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(S I N

Abstract: Organizational studies suggest that certain psychosocial working conditions are liable
to foster positive health outcomes, such as engaging in leisure-time physical activities. However,
the psychosocial factors contributing to this improvement remain unexplored, particularly in the
workplace and in the context of the decline observed in the physical activity level of the population
worldwide. The objective of the study was to examine whether exposure to different combinations
of psychosocial working conditions during the COVID-19 pandemic predicts the probability of
becoming physically active among Quebec workers. Job demands, job control, and physical activity
were assessed three times during the first year of the pandemic via an online questionnaire among
physically inactive workers (1 = 440). Logistic regression analyses were conducted to examine the
associations between various combinations of psychosocial risks and physical activity. A total of
117 participants became physically active during the study. After controlling for covariates, active
jobs increased the odds of becoming physically active, compared to high-strain jobs (OR = 2.57 (95%
CI 1.13 to 5.87)). Having a highly demanding job may not negatively impact physical activity if
workers have enough job control to achieve the required tasks.

Keywords: physical activity; job control; job demands; psychosocial working conditions;
COVID-19 pandemic

1. Introduction

To foster behaviors that can benefit employee health, positive and healthy working
conditions are particularly important, especially in the context of the pandemic. There
is considerable evidence suggesting that psychosocial working conditions, such as low
job control and high job demands, are important predictors of job strain [1,2]. However,
when job demands are balanced against individual and organizational resources [3], this
can not only protect workers from strain but also foster positive health outcomes [4], such
as engaging in leisure-time physical activities [5-8]. Several studies have also provided
consistent support for the hypothesis that unfavorable work characteristics have a negative
effect on physical activity [9-12], which is generally defined as any bodily movement
produced by skeletal muscles that results in energy expenditure [13]. Most of the studies
that have explored this relationship focused on the negative side, such as the effect of job
strain and adverse health behaviors (i.e., physical inactivity) (see Fransson et al. 2012 for a
meta-analysis). However, the psychosocial work factors contributing positively to health
(i.e., becoming physically active) remain unexplored.

This is an important concern for many reasons. Firstly, during the COVID-19 pan-
demic, a decline in physical activity levels has been observed in several studies in diverse
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populations [14-17]. However, workplaces can help to promote physical activity by either
promoting it through interventions [18] or by providing healthy psychosocial conditions for
employees [5-8]. Secondly, maintaining regular physical activity is even more important
during a pandemic context in order to reduce the risks related to chronic diseases. Indeed,
physical activity reduces the risk of cardiovascular disease (including heart disease and
stroke), hypertension, diabetes, and obesity by improving physical function [19]. There is
ample evidence showing that people with such chronic conditions are more vulnerable
and at risk of experiencing severe symptoms of COVID-19 [20,21]. Being active helps to
prevent those vulnerabilities that put people at risk in the context of this pandemic, reduces
costs for health systems and prevents workers from being absent from work for prolonged
periods [22,23]. Lastly, considering the acute labor shortages in several and sensitive work
sectors during the pandemic [24], it is crucial to understand how psychosocial conditions
might foster healthy behaviors to create healthier workplaces [24]. Despite the negative
effects of the pandemic in many aspects of life, it has been suggested that the crisis also
presents opportunities for growth, change, and the adoption of new behaviors [25].
According to the job demand-control (JDC) model [26], job control fosters health
improvements by offering workers more opportunities for action, especially in the presence
of high job demands. Although several studies have documented the relevance of the JDC
model in relation to health outcomes [27,28], very few have focused on its longitudinal
association with the probability of becoming physically active. Considering that physical
activity levels decreased in several subgroups during the pandemic [14-17], it is important
to understand how workplaces can contribute positively to the development of healthy
lifestyle habits. This study aims to examine whether exposure to different combinations
of job demands and job control predict the probability of becoming physically active
during the first 8 months of the COVID-19 outbreak. This is an important theoretical
issue, especially in the context of the COVID-19 pandemic. From a practical point of view,
workplaces can be mobilized both to implement work organization methods that promote
physical activity and to encourage employees and managers to be physically active.

Job Demand-Control (JDC) Model

The JDC model [26] focuses on two job characteristics: demands and control. Job
demands refer to psychological stressors such as work overload, time pressure, and con-
flicting demands [29]. Job control (also called decision latitude) characterizes the ability
to make decisions (decision authority) and the opportunity to use specific job skills in the
work process (skill discretion) [29].

The combination of job demands and control suggests four quadrants of jobs: high-
strain jobs (high demands and low control), active jobs (high demands and high control),
passive jobs (low demands and low control), and low-strain jobs (low demands and
high control). Thus, JDC is based on the premise that job control not only buffers the
development of psychological and physical strain when job demands are high but also
foster positive work-related (e.g., a sense of professional accomplishment) [30] and health
outcomes (e.g., a physically active lifestyle) [9]. Workers who have a high level of control
over their work may have more time to plan leisure-time physical activities or more
opportunities to adjust their work time to engage in physical activity [31,32].

Some longitudinal and experimental studies [7,33,34] have observed a negative effect
of high-strain jobs on the level of physical activity, whereas other studies did not support
this association [8,35] or only found a weak association [9]. For example, the results of a
four-wave longitudinal study by Oshio et al. [7] among a large Japanese sample (n = 9871)
provided evidence that the risk of being physically inactive was 22% higher for participants
in high-strain jobs and 17% higher for participants in active jobs than for participants in
low-strain jobs over time. In contrast, the results of a longitudinal study by Kouvonen,
Vahtera [9] reported only a weak association between chronic exposure to low job control
and the risk of being inactive. Participants who reported an increase in strain were slightly
more likely to be inactive at follow-up than those who reported a decrease in strain. Other
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studies [11,12] have shown that passive jobs are also associated with a physically inactive
lifestyle. This may be explained by a motivational pathway whereby the non-stimulating
nature of passive jobs induces a more passive lifestyle through lower self-efficacy [36]. On
the contrary, and although appealing, the active job hypothesis (i.e., high control and high
demands) in relation to physical activity has only been partially supported by previous
studies.

However, despite the recent research interest in this area [37], possible explanations
for these inconsistent findings include the lack of studies with a longitudinal design [35]
and the difficulty of controlling for individual worker characteristics [38]. Hausser and
Mojzisch [37] argue that “[ ... ] predicting well-being from job characteristics and predicting
well-being from physical activity have not been connected systematically, despite their
mutual aim to identify and describe antecedents of reduced well-being and impaired health”
(p- 2). To address the lack of structure and theory to explain the relationship between job
characteristics (or psychosocial working conditions) and physical activity, Hausser and
Mojzisch [37] proposed a model inspired by the JDC model. In their conceptual article,
they propose the “physical-activity-mediated demand-control (pamDC) model” as a new
theoretical framework. The two key ideas of the pamDC model are that (1) demands
and control act directly and indirectly on physical activity through self-regulation and
feelings of self-determination, and that (2) physical activity mediates, in return, the effects
of demands and control.

To our knowledge, only one recent experimental study has tested the causal effects of
job demands and job control on physical activity [33]. Abdel Hadi et al. [33] led two exper-
iments in which they simulated a call center with customer interactions and calculation
tasks that were followed by a physical activity task (i.e., cycling on a stationary bicycle).
In both experiments (1 = 251), job demands were manipulated (high vs. low) between
subjects in terms of customer unfriendliness and task difficulty. In one of the experiments,
researchers manipulated job control (high vs. low). The authors reported strong and
consistent support for the proposed causal and negative effect of job demands on physical
activity after work. The results regarding the consequences of job control were less clear as
they did not show a direct or a buffering effect. The lack of representativeness of the sample,
which consisted of a group of young adults (i.e., college students), was identified as a main
study limitation of the study. This highlights the need to further explore the active job
(high demands and high control) hypothesis in relation to physical activity and specifically
in a representative sample of the population. The present study addresses these concerns
in an effort to better understand how psychosocial working conditions influence behav-
ioral change in relation to physical activity in a crisis context characterized by increased
psychological demands [39] and physical inactivity [14,15]. From the perspective that
workplaces can play a substantial role in the health and behaviors of individuals, this study
focuses on workers who were physically inactive at the beginning of the pandemic but who
became so over time. Increasing physical activity should be a cornerstone in the prevention
and management of mental and physical health problems [40,41]. By understanding the
role of job design in this association, this study could provide valuable insights into how
organizations can help workers towards a healthy lifestyle.

2. Materials and Methods
2.1. Sample and Design

Self-reported questionnaires were collected from a population-based web panel in the
province of Quebec (Canada), including 60,000 adults (Quebec’s 2020 population of those
aged 18-64 comprises 5.3 million people). A total of 6000 people was invited randomly, of
whom 1450 replied that they had worked over the past seven days and agreed to participate.
From these 1450 workers, a final sample of 440 physically-inactive participants was selected
based on their activity level at the first assessment (T1). From a public health perspective,
participants who are inactive represent the ones who are most at risk health-wise, which is
why we chose to investigate the factors explaining why they became active.
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A three-wave longitudinal design was used, with the length of the follow-up be-
tween the measurement times selected to compare data taken during the first lockdown in
April 2020 (T1), the easing of lockdown measures during the summer in June 2020 (T2), and
the second lockdown in November 2020 (T3). At T1, all nonessential businesses, including
gyms, were closed in Quebec. People were permitted to play outdoor sports with people
in their household. At T2, gyms and other sports facilities were reopened. As it was the
summer season at that time, many outdoor sports activities, including team sports, had
no limit as such to the number of participants. Finally, at T3, during the second lockdown,
organized sports and leisure activities were no longer permitted, and the government again
required the closure of gyms and fitness centers. Practicing outdoor physical activity in a
group with a maximum of eight people was allowed as long as a distance of 2 m between
people was respected.

This study was approved by the University’s Ethics Committee for Health Sciences
Research, and written informed consent was obtained from each participant.

2.2. Measures
2.2.1. Job Demands and Job Control

Job demands were assessed with five items from the short French version of the Job
Content Questionnaire (JCQ) [42] and one item from the full version of the JCQ, “My tasks
are often interrupted before they can be completed” [43]. Job control was evaluated with five
items adapted from the JCQ [43]. A sample item is: “I have a lot of say about what happens
on my job.” The response scale for both measures ranged from 1 (strongly disagree) to 4
(strongly agree). The psychometric properties of the French version of the JCQ have been
previously demonstrated [44—46]. The median was used to dichotomize exposure to high
and low job demands and the control. In this study, the reference group was the high-strain
group (high demands and low control) as this represents the most deleterious psychosocial
working conditions [27,28], with the highest probability of undesirable health outcomes.

2.2.2. Physical Activity

The frequency and duration of physical activity were measured according to the
2014-2015 Quebec Population Health Survey. Participants were asked about activities in
their free time, which can take the form of sports, fitness, outdoor activities, or simply going
for a walk. Active transportation such as walking, cycling, or other means of commuting
was not included (“In the past 7 days, approximately how many days did you engage
in physical activities in your free time? On a typical day in the past 7 days, on average,
how much time did you spend on such activities?”). The physical activity index used
in the survey was constructed in line with the World Health Organization’s physical
activity recommendations [47], as well as with the scientific literature on the subject [48]. In
this study, participants who reported at least 150 min of physical activity per week were
considered active, whereas the others were considered inactive. Physical activity was then
categorized as a binary variable (0 = inactive, 1 = active).

2.3. Analysis

Descriptive statistics were computed for physical activity level, job demands, and
job control. Inactive participants were classified into two statuses to reflect the temporal
evolution of their physical activity level, based on whether they became active during T2
or T3 assessment (status = 1) or remained inactive (status = 0). Two logistic regressions
were used to estimate the probability of becoming active (status = 1) based on various
combinations (low vs. high) of job demands and job control at T1. Unadjusted and
covariate-adjusted odds ratios were computed for each psychosocial working condition
predictor. The covariates included in the analyses were sex, age, marital status (being in a
relationship or married), teleworking (spending at least 80% of hours working from home
during the week preceding the survey), and the presence of children at home full time (yes
or no). All statistical analyses included post-stratification weights to correct for differential
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nonresponse (based on age, sex, rural or urban areas, education, and language) and were
conducted using SAS statistical software (version 9.4; SAS Institute Inc., Cary, NC, USA)
and a standard two-tailed alpha level of 5%.

3. Results

A total of 117 participants (out of 440, weighted % = 25.8) of the sample became
physically active during the study. The proportion of participants who became physically
active at Time 2 was 20.5% (n = 92) and 5.2% (n = 25) at Time 3. For those who stayed
inactive throughout the three waves of the study (n = 323), 7% reported having an active job,
14.4% a low strain job, 55.8% a passive job, and 22.9% a high-strain job. These proportions
differed from slightly the participants who became active during the study (n = 117); 14.1%
of them reported having an active job, 17.2% a low-strain job, 49.4% a passive job, and 19.3%
a high-strain job. None of the covariates were significantly associated with physical activity
status, except for the covariate of having children at home full-time. Surprisingly, telework
was not associated with physical activity status. Participants who reported the presence of
children at home full-time were more likely to become active during the study. Descriptive
statistics for predictors and covariates are displayed according to status in Table 1.

Table 1. Descriptive statistics according to physical activity status.

Stayed Inactive Became Active Tests
(n = 323) n=117) X2, t-Test
_ JDC Model combinations 7.0% (32) 14.1% (19)
Active (high demands, high control) o o
) . 14.4% (61) 17.2% (17)
Low-strain (low demands, high control) 6.46, p = 0.09
. 55.8% (163) 49.4% (56)
Passive (low demands, low control 22.9% (67) 19.3% (25)
High-strain (high demands, low control) e e
Sex
Female 51.9% (177) 57.5% (60) 1.08,p =0.30
Male
Age (years)—mean (SD) 42.8 (12.1) 43.0 (10.0) 0.17,p =0.87
Being in a relationship /married
Yes 66.2% (223) 60.8% (72) 1.08, p = 0.30
No
Teleworking
Yes 44.2% (148) 43.7% (54) 0.01,p=0.93
No
Presence of children at home full-time
Yes 36.7% (109) 53.0% (56) 9.28, p = < 0.005
No

Note. X? = Chi-Square; JDC = Job demand-control; weighted percentages/means and raw frequencies (1)
are reported.

Unadjusted and adjusted odds ratios for becoming physically active according to the
JDC model and covariates are displayed in Table 2. The adjusted model was found to
be significant (LR test (df = 8) = 25.48, p < 0.001) and provided a moderate classification
rate (71.6%, sensitivity = 5.2%, specificity = 96.2%). The active job (high demands and
high control) had a higher unadjusted odds ratio for becoming physically active OR = 2.40
(95% C11.08 to 5.33).
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Table 2. Unadjusted and covariate-adjusted odds ratios for predictors of becoming physically active
at T2 or T3 (n = 440).

JDC Model Combinations and Covariates Una(cgl}sl;l/:tcecll)OR Acg;;i/:egI?R
Active job 2.40 * (1.08, 5.33) 2.57 *(1.13, 5.86)

Low-strain job 1.41 (0.69, 2.87) 1.44 (0.68, 3.03)

Passive job 1.05 (0.60, 1.84) 1.09 (0.61, 1.96)

High-strain job (reference) 1.00 1.00

Sexe (female) - 1.24 (0.79, 1.95)

Age (years) - 1.01 (0.99, 1.04)
Being in relationship /married (Y/n) - 0.52 *(0.32, 0.86)
Teleworking (Y/n) - 0.98 (0.62, 1.54)
Presence of children at home full-time (Y /n) - 2.71 * (1.65, 4.48)

Note. JDC = Job demand-control; *p < 0.05.

After controlling for covariates (sex, age, marital status, teleworking, and children at
home), similar results were found. An active job, compared to a high-strain job, increased the
probability of becoming physically active at follow-up the most (OR = 2.57 (95% CI 1.13 to 5.87)
(see Table 2)).

4. Discussion

In the context of a pandemic, in which the physical work and leisure environments may
not be conducive to promoting a physically active lifestyle, it appears important to offer a
comprehensive understanding of the psychosocial working conditions that may encourage
workers to increase their physical activity level. Therefore, we examined whether exposure
to an active job (high demands and high control) predicted the probability of becoming
physically active during the COVID-19 outbreak. As expected, the results revealed that
simultaneously having high job demands and high job control (an “active job”) increased
the probability of becoming physically active compared to having high demands and low
control (a “high-strain job”). These results suggest that job control may be an important
psychosocial working condition of becoming active for physically inactive workers. This
study offers valuable theoretical and practical implications, which we describe below.

4.1. Theoretical Implications

This study contributes to our knowledge in the following ways: (1) highlighting
the contribution of psychosocial working conditions to individuals’ lifestyle habits and
(2) demonstrating that this contribution to the workplace can still be significant in pandemic
times, when opportunities for engaging in regular physical activities are limited. Indeed,
our results showed that telework was not associated with physical activity status.

The present results also contribute more specifically to the JDC model. Although
previous JDC-based studies have extensively documented high-strain jobs compared to
active jobs, the present study provides evidence that the effect of job control goes beyond
the context and boundaries of work, generating personal benefits, i.e., promoting the
adoption of healthy behavior. Importantly, although most studies support the idea that
certain adverse psychosocial working conditions negatively influence physical activity, we
found that a subset of workers may take advantage of an active job to become physically
active. As the pandemic has disrupted the lifestyles of many people, it is relevant to look at
those who have seen an opportunity and have made positive changes to their habits.

Notably, our study contributes to supporting one of the propositions (proposition five;
i.e., that job control buffers the negative effect of job demands on physical activity) of the
pamDC model of Hausser and Mojzisch [37]. Although not directly addressed in the present
study, our results suggest that job control mitigates the negative effects of high demands
on physical activity. Indeed, the combination of high control and high demands is the most
beneficial for physical activity. Other studies also revealed a positive association between
job control and participants” leisure-time physical activity levels, meaning that workers
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with more job control were more active during their leisure time [32,49,50]. As highlighted
in the experimental study by Abdel Hadi et al. [33], this relationship might be explained by
an indirect effect of job control on physical activity through self-determination. According
to self-determination theory [51], this is because job control helps to nurture employees’
psychological needs [52]. As other mechanisms may be involved in this relationship, further
studies are needed to improve this understanding. For instance, Abdel Hadi et al. [53] found
that daily leisure crafting was an effective behavior that can help to decrease emotional
exhaustion by recreating meaningful leisure experiences. As physical activities are known
to help workers’ recovery experiences during their personal time [54], it seems important
to further investigate the mechanisms that could explain why and how some employees
become more or less physically active during leisure time.

Our results are partially in line with those of the meta-analysis by Fransson et al. [31].
Their results showed that the risk of physical inactivity was 26% higher in high-strain jobs
(high demands and low control) than in low-strain jobs (low demands and high control). It
has been suggested that high-strain jobs may cause fatigue, thus increasing the likelihood
of physical inactivity. In an analysis restricted to physically active participants, the odds
of becoming physically inactive during the follow-up were 21% for those in high-strain
jobs at baseline. In other words, having a high-strain job increases the risk of becoming
inactive over time. Our results are partly in line with these findings, as we noted that
in both studies (ours and the one by Fransson et al., 2012), job control appears to be the
common denominator for promoting physical activity. In the study of Fransson et al. [31],
a lack of job control (combined with high demands) negatively affected physical activity,
whereas in our study, high job control (also combined with high demands) positively
affected physical activity. This suggests that job control mitigates the negative effects of
high job demands and fosters positive health outcomes. Indeed, the winning combination
of becoming physically active in our sample was high demands and high control.

The present findings enrich those of previous research on the association between psy-
chosocial risk and physical activity, which has been characterized by mixed results. Possible
reasons for this inconsistency include the disparity in how physical activity is measured
and classified. Previous research has also been marked by difficulties in generalizing across
geographic regions, gender, and occupation types, as these variables appear to influence the
variables of interest. This longitudinal study, conducted during the first eight-month period
of the COVID-19 pandemic, with its representative sample of the population according to
age, sex, rural or urban area, education, and language, takes a step toward resolving these
limitations. Notably, this is probably the first longitudinal study that uses a populational
sample to address this important issue in the context of a pandemic, a context marked by a
“natural” increase in psychological demands [39].

4.2. Practical Implications

To promote physical activity in the workforce, it seems essential to foster job control
in the workplace. For organizations, this could be accomplished by defining the workers’
autonomy zones or developing processes and tools for participation in decisions that can
guide managers and workers. Fostering the creativity of workers and teams, as well as
allowing them to use their potential skills more often and to learn new skills, are other
examples of how to increase job control. Other promising avenues for organizations would
be to revisit aspects of job design. Of particular interest, some recent studies suggest
integrating interventions into work itself, i.e., incorporating physical activity during task
performance, by changing the way in which tasks are carried out [55-57]. Organizations
could promote both job control and physical activity by providing opportunities for their
employees to be physically active while working. Inspired by the Goldilocks fairy tale,
Holtermann et al. [56] proposed the Goldilocks principle, which promotes a “just right”
approach to designing productive work to be optimal with respect to physical activity.
“In many jobs, physical activity is, however, either too much/high/frequent or too lit-
tle/low/infrequent to give positive biomechanical and cardiometabolic stimuli” [56]. In



Int. |. Environ. Res. Public Health 2022, 19, 2168 8 of 12

other words, the Goldilocks principle aims to promote health and physical capacity by
designing physical activity during productive work to be “just right.” To redesign work to
better fit the Goldilocks principle, Holtermann et al. [56] proposed three types of modifica-
tion: (1) changing how to perform the tasks, (2) changing the time pattern of work tasks,
and (3) introducing new tasks. Those modifications represent different ways to increase
both job control and physical activity.

Similarly, the study of Hervieux et al. [58] tested the concept of active meetings with
seven work teams (n = 30). Participants were required to cycle on stationary bikes while
conducting their one-hour meeting. Participants were also asked to hold one of their
meetings in traditional mode (seated in a chair). The researchers compared the results
of the two conditions (active and seated) and observed an increase in heartrate and a
significant decrease in perceived stress during the active meetings. By letting managers
and employees decide whether they actively lead their meetings, organizations would also
foster decisional latitude and promote physical activity.

Because job control offers workers more action opportunities, employees are encour-
aged to take advantage of their time outside of work by engaging in physical activities
that give them a sense of pleasure. According to Demerouti et al. [54], engaging in leisure
activities does not guarantee recovery from work. Indeed, if the person does not gain
pleasure or satisfaction from performing the activity, it will not contribute to recovery. As
discussed by Sonnentag et al. [59], it is not a specific activity per se that helps workers
recover, but rather it is the motivational and psychological attributes attached to the activi-
ties that further determine the activities’ recovery potential. Taking advantage of recovery
opportunities is even more important, as a mutual relationship with working conditions has
been demonstrated, suggesting that working conditions influence recovery opportunities,
but recovery opportunities also influence the perception of work characteristics [60].

4.3. Limitations and Future Research Directions

This study has some limitations that should be acknowledged. First, although we
adopted a recognized theoretical model to determine the choice of our variables, the
analysis was based on a limited set of variables. Future studies are needed to enrich our
understanding of the variables that increase physical activity. Regarding the covariable
“presence of children at home full-time”, which was associated with an increased probability
of becoming physically active, future studies are needed to document this association.
Indeed, working parents could increase their physical activity level in reaction to their
children’s need to be active. However, this result could also be explained by the fact that
having younger children generally involves an increased domestic workload (cleaning,
cooking, etc.), or that parents need to be physically active to protect their own mental health
and to keep themselves fit to care for their children. Next, our study was limited to the
predictors of becoming physically active during the first year of the pandemic. It would
thus be interesting to investigate its effects on other indicators of physical and psychological
health of employees during their work. Such information could certainly help to convince
organizations to find levers of physical activity on which they can act to promote the health
and optimal functioning of their employees.

Most studies have focused on two psychosocial working conditions (demands and
control), although the study of other psychosocial conditions such as social support seems
to provide interesting insights. Therefore, we suggest that future studies include more
conditions to obtain a more comprehensive picture of the psychosocial work environment.
In addition, most studies, including the present one, measured physical activity in only one
domain: leisure time. The results of the studies may underestimate total physical activity
time by excluding active minutes spent commuting, at work, or at home.

Although our study supports the hypothesis that the presence of high demands does
not seem to be detrimental to physical activity, as long as employees have sufficient access
to resources such as control, it would be interesting to examine whether there is a certain
maximum level of demand that should not be exceeded. In future studies it would be
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helpful to quantify the threshold at which the demands become too high for the resources
used to counterbalance their effects.

Future studies could investigate how self-determination at work (i.e., more intrinsic
motivation) affects either the level of physical activity, its nature, intensity, or the association
between psychosocial constraints and physical activity. The results obtained in this study
are perhaps related to active jobs that may be characterized by higher intrinsic motivation.

Finally, since job control appears to be a resource that promotes employee health, it
would be useful to investigate how employees and organizations can foster control over
work in challenging times when many employees work remotely.

5. Conclusions

In brief, the findings of the present study show the importance of job control as a
resource for positive action on health and should be one of the targets of intervention to
promote physical activity. It is useful to identify psychosocial working conditions that
might influence physical activity, given their importance to health and work capacity,
particularly in the aftermath of a global pandemic that will inevitably affect the mental
health of many workers. The accumulation of strain in a high-strain job could inhibit
workers from engaging in physical activity. Having a highly demanding job may not
negatively impact physical activity if workers have enough resources (e.g., job control) to
achieve the required tasks. In our study, when demands are combined with a high level
of control, they instead appear to promote becoming physically active. The longitudinal
design of this study provides reliable results of high methodological quality. From a
practical perspective, the results of this longitudinal study will help to guide interventions
to support organizations that seek to promote physical activity among their employees.

Author Contributions: Conceptualization, V.H. and C.B.; methodology, C.B. and V.H.; validation,
C.B. and C.F; formal analysis, H.I. and V.H.; writing—original draft preparation, V.H.; writing—
review and editing, V.H., C.E,, and C.B.; supervision, C.FE. and C.B.; funding acquisition, C.B. All
authors have read and agreed to the published version of the manuscript.

Funding: Research was funded by the Social Sciences and Humanities Research Council (grant #
435-2018-0603).

Institutional Review Board Statement: This study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethics Committee of Laval University (2019-040 A-1 R-1/27
April 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, (V.H.), upon reasonable request.

Acknowledgments: We would like to thank the participants who agreed to take part in this study.
We would also like to thank the reviewers for their insightful comments and the English editing
service for improving the text.

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

1.  Nieuwenhuijsen, K.; Bruinvels, D.; Frings-Dresen, M. Psychosocial work environment and stress-related disorders, a systematic
review. Occup. Med. 2010, 60, 277-286. [CrossRef] [PubMed]

2. De Jonge, J.; Bosma, H.; Peter, R.; Siegrist, ]J. Job strain, effort-reward imbalance and employee well-being: A large-scale
cross-sectional study. Soc. Sci. Med. 2000, 50, 1317-1327. [CrossRef]

3. Bakker, A.B.; Demerouti, E.; Euwema, M.C. Job resources buffer the impact of job demands on burnout. J. Occup. Health Psychol.

2005, 10, 170. [CrossRef]

4. Waddell, G.; Burton, A.K. Is Work Good for Your Health and Well-Being? The Stationery Office: London, UK, 2006.

5. Heikkild, K.; Fransson, E.I; Nyberg, S.T.; Zins, M.; Westerlund, H.; Westerholm, P.; Virtanen, M.; Vahtera, J.; Suominen, S.; Steptoe,
A. Job strain and health-related lifestyle: Findings from an individual-participant meta-analysis of 118 000 working adults. Am. J.
Public Health 2013, 103, 2090-2097. [CrossRef]


http://doi.org/10.1093/occmed/kqq081
http://www.ncbi.nlm.nih.gov/pubmed/20511268
http://doi.org/10.1016/S0277-9536(99)00388-3
http://doi.org/10.1037/1076-8998.10.2.170
http://doi.org/10.2105/AJPH.2012.301090

Int. |. Environ. Res. Public Health 2022, 19, 2168 10 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Choi, B.; Schnall, P; Yang, H.; Dobson, M.; Landsbergis, P.; Israel, L.; Karasek, R.; Baker, D. Psychosocial working conditions and
active leisure-time physical activity in middle-aged US workers. Int. ]. Occup. Med. Environ. Health 2010, 23, 239-253. [CrossRef]
[PubMed]

Oshio, T.; Tsutsumi, A.; Inoue, A. Can leisure-time physical activity improve health checkup results? Evidence from Japanese
occupational panel data. . Occup. Health 2016, 58, 354-364. [CrossRef] [PubMed]

de Vries, ].D.; Claessens, B.J.; van Hooff, M.L.; Geurts, S.A.; van den Bossche, S.N.; Kompier, M.A. Disentangling longitudinal
relations between physical activity, work-related fatigue, and task demands. Int. Arch. Occup. Environ. Health 2016, 89, 89-101.
[CrossRef]

Kouvonen, A.; Vahtera, J.; Oksanen, T.; Pentti, ].; Vddnédnen, A.K.; Heponiemi, T.; Salo, P.; Virtanen, M.; Kiviméki, M. Chronic
workplace stress and insufficient physical activity: A cohort study. Occup. Environ. Med. 2013, 70, 3-8. [CrossRef]

Kouvonen, A.; Kiviméki, M.; Vadndnen, A.; Heponiemi, T.; Elovainio, M.; Ala-Mursula, L.; Virtanen, M.; Pentti, J.; Linna, A;
Vahtera, ]. Job strain and adverse health behaviors: The Finnish Public Sector Study. J. Occup. Environ. Med. 2007, 49, 68-74.
[CrossRef]

Gimeno, D.; Elovainio, M.; Jokela, M.; De Vogli, R.; Marmot, M.G.; Kiviméki, M. Association between passive jobs and low levels
of leisure-time physical activity: The Whitehall IT cohort study. Occup. Environ. Med. 2009, 66, 772-776. [CrossRef]

Brisson, C.; Larocque, B.; Moisan, ].; Vézina, M.; Dagenais, G.R. Psychosocial Factors At Work, Smoking, Sedentary Behavior,
and Body Mass Index: A Prevalence Study Among 6995 White Collar Workers. J. Occup. Environ. Med. 2000, 42, 40. [CrossRef]
[PubMed]

WHO. What Is Moderate-Intensity and Vigorous-Intensity Physical Activity? Available online: http://www.who.int/
dietphysicalactivity /physical_activity_intensity /en/ (accessed on 5 November 2021).

Lépez-Bueno, R.; Calatayud, J.; Andersen, L.L.; Balsalobre-Ferndndez, C.; Casafia, J.; Casajus, J.A.; Smith, L.; Lopez-Sédnchez,
G.F. Immediate impact of the COVID-19 confinement on physical activity levels in Spanish adults. Sustainability 2020, 12, 5708.
[CrossRef]

Sanchez-Sanchez, E.; Ramirez-Vargas, G.; Avellaneda-Lopez, Y.; Orellana-Pecino, ].I.; Garcia-Marin, E.; Diaz-Jimenez, J. Eating
Habits and Physical Activity of the Spanish Population during the COVID-19 Pandemic Period. Nutrients 2020, 12, 2826.
[CrossRef] [PubMed]

Pecanha, T.; Goessler, K.F,; Roschel, H.; Gualano, B. Social isolation during the COVID-19 pandemic can increase physical
inactivity and the global burden of cardiovascular disease. Am. J. Physiol.-Heart Circ. Physiol. 2020, 318, H1441-H1446. [CrossRef]
Abasiyanik, Z.; Kurt, M.; Kahraman, T. COVID-19 and Physical Activity Behaviour in People with Neurological Diseases: A
Systematic Review. |. Dev. Phys. Disabil. 2022, 1-26. [CrossRef]

Malik, S.H.; Blake, H.; Suggs, L.S. A systematic review of workplace health promotion interventions for increasing physical
activity. Br. |. Health Psychol. 2014, 19, 149-180. [CrossRef]

Piercy, K.L.; Troiano, R.P; Ballard, R.M.; Carlson, S.A.; Fulton, J.E.; Galuska, D.A.; George, S.M.; Olson, R.D. The physical activity
guidelines for Americans. J. Am. Med. Assoc. 2018, 320, 2020-2028. [CrossRef]

Alinejad, H.; Vazirinejad, R.; Sayadi, A.; Hajaliakbari, Z.; Pakzad Moghadam, S.H.; Ahmadi Gohari, M.; Alinejad, M.; Dehghan
Menshadi, Z.S. The Relationship Between COVID-19-induced Death and Chronic Diseases. J. Client-Cent. Nurs. Care 2021, 7,
167-174. [CrossRef]

Almalki, Z.S.; Khan, M.E; Almazrou, S.; Alanazi, A.S.; Igbal, M.S.; Algahtani, A.; Alghamdi, S.; Alahmari, A.K. Clinical
characteristics and outcomes among COVID-19 hospitalized patients with chronic conditions: A retrospective single-center study.
J. Multidiscip. Healthc. 2020, 13, 1089. [CrossRef]

Economos, C.D.; Dietz, W.H.; Tullie, K,; Sallis, J.F. Physical activity may mitigate COVID-19 infections in people with obesity: A
call to action. Obesity 2021, 29, 1987-1989. [CrossRef]

Burton, W.N.; Chen, C.-Y,; Li, X.; Schultz, A.B.; Abrahamsson, H. The association of self-reported employee physical activity with
metabolic syndrome, health care costs, absenteeism, and presenteeism. |. Occup. Environ. Med. 2014, 56, 919-926. [CrossRef]
[PubMed]

Eurofound. The Pandemic Aggravated Labour Shortages in Some Sectors; the Problem Is Now Emerging in Others. Available
online: https:/ /www.eurofound.europa.eu/sv/publications/blog/the-pandemic-aggravated-labour-shortages-insome-sectors-
the-problem-is-now-emerging-in-others (accessed on 3 February 2021).

Vazquez, C.; Valiente, C.; Garcia, FE.; Contreras, A.; Peinado, V.; Trucharte, A.; Bentall, R.P. Post-traumatic growth and stress-
related responses during the COVID-19 pandemic in a national representative sample: The role of positive core beliefs about the
world and others. |. Happiness Stud. 2021, 22, 2915-2935. [CrossRef] [PubMed]

Karasek, R. Job Demands, Job Decision Latitude, and Mental Strain-Implications for Job Redesign. Adm. Sci. Q. 1979, 24, 285-308.
[CrossRef]

Huang, Y;; Xu, S.; Hua, J.; Zhu, D,; Liu, C,; Hu, Y;; Liu, T.; Xu, D. Association between job strain and risk of incident stroke: A
meta-analysis. Neurology 2015, 85, 1648-1654. [CrossRef] [PubMed]

Madsen, L.E.; Nyberg, S.T.; Hanson, L.M.; Ferrie, ].E.; Ahola, K.; Alfredsson, L.; Batty, G.D.; Bjorner, J.B.; Borritz, M.; Burr, H. Job
strain as a risk factor for clinical depression: Systematic review and meta-analysis with additional individual participant data.
Psychol. Med. 2017, 47, 1342-1356. [CrossRef] [PubMed]


http://doi.org/10.2478/v10001-010-0029-0
http://www.ncbi.nlm.nih.gov/pubmed/20934957
http://doi.org/10.1539/joh.15-0336-OA
http://www.ncbi.nlm.nih.gov/pubmed/27265532
http://doi.org/10.1007/s00420-015-1054-x
http://doi.org/10.1136/oemed-2012-100808
http://doi.org/10.1097/JOM.0b013e31802db54a
http://doi.org/10.1136/oem.2008.045104
http://doi.org/10.1097/00043764-200001000-00011
http://www.ncbi.nlm.nih.gov/pubmed/10652687
http://www.who.int/dietphysicalactivity/physical_activity_intensity/en/
http://www.who.int/dietphysicalactivity/physical_activity_intensity/en/
http://doi.org/10.3390/su12145708
http://doi.org/10.3390/nu12092826
http://www.ncbi.nlm.nih.gov/pubmed/32942695
http://doi.org/10.1152/ajpheart.00268.2020
http://doi.org/10.1007/s10882-022-09836-x
http://doi.org/10.1111/bjhp.12052
http://doi.org/10.1001/jama.2018.14854
http://doi.org/10.32598/JCCNC.7.3.334.3
http://doi.org/10.2147/JMDH.S273918
http://doi.org/10.1002/oby.23269
http://doi.org/10.1097/JOM.0000000000000257
http://www.ncbi.nlm.nih.gov/pubmed/25153302
https://www.eurofound.europa.eu/sv/publications/blog/the-pandemic-aggravated-labour-shortages-insome-sectors-the-problem-is-now-emerging-in-others
https://www.eurofound.europa.eu/sv/publications/blog/the-pandemic-aggravated-labour-shortages-insome-sectors-the-problem-is-now-emerging-in-others
http://doi.org/10.1007/s10902-020-00352-3
http://www.ncbi.nlm.nih.gov/pubmed/33456320
http://doi.org/10.2307/2392498
http://doi.org/10.1212/WNL.0000000000002098
http://www.ncbi.nlm.nih.gov/pubmed/26468409
http://doi.org/10.1017/S003329171600355X
http://www.ncbi.nlm.nih.gov/pubmed/28122650

Int. |. Environ. Res. Public Health 2022, 19, 2168 11 of 12

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Karasek, R.; Theorell, T. Healthy Work: Stress, Productivity and the Reconstruction of Working Life; Basic Books: New York, NY,
USA, 1990.

Fernet, C.; Guay, F; Senécal, C. Adjusting to job demands: The role of work self-determination and job control in predicting
burnout. J. Vocat. Behav. 2004, 65, 39-56. [CrossRef]

Fransson, E.I.; Heikkild, K.; Nyberg, S.T.; Zins, M.; Westerlund, H.; Westerholm, P.; Vddnénen, A.; Virtanen, M.; Vahtera, J.;
Theorell, T. Job strain as a risk factor for leisure-time physical inactivity: An individual-participant meta-analysis of up to 170,000
men and women: The IPD-Work Consortium. Am. J. Epidemiol. 2012, 176, 1078-1089. [CrossRef]

Smith, P.; Frank, J.; Mustard, C.; Bondy, S. Examining the relationships between job control and health status: A path analysis
approach. . Epidemiol. Community Health 2008, 62, 54—61. [CrossRef]

Abdel Hadji, S.; Mojzisch, A.; Parker, S.L.; Hausser, ].A. Experimental evidence for the effects of job demands and job control on
physical activity after work. J. Exp. Psychol. Appl. 2021, 27, 125. [CrossRef]

Lallukka, T.; Lahelma, E.; Rahkonen, O.; Roos, E.; Laaksonen, E.; Martikainen, P.; Head, J.; Brunner, E.; Mosdol, A.; Marmot, M.
Associations of job strain and working overtime with adverse health behaviors and obesity: Evidence from the Whitehall II Study,
Helsinki Health Study, and the Japanese Civil Servants Study. Soc. Sci. Med. 2008, 66, 1681-1698. [CrossRef]

van As, S.; Beckers, D.G.; Veling, H.; Hooftman, W.; Kompier, M.A.; Geurts, S.A. Sedentary work and participation in leisure-time
physical activity. Int. Arch. Occup. Environ. Health 2022, 95, 509-525. [CrossRef]

Pandey, N.; Darin-Mattsson, A.; Nilsen, C. Working conditions mediate the association between social class and physical function
in older age in Sweden: A prospective cohort study. BMC Public Health 2020, 20, 1360. [CrossRef] [PubMed]

Hausser, J.A.; Mojzisch, A. The physical activity-mediated Demand—Control (pamDC) model: Linking work characteristics,
leisure time physical activity, and well-being. Work Stress 2017, 31, 209-232. [CrossRef]

Jones, F.; O’connor, D.B.; Conner, M.; McMillan, B.; Ferguson, E. Impact of daily mood, work hours, and iso-strain variables on
self-reported health behaviors. J. Appl. Psychol. 2007, 92, 1731. [CrossRef] [PubMed]

Biron, C.; Karanika-Murray, M.; Ivers, H.; Salvoni, S.; Fernet, C. Teleworking While Sick: A Three-Wave Study of Psychosocial
Safety Climate, Psychological Demands, and Presenteeism. Front. Psychol. 2021, 12, 734245. [CrossRef]

Holmes, E.A.; O’Connor, R.C.; Perry, V.H.; Tracey, I.; Wessely, S.; Arseneault, L.; Ballard, C.; Christensen, H.; Silver, R.C.; Everall, L
Multidisciplinary research priorities for the COVID-19 pandemic: A call for action for mental health science. Lancet Psychiatry
2020, 7, 547-560. [CrossRef]

Kohl, HW.,, 3rd; Craig, C.L.; Lambert, E.V,; Inoue, S.; Alkandari, J.R.; Leetongin, G.; Kahlmeier, S.; Lancet Physical Activity Series
Working Group. The pandemic of physical inactivity: Global action for public health. Lancet 2012, 380, 294-305. [CrossRef]
Karasek, R.; Brisson, C.; Kawakami, N.; Houtman, I.; Bongers, P.; Amick, B. The Job Content Questionnaire (JCQ): An instrument
for internationally comparative assessments of psychosocial job characteristic. J. Occup. Health Psychol. 1998, 3, 322-355. [CrossRef]
Karasek, R. Job Content Questionnaire and User’s Guide; Department of Work Environment, University of Massachusetts: Lowell,
MA, USA, 1985.

Brisson, C.; Blanchette, C.; Guimont, C.; Dion, G.; Moisan, J.; Vézina, M.; Dagenais, G.R.; Masse, L. Reliability and validity of the
French version of the 18-item Karasek job content questionnaire. Work Stress 1998, 12, 322-336. [CrossRef]

Brisson, C.; Larocque, B. Validity of occupational stress and decision latitude on health in the National Population Health Survey
of 1994-1995. Can. J. Public Health 2001, 92, 468—474. [CrossRef]

Larocque, B.; Brisson, C.; Blanchette, C. Cohérence interne, validité factorielle et validité discriminante de la traduction francaise
des échelles de demande psychologique et de latitude décisionnelle du Job Content Questionnaire de Karasek (Reliability, factorial
and discriminant validity of the French version of the job demands and decisional latitude scales). Rev. Epidémiol. De. St. Publique 1998, 46,
371-381.

Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P,; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. ]. Sports Med. 2020, 54, 1451-1462.
[CrossRef] [PubMed]

Nolin, B. Indice D’activité Physique: Document Technique—Enquéte Québécoise Sur La Santé De La Population 2014-2015; Institut
national de santé publique du Québec: Québec, QC, Canada, 2016; p. 15.

Lallukka, T.; Sarlio-Lahteenkorva, S.; Roos, E.; Laaksonen, M.; Rahkonen, O.; Lahelma, E. Working conditions and health
behaviours among employed women and men: The Helsinki Health Study. Prev. Med. 2004, 38, 48-56. [CrossRef]

Hellerstedt, W.L.; Jeffery, R.W. The association of job strain and health behaviours in men and women. Int. J. Epidemiol. 1997, 26,
575-583. [CrossRef]

Ryan, RM.; Deci, E.L. Self-Determination Theory: Basic Psychological Needs in Motivation, Development, and Wellness; Guilford
Publications: New York, NY, USA, 2017.

Fernet, C.; Austin, S.; Trépanier, S.-G.; Dussault, M. How do job characteristics contribute to burnout? Exploring the distinct
mediating roles of perceived autonomy, competence, and relatedness. Eur. J. Work Organ. Psychol. 2013, 22, 123-137. [CrossRef]
Abdel Hadi, S.; Bakker, A.B.; Hdusser, J.A. The role of leisure crafting for emotional exhaustion in telework during the COVID-19
pandemic. Anxiety Stress Coping 2021, 34, 530-544. [CrossRef] [PubMed]

Demerouti, E.; Bakker, A.B.; Geurts, S.A.; Taris, T.W. Daily recovery from work-related effort during non-work time. In Current
Perspectives on Job-Stress Recovery; Emerald Group Publishing Limited: Bradford, UK, 2009; pp. 85-123.


http://doi.org/10.1016/S0001-8791(03)00098-8
http://doi.org/10.1093/aje/kws336
http://doi.org/10.1136/jech.2006.057539
http://doi.org/10.1037/xap0000333
http://doi.org/10.1016/j.socscimed.2007.12.027
http://doi.org/10.1007/s00420-021-01750-7
http://doi.org/10.1186/s12889-020-09431-9
http://www.ncbi.nlm.nih.gov/pubmed/32887580
http://doi.org/10.1080/02678373.2017.1303759
http://doi.org/10.1037/0021-9010.92.6.1731
http://www.ncbi.nlm.nih.gov/pubmed/18020809
http://doi.org/10.3389/fpsyg.2021.734245
http://doi.org/10.1016/S2215-0366(20)30168-1
http://doi.org/10.1016/S0140-6736(12)60898-8
http://doi.org/10.1037/1076-8998.3.4.322
http://doi.org/10.1080/02678379808256870
http://doi.org/10.1007/BF03404542
http://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
http://doi.org/10.1016/j.ypmed.2003.09.027
http://doi.org/10.1093/ije/26.3.575
http://doi.org/10.1080/1359432X.2011.632161
http://doi.org/10.1080/10615806.2021.1903447
http://www.ncbi.nlm.nih.gov/pubmed/33769142

Int. |. Environ. Res. Public Health 2022, 19, 2168 12 of 12

55.

56.

57.

58.

59.

60.

Straker, L.; Mathiassen, S.E. Increased physical work loads in modern work—A necessity for better health and performance?
Ergonomics 2009, 52, 1215-1225. [CrossRef]

Holtermann, A.; Mathiassen, S.E.; Straker, L. Promoting health and physical capacity during productive work: The Goldilocks
Principle. Scand. |. Work Environ. Health 2019, 45, 90-97. [CrossRef]

Straker, L.; Mathiassen, S.E.; Holtermann, A. The ‘Goldilocks Principle”: Designing physical activity at work to be ‘just right’for
promoting health. Br. ]. Sports Med. 2018, 52, 818-819. [CrossRef]

Hervieux, V.; Tremblay, A.; Biron, C. Active meeting: An intervention to promote health at work without impairing performance.
Appl. Ergon. 2021, 90, 103269. [CrossRef]

Sonnentag, S.; Venz, L.; Casper, A. Advances in recovery research: What have we learned? What should be done next? J. Occup.
Health Psychol. 2017, 22, 365. [CrossRef]

Rodriguez-Mufioz, A.; Sanz-Vergel, A.I; Demerouti, E.; Bakker, A.B. Reciprocal relationships between job demands, job resources,
and recovery opportunities. J. Pers. Psychol. 2012, 11, 86-94. [CrossRef]


http://doi.org/10.1080/00140130903039101
http://doi.org/10.5271/sjweh.3754
http://doi.org/10.1136/bjsports-2017-097765
http://doi.org/10.1016/j.apergo.2020.103269
http://doi.org/10.1037/ocp0000079
http://doi.org/10.1027/1866-5888/a000049

	Introduction 
	Materials and Methods 
	Sample and Design 
	Measures 
	Job Demands and Job Control 
	Physical Activity 

	Analysis 

	Results 
	Discussion 
	Theoretical Implications 
	Practical Implications 
	Limitations and Future Research Directions 

	Conclusions 
	References

