteem Scale (K-RSE) was used [25]. The K-RSE consists of 9 items with
2 factors, excluding item 8 from the original scale, which has been verified as inappropriate
due to cultural differences in several studies [25]. Each question was rated on a 4-point
Likert scale ranging from 1 (not at all) to 4 (very much), and negative items were reverse-
coded so that a high score means high self-esteem. As a result of the confirmatory factor
analysis, the construct validity of the two-factor model of the K-RSE was verified with the
fit indices (χ2 = 54.758, df = 26, p = 0.001, TLI = 0.952, CFI = 0.965, RMSEA = 0.083), and
Cronbach’s alpha coefficients were 0.87 and 0.875.

Mental health. The Korean version of the Mental Health Continuum-Short Form
(K-MHC–SF) was used to measure the participants’ mental health [26]. The K-MHC–SF is
a 14-item scale consisting of three factors: emotional well-being (3 items), social well-being
(5 items), and psychological well-being (6 items). Examples of the questions for each factor
include: “I felt a sense of happiness” (emotional well-being), “I felt that our society was
becoming a better place to live” (social well-being), “I felt that my life had a sense of
direction or meaning” (psychological well-being), and each question was answered with
the frequency experienced over the past month coded on a 6-point Likert scale (1 = not
at all, 2 = once or twice, 3 = about once a week, 4 = about two or three times a week, 5 =
almost every day, 6 = every day). As a result of conducting a confirmatory factor analysis
on 14 items of 3 factors to verify the construct validity of the scale, two items for social
well-being with a standardized regression coefficient of less than 0.5 were deleted. The
results of the second confirmatory factor analysis for 12 items revealed that the construct
validity was acceptable (χ2 = 105.036, df = 51, p < 0.001, TLI = 0.944, CFI = 0.956, RMSEA =
0.081), and the internal consistency of the scale was also acceptable, with the Cronbach’s
alpha coefficients ranging from 0.839 to 0.935.

2.4. Analysis

In this study, the AMOS 18.0 and SPSS 22.0 programs were used to analyze the
collected data. First, a descriptive statistical analysis was conducted to understand the
overall trends and characteristics (mean and standard deviation, etc.) of the participants.
Surveys were conducted twice at intervals of six weeks, and to analyze the individual level
of changes in the three variables (physical self-concept, self-esteem, and mental health),
residual scores were generated and used for the main analysis. Based on the suggestion
from Smith and Beaton [27], after inputting the measurement values in the first wave to the
independent variable of the regression equation and the measurement values in the second
wave to the dependent variable, the standardized residuals were calculated by regression
analysis. Pearson’s correlation analysis was performed to examine the correlations between
the standardized residuals, which mean the amount of change in each variable.

Structural equation modeling was used to examine the structural relationship between
the amount of change in the variables. Specifically, we tried to test a model in which
changes in self-esteem mediate the relationship between changes in physical self-concept
and changes in the three well-beings of mental health. To verify the mediating effect, we
used the χ2 difference test and bootstrapping, which is a method to verify the confidence
level of the indirect effect. At this time, the confidence interval was set to 95% and the
number of repetitions was set to 2000.
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3. Results

3.1. Descriptive Statistics

Table 1 shows the results of descriptive statistics for the general tendency and normal-
ity of the variables measured in this study. Although some SD values were less than 1.0, the
skewness and kurtosis were below the reference value (≤2, ≤7, respectively) confirming
the normality of the data [28]. The means of all variables were higher in the second wave
than in the first wave, and as a result of the paired sample t-test, all the differences were
statistically significant.

Table 1. Descriptive statistics and paired sample t-test.

Wave 1 Wave 2
t

M SD Skewness Kurtosis M SD Skewness Kurtosis

sport competence 3.01 1.13 0.09 −0.72 3.44 1.15 −0.18 −0.52 −5.72 **
flexibility 3.04 1.13 0.12 −0.62 3.36 1.19 0.25 −0.60 −4.12 **
endurance 2.76 1.24 0.33 −0.74 3.17 1.22 0.12 −0.62 −5.96 **

strength 2.78 0.91 −0.02 −0.54 3.25 0.97 −0.10 −0.30 −7.00 **
positive self-esteem 3.14 0.50 −0.01 −0.04 3.24 0.49 −0.25 0.06 −2.84 **
negative self-esteem 3.34 0.62 −0.85 0.21 3.44 0.60 −1.04 1.00 −2.37 *
emotional well-being 4.20 0.87 −0.39 0.59 4.54 0.90 −0.50 1.00 −4.95 **

social well-being 3.38 1.01 0.18 0.05 3.71 1.06 0.03 −0.26 −4.30 **
psychological well-being 4.02 0.89 −0.21 −0.01 4.33 0.93 −0.33 −0.03 −4.73 **

* p < 0.05, ** p < 0.01.

3.2. Correlations between the Amount of Change in the Measured Variables

The correlations between the amount of change in variables were analyzed and
represented in Table 2. As mentioned above, the standardized residuals of the measurement
variables were generated and used as the amount of change in each variable. Table 2
shows that flexibility had a significant correlation with all variables except negative self-
esteem and emotional well-being, and muscle strength was significantly correlated with all
variables except negative self-esteem. All other variables were found to have a significant
correlation between each other.

Table 2. Correlation matrix.

ΔPhysical Self-Concept ΔSelf-Esteem ΔMental Health
1. 2. 3. 4. 5. 6. 7. 8. 9.

1. sport competence 1
2. flexibility 0.32 ** 1
3. endurance 0.58 ** 0.34 ** 1
4. strength 0.63 ** 0.47 ** 0.45 ** 1
5. positive self-esteem 0.32 ** 0.25 ** 0.32 ** 0.33 ** 1
6. negative self-esteem 0.23 * 0.04 0.19 * 0.11 0.45 ** 1
7. emotional well-being 0.38 ** 0.11 0.28 ** 0.26 ** 0.39 ** 0.36 ** 1
8. social well-being 0.23 ** 0.18 ** 0.27 ** 0.26 ** 0.21 ** 0.24 ** 0.39 ** 1
9. psychological well-being 0.40 ** 0.26 ** 0.28 ** 0.38 ** 0.45 ** 0.40 ** 0.66 ** 0.42 ** 1

* p < 0.05, ** p < 0.01.

3.3. Testing the Adequacy of the Research Model

The structural equation model analysis was conducted in which the relationship
between changes in physical self-concept and changes in mental health is mediated by the
amount of change in self-esteem (Figure 1). The research model showed an acceptable fit
to the data with the model fit indices (χ2 = 39.805, df = 24, p < 0.05, TLI = 0.946, CFI = 0.964,
RMSEA = 0.064, SRMR = 0.046). Each path coefficient is shown in Figure 1.

It was identified that the amount of change in physical self-concept significantly
predicted the amount of change in self-esteem (β = 0.506, p < 0.01), which is the mediating
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variable, and the amount of change in mental well-being (β = 0.287, p < 0.05), which is
the dependent variable. In addition, the amount of change in self-esteem was found to
significantly predict the amount of change in mental well-being (β = 0.565, p < 0.01).

Figure 1. Relationship between change in physical self-concept, change in self-esteem, and change in mental health,
* p < 0.05, ** p < 0.01.

3.4. Mediating Effect of the Amount of Change in Self-Esteem

To verify the mediating effect of the amount of change in self-esteem in the relationship
between the amount of change in physical self-concept and the amount of change in mental
well-being, the complete mediation model was set as a competition model, and a χ2

difference test with the research model was conducted. Table 3 shows the results of
comparing the fit of the research model and the fit of the fully mediated model constraining
the effect of the change in physical self-concept on the change in mental well-being to “0”.

Table 3. Comparison of fit indices between the research model and the competition model.

χ2 df p TLI CFI RMSEA SRMR

Research model 39.805 24 <0.05 0.946 0.964 0.064 0.046
Competition model 45.159 25 <0.05 0.934 0.954 0.071 0.054

As shown in Table 3, there was a statistically significant difference in the value of χ2

between the research model and the competition model (Δχ2 = 5.353, Δdf = 1, p = 0.021).
This means that the amount of change in self-esteem partially mediated the relationship
between the amount of change in physical self-concept and the amount of change in mental
well-being.

To verify the specific mediating effect, an indirect effect analysis through the boot-
strapping method was performed in the 95% confidence interval. As shown in Table 4, the
indirect effect (β = 0.299, p = 0.012) of the change of physical self-concept on the change of
mental well-being was verified to be significant.
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Table 4. Direct, indirect, and total effect.

Path Direct Effect Indirect Effect Total Effect

ΔPhysical self-concept
0.506 * - 0.506 *→ ΔSelf-esteem

ΔSelf-esteem
0.565 ** - 0.565 **→ Δ Mental well-being

ΔPhysical self-concept
0.287 * 0.286 * 0.573 **→ Δ Mental well-being

* p < 0.05, ** p < 0.01.

4. Discussion

Physical self-concept is one of the important factors contributing to the overall self-
esteem which is known as an essential element of a happy life. Considering that participa-
tion in exercise helps form a physical self-concept, it can be concluded that exercise can lead
to happiness. Although several studies that partially support the process of participation
in exercise leading to well-being have been implied, there has been no case of empirically
examining this process in a single study. In addition, existing studies have shown that the
concept of happiness is not an integrated perspective. Therefore, this study attempted to
infer the effect of the physical self-concept changed through participation in exercise for a
certain period on the changed self-esteem and mental well-being in university students
by collecting short-term longitudinal data. In addition, this study attempted to discuss
happiness from a more integrated perspective by using the concept of mental well-being,
including psychological well-being, emotional well-being, and social well-being.

This study calculated the amount of change in physical self-concept, self-esteem,
and mental well-being using data collected by repeated measurements before and after a
six-week exercise participation. Based on significant correlations between the amount of
change of the variables, a structural equation model analysis was conducted to examine
the relationships between variables, and the following implications were derived based on
the analysis.

As a result of the analysis, the amount of change in the sub-factors of the physical self-
concept was found to have a positive correlation with the amount of change in self-esteem,
and the amount of change in the physical self-concept was found to positively predict the
amount of change in self-esteem. This is consistent with the results of a study by Garn
et al. [19] that showed a positive correlation between physical self-concept and total self-
esteem of students participating in a physical education class. In addition, it also supports
the study from Ryu and Lee [29] who reported that self-esteem can be predicted through
the physical self-concept of the elderly participating in physical activities. According to
the hierarchical model of Marsh and colleagues [18], global self-esteem is formed through
multidimensional self-concepts including physical self-concept. This study is meaningful
in that it confirmed the relationship between the amount of change of each variable through
longitudinal data, unlike previous studies using cross-sectional data. Thus, the results
of this study imply that the more positively the physical self-concept changes through
exercise, the more the self-esteem is improved.

The results from this study also revealed that the amount of change in self-esteem
and mental well-being were positively correlated, and the path coefficient leading from
the amount of change in self-esteem to the amount of change in mental well-being was
also significant. These results indicate that the improved self-esteem through exercise
participation positively affects changes in mental well-being, which is in line with some
related existing studies [29–31]. A study reporting that adult women’s participation in
sports contributes to the improvement of self-esteem and subjective happiness [32], and
another study [33] which revealed that self-esteem of participants in live sports positively
predicts psychological well-being are also consistent with the results of this study. However,
these studies did not consider the effect of self-esteem changes through exercise on various

125



Int. J. Environ. Res. Public Health 2021
, 18, 5224

aspects of happiness because they selected only one of the factors of psychological well-
being [29,31,33] or subjective well-being [32]. The results of this study that the positive
changes of self-esteem through exercise participation can enhance complete happiness
may be helpful in forming a positive attitude toward participation in exercise among
college students.

The amount of change in various sub-factors of the physical self-concept, such as sports
competence, appearance, endurance, and muscle strength were found to be positively
correlated with the change in mental well-being, and the change in physical self-concept
positively predicted the change in mental well-being. This result is partially consistent with
the results of theoretical studies [10,19], and empirical studies [12,34] identified that the
physical self-concept is one of the positive factors predicting life satisfaction. The notable
implications of this study are that the psychological, subjective, and social well-being level
can be improved as the positive perception of one’s body increases.

As a result of χ2 difference verification and indirect effect analysis, the amount of
change in self-esteem was found to complementarily mediate the relationship between the
amount of change in physical self-concept and the amount of change in mental well-being.
It can be said that this is the result of empirically verifying the hierarchical relationship
between physical self-concept and self-esteem shown in Fox and Corbin’s physical self-
perception profile [7], Marsh and colleagues’ [18] physical self-concept model, and a related
study that self-esteem is one of strong predictors for hedonic and eudemonic well-being [35].
That is, based on the existing hierarchical model, this study empirically found that step-by-
step changes in physical self-concept through participation in exercise can lead to changes
in mental well-being through changes in self-esteem. In addition, the results of this study,
which imply that changes in physical self-concept can have a direct effect on changes in
mental well-being, support the conclusions presented in a recent meta-analysis by Kim and
Oh [13]. Moreover, it can be said that it complements the limitations of existing studies
which were mainly cross-sectional studies.

5. Conclusions

This study was conducted to verify the effects of positive changes in physical self-
concept through exercise participation on changes in self-esteem and mental health in
university students through a short-term longitudinal data analysis and to present the
effect and direction of exercise for the pursuit of happiness. Participation in exercise for
six weeks led to positive changes in the level of physical self-concept, self-esteem, and
mental well-being of college students, and it was verified that there was a complementary
mediating effect through the structural relationship analysis between the amount of change
of each variable. These results are meaningful in that the causality of the hierarchical
relationship leading to participation in exercise, physical self-concept, self-esteem, and
mental well-being was verified. Thus, the present study suggests the direction that it is
effective to aim for a change in physical self-concept to pursue a happy life through exercise
participation for young adults who are in an important period for the formation of healthy
behaviors that can be maintained throughout life.

The limitations of this study and suggestions for further research are as follows.
First, the participants of this study consist only of college students enrolled in a university
physical fitness class. To generalize the research results, it is necessary to recruit participants
of a wider range of ages and conduct repeated research. In addition, in this study, since
the liberal arts lecture called physical fitness was used as an exercise method, it was not
possible to suggest an effective method for improving the physical self-concept in terms
of exercise methods, intensity, and frequency. If follow-up studies using various exercise
methods are conducted, a more specific direction can be presented to promote well-being
through improvement of the physical self-concept.
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Abstract: Major depression is associated with premature mortality, largely explained by heightened
cardiovascular burden. This narrative review summarizes secondary literature (i.e., reviews and
meta-analyses) on this topic, considering physical exercise as a potential tool to counteract this
alarming phenomenon. Compared to healthy controls, individuals with depression consistently
present heightened cardiovascular risk, including “classical” risk factors and dysregulation of pertinent
homeostatic systems (immune system, hypothalamic–pituitary–adrenal axis and autonomic nervous
system). Ultimately, both genetic background and behavioral abnormalities contribute to explain the
link between depression and cardiovascular mortality. Physical inactivity is particularly common
in depressed populations and may represent an elective therapeutic target to address premature
mortality. Exercise-based interventions, in fact, have proven effective reducing cardiovascular risk and
mortality through different mechanisms, although evidence still needs to be replicated in depressed
populations. Notably, exercise also directly improves depressive symptoms. Despite its potential,
however, exercise remains under-prescribed to depressed individuals. Public health may be the
ideal setting to develop and disseminate initiatives that promote the prescription and delivery of
exercise-based interventions, with a particular focus on their cost-effectiveness.

Keywords: depression; physical activity; exercise; mortality; cardiovascular diseases; cardiovascular
risk factors

1. Introduction

Depression is associated with a shortened life expectancy, but this phenomenon might be
counteracted by exploiting the numerous benefits of physical exercise. In recent years, research made
us aware of a disconcerting finding: individuals who receive a diagnosis of a major depression live on
average ten years less than non-depressed subjects [1]. This phenomenon has been largely attributed to
the impact of physical diseases, rather than suicide or accidental deaths [2]. In particular, cardiovascular
diseases seem to be responsible for the largest quota of premature mortality [3]. This is relatively
unsurprising, given that several lines of evidence associate depression with increased cardiovascular
risk at the population level [4]. Above all, depression itself is considered a risk factor for myocardial
infarction and coronary death [5]; in addition, the American Heart Association included it as the only
“psychosocial” risk factor among various indicators of adverse outcomes for individuals with acute
coronary syndrome [6].

Several lines of evidence actually show that multiple, biologically plausible mechanisms may
pave the way from depression to cardiovascular diseases. To mention the most robustly replicated
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findings, depression is associated with altered activity of the autonomic nervous system (ANS) of the
heart [7], as well as with altered levels of pro-inflammatory markers [8,9].

The premature mortality of depressed individuals, overall, should not just pertain the field of
psychiatry but also constitute a public health concern, considering the high prevalence of this disorder.
According to a recent report, in fact, 4.4% of the world’s population suffers from a clinically relevant
depressive disorder [10]. This alarming figure should make the depressed population a priority target
for public health strategies to prevent cardiovascular mortality [2], and, based on several lines of
evidence, interventions based on physical activity or physical exercise may be particularly fit to tackle
this issue [11,12], while in the meantime they also improve the mental health of patients suffering from
depression [13,14].

This narrative review has the aim of summarizing recent secondary literature (i.e., reviews
and meta-analyses) that examines: (1) the cardiovascular risk and mortality of individuals suffering
from depression; (2) the effects of physical activity or physical exercise on cardiovascular risk and
cardiovascular mortality. We will conclude by briefly discussing commonly held misconceptions
that may prevent clinicians from prescribing physical activity to depressed patients and potential
implications for public health.

2. Depression Increases Mortality

Several epidemiological studies have shown that depression is associated with premature mortality.
The effect of depression on mortality was specifically examined by a recent meta-analysis pooling the
results of 293 studies, with an observation period ranging from less than 1 year to more than 10 years.
Compared with subjects from the general population, depressed individuals had an unadjusted relative
risk (RR) for mortality of 1.64 (95% CI 1.56–1.72) over the study period [15]. Several studies accounted
for the role of different confounders, such as demographic variables, smoking, exercise, weight,
and severity of the comorbid disorder. When only adjusted estimates were considered, the relative
risk was lower, but still considerable (RR 1.52; 95% CI = 1.45–1.59). Results of single-cohort studies
may also be informative of the impact of depression on mortality: among 5,103,699 Danish residents
who were followed up from 1995 to 2013, those with depression displayed a double mortality rate
compared to non-depressed subjects, corresponding to a shorter life expectancy by 14.0 years for
men and 10.1 years for women [1]. Interestingly, while depression is more frequent among women,
the phenomenon of premature mortality has been mostly observed among males [16].

The relationship between depression and mortality, however, is complex and likely to be influenced
by several factors. Socioeconomic status, for instance, heavily impacts on health and could be partly
responsible of the observed association [17]. Nonetheless, depression has been found associated with
increased mortality both in low- and high-income countries [18].

The presence of physical diseases is another fundamental factor to consider when examining
the association between depression and mortality. Indeed, physically ill individuals are expected to
be frequently depressed, as well as display shortened life expectancy. In other words, observing a
significant association between depression and mortality may not necessarily entail a causal relationship,
since depression may constitute a mere consequence of the concomitant physical diseases (confounding
by indication) [19]. Overall, cardiovascular diseases are of particular interest, since they are the leading
cause of mortality in the general population, accounting for approximately one-third of all deaths [20],
as well as among depressed subjects [19]. Available data suggest that the additional presence of
depression in populations with cardiovascular diseases does indeed explain an increase in mortality,
even when the severity of the primary disease is accounted for [15,21,22]. However, caution is required
before interpreting such relationships as strictly causal [19]. Indeed, the severity of depression might
be important to determine the prognosis of comorbid physical diseases. Even though mortality rates
appeared to be higher among subjects with major, rather than subthreshold depression, this difference
may not be meaningful [23].
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In conclusion, the association between depression and premature mortality is a fairly robust
epidemiological finding, albeit it might not necessarily entail a direct causal relationship [19].

3. Which Mechanisms Are Involved in the Higher Cardiovascular Risk of Depression?

Cardiovascular diseases are the main cause of premature death in depressive disorders, with major
depression being associated with a hazard ratio of cardiovascular mortality of 1.63 (95% CI: 1.25–2.13)
according to a recent meta-analysis [24]. More specifically, depression is as an independent risk
factor for myocardial infarction and coronary heart disease [25] as well as coronary death [5], sudden
cardiac death and the recurrence of arrhythmias such as atrial fibrillation [26]. Several lines of
research have attempted to disentangle the multiple mechanisms that may mediate this phenomenon.
Not surprisingly, the higher cardiovascular mortality rates observed among depressed subjects appear
to be multi-factorial, involving biological as well as psychosocial factors. However, several of them
appear to be amenable to modification.

3.1. Biological Factors

Subjects with major depression are prone to develop nearly all “traditional” cardiovascular risk
factors, as illustrated in Table 1. Major depression is associated with a higher probability of becoming
overweight and developing obesity since adolescence, especially among females [27,28], as well as a
higher prevalence of type II diabetes [29], and hypertension [30]. Eventually, a higher prevalence of
metabolic syndrome, hyperglycemia and hypertriglyceridemia was found in depressed individuals
than control subjects in a meta-analysis of 18 studies [31], even controlling for confounding variables
such as age, gender, and smoking habit. Surprisingly, however, discordant findings were observed in
terms of serum lipid profile in depressed individuals: depression appeared to be associated with lower
serum LDL when considered as a continuous measure and higher serum LDL when considered as
a categorical measure [32]. The authors suggested the possibility of an association with lower LDL
levels at the depression onset, with an increase in LDL over the course of the disease, in association
with weight gain and metabolic syndrome.

Depressed individuals display a dysregulation of homeostatic systems [4]. In particular,
dysregulation of the HPA axis is one of the most consistent biological alterations associated with
depression [33], particularly in old age [34], with possible differences according to the melancholic
or atypical subtype [35]. Depressed individuals display dysfunctions of the Autonomic Nervous
System (ANS) in terms of a lower heart rate variability (HRV) that has been considered as a reliable
predictor of negative cardiovascular outcomes [7,36]. The activity of the immune system is also
abnormal in major depression, usually featuring an exaggerated pro-inflammatory state, both in the
periphery and central nervous system [37–41]. Cross-sectional studies show that compared to healthy
controls, depressed individuals consistently display higher levels of specific cytokines and chemokines
in the peripheral blood, even after excluding physical comorbidities known to affect inflammatory
markers [9]. A dysregulated immune system activity may derive from genetic predisposition [42] as
well as altered neuro-immunological mechanisms [43–45] and behavioral factors such as tobacco use,
thus the direction of the causal relationship between inflammatory markers and depressive symptoms
appears to be extremely complex and likely bidirectional. Recent studies, for instance, suggest that
abnormal TNF-alpha levels may directly cause the onset of depressive symptoms in adolescents [46].
Thus, depression and cardiovascular health have a complex, intertwined relationship. Both dimensions
are regulated by the products of various pleiotropic genes involved in metabolism, HPA axis activity,
inflammation, neurotransmission and circadian rhythms [47]. Animal models have been particularly
useful to study the mechanisms underlying the comorbidity between depression and cardiovascular
diseases and may provide further indications on their interplay. Recent evidence points to a role of
chronic social stress as a trigger for depression, mediated by ANS dysfunction, endothelial damage
and increases in pro-inflammatory cytokines [48,49].
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3.2. Psychosocial Factors

People affected by depression are more prone to engage in unhealthy lifestyles, which in turn
play a role in the pathogenesis of cardiovascular diseases. Depression appears to be associated with
a tendency for unhealthy diets [50], and a higher risk of alcohol use disorder, in a bidirectional
way [51]. Depression in adolescents (13–19 years old) predicts the taking up of cigarette smoking [52];
in turn, a history of depression is associated with lower probabilities of short- and long-term smoking
cessation [53]. Depressed individuals also show a lower adherence to medications, especially for
chronic disease such as cardiovascular ones [54]. In the elderly, the role of depression and physical
diseases, especially cardiovascular disease, in impacting level of functioning and disability [55] is also
mediated by low physical activity and time spent watching TV [56].

Last but not least, one of the most important and modifiable cardiovascular risk factors is physical
inactivity. Compared with healthy individuals, those with depression are less likely to engage in
physical activity and display a greater tendency of sedentary behaviors [12]; they also show reduced
physical fitness [57], which is independently associated with cardiovascular events [58,59]. Recently,
a large cross-sectional study, conducted on 1,237,194 adult people from the US confirmed the finding
of a robust, U-shaped association between engagement in physical exercise and mental health in
general, which held with adjustment for a number of sociodemographic and physical variables [60].
The authors observed that better mental health was associated with practicing specific sports, especially
team sports, and it was proportional to the frequency and intensity of physical exercise, being worse
at the extremes of minimal and excessive physical activity. A recent large study from Scotland on
patients aged ≥ 16 years with cardiovascular diseases observed that meeting physical activity levels as
recommended by the UK Chief Medical Officer was associated with better mental well-being [61].
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Table 1. Association between depression and cardiovascular risk factors.

Cardiovascular Risk Condition Studies Association between Depression and Risk Factor

Obesity and overweight [27]

13 prospective studies on adolescents (of which, 7 evaluating depression leading to obesity and
6 obesity leading to depression).
Bi-directional relationship, stronger for depression leading to obesity. Depression or depressive
symptoms in adolescents is associated with an increased risk of 70% (RR 1.70, 95% CI: 1.40; 2.07) of
becoming obese, while obesity in adolescents is associated with an increased risk of 40% (RR 1.40,
95% CI: 1.26; 1.70) of becoming depressed.

Type II diabetes [29]

16 studies comparing major depressive disorder (clearly defined) to the general population in terms
of the prevalence of type II diabetes.
Major depression was associated with a higher risk for type II diabetes (RR 1.49; 95% CI = 1.29–1.72;
p < 0.001) (when comparing age- and gender-matched populations: RR 1.36; 95% CI = 1.28–1.44;
p < 0.001).

Metabolic profile [31]

18 cross-sectional studies.
Higher prevalence of metabolic syndrome in depressed (30.5%) than control individuals (OR 1.54,
95% CI = 1.21–1.97, p = 0.001); higher risk for hyperglycemia (OR 1.33; 95% CI = 1.03–1.73, p = 0.03)
and hypertriglyceridemia (OR 1.17, 95% CI = 1.04–1.30, p = 0.008). Controlling for
confounding factors.

[32]

18 cohort studies.
Lower LDL (mean difference = −4.29; 95% CI = −8.19, −0.40, p = 0.03) in depression when serum
LDL considered as a continuous measure. Lower depression when low LDL (OR 0.90; 95%
CI = 0.80–1.01, p = 0.08) when serum LDL considered as a categorical measure.

Hypertension [30] 9 prospective studies, 22.367 participants, mean follow-up period 9.6 years.
Increased risk of hypertension incidence with adjusted RR 1.42 (95% CI = 1.09–1.86, p = 0.009).

Inflammation [9]
82 case-control studies.
Elevated plasma levels of some cytokines and chemokines in depressed subjects (IL-6, TNF-α, IL-10,
sIL-2R, CCL2, IL-13, IL-18, IL-12, sTINFR-2) (g = −0.477, p = 0.043).

Autonomic dysfunction [7] 29 case-control studies.
Lower HRV in depressed individuals (g = −0.349; CI 95% = −0.505, −0.193, p < 0.001).

[36]
18 studies.
Depression is associated with a lower HRV (g = −0.301, p < 0.001); negative correlation between
depression severity and HRV (r = −0.354, p < 0.001).

Behavioral Factors

Unbalanced diet [50] 3 cross-sectional studies. 2 out of 3 studies support an association between depression and
unhealthy diets.

Alcohol consumption [51]
7 studies (2 out of 7 prospective studies).
Increased risk of alcohol use disorder in depressed individuals (adjusted OR 2.09; 95%
CI = 1.29–3.38).

Tobacco smoking [52] 12 prospective studies.
Depression predicted onset of smoking in adolescents (RR 1.41; 95% CI = 1.21–1.63, p < 0.001).

[53]
42 clinical trials on smoking cessation.
History of depression is associated with lower odds of short-term (OR 0.83; 95% CI = 0.72–0.95,
p = 0.009) and long-term abstinence (OR 0.81; 95% CI = 0.67–0.97, p = 0.023).

Compliance to therapy [54]
31 studies cross-sectional studies on chronic diseases.
Depressed individuals are more often non-adherent to prescribed medications (OR 1.76;
95% CI = 1.22–2.57).

Sedentary behaviors [60] Cross-sectional study on more than 1 million individuals in US on mental health burden and its
association with physical exercise.

[12]

24 cross-sectional studies.
Depressed individuals tend to engage less in physical activity
(standardized mean difference = −0.251; 95% CI = −0.03, 0.15, p < 0.001) and more in sedentary
behavior (standardized mean difference = 0.09; 95% CI = 0.01–0.18, p = 0.02).

4. Physical Activity May Narrow the Mortality Gap of Depression

Targeting physical inactivity may be one preferential strategy to narrow the mortality gap associated
with depression. Several lines of evidence directly or indirectly support this view. This modifiable risk
factor may be even the key for public health interventions [62,63]. Engaging in physical activity in
depressed individuals, in fact, may not only have a direct favorable impact on the premature mortality
rate associated with the disease, by reducing cardiovascular risk and cardiovascular mortality [64,65],
but may also directly treat symptoms of depression [66]. Here, we make an approximation by conflating
studies examining physical activity with those evaluating physical exercise, but we encourage potential
readers in gaining a more detailed insight into their different implications. The former is a structured
form of physical activity with a specific purpose directed toward physical health, while the latter
is a generic form of activity [67]. Figure 1 depicts the effects of exercise in the relationship between
depression, cardiovascular risk and mortality.
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Figure 1. Effects of exercise in the relationship between depression, cardiovascular risk and mortality.
ANS: Autonomic Nervous System.

Several meta-analyses have evaluated the role of exercise on cardiovascular risk factors (Table 2).
First, exercise improves cardiorespiratory fitness at different ages [68,69], even in the elderly [70] and
when performed in a reduced-time session of moderate activity [71].

Second, exercise helps in weight loss together with a balanced diet, and counterbalances the
negative effects associated with overweight and obesity [72–74]. These effects appear to be related to
the influence of exercise on the metabolic profile associated with obesity and overweight: physical
activity reduces fasting insulin levels [69,75] and visceral adiposity [76]. The latter, especially, is a
strong predictor of morbidity and mortality, and exercise alone has proven to be more effective than a
hypocaloric diet alone in weight reduction. An exercise session, moreover, acutely influences the levels
of appetite-regulative hormones [77], even though its long-term effects are not yet been examined
in detail.

Third, exercise contributes to achieve better glycemic metabolism in type II diabetes, as it reduces
insulin resistance and HbA1c levels [69,78–80]. Physical activity also ameliorates the lipid profile:
it reduces triglyceride levels, while increasing HDL levels [69].

Fourth, blood pressure control is better achieved with exercise [81–83], as it reduces both systolic
and diastolic blood pressure in pre- and hypertensive subjects.

Fifth, physical activity normalized body homeostatic system activity. It modulates immune
responses: exercise decreases C-reactive protein (CRP) and IL-6 levels in type II diabetes [84],
and reduces CRP and fibrinogen levels in patients with coronary artery disease [85]. Furthermore,
regular physical activity appears to benefit the immune system, slowing down its aging over time [86].

The ANS is also influenced by exercise, which improves HRV in type II diabetes [87],
and cardiovascular diseases such as coronary artery disease and heart failure [88–90], suggesting
an improvement effect on parasympathetic activity and a reduction effect on sympathetic activity.
Further, the HPA axis, the main hormonal stress-response system, is influenced by physical activity:
regular exercise, in fact, appears to ameliorate the stress response accelerating the return to a resting
state [91–93].

The impact of structured physical activity on behaviors at risk for cardiovascular diseases was
also examined in different studies; however, no effects on alcohol use nor smoking habit were
observed [94,95] and the effects on sedentary behaviors appeared to be uncertain [96–98].
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Table 2. Effects of exercise on cardiovascular risk factors.

Cardiovascular Risk Factor Studies Impact of Physical Exercise

Obesity and overweight [76]
117 studies.
Exercise has better effects than a hypocaloric diet alone in reducing visceral adiposity (p = 0.08).
However, it has less effects on total weight loss than diet alone.

[77] 20 trials.
Appetite-regulative hormone levels are acutely influenced by exercise.

Type II diabetes [78]

27 prospective randomized or controlled trials of aerobic exercise training in adult subjects with
type II diabetes, with a minimum duration of 2 weeks.
Reduction in HbA1c% (mean difference = −0.71%; 95% CI = −1.11, −0.31, p = 0.0005) and insulin
resistance (mean difference = −1.02, 95% CI = −1.77, −0.28, p = 0.007).

Lipid profile [69] 160 RCTs.
Exercise reduces triglycerides (p = 0.02), and increases HDL (p < 0.001).

Hypertension [81]
93 RCTs.
Reduction in systolic blood pressure and diastolic blood pressure. Different effects for different
types of exercise and different blood pressure levels (greater for hypertensive patients).

Inflammation [84]
14 RCTs.
Exercise reduces CRP (−14% from baseline, 95% CI = −1.09, −0.23) and IL-6 levels (−18% from
baseline, 95% CI = −1.44, −0.32) in type II diabetes.

[85]
23 trials.
Exercise reduces CRP (SMD = −0.500; 95% CI = −0.844, −0.157, p = 0.004) and fibrinogen levels
(SMD = −0.544; 95% CI = −1.058, −0.030, p = 0.038) in coronary artery disease.

[86] Exercise enhances immune competency and slows down the aging of the immune system.

Autonomic dysfunction [87] 15 trials.
Improvements in HRV in type II diabetes after at least 3 month of an exercise program.

[89] 16 RCTs.
Exercise training leads to an improvement in HRV in coronary artery disease.

[88]
19 studies (RCTs, quasi-RCTs and controlled trials of exercise training in adult patients with
heart failure).
Exercise improves HRV.

Notes. RCTs: Randomized Controlled Trials.

Cardiac rehabilitation (CR) represents an evident example of how useful exercise is for the
secondary prevention of cardiovascular diseases: CR consists of integrated programs comprising
physical, psychological and social interventions, with exercise playing a pivotal role. In particular, CR
among coronary heart disease patients was effective reducing cardiovascular mortality (RR 0.74, 95%
CI 0.64–0.86), reducing the long-term risk of myocardial infarction (RR 0.67, 95% CI 0.50–0.90), and the
need for rehospitalizations (RR 0.82, 95% CI 0.70–0.96) [99]. Several guidelines on CR have been
provided over the years, with notable differences across countries: nonetheless, the central element of
CR seems to be aerobic endurance training [100].

The role of physical activity on mortality was estimated by a recent systematic umbrella
review: physical activity reduced the risk of all-cause mortality (hazard ratios between 0.6 and
0.7), according to the intensity and frequency [101]. Moreover, significant effects were observed
specifically on cardiovascular mortality, and even exercising at a lower intensity than recommendations
by guidelines [101]. Resistance training was also associated with significant reductions in all-cause
mortality (HR: 0.79; 95%CI: 0.69–0.91) but not cardiovascular mortality [102]. Overall, the impact on
mortality in specific conditions such as coronary heart disease, stroke, heart failure, and diabetes was
assessed as comparable to that of first-line medications [11].

An important additional effect of physical exercise on mortality might depend on its favorable
effects on symptoms of depression. This has been observed in patients with cardiovascular diseases
associated with depression. For instance, exercise was effective at reducing depression in patients after
acute coronary events [103] and older adults with cardiovascular diseases [104]. In cardiovascular
populations, evidence suggests the effectiveness of both high-intensity training [105] and low-intensity
practices based on stress reduction, meditation or muscle relaxation [106]. However, part of the
effects of exercise may depend on improving feelings of energy and fatigue [107]. Moreover, evidence
supporting the antidepressant effect of exercise is rapidly growing in populations with primary
major depressive disorder [108–113]. Studies are providing methodologically robust evidence on
the efficacy of exercise alone for mild and moderate depression, and together with other treatments
for severe depression [13,114,115]. The effects of depression on cardiovascular health, in fact, seem
also dependent on the severity of depressive symptoms. By influencing the course and severity of
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depression, exercise may thus indirectly dampen such negative impact. In addition, it is still unknown
whether exercise might actually impact on alcohol and substance use and cigarette smoking in mental
health populations [116–119].

Finally, research is starting to investigate whether depressed patients undergo similar mechanisms
of cardiovascular risk reduction that are observed in the general population and in cardiac patients.
For instance, scheduling exercise sessions during Cognitive Behavioral Therapy was shown to positively
modulate the immune system in depressed patients [120]. Similarly, cortisol levels appear to return to
counteract HPA axis dysregulation in depressed patients [121]. Other improvements in neuroendocrine
activity, autonomic nervous system activity, inflammatory markers and oxidative stress have been
replicated in depressed populations, although further research is still needed before drawing firm
conclusions [122–124].

5. How to Prescribe Physical Activity to Depressed Individuals

Physical activity has been included as a treatment for depression in the context of some clinical
guidelines for depression, although its importance still remains downplayed for obscure reasons [13,125],
whereas it is considered as an important treatment option to reduce mortality, especially mortality
associated with cardiovascular conditions [126,127].

Despite the available evidence on its efficacy for depression, exercise remains under-prescribed.
The reasons may be many, but among them, clinicians are often unaware of available indications
on how to deliver physical activity to depressed individuals [128–133]. Actually, one of the first
obstacles to overcome in order to improve the prescription of physical activity has been identified
in physician prejudices and resistance based on the belief that patients will not adhere [13,134,135],
whereas depressed patients usually display good adherence to exercise programs [136]; dropout rates
from RCTs that include an exercise protocol are usually low and not different from those of control
groups [115]. However, the presence of an instructor or other types of supervision may be crucial to
motivate patients with severe mental illnesses to adhere to exercise programs [137]. Among depressed
individuals, supervision is suggested at least in the initial phases [110]. Another reason why physicians
may be reluctant to prescribe exercise to depressed individuals might depend on the perception that
insufficient evidence is available on its efficacy, or on difficulties identifying the right “dose” to indicate
to patients. In fact, historically, it has been difficult to identify a consistent threshold in terms of
frequency and duration that achieves a meaningful reduction in cardiovascular disease incidence
and mortality [13,101,138]. Moreover, the existing recommendations are mainly based on guidelines
derived from the general or cardiovascular populations [114,139]. Some indications, however, may be
translated to depressed populations in the absence of more specific data: cardiovascular benefits are
immediately evident even adding small amounts of physical activity to the daily routine. Sedentary
individuals, such as depressed patients, may display a steep risk decline even adding very short
bouts (e.g., 10 min or less) of moderate–vigorous physical activity. Finally, reducing sedentary time
or engaging in light physical activity also reduces cardiovascular risk, although it may require more
time per day [138]. In sum, little physical activity is always “better than nothing” when it comes to
cardiovascular risk reduction. Similar indications may become available regarding specific effects
on mood and other depressive symptoms, with preliminary evidence suggesting that resistance and
mixed training may yield higher efficacy than aerobic-only training [65].

By all means, however, the pleasure associated with exercise performances should be taken into
account when prescribing physical activity [140]. In this so-called affect-based exercise, the goal of
physical activity programs is mainly focused on the performance of activities associated with pleasant
feelings, which may in turn also favor adherence to the exercise treatment. Ladwig and colleagues [140]
suggest encouraging the patient to evaluate the pleasure associated with practice on a Likert rating
scale regarding personal feelings, and then autonomously regulate the intensity and duration of
exercise in order to maintain a satisfactory rating score on the aforementioned scale. Despite anhedonic
experiences which are commonly observed in depression, these patients may still perceive exercise
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as pleasant [141–143]. The positive affective response obtained with exercise is also associated with
treatment response, predicting both the improvement of depressive symptoms as well as the adherence
to the exercise program [144,145].

Moreover, another barrier to the prescription and delivery of physical activity may depend on the
need to involve different professionals and not necessarily physicians and other health professionals.
However, for depressive and other mental disorders, it is highly recommended that the professionals
involved have experience in the mental health field [146]. A collaborative and integrated approach
with various disciplines is also highly recommended.

Taking the public health perspective, several interventions have been promoted to increase the
physical activity level of the general population [62,63]. Some have proven effective, such as those
involving telephone-assisted interventions, as well as changes in the workplace environment [138].
Furthermore, it has been observed that public health interventions for the promotion of physical
activity have a high probability of being cost-effective in the general population [147] and among
patients with mental disorders [148]. In this context, primary care might be a preferential setting to
improve the physical activity habits of patients, benefiting especially patients with cardiovascular
risk factors [149,150]. However, barriers limiting the prescription of exercise by clinicians need to be
addressed. Some strategies deriving from behavioral economics have been provided to help overcome
decision biases concerning physical activity [149].

Limitations

This narrative review entails some limitations, the most evident being the lack of a systematic
approach to the literature review. However, given the complexity of the topic and the heterogeneous
methodological approaches (including epidemiology, mechanisms, as well as trial results on multiple
outcomes), we deemed it useful to present the public health audience, as well as clinicians, with an
overview of extant secondary literature, rather than focusing on more specific aspects.

6. Conclusions

The premature mortality of individuals with depression is a major unsolved issue not only
for the mental health field, but also for public health. This phenomenon largely depends on a
detrimental effect of depression on cardiovascular health, because this disorder leads to developing
or exacerbating unhealthy lifestyles as well as causing imbalances across different body homeostatic
systems. Among modifiable cardiovascular risk factors, physical inactivity may be the preferential
target for clinical and public health interventions which may ultimately reduce the mortality gap.
In fact, delivering physical exercise or physical activity may not only improve depression severity,
but also directly tackle the constitutive elements of cardiovascular risk. Nonetheless, several challenges
remain to be addressed by further research: (1) to provide more robust, direct evidence on the reduction
in cardiovascular risk and mortality in depressed subjects; (2) to further tailor exercise- and physical
activity-based interventions for depressed populations; (3) to extend the knowledge on, and tackle
barriers to, exercise prescription by clinicians, and to provide them with streamlined indications to
increase the prescription of exercise; (4) to assess the cost-effectiveness of exercise-based interventions;
(5) to elaborate and assess public health strategies based on this effective, inexpensive and safe behavior.
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Abstract: Physical activity, among others, confers cardiovascular, mental, and skeletal health benefits
to people of all age-groups and health states. It reduces the risks associated with cardiovascular
disease and therefore, could be useful in rural South Africa where cardiovascular disease (CVD)
burden is increasing. The objective of this study was to examine levels and correlates of physical
activity among adults in the Ingwavuma community in KwaZulu-Natal (KZN). Self-reported data on
physical activity from 392 consenting adults (female, n = 265; male, n = 127) was used. We used the
one-sample t-test to assess the level of physical activity and a two-level multiple linear regression
to investigate the relationship between total physical activity (TPA) and independent predictors.
The weekly number of minutes spent on all physical activities by members of the Ingwavuma
community was 912.2; standard deviation (SD) (870.5), with males having 37% higher physical
activity (1210.6 min, SD = 994.2) than females (769.2, SD = 766.3). Livelihood activities constituted
65% of TPA, and sport and recreation contributed 10%. Participants without formal education (20%),
those underweight (27%), and the obese (16%) had low physical activity. Notwithstanding this,
in general, the Ingwavuma community significantly exceeded the recommended weekly time on
physical activity with a mean difference of 762.1 (675.8–848.6) minutes, t (391) = 17.335, p < 0.001.
Gender and age were significant predictors of TPA in level 1 of the multiple regression. Males were
significantly more active than females by 455.4 min (β = −0.25, p < 0.001) and participants of at
least 60 years were significantly less active than 18–29-year-olds by 276.2 min (β = −0.12, p < 0.05).
Gender, marital status, and health awareness were significant predictors in the full model that
included education level, employment status, body mass index (BMI), and physical activity related
to health awareness as predictors. The high prevalence of insufficient physical activity in some
vulnerable groups, notably the elderly and obese, and the general poor participation in sport and
recreation activities are worrisome. Hence we recommend health education interventions to increase
awareness of and reshape sociocultural constructs that hinder participation in leisure activities. It is
important to promote physical activity as a preventive health intervention and complement the
pharmacological treatment of CVDs in rural South Africa. Physical activity interventions for all
sociodemographic groups have potential economic gains through a reduction in costs related to the
treatment of chronic CVD.

Keywords: cardiovascular disease; healthy ageing; Ingwavuma; KwaZulu-Natal; modifiable
behaviour; physical activity; rural; South Africa

1. Introduction

The burden of noncommunicable diseases, particularly cardiovascular disease (CVD), is increasing
in low-to-medium income countries [1,2], South Africa included [3,4]. The rising burden of CVD in low-
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and middle-income countries (LMICs) is ascribed to multiple factors, including rising life expectancy,
nutritional transition, poverty, improvement in income levels, and globalisation [5]. In addition to
an age-related risk, unhealthy lifestyle practices exacerbate the risk of hypertension, type 2 diabetes
mellitus (T2DM), and obesity that are part of CVD aetiology. Alcohol abuse, smoking, unhealthy diet,
and physical inactivity also increase the risk of CVD [6,7].

However, health behaviour modification moderates the risk and onset of CVD. Physical activity
confers health gains such as enhanced lipoprotein profile that reduces the likelihood of developing
coronary heart disease (CHD) [8,9]. While any amount of physical activity, including walking,
confers health benefits [10], sufficient moderate-to-vigorous-intensity physical activity augments the
management of existing CVD conditions, enhances endothelial function, and lowers the of risk of
atherosclerosis, hypertension, obesity, and T2DM [8]. In South Africa, a significant proportion of
ischemic heart disease (IHD), ischemic stroke, T2DM, and breast cancer has been associated with
physical inactivity [7].

Other than CVD, inactivity is related to numerous adverse outcomes. It is considered a risk
factor for mental health disorders, chronic obstructive pulmonary diseases, some cancers, osteoporosis,
and all-cause mortality [11–14]. The World Health Organization (WHO) recommends adults to
perform at least 150 min of moderate-intensity physical activity or 75 min of vigorous-intensity
physical activity or their combined equivalent across five days per week to moderate some of the
risks [15]. The guidelines also recommend increasing physical activity to an equivalent of 300 min
of moderate-intensity physical activity for additional health benefits. The health benefits of physical
activity accrue across sociodemographic categories and health states, albeit relative to the volume of
physical activity up to an optimum point [8,16,17].

It is essential to understand the levels and correlates of physical activity in rural South
Africa for evidence-based public health interventions against the backdrop of the rising burden
of noncommunicable diseases (NCDs) and ageing. Studies conducted in rural South Africa have
shown significant inter and intraregional variation in physical activity levels across sociodemographic
variables. Notably, physical activity mainly comprises of livelihood activities and varies with gender,
age, marital status, and body mass index [18–21]. We, therefore, examined the levels and correlates of
physical activity among adults aged 18 and above in Ingwavuma, a rural community in KwaZulu-Natal
(KZN) addressing the following specific questions: (a) What is the level of physical activity in the
community and does it meet WHO guidelines? (b) What are the components of physical activity in the
community? And (c) What are the correlates of physical activity?

2. Methods

2.1. Study Design and Setting

This cross-sectional, observational and analytical study was conducted in Ingwavuma rural
community (wards 13, 16, and 17) in Jozini Local Municipality under the uMkhanyakude district
municipality in KZN, South Africa. Most households in the uMkhanyakude District depend
on small scale subsistence agriculture [22] and social security disbursements for income [23,24].
The uMkhanyakude region experiences erratic rainfall ranging from 600 to 1000 mm per annum [25,26].
Fluctuant rainfall has affected forest cover and agricultural production. Consequently, poverty and
food insecurity have worsened in uMkhanyakude [25,27], with only a quarter (26%) of households
reporting sufficient food stocks at all times [23]. Jozini local municipality is the most populous
municipality in uMkhanyakhude District and comprises of 20 administrative wards. It ranks among
the least developed regions of the district with limited access to amenities including tapped water and
has high levels of unemployment, poverty, and HIV/AIDS [24].

The Ingwavuma area is located in the north-eastern corner of KZN along the South
Africa–Mozambique, and South Africa–Eswatini borders to the north and west, respectively (Figure 1).
Like other rural areas in Jozini local municipality, Ingwavuma is inhabited by predominantly isiZulu
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speaking people under traditional leadership structures. The area is semi-arid and is characterised
by three distinct seasons. It has a short winter season between June and August, followed by a hot,
dry season until November and a humid summer season until March. The area is hilly with seasonal
dams, streams, and rivers that sustain the community’s domestic water needs and small-scale gardening.
Ingwavuma’s sociodemographic indicators are similar to other sub-regions in the district with high
levels of poverty, unemployment, and HIV/AIDS. The area also has low levels of literacy and access to
basic and social amenities.

 

Figure 1. The map of South Africa showing Ingwavuma rural community in north-eastern
KwaZulu-Natal (KZN). Source: Google Maps.

2.2. Participants and Procedures

We enrolled adult (≥18 years) and non-disabled participants through convenience sampling from
randomly selected villages in the study area. Data were collected over two phases. Firstly, the isiZulu
questionnaire was administered to participants at their homes through face-to-face interviews by a team
of three community research assistants (CRAs) supervised by the investigator. A trained nurse then
conducted physical measurements. The CRAs were native isiZulu speakers and had completed at least
high school (Metric Level for South Africa). Data were collected electronically using the KoBo-Collect
application (Cambridge, MA, USA) on Android mobile devices [28]. This study was approved by the
University of KwaZulu-Natal Biomedical Research Ethics Committee (BREC/00000235/2019), and all
participants provided written informed consent.

2.3. Measures

We adapted the validated WHO STEPwise approach to surveillance (STEPS) questionnaire [29]
to collect data on physical activity. The adaptation of the questionnaire was intended to
contextualise questions and examples. The English version questionnaire was translated into isiZulu
by a native speaker, revised for linguistic appropriateness with native isiZulu speaking community
research assistants (CRAs) during training, and back-translated to English to ensure comparability
with initial questions. We pretested the questionnaire in a village within the study area with
30 randomly selected and representative participants. The village was excluded from the main
study. Minor revision of terminology and sequencing of questions was done using insights from the
pretest. The final questionnaire with open-ended and closed-ended questions had the following five
sections: sociodemographic data (age, gender, marital status, formal education level, and occupation),
health awareness and knowledge, healthcare utilisation, and modifiable health behaviours.

The following self-reported physical activity data were collected: (a) forms of physical activity
(livelihood, travel, and sport and recreational activities); (b) intensity level, whether moderate-intensity
physical activity or vigorous physical activity; (c) weekly frequency; (d) estimate of time spent on
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physical activity; and (e) physical activity-related health awareness and knowledge. Time spent
on physical activity was defined in moderate-intensity minutes, where a unit of vigorous-intensity
equalled two units of moderate-intensity physical activity. Total physical activity (TPA) was the sum of
the product of mean daily duration and weekly frequency of physical activity. The outcome variable
TPA was expressed as a: (a) continuous variable to assess the level and predictors of physical activity,
and (b) categorical variable to classify TPA against WHO recommendations.

The following categorical predictors were used in the analysis: Age (<30, 30–39, 40–49, 50–59,
60+ years), gender (male, female), formal education level (none, primary, secondary, post-secondary),
employment status (unemployed, self-employed, employed, other), and body mass index (BMI)
(underweight, normal-weight, overweight, obese). Two health-related predictors were also included,
whether participants thought inactivity has adverse effects on health (yes, no, do not know) and
whether participants were ever informed to be active (yes, no, do not remember).

2.4. Analyses

Descriptive statistics are presented as means (M) with their standard deviation (SD) for continuous
variables, and as frequencies with corresponding percentages for categorical variables. We conducted
the one-sample t-test to assess the community’s physical activity time against the recommended
150 min, and a two-level multiple linear regression to investigate the relationship between TPA and
independent predictors. Model 1 controlled for age and gender as non-modifiable risk factors
of physical activity. Formal education level, employment status, BMI, and proxies of health
awareness were added into model 2 as modifiable factors. Non-modifiable factors are acquiescent
to interventions [30], hence the use of hierarchical regression to study their influence on physical
activity. We evaluated linear regression assumptions. Residual scatter plots of standardised predicted
values were used to assess homoscedasticity and linearity, and both assumptions were met. Although
visual inspection of histograms and residual plots did not suggest non-normal distribution, results of
the Shapiro–Wilk test (SW) indicated a violation of the normality assumption (SW = 0.83, df = 392,
p < 0.05). Nonetheless, multiple linear regression was used in view of the robustness of estimates from
large sample data [31–33]. Statistical significance was evaluated at the 0.05 alpha level for all tests.
We used IBM SPSS Statistics version 26 (IBM Corp., Armonk, NY, USA) to conduct statistical analyses.

3. Results

Table 1 presents an overview of participant characteristics. A total of 400 consenting participants
were recruited into the study, and 392 participants with a mean age of 42.7 years (SD = 17.38) had
complete data required for this assessment. The gender distribution was 67% (n = 265) female and 32%
(n = 127) male. Participants in the 18–29 age group (n = 116, 30%) and 30–39 (n = 81, 21 %) constituted
50% of the sample. About two-thirds of the sample (n = 244, 62%) were single. The majority (n = 327,
83%) of study participants were unemployed with comparable levels across gender. The mean weight
of the participants was 69.1 kg (SD = 18.2). One-fifth were obese, with a notably higher proportion of
females (26%) than males (9%).

Results of the one-sample t-test show that the Ingwavuma community’s mean TPA (M = 912.2,
SD = 870.5) significantly exceeds the WHO recommended 150 min of weekly physical activity, with a
statistically significant mean difference of 762.1 (675.8–848.6), t (391) = 17.335, p < 0.001. Overall, the
Ingwavuma community spent 912.2 (SD = 870.5) minutes on all physical activity (see supplementary
file Table S1). However, there were distinct gender differences; males had 37% higher physical
activity (1210.6 min, SD = 994.2) than females (769.2, SD = 766.3). Physical activity was also lower
among participants aged at least 60 years (M = 714.5, SD = 721.9) and obese participants (M = 657.5,
SD = 582.8) who were 33% less active than their normal-weight counterparts. Overall, livelihood
activities contributed the most (65%) to TPA with almost even distribution between vigorous- and
moderate-intensity activities. Two-thirds (67%) of participants indicated they grew crops in their
fields to supplement their food requirements. On the other hand, sport and recreation had the least
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contribution (10%) to TPA. Time spent on all physical activity was consistently higher among males
than females with a six-fold difference between the two genders in sport and recreational activities.
Although there was no distinct age-related pattern on livelihood and travel physical activity, there
were noteworthy differences in TPA in other predictors. Unmarried participants were most active,
while the unemployed and obese ranked lowest. Time on sport and recreation varied inversely with
age. Young adults under 30 years spent 201.6 min (SD = 306.9) on sport and recreational activities,
while the elderly (60+ years) did not participate in similar activities. Additionally, only a fifth (23%) of
participants believed that inactivity could result in adverse health outcomes.

Table 1. Demographic characteristics of the Participants.

Variables
Female Male Total

n
(
X
)

% (SD) n
(
X
)

% (SD) n
(
X
)

% (SD)

Age 42.1 17.5 43.9 17.2 42.7 17.4

Age group

18–29 82 30.9 34 26.8 116 29.6

30–39 56 21.1 25 19.7 81 20.7

40–49 41 15.5 18 14.2 59 15.1

50–59 40 15.1 24 18.9 64 16.3

60+ 46 17.4 26 20.5 72 18.4

Marital status

Single 166 62.6 78 61.4 244 62.2

Married 42 15.9 20 15.8 62 15.8

Cohabiting 36 13.6 25 19.7 61 15.6

Widowed/divorced 21 7.9 4 3.2 25 6.4

Education level

None 88 33.2 35 27.6 123 31.4

Primary school 67 25.3 38 29.9 105 26.8

Secondary school 106 40.0 46 36.2 152 38.8

Post-secondary 4 1.51 8 6.3 12 3.1

Occupational status

Unemployed 229 86.4 98 77.2 327 83.4

Self employed 19 7.2 9 7.1 28 7.1

Employed 4 1.5 10 7.9 14 3.6

Other 13 4.9 10 7.9 23 5.9

Body mass index

Underweight 14 5.3 12 9.5 26 6.6

Normal-weight 91 34.2 75 59.1 166 42.2

Overweight 87 32.7 26 205 113 28.8

Obese 74 27.8 14 11.0 88 22.4

Grow crops in field
No 86 32.5 45 35.4 131 33.4

Yes 179 67.6 82 64.6 261 66.6

Inactivity may lead to
poor health outcomes

No 177 66.8 97 76.4 274 69.9

Yes 67 25.3 22 17.3 89 22.7

Don’t know 21 7.9 8 6.3 29 7.4

Advised by a health
worker to be physically

active

No 109 41.0 57 44.9 166 42.2

Yes 124 46.6 56 44.1 180 45.8

Don’t remember 32 12.4 14 11.0 46 12.0

Total 265 100 127 100 392 100

Notes: X—mean; SD—Standard deviation.
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Table 2 summarizes the classification of physical activities. Almost a tenth (11%) and three quarters
(75%) of study participants had low and high TPA levels, respectively. More males (84%) than females
(70%) achieved high TPA, and most age groups had comparable proportions of participants in the three
TPA classifications except for the 60+ year age group. Two-thirds of the elderly (60+ years) had low TPA,
almost three-fold (28%) of the community level. Relative to other sub-categories, low physical activity
was higher among participants without formal education (20%), the underweight (27%), and obese
(16%). Adjusted for age, the prevalence of low TPA was more prevalent among females for all but
those aged 50–59 (Figure 2). Insufficient activity levels also varied with gender. It was higher among
females except for 45–59-year-olds and least among males aged 18–29 years (3%), 30–44-year-old males
(0%), and females in the 45–59-year-old group (4%).

Table 2. Classification of weekly physical activity.

Variable
Weekly Physical Activity Level (%)

Low Sufficient High

Overall 10.9 14.3 74.8

Gender
Female 12.0 17.7 70.3

Male 8.7 7.1 84.3

Age group

<30 7.7 14.5 77.8

30–39 4.9 12.4 82.7

40–49 8.5 6.8 84.8

50–59 7.8 18.8 73.4

60+ 27.8 18.1 54.2

Marital status

Single 6.5 12.2 81.2

Cohabiting 16.1 19.4 64.5

Married 14.8 16.4 68.9

Other 32.0 16.0 52.0

Education

None 19.5 13.8 66.7

Primary 6.7 19.1 74.3

Secondary 7.2 12.4 80.4

Post-secondary 8.3 0.0 91.7

Occupational status

Unemployed 12.5 14.0 73.5

Self-employed 3.6 17.9 78.6

Employed 0.0 7.1 92.9

Other 4.4 17.4 78.3

Body mass index

Underweight 26.9 7.7 65.4

Normal-weight 7.8 13.3 78.9

Overweight 8.6 12.9 78.5

Obese 16.1 17.3 66.7

Inactivity may lead to poor
health outcomes

No 16.7 16.7 66.7

Yes 8.4 13.1 78.5

Don’t know 17.2 17.2 65.5

Advised to be physically active

No 10.8 17.5 71.7

Yes 11.7 11.1 77.2

Don’t remember 8.5 14.9 76.6
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Figure 2. Physical activity classification by age and gender.

Results of the two-step hierarchical linear regression analysis conducted to understand
sociodemographic predictors of TPA are presented in Table 3. From the set of dummy predictors
entered into model 1 (gender and age group), the model significantly predicted TPA, F (5, 386) = 7.853,
p < 0.001. A highly significant difference in TPA was predicted between males and females, with males
significantly more active by 455.4 min (β = −0.25, p < 0.001). Compared with younger adults (<30 years),
elderly participants aged at least 60 years (β = −0.12, p < 0.05) were predicted to attain significantly
lower TPA. In the full model, male gender remained a significant predictor of higher TPA (β = 0.22,
p < 0.05). From the set of modifiable factors added into model 2, being married (β = −0.12, p < 0.05),
cohabiting (β = −0.13, p < 0.05), and lack of awareness on the adverse effects of inactivity were
(β = −0.13, p < 0.05) were significant predictors of low TPA. Independent variables entered in model 2
significantly predicted the variability in TPA, F (20, 271) = 3.093, p < 0.001
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4. Discussion

This study aimed to assess the levels and correlates of physical activity in rural KZN against the
backdrop of the rising burden of CVDs and a trend towards sedentary living in South Africa. To the
best of our knowledge, this study is the first to examine physical activity from a large sample of adults
in the uMkhanyakude District of KwaZulu-Natal.

Participation in sports and recreational activities was low, with males participating more than
females. This finding is consistent with evidence from studies in rural South Africa [34] and other
African countries [35]. Low and gendered participation rate in sport and recreation is a concern amidst
the rising prevalence of CVDs in rural South Africa. The low participation could be attributed to
multiple factors, including a lack of awareness on the significance of sporting and recreational activities,
unavailability of enabling infrastructure, and time constraints. The limited access to basic amenities
in the area, notably tapped water, may result in time constraints for leisure activities. With such
limitations, gendered roles and responsibilities from deep-rooted traditional practices [24] in the area
are likely to affect women’s participation in leisure activities.

Although physical activity is known to be inversely related to age, the high prevalence of
insufficient physical activity among the elderly is worrisome relative to age-related health risks.
Substantive evidence shows ageing-induced adverse outcomes, such as elevated CVD risk, reduced
skeletal muscle performance, increased risk of falls and loss of bone mass [36,37], and depression [38],
can be moderated by physical activity. Physical activity also has an established positive effect on the
mental health of the elderly [38].

Several factors potentially explain why the elderly in Ingwavuma are not leveraging the benefits
of physical activity. First, the lack of awareness proxied by the high proportion of inactive participants
unaware of the adverse health outcomes of inactivity potentially explains the trend among adults.
Second, strenuous livelihood and household activities are associated with severe musculoskeletal
disorders. The high prevalence of back pain and knee osteoarthritis among the elderly in rural South
Africa [39,40] possibly explains the insufficient physical activity. Third, unlike typical rural areas
dependent on labour-intensive subsistence farming, agricultural activities have declined in the region
over the past few decades due to erratic rainfall [27]. Fourth, the high unemployment in the region [24]
likely spares the elderly from livelihood activities and domestic chores as younger adults may assume
a significant share of activities. In the absence of leisure activity, this results in physical activity deficits
for the elderly.

Health education may help with awareness of the significance and spectrum of sport and recreation
activities that do not require extensive hard infrastructure. Our findings indicate the need for health
education to showcase the range of minimal cost physical activities services available to rural residents
and their potential benefits. Aerobic activities with short bouts of vigorous activities (such as brisk
walking) confer significant health benefits for all age-groups and health states [41–43]. Notwithstanding
the risk of arrhythmias in older people during physical activity, light intensity activities such as regular
walking have been established to be beneficial [10]. As such, the elderly in rural communities should be
encouraged to incorporate walking into their leisure activity package and consider it as a health routine
than exclusively as part of achieving livelihood and social activities. Importantly, health promotion will
also help to influence social constructs that may hinder participation in sport and recreational activities.

Most physical activity in rural South Africa is associated with livelihood activities and is seasonal.
Therefore, it is crucial to encourage sport and recreation in rural areas to assist with smoothing seasonal
variation in physical activity. It is noteworthy that there was almost no report of sport and recreation
among the elderly whose age predisposes them to CVD. Evidence shows that sport and recreational
activities have considerable mental, bone and cardiovascular health benefits for the elderly, more so for
those with sedentary habits [44–46]. Importantly, leisure-time physical activity also ensures healthy
ageing [46]. Gender-based peer activity groups could be explored as a means to promote sport and
recreation among the elderly and females of all age groups in rural South Africa.
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Our study reports a number of limitations. We only assessed the correlates of physical activity
due to the cross-sectional study design hence we could not examine causal relationships that underlie
physical activity in Ingwavuma. Furthermore, we relied on a self-reported assessment of physical
activity and acknowledge that assessments could have understated or overstated duration, frequency,
and intensity, and therefore the extent of physical activity [47]. Notably, estimates were prone to a floor
effect as household chores may not have been fully captured in physical activity reports.

Notwithstanding the aforementioned limitations, the study also had noteworthy strengths.
The inclusion of adults of both genders allowed for a multilevel assessment of the influence of
modifiable factors on physical activity in a rural setting. Furthermore, the large sample size allowed
for the assessment of key sociodemographic correlates of physical activity that could be generalised for
the community.

5. Conclusions

In conclusion, low participation in sport and recreational activities and the high proportion of the
elderly with insufficient activity are worrisome given the rising burden of CVDs. Furthermore, it is
essential to encourage rural communities to increase physical activity, given its benefits of enhancing
lipoprotein balance [8] and healthy ageing [46]. Physical activity interventions have potential economic
gains by reducing the treatment costs of chronic morbidity that may result from the lower prevalence
and better control of CVD and its risk factors.

Our policy related recommendation is the promotion of physical activity as a primary health
intervention that complements pharmacological treatment of CVDs in rural South Africa, where the
burden of lifestyle-related morbidity is rising. We also recommend the provision of rudimentary
infrastructure in some areas with rugged terrain to promote physical activity by enhancing
neighbourhood walkability [48]. For optimum outcomes, it is needful to develop multilevel physical
activity interventions relevant to rural social context. Future research should aim to understand
knowledge, attitudes, and perceptions of physical activity; and its social nuances in rural areas.
Longitudinal studies with objectively measured physical activity are recommended to provide extant
estimates of energy expenditure and assess the determinants of physical activity.
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Abstract: Physical inactivity is a growing concern in Kingdom of Saudi Arabia (KSA) and globally.
Data on physical activity (PA) trends, barriers, and facilitators among adolescents in KSA are scarce.
This study aims to identify PA trends amongst adolescents in KSA and associated health and lifestyle
behaviors. Data from “Jeeluna”, a national study in KSA involving around 12,500 adolescents,
were utilized. School students were invited to participate, and a multistage sampling procedure was
used. Data collection included a self-administered questionnaire, anthropometric measurements,
and blood sampling. Adolescents who performed PA for at least one day per week for >30 min
each day were considered to “engage in PA”. Mean age of the participants was 15.8 ± 0.8 years,
and 51.3% were male. Forty-four percent did not engage in PA regularly. Only 35% engaged in
PA at school, while 40% were not offered PA at school. Significantly more 10–14-year old than
15–19-year-old adolescents and more males than females engaged in PA (<0.01). Mental health was
better in adolescents who engaged in PA (<0.01). Adolescents who engaged in PA were more likely to
eat healthy food and less likely to live a sedentary lifestyle (<0.01). It is imperative that socio-cultural
and demographic factors be taken into consideration during program and policy development.
This study highlights the urgent need for promoting PA among adolescents in KSA and addressing
perceived barriers, while offering a treasure of information to policy and decision makers.

Keywords: adolescent; adolescent health; physical activity; exercise; health surveillance; Kingdom of
Saudi Arabia

1. Introduction

Physical activity (PA) when performed regularly, promotes well-being and helps in prevention of
various health problems. In children and adolescents, PA plays a particularly critical role in growth and
development, while promoting their transition into healthier adults, as lifestyle habits and PA patterns
are largely established during childhood and adolescence [1]. It can help children and adolescents “see
better, feel better and function better” [2]. Essentially, PA achieves this by helping them build strong
bones, maintain healthy weight, improve cardiorespiratory fitness, alleviate symptoms of depression
and anxiety, and also reduce the risk of developing several illnesses, such as cancer, type 2 diabetes,
heart disease and obesity [2]. Studies have shown that physically active students have better grades,
school attendance, cognitive performance and classroom behaviors [3,4]. It is recommended that
children and adolescents between the ages of 6 and 17 years have at least 60 min of PA each day [5,6].

Despite widely recognized benefits and establishment of guidelines for PA, adolescents’ PA
behaviors have been far from encouraging. Globally, a significant increase in physical inactivity has
been observed [7], which has led to increasing incidence of several health problems, imposing a
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considerable burden upon healthcare systems of many countries. In the United States (US), it was
found that only 21.6% of children and adolescents aged between 6 and 19 years attained 60 or more
minutes of moderate-to-vigorous PA on at least 5 days per week [8]. In England, only 21% and 16%
of boys and girls, respectively were found to meet minimum PA recommendations [9]. Even though
the magnitude of the health issues associated with physical inactivity is well-known, relatively few
countries conduct physical inactivity surveillance and monitoring [10].

In the Kingdom of Saudi Arabia (KSA), a consequence of rapid socio-economic growth has been
striking lifestyle changes. This has had adverse effects on population health, with an increase in
physical inactivity and obesity being particularly observed [11]. Prevalence of physical inactivity
in the Saudi population has been found to range between 46% and an astonishing 99% in certain
segments of the population [11]. A study involving Saudi school students noted high inactivity levels,
with roughly only 44% of males and 20% of females being sufficiently active [12]. Consistent with
global PA trends [13], males have been reported to participate more frequently in high-intensity PA
than females [10].

In parallel with increasing physical inactivity, KSA has also experienced an increasing prevalence
of obesity and activities that promote sedentary lifestyle, with a study noting a negative relationship
between PA and obesity [14]. The same study noted a significant inverse relationship between physical
activity and computer-usage (a sedentary activity), indicating that the more active the individual,
the less time spent on computer-usage, with a higher body mass index (BMI) observed amongst those
who reported greater computer-usage time [14]. Geographical factors have been shown to influence
PA habits, with a study reporting that youths living in rural desert areas were less physically active
than those living in urban or rural farm environments [15].

With the dramatic lifestyle transformation, a change in dietary habits and food consumption
patterns has also been noted. Calorie-rich foods such as fast food, soft drinks, and processed snacks have
become extremely affordable and accessible to children and adolescents [16]. Such food consumption
patterns potentially synergize the negative effect of physical inactivity and sedentary lifestyles on
population health, in turn contributing to the growing prevalence of obesity, heart disease and other
non-communicable diseases. KSA’s hot sun-drenched climate limits physical activity as people prefer
staying indoors to avoid exposure to sunlight and heat, though there have been increasing opportunities
for indoor places and activities. The widespread vitamin-D deficiency among Saudi children and
adolescents has been shown to be influenced by PA and sun exposure [17].

Data on PA trends, determinants, barriers and facilitators among adolescents in Saudi Arabia have
been scarce. “Jeeluna” (Arabic for “Our Generation”), a national school-based cross-sectional study
involving around 12,500 adolescents in all 13 regions of KSA, found that only 13.7% of adolescents aged
10–19 years engaged in at least 30 min of PA daily [18]. To the best of our knowledge, no other studies
on the same have been published exclusively on the adolescent age group (10–19 years), with most
published studies focusing solely on older adolescents. This is of limited benefit when attempting to
extrapolate research findings to the development of policies, programs and services promoting PA
focused particularly on the adolescent age group.

The aim of this study is to identify the sociodemographic characteristics of adolescents who
participate in PA in KSA, as well as their associated health and lifestyle behaviors by gender.
Such information will support program and policy development that address adolescents’ local
needs in an evidence-based manner.

2. Materials and Methods

2.1. Study Design and Participants

For this current analysis, we utilized data from the Jeeluna study database. Jeeluna was a
cross-sectional, school-based, nationally representative study conducted in Saudi Arabia. Participants
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included intermediate and secondary school students, aged 10–19 years from all 13 regions of
the country.

2.2. Procedures

A stratified, cluster random sampling procedure was used. The detailed sampling methodology
has been previously published [18]. Any male/female, intermediate/secondary, public/private school
in a Saudi Arabian city/town that functions during the day was eligible to participate in the study.
Exclusion criteria included evening schools and schools that served students with special needs.
Data collection involved: (1) administration of self-administered questionnaire; (2) anthropometric
measurements; and (3) blood sampling for laboratory investigations. Data collection teams operating
in all regions received standardized training.

The study received approval from the Institutional Review Board at the King Abdullah
International Medical Research Center (KAIMRC) (RC08-092), as well as the Ministry of Education
(MOE). It was necessary to seek permission from participating schools’ principals, active written
parental consent and student assent; participants were given the option to opt out of blood sampling.

For the purpose of this secondary analysis, the focus was on the PA section. It was assessed by
asking students how many days in the past week they had engaged in exercise for at least 30 min each
day. The cutoff of 30 min was used instead of the recommended 60 min, as PA trends have shown that
most children and adolescents do not meet the recommended minimum, thus supporting the use of a
lower cutoff in the analysis.

2.3. Measurements

The questionnaire was guided by the Youth Risk Behavior Survey [19] and the Global School-based
Student Health Survey [20]. The global definition of health was used, so multiple domains were included
and addressed in the questionnaire, including: (1) family; (2) education/schooling; (3) nutrition/dietary
behaviors; (4) physical activity; (5) safety; (6) sleep; (7) violence and bullying; (8) tobacco and substance
use (including alcohol use); (9) health; (10) health services; and (11) health knowledge. Students were
given assurance of the anonymity and confidentiality of their responses.

Adolescents who engaged in PA for 1 or more days in a week were considered to “engage in PA”.
The section also included questions on sedentary activities (TV, internet, video games and cell phone
use). Responses indicating time spent on each activity to be more than 2 h daily were considered to be
part of the “sedentary lifestyle” category. With regard to main meals (breakfast, lunch and dinner),
a value of “3” meals a day was considered healthy. Everything else, whether lower (none, 1 or 2 meals
a day) or higher (4 or >4 meals a day), was put in the “unhealthy” category. We considered guidelines
from the American Academy of Pediatrics (AAP) that refer to 3 meals a day as the target for healthy
nutrition [21]. The 5 response choices pertaining to absence from school were grouped into 3 categories:
“Not absent”, “Rarely absent”, and the third category including “sometimes”, “often” and “always.”

The “Mental health” variable was created based on responses to the questionnaire items asking
about the frequency of symptoms reflecting depression or anxiety over the past 12 months. “Never”,
“rarely” and “sometimes” were considered as “No”, and “most of the times” and “always” were
considered as “Yes.” The anthropometric measurement from the study database included in this analysis
was BMI, which was based on measured weights and heights. BMI was classified as “Underweight”,
“Normal”, “Overweight” and “Obese”, based on Center for Disease Control and Prevention BMI charts
for gender and age [22,23].

2.4. Data Analysis

The first step in the analysis was the descriptive analysis. Participants were described in terms of
their selected socio-demographic status. Means along with standard deviations and percentages were
calculated for continuous and categorical variables, respectively. The relationship between engaging in
PA and school performance, health status, and health risk behaviors was calculated using chi-square
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test. A significance level of less than 0.05 was used for all statistical tests. All data were analyzed using
SPSS version 25.0.3 (IBM Corp, Armonk, NY, USA).

3. Results

Participant characteristics are listed in Table 1. Mean age of the participants was 15.8 ± 1.8 years,
and 51.3% were male. Most of the participants (97.9%) lived in urban areas. Little over half (53.1%) of
the participants fell within the “normal” BMI range; similarly, just over half reported engaging in PA
(53.4%). Only about one-third (35.4%) engaged in PA at school.

Table 1. Characteristics of the participants (n = 12,463).

Characteristic Number (%) ¥

Age (mean)
Mean ± SD 15.8 ± 1.8
Gender
Male 6398 (51.3)
Female 6065 (48.7)
Areas of residence
Urban 12,205 (97.9)
Rural 258 (2.1)
Nationality
Saudi 10,318 (82.8)
Non-Saudi 1493 (12.0)
Grade
Intermediate 6142 (49.3)
Secondary 6321 (50.7)
BMI result
<5th centile 1858 (14.9)
5–<85th centile 6616 (53.1)
≥85th–<95th centile 1712 (13.7)
≥95th centile 1920 (15.4)
Engage in physical activity
Yes 6653 (53.4)
No 5450 (43.7)
Engage in physical activity (sports) at school
Yes 4412 (35.4)
No 2624 (21.1)
No physical activity at school 5052 (40.5)

¥ Percentages may not add up to 100 due to missing data.

Nationally, 92.7% of males and 7.3% of females were offered PA in schools. Out of the 13 regions,
Jizan had the highest mean number of PA days per week in total (2.4 ± 2.8) as well as among males
(3.3 ± 2.8). Jizan also boasts the highest proportion of total (44.7%) and male students (99.6%) engaging
in PA in school. Interestingly, a stark contrast is observed in PA trends among females in Jizan,
which has the lowest mean number of PA days per week in females (0.8 ± 1.7) among all regions,
as well as the lowest proportion of females engaging in PA in school (0.4%). Female PA trends were
dramatically better in Aljouf, which had the highest proportion of females engaging in PA in school
(53.2%), and second highest mean number of PA days (1.8 ± 2.4). Detailed region-wise PA trends are
displayed in Table 2.
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Table 2. Physical activity relative to region.

Region
Mean No. of Days/Week Spent on

>30 min of Exercise
Regional
Sample

Physical Activity (Sports) in School
Number (%)

Total Male Female Total PA Male Female

Riyadh 1.7 ± 2.3 2.2 ± 2.4 1.3 ± 2.2 2749 876 (31.8) 853 (97.4) 23 (2.6)
Qasim 1.5 ± 2.2 2.0 ± 2.4 1.0 ± 1.8 734 243 (33.1) 239 (98.4) 4 (1.6)

Makkah 2.0 ± 2.5 2.7 ± 2.7 1.0 ± 1.9 2906 1099 (37.8) 1074 (97.7) 25 (2.3)
Madinah 1.8 ± 2.4 2.5 ± 2.6 1.0 ± 1.9 943 318 (33.7) 312 (98.1) 6 (1.9)

Eastern province 1.8 ± 2.4 2.4 ± 2.6 1.2 ± 2.0 1851 683 (36.8) 577 (84.5) 106 (15.5)
Tabuk 1.7 ± 2.3 2.2 ± 2.5 1.3 ± 2.0 342 111 (32.4) 81 (73.0) 30 (27.0)
Aljouf 1.6 ± 2.2 1.2 ± 2.0 1.8 ± 2.4 361 111 (30.7) 52 (46.8) 59 (53.2)

Hail 1.8 ± 2.3 1.7 ± 2.3 2.0 ± 2.4 358 124 (34.6) 76 (61.3) 48 (38.7)
Northen borders 1.8 ± 2.4 2.7 ± 2.7 1.2 ± 1.9 222 73 (32.8) 69 (94.5) 4 (5.5)

Albaha 1.5 ± 2.3 1.8 ± 2.5 1.3 ± 2.2 314 50 (15.9) 43 (86.0) 7 (14.0)
Aseer 2.2 ± 2.6 3.0 ± 2.8 1.3 ± 2.1 773 324 (41.9) 316 (97.5) 8 (2.5)
Jizan 2.4 ± 2.8 3.3 ± 2.8 0.8 ± 1.7 606 271 (44.7) 270 (99.6) 1 (0.4)

Najran 2.0 ± 2.4 2.3 ± 2.4 1.6 ± 2.3 304 129 (42.4) 127 (98.4) 2 (1.6)
Overall 1.9 ± 2.4 2.4 ± 2.6 1.2 ± 2.1 12,463 4412 (35.4) 4089 (92.7) 323 (7.3)

Figure 1 reflects a decline in PA relative to age, with mean PA days per week of 2.7 at 12 years
among males dropping to 2.1 by age 18, before rising to 2.4 by 19 years of age. In females, PA steadily
declined between 12 and 19 years of age from 1.6 to 1. Significant differences in age, gender, and areas
of residence, were found in terms of engagement in PA, with younger adolescents (59.6% vs. 53.5%,
p < 0.01), males (68.3% vs. 48.7%, p < 0.01), and adolescents living in urban areas (55.1% vs. 47.1%,
p < 0.01) being more likely to engage in PA. PA habits were not significantly different between Saudi
and non-Saudi adolescents, as well as between the four BMI groups, with proportions of adolescents
engaging in PA ranging between 54% and 57% across the BMI groups (Table 3).

 

Figure 1. Mean no. of days/week spent on >30 min of physical activity relative to age.

Table 4 represents the relationship between engaging in PA and school performance, health status,
and health risk behaviors. Adolescents who engaged in PA were more likely to eat healthy food
(99.1% vs. 98.3%, p < 0.01), less likely to live a sedentary lifestyle (63.9% vs. 67.3%, p < 0.01), and less
likely to be absent from school (26.6% vs. 20.3%, p < 0.01). With regards to mental health, symptoms
reflective of depression (12.2% vs. 17%, p < 0.01) and anxiety (5.9% vs. 7.8%, p < 0.01) were found to
be less prevalent among adolescents who engaged in PA. Prevalence of chronic diseases as well as
tobacco/substance use was not significantly different between the two groups. No significant difference
was found in number of students with “excellent” academic performance among those who engage in
PA and those who do not.
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4. Discussion

Research activity on PA and lifestyle habits has not matched the rapid pace at which lifestyle
changes have been occurring in the KSA. This study, based on the Jeeluna national school-based study,
sheds light on the status quo of PA among the adolescents of KSA and related health and lifestyle
habits. Over 40% of adolescents in our study did not engage in PA at all. The remaining adolescents
were part of a wide-ranging category that included those who engaged in PA once a week as well
as those who engaged in PA daily. Twenty percent of males and a worrying 59% of females did not
engage in PA regularly. Locally reported studies that utilized objective PA measurement techniques
showed that 60% of Saudi children and 71% of youths did not engage in PA of sufficient frequency and
duration [24,25].

To put local estimates including ours in perspective, it is suitable to compare them with PA
estimates from other countries. A systematic assessment of literature on PA in Arab countries revealed
that physical inactivity was alarmingly high in children and adolescents, reaching about 80% in all
national surveys except Tunisia [26]. A Finnish study reported that 59% of boys and 50% of girls
aged 15–16 years reported engaging in 60 min or more of PA per day; these estimates dropped to
23% (boys) and 10% (girls) when moderate-to-high physical activity was considered [27]. In the US,
the Youth Risk Behavior Surveillance revealed that only 18.4% of adolescents met the PA guidelines [28].
The Global School-based Student Health Survey (GSHS), which included over 72,000 young people
across 34 countries, showed that only 24% of boys and 15% of girls engaged in sufficient PA to
meet recommendations [29]. Recently, WHO published a pooled analysis of survey data reported
by 1.6 million 11 to 17-year-old adolescents across 146 countries. It found that more than 80% of
school-going adolescents globally did not meet current daily PA recommendations, including 85% of
girls and 78% of boys [30].

These worrying estimates of inactivity are of a great concern as inactivity has been associated with
increased risk of development of cardiovascular and metabolic health conditions [2]. Modern life has
paralleled technological advances, reflected in increased screen time for everyone, whether for work or
leisure. This lifestyle has aimed to minimize efforts and systematically reduce energy expenditure
and, in the process, to discourage physical exertion. We found that 67% of adolescents who did
not exercise pursued a sedentary lifestyle. Spending time on the previously mentioned sedentary
activities soaks up valuable time that could otherwise be utilized in health-promoting activities such as
regular exercise. Amusingly, a lack of time has been regularly reported by individuals for their lack of
PA [31,32]. Other factors that contribute to the reported adolescent inactivity rates in KSA may include
lack of PA programs in schools, hot weather conditions, over-dependence on cars rather than walking
even for short distances, the surrounding built environment which is not pedestrian friendly, poor peer
and family support and socio-cultural barriers, which particularly impact females.

We found that males were significantly more likely to engage in PA than females. This finding is
consistent with findings of several other studies [16,33,34]. This could be attributed to cultural beliefs
and lifestyle patterns in KSA that possibly discourage participation of females in recreational activities
outside the house. It is perhaps due to these socio-cultural differences that experts have suggested a
specific gender-based consideration when making PA promotion recommendations [35]. Although
males have been generally considered to have better opportunities for recreational activities including
exercise than females, rapid changes have fortunately been witnessed in the past 1–2 years with more
sports opportunities for females being made available in the country. The opening of female-only
gyms, sports clubs, and female national sports teams have encouraged more women to engage in
regular exercise. Interestingly, our study found that females who exercise were significantly more
likely to eat heathy food and less likely to live a sedentary lifestyle than females who did not exercise,
while there was no such significant difference between the two male groups regarding healthy eating
and sedentary lifestyle. This could reflect active consciousness and awareness regarding healthy eating
and lifestyle habits among females who exercise regularly. On the other hand, males seem to manage
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to get sufficient PA, possibly through school and recreational activities while still personally not living
an active healthy lifestyle.

Our study found a stark contrast between PA offered to males and females in schools. For example,
in Jizan, 99.6% of male adolescents reported being offered PA at school, while only a shocking 0.4% of
females reported the same. A local study showed that males from public schools were more active than
males at private schools, whereas the opposite was true for females; they were more active in private
schools [12]. While PA programs in female public schools are nearly nonexistent, private schools
provide students with opportunities for regular exercise, encouraging an active and healthier lifestyle.
Our findings are in agreement with this observation as most of the schools in Jizan belong to the public
education system. We also reported Jizan to have the highest mean number of PA days per week
among males in the whole country, while the lowest among females. Jizan is considered to be relatively
more conservative when compared with the bigger cities of Jeddah and Riyadh, and thus, the cultural
and lifestyle barriers to female participation in PA mentioned earlier may be augmented in this region.

We also found that adolescents aged 10–14 years were more likely to engage in PA than older
adolescents aged 15–19 years. PA decline in adolescence has been previously observed [36], a trend
that seems to continue into adulthood [37,38]. Increasing academic workload in secondary school
could contribute to this decline, and factors such as more time spent on sedentary activities [39] as
well as taking up part-time jobs [40] could also be related. This highlights the need for qualitative
studies to clearly understand the reasons for this decline and to promote PA and other healthy habits
in adolescence, a stage of building habits, many of which last a lifetime.

There was no significant difference in PA habits between Saudi and non-Saudi adolescents, as well
as between different BMI groups. These interesting findings counter expectations, as it would generally
be convenient to believe that expats from more open societies with lesser socio-cultural barriers would
be living a more active lifestyle. This highlights the impact of lifestyle changes an individual adopts
when living in a foreign country.

Among all of the benefits of PA and its positive effects on general health, its impact on mental
health is well recognized. Exercise is known to boost self-esteem, body image and overall mood, in line
with our findings of adolescents who engage in PA feeling sad or hopeless significantly less frequently
than those who do not engage in PA [41]. Exercise is widely recommended by health authorities for
the prevention and treatment of various non-communicable diseases, although the above mentioned
benefits may depend on type, timing, and intensity of PA. Physical activity has been well-studied in
the area of depression, with a study reporting 20–33% lower odds of depression in the active groups
in prospective cohort studies [42]. For tasks involving more complex executive functioning, exercise
was found to be associated with enhanced cognitive functioning in a meta-analysis of randomized
controlled trials looking into exercise training studies in adults aged 55–80 [43,44].

We found that students who engaged in PA were significantly more likely to not be absent from
school. Based on 2005–2008 NHANES (National Health and Nutrition Examination Survey) data,
it was found that excessive TV watching and inactivity as well as high activity levels (>7 times per
week) were independently associated with severe school absenteeism [45]. As discussed previously,
excessive screen time could be taking away valuable time from adolescents that they could have spent
being more physically active. Moreover, excessive TV watching can have various negative effects
on a child’s cognitive and socio-emotional development. Having discussed the benefits of PA on
mental health, low PA levels could hamper an adolescent’s participation in school, such that school is
something they do not look forward to due to negative self-esteem, body image, feelings of sadness
and worry, or lack of motivation.

Consequently, it is indeed worrying that despite the myriad of known health benefits, PA trends
among our adolescents remain poor. PA, even in small amounts can considerably enhance physical and
psychological well-being. School-based PA programs can address the enormous discrepancy between
female and male PA habits in KSA by improving availability and accessibility to PA opportunities.
Health care professionals, starting from the primary health care system and school health system,
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must convey the benefits of regular physical activity to individuals and their families and do everything
in their capacity to facilitate their participation in PA. The American Heart Association emphasizes
that “the advice from healthcare professionals significantly influences adoption of healthy lifestyle
behaviors, including regular PA, and can increase satisfaction with medical care” [46]. Several medical
institutions, particularly in the US have begun assessing PA as a vital sign tool (indicator of general
physical condition) to identity individuals who could benefit from prompt counseling or appropriate
referral. Parents and guardians play a critical role in ensuring adolescents at least meet the minimum
recommended amount of PA as per latest guidelines. The remarkable technological literacy of this
young generation can be positively utilized by promoting active e-sports video games (e.g., Wii Sports)
and health and fitness tracking applications. Above all, national health authorities, particularly the
Ministry of Health, Ministry of Education, and Sports Authority must strategize an efficient multi-level
action plan by taking into consideration existing data on local PA trends and lifestyle habits among
adolescents, including results of this landmark study. This will also significantly contribute towards
lowering the currently estimated total costs attributable to physical inactivity in KSA.

The Jeeluna study included over 12,000 adolescents, making it the largest study on adolescent
health in the region to date. Additionally, the study was conducted in all 13 regions of KSA; the national
representativeness of the study population enhances its generalizability. However, the study may
be viewed in light of a few limitations. The study questionnaire was self-administered and may
be associated with recall bias. Physical activity was not measured objectively, nor was the type of
PA reported taken into consideration. In search of an explanation for the distortion of the graph
line at 11 years of age, we found that the study population aged 11 years was small in number.
The questionnaire did not take into consideration food portions when asking about frequency of meals.
Nonetheless, the questionnaire was put through several rounds of expert review and was pilot tested
for clarity and comprehension amongst the target respondent group. The study thus sets a benchmark
for future adolescent health research in the country and the wider region.

5. Conclusions

The Jeeluna study highlights the urgent need for promotion of PA among adolescents in KSA and
addressing perceived barriers. It is imperative that socio-cultural and demographic factors be taken
into consideration during program and policy development. Schools play a critical role in improving
PA habits among adolescents and remain an important focus of action, particularly for female PA
promotion. Lack of PA, unhealthy food and sedentary activities are not isolated, independent health
risk factors and are often found clustered among adolescents, synergistically increasing risk of disease
and poor health several-fold. In order to be effective, these issues must be addressed in a cross-sectoral
approach, involving multiple ministries and other stakeholders.

The study sheds light on the urgent and important issue of physical inactivity, which should be of
utmost national and international interest. Our study offers valuable information to policymakers,
educators and health professionals involved in the progression of adolescent health to understand
young people’s health in their social context. Further studies are required to be able to assess trends in
PA and to evaluate impact of more recently implemented programs in the country and hence support
strategies for further promotion of PA and the reduction of sedentary behavior among adolescents.
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Abstract: Dog training may strengthen the dog–owner bond, a consistent predictor of dog walking
behavior. The Stealth Pet Obedience Training (SPOT) study piloted dog training as a stealth physical
activity (PA) intervention. In this study, 41 dog owners who reported dog walking ≤3 days/week
were randomized to a six-week basic obedience training class or waitlist control. Participants wore
accelerometers and logged dog walking at baseline, 6- and 12-weeks. Changes in PA and dog
walking were compared between arms with targeted maximum likelihood estimation. At baseline,
participants (39 ± 12 years; females = 85%) walked their dog 1.9 days/week and took 5838 steps/day,
on average. At week 6, intervention participants walked their dog 0.7 more days/week and took
480 more steps/day, on average, than at baseline, while control participants walked their dog, on
average, 0.6 fewer days/week and took 300 fewer steps/day (difference between arms: 1.3 dog
walking days/week; 95% CI = 0.2, 2.5; 780 steps/day, 95% CI = −746, 2307). Changes from baseline
were similar at week 12 (difference between arms: 1.7 dog walking days/week; 95% CI = 0.6, 2.9;
1084 steps/day, 95% CI = −203, 2370). Given high rates of dog ownership and low rates of dog
walking in the United States, this novel PA promotion strategy warrants further investigation.

Keywords: dog walking; exercise; health behavior change; stealth health; pet ownership; human–
animal interaction; animal-assisted intervention; targeted learning

1. Introduction

Fewer than one in four American adults meet federal physical activity (PA) guide-
lines [1]. Part of the problem may be messaging around PA. Traditional messaging frames
PA as a critically important health behavior that people should engage in to improve
health and prevent disease. While this may motivate PA adoption short-term, this framing
provides a controlled source of motivation for PA (in the form of external pressure to
be healthy), and therefore is unlikely to motivate consistent participation over time [2,3].
Sustainable PA might be more realistically achieved by encouraging people to engage in
activities they enjoy, care about, or find purposeful and that naturally involve PA (i.e., that
increase PA as a side-effect) [4,5]. This approach preserves autonomy and therefore better
aligns with the science of motivation and decision-making [2]. Interventions that take this
approach are called “stealth interventions” [4,5]. Stealth interventions have been successful
in promoting healthy eating and weight control [6–8].

A relevant aspect of American culture that lends itself well to stealth PA interventions
is dog ownership. Almost half of households in the United States (46%) own at least one
dog [9]. Research has demonstrated that owners who walk their dog(s) are more likely to
meet PA guidelines than those who do not [10]. The strength of the dog–owner bond is a
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key correlate of dog walking behavior [11,12], as owners who have a strong relationship
with their dog(s) feel a greater sense of responsibility to walk and perceive more motivation
and support from their dog(s) for walking [11,13]. A recent national survey study found
that only 42% of American dog owners walk their dog [14], suggesting a potential target
for stealth PA interventions.

Interventions designed to strengthen the dog–owner bond are already offered in
communities across the United States. These interventions are obedience training classes.
In addition to strengthening the dog–owner bond [15,16], these classes teach basic manners,
including loose leash walking, which may increase dog-walking self-efficacy [17] and
reduce behavior problems that can interfere with dog walking [13]. To the best of our
knowledge, dog obedience training classes have never been examined in the context of
PA promotion.

The purpose of the Stealth Pet Obedience Training (SPOT) randomized trial was to
pilot a six-week, basic obedience training class as a stealth PA intervention for inactive dog
owners (NCT04329741). Again, the logic behind this approach is that some dog owners
who take the course may naturally develop a new, personal source of motivation for PA
(in the form of dog walking) as a result of becoming more attached to their dog through
the dog training experience. We consider this a stealth approach not because dog owners
will be unaware that they are engaging in more PA, but because the intervention is a
course focused on improving dog obedience, not increasing PA. We hypothesized that the
intervention would lead to greater increases in average steps/day and daily minutes of
moderate–vigorous PA (MVPA) at 6 and 12 weeks, as compared to the waitlist control.
Secondary outcomes included dog walking days per week, daily sedentary minutes, and
psychosocial variables plausibly mediating PA changes: strength of dog–owner bond
(emotional closeness with dog), dog walking self-efficacy, and social support (from the dog)
for walking.

2. Materials and Methods

2.1. Study Design and Population

The SPOT study was an individually randomized trial with a waitlist control group.
Adult dog owners (21+ years) who reported walking their dog(s) ≤3 times/week (for no
more than 20 min/walk) were eligible for participation. Exclusion criteria were regular
exercise (defined as ≥3 times per week for ≥20 min), previously attending obedience
training with their current dog, presence of any condition that limits walking ability, or
presence of uncontrolled diabetes or hypertension. These criteria were set to identify
a sample of inactive dog owners who could safely walk for exercise. All participants
provided informed consent. This study was approved by the Institutional Review Board
(protocol ID: 2017-3945) and the Institutional Animal Care and Use Committee (protocol
ID: 2017-0018) at the University of Massachusetts-Amherst. Randomization was conducted
by an external researcher.

2.2. Procedures

Participants were recruited through university-affiliated social media outlets. The
study was advertised as an investigation of how attending a dog obedience training course
affects the dog–owner bond and the health and quality of life of dog owners. Participants
randomized to the intervention group enrolled in a six-week basic obedience training
class led by a certified behavior adjustment trainer. The class covered basic commands
(e.g., sit, down, watch), loose leash walking, and polite greetings, among other skills. The
importance of dog walking was implied, but not specifically emphasized. Classes were
held once per week for 45 min, with 5–8 students per class. Participants in the control group
were asked not to enroll in an obedience training class or train their dog at home until
after completing 12-week assessments. After completing these assessments, control group
participants received a voucher to take the same obedience training class for free. Baseline
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measures were taken in August, six-week measures in October, and 12-week measures in
December 2017 in Massachusetts, United States.

2.3. Measures

Participants reported their demographics (e.g., age, sex), characteristics of their dog
(e.g., age, size), and whether they had a yard (“Do you have a yard where your dog can run
free?” (yes/no)). To estimate dog size, participants were given four options (small, medium,
large, giant) and provided example dog breeds for each option. Research staff measured
each participant’s height and weight at orientation for body mass index calculation.

2.3.1. Process Evaluation

The study process was evaluated through the following metrics. Retention was
assessed as the percentage of randomized participants who completed 12-week assessments.
Class attendance, defined as the average number of classes attended across the 6 weeks,
served as the indicator of intervention engagement. Intervention fidelity was indicated by
the proportion of intervention participants who agreed or strongly agreed with the prompt
“I am happy with the behavior of my dog” at week 6 compared to control participants.

2.3.2. Physical Activity and Sedentary Behavior

For seven consecutive days at baseline, post-program (at 6 weeks), and 6 weeks post-
program (at 12 weeks), participants wore an ActiGraph wGT3X-BT monitor (ActiGraph
LLC, Pensacola, FL, USA) on their right hip [18–20] and logged all leisure-time PA, in-
cluding dog walking, in a paper log booklet. The ActiGraph, a research-grade triaxial
accelerometer deemed valid [21] and reliable [22] in free-living conditions, was used to
assess changes in steps, MVPA, and sedentary behavior. Participants wore the device
during all waking hours, except when showering/swimming.

ActiGraph data were processed using Actilife Version 6.13.3 (ActiGraph LLC, Pen-
sacola, FL, USA); validated cut-points for adults [23] were used to evaluate minutes spent
in different PA intensity categories. To be included in analyses, participants had to wear
the device ≥8 h/day for ≥4 days, including one weekend day; otherwise, data were
considered missing [24]. Participant data were averaged across valid wear-days to produce
daily estimates.

2.3.3. Psychosocial Outcomes

The 10-item perceived emotional closeness subscale from the Cat/Dog–Owner Rela-
tionship Scale (C/DORS) was used to assess the dog–owner bond [25]. Each item is scored
on a five-point scale (from 1–5). Sample items include “My pet provides me with constant
companionship” and “My pet is there whenever I need to be comforted”. The 10 item
scores were summed and divided by 10 to yield a subscale score ranging from 1–5, with
higher scores indicating better perceived relationship quality.

Subscales from the Dogs and Walking Survey (DAWGS) [26] were used to assess
self-efficacy beliefs about dog walking and support provided by the dog for walking.
The self-efficacy subscale consists of nine items from the Exercise Confidence Survey [27]
modified for dog walking. Participants are asked to rate how confident they are that
they would consistently walk their dog under a number of circumstances if they really
wanted to (1 = very unconfident to 5 = very confident). Scores on the nine items were
summed to produce a dog walking self-efficacy score ranging from 9–45. Three five-point
items (1 = strongly disagree to 5 = strongly agree) were used to assess dog support for
walking. These items were “Having my dog makes me walk more”, “My dog provides
encouragement for me to go on walk”’, and “My dog provides social support for me to go
on walks”. Scores were summed to produce a total dog support for walking score ranging
from 3–15.
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2.4. Statistical Analyses

A sample size of 40 adults was selected to provide at least 80% power to detect
differences between randomized groups of at least 1500 average steps/day and at least
76 min/week of MVPA. Such differences are consistent with meeting 50% of aerobic physi-
cal activity guidelines, which have been associated with improvements in cardiorespiratory
fitness among previously sedentary individuals [28,29].

We compared 6- and 12-week outcomes between randomized arms using targeted
maximum likelihood estimation (TMLE), which provides precision and power gains over
an unadjusted approach (e.g., the Student’s t-test) in randomized trials [30,31]. We used a
pre-specified adjustment strategy and excluded participants whose outcome assessments
were missing at the timepoint of interest [32]. All PA outcomes were parameterized in terms
of the change from baseline. Statistical inference was based on the t-distribution and with a
two-sided hypothesis test at the 5% significance level. All analyses were completed with
R v3.5.1. 9. (The R Foundation, Vienna, Austria). Additional details about the statistical
approach are provided in the Supplementary Materials.

3. Results

The median age of participants was 37 years, and most were non-Hispanic White
(87%) and female (87%) (Table 1). The median age of the study dogs was 3 years. About
half the dogs were large (50–90 lbs; n = 18), followed by medium-sized (20–49 lbs; n = 10),
small/toy-sized (<20 lbs; n = 7), and giant-sized (>90 lbs; n = 4). At baseline, participants
averaged 5838 steps/day, 22 MVPA minutes/day, and reported dog walking 1.9 days/week
(Table 1).

Table 1. Baseline characteristics of Stealth Pet Obedience Training (SPOT) study participants and their dogs.1

Overall
(n = 39)

Intervention
(n = 19)

Control
(n = 20)

Age, median (min–max) in years 37 (21–72) 39 (27–72) 34 (21–54)
Sex, n (%) female 34 (87%) 16 (84%) 18 (90%)
Race, n (%) non-Hispanic White 34 (87%) 18 (95%) 16 (80%)
Annual income, n (%)
<$40,000 5 (13%) 4 (21%) 1 (5%)
$40,000—$80,000 16 (41%) 5 (26%) 11 (55%)
>$80,000 18 (46%) 10 (53%) 8 (40%)
Education, n (%)
High school or GED 8 (21%) 3 (16%) 5 (25%)
College degree 15 (38%) 8 (42%) 7 (35%)
Graduate or professional degree 16 (41%) 8 (42%) 8 (40%)
Body mass index, median (min–max) in kg/m2 30 (20.5–44.8) 30 (20.5–44.8) 29.8 (22.6–42.3)
Dog’s age, median (min–max) in years 3 (0–11) 4 (0–10) 2.8 (0–11)
Dog’s size, n (%)
Giant (>90 lbs) 4 (10%) 2 (11%) 2 (10%)
Large (50–90 lbs 18 (46%) 11 (58%) 7 (35%)
Medium (20–49 lbs) 10 (26%) 5 (26%) 5 (25%)
Small/toy (<20 lbs) 7 (18%) 1 (5%) 6 (30%)
Yard where dog can run freely, n (%) 25 (64%) 15 (79%) 10 (50%)
Agree or strongly agree with prompt “I am happy with the behavior of my dog”, n (%) 8 (21%) 3 (16%) 5 (25%)
Days/week with at least 1 dog walk, mean (SD) 1.9 (2.1) 1.7 (1.9) 2.2 (2.4)
Steps/day, mean (SD) 5838 (2141) 5840 (2132) 5836 (2208)
Moderate-to-vigorous physical activity (MVPA) minutes/day, mean (SD) 22 (14) 22 (16) 21 (13)
Sedentary minutes/day, mean (SD) 542 (87) 544 (68) 540 (104)
Emotional closeness with dog, median (min–max) 2 3.9 (2.4–5) 3.7 (2.5–4.9) 4.2 (2.4–5)
Social support from dog for walking, median (min–max) 3 11 (3–15) 11 (3–15) 11 (7–15)
Self-efficacy for dog walking, median (min–max) 3 29 (9–45) 29 (9–45) 30 (18–45)

1 Excludes two intervention participants who dropped out prior to study start. Missing ActiGraph data (steps, MVPA, sedentary minutes)
for one participant. 2 Emotional closeness score from cat/dog–owner relationship scale (C/DORS)—scale 1–5. 3 Social support from dog
for walking (scale 3–15) and self-efficacy for dog walking (scale 9–45) from dogs and walking scale (DAWGS).
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Four of the 21 participants randomized to intervention dropped out before or during
the six-week class. All of the remaining 17 intervention participants completed the 6-week
assessments, and 16 of 17 completed 12-week assessments. All 20 control participants
completed both 6- and 12-week assessments. Altogether, 36 of 41 randomized participants
completed 12-week assessments for an overall study retention rate of 88%. Intervention
participants attended an average 5.6 out of 6 classes and were 33% more likely to agree or
strongly agree with the prompt “I am happy with the behavior of my dog” than control
participants at week 6 (95% CI = 6%, 60%).

ActiGraph wear time criteria were met by 38 participants (19 per group) at baseline,
34 participants (16 intervention, 18 control) at 6 weeks, and 33 participants (16 intervention,
17 control) at 12 weeks. At 6 weeks, intervention participants took 480 more steps/day
than they had at baseline, while control participants took 300 fewer steps/day than at
baseline (Figure 1). Thus, the difference in the average change in steps/day between
randomized arms was 780 steps/day (95% CI = −746, 2307). These differences persisted at
12 weeks, when intervention participants had essentially no change in their steps/day from
baseline, and control participants decreased by 1084 steps/day for an average difference of
1084 steps/day (95% CI = −203, 2370).

These changes in daily steps were echoed in changes in daily MVPA minutes (Figure 1).
At 6 weeks, intervention participants averaged 4.7 more MVPA minutes than they had
at baseline, while control participants averaged <1 more MVPA minute than at baseline,
for a difference of 4.3 min (95% CI = −7.8, 16.4). At 12 weeks, both intervention and
control participants had decreased their MVPA minutes by 1.9 and 3.1 min from baseline,
respectively (difference = 1.2; 95% CI = −6.4, 8.8).

Self-reported days with at least one dog walk are reported in Table 2. At 6 weeks,
intervention participants walked their dog, on average, 0.7 more days/week than they had
at baseline, while control participants walked their dog, on average, 0.6 fewer days/week
(difference = 1.3; 95% CI = 0.2, 2.5). At 12 weeks, intervention participants increased
their dog walking by 0.9 more days/week compared to baseline, and control participants
reduced their dog walking by 0.8 days/week (difference = 1.7; 95% CI = 0.6, 2.9).

Trends were also observed in daily sedentary minutes (Table 2). At 6 weeks, interven-
tion participants had increased their sedentary time by 2.1 min on average, while control
participants had increased their sedentary time by 16 min on average (difference = −13.9;
95% CI = −41.2, 13.4). By 12 weeks, intervention participants had increased their daily
sedentary time by <1 min from baseline, whereas control participants increased their
sedentary time by a half-hour (30.2 min), for an average difference of −29.3 min/day
(95% CI = −69.8, 11.2).

Intervention effects on psychosocial outcomes are shown in Table 2. At 6 and 12 weeks,
both groups reported similar levels of emotional closeness with their dog. Intervention
participants averaged 3.8–3.9 out of 5 possible points on the C/DORS emotional closeness
subscale, whereas control participants averaged 4.0–4.1 points. Both groups also reported
similar social support from the dog for walking; at 6 weeks, intervention participants
averaged 11.2 out of a maximum 15 points compared to an average 10.4 points in the
control arm. Intervention participants did, however, report higher confidence in their
ability to walk the dog in the face of barriers; at 6 weeks, their average score was 31.9
(maximum score of 45), compared to an average score of 29.0 in the control group (difference
= 2.9; 95% CI = −0.7, 6.4). Similar trends were observed at 12 weeks (difference = 7.4; 95%
CI = −1.2, 15.9).
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Table 2. Intervention effects on secondary outcomes in the Stealth Pet Obedience Training (SPOT) pilot study.

At Week 6 At Week 12

Intervention
Average

Control
Average

Difference
(95% CI)

Intervention
Average

Control
Average

Difference
(95% CI)

Change in dog walking
days/week 1 0.73 −0.62 1.35

(0.21, 2.49) 0.92 −0.83 1.75
(0.58, 2.91)

Change in sedentary
minutes/day 1 2.10 16.00 −13.90

(−41.20, 13.40) 0.90 30.20 −29.30
(−69.80, 11.20)

Emotional closeness with dog 2 3.90 4.00 0
(−0.30, 0.20) 3.80 4.10 −0.30

(−0.50, 0)
Social support from the dog

for walking 3 11.20 10.40 0.70
(−0.90, 2.30)

Self-efficacy for dog walking 3 31.90 29.00 2.90
(−0.70, 6.40) 23.30 15.90 7.40

(−1.20, 15.90)
1 Changes at both week 6 and week 12 are compared to baseline. 2 Emotional closeness from cat/dog owner–relationship scale (C/DORS);
scores can range from 1–5. 3 Social support from dog for walking (score range 3–15) and self-efficacy for dog walking (score range 9–45)
from dogs and walking scale (DAWGS). Social support for dog walking data not available at 12 weeks.

4. Discussion

The SPOT study piloted a stealth health approach to increasing PA among inactive dog
owners. Immediately post-intervention (at 6 weeks), the intervention group averaged more
steps and MVPA minutes per day than the waitlist control group, although differences
were modest (780 steps/day and 4.7 MVPA minutes/day, on average). The modest group
difference in daily steps was maintained at the follow-up assessment (1080 steps/day,
on average), and was driven by a decrease in steps by control participants. Given the
timeline of the study (i.e., baseline measures taken in summer, 12-week measures taken
in winter), a plausible explanation for these findings is that obedience training buffered
against a decrease in leisure-time PA with the onset of winter [33], which was observed in
the control group.

Most existing interventions to increase dog walking focus on health benefits for the
dog and/or owner [34–37] and promote dog walking as something owners should do. In
contrast, the approach tested in this study aimed to strengthen the dog–owner bond and
foster a sustainable PA habit as a side effect (small sample sizes prohibited formal mediation
analyses). Importantly, basic dog obedience training is already available in communities
across the United States, and to ensure the potential for population-level dissemination, the
program was not modified in any way. The success of this pilot was reflected in the high
rate of class attendance and low study attrition. Furthermore, intervention participants
were more likely to be happy with their dogs’ behavior at 6 weeks compared to control
participants, demonstrating that the course was effective in achieving its primary purpose.

Increases in steps in the range of 1000–2000 steps/day have been associated with
reduced risk of type II diabetes [38], cardiovascular disease [39,40], and all-cause mortal-
ity [41–43]. Immediately post-intervention, there were average daily increases of nearly
500 steps and 5 MVPA minutes (the equivalent of 500 steps taken at a rate of
≥100 steps/min [44]) among intervention participants. Notably, nearly a third (31%)
of intervention participants increased their steps/day by at least 1000 steps at both 6 and
12 weeks. In comparison, PA interventions that use pedometers to increase walking behav-
ior have led to short-term increases of about 2000 steps/day [45]. Altogether, the modest
changes in PA shown in the SPOT pilot are promising given that the intervention was not
advertised for PA and did not specifically focus on dog walking. This stealth approach may
reach inactive adults who are uninterested in or unmotivated by traditional PA promotion
efforts, and therefore modest intervention efficacy may translate to large public health
impact [46].

Intervention participants also accumulated fewer daily sedentary minutes than control
participants immediately post-intervention and at the 12-week follow-up assessment. The
group differences in sedentary behavior were driven by decreases from baseline among
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control participants, which may have been due to seasonal changes. Since intervention
participants were asked to work on new skills outside of class, it is plausible that more
time spent training or playing with one’s dog (irrespective of walking) buffered against
an increase in sedentary behavior with the onset of winter. Although the best sedentary
behavior interventions to date primarily aim to change sedentary behavior (not PA) [47,48],
this finding suggests that obedience training could positively impact both PA and sedentary
behavior among dog owners. A few studies have examined dog ownership in relation to
sedentary behavior [49–51], but no intervention studies have attempted to leverage the
dog–owner bond to reduce sedentary behavior.

We anticipated that changes in PA would be driven by differences in the dog–owner
bond, but did not observe meaningful differences in the dog–owner relationship. All
participants were highly attached to their dog at baseline, and therefore a ceiling effect may
have occurred. It is also possible that intervention participants did experience increased
feelings of attachment toward their dog, but that the sample size was too small or the
questionnaire not nuanced enough to detect changes. Qualitative data collection may be
helpful for measuring changes in the human–animal bond in this study population.

Intervention participants did, however, report higher dog walking self-efficacy than
control participants at 6 and 12 weeks. The self-efficacy construct is actively debated, with
some experts suggesting it is confounded with motivation [52,53]. In SPOT, participants
were asked to rate their confidence in their ability to consistently walk their dog under
a number of circumstances (e.g., after a long day at work, when undergoing a stressful
life change) if they really wanted to. The “if you really wanted to” qualifier attempts to
assess perceived capability independent of motivational factors [54]. We attribute higher
self-efficacy for dog walking among intervention participants to the mastery of program
skills, including loose leash walking and the “leave it” command. However, it is also
possible that the acquisition of these skills made dog walking more enjoyable, and this
greater enjoyment led to greater motivation to walk.

The major strength of this study is the innovative stealth health approach tested.
Stealth approaches may engage individuals who are uninterested in lifestyle change for
better health and disease prevention (and therefore would not participate in traditional
interventions), and may promote sustainable change given that the change is personally
meaningful or enjoyable. The stealth approach tested in this study has potential for
high reach as, by some estimates, nearly 50% of American households have a dog [9].
Furthermore, dog walking may be a particularly sustainable form of PA to promote, as it
serves a purpose and lends itself well to habit formation [55]. Other strengths of this study
include the rigorous randomized design and use of objective measures of PA.

Limitations of this study include its small sample size, which led to large variability
in PA outcomes. Baseline assessments were held in summer, and follow-up assessments
were held in winter; therefore, the study timeline corresponded with major changes in
weather and lifestyle (i.e., back to school) that may affect PA levels. The small sample
size in concert with these seasonal changes likely made intervention-driven changes in PA
difficult to detect. Finally, although the researchers aimed to determine whether changes in
PA naturally occurred as a side-effect of attending a dog training course, participants were
aware that the research team was interested in changes in PA and health. This transparency
was required for both ethical and practical reasons (i.e., participants wore an accelerometer
to provide PA data), but may have led to an expectancy effect. Therefore, changes in PA
may not have been driven entirely by autonomous motivation developed as a side-effect of
dog training, as theorized.

5. Conclusions

The results of this pilot, randomized trial suggest that attending a basic dog obedience
training course may lead dog owners to walk more and sit less. If the positive effects
observed in this trial are replicated in larger trials with longer follow-up periods, interdisci-
plinary partnerships can work to normalize and incentive obedience training among new
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and current dog owners, and to increase accessibility for low-income owners. Given the
high rate of dog ownership [9] and low rate of dog walking in the United States [14], this
novel approach to PA promotion has the potential for considerable public health impact
and warrants further investigation.

Supplementary Materials: The following are available online at https://www.mdpi.com/1660-460
1/18/3/902/s1, Appendix S1: Further details on the statistical analysis, Figure S1: Study CONSORT
diagram.
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Abstract: No studies have addressed the way the effectiveness of fear and hope advertisements
differs across differently characterized individuals. The present study aims to find out in which
situations related to different individual characteristics do fear and hope advertisements work as
tools in generating healthy eating intention and physical activity intention. This study conducted
an experiment using 283 adults from Chile. The results suggest that fear versus hope appeals
in health advertisements have a more positive influence on healthy eating intention. The results
suggest that the effect of fear advertisements on healthy eating intention is positively moderated by
the frequency of fast food consumption and is negatively moderated by self-efficacy. The results
suggest that fear versus hope appeals in health advertisements have no main effect on physical
activity intention. However, the results suggest that the effect of fear advertisements on physical
activity intention is positively moderated by perceived body weight and past healthy eating behavior
and is negatively moderated by subjective norms. The results indicate that when making health
advertising, homogenous messages are not persuasive for heterogeneous audiences. The present study
results suggest that fear and hope advertisements should be delivered considering the individual
characteristics identified in the present study.

Keywords: healthy eating intention; physical activity intention; emotions; aversive state; reinforcement;
social support; self-concept

1. Introduction

Physical activity and healthy eating are part of the solution for the ongoing obesity epidemic [1,2].
In the last decade, national policy initiatives focused on physical activity and healthy eating have
spread in Latin American countries. Programs aimed at promoting healthy lifestyles by addressing
eating behaviors and physical activity are at the center of every government’s agenda. Despite these
efforts, in Latin America, the prevalence of overweight and obese adults has increased markedly in the
last three decades [3–7].

Emotions play a significant role in advertising [8,9]. The emotions of fear and hope could
stimulate individuals to make health-related decisions [10–12]. In the U.S., Krishen and Bui [13]
reported that fear-based framing of health messages could lead to positive decision intentions and,
consequently, help people make better health-related decisions. Fear is a powerful emotion in getting
individuals to change their behavior. Advertising, especially health advertising, is meant to be effective
and aims to change individuals’ behaviors towards their health. Thus, fear advertising may be
considered a useful tool for changing people’s attitudes towards healthy eating and participating
in physical activity [10,14]. The frequency of fear appeals in advertisements varies across countries
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and cultures [15,16]. Unfortunately, in Latin America, not enough is known about the potential that
fear-mongering could have in health advertisements. There is no research analyzing its effectiveness in
the region, and fear-mongering advertising has seldom been employed. Consequently, this research
study’s first objective is to examine the effects of fear-based framing of health advertisements on
healthy eating intention and physical activity intention among adults in Chile.

A major limitation of the Krishen and Bui [13] study was that they treated subjects as a
homogenous group. The way recipients process messages from fear appeals could be affected
by their particular characteristics [17,18]. No studies have addressed the way the effectiveness of
fear-based advertisements differs across differently characterized individuals, or the circumstances
under which fear-based advertisements could potentially influence health-related choices. In fact,
Krishen and Bui [13] recommend that future research includes the moderating roles of self-esteem,
self-control, and other individual characteristics on subsequent health decisions. For these reasons,
this study’s second objective is to incorporate the individual characteristics (frequency of fast food
consumption, body weight, past behavior, subjective norms, social influences regarding physical
activity, self-efficacy, self-esteem, and self-control) as moderators. This research aims to identify the
situations related to different individual attributes in which fear-mongering advertisements work as a
useful tool to elicit behavior changes. Table 1 summarizes the identified hypotheses to achieve both
research objectives.

Table 1. Proposed hypotheses.

Variable Hypothesis
Healthy Eating

Intention (a)
Physical Activity

Intention (b)

Advertisement
Fear H1 + +

Moderating role of individual
characteristics
Fear × Frequency of fast food
consumption H2 + +

Fear × Perceived body weight H3 + +
Fear × Past behavior H4 + +
Fear × Subjective norm H5 − −
Fear × Social influences regarding
physical activity H6 − −
Fear × Self-efficacy H7 − −
Fear × Self-esteem H8 − −
Fear × Self-control H9 − −

Note: (+) indicates that the variable has a positive effect on the dependent variable and (−) indicates that the variable
has a negative effect on the dependent variable.

1.1. Fear Versus Hope Appeals in Health Advertisements

The frequency of fear appeals in advertisements varies across countries and cultures [15,16].
Fear appeals are more frequently used in Canada and China than in France [15]. This resonates with
the cultural value of uncertainty avoidance, a characteristic more present in France than in Canada
or China [15,19]. Previous studies have found evidence that fear works [20]. Krishen and Bui [13]
reveal that, in the U.S., fear-based framing of health messages can direct individuals to positive
decision intentions, thus helping them make better-planned health-related decisions. The question then
arises: do cultural aspects influence the effects of fear versus hope appeals in health advertisements?
Latin America has higher uncertainty avoidance levels than the U.S. [19,21]. The uncertainty avoidance
score expresses the extent to which the members of a culture feel threatened by ambiguous or
unknown situations and have created beliefs and institutions to try avoiding these circumstances [19].
Given that cultures with high uncertainty avoidance levels have beliefs and institutions to deal with
fear, Matsumoto [22] suggests that people may tend not to recognize fear or may attenuate attributions
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of its intensity when sensed or expressed. As there is no information on the potential of fear appeals
in health advertisements in Latin America, to examine the fear-priming effects, the first hypothesis
is proposed:

Hypothesis 1. When subjects view a fear advertisement in Chile, they will be more likely to report (a) greater
healthy eating intention and (b) greater physical activity intention, than when they view a hope advertisement.

1.2. The Moderating Role of Individual Characteristics

A major limitation of Krishen and Bui’s [13] study was that they treated subjects as a homogenous
group. The way recipients process messages from fear appeals could be affected by their particular
characteristics [17]. No research has studied the circumstances under which fear advertisements can
potentially influence health-related decisions and how their effectiveness varies across individuals.
This study aims at figuring out if different reactions from people with different characteristics will
affect the results of fear advertising. Krishen and Bui [13] suggest that traits such as self-esteem and
self-control, among others, should be considered in future research.

1.2.1. Fear Appeals and Avoiding an Aversive State

Fast food is generally low cost and the promotion is active, referring to consumers’ social
surroundings and behaviors [23,24]. Frequent fast food consumption has been linked to obesity,
diabetes, hypertension, and heart disease [25,26]. In a hope environment, a favorable outcome could
occur (e.g., healthy living), whereas, in a fear environment, an unfavorable outcome could be avoided
or even resolved (e.g., death) [27]. The emotion of fear could stimulate individuals to deal with
the causes of that emotion (fast food consumption) [10]. Fear engenders a desire to escape from or
avoid an aversive state [28]. As a primary aversive emotion, fear arises in situations of menace to the
organism (i.e., the individual) and enables them to respond to them adaptively [29]. Through fear,
individuals with frequent fast food consumption may have a greater intention to eat healthily and
do physical activity in order to escape from this aversive state [28,29], that is, the negative effects
(e.g., obesity, diabetes, hypertension, heart disease) associated with frequent consumption of fast
food. [25,26]. Consequently, the effects of fear (vs. hope) appeals in health advertisements on healthy
eating intention and physical activity intention could be stronger among individuals having higher
(e.g., once a day, more than once a day) rather than lower (e.g., occasionally, never) frequency of fast
food consumption. Hence:

Hypothesis 2. The effects of fear (vs. hope) appeals in health advertisements on (a) healthy eating intention and
(b) physical activity intention are stronger among individuals who consume fast food more frequently than others.

Researchers have shown that overweight individuals are more likely to be present-biased [30].
Present-biased individuals tend to value more immediate rewards than rewards that would happen
over time [31]. In the case of overweight individuals, the immediate action of eating healthy or doing
physical activity would be relatively more appealing if they feel rewarded by doing so. The reward
could be psychological or material; it is highly valued as long as it is immediate. Fear-based health
advertising could thus have a stronger effect on overweight individuals as the promoted effects would
be immediate (e.g., avoid hypertension and heart diseases). Hence:

Hypothesis 3. The effects of fear (vs. hope) appeals in health advertisements on (a) healthy eating intention and
(b) physical activity intention are stronger among individuals who are overweight.

1.2.2. Fear Appeals and Reinforcement

Fear appeals elicit increased brain processing and more robust recall [32]. The effects of fear in
terms of past behavior have been researched, especially in individual decision-making leading to some
sort of pain. If an individual remembers a painful time in their life, they are likely to act against similar
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events in the future [33]. Fear appeals could be used in a way that allows fear of reinforcing appropriate
past behavior [34]. Fear could thus work as reinforcement in making healthy decisions. Hence:

Hypothesis 4. The effects of fear (vs. hope) appeals in health advertisements on (a) healthy eating intention and
(b) physical activity intention are stronger among individuals who have higher past healthy behaviors.

1.2.3. Hope Appeals and Social Support

Social support is the individual’s support behaviors from people in their social network,
which enhance their mood, performance, and activities. Social support is a significant factor affecting a
person’s eating and physical activity intentions and behaviors [35–38]. The effects of subjective norms
and social influences regarding healthy eating intentions and physical activity intentions could be
enhanced if the individual is motivated more by hope (positive goals are expected) rather than fear
(negative outcomes should be avoided). Therefore, hope (vs. fear) appeals could be more effective in
cases where individuals have high subjective norms and social influences regarding healthy eating
intentions and physical activity intentions. Hence:

Hypothesis 5. The effects of hope (vs. fear) appeals in health advertisements on (a) healthy eating intention and
(b) physical activity intention are stronger among individuals who have higher subjective norms.

Hypothesis 6. The effects of hope (vs. fear) appeals in health advertisements on (a) healthy eating intention
and (b) physical activity intention are stronger among individuals who have more social influences regarding
physical activity.

1.2.4. Hope Appeals and Self-Concept

Hope as an emotion emerges when a concrete positive goal is envisioned. It comprises a cognitive
element of expecting and an affective feel-good element about the expected events or outcomes [39,40].
Hope is a positive motivational state. Hopeful individuals are more intrinsically motivated and
enjoy pursuing goals [41]. In order to reach such goals and feel hope, an individual must be rather
determined and goal-oriented and possess some self-efficacy, self-esteem, and self-control.

As concluded by Snyder [42], hope messaging can contribute to goal-oriented behaviors
geared towards improving states already in satisfactory levels rather than in other unsatisfactory
ones. Hope requires mental representations of positively valued abstract future situations, and,
more specifically, it requires setting goals, planning how to achieve them, using imagination, creativity,
cognitive flexibility, and mental exploration of novel situations [29]. An individual’s beliefs about their
capabilities to perform well in situations that affect their lives is denoted by self-efficacy. It rules how
individuals feel, think, motivate themselves, and behave in such cases. People with high self-efficacy
are determined and motivated, whereas people with low self-efficacy doubt their capabilities, are not
committed to pursuing their tasks and goals, and see difficulties as obstacles and challenging tasks
as personal threats [43,44]. For example, Mowen et al. [45] comment that individuals with higher
self-efficacy experience lower fear levels.

For intrinsically motivated people (e.g., high in self-esteem or self-control), hope appeals in health
advertisements may work as a better motivator than fear appeals. People who are more likely to be
externally motivated (e.g., individuals low in self-esteem or self-control) may find fear more appealing
than hope, due to the stronger emotional effects fear has on an individual. Hence:

Hypothesis 7. The effects of hope (vs. fear) appeals in health advertisements on (a) healthy eating intention and
(b) physical activity intention are stronger among individuals who have higher levels of self-efficacy.

Hypothesis 8. The effects of hope (vs. fear) appeals in health advertisements on (a) healthy eating intention and
(b) physical activity intention are stronger among individuals who have higher levels of self-esteem.

Hypothesis 9. The effects of hope (vs. fear) appeals in health advertisements on (a) healthy eating intention and
(b) physical activity intention are stronger among individuals who have high levels of self-control.
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2. Materials and Methods

2.1. Procedures

Data were collected using an online self-administered questionnaire sent to a convenience sample
of adults from Chile. Some measures included in the questionnaire may represent a personally sensitive
issue. Respondents may not have wanted to face an interviewer and would like to have completed the
survey alone. In order to obtain sensitive information (e.g., perceived body weight, self-esteem), to offer
perceived respondent anonymity (i.e., respondents’ perceptions that the interviewer or researcher will
not discern their identities), and to avoid social desirability (i.e., for respondents to answer what they
feel to be acceptable in front of others), an invitation to participate in an anonymous online survey
on health advertisements was emailed to a database of people over 18 years of age living in Chile.
The final sample size was 283 adults (response rate = 23.2%). All response data were anonymous.
Participants were randomly assigned one of two events (fear or hope advertisement). Subjects were
told to watch a video (fear or hope advertisement) for about two minutes. Then, they had to complete
an online questionnaire.

2.2. Stimuli

Fear and hope advertisements had the same modality (audiovisual) and a similar length (102 and
113 s, respectively). The fear advertisement is an edited version of a video released by the Children’s
Healthcare of Atlanta. Through Jim’s life, the video starts with him lying on a hospital bed after
suffering a heart attack at the age of 32, then rewinds to expose the patterns of an unhealthy and
sedentary lifestyle that lead him to that point. In different stages of his life, Jim is shown eating
unhealthy foods, sitting around watching television, and playing computer games. In the edited
version, sentences were modified to communicate that adults should change their habits to improve
their own health.

The hope advertisement is an edited version of a video released by Coke. The video shows that they
published advertisements in a newspaper to promote weight loss pills (magic pills). Without mentioning
the brand, the advertisement said the first individuals to call would win a free sample of magic pills.
From all the calls, three individuals were chosen to receive the magic pills. Nonetheless, they were
not expecting the many obstacles on their way there such as staircases, barking dogs, damsels in
distress, and grannies with packages to carry. In the end, the participants find out that it was all a
well-staged, provocative, and inspiring prank to encourage them to lose weight. They were shown the
tapings of themselves to learn that every bit of effort and activity in their routine contributes more to
their weight and fitness than a magical pill. The video was shortened by removing some obstacles.
The mention of Coke was also removed from the video to avoid brand effects. In the edited version,
sentences were modified to communicate that adults should change their habits to improve their own
health. Both original videos had not yet been exhibited in Chile.

2.3. Measures

In the interest of having a valid and reliable instrument, all scales used in this study were adopted
from previous research [13,46–53]. Subjects were asked to fill in the questionnaire based on the scenario
(fear or hope advertisement) presented a moment ago. Appendix A contains the measures included in
the questionnaire. The dependent variables were healthy eating intention [46] and physical activity
intention [47].

The manipulation check was an advertising message (fear vs. hope) [13]. Respondents rated the
advertisement message on a bipolar anchored scale with “fear about changes in your weight for the
future” and “hope for changes in your weight for the future” as endpoints. They responded to the
following statement: “The advertisement message referenced what you would . . . ” on a 7-point scale
(−3 to +3). Higher numbers signal the hope advertisement message, while lower numbers indicate the
fear advertisement message.
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The independent variables were subjective norm (food) [48], subjective norm (exercise) [49],
social influences regarding physical activity [47], self-efficacy [47], number of perceived barriers
to a healthy lifestyle [47], past behavior (exercise) [50], past behavior (food) [46], frequency of fast
food consumption [51], self-esteem [52], and self-control [53]. Finally, participants self-reported
gender, age, marital status, height, weight, and perceived body weight (underweight, average weight,
and overweight). The body mass index (BMI) was calculated with the reported height and weight data.

2.4. Hierarchical Linear Regression Analyses

The data were utilized in a series of hierarchical linear regression analyses to estimate the path
coefficients for the hypothesized relationships. To minimize multicollinearity, the independent variables
employed were mean-centered before creating the interaction terms. Regressions were estimated
using the following equations to explain healthy eating intention and physical activity intention
(the dependent variables, Yi) for each individual i:

Yi = βo +
15∑

k=1

βk ×Xk,i (Model 1) (1)

Yi = βo +
15∑

k=1

βk ×Xk,i + β16 × Fi (Model 2) (2)

Yi = βo +
15∑

k=1

βk ×Xk,i + β16 × Fi +
15∑

k=1

β16+k ×Xk,i × Fi (Model 3) (3)

Model 1 includes in the regression the constant (βo) and k = 15 individual characteristics
(frequency of fast food consumption, perceived body weight, past behavior (food), past behavior
(exercise), subjective norm (food), subjective norm (exercise), social influences regarding physical
activity, self-efficacy, self-esteem, self-control, number of perceived barriers to healthy lifestyle, female,
age, married, and body mass index) for each individual i (Xk,i) as independent variables. Model 2
incorporates into the regression the binary variable that measures whether individual i was exposed to
fear advertisement (Fi = 1) or hope advertisement (Fi = 0). Model 3 adds 15 interaction terms (Fi × Xk,i).

3. Results

The specifics of the sample are detailed in Table 2. Women account for 48% of the sample
and 29% of the sample is married. Tables 3 and 4 exhibit the hypotheses test results. First of all,
no multicollinearity existed among the employed constructs in this study, which can be confirmed
through the variance inflation factors (VIFs) for each regression coefficient. They range from a low of
1.012 to a high of 3.731 in each regression, suggesting that they are at acceptable levels.
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Table 2. Descriptive statistics.

Variable Mean
Standard
Deviation

Minimum Maximum

Dependent variables
Healthy eating intention 4.00 0.88 1.00 5.00
Physical activity intention 3.25 0.79 1.00 4.00

Individual characteristics
Frequency of fast food consumption 2.70 1.65 0.00 8.00
Perceived body weight 0.36 0.48 0.00 1.00
Past behavior—food 3.61 1.02 1.00 5.00
Past behavior—exercise 4.14 3.22 0.00 14.00
Subjective norm—food 5.22 1.69 1.00 7.00
Subjective norm—exercise 5.32 1.43 1.00 7.00
Social influences regarding physical
activity 0.67 0.53 −1.00 1.00

Self-efficacy 7.67 2.19 0.00 10.00
Self-esteem 6.33 1.74 1.00 9.00
Self-control 4.71 1.46 1.00 7.00
Number of perceived barriers to
healthy lifestyle 0.97 0.81 0.00 5.00

Female 0.48 0.50 0.00 1.00
Age 2.44 2.40 1.00 10.00
Married 0.29 0.45 0.00 1.00
Body mass index 23.83 3.33 15.78 33.84

Advertisement and manipulation check
Fear 0.53 0.50 0.00 1.00
Advertising message (fear vs. hope) −0.18 2.72 −3.00 3.00

Table 3. Hierarchical linear regression predicting healthy eating intention.

Variable Hypothesis Model 1 Model 2 Model 3

Intercept 4.000 ** 4.000 ** 4.002 **

Individual characteristics (method = enter)
Frequency of fast food consumption −0.043 −0.035 −0.031
Perceived body weight 0.028 0.014 0.058
Past behavior—food 0.349 ** 0.353 ** 0.337 **
Past behavior—exercise 0.100 * 0.102 * 0.121 *
Subjective norm—food 0.053 0.053 0.077
Subjective norm—exercise 0.089 0.084 0.068
Social influences regarding physical activity 0.004 0.008 0.010
Self-efficacy 0.192 ** 0.191 ** 0.177 **
Self-esteem −0.092 −0.087 −0.089
Self-control 0.028 0.024 0.025
Number of perceived barriers to healthy
lifestyle −0.089 −0.101 * −0.109 *

Female 0.166 ** 0.173 ** 0.169 **
Age 0.033 0.041 0.049
Married 0.084 0.078 0.068
Body mass index −0.003 0.007 −0.042

Advertisement (method = enter)
Fear H1a: + 0.083 * 0.083 *

Interaction effects (method = stepwise)
Fear × Frequency of fast food consumption H2a: + 0.083 *
Fear × Self-efficacy H7a: − −0.123 **
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Table 3. Cont.

Variable Hypothesis Model 1 Model 2 Model 3

Maximum VIF value 3.596 3.613 3.731
R2 0.437 0.445 0.472
Adjusted R2 0.405 0.411 0.436
R2 change 0.437 0.008 0.027
Partial F value 13.790 ** 3.997 * 6.807 **
N 283 283 283

Note: Unstandardized regression coefficients are reported. * significant at p = 0.05, ** significant at p = 0.01.

Table 4. Hierarchical linear regression predicting physical activity intention.

Variable Hypothesis Model 1 Model 2 Model 3

Intercept 3.254 ** 3.254 ** 3.257 **

Individual characteristics (method = enter)
Frequency of fast food consumption −0.008 −0.004 0.011
Perceived body weight 0.047 0.040 0.034
Past behavior—food 0.016 0.018 0.048
Past behavior—exercise 0.068 0.069 0.050
Subjective norm—food 0.065 0.065 0.032
Subjective norm—exercise 0.061 0.058 0.057
Social influences regarding physical activity 0.079 0.081 0.082
Self-efficacy 0.310 ** 0.309 ** 0.297 **
Self-esteem −0.021 −0.018 −0.006
Self-control 0.026 0.023 0.026
Number of perceived barriers to healthy
lifestyle −0.017 −0.024 −0.045

Female 0.044 0.048 0.061
Age −0.143 ** −0.139 ** −0.128 *
Married 0.018 0.015 0.013
Body mass index −0.029 −0.023 −0.006

Advertisement (method = enter)
Fear H1b: + 0.045 0.050

Interaction effects (method = stepwise)
Fear × Perceived body weight H3b: + 0.107 *
Fear × Past behavior—food H4b: + 0.122 **
Fear × Subjective norm—food H5b: − −0.154 **
Fear × Subjective norm—exercise H5b: − −0.187 **

Maximum VIF value 3.596 3.613 3.662
R2 0.292 0.295 0.357
Adjusted R2 0.252 0.252 0.308
R2 change 0.292 0.003 0.063
Partial F value 7.331 ** 1.175 6.381 **
N 283 283 283

Note: Unstandardized regression coefficients are reported. * significant at p = 0.05, ** Significant at p = 0.01.

3.1. Manipulation Check for the Advertising Messages

An analysis of variance (ANOVA) was performed to ensure that the manipulation of the
advertisement message was successful. As expected, there was a significant difference (F(1.281)= 23.641,
p < 0.01) between the hope (M = 0.62) and the fear cases (M = −0.90) with means in the
appropriate direction.

3.2. Regressions Predicting Healthy Eating Intention

As Table 3 summarizes, the Model 1 regression analysis results indicate that individual
characteristics explain 43.7% of the variance in healthy eating intention. Adding the fear versus
hope appeals in health advertisements in Model 2 increased the R2 value to 44.5% (ΔF = 3.997, p < 0.05).
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Consistent with Krishen and Bui [13], the results suggest that fear versus hope appeals in health
advertisements have a more positive influence on healthy eating intention (β = 0.083, p < 0.05). That is,
when subjects view a fear advertisement, they will be more likely to report greater healthy eating
intention than when they view a hope-conditioned advertisement. Therefore, H1a is supported.

Adding the interaction terms in Model 3, using stepwise regression (15 interactions terms;
fear advertisement × 15 individual characteristics) increased the R2 value to 47.2% (ΔF = 6.807, p < 0.01).
The results suggest that the effect of fear advertisements on healthy eating intention is positively
moderated by the frequency of fast food consumption (β = 0.083, p < 0.05). Therefore, H2a is supported.

The results also suggest that the effect of fear advertisements on healthy eating intention is
negatively moderated by self-efficacy (β = −0.123, p < 0.01). Therefore, H7a is supported.

The results suggest that the effect of fear advertisements on healthy eating intention is not
moderated by perceived body weight, past behavior, subjective norm, social influences, self-esteem,
and self-control (ps > 0.05). Therefore, H3a, H4a, H5a, H6a, H8a, and H9a are not supported.

3.3. Regressions Predicting Physical Activity Intention

As summarized in Table 4, the Model 1 regression analysis results indicate that individual
characteristics explain 29.2% of the variance in physical activity intention. Adding the fear versus
hope appeals in health advertisements in Model 2 increased the R2 value by only 0.3% (ΔF = 1.175,
p > 0.10). The results suggest that fear versus hope appeals in health advertisements have no main
effect on physical activity intention (p > 0.10). Therefore, H1b is not supported.

Adding the interaction terms in Model 3, using stepwise regression (15 interactions terms;
fear advertisement × 15 individual characteristics) increased the R2 value to 35.7% (ΔF = 6.381, p < 0.01).
The results suggest that the effect of fear advertisements on physical activity intention is positively
moderated by perceived body weight (β = 0.107, p < 0.05). Therefore, H3b is supported. The results
suggest that the effect of fear advertisements on physical activity intention is positively moderated
by past healthy eating behavior (β = 0.122, p < 0.01). Therefore, H4b is supported. The results also
suggest that the effect of fear advertisements on physical activity intention is negatively moderated
by subjective norm, food (β = −0.154, p < 0.01) and subjective norm, exercise (β = −0.187, p < 0.01).
Therefore, H5b is supported.

The results suggest that the effect of fear advertisements on physical activity intention is not
moderated by the frequency of fast food consumption, social influences, self-efficacy, self-esteem,
and self-control (p > 0.05). Therefore, H2b, H6b, H7b, H8b, and H9b are not supported.

4. Discussion

Table 5 presents a summary of the results of the present study. The results in Chile are consistent
with what was observed by Krishen and Bui [13] in the United States, showing that fear has a greater
impact than hope in generating healthy eating intention. Consistent with previous research [17,18],
the results also suggest that, when making health advertising, homogenous messages are not persuasive
for heterogeneous audiences. Based on the new evidence found, it would be better to employ fear
in cases where the audience is expected to have high past healthy eating behavior, high fast food
consumption, or are perceived as overweight. Hope would be more effective in situations where the
audience is expected to be high in subjective norms or self-efficacy.
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Table 5. Summary of the study’s results

Variable Hypothesis
Healthy Eating

Intention (a)
Physical Activity

Intention (b)

Advertisement
Fear H1 +

Moderating role of individual characteristics
Fear × Frequency of fast food consumption H2 +
Fear × Perceived body weight H3 +
Fear × Past behavior H4 +
Fear × Subjective norm H5 −
Fear × Social influences regarding physical
activity H6

Fear × Self-efficacy H7 −
Fear × Self-esteem H8
Fear × Self-control H9

Note: (+) indicates that the variable has a positive effect on the dependent variable and (−) indicates that the variable
has a negative effect on the dependent variable. Blank spaces indicate that the hypotheses were not supported by
the study’s results.

The present study results suggest that fear and hope advertisements should be delivered
considering the individual characteristics identified in the present study. Online channels (websites,
social networks) easily allow audience segmentation using users’ interests and behaviors (e.g., fast food
consumption, perceived body weight, past healthy eating behavior, self-efficacy). Therefore,
policymakers and organizations concerned about people’s healthy eating and physical activity can use
these online channels to send segmented messages (fear or hope appeals) to people using their own
individual characteristics.

The frequency of buying fast food is an easy variable to measure and, for this reason, is useful for
both companies and regulators to segment consumers [54,55]. The results suggest that fear messages
should be directed towards frequent fast food consumers and hope messages towards less frequent
fast food consumers in order to increase healthy eating intention. The results suggest that to increase
healthy eating intention, fear can be communicated in warning messages accompanying the promotion
or delivery of fast food [3,56]. In contrast, for people with a high level of self-efficacy, it is suggested to
use hope appeals to increase healthy eating intention. This finding is consistent with Mowen et al. [45]
who suggest that people with higher self-efficacy experience lower levels of fear.

Consistent with social support being a significant factor affecting a person’s eating and physical
activity intentions and behaviors [35–38], the results also suggest that to increase people’s physical
activity, hope messages should include the people who are important to the individual (subjective norm).
In contrast, it is suggested to use fear appeals when the individual has a high level of perceived body
weight (aversive state [28,29]) and past behavior (reinforcement [34]).

Several other topics are worth exploring in the future. Future research may analyze other
advertisements (e.g., using fear and hope advertisements with the same theme, include a greater number
of ads in varying themes), media (e.g., radio, print advertising, social media), emotions (e.g., love,
guilt, pride, sadness, gratitude, shame), countries (e.g., European and Asian countries), and segments
(e.g., children, adolescents). Such studies could increase the generalizability of the results as well as
their applicability to health advertising. Considering that the observed effects may only be short-term,
future research can also analyze the long-term effects (e.g., through panel data [57,58]) of the relationships
proposed in this research. It would be interesting to analyze if, when repeating the stimuli over weeks,
months, and years (e.g., repeating messages with fear appeals every week for a year), the effects on
healthy eating intention and physical activity intention are maintained over time. Future research may
also investigate the effects of mixing such stimuli (e.g., mixing, swapping ads with fear appeals with
ads with hope appeals). Future research may also include other interesting and observable response
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variables such as the intention to recommend or share the health advertisement and behavioral variables
(e.g., physical activity performed by the individual) or outcome (e.g., the weight of the individual).

5. Conclusions

Consistent with Krishen and Bui [13], the results suggest that in Chile, when comparing fear versus
hope appeals in health advertisements, fear-conditioned advertisements have a greater positive impact
on healthy eating intentions. In other words, when subjects view a fear advertisement, they will be more
likely to report greater healthy eating intention than when they view a hope advertisement. This study
also aimed to determine when, according to different individual characteristics, fear advertising works
as a powerful tool for generating healthy eating and physical activity intention. The results suggest that
the effect of fear advertisements on healthy eating intention is positively moderated by the frequency of
fast food consumption and is negatively moderated by self-efficacy. The results suggest that fear versus
hope appeals in health advertisements have no main effect on physical activity intention. However,
the results suggest that the effect of fear advertisements on physical activity intention is positively
moderated by perceived body weight and past healthy eating behavior and is negatively moderated
by the subjective norm of food and subjective norm of exercise.

The results suggest that when making health advertising, standardized messages are not persuasive
for diverse audiences. The present study results suggest that fear and hope appeals should be delivered
considering the individual characteristics identified in the present study. Firms, governments,
regulators, and other entities must consider these individual characteristics for an effective use of
fear and hope appeals in the messages used to increase healthy eating intention and physical activity
intention. Future research should also include these individual characteristics to analyze the effects of
fear and hope appeals on healthy eating intention and physical activity intention.
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Appendix A

Questionnaire (in order of appearance)
Healthy eating intention (Chan et al. [46]; Cronbach’s alpha = 0.80)
Do you intend to engage in healthy eating over the next week?
How likely is it that you will engage in healthy eating over the next week?
(5-point scale, 1 = definitely no, 5 = definitely yes)
Physical activity intention (Hopman-Rock et al. [47])
Do you plan to be more physically active in the short term? The answer categories were
1 = no, absolutely not, to 4 = yes, definitely.
Advertising message (fear vs. hope) (adapted from Krishen and Bui [13])
Respondents rated the advertisement message on a bipolar anchored scale with “fear about

changes in your weight for the future” and “hope for changes in your weight for the future” as
endpoints responding to the following statement: “The advertisement message referenced what you
would . . . ” on a 7-point scale (−3 to +3); higher numbers signal the hope-conditioned advertisement
message while lower numbers indicate the fear advertisement message.

Subjective norm-food (Conner et al. [48])
People who are important to me think I should eat a healthy diet (unlikely–likely; scored 1 to 7)
Subjective norm-exercise (Courneya [49])
Most people who are important to me think I should engage in regular physical activity (7-point

Likert scale, 1 = strongly disagree, 7 = strongly agree)
Social influences regarding physical activity (Hopman-Rock et al. [47])
How do you think people in your environment will react if you exercise more? Answer categories

were: positive +1, neutral 0, negative-1.
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Self-efficacy (Hopman-Rock et al. [47])
Do you think you will be able to be more physically active? The answer categories ranged from

0 = I am sure I cannot to 10 = I am sure I can.
Number of perceived barriers to healthy lifestyle (adapted from Hopman-Rock et al. [47])
A number of questions looked at several potential barriers: no time, no interest, not used to it,

too expensive, no progress, feeling unhealthy, other problems. Answer categories were 1 = agree and
0 = disagree. Sum score for 7 questions.

Past behavior-exercise (Abraham and Sheeran [50])
How many days did you exercise in the last two weeks?
Past behavior-food (Chan et al. [46])
How often did you engage in healthy eating in the past month? (5-point scale, 1 = never,

5 = very often).
Frequency of fast food consumption (Dunn et al. [51])
Participants were asked to report the frequency of fast food consumption on a scale including

responses: 0 = never, 1 = occasionally, 2 = once a month, 3 = once a fortnight, 4 = once a week,
5 = 2–3 times a week, 6 = 4–6 times a week, 7 = once a day, and 8 =more than once a day.

Self-esteem (Robins et al. [52])
I have high self-esteem (9-point Likert scale, 1 = strongly disagree, 9 = strongly agree)
Self-control (Daly et al. [53])
Self-control was measured using a single item where participants rated their level of self-control

on a scale from 1 (little self-control) to 7 (disciplined).
Female
Male (0), Female (1)
Age
18–25 (1), 26–30 (2), 31–35 (3), 36–40 (4), 41–45 (5), 46–50 (6), 51–55 (7), 56–60 (8), 61–65 (9), +65 (10)
Married
Married (1), not married (0)
Perceived body weight
Underweight (0), average weight (0), overweight (1)
Height
Height in centimeters
Weight
Weight in kilograms
Body mass index (BMI)
The height and weight data were used to calculate the body mass index (BMI).
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Abstract: The aim of the current study was to examine the associations between physical activity,
mobile phone addiction, and irrational procrastination after adjustment for potential confounding
variables. The participants were 6294 first- and second-year students recruited as a cluster sample
from three public universities in Shanghai, China. Physical activity, mobile phone use, and irrational
procrastination were assessed using the International Physical Activity Questionnaire-Short Form
(IPAQ-SF), the mobile phone addiction index scale (MPAI), and the irrational procrastination scale
(IPS). The participants were divided into four groups according to their mobile phone usage status
and physical activity level. The binary logistic regression model was used to predict the probability
of serious irrational procrastination among different groups. The emergence of serious of irrational
procrastination under physical activity of different intensity and different mobile phone addiction
statuses was predicted by a multiple linear regression model. In this study, the combination of
insufficient physical activity and mobile phone addiction is positively associated with high levels
of irrational procrastination. Furthermore, students who exhibited both mobile phone addiction
behaviors and insufficient physical activity tended to have significantly higher odds of reporting
high levels of irrational procrastination than those students who exhibited one behavior or neither
behavior. After adjusting for the effects of age, BMI, tobacco, alcohol use, and sedentary time, the
result is consistent with previous outcomes. These findings suggest that intervention efforts should
focus on the promotion of physical activity and reduction of mobile phone addiction.

Keywords: physical activity; mobile phone addiction; procrastination; college students; China

1. Introduction

Irrational procrastination is defined as voluntary postponement of an intended action
even though the individual knows they will be worse off as a result of the postponement [1].
In the late 1970s, irrational procrastination was officially demarcated in the field of psy-
chology, and procrastination behavior was considered an explicit manifestation of some
mental health conditions [2]. Previous evidence has shown that serious procrastination
can cause serious problems in people’s studies, work, and life, including strong feelings
of remorse, guilt, and constant self-denial [3], and lead to increased pressure, depression,
anxiety, and fatigue [4]. A British study has indicated that the more urban people pro-
crastinate, the greater their health problems [5]. Procrastination is a common behavior
among both teenagers and adults [6]. Globally, people of all ages, especially college stu-
dents, are negatively impacted by irrational procrastination [7]. While one study reports
approximately 70–80% of college students experience various degrees of procrastination [8],
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another indicates that the prevalence of procrastination among college students is as high
as 85.9%, and it is even higher in China [9,10]. Previous studies have shown that the
interaction between a series of behavioral, cognitive, and psychological elements may lead
to procrastination [11], including addition behavior, stress, anxiety, and depression [12,13].

Healthy lifestyle behaviors are closely related to the physical and mental health of col-
lege students. In particular, physical activity has been found to help reduce various mental
illnesses [14], and it is a readily available and low-cost treatment. Following the latest 2020
report by the World Health Organization (WHO), increasing physical activity can improve
both physical and mental health [15]. However, in 2016, approximately 28% of adults,
including college students around the world, were insufficiently physically active [16]. Pre-
vious studies have found a correlation between physical activity and procrastination among
college students: physical activity has a positive effect on irrational procrastination [9].
However, the effects of different intensities of physical activity have on procrastination
have not yet been investigated. Therefore, we used the irrational procrastination scale (IPS)
and the International Physical Activity Questionnaire-Short Form (IPAQ-SF) to measure
more participants than the previous studies have measured, aiming to find a more accurate
relationship between physical activity and irrational procrastination.

Young people aged 18 to 22 are the largest and fastest growing group of users of mobile
phones [17]. Contemporary college students tend to study in a paperless and electronic
manner, and mobile phones are widely used in life and study [18]. Normal cell phone use
can improve efficiency and have a positive impact on mental health, but the consequences
of excessive use of mobile phones prove detrimental to mental health, including but not
limited to the overload, sleep disorders, physical problems such as neck pain, role conflict,
and being unable to respond to all calls and text messages and the subsequent feeling of
guilt [19,20].

Previous evidence has shown that problematic smartphone usage negatively affects
procrastination [21,22]. Besides, female college students exhibited more serious mobile
phone addiction than male college students [23]. However, few existing studies have
discussed the impact of physical activity and mobile phone addiction on irrational pro-
crastination among college students. Since engaging in physical activity and using mobile
phones have become part of people’s daily routines, considering these behaviors in tandem
is necessary in order to develop interventions aimed at reducing procrastination.

The purpose of this study was to investigate the association between physical activity
and mobile phone addition combined with irrational procrastination among Chinese
college students. We monitored both the physical activity and mobile phone addiction
status of our participants. In this paper, we also discussed the effects of different intensities
of physical activity on the participants’ procrastination behaviors. Due to factors such as
physical activity, mobile phone addiction, and irrational procrastination having different
effects on different genders, we specifically discuss men and women separately.

2. Participants and Procedure

2.1. Participants and Ethical Considerations

This cross-sectional research study was conducted in October 2020. The sample popu-
lation included all the healthy first- and second-year students enrolled in three universities
in Shanghai, China. We distributed 8546 questionnaires and collected 6786 completed
questionnaires on a voluntary basis. A total of 492 incomplete questionnaires (7.25% of
those collected) were excluded from our sample. Ultimately, a total of 6294 participants
with an average age of 18.57 ± 1.82 years were voluntarily recruited in this survey. There
were more male participants (n = 4,310, 68.48%) than female participants (n = 1984, 31.52%),
and it included a total of 3463 first-year students and 2831 second-year students.

According to the standardized survey administration protocol, the survey was man-
aged by trained research assistants in laboratories of the participating universities between
11 September and 11 October 2020. The students completed the questionnaire online after
having the methods, process benefits, and possible inconveniences explained to them by
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the research assistants. The participants were provided sufficient time to answer the ques-
tions and were instructed how to fill out the survey, including detailed instructions on how
to answer the questions. All the students provided informed consent and expressed their
willingness to participate. The questionnaire contained data including sociodemographic
and anthropometric characteristics, levels of physical activity, mobile phone addiction, and
procrastination. Finally, the participants completed a physical fitness test under the super-
vision of trained testers. This study was approved by the ethics committee of Shanghai
Jiao Tong University (NO.H2020043I).

2.2. Methods
2.2.1. Sociodemographic and Anthropometric Characteristics

The sociodemographic characteristics of the participants, including gender, age, and
grades, were self-reported by the participants. Their anthropometric characteristics, includ-
ing height and weight, were surveyed after questionnaire completion using an objective
measuring instrument (HK6800-ST, Hengkang, Shenzhen, China). BMI was calculated
using an internationally accepted method: a person’s weight (kilograms) divided by their
height in meters squared (kg/m2). The participants were required to be barefoot when mea-
sured for height, and height measurements were accurate to 0.1 cm; weight measurements
were accurate to 0.1 kg.

2.2.2. Physical Activity

The physical activity of the participants was evaluated by issuing the IPAQ-SF [24,25],
which is a reliable and effective physical fitness measurement tool [26]. The participants
were required to provide information about the frequency and duration of their exercise, as
well as the quality of the activity (vigorous or moderate) and the amount of light physical
activity and time spent sitting over the preceding seven days. Among their responses,
vigorous-intensity physical activity (VPA) was defined as performing at six or more METs
(metabolic equivalents of task). On a scale relative to the individuals’ personal capacities,
VPA is usually ranked at 7 or 8 on a scale of 0–10. Moderate intensity physical activity
(MPA) refers to physical activity performed between three to six times the intensity of
rest. Light-intensity physical activity (LPA) refers to activities with an energy cost of less
than three times the energy expenditure at rest for that person, including slow walking,
bathing, or other incidental activities that do not result in a substantial increase in heart
rate or breathing rate [15]. The different intensities of the participants’ physical activities
are analyzed in Sections 3 and 4.

The data reporting vigorous exercise and moderate exercise exceeding 180 min/
day [27] were excluded from this study. According to the latest recommendations of the
WHO, adequate physical activity for adults is defined as 300 min of moderate activity,
150 min of vigorous activity, or an equivalent combination of both types of physical activity
per week [15]. Therefore, the participants who conformed to the above recommendations
were classified under the sufficient physical activity group. Otherwise, they were classified
as having insufficient physical activity.

2.2.3. Mobile Phone Addiction

The mobile phone addiction index scale (MPAI) was used to investigate the partici-
pants’ levels of mobile phone addiction [28], which has good reliability and validity among
Chinese college students (Cronbach’s α: 0.86) [29]. The MPAI, revised by Leung et al.,
is a survey regarding mobile phone use with a total of 17 questions. Each question was
assigned a score based on a five-point scale. The higher the score, the more addicted the
participants are to their mobile phones. In addition, questions 3, 4, 5, 6, 8, 9, 14, and 15
were mobile phone addiction screening questions. If the participants responded to five or
more questions with a rating of three or above, they were considered mobile phone addicts.
The others were treated as non-phone addicts.
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2.2.4. Irrational Procrastination

Procrastination can be conceptualized in terms of general procrastinating traits (mea-
sured, for example, by the general procrastination scale and the irrational procrastination
scale) and task-specific procrastinating propensity (measured, for example, by the Pro-
crastination Assessment Scale for Students and the bedtime procrastination scale [30,31].
Data regarding the irrational procrastination of the participants were collected using the
IPS. This version of the IPS has been verified to have good reliability and validity among
Chinese college students [32], and the Cronbach’s alpha for the current study was 0.79.
The scale consisted of nine items, each using five-point Likert scoring, wherein “1” and “5”
meant “strongly disagree” and “strongly agree”, respectively. Reverse scoring was used
for three of the items, and the total score ranged from 0 to 36. The higher the score, the
more serious was the participant’s irrational procrastination behavior. This scale has been
tested and is applicable to the survey and research of college students in China [32]. Irrational
procrastination behavior was divided into serious irrational procrastination (i.e., score > 18),
slight irrational procrastination (i.e., 0 < score ≤ 18), and no irrational procrastination (i.e.,
score = 0) according to the theoretical median number [33].

2.2.5. Lifestyle Behaviors

Smoking and drinking status were determined by the participants’ self-reported
responses to the questionnaires’ questions about the participants’ tobacco and alcohol
use “Have you ever smoked?” and “Have you ever had alcohol?”. The participants who
answered “always” were segmented within the “smoker group” or “drinker group”, and
everybody else were segmented within the “no tobacco users” or “no alcohol users”.

2.3. Statistical Analyses

The demographic information of the participating students was described using
means, standard deviations, and percentages. Furthermore, age, BMI, physical activity
time, and MPAI and IPS scores were determined using t-tests. The use of tobacco and
alcohol, mobile phone addiction conditions, physical activity level, and degree of irra-
tional procrastination between the genders were examined using χ2 tests. Normality of
the data was checked using the Kolmogorov–Smirnov test; if the skewness coefficient
(SC) and the kurtosis coefficient (KC) were each between −1.96 and +1.96, approximate
normal distribution could be established [34]. PAmale, SC = 0.99, KC = 0.63; PAfemale, SC
= 1.11, KC = 0.98; MPAI scoremale, SC = −0.03, KC = 0.08; MPAI scorefemale, SC = −0.19,
KC = 0.06; IPS scoremale, SC = −0.05, KC = 0.15; IPS scorefemale, SC = −0.05, KC = −0.01;
all of them were normally distributed. Before the t-test, homogeneity of variance was
checked by the Levene’s test (p > 0.05 was variance homogeneity). If the result shows
homogeneity of variance, read the t-test result in the “Equal variances assumed” row. If the
result shows variance non-homogeneity, read the t-test result in the “Equal variances not
assumed” row. The Pearson correlation test was used to examine the correlation between
the time spent engaging in physical activity and irrational procrastination scores and the
relationship between MPAIs and IPSs. The binary logistic regression model was used
to predict the probability of serious irrational procrastination among different groups.
The emergence of serious of irrational procrastination under physical activity of different
intensity and different mobile phone addiction statuses was predicted by a multiple linear
regression model. Depending on whether physical activity was sufficient or not and the
two conditions of mobile phone addiction (addicts and non-addicts), the participants were
divided into four different combination groups (i.e., Group I: non-mobile phone addicts +
sufficient physical activity; Group II: mobile phone addicts + sufficient physical activity;
Group III: non-mobile phone addicts + insufficient physical activity; Group IV: mobile
phone addicts + insufficient physical activity). Each combination group (Group I, ref.) was
formed after adjusting for age, BMI, smoking and drinking status, and sedentary time
per day. The acceptable threshold of statistical significance was specified as p < 0.05, and
statistical significance was set at p < 0.01. The collected data were statistically analyzed
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using version 25 of the IBM Statistical Package for the Social Sciences (SPSS) software
(International Business Machines), and normality and homoscedasticity were also checked
by SPSS 25.0 (IBM, Armonk, NY, USA).

3. Results

The total of 6294 student participants joined this study. The average BMI of those
who conformed to the standard was 22.21 ± 3.61. The participants’ average daily time
spent engaging in moderate to vigorous physical activity was 59.48 ± 36.98 min, and
74.2% had sufficient physical activity levels. The physical activity times and levels (rate
of sufficiency) of men were significantly higher than those of women (F = 4.51, p = 0.034).
The average sedentary time of the participants was 486.20 ± 154.46 min, and in this regard,
there was no significant difference between male and female students (F = 1.21, p = 0.271).
The average score of the MPAI was 29.16 ± 12.66 points. According to the mobile phone
addiction screening questions, 41.2% of participants were deemed mobile phone addicts,
and the degree of mobile phone addiction among male students was significantly lower
than that among female students (F = 6,83, p = 0.018). The average score of the participants’
IPS was 17.32 ± 5.85 points. Of the college students, 53% displayed serious irrational
procrastination behavior, and only 0.2% displayed no procrastination behavior at all. The
proportion of serious procrastination behavior among male students was slightly higher
than among female students. There was no statistical difference between the IPS scores of
male and female students (F = 1.65, p = 0.200). Table 1 shows demographic information
and other basic statistical information about the participants.

Table 1. Participants’ demographics and characteristics (n = 6294).

Participant Characteristics

Total
(n = 6294)

Men
(n = 4310)

Women
(n = 1984) p-Value

n (%) or Mean ± SD

Age (years) 18.57 ± 1.82 18.60 ± 1.84 18.50 ± 1.75 <0.01 *
BMI (kg/m2) 22.21 ± 3.61 22.83 ± 3.77 20.89 ± 2.81 <0.01 *
Physical activity

Physical activity time 59.48 ± 36.98 61.31 ± 37.37 55.51 ± 35.79 <0.01 *
Sufficient 4668 (74.2) 3328 (77.2) 1340 (67.5) <0.01 †

Insufficient 1626 (25.8) 982 (22.8) 644 (32.5)
Sedentary time 486.20 ± 154.46 486.23 ± 157.53 486.14 ± 147.62 <0.01 *
Mobile phone addiction

MPAI score 29.16 ± 12.66 28.47 ± 12.81 30.66 ± 12.20 <0.01 *
Addicts 2591 (41.2) 1721 (39.9) 870 (43.9) <0.01 †

Non-addicts 37035 (8.8) 2589 (60.1) 1114 (56.1)
Irrational procrastination

IPS score 17.32 ± 5.85 17.35 ± 5.82 17.26 ± 5.89 <0.01 *
Serious procrastination 3336 (53.0) 2328 (54.0) 1008 (50.8) <0.01 †

Slight procrastination 2944 (46.8) 1974 (45.8) 970 (48.9)
No procrastination 14 (0.2) 8 (0.2) 6 (0.3)

Tobacco use <0.01 †

Never 6208 (98.6) 4241 (98.4) 1967 (99.1)
Yes 86 (1.4) 69 (1.6) 17 (0.9)

Alcohol use <0.01 †

Never 4298 (68.3) 2755 (63.9) 1543 (77.8)
Yes 1996 (31.0) 1555 (36.1) 441 (22.2)

Note: p *, t-tests; p †, χ2 test; BMI, body mass index; MPAI, mobile phone addiction index scale; IPS, irrational
procrastination scale. All values represent raw non-standardized scores.

Table 2 showed a significant positive correlation between the participants’ MPAI and
IPS scores (p < 0.01). The higher the degree of mobile phone addiction, the higher the
IPS score. The IPS scores of mobile phone addicts were significantly higher than those
of non-mobile phone addicts, and the results showed a significant difference in the IPS
scores of mobile phone addicts and non-mobile phone addicts (p < 0.01) among both men
and women.
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Table 2. The Pearson correlation coefficient for the degree of irrational procrastination exhibited by
the participants (IPS score) and across different groups.

Participant Characteristics
Total (n = 6294) Men (n = 4310) Women (n = 1984)

Mean ± SD

Physical activity
Sufficient 16.97 ± 5.87 ** 17.05 ± 5.86 ** 16.76 ± 5.90 **
Insufficient 18.34 ± 5.64 ** 18.36 ± 5.57 ** 18.32 ± 5.74 **

Mobile phone addiction
Addicts 19.97 ± 5.10 ** 20.04 ± 5.06 ** 19.83 ± 5.19 **
Non-addicts 15.47 ± 5.61 ** 15.56 ± 5.61 ** 15.26 ± 5.61 **

Note: **, p < 0.01; p-value for significant IPS score differences between the different groups determined using
a t-test.

Furthermore, we contrasted the linear correlations between different intensities of
physical activity and irrational procrastination among college students. The duration of
VPA was significantly negatively correlated with the participants’ irrational procrastination
scores (β = −0.107). The absolute value of r was the highest among all the intensities.
Similarly, MPA and LPA were also negatively associated with irrational procrastination
(MPV: β = −0.083; LPA: β = −0.069). In Figure 1, a linear correlation slope can be seen
for the three intensities of physical activity and irrational procrastination scores. The
conclusion to be drawn is as follows: the higher the intensity of physical activity, the
greater the degree of its correlation with irrational procrastination. In addition, we found a
significant positive correlation between the amount of sedentary time on workdays and
irrational procrastination (r = 0.086).

Figure 1. The correlation between the degree of irrational procrastination and the different intensities
of physical activity and mobile phone addiction status (** p < 0.01).

Table 3 shows results of the multiple linear regression analysis which was used to test
the predicted relationship between the IPS scores and the different intensities and durations
of physical activity and the MPAI score. VPA (β = −0.043; 95% CI = −0.069~−0.017) and
MPA (β = −0.033; 95% CI = −0.059~−0.006) were significantly negatively correlated with ir-
rational procrastination in male students, while MPA (β = −0.053; 95% CI = −0.092~−0.014)
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was negatively associated with the IPS score in both genders, and the MPAI score showed
a significant positive correlation with the IPS score for both male and female students
(βmale = 0.526; 95% CI = 0.500~0.552; βfemale = 0.554; 95% CI = 0.516~0.592) even after
adjusting for age, BMI, tobacco use, alcohol use, and sedentary time. The adjusted scores
explained that the variance (R2) of the model for male and female students was 0.299 and
0.333, respectively, and the regression models were statistically significant for both genders.

Table 3. The Pearson correlation coefficient for the degree of irrational procrastination exhibited by
participants (IPS score) and across different groups.

Variable
Male (Adjusted R2 = 0.299 **) Female (Adjusted R2 = 0.333 **)

β (95% CI) p-Value β (95% CI) p-Value

LPA −0.026 (−0.052~−0.001) 0.057 −0.014 (−0.053~0.025) 0.491
MPA −0.033 (−0.059~−0.006) 0.017 −0.053 (−0.092~−0.014) 0.007
VPA −0.043 (−0.069~−0.017) 0.001 −0.034 (−0.073~0.004) 0.080

MPAI 0.526 (0.500~0.552) 0.000 0.554 (0.516~0.592) 0.000

Note: adjusted for age, BMI, tobacco use, alcohol use, and sedentary time. ** p < 0.01.

Table 4 presents the binary logistic regression models, which show the odds of serious
irrational procrastination under different combinations of physical activity conditions
and mobile phone addiction statuses. All the students were classified into four groups
according to their mobile phone addiction statuses and physical activity levels. Group I was
specified as the reference group (non-mobile phone addicts × sufficient physical activity).
Studies have shown that lack of physical activity or being addicted to the phone increases
the odds of serious irrational procrastination. When we further controlled for the effects of
age, BMI, tobacco use, alcohol use, and sedentary time, male students with excessive mobile
phone usage and insufficient physical activity respectively saw 3.25 (95% CI = 2.793~3.771)
times and 1.35 (95% CI = 1.094~1.659) times increased odds of reporting serious irrational
procrastination. Compared to the control groups, serious irrational procrastination in
men with both mobile phone addiction and insufficient physical activity was 4.26 (95%
CI = 3.418~5.312) times higher.

Table 4. The odds of serious irrational procrastination under different combinations of physical
activity conditions and mobile phone addiction statuses.

Group
Men Women

OR (95% CI) aORa (95% CI) OR (95% CI) aOR a (95% CI)

Group I 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)

Group II 3.325 **
(2.870~3.853)

3.246 **
(2.793~3.771)

3.113 **
(2.469~3.853)

3.223 **
(2.537~4.094)

Group III 1.350 **
(1.101~1.655)

1.347 **
(1.094~1.659) 1.229 (0.920~1.640) 1.229 (0.967~1.746)

Group IV 4.510 **
(3.632~5.600)

4.261 **
(3.418~5.312)

4.024 **
(3.062~5.288)

4.183 **
(3.105~5.555)

Note: a adjusted for age, BMI, tobacco use, alcohol use, and sedentary time; ** p < 0.01.

Similar to male students, insufficient physical activity and mobile phone addiction
also had a significant positive correlation with serious irrational procrastination among
female students even after adjusting for age, BMI, tobacco use, alcohol use, and sedentary
time. The presence of both insufficient physical activity and mobile phone addiction in-
creased the odds of serious irrational procrastination by 4.18 times (95% CI = 3.105~5.555)
compared with the reference group. Female students with mobile phone addiction only
had 3.22 (95% CI = 2.537~4.094) times higher odds of serious irrational procrastination as
compared to non-mobile phone addicts and those who engaged in sufficient physical activ-
ity. However, among the female students who were not mobile phone addicts, insufficient
physical activity was not significantly correlated with serious irrational procrastination
when compared to those who engaged in sufficient physical activity.
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4. Discussion

The purpose of this study was to investigate the prevalence and correlation between
insufficient physical activity and mobile phone addiction, as well as the presence of irra-
tional procrastination among Chinese college students. In this study, the IPS scores of the
participants were 17.32 ± 5.85, and only 0.2% of the participants exhibited no irrational
procrastination. This is consistent with the assertions of previous studies which stated that
the occurrence rate of procrastination among college students reached over 95% [10]. In
addition, we found that the prevalence of serious irrational procrastination (53.0%) was
similar to that reported in previous studies on college students (over 50%) [4] and that the
odds of irrational procrastination in this group were higher than those among teenagers
(over 40%) [35]. We believe that those variances have to do with the educational stage and
lifestyles of the students who participated in the study. All the participants in the present
study were first- or second-year students from universities in China; they had just left
high school where their learning was passive and moved into new independent lives and
learning styles. Numerous changes in living conditions, various academic pressures, and
being away from parents or others who could supervise them, they had to face many issues
themselves and deal with their emotional burden, which was all completely different from
their previous experience. In view of this, procrastination could become an ineffective cop-
ing strategy to counteract their problems. This may have led to an increased procrastination
behavior among them. The incidence of insufficient physical activity in our investigation
(25.8%) is also higher than the national Chinese average (14.1%) [16]; heavy college work-
load could be a potential reason for this finding as well. The revised WHO guidelines on
physical activity and sedentary behavior may also have led to these differences.

The MPAI scores of the study participants were 29.16 ± 12.66. According to the
MPAI’s mobile phone addiction screening questions, 41.2% were considered mobile phone
addicts; this finding is significantly higher than those of previous studies conducted in
China [36] (21.3%) and other countries [37]. The reason for this could be that the increasing
daily functions of mobile phones mean that people use them more frequently and for
longer periods. Mobile phones are widely used around the world. However, compared
with traditional mobile phones, smartphones with their numerous functions and multiple
modes of use are superior [38,39]. Today, we are all immersed in a digital world of
new technologies that are also making their way into the education process. The root
causes of procrastination are most likely related to this deeper change in civilization and
educational systems.

Students today are born into the digital world, and they learn how to operate it
at an early age. At school, they enter an environment completely different from the
family setting: there are many children of the same age who they need to communicate
with in college. Using a mobile phone may also be the easiest way for them to seek
more social interaction. Contemporary college students tend to study in a paperless
and electronic manner [40] and as a result, their screen time and rates of mobile phone
addition are also increasing [19]. This view could explain the findings of this study—
that there exists a significant correlation between mobile phone addiction and irrational
procrastination, thus tracing a serious increase in irrational procrastination. At the same
time, the appearance of irrational procrastination behaviors is an explicit manifestation of
some mental health conditions [2]. According to previous studies, mobile phone addiction
is likely related to anxiety, stress, and sleep quality [41,42], and such studies have also
shown an association between screen time and mental health [43]. Therefore, we posit that
mobile phone addiction affects mental activities and mental health, thus causing irrational
procrastination; this could be a potential mechanism for the correlation between mobile
phone addiction and irrational procrastination.

In the present study, the level of physical activity among the participants was signifi-
cantly correlated with irrational procrastination. The IPS scores of the participants with
sufficient physical activity were significantly lower than those of the participants with
insufficient physical activity. Similar to Zhong’s study, we found that physical activity is
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correlated with procrastination among college students [9]. In addition, we found that the
intensities of physical activity that the students engaged in were significantly correlated
with the effect of physical activity on irrational procrastination. Figure 1 illustrates that
higher intensities of physical activity had a greater effect on irrational procrastination.
Previous studies have shown that higher intensities of physical activity result in a greater
improvement in suppressing passive emotion; this suppression of passive emotions could
be a potential reason for physical activity preventing procrastination [41,44]. Numerous
studies have documented the correlation between passive emotion—such as anxiety [45],
stress [5], and depression [11,46]—and procrastination.

In addition, more time spent engaging in VPA and MPA significantly contributed to
lower degrees of irrational procrastination among male students. In contrast, among female
students, more time spent engaging in MPA was seen to significantly contribute to a lower
degree of irrational procrastination, but the fitting effect of VPA on irrational procrastination
was not significant. Studies have found that female students prefer moderate physical
activity, such as dance or gymnastics, as their daily exercise [47]. This greater inclination
toward moderate physical activity could be a potential reason for MPA being the best
exercise intensity to minimize irrational procrastination.

However, after controlling for mobile phone addiction, we found that physical activity
levels were significantly correlated with serious irrational procrastination among male but
not female students. We also found previous evidence stating that students of different
genders have different physical activity habits, which could be one of the main reasons
for our finding [47,48]. In particular, even though we found no link between physical
activity levels and serious irrational procrastination in female students after controlling for
mobile phone addiction, the participants who were both insufficiently active and mobile
phone addicts also reported more serious irrational procrastination than those with only
a mobile phone addiction. It is possible that these participants took longer to engage in
physical activity and instead used their mobile phones, which increased their irrational
procrastination behavior. In other words, our study suggests that females who engage in
insufficient physical activity could indirectly increase their odds of experiencing serious
irrational procrastination.

Furthermore, this study determined that a relationship exists between insufficient
physical activity, mobile phone addiction, and irrational procrastination, even after adjust-
ing for the effects of age, BMI, tobacco use, alcohol use, and sedentary time. The presence
of both insufficient physical activity and mobile phone addiction significantly increased
the odds of irrational procrastination when compared with the presence of behaviors from
other categories. Meanwhile, mobile phone addiction had a significant positive correlation
with serious irrational procrastination even after controlling for the adjustment factor and
physical activity time.

5. Conclusions

In this study, irrational procrastination was found to display a significant correlation
between both physical activity and mobile phone addiction. Therefore, from a public health
and behavior perspective, if college students want to reduce irrational procrastination to
improve efficiency, increasing physical activity and reducing mobile phone addiction are
vital steps.

The main strength of the present study is that it considers the effects of different
intensities of physical activity on irrational procrastination; physical activity and mobile
phone addiction are included as mutually confounding factors and are seen as a whole;
we also discuss their impact on irrational procrastination separately by studying a large
sample of Chinese college students.

One limitation of our present study is the cross-sectional research design: the possibil-
ity of reversal causation cannot be ruled out. Another limitation involves the self-reported
measures; although they were assessed using standardized questionnaires, this method of
information collection is susceptible to measurement errors, memory bias, and the social
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expectation effect. Therefore, future research should use more objective methods of data
collection and measurement, such as accelerometers and mobile monitoring software. An-
other limitation is that the classification of covariates such as smoking and drinking was
not clear enough and should be considered more comprehensively in future research.
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Abstract: The recent COVID-19 pandemic has imposed a general lockdown in Italy, one of the
most affected countries at the beginning of the outbreak, between 9 March and 3 May 2020. As
a consequence, Italian citizens were confined at home for almost two months, an unprecedented
situation, which could have negative effects on both psychological and physical health. The aim of
this study was to review the published papers concerning the effects of the lockdown on physical
activity and the consequences on general health. As expected, most studies highlighted a significant
reduction in the amount of performed physical activity compared to before lockdown, in both the
general population and in individuals with chronic conditions. This fact had negative consequences
on both general health, in terms of increased body mass, and on specific chronic conditions, especially
obesity and neurological diseases.

Keywords: pandemic; coronavirus; physical exercise; general health

1. Introduction

A new coronavirus (SARS-CoV-2), causing severe acute respiratory syndrome, was
discovered at the end of 2019. The first cases were reported in the province of Wuhan, China.
On the 30 January 2020, the Director-General of the World Health Organization (WHO)
declared the SARS-CoV-2 outbreak a public health emergency of international concern, the
WHO’s highest level of alarm. The associated syndrome was named coronavirus disease
2019, abbreviated as COVID-19, and it is currently a major global health issue. At the time
of the submission there have been 147,539,302 confirmed cases of COVID-19, including
3,116,444 deaths.

Given the exponential growth in cases and deceased during February and early March
2020, and the risk of collapse of the national health system (in particular of intensive care
units), the Italian government declared a general lockdown on 9 March 2020. This resolution
remained in place until 3 May 2020, and implied that Italian citizens all over the country
had to remain confined at home for almost two months, and could go out only for primary
necessities, such as buying food or medicines, or seeking medical care. National policies
imposed social distancing, the closure of schools and universities, and the suspension of
any social event. All activities practiced in gyms, sports centers, and swimming pools
were suspended. Additionally, jogging or walking in parks and cycling were prohibited.
Essential activities (agriculture, biomedical manufactory, information and communication
technology, medical care, energy production, and similar) were maintained, but when
possible, work (for example administrative tasks and meetings) had to be performed from
home, using internet connections and web conferencing tools. The imperative was “stay at
home” to curb the spread of the virus.

As a consequence, a drastic reduction in the amount of performed individual physical
activity (PA) was expected, which could have negative consequences on the population’s
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213



Int. J. Environ. Res. Public Health 2021, 18, 6416

general health. It is well known that physical inactivity causes over 5 million deaths world-
wide and represents damage to the economy of the public health systems. In particular, it
could have a negative effect on glycemic control, which is especially dangerous for subjects
with diabetes [1,2]. In obese patients, a further increase in body mass would worsen their
condition. In cardiac patients, daily moderate PA is essential to reduce cardiovascular
risk [3,4]. In patients with neurological disorders, exercising is of fundamental importance
to control their conditions, in terms of both motor control [5,6] and cognitive impairment [7].
Furthermore, being locked at home implied a reduction in the exposure to open air and
sunlight, which could undermine the immune system and its capability to react to the new
viral infection. In particular, PA has immune benefits, especially in older adults [8] who are
more at risk during the current pandemic.

The aim of this paper was to perform a systematic review of the studies on PA carried
out at home by the Italian population during the lockdown period, in order to evaluate
the changes in lifestyle, whether sedentary or active, and the eventual consequences on
general health. The underlying hypothesis is that home confinement has diminished the
amount of PA, with negative consequences on individual health in general.

2. Materials and Methods

A systematic review of the studies investigating the PA practiced during the lockdown
by Italian citizens was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [9].

An electronic literature search was performed on the PubMed and Scopus online
databases, using the following search string: (“physical activity” OR “physical exercise”)
AND (COVID-19 OR lockdown) AND Italy. As inclusion criteria, we considered only
articles in the English language and only studies performed on Italian citizens; concern-
ing the publication type, we considered only research papers, excluding reviews, letters
to editor, comments, editorials, and recommendations. The search was conducted till
31 December 2020.

A total of 136 records were collected. Two reviewers (D.B. and L.Z.) selected the
relevant studies separately on the basis of the titles and abstracts. Then, they independently
reviewed the full text of the selected studies to decide on their final suitability according
to the inclusion and exclusion criteria. In case of disagreement, the decision was made
collegially with the contribution of a third investigator (S.T.).

After the exclusion of 92 articles, we included 23 full-text papers to critically evaluate
the role of PA during the lockdown caused by COVID-19 in Italy. The following information
was collected from each of the included articles: focus, study design, sample description
(size, age, sex (% males)), method of PA-related data collection (type of PA assessment tool
and type of survey), amount of PA (before and during lockdown, when reported), and
main findings.

The assessment of the methodological quality of the selected studies was carried out
using the Newcastle–Ottawa scale (NOS) [10], adapted for cross-sectional studies [11], inde-
pendently by two reviewers. A third reviewer was available to resolve any disagreements.
Each study was assessed with the following items: selection (representativeness of the
sample, sample size, non-respondents, and ascertainment of the exposure), comparability,
and outcome (assessment of the outcome and statistics). Scores range from 0 to 10, with
higher scores indicating better quality research.

The whole process is described in Figure 1 by means of the standard PRISMA flowchart.
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Figure 1. Flow diagram of the literature search strategy and review process, following PRISMA rules [9].

3. Results

Twenty-three published research papers that met inclusion criteria were selected and
included in the review. The collected information of the included studies is summarized in
Table 1.

215



Int. J. Environ. Res. Public Health 2021, 18, 6416

T
a

b
le

1
.

D
es

cr
ip

ti
on

of
th

e
ch

ar
ac

te
ri

st
ic

s
of

th
e

in
cl

ud
ed

pa
pe

rs
.

S
a

m
p

le
s

w
it

h
P

a
th

o
lo

g
ie

s
F

o
cu

s
S

tu
d

y
D

e
si

g
n

S
a

m
p

le
,

P
a

th
o

lo
g

y,
S

iz
e

,
A

g
e

,
%

M
a

le
s

P
A

A
ss

e
ss

m
e

n
t

T
o

o
l

S
u

rv
e

y
T

y
p

e
A

m
o

u
n

t
o

f
P

A
(M

e
a

n
±

S
D

)
M

a
in

F
in

d
in

g
s

A
ss

al
on

ie
ta

l.
[1

2]
PA

le
ve

li
n

di
ab

et
es

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

15
4

T1
D

44
.8
±

12
.5

y,
54

.5
%

m
al

es

G
od

in
Le

is
ur

e
Ti

m
e

Ex
er

ci
se

Q
.

on
lin

e
su

rv
ey

Be
fo

re
L:

66
±

42
m

in
D

ur
in

g
L:

38
±

31
m

in
PA

de
cr

ea
se

d
w

it
h

w
or

st
gl

yc
ae

m
ia

Ba
rc

he
tt

a
et

al
.[

13
]

G
ly

ce
m

ic
co

nt
ro

l
in

di
ab

et
es

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

50
T1

D
,

40
.7
±

13
.5

y,
62

%
m

al
es

Q
no

tv
al

id
at

ed
O

nl
in

e
su

rv
ey

N
R

R
ed

uc
ti

on
of

bl
oo

d
gl

uc
os

e
co

nt
ro

la
nd

w
ee

kl
y

PA

C
ap

al
do

et
al

.[
14

]
G

lu
co

se
co

nt
ro

l
in

di
ab

et
es

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

20
7

T1
D

38
.4
±

12
.7

y,
53

.6
%

m
al

es

Q
no

tv
al

id
at

ed
O

nl
in

e
su

rv
ey

N
R

In
cr

ea
se

d
gl

yc
em

ic
co

nt
ro

l,
m

or
e

re
gu

la
r

m
ea

ls
,r

ed
uc

ed
PA

C
ar

us
o

et
al

.[
15

]
G

lu
co

se
co

nt
ro

l
in

di
ab

et
es

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

48
T1

D
42

.4
±

15
.9

y,
52

.1
%

m
al

es

Q
no

tv
al

id
at

ed
Ph

on
e

in
te

rv
ie

w
N

R
In

cr
ea

se
d

gl
yc

em
ic

co
nt

ro
l,

re
du

ce
d

PA

Pr
ed

ie
ri

et
al

.[
16

]
G

ly
ce

m
ic

co
nt

ro
l

in
di

ab
et

es
O

bs
er

va
ti

on
al

,
lo

ng
it

ud
in

al

N
=

62
T1

D
11

.1
±

4.
4

y,
50

%
m

al
es

Q
no

tv
al

id
at

ed
te

le
m

ed
ic

in
e

Be
fo

re
L:

3.
27

±
2.

82
h/

w
D

ur
in

g
L:

0.
24

±
0.

59
h/

w

D
ec

re
as

ed
PA

,
im

pr
ov

ed
gl

yc
em

ic
co

nt
ro

l

To
rn

es
e

et
al

.[
17

]
G

ly
ce

m
ic

co
nt

ro
l

in
di

ab
et

es
O

bs
er

va
ti

on
al

,
cr

os
s-

se
ct

io
na

l

N
=

13
T1

D
m

ed
ia

n
ag

e
=

14
.2

y,
61

.5
%

m
al

es

Q
no

tv
al

id
at

ed
te

le
m

ed
ic

in
e

D
ur

in
g

L:
3.

3
h/

w
R

eg
ul

ar
PA

at
ho

m
e

im
pr

ov
ed

gl
yc

em
ic

co
nt

ro
l

D
iS

te
fa

no
et

al
.[

18
]

Le
ve

ls
of

PA
in

ne
ur

om
us

cu
la

r
di

se
as

es
(N

M
D

)

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

26
8,

14
9

N
M

D
pa

ti
en

ts
(5

7.
3
±

13
.7

y,
62

.4
%

m
al

es
),

11
9

co
nt

ro
ls

(5
6
±

6.
8

y,
62

.2
%

m
al

es
)

IP
A

Q
-S

F
Ph

on
e

in
te

rv
ie

w

N
M

D
Be

fo
re

L:
90

1.
3
±

12
99

.6
D

ur
in

g
L:

40
0.

6
±

10
88

.5
C

on
tr

ol
s

Be
fo

re
L:

45
06

.5
±

76
00

.1
D

ur
in

g
L:

23
62

.3
±

44
98

.9

Si
gn

ifi
ca

nt
ly

de
cr

ea
se

of
PA

in
bo

th
gr

ou
ps

Pe
lle

gr
in

ie
ta

l.
[1

9]
C

ha
ng

es
in

w
ei

gh
ta

nd
di

et
in

ob
es

it
y

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

15
0

ob
es

e,
ag

ed
47

.9
±

16
.0

,2
2%

m
al

es

Q
no

tv
al

id
at

ed
e-

m
ai

l

Si
gn

ifi
ca

nt
w

ei
gh

t
in

cr
ea

se
,r

ed
uc

ti
on

in
PA

Sa
ss

on
e

et
al

.[
20

]

C
ha

ng
es

in
PA

in
pa

ti
en

ts
w

it
h

im
pl

an
ta

bl
e

C
ar

di
ov

er
te

r-
de

fib
ri

lla
to

rs

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

24
ca

rd
ia

c
pa

ti
en

ts
,

72
±

10
y,

70
.8

%
m

al
es

A
cc

el
er

om
et

ri
c

se
ns

or
s-

co
lle

ct
ed

da
ta

Be
fo

re
L:

1.
6
±

0.
5

h/
da

y
D

ur
in

g
L:

1.
2
±

0.
3

h/
da

y
Si

gn
ifi

ca
nt

re
du

ct
io

n
in

PA

216



Int. J. Environ. Res. Public Health 2021, 18, 6416

T
a

b
le

1
.

C
on

t.

S
a

m
p

le
s

w
it

h
P

a
th

o
lo

g
ie

s
F

o
cu

s
S

tu
d

y
D

e
si

g
n

S
a

m
p

le
,

P
a

th
o

lo
g

y,
S

iz
e

,
A

g
e

,
%

M
a

le
s

P
A

A
ss

e
ss

m
e

n
t

T
o

o
l

S
u

rv
e

y
T

y
p

e
A

m
o

u
n

t
o

f
P

A
(M

e
a

n
±

S
D

)
M

a
in

F
in

d
in

g
s

Sc
hi

ri
nz

ie
ta

l.
[2

1]
C

ha
ng

es
in

PA
in

Pa
rk

in
so

n
di

se
as

e
O

bs
er

va
ti

on
al

,
cr

os
s-

se
ct

io
na

l

N
=

74
Pa

rk
in

so
n

di
se

as
e

61
.3
±

9.
3

y,
50

%
m

al
es

IP
A

Q
-S

F
O

nl
in

e
su

rv
ey

D
ur

in
g

L:
19

94
.7
±

19
71

M
ET

-m
in

/w

60
%

of
pa

ti
en

ts
w

or
se

ne
d,

pe
rf

or
m

in
g

le
ss

PA

S
a

m
p

le
w

it
h

o
u

t
p

a
th

o
lo

g
ie

s
F

o
cu

s
S

tu
d

y
d

e
si

g
n

S
a

m
p

le
si

z
e

,
a

g
e

,
%

m
a

le
s

P
A

a
ss

e
ss

m
e

n
t

to
o

l
S

u
rv

e
y

ty
p

e
A

m
o

u
n

t
o

f
P

A
(m

e
a

n
±

S
D

)
M

a
in

fi
n

d
in

g
s

Ba
rr

ea
et

al
.[

22
]

Sl
ee

p
qu

al
it

y,
Bo

dy
m

as
s

in
de

x
O

bs
er

va
ti

on
al

,
cr

os
s-

se
ct

io
na

l

N
=

12
1

44
.9
±

13
.3

y,
35

.5
%

m
al

es

Q
no

tv
al

id
at

ed
ph

on
e

in
te

rv
ie

w
N

R

Si
gn

ifi
ca

nt
in

cr
ea

se
in

m
ea

n
bo

dy
w

ei
gh

t
an

d
BM

I,
si

gn
ifi

ca
nt

de
cr

ea
se

in
PA

Bu
oi

te
St

el
la

et
al

.[
23

]
Sm

ar
t

te
ch

no
lo

gi
es

fo
r

PA

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

40
0

35
±

15
y,

31
%

m
al

es

O
nl

in
e

su
rv

ey
IP

A
Q

-S
F;

da
ily

st
ep

co
un

t
m

ea
su

re
d

by
sm

ar
t

de
vi

ce
s

Be
fo

re
L:

31
01

±
38

15
M

ET
s

D
ur

in
g

L:
18

39
±

22
54

M
ET

s

Si
gn

ifi
ca

nt
re

du
ct

io
n

of
pe

rf
or

m
ed

st
ep

s
an

d
PA

C
an

ce
llo

et
al

.[
24

]
Li

fe
st

yl
e

ch
an

ge
s

du
ri

ng
lo

ck
do

w
n

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

49
0

ad
ul

ts
16

%
m

al
es

Q
no

tv
al

id
at

ed
on

lin
e

su
rv

ey
N

R

R
ed

uc
ti

on
of

PA
in

ac
ti

ve
in

di
vi

du
al

s,
in

ce
pt

io
n

of
PA

in
se

de
nt

ar
y

in
di

vi
du

al
s

D
iC

or
ra

do
et

al
.[

25
]

Ps
yc

ho
lo

gi
ca

l
st

at
us

,P
A

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

67
9

33
.4
±

12
.8

y,
51

%
m

al
es

Q
no

tv
al

id
at

ed
O

nl
in

e
su

rv
ey

N
R

M
ai

nt
ai

ne
d

or
in

cr
ea

se
d

PA
si

gn
ifi

ca
nt

ly

D
iR

en
zo

et
al

.[
26

]
Ea

ti
ng

ha
bi

ts
an

d
lif

es
ty

le
ch

an
ge

s
O

bs
er

va
ti

on
al

,
cr

os
s-

se
ct

io
na

l

N
=

35
33

ag
ed

12
–8

6
23

.9
%

m
al

es

Q
no

tv
al

id
at

ed
O

nl
in

e
su

rv
ey

N
R

N
o

si
gn

ifi
ca

nt
di

ff
er

en
ce

in
PA

am
on

g
in

ac
ti

ve
su

bj
ec

ts
,i

nc
re

as
e

in
PA

in
su

bj
ec

ts
w

ho
us

ed
to

tr
ai

n
m

or
e

th
an

5
ti

m
es

a
w

ee
k

Fe
rr

an
te

et
al

.[
27

]
Im

pa
ct

of
so

ci
al

is
ol

at
io

n
on

lif
es

ty
le

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

78
47

48
.6
±

13
.9

y,
28

.7
%

m
al

es

Q
no

tv
al

id
at

ed
O

nl
in

e
su

rv
ey

N
R

Si
gn

ifi
ca

nt
de

cr
ea

se
in

PA

217



Int. J. Environ. Res. Public Health 2021, 18, 6416

T
a

b
le

1
.

C
on

t.

S
a

m
p

le
s

w
it

h
P

a
th

o
lo

g
ie

s
F

o
cu

s
S

tu
d

y
D

e
si

g
n

S
a

m
p

le
,

P
a

th
o

lo
g

y,
S

iz
e

,
A

g
e

,
%

M
a

le
s

P
A

A
ss

e
ss

m
e

n
t

T
o

o
l

S
u

rv
e

y
T

y
p

e
A

m
o

u
n

t
o

f
P

A
(M

e
a

n
±

S
D

)
M

a
in

F
in

d
in

g
s

G
al

lè
et

al
.[

28
]

Se
de

nt
ar

y
be

ha
vi

or
s

an
d

PA
O

bs
er

va
ti

on
al

,
cr

os
s-

se
ct

io
na

l

N
=

14
30

un
de

rg
ra

du
at

e
st

ud
en

ts
,2

2.
9
±

4.
5

y,
34

.5
%

m
al

es

IP
A

Q
-S

F
O

nl
in

e
su

rv
ey

Be
fo

re
L:

52
0
±

82
0

m
in

/w
D

ur
in

g
L:

27
0
±

34
0

m
in

/w

Si
gn

ifi
ca

nt
ly

in
cr

ea
se

d
se

de
nt

ar
y

lif
es

ty
le

,d
ec

re
as

ed
PA

G
al

lè
et

al
.[

29
]

H
ea

lt
h-

re
la

te
d

be
ha

vi
or

s
PA

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

21
25

un
de

rg
ra

du
at

e
st

ud
en

ts
,2

2.
5
±

0.
08

y,
37

.2
%

m
al

es

Q
ue

st
io

nn
ai

re
on

lin
e

su
rv

ey
N

R
Si

gn
ifi

ca
nt

re
du

ct
io

n
in

PA

G
iu

st
in

o
et

al
.[

30
]

Le
ve

lo
fP

A
O

bs
er

va
ti

on
al

,
cr

os
s-

se
ct

io
na

l

N
=

80
2,

32
.2

7
±

12
.8

1
y,

49
%

m
al

es

IP
A

Q
-S

F
on

lin
e

su
rv

ey

Be
fo

re
L:

30
06

M
ET

-m
in

/w
D

ur
in

g
L:

14
83

.8
M

ET
-m

in
/w

Si
gn

ifi
ca

nt
re

du
ct

io
n

of
PA

,e
sp

ec
ia

lly
in

m
al

es
an

d
in

ov
er

w
ei

gh
t

Lu
ci

an
o

et
al

.[
31

]

Be
ha

vi
or

s
du

ri
ng

lo
ck

do
w

n
(P

A
,

se
de

nt
ar

in
es

s,
sl

ee
p)

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

14
71

m
ed

ic
in

e
st

ud
en

ts
23

±
2

y,
30

%
m

al
es

IP
A

Q
-S

F
on

lin
e

su
rv

ey

Be
fo

re
L:

15
88

M
ET

-m
in

/w
D

ur
in

g
L:

96
0

M
ET

-m
in

/w

D
ec

re
as

ed
PA

,a
nd

in
cr

ea
se

d
si

tt
in

g
an

d
sl

ee
p

ti
m

e

M
au

ge
ri

et
al

.[
32

]
PA

on
ps

yc
ho

lo
gi

ca
l

O
bs

er
va

ti
on

al
,

cr
os

s-
se

ct
io

na
l

N
=

25
24

43
.6

%
m

al
es

IP
A

Q
O

nl
in

e
su

rv
ey

Be
fo

re
L:

24
29

M
ET

-m
in

/w
D

ur
in

g
L:

15
77

M
ET

-m
in

/w

PA
le

ve
ld

ec
re

as
ed

w
it

h
ne

ga
ti

ve
im

pa
ct

on
ps

yc
ho

lo
gi

ca
l

he
al

th

R
ai

ol
a

et
al

.[
33

]
C

ha
ng

es
in

PA
O

bs
er

va
ti

on
al

,
cr

os
s-

se
ct

io
na

l
N

=
26

8
M

ea
n

ag
e

=
26

y
Q

no
tv

al
id

at
ed

O
nl

in
e

su
rv

ey
N

R
N

o
ch

an
ge

in
PA

To
rn

ag
hi

et
al

.[
34

]
PA

le
ve

ls
O

bs
er

va
ti

on
al

,
cr

os
s-

se
ct

io
na

l
N

=
15

68
st

ud
en

ts
A

ge
d

15
–1

8
IP

A
Q

O
nl

in
e

su
rv

ey

Be
fo

re
L:

16
76

.3
7
±

20
.6

M
ET

-m
in

/w
A

ft
er

L:
17

74
.5

0
±

33
.9

3
M

ET
-m

in
/w

In
ac

ti
ve

or
m

od
er

at
el

y
ac

ti
ve

st
ud

en
ts

un
ch

an
ge

d
th

ei
r

PA
le

ve
l;

hi
gh

ly
ac

ti
ve

on
es

in
cr

ea
se

d
PA

le
ve

l

T1
D

:T
yp

e
1

di
ab

et
es

;P
A

:p
hy

si
ca

la
ct

iv
ity

;I
PA

Q
:I

nt
er

na
tio

na
lP

hy
si

ca
lA

ct
iv

ity
Q

ue
st

io
nn

ai
re

;I
PA

Q
-S

F:
In

te
rn

at
io

na
lP

hy
si

ca
lA

ct
iv

ity
Q

ue
st

io
nn

ai
re

Sh
or

t-
Fo

rm
;N

R
:n

ot
re

po
rt

ed
;L

:
lo

ck
do

w
n.

218



Int. J. Environ. Res. Public Health 2021, 18, 6416

All papers were observational studies. Specifically, the study by Predieri et al. [16]
was longitudinal, while all others were cross-sectional.

Samples were different according to size (from a minimum of 24 participants in [20]
to a maximum of 7847 in [27], age (from adolescents [16,17,34] to old adults [20], sex
percentage (males vary from 16% in [24] to 62% in [13], and type (subjects with and without
pathologies, students).

Ten studies (43.5%) were carried out on individuals with pathologies: six samples
with Type 1 diabetes, one with neuromuscular disease, one with implantable cardioverter-
defibrillator, one with Parkinson disease, and one with obesity. Studies with diabetes were
concerned with glycemic control during lockdown. In one study [17], Type 1 diabetes
patients continued to exercise regularly as before during the lockdown period without
significant variations, even if they were confined at home, and were able to maintain good
glycemic control. Notwithstanding the reduction of performed PA, three [14–16] of such
studies found an improvement in glycemic control. Two studies [12,13] found a reduction
in both glycemic control and PA.

Obese subjects worsened their condition [19]: body mass increased significantly and
was associated with a reduction on PA. In addition, patients with a cardiovascular dis-
ease [20] reduced the amount of performed PA, which could increase their health-related risk.

Concerning neuromuscular diseases, one study [18] found a worsening of the patients’
condition, associated to a reduction in PA. One study [21] did not find significant changes
before and during lockdown in the number of Parkinson’s disease patients who practiced
PA. Nonetheless, those who declared a worsening of their condition reported a lower
amount of daily PA compared to those who did not experience a worsening, highlighting
the potential protective effect of PA.

Four studies were carried out on students: one on high school [34] and three on
university students [28,29,31]: all of them reported a reduction in PA and an increase in
sedentary behavior.

All studies but one used self-reported data collected during some form of interview
(telemedicine visits or telephone contact) or by means of online questionnaires. Only one
study [20] used smart devices to automatically and directly collect the data. Another
study [23] used smart devices to measure the number of daily performed steps, but
measurements were self-reported by study participants. Concerning the questionnaire
used to assess the level of PA, only eight studies (34.8%) administered the validated IPAQ or
IPAQ-SF; Assaloni et al. [12] administered the Godin Leisure Time Exercise Questionnaire
and the remainders did not use validated questionnaires.

In Di Corrado et al. [25], the amount of individuals who began PA during lockdown
was significantly greater than those who stopped. Di Renzo et al. [26] reported an increase
in the percentage of individuals who trained five or more times a week. The studies which
quantified the amount of performed PA found a relevant reduction during lockdown,
compared to pre-lockdown.

The results of the assessment of the quality of studies are detailed in Table 2; the mean
NOS score of the included studies was 5.04 (SD = 1.36; range 2–8).
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4. Discussion

There is a lack of consistency in the findings of the selected studies, in terms of
the amount of performed PA, even if a majority declared a significant reduction during
lockdown compared to before, as expected. Overall, the two-month lockdown imposed as
a consequence of the COVID-19 pandemic had a detrimental effect on general health in
Italians, especially those with chronic conditions such as obesity and neurological diseases.
Coping with such diseases has been a challenge, especially because of issues in supplies
and lack of access to health facilities and healthcare providers. Overall, a reduction of PA
was detected as a consequence of COVID-19 lockdown, with a worsening of health status.

An increase of PA was only reported by Di Corrado et al. [25] and Di Renzo [26]. The
results of Di Renzo et al. [26] suggested that highly active people maintained or increased
their PA level; Di Corrado et al. [25] reported an increase of PA beginners during lockdown.
This may be that highly physically active people have reached an acknowledgement of
healthy lifestyle which allows them to maintain it, including in critical conditions such as
lockdown or confinement.

Studies on diabetes and glycemic control have shown contradictory results. Notwith-
standing the diminished amount of performed PA reported by most patients, glycemic
control improved, possibly because of a more regular lifestyle and daily timetable. It is
also possible that the use of telemedicine (video and phone calls), which allows patients to
conduct virtual visits, has been a useful support to manage this chronic disease [16]. Still,
one study reported a reduction in glycemic control, and therefore the association between
meal schedule and PA in the treatment of diabetes should be investigated further.

The role of diet during lockdown was examined, especially in studies on obese and
diabetic subjects; in particular, Pellegrini et al. [19], in their study on obese people, high-
lighted that even if all the patients received personalized nutritional advice, they reported
many unhealthy dietary habits, such eating more, not paying attention to the healthiness of
the consumed food, consuming more sweets, more snacks, more frozen/canned foods, and
less fruit and vegetables than before. Moreover, Tornese et al. [17], in a study on diabetic
adolescents, found a negative change in eating behavior.

Concerning neuromuscular diseases, the subjects who practiced PA have not shown
signs of worsening. Schirinzi et al. [21] pointed out that higher educational level and a mild
motor impairment are significant predictors of daily PA in Parkinson’s disease patients,
since they seem to have a greater awareness of the importance of regular exercise and a
more resilient response to COVID-19-related changes. Particular attention should be paid
to involve more advanced, cognitively impaired, or uneducated patients who could be
excluded from telecommunications.

The main limitation of most of the studies was that data were self-reported by the
participants by means of a questionnaire, a web survey, or a phone interview. Only in
one study [20] were all data collected automatically by means of electronic sensors. In
another one [22], parts of the data were collected before lockdown by means of direct
anthropometric measurements, while during lockdown, data were collected by means of a
phone interview. The studies that reported the amount of PA are limited and heterogeneous,
and this represents an obstacle in the interpretation of the results.

Schirinzi et al. [21], in their study regarding the use of available technology-based
tools to assist physical exercise and its implications in such a critical period, reported that
levels of MET did not differ between users and the nonusers, probably due to the old
age of the sample. However, in our opinion, an increased adoption of remote monitoring
systems should be envisaged to keep the amount of PA performed by both patients and
healthy subjects under direct control, avoiding the collection of self-reported—i.e., non-
observed—data. Data on PA can also be provided by popular fitness monitoring cell phone
applications. There are at least two main advantages in their adoption: (i) a more objective
evaluation of both PA and biomedical parameters, and (ii) the possibility for physicians to
avoid close contact with suspected or infected patients, thus diminishing their exposure
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to the risk of contagion and improving the timeliness and continuity of their monitoring
activities. This should be the case, especially, for subjects with a chronic condition.

In case of another lockdown, which may further diminish the general health of the
population, simple workouts may be proposed in the form of instructional videos and/or
online tutorials to people confined in their homes. In addition, personal training may be
supplied by means of the remote supervision of fitness professionals, using videoconfer-
encing tools. As one of the studies [26] which showed an increase in PA during lockdown
suggested, the main choice for such workouts may be body-weight training (calisthen-
ics), which can be easily performed at home without any equipment but a simple yoga
mat. Yoga itself may be a good option, given the positive effects which it may have on
inflammatory conditions and on the immune system.

Another interesting aspect that emerges from the 23 selected studies is linked to
the psychology and motivation that drive PA: higher anxiety scores during the COVID-
19 lockdown negatively influenced commitment to exercise. This may lead to practical
implications when considering the confinement period that people are held at home for
long periods of time, since psychological conditions (anxiety and depression in particular)
must also be taken into consideration. Unfortunately, motivation to exercise seems to
diminish in individuals who are confined at home, and home workouts do not have the
same benefits as outdoor PA for the immune system [35]. Exposure to sunlight has proved
to have important beneficial effects on the immune system response, including—of course—
reaction to viral infections [36]. Subjects without access to a garden, courtyard, or terrace
may be at a further disadvantage when confined at home.

This is especially important for older individuals, even in the case of a forthcoming
vaccine. Infections have a greater incidence in the elderly [37], and their immune systems
respond less effectively to vaccines, while physical exercise improves the effectiveness of
the immune system response not only to infections but also to vaccinations [38]. Recent
studies have found a positive effect of PA on patients with chronic conditions, including
autoimmune diseases [39]. It must be highlighted that COVID-19 may lead to an intense
and fatal cytokine response, akin to an autoimmune reaction.

As it is usually the case, any policy or measure which is enforced in order to diminish a
risk (including a health-related risk, such as that of a viral infection) has, as a side effect, the
potential of increasing another risk. In case of subsequent lockdowns, health-related risks,
for both healthy individuals and patients with chronic diseases, may increase because of
lack of PA and exposure to sunlight. In a seemingly paradoxical way, even infection-related
risks may specifically increase. In fact, those measures which are put in place to diminish
the spread of an infection in a population in the short run may hinder the capability of
the population to react to the same infection—or even to other kinds of infections—in the
long run.

The limitations of the selected studies can be summarized as follows. First, there was
no consistency in the tools and methods of assessing PA, making the comparison of results
difficult. Second, all studies but one [20] used self-reported questionnaires to assess the
performed PA, and asked individuals about their pre-lockdown behavior retrospectively.
These facts diminish both the accuracy and objectivity of the assessment. Finally, the
selected samples were not representative of the population at a national level.

5. Conclusions

Physical activity is a prerequisite for the prevention and treatment of most medical
conditions, especially metabolic, cardiovascular, and neurodegenerative diseases. Further-
more, it is an established fact that outdoor exercise, during sunlight hours, has a positive
impact on the immune system, which is of great importance in case of a viral infection.
It appears instead that during the outbreak of the pandemic, the whole Italian national
health service focused solely and exclusively on the risk posed by the SARS-CoV-2 infec-
tion. While this is understandable in the short run, given the terrific burden that it put on
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hospitals and intensive care units, the negative effects that prolonged home confinement
have on the global national health should not be neglected.

A general lockdown, imposed repeatedly and maintained in the long period—without
giving alternative and viable options for the practice of physical activity, particularly
outdoor—may lead to a worsening of the population general health, in both healthy sub-
jects and those with a chronic condition, creating further medical emergencies and an
increased burden on the national health service. People suffering from chronic diseases
need special attention during a pandemic, and there should be some plan for them during
lockdown to reduce the impact on their health. We suggest, therefore, that at least individ-
ual outdoor exercise should be allowed and promoted, especially during daylight hours,
while maintaining physical distancing in case another lockdown will be enforced for the
containment of current and future pandemics.

Further research is needed in order to assess the amount of performed PA in a more
standardized and quantifiable way so that study results can be compared. In addition, it
should be necessary to have more information about the use of technological tools and
personalized and supervised PA, in order to value their effectiveness.
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Abstract: The present study aimed to analyze the impact of overground walking interval training
(WIT) in a group of sedentary older adults, comparing two different dose-distributions. In this
quasi-experimental and longitudinal study, we recruited twenty-three sedentary older adults
(71.00 ± 4.10 years) who were assigned to two groups of WIT. The continuous group (CWIT) trained
for 60 min/session in the morning, while the accumulated group (AWIT) performed the same duration
and intensity of exercise, but it was distributed twice a day (30 min in the morning and 30 more in
the afternoon). After 15 weeks of an equal external-load training (3 days/week), Bonferroni post-hoc
comparisons revealed significant (p < 0.050) and similar large improvements in both groups in
cardiorespiratory fitness and lower limb strength; even larger gains in preferred walking speed
and instrumental daily life activity, which was slightly superior for CWIT; and improvements
in agility, which were moderate for CWIT and large for AWIT. However, none of the training
protocols had an impact on the executive function in the individuals, and only the AWIT group
improved health-related quality of life. Although both training protocols induced a general significant
improvement in physical function in older adults, our results showed that the accumulative strategy
should be recommended when health-related quality of life is the main target, and the continuous
strategy should be recommended when weakness may be a threat in the short or medium term.

Keywords: physical activity; public health; aging; dose-response; cardiorespiratory fitness; agility
test; executive function; strength; older adults

1. Introduction

Increasing evidence suggests that prolonged sedentary bouts [1,2] and/or few breaks in sedentary
time [3,4] may damage metabolic health, independently of total sedentary time and moderate–vigorous
physical activity (PA) [5]. High volumes of accumulated sedentary time contribute to increase the
risk of cardiovascular disease, certain cancers, and premature mortality [6]. It is also associated with
chronic, sterile, low-grade inflammation underlying the pathogenesis of many age-related diseases,
described as inflammaging in older adults [7]. Since PA diminishes with age [8], sedentary time has
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become a world leading cause of death and disability according to the World Health Organization [9].
Similarly, research evidence confirms the negative impact of sedentary behaviors on physical fitness,
especially in older people [10,11]. This is associated with the development of functional limitations,
independently of PA levels [12]. Sedentary behaviors represent thus a serious public health problem in
these older individuals.

Conversely, regular PA positively influences almost every human’s physiologic system or
psychological aspect [13–15]. Exercise training is one of the most effective strategies for decreasing
the likelihood of sedentary lifestyles and age-related diseases, thereby promoting independence in
daily life activities and enhancing the quality of life in the growing older adult populations of many
countries [16]. In this scenario, walking or brisk walking is the main example of moderate-intensity
activity recommended by public health guidelines [17], because it is most frequently chosen by
seniors [18], it requires minimal equipment, and it offers opportunities for friendship and social
support [19]. Walking interventions, apart from being effective in increasing PA [20], are related to the
prevention of cognitive decline [21] and to the improvement of health-related quality of life in older
people [22]. Moreover, this kind of exercise may be a convenient activity to circumvent barriers to
training, since it can be performed in the individual’s proximity zone, and it can be performed at a
variety of intensities or modalities, either alone or in a group [23].

Classic proposals in walking programs to improve physical fitness in older persons have been
established on the following basis: moderate intensity (5–6 on a 10 point scale where all-out effort is
valued with a 10), minimum of 30 min, five days a week [24]. However, experimental findings have
demonstrated that moderate-to-vigorous PA, accumulated in short bouts (>10 min) and totaling at least
30 min in duration, may be as effective as longer bouts in improving some disease risk factors, like plasma
lipid profile, fasting plasma insulin levels, or body composition [25,26]. As a consequence, many PA
guidelines have evolved to incorporate this recommendation [17,27]. In addition, some authors
have proposed that PA guidelines in older adults should take into account the physical–behavioral
binomial [28], applying the training principles based on people’s activity or sedentary patterns. In this
way, exercise interventions in senior individuals should maintain active morning bouts and reduce
sedentary behaviors in the afternoon and evening hours [29]. Accumulative exercise (distributing
exercise training in the morning and in the afternoon) could be a good strategy to break and reduce
sedentary time, especially in the less active time-slots. Furthermore, to our knowledge, no-studies
have investigated whether accumulative proposals convey some advantage compared to similar doses
of continuous exercise regarding physical function in sedentary older people. In addition, it remains
unknown whether accumulated training enhances, more than does continuous training, the benefits in
functional outcomes or health-related quality of life.

The aim of the present study was to analyze the impact of an overground walking program on
physical function and health-related quality of life in a group of sedentary older adults comparing
two different dose-distributions (accumulative versus continuous). Given the analyzed changes in
body composition [25], we hypothesize that both strategies, tailored and periodized regarding their
capacities, will be effective with differences in effects size.

2. Materials and Methods

2.1. Participants

Older adults from the Health Care Centre of Buñol (Manises Hospital area) were recruited to
participate in the present study, which was approved by the ethics committee of the University of
Valencia (H1484058781638). Inclusion criteria were as follows: ≥60 years old and fit to participate
in a regular exercise program according to the medical referral; and sedentary (no participation in
a regular exercise program or intentional activities beyond normal daily habits within the previous
4 months), and reporting a gait speed higher than 0.6 m/s. Exclusion criteria were presence of any
disorder that would prevent the participant from being able to complete a training program, missing 4
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or more consecutive training sessions, and adherence lower than 75% to the training sessions. A total
of thirty-five older adults were screened, but only twenty-seven individuals met the inclusion criteria
and signed the written informed consent. Participants were homogeneously stratified into 2 groups in
terms of age, gender, body mass index (BMI), and gait speed in 6 m (this last categorized according to
the “Practical Guide for Prescribing a Multi-Component Physical Training Program to prevent weakness and
falls in People over 70”) [30]. Since three men and one woman did not complete the investigation for
reasons not related to the study, 23 participants (N = 23; 71.0 ± 4.1 years; 75.6 ± 13.1 kg; 10 female)
were included in the statistical analyses.

2.2. Research Design

The participants were enrolled to participate in this quasi-experimental and longitudinal study in
January 2017. During February 2017, a baseline multidisciplinary team assessment of each participant
was performed, comprising the gathering of relevant demographic and biological information,
functional ability, health-related quality of life, executive function, and instrumental activities of daily
living. Participants were assigned to two groups of supervised and tailored walking interval training
(WIT) for 15 weeks. The continuous walking interval training (CWIT) group trained for 60 min/session,
always in the morning, while the accumulated walking interval training (AWIT) group performed
exactly the same duration and intensity of exercise, but distributed twice a day (30 min in the morning
and 30 more in the afternoon) with at least 5-h separating each exercise bout. WIT programs started
in March 2017. After the 15 weeks had ended (June 2017), all the participants were re-assessed by
repeating the initial protocol.

2.3. Walking Interval Program (WIT)

All participants in the WIT program trained 3 times a week for 15 weeks (divided in 7 + 7 with a
week of rest between weeks 7 and 8). Sets, repetitions, intensity, duration of work, and active recovery
intervals are reported in Table 1. As previously described by our research group [25], intervals and
intensities were increased and scheduled considering the rating of perceived effort (RPE 1–10) and
adjusted by heart rate (HR) monitoring. Participants were instructed to walk close to the programmed
RPE, reinforcing the first sessions with some RPE familiarization tasks. In order to control their HR
(target: ≤80% HRmax), they were also provided with a Beurer PM-15 HR monitor, without chest strap
(Beurer, Ulm, Germany), and one individualized card with the HR estimated for every RPE zone.
All sessions began with a brief warm-up period and ended with a cool down including breathing,
stability, and joints mobility exercises.
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2.4. Outcomes

We assessed different functional ability and psychosocial parameters before and after the intervention
by the following tests and questionnaires.

2.4.1. Grip Strength (GS)

Grip strength (GS) was evaluated by the Takei 5401 adaptable dynamometer (Takei Scientific
Instruments CO., LTD, Tokyo, Japan). Following previous protocol [31], the contraction was maintained
for 5 s, with the arm stretched along the body. Two measurements were taken on each side, with 1-min
rest between them, and the best value was considered for the final analysis.

2.4.2. Six Minute Walk Test (6MWT)

Cardiorespiratory fitness was evaluated with the six minute walk test (6MWT), according to the
standard protocol [32], in a walking course of 30 m. Participants walked as fast as possible for 6 min,
without running, being encouraged in each lap. They were warned of the time at 3 and 5 min.

2.4.3. Five Times Sit-To-Stand Test (FTSST)

The five times sit-to-stand test (FTSST) was used to assess lower limb strength [33,34]. To perform
the test, the subject was instructed to cross both arms across his/her chest and stand up completely,
then sit and stand up a total of five times as quickly and safely as possible. Video recordings of the
test were analyzed with the sports analysis video player software Kinovea (https://www.kinovea.org).
Timing began when the subject’s buttocks took off from the seat and stopped when they returned to
the seat after the fifth repetition. The test was performed once. If the subject did not perform part
of the test correctly, he/she was stopped immediately by the investigator, and the test was restarted.
The subject was closely guarded by the investigator to ensure the correct performance of the test and to
prevent any injurious events.

2.4.4. Preferred Walking Speed (PWS)

Preferred walking speed (PWS), also known as “most comfortable” or “self-paced” walking speed,
was determined over ground on a 4.5 m walkway, using a system of two electric photocells by means
of the Chronojump Software (Velleman PEM10D photocell, Cronojump Bosco System, response time
5–100 ms). Participants completed the distance (without acceleration but with a 2 m deceleration
zone) walking at a comfortable and usual pace, and the mean of three attempts was taken as the PWS.
This PWS was evaluated in the screening phase and after the intervention.

2.4.5. Timed Up and Go Test (TUG)

We recorded the time that the participants took to rise from a chair, walk three meters, turn around,
and walk back to the seated position. Every participant repeated the timed up and go test (TUG) three
times and, when necessary, a rest period of up to 1 min was allowed in between tests. The stopwatch
was started on the command “Go”, and the time was stopped when the test subject’s buttocks touched
the chair seat again. The fastest of 3 timed trials were used for the reported testing. The fastest test was
selected, and the participants did not receive verbal encouragement during the protocol [35,36].

2.4.6. Executive Function

Executive function was assessed through the Stroop Color and Word Test [37]. This test consists
of three parts that provide information on reading ability and psychomotor speed executive function,
and that allow interference to be found in order to control the possible contaminating effect of the
first 2 parts. Thus, the interference (IN) was used as a representative value of the executive function,
according to the formula proposed by other authors [38].
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2.4.7. Instrumental Activities of Daily Living (IADL)

The VIDA questionnaire was used to assess instrumental activities of daily living (IADL).
This questionnaire assesses the autonomous realization of 10 activities, using a Likert scale with
3–4 responses. The total summative score can range between 10 and 38 points. The VIDA questionnaire
correlates well with the results of other tests assessing functioning like TUG and the Lawton and
Brody scale [39,40].

2.4.8. Health-Related Quality of life

The EQ-5D-5L was used to assess the health related quality of life [41]. This questionnaire
has two parts: the EQindex, a descriptive profile that can be converted into an index-summary
which defines health in terms of 5 dimensions (mobility, self-care, daily activities, pain/discomfort,
and anxiety/depression); and the EQVAS, where respondents rate their overall health using a vertical
visual analog scale from 0 to 100.

2.4.9. Other Variables

The following parameters were also collected during the study: age, sex, weight, height,
blood pressure, oxygen saturation, and HR. Arterial oxygen saturation (SpO2) and HR were determined
with a pulse-oximeter attached to the fourth finger of the left hand (WristOx2-3150; Nonin, Plymouth,
MN, USA), in a sitting position. Blood pressure was measured on the left arm with an Omron M3
Intellisense (HEM-7051-E) (Omron Healthcare, Kyoto, Japan) tensiometer. Standing height (m) was
registered by means of a stadiometer (SECA 222, Hamburg, Germany). Subjects were measured without
shoes with arms at their sides, looking straight, with knees together, and heels together. Shoulder
blades, buttocks, and heels touched the measuring board. Measurement was taken at maximum
inspiration with the head positioned in the Frankfort horizontal plane. After this, body weight (kg)
was also registered by bioimpedance (TANITA, model BC-545N, Tokyo, Japan). Participants were
weighed in light clothing controlling food intake in the previous hours to reproduce the evaluation
conditions. BMI was calculated by dividing weight (kg) by height squared (m2).

2.5. Statistical Analysis

The analysis of the data was performed with the SPSS statistics package version 23 (IBM SPSS
Statistics for Windows, Chicago, IL, USA). After testing for normality (Shapiro–Wilks), Student’s t test
or the Mann–Whitney U test (SpO2) were first applied for baseline group comparisons. A repeated
measures ANOVA was then conducted to analyze changes in health-related quality of life and
functional measures, considering the main effect of the intervention (pre-post overall comparison) and
the interaction between type*dose-distribution (CWIT vs. AWIT). Within-subjects effects tests at the
first level, followed by Bonferroni post-hoc tests, were performed with statistical significance set at the
level of p ≤ 0.05. Later on, in order to homogenize and analyze these changes, the effect size (ES) was
calculated by means of the Cohen’s d, where the effect was considered small (d = 0.20–0.40), medium
(d = 0.50–0.70), or large (d = 0.80–2.0) according to Cohen [42]. Descriptive statistics were expressed as
mean ± standard deviation (SD).

Changes in functional and health-related quality of life variables were further expressed as
percentage of change (calculated by means of the formula (post-score − pre-score)/pre-score × 100).
Student’s t test or the Mann–Whitney U test were applied looking for group comparisons within deltas.
Individual variables were checked for homogeneity of variance using Levene’s test. When differences
were found in any functional variable, Spearman correlations were performed considering BMI to give
light to these changes.
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3. Results

Table 2 includes the baseline characteristics of the participants. The CWIT and AWIT groups were
homogenous at the baseline features, with no statistically significant differences observed in terms
of age, gender, weight, height, BMI, systolic blood pressure (SBP), diastolic blood pressure (DBP),
SpO2, and HR. Functional and health-related quality of life outcomes were neither different at baseline
(p > 0.05). Participants completed the intervention with an adherence rate of 83.75%.

Table 2. Physical characteristics at baseline.

Total,
N = 23

CWIT,
N = 11

AWIT,
N = 12

Age, years 71.0 ± 4.1 71.7 ± 3.3 70.3 ± 4.7
Weight, kg 75.9 ± 13.2 71.5 ± 11.1 79.9 ± 14.2
Height, m 1.6 ± 0.1 1.6 ± 0.1 1.6 ± 0.1

BMI, kg/m2 29.1 ± 4.0 27.8 ± 3.1 30.3 ± 4.5
SBP, mmHg 152.4 ± 16.0 151.4 ± 14.4 153.4 ± 17.9
DBP, mmHg 82.5 ± 10.5 83.4 ± 9.5 81.7 ± 11.7

SpO2, % 94.4 ± 4.5 95.3 ± 2.6 93.6 ± 5.7
HR, bpm 73.4 ± 10.7 75.2 ± 12.4 71.7 ± 9.0

Gender

Females, % (n) 39.1 (9) 45.5 (5) 33.3 (4)
Males, % (n) 60.9 (14) 54.5 (6) 66.7 (8)

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; SpO2: arterial oxygen saturation;
HR: heart rate. CWIT: Continuous Walking Interval Training; AWIT: Accumulated Walking Interval Training.

The within-subjects effects test showed a significant main effect of “intervention” (p ≤ 0.05),
but there was not effect of the interaction “intervention × dose-distribution” strategy for any variable.
Only PWS, as revealed by a trend to significance (p < 0.100) (Table 3).

Table 3. Tests of within-subjects’ effects.

Variable Type III Sum of Squares df Mean Square F p Partial Eta Squared

Intervention

BMI 4.906 1 4.906 7.875 0.011 * 0.273
GS 42.13 1 42.13 6.72 0.017 * 0.243

FTSST 80.29 1 80.29 21.07 0.001 ** 0.501
6MWT 65,140.41 1 65,140.41 78.48 0.001 ** 0.789
PWS 0.68 1 0.68 90.58 0.001 ** 0.812
TUG 7.22 1 7.22 20.17 0.001 ** 0.490
IN 1.69 1 1.69 0.04 0.836 0.002

IADL 122.66 1 122.66 66.35 0.001 ** 0.760
EQindex 0.04 1 0.04 4.33 0.050 * 0.171
EQVAS 145.52 1 145.52 1.44 0.243 0.064

Intervention
×

Dose-distribution

BMI 0.045 1 0.045 0.073 0.790 0.003
GS 0.63 1 0.63 0.10 0.755 0.005

FTSST 2.85 1 2.85 0.75 0.397 0.034
6MWT 15.62 1 15.62 0.02 0.892 0.001
PWS 0.03 1 0.03 3.63 0.070 ł 0.147
TUG 0.47 1 0.47 1.32 0.263 0.059
IN 1.99 1 1.99 0.05 0.822 0.002

IADL 0.39 1 0.39 0.21 0.648 0.010
EQindex 0.01 1 0.01 0.78 0.387 0.036
EQVAS 41.17 1 41.17 0.41 0.530 0.019

BMI: body mass index; GS: grip strength; FTSST: five times sit to stand test; 6MWT: 6 min walk test; PWS: preferred
walking speed; TUG: timed up and go; IN: interference; IADL: instrumental activities of daily living; EQindex:
descriptive index of Euroqol; EQVAS: visual analogue scale of Euroqol. ** p ≤ 0.001; * p ≤ 0.050; ł p ≤ 0.100.

Regarding the main effect of the intervention, in the whole sample (Table 3), the repeated-measures
ANOVA showed significant improvements in lower limb strength (FTSST: 11.77± 3.36 vs. 9.10 ± 1.34 s),
cardiorespiratory fitness (6MWT: 522.26 ± 64.60 vs. 597.54 ± 80.28 m), PWS (1.16 ± 0.19 vs.
1.40 ± 0.15 m/s), agility (TUG: 7.40 ± 1.28 vs. 6.60 ± 0.89 s), autonomy (IADL: 32.83 ± 2.64 vs.
36.09 ± 1.76), health-related quality of life (EQindex: 0.85 ± 0.14 vs. 0.91 ± 0.09), and BMI (29.11 ± 3.99
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vs. 28.45 ± 3.86). Significant decrements were found in GS (34.65 ± 9.55 vs. 32.72 ± 10.21 kg).
Non-significant changes were found for executive function or EQVAS.

Further Bonferroni analyses of pre-post differences (Table 4) showed significant improvements
for both strategies on FTSST, 6MWT, PWS, TUG and IADL with large and moderate ES. The 6MWT
and FTSST showed similar large ES (d ≈ 1.0), while PWS and IADL showed large ES with a slight and
superior difference for the CWIT group. Conversely, the AWIT group revealed a large ES for the TUG
(d = 1.00), while the CWIT group presented a moderate ES (d = 0.49).

Table 4. Measures for continuous (n = 11) and accumulated groups (n = 12).

Pre-CWIT Post-CWIT ES Pre-AWIT Post-AWIT ES

BMI, kg/m2 27.8 ± 3.1 27.3 ± 3.1 ł 0.2 30.3 ± 4.5 29.5 ± 4.3 * 0.2
GS, kg 33.1 ± 9.1 31.4 ± 10.1 0.2 36.1 ± 10.1 33.93 ± 10.6 * 0.2

FTSST, s 10.9 ± 2.2 8.7 ± 1.5 * 1.1 12.6 ± 4.1 9.5 ± 1.2 ** 1.0
6MWT, m 529.9 ± 68.5 606.4 ± 80.6 ** 1.0 515.2 ± 63.0 589.4 ± 82.6 ** 1.0
PWS, m/s 1.1 ± 0.2 1.4 ± 0.2 ** 1.7 1.2 ± 0.2 1.4 ± 0.1 ** 1.2

TUG, s 7.1 ± 1.4 6.5 ± 1.0 * 0.5 7.7 ± 1.2 6.7 ± 0.8 ** 1.0
IN −4.7 ± 8.7 −3.9 ± 10.3 0.1 −8.3 ± 5.7 −8.3 ± 6.5 0.0

IADL 32.5 ± 2.6 36.0 ± 1.6 ** 1.6 33.1 ± 2.7 36.2 ± 1.9 ** 1.3
EQindex 0.9 ± 0.1 0.9 ± 0.1 0.3 0.8 ± 0.2 0.9 ± 0.1 * 0.7
EQVAS 74.1 ± 17.1 79.6 ± 18.1 0.3 77.5 ± 14.8 79.2 ± 16.0 0.1

BMI: body mass index; GS: grip strength; FTSST: five times sit to stand test; 6 MWT: 6 min walk test; PWS: preferred
walking speed; TUG: timed up and go; IN: interference; IADL: instrumental activities of daily living; EQindex:
descriptive index of Euroqol; EQVAS: visual analogue scale of Euroqol; ES: effect size. ** p ≤ 0.001; * p ≤ 0.050;
ł p ≤ 0.100.

The EQindex showed a significant increase only for the AWIT group with a moderate ES (d = 0.66).
No statistically significant variations were detected in any group for IN or EQVAS. Finally, GS showed
a significant decrease in the AWIT group but with a small ES (d = 0.21).

The percentage of change in the main outcomes measured in our study are reported in Figure 1
(physical function parameters) and Figure 2 (executive function, IADL and health-related quality
of life). We did not find statistically significant differences between CWIT and AWIT in any of the
measurements performed. Only PWS showed a trend to significance (p = 0.097), with a higher change
for the CWIT (27%) with regard the AWIT group (18%). Moreover, no-significant correlations (p > 0.05)
were found between the percentage of change in functional outcomes and the BMI (deltas).

Figure 1. Percentage of change in physical function measurements following CWIT (solid bar) and
AWIT (gray bar). GS indicates grip strength; FTSST, lower limb strength (time in seconds); 6MWT, 6 min
walk test (m); PWS, preferred walking speed (time in seconds); TUG, timed up and go (time in seconds);
CWIT, continuous walking interval training; AWIT, accumulated walking interval training.
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Figure 2. Percentage of change in executive function, instrumental activities of daily living,
and health-related quality of life measurements following CWIT (solid bar) and AWIT (gray bar).
IN, inhibition; IADL, instrumental activities of daily living; CWIT, continuous walking interval training;
AWIT, accumulated walking interval training.

Finally, although we did not find significant differences for executive function, we observed
that the CWIT group showed a negative percentage of change, while the AWIT group showed a
positive one.

4. Discussion

The purpose of this study was to investigate the effects of continuous versus accumulated bouts
of walking interval training on physical function and health-related quality of life in older persons.
Our first hypothesis was that both strategies would be effective in the improvement of physical function
and health related quality of life. In accordance with this hypothesis, our results showed that both
interventions evoke similar benefits on physical function and daily life activities, so the accumulation
of morning/afternoon exercise bouts does not exceed the beneficial effects of continuous walking
training in sedentary older adults. However, PWS, IADL, and TUG reported different ES regarding
both strategies. Additionally, we found no-improvements in GS, and only the accumulated strategy
was able to improve the health related quality of life after 15 weeks of walking training.

The effect of starting physical exercise on physical function seems evident in sedentary older
adults when it is properly programmed, tailored, and supervised by professionals [43,44], even at
very advanced ages [45]. Despite the medium duration of the intervention (15 weeks) [46], we found
similar improvements in cardiorespiratory fitness and lower limb strength, independently of the
protocol. Enhancing these variables over 15–20%, with a large ES (whatever the group and outcome)
is very important for older adults, since lower limb strength is related to falls prevention [47],
and cardiorespiratory fitness is an independent risk factor in terms of mortality from any cause [48].

Previous studies have evaluated the influence of continuous versus accumulated exercise
during the day, especially in cardiorespiratory fitness, with similar results for both strategies [49–51].
Nevertheless, these studies were conducted with younger subjects (<65 years) and/or with specific
pathologies (obese, diabetic, etc.) [49–51]. In addition, the duration of the exercise bouts may vary
among different studies between 10 and 30 min. For instance, Karstoft et al. [52] found that both
the accumulated walking bouts group (3 × 10 min/day) and continuous walking group (30 min/day)
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significantly increased the aerobic condition after eight weeks. In the same way, other authors found
improvements in both strategies in obese sedentary adults (continuous group achieved increases of
8% and accumulated group increased by 6%) in cardiorespiratory fitness [53]. Whatever the strategy,
the improvements were lower than the ones found in our study (about 15%). However, some studies
have shown slight differences, with the continuous strategy showing superior results in the first six
months training [54], which were equated with the accumulated strategy at 18 months. These data
suggest that to induce short-term changes, continuous strategies might be more effective.

The gradual increase in exercise-intensity and the modulation of the lap-duration through the
whole WIT, with walking intensities close to the anaerobic threshold in the last weeks of the intervention
(RPE of 7), can explain some of these differences. In the same way, as the walking speed increases
during exercise, the length of the step and the amplitude of the movement also increase, which is an
extra stimulus for the neuromuscular system [55]. Hence, the intensity of exercise in older adults
is an important matter [56–58]. Previous studies have already theorized that both accumulated and
continuous strategies could induce different adaptations due to differences in the effective intensity
of exercise (internal load). Concentrating the load may lead to more pronounced physiological
alterations [50], so the continuous dose would induce higher demands for exercises with similar
volume and external intensity, or even RPE, improving cardiovascular responses.

Regarding the changes in agility, it was significantly improved for both doses of WIT without
significance differences between groups, even though the ES was larger in the accumulated strategy
when compared to the continuous one. The most time spent in a sedentary behavior may explain this
result [59]. Agility usually comprises accelerations, decelerations, stop-and-go patterns, changes of
direction (cutting maneuvers), and eccentric loads [60]. Therefore, it could be hypothesized that older
adults who break sedentary behaviors more frequently could have slight benefits in this variable not
only related to exercise training, but due to displacement and higher motor-time associated with the
assistance to the training place.

Conversely, PWS and IADL showed a greater ES for the continuous strategy. Self-regulating
walking speed over a longer consecutive training time (60 min vs. 30 min) may have resulted in
participants in the continuous group being able to automate and apply that walking speed over a shorter
distance (such as 6 m). This could explain the different ES in PWS (CWIT = 1.66 vs. AWIT = 1.24),
which does not vary in aerobic capacity between strategies (CWIT = 1.02 vs. AWIT = 1.01). Regarding
IADL, improvements in this outcome may be associated with greater physical function due to the
increase in gait speed [61]. Therefore, our results support this association. In any case, improvements
in these variables are very important in older adults. For example Perera et al. [62] highlighted that
a higher walking speed is associated with a lower incidence of disability or mobility problems in
three years; and the ability to perform complex tasks that involve IADL (such as the responsibility for
preparation and taking medication, the control of domestic economy, the use of transport or telephone,
etc.) are basic in older adult lives and tend to decline quickly [63]. Unfortunately, the sample size
was not enough to consider any possible influence of gender in this different response to exercise
training. However, according to Scaglioni et al. [64], there are no gender differences in the older adults’
gait speed, despite the fact that several domains of this gait are sex-related, and hence sex differences
should be considered when preparing exercise programs in older adults.

As mentioned above, no dose-distribution has managed to produce positive effects on GS. In fact,
some authors have already pointed out that in programs aimed at aerobic conditioning, improvements
in strength depend largely on the muscle group involved in this type of exercise [44]. Specifically,
our data reflect a slight and significant decrease in GS in the accumulated group (low ES). Loss of GS
has been shown to vary according to BMI trajectory [65], which was significant for AWIT, and just
a trend for CWIT, but we have found no-correlation between the percentage of change in GS and
BMI in our study. Further studies will elucidate if 60 min are always enough stimuli to ensure the
reaching of the minimum neuromuscular (or metabolic) demands to maintain upper limb strength,
since accumulating this duration does not prevent loses in this capacity. Consistent with these results,
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Rooks et al. [66] found that an intervention of continuous walks (45 min) at an intensity chosen by the
participants maintained the levels of GS compared to the controls.

Although positive effects of aerobic training programs have been demonstrated to elicit selective
impacts in areas of executive functions (such as multi-tasking, planning, and inhibition) [11–13],
surprisingly, in this study we found no-significant improvements in executive function (interference)
after the intervention. Recently, it has been observed how cognitive performance (inhibition function)
could be maintained or even improved after a period of training cessation [67], experimenting with a
slower and more delayed evolution regarding physical function [68,69]. Given that detraining has not
been evaluated in this study, we cannot confirm this effect, but in any case, some authors consider that
maintaining executive function at these ages can also be considered a beneficial effect after this type of
intervention [70]. In addition, we point out the different percentage of change for each exercise group:
negative for continuous group, and positive for the accumulated (but without significant differences).
The high dispersion in this variable can provide an idea of the heterogeneity of older adults and suggest
that WIT could have benefited some participants, so exercise-training individualization matters.

Our results regarding health-related quality of life show a significant improvement for the
descriptive index of the Euroqol, but in the posterior analysis of Bonferroni comparisons, we found
that this difference is due to the AWIT group. Several factors can influence the quality of life in older
populations. Functional capacity, an active lifestyle, and good social relationships are some factors that
explained subjective quality of life [71]. Some authors have identified that factors such as interaction
with family and friends, enjoying nature, and being helpful to others are also important to the quality
of life of older adults [72]. Therefore, it is possible that the accumulated groups, having to carry out
a greater number of sessions, generate more opportunities for social encounters and mutual help
before and after the exercise session (such as sharing private transport to go to the training sessions).
Moreover, the walking program took place in a natural environment, with the psychosocial advantages
that this entails [72,73].

The main limitation of our study is that we could not compare PA levels or changes in sedentary
behavior after the intervention. Quantifying PA levels through accelerometry could have given more
information about the transfer of both strategies towards more active lifestyles. In addition, the small
size of the sample implicates some uncertainty when extrapolating the results and becomes another
limitation of our study, jointly with the slightly different sexual composition between groups in the final
sample (in the second group the males were twice as many as the females). Future research is needed to
confirm that accumulated and continuous exercise produce similar but not equal improvements in older
adults following walking interval training, and whether other types of exercise (like multicomponent
programs) evoke differences in functional or quality of life outcomes.

5. Conclusions

As far as we know, this is the first study to compare the benefits of accumulating or concentrating
the dose of a WIT on physical function and health-related quality of life in sedentary older persons.
Public health policies aimed to prescribe walking exercise programs must account for the specific
implications of exercise dose-distributions also in this population, knowing that exercise prescription
is a complex process and requires manipulating individual training loads.

According to our results, when comparing the effect of splitting a continuous bout of interval-
walking into shorter bouts (of equivalent total duration dispersed throughout the day), the accumulated
program provides, at least, similar benefits on physical function compared to the continuous program.
These findings provide further evidence that bout length is not a determinant of the health functional
effects associated with exercise. Moreover, while continuous exercise can provide a slight difference
for PWS, fractionalizing a single exercise into two series throughout the day can do so for autonomy,
agility, and health-related quality of life. It is noteworthy that accumulated strategies may also have
additional consequences, helping to change sedentary behavior in the short-term.
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Abstract: The fitness sector is an essential player in the promotion of physical activity and healthy
behaviour in Europe. However, the sector is confronted with numerous socio-demographic trends
that will shape its ability to be financially successful and contribute to public health. The sector must
understand current drivers of change and the skills its workforce needs to navigate them. As such,
using the results of a 2019 Delphi Survey of over 50 fitness experts from 26 countries, we aim to
define the drivers of change facing the sector and identify the skills needed by the fitness workforce to
navigate these changes. We find that several technological, social, health and economic trends affect
the sector. As a result, so-called soft skills such as communication or customer service, along with
digital technology skills, are becoming increasingly important. There is also growing recognition that
fitness professionals need to be trained to work with a number of special populations. Furthermore,
we argue that many of the trends identified here—such as the increasing use of technology or the focus
on individual customer needs—have been accelerated by the COVID-19 pandemic. We conclude by
arguing that well-developed, pan-European qualifications are needed to address these common issues.

Keywords: fitness; exercise; foresight; delphi study; Europe

1. Introduction

Physical activity helps prevent and treat a plethora of non-communicable diseases while also
improving mental health, quality of life, and well-being. Despite these well-known benefits, over the
last decade in Europe, there has been a decrease in overall physical activity and a concomitant increase
in obesity. Between 25 and 35% of the European population is physically inactive [1], and similar
percentages are obese [2]. In its latest Global Action Plan, the World Health Organisation emphasised
the importance of building active societies as a strategic objective to strengthen the promotion of
physical activity. In this regard, supporting pre- and in-service training to increase knowledge and skills
related to the fitness sector professionals, along with other health sector stakeholders, was proposed
as a policy instrument to help reduce worldwide physical inactivity by 2030 [1]. Similarly, the
Regional Office for Europe of the World Health Organization suggests that states should support
membership in fitness centres as a way to promote physical activity amongst younger and more
vulnerable demographic groups [2].
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These facts reinforce the importance of providing high-quality, responsive fitness offers in a variety
of communities and settings. To some extent, the fitness industry has attempted to address these needs
and support the current public health agenda. For instance, the industry has increased the number of
facilities available and has also promoted the development of recognised qualifications. As a result,
over the last decade, fitness users have increased by 72%, and almost 10% of all European adults are users
of fitness services [3]. Authors of previous reports have tried to analyse the ongoing professionalisation
of the industry, pointing out areas where the workforce excel, what the emerging trends are, and where
the industry should turn its focus [4]. In this sense, and despite this business growth, fitness employers
face numerous challenges that impede service delivery. There are significant skill shortages and
mismatches within the fitness workforce. Based on Cedefop’s skills online vacancy analysis tool,
the European fitness sector alone is seeking to fill 115,000 vacant positions [5]. Employers also struggle
to find staff with the right skill set to meet the industry’s evolving needs. One in five employers report
difficulties recruiting the trainers they want to work in their clubs [6]. Furthermore, fitness employers
must consider how their current and future workforce will need to evolve to support changing public
health needs. In short, though the industry has been active in trying to sustain its growth and support
public health, there remain significant present and future challenges.

It is against this backdrop that EuropeActive (EA)—the European body for the fitness
industry—launched the Sector Skills Alliance (SSA) for Active Leisure [7] according to the Council of the
European Union declaration on the European Alliance for Apprenticeships [8]. From the SSA, the Blueprint
for Skills Cooperation and Employment in Active Leisure project emerged [9]. These initiatives aim at
developing a sector skills strategy for the fitness sector in collaboration with several European organisations,
representing employers and employees, national authorities, training providers, higher education,
and research institutions, as well as other relevant sector stakeholders.

Building on findings from the Blueprint project [10], the following paper aims to answer two
main questions: (1) what are the main drivers for change and development in the fitness sector by
2030 and how will this impact fitness services? and (2) what skills will fitness professionals need by
2030 in response to these drivers? Identifying these drivers and skill requirements not only allows
the fitness industry to ensure its continued sustainability, but it also provides valuable insights for
the sector to continue supporting the public health challenges described above. Based on the results
of a European Delphi study of experts from across the fitness sector, our study aims to identify the
drivers most likely to impact the fitness sector and map out the specific skills needed within the fitness
workforce to address them. Furthermore, as this study was conducted in 2019, we will argue that the
trends and skills identified remain highly relevant despite the massive global changes created by the
COVID-19 pandemic.

2. Materials and Methods

2.1. Design

The Delphi method has traditionally been used for several purposes, including aggregating
ideas, generating consensus and forecasting [11,12]. The current study is aligned with this latter
purpose. As outlined above, our goal is to identify the main drivers for change and development in
the fitness sector as well as the related skill requirements for fitness professionals. Here, we define
fitness professionals as instructors, trainers, and other exercise specialists, qualified to deliver diverse,
structured exercise programmes that help people of all ages and abilities to improve their fitness,
and physical and mental health [4].

In the brainstorming phase, a focus group discussion allowed experts to elaborate on the influences
affecting the fitness sector. Based on the qualitative results generated, we implemented two survey
rounds for a broader panel of experts. Within this survey, experts were asked to establish preliminary
priorities among the survey items. Specifically, respondents were asked to evaluate, on a four-point
scale, if a particular trend or challenge was either significant (4 = Significant Impact to 1 = No Impact)
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or likely (4 = Extremely likely to 1 = Unlikely). After the initial survey round, a second survey was
sent whereby each expert received a questionnaire with the priorities summarised from the previous
round. This second survey allowed experts to confirm or revise their opinions. Typically, the literature
on the Delphi method suggests that consensus is achieved somewhere between 70% and 80% [11–13].
Given this, here, a consensus was determined when at least 75% of respondents ranked an item as
either extremely likely/likely or as having significant/moderate impact. Finally, to further validate
findings, survey results were presented and discussed in a smaller face-to-face expert focus group.

Finally, it should be noted that our data was collected shortly before the COVID-19 pandemic.
Nevertheless, we analyse them later in the context of the needs and changes in the fitness sector caused
by the situation. Additionally, in November 2020, our outcomes were discussed by a broad group
of experts during the 3rd Meeting of the Sector Skills Alliance in Active Leisure [14] and The 11th
EuropeActive International Standards Meeting [15].

2.2. Sampling

Purposive and snowball sampling were used to identify participants. As the Delphi method
relies more on group consensus building than on statistical power, we aimed to achieve at least the
recommended minimum sample size of 20 [13]. Experts were selected based on their experience and
engagement in the European fitness sectors, be it in terms of advocacy, management, implementation,
or research. As such, experts could represent national fitness associations, fitness providers,
governmental bodies, European organisations, or academic institutions. Thus, the experts possessed
both a wealth of experience as well as the diverse set of perspectives needed to build industry-wide
consensus. Ultimately, this range of experts enhanced the credibility and applicability of the results,
increasing the overall reliability of the findings. Similarly, the inclusion of experts who have knowledge
of the sector and the multiple rounds of data collection support the validity of the results [12].

We targeted experts for the brainstorming amongst participants of the Sector Skills Alliance (SSA)
for Active Leisure meeting held on the margins of the 9th EA International (Fitness) Standards Meeting
(ISM) in Warsaw, Poland, in 2018. We further identified experts based on references provided by staff
at EuropeActive and partners of the Blueprint project, leading to a list of 152 experts. Prior to taking
part in the study, we explained the purpose of the study and that participation in the process was
voluntary. Furthermore, all responses have been anonymised for publication.

2.3. Data Collection

2.3.1. Brainstorming

The brainstorming phase took place amongst members of SSA during the 2018 ISM in Warsaw,
Poland, where a focus group discussion was held. The brainstorming looked to identify drivers of
change in the fitness sector and how these drivers might impact the provision of services as well as
employment in fitness. This discussion took place on 14 November 2018 with 17 participants and was
jointly conducted by the fourth and fifth authors.

2.3.2. Online Survey

The survey was sent out in two rounds, and each round was sent to the 152 identified
experts. The first round was conducted between 19 February 2019 and 3 March 2019, leading to
54 replies (response rate of 35.5%). After completion of the first round, we reviewed the data and
reformulated open-ended responses into statements for verification in the second round. The second
round was held between 11 and 24 March 2019, generating 50 replies (response rate of 30.4%).
Overall, the sampled experts included a broad range of relevant sub-fields and represented over 25
European countries. Most prominently, vocational training providers, government representatives,
and employers represented more than half of responses. Furthermore, 72% of respondents reported
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having more than ten years of experience in the industry. The breakdown of the background and
location of experts are presented in Tables 1 and 2, respectively.

Table 1. Background of Experts.

Round 1 (n = 54) Round 2 (n = 50)

Description Number Per Cent Number Per Cent

Vocational Training Provider 15 27.78% 7 14.00%
Government/Government Agency/NGO/EU

institution (EU/national/regional/local) 12 22.22% 11 22.00%

Operator (employer) 10 18.52% 10 20.00%
Other (e.g., consultant, federation) 9 16.67% 10 20.00%

Researcher/higher education institute/university 5 9.26% 8 16.00%
Other fitness professional 2 3.70% 2 4.00%

Personal Trainer or higher-skilled fitness professional 1 1.85% 1 2.00%
Public Employment Service (National/EURES) 0 0.00% 1 2.00%

Table 2. Location of Experts.

Country Round 1 (n = 54) Round 2 (n = 50)

Belgium 5 5
Bulgaria 1 0
Croatia 1 0
Cyprus 1 0

Czech Republic 0 1
Denmark 1 0
Finland 5 5
France 1 2

Germany 4 4
Greece 2 2

Hungary 1 1
Iceland 1 1
Ireland 1 3

Italy 4 2
Malta 1 1

Moldova 1 0
Other 0 2

Poland 4 1
Portugal 1 2
Russia 2 0

Slovenia 0 1
Spain 5 6

Sweden 1 3
The Netherlands 7 4

Turkey 1 1
United Kingdom 3 3

2.3.3. Validation

In April 2019, we compiled data from the two survey rounds and sent a summary to 21 members
of the Sector Skills Alliance for online review and feedback. Additionally, we further validated our
findings through a supplementary focus group discussion on 27 June 2019 with 16 members of the Sector
Skills Alliance. This discussion was jointly conducted by the first author and an external consultant.

2.4. Data Analysis

Qualitative (i.e., open-ended responses) generated throughout the Delphi survey process were
analysed following a process of thematic analysis. This process helped us identify the main trends and
issues that emerged throughout the open-ended responses and focus group discussions. We used the
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process of thematic analysis described by Braun and Clarke [16] to organise the data. This included
becoming familiar with the data, searching for themes, reviewing potential themes, defining final
themes, and writing the data. Quantitative, Likert scale data obtained from the Delphi surveys were
entered into a tabular format, and descriptive statistics were generated.

3. Results

3.1. Main Drivers for Change and Development in the European Fitness Market Over the Next Decade

As can be observed in Figure 1, 69% of the experts found that digitalisation and technologies will
have a significant impact on the fitness sector over the next decade. Likewise, 65% of experts felt that
health and demographics will have a significant impact on the industry by 2030. Other potentially
significant drivers such as society and communities (48% of the experts) and economy and innovation
(28% of the experts) were rated by the experts less highly in comparison.

Figure 1. Level of impact of the main drivers for change and development over the next decade in
percentages (%) by the experts (n = 50). In dark blue, significant impact. In light blue, moderate impact.
In black grey, limited impact. In light grey, no impact.

3.2. Characteristics of Fitness Places Over the Next Decade

Figure 2 shows the potential characteristics of fitness places and how likely they will be by
2030. In this regard, more than half of the experts (52%) perceived it as extremely likely that fitness
places will provide an experience to the users. More specifically, this experience should be inherently
social and support the creation of fitness communities. Following closely behind, 45% of the experts
reported it as extremely likely that fitness centres will work more on customer retention than at present.
Lastly, 41% of the experts reported that fitness places will adopt a special concept such as micro-gyms,
boutiques, or high-tech gyms.

3.3. Skills of Fitness Professionals Over the Next Decade

Figure 3 depicts how the experts rated the likeliness of several variables related to the future skills
and requirements of fitness professionals. In this regard, the responses indicated that higher levels of
agreement exist over two main issues. First, there was a broad agreement over the need for fitness
professionals to work on a variety of health issues and with a range of populations. Items including
skilled to work with special populations (e.g., older people, people with non-communicable diseases),
skilled to work in health prevention, and being more of a lifestyle coach were rated as extremely likely
by 59%, 50%, and 42% of the experts, respectively. Second, various soft skills were seen as increasingly
required. Items including being highly skilled, having better communication skills, maintaining an
attitude of continued learning and career development, and providing more accurate information,
were rated as extremely likely by 52%, 50%, 50%, and 46% of the experts, respectively. Elsewhere,
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variables related to technology did not generate the same levels of consensus. Items such as being
booked and rated online and skills connected with self-marketing were rated as extremely likely by
41%, 41%, and 26% of experts, respectively.

Figure 2. Levels of likeliness rated in percentages (%) by the experts (n = 50) about how fitness places
will be by 2030. In dark blue, extremely likely. In light blue, likely. In black grey, somewhat likely. In
light grey, unlikely.

Figure 3. Levels of likeliness rated in percentages (%) by the experts (n = 50) about the required
skills/characteristics of fitness professionals by 2030. In dark blue, extremely likely. In light blue, likely.
In black grey, somewhat likely. In light grey, unlikely.

4. Discussion

Using the results of a 2019 Delphi Survey, our study aimed to define the drivers of change
facing the fitness sector, understand how these drivers will influence fitness places, and outline the
professional skills needed to navigate these changes. Thus, our work fits in with other research looking
at trends in the industry. However, much of this other work focuses on a single group of respondents
such as fitness trainers [17] or employers [6]. In that sense, our present study is unique as it generates
findings and consensus across a broad range of experts, hence ensuring a wider variety of perspectives
and increased validity.
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First and foremost, our results highlight the need for the fitness sector and fitness professionals to
be better aligned with the health sector to contribute to the emerging public health agenda. For instance,
the importance of working with special populations (e.g., older people, people with non-communicable
diseases), working in health prevention and being more of a lifestyle coach rated very highly in our
study. This aligns strongly with other studies, both pre- and post-pandemic, that also found that
skills relevant to disease prevention and health promotion are critical for fitness professionals [6,17,18].
Furthermore, the desire to improve the health of the clients and reduce non-communicable diseases are
some of the primary motivators behind the work and further education of fitness professionals [19].

The continued development of links between the fitness industry and the health sector is not
only relevant in light of the challenges posed by obesity or physical inactivity, but emerging research
suggests that the fitness sector can play a critical role in mitigating the effects of COVID-19. Physical
activity can play a significant role in reducing COVID-related mortality and will have a crucial role in
recovering health lost during the pandemic. Physical fitness enhances the immune system [20] and
helps reduce obesity, which is a predictor of mortality amongst COVID patients [21]. In addition,
physical activity can help to recover from the effects of severe lockdowns and restrictions on physical
and mental health [22]. In any event, the survey and focus group results highlight the need for
the fitness sector to work more closely with the health sector to support primary prevention of
non-communicable diseases and supporting behaviours change for healthy lifestyles more generally.
Though in the past, there have been medical referral schemes connected to the fitness sector, this
referral was specialized more in clinical exercise interventions helping to manage secondary and
tertiary prevention (i.e., preventing a disease from getting worse or managing an existing disease) [23].
We must also note that medical professionals must likewise become better equipped to interact with
the fitness sector. Based on recent studies, general practitioners show very low levels of knowledge
about physical activity guidelines and exercise promotion in primary health care is very rare [24–26].
According to Füzéki et al. [24] “strengthening the topics of physical activity and health and physical
activity counselling in medical curriculum is strongly recommended” as it would prepare health
care providers for effective collaboration with fitness professionals to support increased physical
activity levels.

Another group of variables increasingly needed by fitness professionals are related with the soft
skills (i.e., personal transversal competencies such as social aptitudes, communication, teamwork,
and other personality traits) that improve the provision of services and products. In our study,
being highly skilled, having better communication skills, maintaining an attitude of continued learning
and career development, and providing more accurate information were rated as extremely likely
requirements for fitness professionals by around 46–52% of the respondents. Yet, though these skills
are seen as more and more essential, research has suggested that fitness professionals lack many of the
required communication, social, and counselling skills [19,27]. This mirrors concerns from employers
in other industries [28], and most fitness professionals need additional training when starting a job.
This reflects the changing nature of the fitness profession, whereby how to communicate and engage
with clients is now a cornerstone of the provision of services. Indeed, most fitness professionals
possess entry-level (e.g., EQF level 3 or 4) instructor or personal trainer qualifications [29]. Educational
standards for these levels contain learning outcomes related to communication, client motivation,
and counselling [30]. The low level of soft skills among fitness professionals, observed by other
authors, may result from the way their education and training is carried out and how the required
competencies are verified. Indeed, it is much more challenging to assess the achievement of soft skills
compared to technical skills. This conclusion has been incorporated into work on the development of
learning outcomes assessment strategy for fitness professionals under the Blueprint project [9]. Yet the
need for interpersonal skills and continued learning are embedded in the ever-changing notions of
the fitness profession. Fitness trainers now routinely take on a multitude of roles, including those
of teacher, trainer, counsellor, coach, supervisor, supporter, nutritionist, life management advisor,
weight controller, or even personal life consultant [31–33]. In addition, fitness professionals will need
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to be given the skills and knowledge to deliver services in a variety of new settings. At present,
fitness centres are predominantly large-scale facilities solely dedicated to the provision of exercise
services. Moving forward, numerous new fitness concepts are emerging, including integrated wellness
offerings, outdoor gyms, smaller boutique gyms, and even gyms within retail locations [17,34,35].
Technology also directly impacts the scope and nature of the skills required. As noted as early as
1960 by Kerr [36], technology directly influences skill requirements. Today, institutions must therefore
find a balance between physical workplace demands and the skill sets essential to meeting current
technological needs.

While technology was reported in this study and preceding reports as a critical driver for change
in the fitness sector, in our analysis, technology-related skills were rated less highly compared to other
skills for fitness professionals (i.e., being booked and rated online or skills related with marketing).
This is in line with a previous report where technology-related trends were rated less highly compared
to other issues [17]. However, almost 80% of owners, operators, and gym managers report that online
training and the use of technology are emerging trends in the European region [6]. In other words,
though technology is perceived as a critical driver, it is not entirely clear to fitness experts exactly how
that will translate to fitness places or the skills of fitness professionals.

Nonetheless, based on developments in the broader health sector and the impact of the COVID-19
pandemic, we can anticipate some of the directions technology might take within the fitness sector.
Experts from the World Health Organization noted that digital health, or the use of digital technologies
for health, “has become a salient field of practice for employing routine and innovative forms of
information and communications technology to address health needs” [37]. Related to this is the concept
of mobile health (mHealth), defined as “the use of mobile wireless technologies for health” [37]. In the
current landscape, we can already see manifestations of “digital fitness” or “mFitness”. For instance,
individuals can continuously monitor their physical activity with the use of wearable technology [38].
Elsewhere, specialised applications provide quick feedback on the implementation of the prescribed
exercise programme and may support the maintenance of client motivation [39].

The COVID-19 pandemic has further focused the industry’s attention towards providing digital
or mobile services. The closure of fitness clubs and the compulsory limitation of direct social
contact resulted in many people experiencing online home fitness for the first time. Consequently,
during lockdown, many exercise professionals and gyms began to provide their services exclusively
online. The technological drivers of change identified within our survey remain relevant but have
indeed been greatly accelerated. Further, this technological shift is likely to continue after the pandemic
as the benefits and risks of online training become ever better understood [40–42].

In response to the growing need for digital fitness offerings, EuropeActive has been developing
a supplementary qualification concerning the online provision of fitness services (9). It includes the
professional competencies necessary for fitness professionals to be able to carry out their professional
tasks safely and effectively while using online tools [43]. Here, online fitness services should
be understood as something much broader than just conducting live exercise sessions via online
technology. It includes all the stages related to guiding and coaching clients to positive lifestyle
behavioural change and integrating healthy behaviours into daily routines [44].

Similar qualifications for various fitness professionals, aligned with the European Qualification
Framework (EQF) and its associated recommendations, have been developed over the last many
years to address many of the special, or clinical, populations identified above. At present, specialised
qualifications related to active ageing, diabetes, and pre- and post-natal exercise are formally in
place [45]. Ultimately, these current and future qualifications support the delivery of improved,
increasingly relevant professional skills.

However, there remain substantial challenges in the delivery and recognition of these qualifications.
Not all qualifications are delivered in all countries. Further, often, qualifications that are aligned to the
EQF and recognised on the National Qualification Framework (NQF) of one country are not formally
recognised in other EU member states. In turn, these factors conspire to limit the development and
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mobility of fitness professionals—which then further impedes the sector’s ability to address the drivers
of change identified here. As a result, this provokes a shortage of qualified professionals in the sector
and limits individual career development. In response, we argue that more European coordination,
development, and mutual recognition of qualifications are needed to help the fitness sector become a
holistic, well-developed sector able to support the current public health agenda. To that end, both the
European Commission and individual countries have a responsibility to support the development
of relevant qualifications and ensure their recognition across the continent. As our study makes
clear, there is consensus about the drivers of change and skills required across a broad thematic and
geographic range of experts. Though we do not wish to dismiss country-specific needs or realities,
our results make clear that many pan-European challenges would benefit from pan-European solutions.

Finally, we recognize that there are important financial implications involved in the development and
delivery of qualifications, as well as in the remuneration of an increasingly educated and professionalized
workforce. It is certainly beyond the purview of our paper to engage in a comprehensive cost-benefit
analysis. However, it is clear to us that current difficulties in attracting and retaining qualified staff as well
as the importance of client retention would more than likely justify these investments. Staff turnover is
a high cost for businesses, and recent research in the fitness sector suggests that more educated staff can
support client retention [46,47]. If the fitness industry does not upgrade and update its qualifications to
meet current challenges and ensures a satisfied, well-paid workforce, the challenges, and threats, posed
by lacklustre staff and client retention will remain. In addition, investment in high-quality exercise
specialists and the promotion of physical activity can potentially lower the social costs associated with
treating diseases caused by physical inactivity. This issue is still being analysed by other authors [23].

As the first Delphi study on foresight for the fitness sector, our work has its limitations. For instance,
some factors, based on the brainstorming phase, have been combined, like “innovation and economy”
or “health and demographics”. In hindsight, analysing them separately would have provided more
information on the main drivers of development in the fitness sector. There is also a need to integrate
fitness clients into such studies, as these end-users are often absent in research on the sector. Similarly,
many forecasting studies are predicated on pan-European perspectives. However, there remains room
for nationally-focused, comparative research that looks to identify commonalities and differences
across individual European states. Ultimately, such multi-directional analysis would allow for a better
understanding of the sector’s needs and more effective preparation against upcoming changes.

5. Conclusions

Building on the results of a 2019 Delphi Survey conducted in the context of EuropeActive’s
Blueprint project, our study aimed to define the drivers of change facing the fitness sector, understand
how these drivers will influence fitness places, and outline the professional skills needed to navigate
these changes. Ultimately, we find that technology, healthcare needs, and customer retention are
critical drivers of change in the fitness industry. In response to this, fitness professionals must improve
both their professional skills, especially as they relate to service provision for special populations,
as well as their soft skills.

Though the global landscape has changed significantly since this study was conducted due to the
COVID-19 pandemic, we argue that the results here are as relevant as ever. The ability to engage with
technology and to have an understanding of specific health-related issues have only come into sharper
focus due to the pandemic and its related social changes.

Moving forward, it will be imperative for the fitness sector to continue developing
pan-European solutions and qualifications to address these continent-wide trends and challenges.
Likewise, government agencies must redouble their efforts to recognise such qualifications both within
their countries and from other European countries.
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Abstract: Leisure-time physical activity (LTPA) has been well documented as having substantial
health benefits. The 2014 Chinese Fitness Survey Report stated that a lack of physical activity (PA)
spaces is the most important non-human factor, leading to 10% of leisure-time physical inactivity in
people aged 20 and above. We investigated the provision of sports venues in China and discussed
the development of sports venues and national fitness policies in the context of promoting LTPA
and public health. We analyzed information from China’s most recent sport venue census, the Sixth
National Sports Venues Census, conducted in 2013. The number of sports venues increased between
2000 and 2013, with an inflection point around the year 2008. At the end of 2013, there were 12.45
venues for every 10,000 residents, and the per capita area was 1.46 m2. However, numbers were still
small compared with the United States and Japan. The percentages of full-time access, part-time
access and membership venues were 51.5%, 14.3% and 34.2% respectively. Only half of sports venues
were fully open to the public, meaning that the realized number and area per capita could be even
lower. A lack of sports venues forces people who want to engage in PA to occupy other urban spaces
that are not planned and designed for PA. Urban parks had 119,750 fitness station facilities (3.32%
of the total), and 2366 urban fitness trails (19.24%), with a combined length of 6450 km (32.91%).
On average, urban and rural areas had 13.17 and 10.80 venues per 10,000 persons, and 1.83 m2 and
0.97 m2 per capita. The urban-rural gap in sports venues exactly embodies some aspects of the
“urban-rural dual structure” in China’s society. Measures to promote PA should focus on new and
existing sports venues. In the policy making process, Chinese governments need to pay attention to
the potential impact of related, external factors such as the gap between the urban and the rural and
the potential advantage of indoor venues against summer heat and air pollution.

Keywords: National Fitness Programs; per capita area; school sports facilities; urban parks; rural
sports venues

1. Introduction

Globally, more than 1.4 billion adults over the age of 18 did not reach the recommended levels
of physical activity (PA) in 2016. According to the first study of worldwide trends in insufficient PA,
this increases their risk of contracting the world’s major non-communicable diseases (NCDs), such as
hypertension, cardiovascular disease, type 2 diabetes, dementia and some cancers [1]. As one of
the most populous countries and a typical upper middle-income country, mainland China (hereafter
“China”) faces a prevalence of NCDs and physical inactivity. Based on the Global Cancer Statistics
2018, China leads in cancer incidence and mortality rates in the world, and around one in five cancer
patients come from China [2]. In 2017, over 114 million adults with diabetes lived in China (one in
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every 10 adults had diabetes), which was more than one-fourth of diabetes patients worldwide [3].
NCDs account for 88% of mortality in China, causing more than 70% of the total disease burden [4].
Zhang and Chaaban [5] suggest that physical inactivity contributes to an increased risk of five major
NCDs (i.e., coronary heart disease, stroke, hypertension, cancer and type 2 diabetes), which in China
constitute between 12% and 19%, and which alone account for more than 15% of the medical and
non-medical yearly costs of the principal NCDs.

PA can be divided into leisure-time, occupational, transport-related and domestic activity
categories. Occupational and domestic PA comprises the vast majority of PA among Chinese adults,
while the amount of leisure-time and transport-related PA is very small in comparison [6]. A sharp
decline in PA levels was observed by the China Health and Nutrition Survey using repeat measures
and largely driven by a reduction in occupational and domestic PA. Transport-related PA, such as
walking and cycling to and from work, has also sharply declined due to the skyrocketing car and
e-bike ownership in China. The proportion of bicycle trips in Beijing dropped from 62.7% in 1986
to 11.3% in 2014 [7]. Bicycle lanes and sidewalks have been routinely compressed in order to tackle
congestion problems caused by high car use. The increase in traffic injuries is a serious threat to the
safety of pedestrians and cyclists. Wang et al. [8] investigated road traffic mortality in China from 2006
to 2016 and found pedestrians to be the most vulnerable road users. An in increase in sedentary jobs
and an increased reliance on motorized transport have made leisure-time physical activity (LTPA)
more important in fulfilling recommended PA levels [9].

LTPA has been well documented as having substantial health benefits, including improving
physical wellness, lowering stress and depression, and leading to faster healing from medical conditions
(also called recreational therapy) [10,11]. Although LTPA increased from 2.2 MET hours/week in 1991
to 4.8 MET hours/week in 2009 for Chinese adults, it was at 11.9 MET hours/week in 2009 for American
adults and 14.8 MET hours/week in 2005 for British adults [12]. Additionally, this gap is projected to
further widen in the future. The 2014 Chinese Fitness Survey Report (CFSR) states that the lack of PA
spaces is the most important non-human factor, leading to 10% of leisure-time physical inactivity for
people aged 20 and above [13]. The report also shows that about 34% of people aged 20 years and
older who participate in LTPA use public sports venues, and another 12% use workplace or community
sports venues that are only open to specific people. Sports venues play a vital role in promoting LTPA,
especially public venues that are of no or low cost [14].

Chinese society has attached great importance to the development of sports venues. One key
target of the Healthy China 2030 Plan and the National Fitness Programs is to enhance the growth of
sports facilities. Since the founding of the People’s Republic of China in 1949, much effort has been
made to build sports venues [15]. However, the insufficient resources of sports venues still restrict the
proportion of adults who meet the minimum LTPA recommendation. In addition to the low per capita
supply of sports venues, other characteristics of sports venues have a significant impact on the national
levels of LTPA [16]. These characteristics include number and area, distribution in different networks,
opening status, weekly visits, types of sports venues, sports venues in urban parks and urban-rural
divide. Nevertheless, there have been few studies conducted on the provision of sports venues in
China and on their impacts on LTPA and national fitness policies. Therefore, the purpose of this study
was to investigate the provision of sports venues in China, analyze the pertinent characteristics of
sports venues associated with LTPA and discuss the development of sports venues and national fitness
policies in the context of promoting LTPA and public health. The findings of this study will be useful
in clarifying the gap between the provision of sports venues and national LTPA targets, which could
support decisions on upgrading existing sports venues and the size, type and function of new sports
venues, while also preparing proposed investments.
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2. Methods

2.1. Data and Subjects

The Sixth National Sports Venues Census (NSVC), China’s most recent one, was conducted in
2013. It included 84 types of sports venues (e.g., basketball courts, fitness stations and small-area
sports courts) in various networks, industries and ownerships in China. The General Administration
of Sports and the Ministry of Education led the national census. This census was divided into four
hierarchical levels (national, provincial, prefecture and county), with data aggregated from the smallest
to the largest spatial scale. Additional census details were obtained from the Data Compilation of the
Sixth NSVC [17].

Sports venues refer to sports facilities dedicated to sports training, competitions and fitness
activities, including functional affiliated buildings that are required for this purpose. Sites that are
temporarily used for sports activities, such as conference rooms, auditoriums, warehouses, etc., are not
included, and nor is construction. Major sports facilities used in this study included basketball courts
(an outdoor stadium with fixed baskets for training and fitness, a minimum competition area 28 m
long by 15 m wide and a surrounding, 2-m buffer extending from the competition area), fitness stations
(facilities occupying small areas in communities, villages, parks, green areas, etc., consisting of a
collection of outdoor fitness equipment, which are economical, practical and can be used free of
charge), table tennis courts (an outdoor venue with fixed tables for playing table tennis, with a site area
not under 40 sq. m), small-area sports courts (an outdoor stadium with a ring runway between 200
and 400 m), table tennis rooms (indoor sports venues for table tennis sports training and fitness use,
at least 192 sq. m. Venues with temporary equipment and facilities in conference rooms, restaurants,
auditoriums and corridors were excluded), track and field grounds (an outdoor stadium with a 400-m
circular runway, no fixed stands or less than 500 seats), stadiums (a sports building with more than six
standard 400-m runways, a soccer field in the center of the venue, a fixed grandstand and no less than
500 seats) and urban fitness trails (built in urban communities, residential areas, cultural and sports
plazas, street gardens, waterfronts, parks and roadside green belts, free circular or non-circular trails
open to the public for fitness).

The opening status of sports venues included membership (not open to the whole society, e.g.,
the sports venues of schools, enterprises and institutions are only open to the teachers and students of
the school or the employees of the unit), part-time access (open to the public less than 8 h per day) and
full-time access (open to the whole society every day for more than 8 h).

The criteria for regular PA in Chinese adults include three or more PA events per week of at least
30 min of moderate-intensity PA. The target heart rate during moderate intensity activities is about
64–76% of the maximum heart rate (The accepted method for obtaining the maximum heart rate is an
estimation based on an individual’s age subtracted from 220) [18].

2.2. Analysis

Two categories of data were selected to describe the provision of sports venues. One category
contained the property information of sports venues, i.e., number, area, type, opening status and
weekly visits. The other was related to the ownership and location information of sports venues.
We chose differences in sports venues between 2000 and 2013 to analyze past trends in the venue
number and area. The number and area of sports venues were investigated in three networks (sports,
education and others), including the corresponding opening status and weekly visits for publicly
accessible venues. We sorted and analyzed the top five types of sports venues in number and area with
full-time access status, venues in urban parks and the urban-rural divide in both outdoor and indoor
venues. These data were compiled to calculate accessibility ratios and per capita use and to chart trends
over time. The data analysis was conducted in Microsoft Office Excel 2016. All data were entered by
two research assistants to ensure the initial data accuracy. Descriptive statistics were calculated.
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3. Results

3.1. Trends in Number and Area of Sports Venues

The number of sports venues increased constantly between 2000 and 2013, with an inflection
point around the year 2008 in which the annual growth in both number and area suddenly increased
(Figure 1a,b). At the end of 2013, there were 1.69 million sports venues, and the venue area was 1.99
billion m2, including 0.17 million indoor venues and 1.52 million outdoor venues covering an area
of 0.06 billion and 1.93 billion m2, respectively. There were 12.45 venues for every 10,000 residents,
and the per capita area was 1.46 m2.

 

(a) 

 

(b) 

Figure 1. Annual growth in (a) number and (b) area of sports venues between 2000 and 2013.

3.2. Sports Venues in Different Networks, Their Opening Status and Weekly Visits

Sports venues were distributed disproportionately across the sports network, education network
and others (Table 1). More than 90% of venues were included in the education network and others.
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Under the education network, middle and elementary schools comprised 34.52% of the total venue
number and 46.53% of the area.

Table 1. Distribution and opening status of sports venues in different networks.

Number Ratio
(%)

Area Ratio
(%)

Full-Time
Access

Part-Time
Access

Membership

Sports network 1.43 4.77 15,656 4868 3798
Education network 38.98 53.01 56,135 153,072 451,314

Others 59.59 42.22 774,050 76,333 107,184
Total 100 100 845,841 234,273 562,296

In total, the percentages of full-time access, part-time access and membership venues were 51.5,
14.3 and 34.2%, respectively (Table 1). The sports network and others had 64.4 and 80.8% of full-time
access venues. However, the education network had 68.3% of membership venues. Middle and
elementary schools with a large number of sports venues had only 7.1 and 23.4% of full-time and
part-time access venues. Among 1.08 million publicly accessible venues, 85.1, 11.7 and 3.2% of venues
had less than 500, between 500 and 2500, and more than 2500 weekly visits, respectively.

3.3. Types of Sports Venues with Full-Time Access Status

The top five types of sports venues in number and area are shown in Tables 2 and 3. Basketball
courts were the most popular venues, both high in number and area (36.31% and 18.34%). Fitness stations
had the second highest number (22.41%), and small-area sports courts covered the largest area (22.68%),
and the percentages of full-time access were over 90%.

Table 2. Top five types of sports venues in number.

Number (10,000 Venues) Ratio Full-Time Access

Basketball court 59.64 36.31% 47.60%
Fitness station 36.81 22.41% 91.37%

Table tennis court 14.57 8.87% 47.04%
Small-area sports court 8.91 5.42% 7.79%

Table tennis room 4.87 2.97% 34.78%
Total 124.80 75.98%

Table 3. Top five types of sports venues in area.

Area (100 Million m2) Ratio Full-Time Access

Small-area sports court 4.42 22.68% 7.79%
Basketball court 3.58 18.34% 47.60%

Ground track field 1.69 8.67% 12.42%
Stadium 1.05 5.39% 7.02%

Urban fitness trail 0.59 3.03% 96.68%
Total 11.33 58.13%

3.4. Sports Venues in Urban Parks

In 2013, there were 21,013 sports venues in 12,401 urban parks, with an area of 367,962 ha,
i.e., 1.69 venues per park and 6.37 venues per 100 ha park area. Urban parks had 119,750 facilities
with fitness stations (3.32% of the total), and 2366 urban fitness trails (19.24%) with a total length of
6450 km (32.91%).

3.5. Sports Venues in Urban and Rural Areas

In total, 58.62% and 68.60% of the number and area were located in urban areas, and 41.38% and
31.40% were in rural areas (Table 4). In terms of indoor venues, however, urban areas had 82.50% and
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91.53% in number and area, and rural areas only had 17.50% and 8.47%. On average, urban and rural
areas had 13.17 and 10.80 venues per 10,000 persons, and 1.83 m2 and 0.97 m2 per capita.

Table 4. Number and area of sports venues in urban and rural areas.

Urban Area Rural Area

Number Area Number Area

Indoor venues 12.87 0.54 2.73 0.05
Outdoor venues 83.40 12.83 65.24 6.07

Total 96.27 13.37 67.97 6.12
Indoor venues 12.87 0.54 2.73 0.05

Outdoor venues 83.40 12.83 65.24 6.07
Total 96.27 13.37 67.97 6.12

Notes: Number in 10,000 venues; Area in 100 million m2.

4. Discussion

This study represents the first analysis of the pertinent characteristics of sports venues associated
with LTPA in China. The number and area of sports venues are the fundamental indicators for
the overview of the characteristics. Both indicators increased dramatically between 2000 and 2013.
The turning point occurred around the year 2008 when the Summer Olympic Games were held in
Beijing, China. However, numbers were still small compared with the United States and Japan [19].
Every Japanese resident had 19 m2 of venue space on average in 2010 [20], but the Chinese per capita
area was only 1.46 m2 in 2013. China’s Sports Development Five-year Plan is the national guideline for
the growth goal of sports venues. The goals of the 12th Five-year Plan (2011–2015) were more than
1.20 million venues and 1.5 m2 per capita by the end of 2015. There were 1.69 million sports venues at
the end of 2013, and the area per capita reached 1.5 m2 at the end of 2014 [21]. The new goal of the
13th Five-year Plan (2016–2020) was 1.8 m2 per capita. By 2030, the Healthy China Initiative aims to
obtain 2.3 m2 per capita of sports venues. Indeed, a lack of sports venues can exacerbate use conflicts
and potentially lead to social issues in China. For example, a group of elderly square dancers fought
with young basketball players for the use of a basketball court in Luoyang city, in central China’s
Henan province. Local police were finally called to stop the fight [22]. Media reported that similar
incidents also happened in Fujian Province and Shanghai. A study led by the Central China Normal
University found that Chinese teenagers’ increasing use of internet gaming can possibly be related to
the low per capita area of sports venues in the country [23]. It is urgent to find paths for the sustainable
development of sports venues in the context of China’s increasingly tense people-land relationship.

The opening status of sports venues can limit residents’ utilization of PA spaces. Our findings
show that only half of sports venues were fully open to the public, meaning that the realized number
and area per capita can be even lower. A lack of sports venues forces people who want to engage
in LTPA to occupy other urban spaces that are not planned and designed for LTPA. For example,
fast-walking groups have become a popular phenomenon that includes dozens, sometimes hundreds,
of urban residents who use roadways to walk for exercise. Unfortunately, in 2017, a taxi crashed into a
fast-walking group, causing one death and two injuries [24]. However, it is worth noting that 85% of
publicly accessible sports venues received less than 80 daily visits, and only 18.4% of adults had access
to the public sports venues, while nearly 40% chose to use vacant places that were not PA-oriented to
engage in LTPA, such as in public open spaces or along streets [13].

Sharing campus sports venues can increase public PA opportunities, especially for nearby
neighborhoods and communities [25,26]. More than one third of the number of and almost half of the
area of sports venues were located at middle and elementary schools. Nearly 80% of children and
youths aged between 6 and 19 engaged in regular PA, while only 14.7% of adults aged 20 and above
were active [13]. This is likely because about 70% of sports venues in middle and elementary schools
were not open to the public. Adults are generally no longer affiliated to middle or elementary schools,
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and thus they become a public that has a limited access to PA facilities within middle and elementary
schools. In China, a higher level of education can lead to a higher percentage of participation in regular
PA [13]. In addition to an awareness of exercise, this trend is likely related to school PA facilities
(including high schools and universities) because a higher level of education means a longer access to
campus PA facilities where it is much easier to develop an exercise habit.

The concept of shared use has been treated as an efficient and effective approach since social
ecological models were adopted to develop PA opportunities [27]. The Global Action Plan on Physical
Activity 2018–2030, released by the World Health Organization to reduce physical inactivity worldwide,
proposed measures to encourage and strengthen the policy of shared use of school facilities with
the strategic objective of creating active environments. The US “Healthy People 2020” strategy also
established a similar objective to increase access to PA spaces and facilities in public and private
schools. Japan’s Basic Act on Sport clearly states that Japanese national and public primary and
secondary schools’ sports facilities need to be open to community residents [28]. As early as 2009,
National Fitness Regulations released by the State Council of China proposed that public schools
should actively create conditions to open exercise facilities to the public. However, many issues have
accompanied these openings, such as how to maintain student safety, responsibility for accidental
injuries of users, paying for increased management costs, etc. Lei divided the risk types of opening
school facilities into charge management, personal safety, property security, environmental safety and
liability [29]. In 2017, the Ministry of Education and General Administration of Sport in China jointly
issued Implementation Opinions on Promoting the Opening of School Sports Facilities to the Society,
stating that schools are required to open exercise facilities to students in their free time and on public
holidays. By 2020, schools that meet opening conditions should also improve their level of openness
and efficiency. The Implementation Opinions provided guidance on opening hours, potential users,
the charging standard and the security mechanism. Although some cities were indeed promoting
the opening of school exercise facilities, e.g., Shanghai and Hangzhou, the media often reported that
residents complained that they had difficulty entering schools to use exercise facilities. As of 2018,
there were 18 national policies on the opening of school exercise facilities [30], but the effect of the
policies has yet to be tested.

The types of sports venues should match the needs of residents’ LTPA. Of all the sports venues,
basketball courts accounted for the largest number and the second largest area. The 2014 CFSR shows
that the out-of-school PA programs for children and adolescents aged 6 to 19 years included active
party games (22.2%), long-distance running (18.0%) and basketball (11.2%), while for adults aged 20
and above basketball was rarely played [13]. The number of fitness stations was over 20% of the total,
and over 90% were open full-time to the public. The users of fitness stations are largely middle-aged
and elderly [31]. Because the first fitness stations to have been built are now approximately 25 years
old (the first was built in 1996 at the Tianhe Sports Center of Guangzhou), many problems related to
maintenance and the changing needs of a growing population need to be solved. These include the
location, site layout, management and maintenance of fitness stations [32,33]. Small-area sports courts
had the largest area, but only 7.79% of them had a full-time access, largely because most of these were
found in middle and elementary schools. Li investigated 32 elementary schools within the downtown
area of Dalian and found that 84.4% had small-area sports courts [34]. If the policy of opening school
exercise facilities to society is to be well-implemented, the opening ratio of small-area sports courts must
greatly increase in order to meet the growing needs for activities of adults aged 20 and older whose
most popular activities are fitness walking (54.6%) and jogging (12.4%) [13]. Urban fitness trails can be
another ideal venue for these activities. There are 12,299 urban fitness trails (nearly 19.6 million meters)
nationwide, and more than 95% of the trails have a full-time access. However, Lin and Qiu studied the
urban fitness trails in Fujian Province and found that about 40% of the trails received less than 500
visitors per week. This was, in part, because the trail venues were often located in less-populated areas
or were built long enough ago to not meet modern exercise needs [35]. The Implementation Plan for
the Million-kilometer Fitness Trail Project released in 2018 strives to construct about 300 km of fitness
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trails in each county-level administrative unit by 2020 [36]. The city of Suzhou in Jiangsu Province has
been working on the country’s first urban fitness trail system plan [37].

Urban parks in developed countries that mix physical structures and green spaces are considered
to be ideal environments explicitly built to promote LTPA and public health [38,39]. On average,
US residents visit local parks and recreational facilities 29 times annually, and 52% of park users
who were surveyed said that PA is a key factor in their decision to access parks and recreational
facilities [40]. However, the importance of urban parks in promoting LTPA has not been fully valued
or has even been ignored in the development of Chinese sports venues [41]. Only about 1.3% of
sports venues are located in urban parks that are usually open to the public for free. In contrast,
one observational park-based PA study shows that more than 50% of Chinese park users are able to
engage in moderate-to-vigorous PA [42]. Additionally, 26.4% of people appeal for the building of
sports venues close to urban parks [13], indicating that the public has a strong willingness to conduct
physical activities in urban parks. In China, park-based running has become part of the urban lifestyle
(increasing development in the process) [43], and fitness trails in urban parks play a vital role in this
trend. For example, Beijing’s Olympic Forest Park has become China’s most popular running park,
mainly because of its 13-km long, 3-m wide and 10-cm thick plastic fitness trails. The number and
length of urban fitness trails in urban parks were nearly 20% and 30% of the total at the end of 2013.

China’s society has long been in a state of “urban-rural dual structure”, and the urban-rural
gap of sports venues exactly embodies some aspects of this duality [19]. The number and area of
urban sports venues were 1.42 and 2.18 times those of rural areas, and the number and area of urban
indoor venues were as high as 4.71 and 10.8 times those of rural areas. In terms of the per capita
number and area, the difference was at 1.22 and 1.89 times for total venues, and at 4.06 and 9.31 times
for indoor venues. There is still a clear gap between urban and rural areas, particularly for indoor
venues. The health risks associated with exposure to air pollution likely outweigh the benefits of
outdoor physical activities in China [44,45]. Because most indoor pollutants can be efficiently reduced
or removed by air purifiers [46], indoor venues become ideal places for healthy exercise without the
negative effects of air pollution. The paucity of indoor venues in rural areas deepens this urban-rural
divide. Residents’ rates of regular PA in urban and rural areas were 22.2% and 14.3%, respectively [47],
a huge difference (7.9%) closely related to the aforementioned gap. Therefore, the National Fitness
Program of China (2016–2020) stresses and promotes the extension of basic public exercise services to
rural areas. China has made significant progress since the Fifth NSVC in 2003, when only 8.18% of
sports venues were distributed in rural areas.

Our study was limited in several ways. First, the data used in this study were from 2013, the year
of the latest decadal national census. However, sports venues have changed dramatically since 2013.
For example, by the end of 2017, the overall number of sports venues exceeded 1.96 million, and the
per capita area reached 1.66 m2, according to a newly published report that only described the overall
trend [21]. Second, detailed data on the use of sports venues was unavailable, such as users’ gender,
age and socioeconomic status. In addition, the incompatibility of statistical indicators in the Sixth
NSVC and the 2014 CFSR made it challenging to conduct extended analyses. Third, non-standard
sports venue data were not available. These venues are mostly found in rural areas, and the growth
in the number of rural residents who regularly participated in PA was higher than that of urban
residents [13]. Since non-standard sports venues usually use a small area and their investment cost
is only one third that of standard venues, they may be more suitable for large cities with limited
land resources or crowded historical quarters. Finally, urban parks play an important role in LTPA,
yet information on park-based venues was lacking.

5. Conclusions

Public sports venues are physical spaces that accommodate fitness for all and are a basic resource
for national public health. Accordingly, promoting the construction of public sports venues has always
been one of the key contents of numerous sports developments, as well as of national fitness and
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public health policies. Promotion measures for sports venues should focus on both new and existing
resources. On the one hand, China’s society aims to effectively expand new fitness resources to ensure
that the per capita area continues to increase, particularly increasing popular fitness venues such as
multipurpose small-area sports courts and urban fitness trails. More public open spaces, such as
city parks, and urban vacant places, such as old factories, warehouses, old commercial facilities, etc.,
should be retrofitted as sports venues. However, the NIMBY (Not in My Backyard) issue occasionally
occurs when selecting the location of sports venues [48]. The administration needs to further revitalize
existing resources and pay close attention to the use, management and upgrading of sports venues
and facilities. In particular, it is important to ensure that public and school sports venues that meet
open conditions can be fully open to local residents. Finally, in the policy making process, Chinese
governments need to pay attention to the potential impact of related, external factors such as the gap
between the urban and the rural and the potential advantage of indoor venues against summer heat
and air pollution.
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