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A B S T R A C T   

Our aim was to examine the associations between work intensity and depressive symptoms among the working 
population, as well as to identify the impact of physical activity (PA) on these relationships. Spearman corre-
lation analysis was conducted to analyze the correlations among work intensity, PA, and depressive symptoms. 
Working hours and working days were positively correlated with depressive symptoms (r = 0.108, 0.063; all p 
values were <0.001). Regular PA, exercise time, exercise frequency, and exercise years were negatively corre-
lated with depressive symptoms (r = − 0.121, − 0.124, − 0.152, − 0.149; all p values were <0.001) and working 
days (r = − 0.066, − 0.050, − 0.069, − 0.044; all p values were <0.001), working hours (r = − 0.113. − 0.106, 
− 0.161, − 0.123; all p values were <0.001). Working days was positively correlated with working hours (r =
0.512, p < 0.001). Different levels of PA alleviated the effect of working hours or working days on depressive 
symptoms. Working hours seemed to be more correlated with depressive symptoms than working days. The 
results suggest that PA at any level could buffer against the effects of work intensity and might prove a helpful 
strategy for improving mental health issues among employees.   

1. Introduction 

Depressive symptoms, one of the most common psychiatric prob-
lems, have a prevalence of 37.9% in China and up to 30% in laborers 
(Huang, Sun, & Zhou, 2020; Qin, Wang, & Hsieh, 2018). Because of the 
outcomes, including disability, morbidity, mortality, and socioeconomic 
burden, it has become a significant health problem that urgently needs 
to be addressed (Roberts, Mountjoy-Venning, Anjomshoa, Banoub, & 
Yasin, 2019; Wu et al., 2022). People with depressive symptoms have a 
reduced quality of life and an increased risk of cognitive dysfunction, 
dementia, coronary heart disease, and stroke compared to the general 
population (Chan et al., 2019; Tang & Thomas, 2020; Wu et al., 2022). 
These kinds of mental symptoms can also lead to more serious conse-
quences, such as suicide. A hierarchical cluster analysis from 2015 to 

2016 showed that more than half of patients committed suicide within a 
month of developing a mental disorder, and the reason for this phe-
nomenon was closely related to work patterns with overworking 
(Nishimura, Yamauchi, Sasaki, Yoshikawa, & Takahashi, 2021). More-
over, employees with depressive symptoms are prone to low energy, 
sleep disorders, inattention at work and other problems, which can 
reduce work efficiency and performance (Dewa, Hoch, Nieuwenhuijsen, 
Parikh, & Sluiter, 2019; Stewart, Ricci, Chee, Hahn, & Morganstein, 
2003). They may require long-term treatment, which can increase 
absenteeism and produce durable impacts on enterprise operations 
(Gangan & Yang, 2018). More importantly, labor shortages due to 
depressive symptoms may trigger an upsurge in early retirement, which 
will hinder the implementation of policies supporting labor force 
participation in the context of global aging (Konopko et al., 2018). 
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Therefore, maintaining the mental health of employees not only ensures 
the stability of family income but also ensures the first line of defense of 
enterprise production safety and promotes labor participation in the 
context of aging. 

Current research on depressive symptoms tends to focus on elderly 
individuals and patients, paying more attention to the interaction be-
tween physical diseases and depressive symptoms (MacLean & 
Wetherall, 2021; Ogunmoroti et al., 2022; Touron et al.). Employees, 
generally a healthier group, are the core source of family income and the 
mainstay of social productivity creation and have attracted more 
attention in terms of physical health problems. Several socioeconomic 
factors and health behaviors, including economic level, marital status, 
education level, smoking, alcohol drinking, and lack of exercise, are also 
likely to be related to depressive symptoms among laborers (Huang 
et al., 2020; Werneck et al., 2022; G. Y. Zhang, Cai, Zou, Jing, & Wu, 
2022). With the increasingly fierce social competition and work pres-
sure, a growing number of studies have focused on the influence of 
work-related factors on employees’ depressive symptoms. For instance, 
a low psychosocial safety climate, work stress, high work engagement, 
and long working hours are shown to be associated with an increased 
risk of depressive symptoms. A 12-month cohort study found that 41–48 
and ≥55 h of work per week were positively related to major depressive 
symptoms (Blackmore et al., 2007; Choi et al., 2021; Zadow, Dollard, 
Dormann, & Landsbergis, 2021). In addition, the positive association 
between long working hours and depressive symptoms appears to be 
stronger in Asia (Virtanen et al., 2018). 

Reducing the increasing burden of depressive symptoms should be a 
priority for future health efforts. Prevention of depressive symptoms was 
crucial based on the findings of previous studies (Nigatu et al., 2019). 
However, most of the known risk factors for mental disorders, such as 
gender, marital status, ethnicity, socioeconomic status, and life events, 
are unpredictable or difficult to modify (Weich, 1997). Our study em-
phasizes the moderating role of physical activity (PA) on the relation-
ship between work intensity and depressive symptoms, which provides a 
new perspective for improving the mental health status of employees. In 
addition, PA, as a simple and economical intervention, seems to be more 
operable and universal than intervening in work intensity. Thus, our 
study has strong practical significance and can provide more effective 
strategies for preventing the occurrence of employees’ depressive 
symptoms. 

1.1. Physical activity 

A variety of health surveys have demonstrated that PA not only 
improves physical fitness and reduces the risk of physical diseases but 
also helps prevent depressive symptoms. An 11-year cohort study re-
ported that regular leisure-time exercise of any intensity provides pro-
tection against future depressive symptoms (Elbe, Lyhne, Madsen, & 
Krustrup, 2019; Fletcher et al., 2018; Harvey et al., 2018). The findings 
also suggest that at least 12% of new cases of depressive symptoms could 
be prevented if adults exercised at least 1 h a week. However, some 
studies have suggested that any beneficial effects of exercise on reducing 
the risk of depressive symptoms may be limited to certain subgroups or 
associated with exercise intensity (Aguilar et al., 2021; Dishman, 
McDowell, & Herring, 2021). One systematic review including over 3 
million adults sampled from 11 nations on five continents found that 
customary and increasing levels of moderate-to-vigorous PA are 
inversely associated with incident depression and the onset of subclin-
ical depressive symptoms among adults (Dishman et al., 2021). Beatriz 
et al. reported that leisure-time PA was the only physical activity domain 
associated with lower depressive symptoms (Aguilar et al., 2021). 

On the other hand, PA can help to cope with work stress and reduce 
the risk of long-term sickness absence and work-related fatigue among 
employees (de Vries, van Hoof, Geurts, & Kompier, 2017; Lopez-Bueno, 
Sundstrup, Vinstrup, Casajus, & Andersen, 2020; X. Yang et al., 2010). 
Moreover, PA also has the advantages of low cost, high accessibility, and 

considerable economic and public health benefits (Acs et al., 2016; Bull 
et al., 2020). Despite the multiple benefits of PA, employees are not 
motivated enough (Gradidge, Draper, Casteleijn, & Palmeira, 2021). 
New WHO 2020 guidelines on PA recommended that all adults should 
undertake 150–300 min of moderate-intensity, 75–150 min of 
vigorous-intensity PA, or some equivalent combination of 
moderate-intensity and vigorous-intensity aerobic PA per week (Bull 
et al., 2020). However, one-third of adults worldwide do not meet the 
minimum recommended dose of PA (An, 2021). In addition to social 
environment, economic, and personal factors, work-related factors are 
barriers associated with PA (Chaabane, Chaabna, Doraiswamy, Mam-
tani, & Cheema, 2021; Guthold, Stevens, Riley, & Bull, 2018; Motteli & 
Dohle, 2020; T. Zhang, Ham, & Ren, 2021). As is well known, a person’s 
energy is limited. Overtime reduces employees’ leisure time, increases 
fatigue and work stress, and leads to less energy for PA (Andrade et al., 
2019; Wong, Chan, & Ngan, 2019). One study showed that the number 
of stressors encountered at work, intense physical labor, shift and night 
work, and job insecurity were negatively associated with leisure-time 
sports participation (Mutz, Abdel Hadi, & Haeusser, 2020). As the fa-
tigue of manual workers increases, they have less energy to participate 
in leisure time physical exercise (Blafoss et al., 2019). The benefits of PA 
for improving mental health are well established and influenced by 
work-related factors; thus, it is worthwhile to explore how PA may in-
fluence depressive symptoms among employees. 

1.2. Current research 

Overtime work is a risk factor for depressive symptoms; however, 
little is known about the potential factors moderating this relationship. 
Previous studies have examined the potential moderating effects of 
gender, income level, job status, and personality traits on these two 
relationships (Choi et al., 2021; Parent-Lamarche & Marchand, 2019). 
To the best of our knowledge, no studies have discussed the effect that 
PA has on the relationship between working hours and depressive 
symptoms. To bridge this gap, the purpose of this study was to test the 
following hypotheses: (1) working hours would be positively related to 
depressive symptoms, (2) PA levels would be negatively related to 
depressive symptoms, and (3) PA would moderate the effect of working 
hours on depressive symptoms such that as levels of PA increase, the 
relationships between working intensity and depressive symptoms 
would be weakened. 

2. Materials and methods 

2.1. Procedures 

For this study, cross-sectional data were extracted from the health 
management center of a third-class hospital in China. Data collection 
occurred between 2015 and 2020. All subjects gave their informed 
consent for inclusion before they participated in the study. The study 
was conducted in accordance with the Declaration of Helsinki, and the 
protocol was approved by the Institutional Review Board (IRB) of Third 
Xiangya Hospital of Central South University. All participants were 
notified that the study’s purpose was to understand the relationships 
among PA, work intensity, and depressive symptoms. Participants 
received a questionnaire containing research content and necessary in-
structions for filling out questionnaires if they agreed to participate. 
There was no financial compensation for participants. Finally, 115,917 
employees agreed to participate in the survey; however, after excluding 
missing data, the unemployed, students, and retirees, our sample for 
analysis comprised 79,984 employees. 

2.2. Measures 

2.2.1. Demographics 
The sociodemographic characteristics examined included the 
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following: gender, age, ethnicity (Han, Minorities), marriage status 
(unmarried, married, divorce/widowed, other), regular diet (never, 
occasionally, always), business socializing (never, sometimes, often, 
always), drinking status (never, passive drinking, active drinking), and 
smoking status (never, ever smoking, passive smoking, active smoking). 

2.2.2. Depressive symptoms 
Depressive symptoms may manifest as negative emotions, sadness, 

pessimism, indecision, work suppression, insomnia, or fatigue (Xiaolin 
Yang et al., 2012). We referred to a variety of depressive symptom 
scales, such as the Patient Health Questionairre-9 (PHQ-9), Self-rating 
Depression Scale (SDS) and Montgomery Asberg Depression Rating 
Scale (MADRS), and extracted 6 items that were most associated with 
depressive symptoms from the “Self-examination questionnaire for 
health” to evaluate the participants (Ettman et al., 2020; Montgomery & 
Asberg, 1979; Zung, 1972). The 6 separate items comprised unhappi-
ness, lack of enthusiasm, easily excited and angry, difficulty concen-
trating, depressed, and hard to relax. Respondents indicated the 
frequency over the past week that they experienced each statement on a 
3-point scale: 1 (not at all), 2 (occasionally), 3 (often), and an example 
item is ‘During the last week, how often did you feel unhappy?’ Re-
sponses were summed, and scores could range from 6 to 18, with higher 
scores indicating more depressive symptoms. 

Although the 6 items were not mature scales, the results of explor-
atory factor analysis revealed that they brought about i common factors 
with a general variance of 64.09%, and the factor loading (β) was be-
tween 0.729 and 0.845 (Fig. 1). The Cronbach’s α of our scale was 0.887. 
It showed that the scale had good validity in screening depressive 
symptoms and could reflect the depressive symptoms of employees to a 

certain extent. 

2.2.3. Work intensity 
We considered irregular working hours among participants such as 

freelancers and the self-employed. We broke down the work intensity 
from the traditional total number of hours worked per week into two 
parts, which consisted of the entries ‘working days’ and ‘working hours’. 
When participants were asked how many days they worked per week, 
response choices included less than 3 days per week (=1), 3–5 days per 
week (=2), or more than 5 days per week (=3). When participants were 
asked the average number of hours worked per day, response choices 
included less than 4 h per day (=1), 4–6 h per day (=2), 6–8 h per day 
(=3), and more than 8 h per day (=4). 

2.2.4. PA 
PA was assessed using a self-report questionnaire associated with a 

medical examination. The content of the questionnaire mainly focused 
on the persistence of exercise, which included participation in PA 
regularly, exercise time, exercise frequency, and exercise years. Whether 
the participants regularly participated in PA during the past year was 
determined using a dichotomous inquiry. If the answer was ‘yes’, spe-
cific assessments of exercise adherence were continued. If the answer 
was ‘no’ (=0), the evaluation of PA was finished. A further item inves-
tigated exercise time; response choices included less than 30 min each 
time (=1), 30–60 min each time (=2), and more than 60 min each time 
(=3). Another item investigated exercise frequency; response choices 
included 1–2 times per week (=1), 3–5 times per week (=2), and more 
than 5 times per week (=3). The last item investigated exercise years; 
response choices included less than 1 year (=1), 1–5 years (=2), 6–10 

Fig. 1. Standardized factors loading of depressive latent factor items.  

T. Dai et al.                                                                                                                                                                                                                                      



SSM - Population Health 23 (2023) 101435

4

years (=3), and more than 10 years (=4). 

2.2.5. Statistical analyses 
Data were analyzed using SPSS Version 21.0 (IBM Corporation, 

Armonk, NY, USA) using a significance level of p < 0.05. 
Age, work intensity (working days and working hours), exercise 

time, exercise frequency, exercise years, and depressive symptoms were 
described by the mean ± standard deviation (SD). Gender, ethnicity, 
marital status, regular diet, business socialization, drinking status, 
smoking status, and whether they regularly participated in PA were 
described by number (n) and percentage (%). Exploratory factor analysis 
was used to explore the degree of fit of the six depressive symptom items 
in the study. Spearman correlation analysis was conducted to analyze 
the correlation between work intensity, PA, and depressive symptoms. 

Since a combined model would lead to modeling of quadrilateral 
interactions, the assumptions were modeled separately to increase 
interpretability. Multiple regression analyses were performed to 
examine predictors of depressive symptoms, with the independent var-
iables of PA, work intensity, and the interaction of these two variables. 
First, we examined the effects of work intensity (working days and 
working hours), participation in PA and their interaction with depres-
sive symptoms. To further examine the moderating effect of the levels of 
PA on the relationship between work intensity and depressive symp-
toms, analyses were run containing the independent variables of PA 
(exercise time, exercise frequency, exercise years), work intensity 
(working days and working hours), and an interaction term created by 
multiplying one of the work intensity variables (days worked per week 
and hours worked per day) by multiplying one of the levels of PA (ex-
ercise time, exercise frequency, exercise years). Simple slope analysis 
was performed to visualize interaction terms and confirm the signifi-
cance of the moderating effect. 

In simple slope analysis, one SD above the mean was regarded (M + 1 
SD) as a high level of work intensity (working days and working hours) 
and the moderator variables were exercise time, exercise frequency, and 
exercise years. One SD below the mean was a low level of work intensity 
(M - 1 SD). The variables of work intensity (working days and working 
hours) and the moderator variables (exercise time, exercise frequency, 
exercise years) were transformed into z scores before regression 
analysis. 

3. Results 

3.1. Sociodemographic characteristics 

There were 79,984 participants, including 48,199 males (60.3%) and 
31,785 females (39.7%), with an average age of 44.95 ± 13.10 years. 
Sociodemographic characteristics are shown in Table 1. 

3.2. Correlation analysis of work intensity, PA, and depressive symptoms 

The correlation analysis of work intensity, PA, and depressive 
symptoms is given in Table 2. The results showed that both working 
hours and working days were positively correlated with depressive 
symptoms (r = 0.108, 0.063; all p values were <0.001), while regular 
PA, exercise time, exercise frequency, and exercise years were nega-
tively correlated with depressive symptoms (r = − 0.121, − 0.124, 
− 0.152, − 0.149; all p values were <0.001). In addition, a negative as-
sociation was found between regular PA, exercise time, exercise fre-
quency, exercise years, and working days (r = − 0.066, − 0.050, − 0.069, 
− 0.044; all p values were <0.001), as well as working hours (r =
− 0.113. − 0.106, − 0.161, − 0.123; all p values were <0.001). We also 
found a positive association between working days and working hours 
(r = 0.512, p < 0.001). 

3.3. Moderating effects of PA on work intensity and depressive symptoms 

The findings suggested that PA significantly negatively predicts 
depressive symptoms (B = − 0.501, t = − 25.910, p < 0.001), while 
working days (B = 0.026, t = 2.299, p = 0.022) and working hours (B =
0.122, t = 10.201, p < 0.001) positively predict depressive symptoms 
(Model 1 in Table 3). The results of the regression analysis incorporating 
the interaction term showed that the effect of the interaction term of PA 
with working hours (B = − 0.042, t = 2.159, p = 0.031) and working 
days (B = − 0.038, t = 2.019, p = 0.044) on depressive symptoms was 
significant (Model 2 and Model 3 in Table 3). 

Simple slope analysis showed that PA moderated the effect of both 
work hours and working days on depressive symptoms. Working hours 
significantly predicted depressive symptoms with or without PA, but the 
positive effect of working hours on depressive symptoms was reduced 
among participants who participated in PA compared to those who did 
not (Fig. 2A) (B = 0.105 vs. 0.147; all p values were <0.001). The 
positive effect of working days on depressive symptoms was observed 
only in those who did not participate in PA (B = 0.049, t = 3.052, p <
0.01) but not in those who did (B = 0.010, t = 0.759, p = 0.448) 
(Fig. 2B). 

3.4. Moderating effects of exercise time on work intensity and depressive 
symptoms 

The model examining the effect of exercise time and work intensity 
on depressive symptoms was significant (Model 1 in Table 4). Exercise 
time was significantly related to depressive symptoms (B = − 0.252, t =
− 26.514, p < 0.001); as exercise time increased, depressive symptoms 
decreased. Similar to the previous results, both working days and 
working hours were positively correlated with depressive symptoms (B 
= 0.030, 0.122; t = 2.685, 10.206; all p values were <0.01). 

Similar to the previous regression analysis, there were significant 

Table 1 
Sociodemographic characteristics (n = 79, 984).  

Characteristic  M ± SD or n (%) 

Gender Male 48, 199 (60.3) 
Female 31, 785 (39.7) 

Age, years  44.95 ± 13.10 
Ethnicity Han 77, 177 (96.5) 

Minorities 2807 (3.5) 
Marriage status Unmarried 8965 (11.2) 

Married 68,600 (85.8) 
Divorce/Widowed 2322 (2.9) 
Other 97 (0.1) 

Regular diet Never 25,339 (31.7) 
Occasionally 22,268 (27.8) 
Always 32,377 (40.5) 

Business socializing Never 67,201 (84.0) 
Sometimes 10,772 (13.5) 
Often 1656 (2.1) 
Always 355 (0.4) 

Drinking status Never 52,213 (65.3) 
Passive drinking 1217 (1.5) 
Active drinking 26,554 (33.2) 

Smoking status Never 49,049 (61.3) 
Ever smoking 2734 (3.4) 
Passive smoking 3561 (4.5) 
Active smoking 24,640 (30.8) 

Work intensity Working days 2.36 ± 0.67 
Working hours 2.88 ± 0.95 

PA No 31,921 (39.9) 
Yes 48,063 (60.1) 

Exercise time  1.14 ± 1.06 
Exercise frequency  1.05 ± 1.03 
Exercise years  1.37 ± 1.36 
Depressive symptoms  8.40 ± 2.71 

Note: M ± SD = mean ± standard deviation; PA = whether participate in 
physical activities regularly. 
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interaction effects between exercise time and work intensity (working 
hours and working days) on depressive symptoms (Model 2 and Model 3 
in Table 4). Exercise time alleviated the effect of working hours and 
working days on depressive symptoms (B = − 0.024, − 0.022; t =
− 2.586, − 2.330; p values were all <0.05). 

Simple slopes analysis, as shown in Fig. 3A, revealed that the pre-
dicted slope of working hours on depressive symptoms was statistically 
significant in both the low and high exercise time groups (B = 0.146, 
0.098; t = 9.596, 6.548; p values were all <0.001). Compared with low 

exercise time, high exercise time mitigates the effect of high working 
hours on depressive symptoms. In Fig. 3B, when at the level of low ex-
ercise time, high working days were associated with higher depressive 
symptoms (B = 0.052, t = 3.555, p < 0.001); however, there was no 
significant effect at the level of high exercise time (B = 0.008, t = 0.568, 
p = 0.570). 

Table 2 
Correlation analysis of work intensity, PA and depressive symptoms (n = 79,984).  

Variables M±SD 1 2 3 4 5 6 7 

1. Working days 2.36 ± 0.67 1       
2. Working hours 2.88 ± 0.95 0.554*** 1      
3. PA 0.60 ± 0.49 − 0.066*** − 0.113*** 1     
4. Exercise time 1.14 ± 1.06 − 0.050*** − 0.106*** 0.876*** 1    
5. Exercise frequency 1.05 ± 1.03 − 0.069*** − 0.161*** 0.831*** 0.830*** 1   
6. Exercise years 1.37 ± 1.36 − 0.044*** − 0.123*** 0.815*** 0.794*** 0.777*** 1  
7. Depressive symptoms 8.40 ± 2.71 0.063*** 0.108*** − 0.121*** − 0.124*** − 0.152*** − 0.149*** 1 

Note: M±SD = mean ± standard deviation; 1 = Working days; 2 = Working hours; 3 = PA; 4 = Exercise time; 5 = Exercise frequency; 6 = Exercise years; 7 = Depressive 
symptoms; ***P < 0.001. 

Table 3 
Regression analysis for the effects of work intensity (working days and working hours), PA and their interaction on depressive symptoms.  

Variables Model 1 Model 2 Model 3 

B t P B t P B t P 

Female (Ref: Male) 0.681 27.953 <0.001 0.680 27.901 <0.001 0.681 27.946 <0.001 
Age, years − 0.029 − 30.257 <0.001 − 0.029 − 30.323 <0.001 − 0.029 − 30.291 <0.001 
Minorities (Ref: Han) 0.360 7.115 <0.001 0.360 7.117 <0.001 0.360 7.117 <0.001 
Marriage status (Ref: Unmarried) 

Married − 0.224 − 6.705 <0.001 − 0.223 − 6.683 <0.001 − 0.224 − 6.703 <0.001 
Divorce/Widowed 0.209 3.247 <0.001 0.211 3.227 0.001 0.211 3.274 0.001 
Other 0.030 0.110 0.913 0.030 0.112 0.911 0.029 0.109 0.913 

Regular diet − 0.030 − 2.762 0.006 − 0.031 − 2.769 0.006 − 0.031 − 2.770 0.006 
Business socializing 0.372 17.823 <0.001 0.373 17.831 <0.001 0.323 17.830 <0.001 
Drinking status (Ref: Never) 

Ever drinking 0.634 8.174 <0.001 0.633 8.169 <0.001 0.634 8.179 <0.001 
Drinking 0.139 5.931 <0.001 0.139 5.951 <0.001 0.139 5.944 <0.001 

Smoking status (Ref: Never) 
Ever smoking 0.459 8.530 <0.001 0.460 8.543 <0.001 0.460 8.551 <0.001 
Passive smoking 0.520 11.152 <0.001 0.521 11.170 <0.001 0.520 11.160 <0.001 
Active smoking 0.063 2.474 0.013 0.064 2.503 0.012 0.063 2.492 0.013 

Working days 0.026 2.299 0.022 0.025 2.270 0.023 0.049 3.052 0.002 
Working hours 0.122 10.201 <0.001 0.147 8.794 <0.001 0.122 10.202 <0.001 
PA (Ref: No PA) ¡0.501 ¡25.910 <0.001 ¡0.499 ¡25.764 <0.001 ¡0.500 ¡25.840 <0.001 
Working hours × PA - - - ¡0.042 2.159 0.031 - - - 
Working days × PA - - - - - - ¡0.038 2.019 0.044 
R2 0.061 0.061 0.061 
F 324.327 305.556 305.520 

Note: B means unstandardized regression coefficient; Working days and working hours were incorporated into the regression model after being standardized. 

Fig. 2. The Moderating effect of PA (Yes/No) on the relationship between working hours (A) and working days (B), and depressive symptoms.  
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3.5. Moderating effects of exercise frequency on work intensity and 
depressive symptoms 

The model examining the effect of exercise frequency and work in-
tensity on depressive symptoms was significant (Model 1 in Table 5). 
Exercise frequency was significantly related to depressive symptoms (B 
= − 0.287, t = − 29.582, p < 0.001); as exercise frequency increased, 
depressive symptoms decreased. Similar to the previous results, both 
working days and working hours were positively correlated with 
depressive symptoms (B = 0.036, 0.114; t = 3.241, 9.538; all p values 
were <0.01). 

Similar to the previous regression analysis, there were significant 
interaction effects between exercise frequency and work intensity 
(working hours and working days) on depressive symptoms (Model 2 
and Model 3 in Table 5). Exercise frequency alleviated the effect of 
working hours and working days on depressive symptoms (B = − 0.050, 
− 0.035; t = − 5.530, − 3.916; all p values were <0.001). 

Similar to the previous simple slopes analysis (Fig. 4A), at high levels 
of exercise frequency, high work hours were associated with higher 
levels of depressive symptoms (B = 0.067, t = 4.591, p < 0.001), but the 
effect was more pronounced at low levels of exercise frequency (B =
0.166, t = 10.907, p < 0.001). In Fig. 4B, at the level of low exercise 

frequency, high working days were associated with higher depressive 
symptoms (B = 0.073, t = 4.994, p < 0.001), but there was no significant 
effect at the level of high exercise frequency (B = 0.002, t = 0.154, p =
0.877). 

3.6. Moderating effects of exercise duration on work intensity and 
depressive symptoms 

The model examining the effect of exercise years and work intensity 
on depressive symptoms was significant (Model 1 in Table 6). Exercise 
duration was significantly related to depressive symptoms (B = − 0.273, 
t = − 27.966, p < 0.001); as exercise duration increased, depressive 
symptoms decreased. Similar to the previous results, both working days 
and working hours were positively correlated with depressive symptoms 
(B = 0.036, 0.126; t = 3.175, 10.535; all p values were <0.01). 

There were significant interaction effects between exercise years and 
work intensity (working hours and working days) on depressive symp-
toms (Model 2 and Model 3 in Table 6). Exercise year alleviated the 
effect of working hours and working days on depressive symptoms (B =
− 0.028, − 0.020; t = − 3.054, − 2.150; p values were all <0.05). 

Simple slope analysis showed that the relationship between working 
hours and depressive symptoms became stronger as exercise years 

Table 4 
Regression analysis for the effects of work intensity (working days and working hours), exercise time and their interaction on depressive symptoms.  

Variables Model 1 Model 2 Model 3 

B t P B t P B t P 

Working days 0.030 2.685 0.007 0.029 2.627 0.009 0.030 2.677 0.007 
Working hours 0.122 10.206 <0.001 0.122 10.248 <0.001 0.122 10.204 <0.001 
Exercise time − 0.252 − 26.514 <0.001 − 0.251 − 26.467 <0.001 − 0.251 − 26.414 <0.001 
Working hours × Exercise time – – – − 0.024 − 2.586 0.010 – – – 
Working days × Exercise time – – – – – – − 0.022 − 2.330 0.020 
R2 0.061 0.061 0.061 
F 326.439 307.652 307.573 

Note: B means unstandardized regression coefficient; Working days, working hours, and exercise time were incorporated into the regression model after being 
standardized; All model adjusted for gender, age, minorities, marriage status, regular diet, business socializing, drinking status, and smoking status. 

Fig. 3. The Moderating effect of exercise time on the relationship between working hours (A) and working days (B), and depressive symptoms.  

Table 5 
Regression analysis for the effects of work intensity (working days and working hours), exercise frequency and their interaction on depressive symptoms.  

Variables Model 1 Model 2 Model 3 

B t P B t P B t P 

Working days 0.036 3.241 0.001 0.035 3.140 0.002 0.037 3.339 <0.001 
Working hours 0.114 9.538 <0.001 0.117 9.774 <0.001 0.114 9.560 <0.001 
Exercise frequency − 0.287 − 129.582 <0.001 − 0.291 − 29.910 <0.001 − 0.287 − 29.556 <0.001 
Working hours × Exercise frequency – – − 0.050 − 5.530 <0.001 – – – 
Working days × Exercise frequency – – – – – − 0.035 − 3.916 <0.001 
R2 0.063 0.064 0.064 
F 337.796 319.843 318.885 

Note: B means unstandardized regression coefficient; Working days working hours, and exercise frequency were incorporated into the regression model after being 
standardized; All model adjusted for gender, age, minorities, marriage status, regular diet, business socializing, drinking status, and smoking status. 
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decreased (Fig. 5A). Compared with low exercise years, high exercise 
years mitigated the effect of high work hours on depressive symptoms 
(B = 0.154, 0.099; t = 10.156, 6.633; p values were all <0.001). When 
the independent variable was working days (Fig. 5B), at the level of low 
exercise years, high working days were associated with higher depres-
sive symptoms (B = 0.055; t = 3.816; p < 0.001); similarly, there was no 
significant effect at the level of high exercise years (B = 0.016; t = 1.103; 
p = 0.270). 

4. Discussion 

4.1. Relationship between work intensity and depressive symptoms 

Most of our findings were consistent with our hypotheses. The results 
showed that both working hours and working days were positively 
correlated with depressive symptoms and were significant predictors of 
depressive symptoms. These findings were similar to previous research, 
which found that employees with higher levels of work intensity were 
more likely to report depressive symptoms (Choi et al., 2021; Virtanen 
et al., 2018; Zadow et al., 2021). 

As far as we are aware, the relationship between work intensity and 
depressive symptoms is complicated. From the perspective of 

pathophysiology, high work intensity may shorten the rest time of em-
ployees, thus affecting their sleep quality and physical health and 
further increasing the psychological burden of employees (Liu, Wang, 
Wang, Ji, & Li, 2021; Schleupner & Kuehnel, 2021). From a psychoso-
ciological perspective, high work intensity is accompanied by high 
levels of work stress, which are widely known to be associated with 
depressive symptoms among employees (Choi et al., 2021; Yoon, Ryu, 
Kim, Kang, & Jung-Choi, 2018). The overtime work environment under 
high-intensity work might also induce the psychological distress of 
employees directly as a situational effect. For instance, employees may 
be embarrassed and feel shame and guilt about leaving the workplace 
alone while others, especially their supervisors, are still working (Ishida, 
Murayama, & Fukuda, 2020). Furthermore, these positive correlations 
might also be related to the high work engagement environment, where 
employees might be more likely to ignore their own depressed mood, 
leading to more severe depressive symptoms (Zadow et al., 2021). Ac-
cording to the theory of effort-reward imbalance, high work engagement 
without the desired reward or social support in the workplace can lead 
to an increased risk of depressive symptoms among employees (Siegrist, 
1996; Yoon et al., 2018). 

Fig. 4. The Moderating effect of exercise frequency on the relationship between working hours (A) and working days (B), and depressive symptoms.  

Table 6 
Regression analysis for the effects of work intensity (working days and working hours), exercise year and their interaction on depressive symptoms.  

Variables Model 1 Model 2 Model 3 

B t P B t P B t P 

Working days 0.036 3.175 0.001 0.035 3.105 0.002 0.036 3.189 <0.001 
Working hours 0.126 10.535 <0.001 0.126 10.606 <0.001 0.126 10.532 <0.001 
Exercise year − 0.273 − 27.966 <0.001 − 0.273 − 28.014 <0.001 − 0.272 − 27.839 <0.001 
Working hours × Exercise year – – – − 0.028 − 3.054 0.002 – – – 
Working days × Exercise year – – – – – – − 0.020 − 2.150 0.032 
R2 0.062 0.062 0.062 
F 331.610 312.731 312.436 

Note: B means unstandardized regression coefficient; Working days, working hours, and exercise year were incorporated into the regression model after being 
standardized; All model adjusted for gender, age, minorities, marriage status, regular diet, business socializing, drinking status, and smoking status. 

Fig. 5. The Moderating effect of exercise year on the relationship between working hours (A) and working days (B), and depressive symptoms.  
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4.2. Relationship between PA and depressive symptoms 

PA levels were negatively related to depressive symptoms; the more 
active or consistent employees were in PA, the lower their reported 
depressive symptoms. These findings aligned with previous research, 
which found that people who exercised regularly, at least 1–2 times per 
week, tended to experience fewer depressive symptoms than those who 
did not or who exercised sometimes (Hallgren et al., 2020). Existing 
physiological mechanisms suggest that PA not only elicits changes in 
brain neuroplasticity but also reduces the level of proinflammatory 
factors and enhances the ability to resist oxidation and physiological 
stress, thus reducing the occurrence of depressive symptoms (Kandola, 
Ashdown-Franks, Hendrikse, Sabiston, & Stubbs, 2019; Soares, Reis, 
Rodrigues, Ribeiro, & Pereira, 2021). The effect of PA on depressive 
symptoms can also be moderated through social psychology. For 
instance, the connection between social ties and better mental health 
outcomes has been well established (Kawachi & Berkman, 2001); 
therefore, PA could enhance social support by providing opportunities 
for interaction and sociability to buffer against depressive symptoms 
(Harvey et al., 2018). Moreover, PA could increase feelings of euphoria 
by enhancing self-esteem and self-efficacy, which could reduce the risk 
of depressive symptoms (Kandola et al., 2019). PA can also have a 
positive effect on health behaviors associated with depressive symp-
toms, such as sleep. Studies have shown that PA was associated with 
decreased levels of sleep problems and depressive symptoms, and the 
association between PA and depressive symptoms was partly mediated 
by sleep problems (Kaseva et al., 2019). 

4.3. Moderating effects of PA on work intensity and depressive symptoms 

Our predictions that PA levels would modulate the effect of work 
intensity on depressive symptoms were supported. Different levels of PA 
alleviated the effect of working hours or working days on depressive 
symptoms after adjusting for potential confounders. That is, higher work 
intensity was associated with increased depressive symptoms among 
employees with lower levels of PA. We also found that both PA and work 
intensity were predictors of depressive symptoms, which was consistent 
with the literature (Virtanen et al., 2018). PA improves employees’ 
ability to cope with the stress of high-intensity work and makes them 
feel better when working (Dishman et al., 2021; Mutz et al., 2020; X. 
Yang et al., 2010). Continued participation in PA could modify the 
relationship between chronic work stress and depressive symptoms, 
thereby reducing depressive symptoms related to work stress. 

However, this moderating effect was more pronounced for the var-
iable of working hours. In our research, as the levels of PA increased, the 
positive feedback effect of working hours on depressive symptoms 
gradually decreased. In addition, not participating in PA and less exer-
cise time, frequency or years could enhance the positive influence be-
tween working days and depressive symptoms. Surprisingly, in this 
sample, we did not observe that regular participation in PA, higher ex-
ercise time, or frequency or years could ease the connection between 
working days and depressive symptoms. Meanwhile, our findings were 
in accordance with prior results, and it appeared that higher working 
hours were more associated with depressive symptoms than higher 
working days (Date et al., 2009). These findings further suggest that 
regular PA, higher exercise time or frequency or years have a greater 
moderating effect on the positive effects of working hours on depressive 
symptoms compared with working days. We speculated that, compared 
with the increase in weekly working days, long daily working hours 
could make employees concentrate their rest time each week, but they 
would be in a state of increased energy consumption every day, and their 
free time after work would decline, which would not be conducive to 
regular exercise. Working overtime every day also increases negative 
feelings frequently, which increases the risk of depressive symptoms 
(Ishida et al., 2020). Another reason for the difference could be that 
daily working hours might be more strongly correlated with job 

satisfaction, which is an important contributor to depressive symptoms 
(홍성태 & 양노열, 2014). However, the specific mechanism remains to 
be proven. 

4.4. Future research direction and shortcomings 

The main strength of this study was the investigation based on a large 
sample population, which makes our results more representative. 
However, several limitations should be addressed. First, the cross- 
sectional design of the study limits the causal interpretation of the 
findings. Second, although we controlled for some confounding factors, 
a number of important potential confounding variables, such as type of 
work, shift work, job autonomy, motivation, and controllability, which 
affect work intensity, were still not measured (Choi et al., 2021; Zadow 
et al., 2021). A few studies have suggested that job control and social 
support factors seem to be more associated with depressive symptoms 
than working time (Uchida & Morita, 2018). In our study, work intensity 
was more focused on time, and we divided it into two categories, 
average working days per week and average working hours per day. In 
recent years, the 996 work system which requires employees to work 
from 9 a.m. to 9 p.m. and 6 days every week, has become ubiquitous in 
Chinese enterprises and gradually evolved into the implicit culture of 
enterprises (Xiao, Silva, & Zhang, 2020). This is a large difference from 
the legal five-day workweek and 8-h workdays, which could leave em-
ployees with less time for PA and prone to negative emotions, such as 
depressive symptoms (Rugulies et al., 2021). The levels of PA have a 
greater moderating effect on the positive effects of working hours on 
depressive symptoms than working days. Future research should 
examine the interaction between working hours and PA and depressive 
symptoms in employees. Third, different intensities and areas (occupa-
tion, transportation, leisure exercise) and forms (individual or group) of 
PA seem to have different effects on depressive symptoms, but our study 
only focused on individuals’ regular exercise and adherence (Aguilar 
et al., 2021; Elbe et al., 2019; Hamer, Stamatakis, & Steptoe, 2009). One 
study found that leisure time PA was the only physical activity domain 
associated with lower depressive symptoms (Aguilar et al., 2021). 
Future research can also carry out detailed discussions on PA to help 
employees better choose the type, intensity, and time of exercise and 
reduce the impact of negative emotions brought by high-intensity work. 
Fourth, our dataset only used self-diagnosed depressive symptoms, 
which limited us to examining depressive symptoms rather than medical 
diagnoses. Future studies may consider selecting a more mature 
depressive symptoms scale to further verify our research results or 
developing a new scale suitable for screening depressive symptoms of 
Chinese employees. Finally, previous studies have shown that the 
negative effects of long working hours on mental health may also be 
moderated by gender, socioeconomic status, job resources, education 
level, personality traits, and other variables (Choi et al., 2021; Paren-
t-Lamarche & Marchand, 2019; Tsuno et al., 2019). Therefore, future 
research needs to rule out these confounding factors, which are strongly 
associated with work intensity and depressive symptoms. 

5. Conclusion 

Our findings suggest the importance of PA in buffering the depressive 
symptom effects of work intensity among employees. In particular, this 
moderating effect seems to be even greater when considering working 
hours. Enterprises should pay more attention to the physical and mental 
health of employees, arrange their working hours reasonably, and 
encourage them to take an active part in exercise to create greater 
benefits for the company. A workplace PA program might be a good idea 
to address these issues. 

Authors’ contributions 

Conceptualization, J.W.; methodology, J.W. and R.X.; software, R.X., 

T. Dai et al.                                                                                                                                                                                                                                      



SSM - Population Health 23 (2023) 101435

9

G.G., C.Z., and X.D.; validation, J.X.; formal analysis, T.D., J.W., J.X., R. 
X., and Y.D.; investigation, J.W., P⋅Y., and Y⋅W.; resources, J.W.; data 
curation, R.X., G.G., C.Z., X.D., and J.X.; writing-original draft prepa-
ration, T.D.; writing-review and editing, Y. D; visualization, T.D.; su-
pervision, J.W.; project administration, J.W.; funding acquisition, J.W. 
All authors have read and approved the final version of the manuscript, 
and agree with the order of presentation of the authors. 

Declaration of competing interest 

All the authors declare that there is no conflict of interest between of 
them. 

Data availability 

Data will be made available on request. 

Acknowledgments 

This research uses data from the health management center of a 
Third-class a hospital in China. This work was supported by the Special 
Funding for the Construction of Innovative Provinces in Hunan 
(No.2020SK53618). 

References 

Acs, P., Stocker, M., Fuge, K., Paar, D., Olah, A., & Kovacs, A. (2016). Economic and 
public health benefits: Damato. European Journal of Integrative Medicine, 8, 8–12. 
https://doi.org/10.1016/j.eujim.2016.11.003 

Aguilar, B. A. S., Tebar, W. R., Silva, S. C. B., Gomes, L. Q., Damato, T. M. M., Mota, J., … 
Christofaro, D. G. D. (2021). Leisure-time exercise is associated with lower 
depressive symptoms in community dwelling adults. European Journal of Sport 
Science, 22(6), 916–925. https://doi.org/10.1080/17461391.2021.1895892 

An, R. P. (2021). Policy and physical activity. Journal of Sport and Health Science, 10(3), 
253–254. https://doi.org/10.1016/j.jshs.2021.03.006 

Andrade, R. D., Ferrari Junior, G. J., Capistrano, R., Beltrame, T. S., Pelegrini, A., 
Crawford, D. W., et al. (2019). Constraints to leisure-time physical activity among 
Brazilian workers. Annals of Leisure Research, 22(2), 202–214. https://doi.org/ 
10.1080/11745398.2017.1416486 

Blackmore, E. R., Stansfeld, S. A., Weller, I., Munce, S., Zagorski, B. M., & Stewart, D. E. 
(2007). Major depressive episodes and work stress: Results from a national 
population survey. American Journal of Public Health, 97(11), 2088–2093. https:// 
doi.org/10.2105/ajph.2006.104406 

Blafoss, R., Micheletti, J. K., Sundstrup, E., Jakobsen, M. D., Bay, H., & Andersen, L. L. 
(2019). Is fatigue after work a barrier for leisure-time physical activity? Cross- 
Sectional study among 10,000 adults from the general working population. 
Scandinavian Journal of Public Health, 47(3), 383–391. https://doi.org/10.1177/ 
1403494818765894 

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., … 
Willumsen, J. F. (2020). World Health Organization 2020 guidelines on physical 
activity and sedentary behaviour. British Journal of Sports Medicine, 54(24), 
1451–1462. https://doi.org/10.1136/bjsports-2020-102955 

Chaabane, S., Chaabna, K., Doraiswamy, S., Mamtani, R., & Cheema, S. (2021). Barriers 
and facilitators associated with physical activity in the Middle East and North Africa 
region: A systematic overview. International Journal of Environmental Research and 
Public Health, 18(4). https://doi.org/10.3390/ijerph18041647 

Chan, C. K., Soldan, A., Pettigrew, C., Wang, M. C., Wang, J. X., Albert, M. S., et al. 
(2019). Depressive symptoms in relation to clinical symptom onset of mild cognitive 
impairment. International Psychogeriatrics, 31(4), 561–569. https://doi.org/10.1017/ 
s1041610218001138 

Choi, E., Choi, K. W., Jeong, H.-G., Lee, M.-S., Ko, Y.-H., Han, C., … Han, K.-M. (2021). 
Long working hours and depressive symptoms: Moderation by gender, income, and 
job status. Journal of Affective Disorders, 286, 99–107. https://doi.org/10.1016/j. 
jad.2021.03.001 

Date, Y., Abe, Y., Aoyagi, K., Ye, Z., Takamura, N., Tomita, M., … Honda, S. (2009). 
Depressive symptoms in Chinese factory workers in Nagasaki, Japan. Industrial 
Health, 47(4), 376–382. https://doi.org/10.2486/indhealth.47.376 

Dewa, C. S., Hoch, J. S., Nieuwenhuijsen, K., Parikh, S. V., & Sluiter, J. K. (2019). Toward 
effective work Accommodations for aepression examining the relationship between 
different combinations of depression symptoms and work productivity losses. 
Journal of Occupational and Environmental Medicine, 61(1), 75–80. https://doi.org/ 
10.1097/jom.0000000000001486 

Dishman, R. K., McDowell, C. P., & Herring, M. P. (2021). Customary physical activity 
and odds of depression: A systematic review and meta-analysis of 111 prospective 
cohort studies. British Journal of Sports Medicine, 55(16), 926–934. https://doi.org/ 
10.1136/bjsports-2020-103140 

Elbe, A. M., Lyhne, S. N., Madsen, E. E., & Krustrup, P. (2019). Is regular physical activity 
a key to mental health? Commentary on "association between physical exercise and 

mental health in 1.2 million individuals in the USA between 2011 and 2015: A cross- 
sectional study", by chekroud et al., published in lancet psychiatry. Journal of Sport 
and Health Science, 8(1), 6–7. https://doi.org/10.1016/j.jshs.2018.11.005 

Ettman, C. K., Abdalla, S. M., Cohen, G. H., Sampson, L., Vivier, P. M., & Galea, S. (2020). 
Prevalence of depression symptoms in US adults before and during the COVID-19 
pandemic. JAMA Network Open, 3(9). https://doi.org/10.1001/ 
jamanetworkopen.2020.19686 

Fletcher, G. F., Landolfo, C., Niebauer, J., Ozemek, C., Arena, R., & Lavie, C. J. (2018). 
Promoting physical activity and exercise JACC health promotion series. Journal of 
the American College of Cardiology, 72(14), 1622–1639. https://doi.org/10.1016/j. 
jacc.2018.08.2141 

Gangan, N., & Yang, Y. (2018). The impact of work absences on health services 
utilization and costs among employed individuals with depression. Journal of 
Occupational and Environmental Medicine, 60(3), E139–E145. https://doi.org/ 
10.1097/jom.0000000000001259 

Gradidge, P. J.-L., Draper, C. E., Casteleijn, D., & Palmeira, A. (2021). Pharmaceutical 
workers’ perceptions of physical activity and healthy eating: A qualitative study. 
BMC Research Notes, 14(1). https://doi.org/10.1186/s13104-021-05765-8 

Guthold, R., Stevens, G. A., Riley, L. M., & Bull, F. C. (2018). Worldwide trends in 
insufficient physical activity from 2001 to 2016: A pooled analysis of 358 
population-based surveys with 1.9 million participants. Lancet Global Health, 6(10), 
E1077–E1086. https://doi.org/10.1016/s2214-109x(18)30357-7 

Hallgren, M., Kandola, A., Stubbs, B., Thi-Thuy-Dung, N., Wallin, P., Andersson, G., et al. 
(2020). Associations of exercise frequency and cardiorespiratory fitness with 
symptoms of depression and anxiety - a cross-sectional study of 36,595 adults. 
Mental Health and Physical Activity, 19. https://doi.org/10.1016/j. 
mhpa.2020.100351 

Hamer, M., Stamatakis, E., & Steptoe, A. (2009). Dose-response relationship between 
physical activity and mental health: The scottish health survey. British Journal of 
Sports Medicine, 43(14), 1111–1114. https://doi.org/10.1136/bjsm.2008.046243 

Harvey, S. B., Overland, S., Hatch, S. L., Wessely, S., Mykletun, A., & Hotopf, M. (2018). 
Exercise and the Prevention of Depression: Results of the HUNT Cohort Study. 
American Journal of Psychiatry, 175(1), 28–36. https://doi.org/10.1176/appi. 
ajp.2017.16111223 

Huang, L., Sun, X., & Zhou, M. (2020). Depressive symptoms in Chinese laborers: 
Prevalence and correlated factors among subgroups. Journal of Affective Disorders, 
268, 141–149. https://doi.org/10.1016/j.jad.2020.03.013 

Ishida, Y., Murayama, H., & Fukuda, Y. (2020). Association between overtime-working 
environment and psychological distress among Japanese workers A multilevel 
analysis. Journal of Occupational and Environmental Medicine, 62(8), 641–646. 
https://doi.org/10.1097/jom.0000000000001920 

Kandola, A., Ashdown-Franks, G., Hendrikse, J., Sabiston, C. M., & Stubbs, B. (2019). 
Physical activity and depression: Towards understanding the antidepressant 
mechanisms of physical activity. Neuroscience & Biobehavioral Reviews, 107, 
525–539. https://doi.org/10.1016/j.neubiorev.2019.09.040 

Kaseva, K., Dobewall, H., Yang, X., Pulkki-Raback, L., Lipsanen, J., Hintsa, T., … 
Tammelin, T. (2019). Physical activity, sleep, and symptoms of depression in adults- 
testing for mediation. Medicine & Science in Sports & Exercise, 51(6), 1162–1168. 
https://doi.org/10.1249/mss.0000000000001896 

Kawachi, I., & Berkman, L. F. (2001). Social ties and mental health. Journal of Urban 
Health-Bulletin of the New York Academy of Medicine, 78(3), 458–467. https://doi. 
org/10.1093/jurban/78.3.458 

Konopko, M., Antosik-Wojcinska, A., Swiecicki, L., Wojnar, M., Bienkowski, P., & 
Sienkiewicz-Jarosz, H. (2018). Depression and depressive symptoms as risk factors of 
labour deactivation and early or disability retirement in economically active adults 
in different age groups. Postepy Psychiatrii I Neurologii, 27(1), 59–63. https://doi.org/ 
10.5114/ppn.2018.75540 

Liu, X. M., Wang, C., Wang, J., Ji, Y. Q., & Li, S. (2021). Effect of long working hours and 
insomnia on depressive symptoms among employees of Chinese internet companies. 
BMC Public Health, 21(1). https://doi.org/10.1186/s12889-021-11454-9 

Lopez-Bueno, R., Sundstrup, E., Vinstrup, J., Casajus, J. A., & Andersen, L. L. (2020). 
High leisure-time physical activity reduces the risk of long-term sickness absence. 
Scandinavian Journal of Medicine & Science in Sports, 30(5), 939–946. https://doi.org/ 
10.1111/sms.13629 

MacLean, J. R., & Wetherall, K. (2021). The association between HIV-stigma and 
depressive symptoms among people living with HIV/aids: A systematic review of 
studies conducted in South Africa. Journal of Affective Disorders, 287, 125–137. 
https://doi.org/10.1016/j.jad.2021.03.027 

Montgomery, S. A., & Asberg, M. (1979). A new depression scale designed to be sensitive 
to change. The British Journal of Psychiatry : The Journal of Mental Science, 134, 
382–389. https://doi.org/10.1192/bjp.134.4.382 

Motteli, S., & Dohle, S. (2020). Egocentric social network correlates of physical activity. 
Journal of Sport and Health Science, 9(4), 339–344. https://doi.org/10.1016/j. 
jshs.2017.01.002 

Mutz, M., Abdel Hadi, S., & Haeusser, J. A. (2020). Work and sport: Relationships 
between specific job stressors and sports participation. Ergonomics, 63(9), 
1077–1087. https://doi.org/10.1080/00140139.2020.1772381 

Nigatu, Y. T., Huang, J. P., Rao, S., Gillis, K., Merali, Z., & Wang, J. L. (2019). Indicated 
prevention interventions in the workplace for depressive symptoms: A systematic 
review and meta-analysis. American Journal of Preventive Medicine, 56(1), E23–E33. 
https://doi.org/10.1016/j.amepre.2018.08.027 

Nishimura, Y., Yamauchi, T., Sasaki, T., Yoshikawa, T., & Takahashi, M. (2021). 
Overtime working patterns and adverse events in work-related suicide cases: 
Hierarchical cluster analysis of national compensation data in Japan (fiscal year 
2015-2016). International Archives of Occupational and Environmental Health. https:// 
doi.org/10.1007/s00420-021-01760-5 

T. Dai et al.                                                                                                                                                                                                                                      

https://doi.org/10.1016/j.eujim.2016.11.003
https://doi.org/10.1080/17461391.2021.1895892
https://doi.org/10.1016/j.jshs.2021.03.006
https://doi.org/10.1080/11745398.2017.1416486
https://doi.org/10.1080/11745398.2017.1416486
https://doi.org/10.2105/ajph.2006.104406
https://doi.org/10.2105/ajph.2006.104406
https://doi.org/10.1177/1403494818765894
https://doi.org/10.1177/1403494818765894
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.3390/ijerph18041647
https://doi.org/10.1017/s1041610218001138
https://doi.org/10.1017/s1041610218001138
https://doi.org/10.1016/j.jad.2021.03.001
https://doi.org/10.1016/j.jad.2021.03.001
https://doi.org/10.2486/indhealth.47.376
https://doi.org/10.1097/jom.0000000000001486
https://doi.org/10.1097/jom.0000000000001486
https://doi.org/10.1136/bjsports-2020-103140
https://doi.org/10.1136/bjsports-2020-103140
https://doi.org/10.1016/j.jshs.2018.11.005
https://doi.org/10.1001/jamanetworkopen.2020.19686
https://doi.org/10.1001/jamanetworkopen.2020.19686
https://doi.org/10.1016/j.jacc.2018.08.2141
https://doi.org/10.1016/j.jacc.2018.08.2141
https://doi.org/10.1097/jom.0000000000001259
https://doi.org/10.1097/jom.0000000000001259
https://doi.org/10.1186/s13104-021-05765-8
https://doi.org/10.1016/s2214-109x(18)30357-7
https://doi.org/10.1016/j.mhpa.2020.100351
https://doi.org/10.1016/j.mhpa.2020.100351
https://doi.org/10.1136/bjsm.2008.046243
https://doi.org/10.1176/appi.ajp.2017.16111223
https://doi.org/10.1176/appi.ajp.2017.16111223
https://doi.org/10.1016/j.jad.2020.03.013
https://doi.org/10.1097/jom.0000000000001920
https://doi.org/10.1016/j.neubiorev.2019.09.040
https://doi.org/10.1249/mss.0000000000001896
https://doi.org/10.1093/jurban/78.3.458
https://doi.org/10.1093/jurban/78.3.458
https://doi.org/10.5114/ppn.2018.75540
https://doi.org/10.5114/ppn.2018.75540
https://doi.org/10.1186/s12889-021-11454-9
https://doi.org/10.1111/sms.13629
https://doi.org/10.1111/sms.13629
https://doi.org/10.1016/j.jad.2021.03.027
https://doi.org/10.1192/bjp.134.4.382
https://doi.org/10.1016/j.jshs.2017.01.002
https://doi.org/10.1016/j.jshs.2017.01.002
https://doi.org/10.1080/00140139.2020.1772381
https://doi.org/10.1016/j.amepre.2018.08.027
https://doi.org/10.1007/s00420-021-01760-5
https://doi.org/10.1007/s00420-021-01760-5


SSM - Population Health 23 (2023) 101435

10

Ogunmoroti, O., Osibogun, O., Spatz, E. S., Okunrintemi, V., Mathews, L., 
Ndumele, C. E., et al. (2022). A systematic review of the bidirectional relationship 
between depressive symptoms and cardiovascular health. Preventive Medicine, 154. 
https://doi.org/10.1016/j.ypmed.2021.106891 

Parent-Lamarche, A., & Marchand, A. (2019). Work and depression: The moderating role 
of personality traits. Journal of Workplace Behavioral Health, 34(3), 219–239. https:// 
doi.org/10.1080/15555240.2019.1614455 

Qin, X., Wang, S., & Hsieh, C.-R. (2018). The prevalence of depression and depressive 
symptoms among adults in China: Estimation based on a National Household Survey. 
China Economic Review, 51, 271–282. https://doi.org/10.1016/j.chieco.2016.04.001 

Roberts, N. L. S., Mountjoy-Venning, W. C., Anjomshoa, M., Banoub, J. A. M., & 
Yasin, Y. J. (2019). GBD 2017 disease and injury incidence and prevalence 
collaborators. Global, regional, and national incidence, prevalence, and years lived 
with disability for 354 diseases and injuries for 195 countries and territories, 1990- 
2017: A systematic analysis for the global burden of disease study (vol 392, pg 1789, 
2018). Lancet, 393(10190). E44-E44. Retrieved from <Go to ISI>://WOS: 
000472236200004. 

Rugulies, R., Sorensen, K., Di Tecco, C., Bonafede, M., Rondinone, B. M., Ahn, S., … 
Pega, F. (2021). The effect of exposure to long working hours on depression: A systematic 
review and meta-analysis from the WHO/ilo Joint estimates of the work-related burden of 
disease and injury (Vol. 155). Environment International. https://doi.org/10.1016/j. 
envint.2021.106629 

Schleupner, R., & Kuehnel, J. (2021). Fueling work engagement: The role of sleep, 
health, and overtime. Frontiers in Public Health, 9. https://doi.org/10.3389/ 
fpubh.2021.592850 

Siegrist, J. (1996). Adverse health effects of high-effort/low-reward conditions. Journal 
of Occupational Health Psychology, 1(1), 27–41. https://doi.org/10.1037/1076- 
8998.1.1.27 

Soares, E., Reis, J., Rodrigues, M., Ribeiro, C. F., & Pereira, F. C. (2021). Circulating 
extracellular vesicles: The missing link between physical exercise and depression 
management? International Journal of Molecular Sciences, 22(2). https://doi.org/ 
10.3390/ijms22020542 

Stewart, W. F., Ricci, J. A., Chee, E., Hahn, S. R., & Morganstein, D. (2003). Cost of lost 
productive work time among US workers with depression. JAMA, the Journal of the 
American Medical Association, 289(23), 3135–3144. https://doi.org/10.1001/ 
jama.289.23.3135 

Tang, A. L., & Thomas, S. J. (2020). Relationships between depressive symptoms, other 
psychological symptoms, and quality of life. Psychiatry Research, 289. https://doi. 
org/10.1016/j.psychres.2020.113049 

Touron, E., Moulinet, I., Kuhn, E., Sherif, S., Ourry, V., Landeau, B., . . . Chetelat, G. 
Depressive symptoms in cognitively unimpaired older adults are associated with 
lower structural and functional integrity in a frontolimbic network. Molecular 
Psychiatry. https://doi.org/10.1038/s41380-022-01772-8. 

Tsuno, K., Kawachi, I., Inoue, A., Nakai, S., Tanigaki, T., Nagatomi, H., … Grp, J. (2019). 
Long working hours and depressive symptoms: Moderating effects of gender, 
socioeconomic status, and job resources. International Archives of Occupational and 
Environmental Health, 92(5), 661–672. https://doi.org/10.1007/s00420-019-01401- 
y 

Uchida, M., & Morita, H. (2018). Association between long work hours and depressive 
state: A pilot study of propensity score matched Japanese white-collar workers. 
Industrial Health, 56(3), 207–211. https://doi.org/10.2486/indhealth.2017-0139 

Virtanen, M., Jokela, M., Madsen, I. E. H., Hanson, L. L. M., Lallukka, T., Nyberg, S. T., … 
Kivimaki, M. (2018). Long working hours and depressive symptoms: Systematic 
review and meta-analysis of published studies and unpublished individual 

participant data. Scandinavian Journal of Work, Environment & Health, 44(3), 
239–250. https://doi.org/10.5271/sjweh.3712 

de Vries, J. D., van Hoof, M. L. M., Geurts, S. A. E., & Kompier, M. A. J. (2017). Exercise 
to reduce work-related fatigue among employees: A randomized controlled trial. 
Scandinavian Journal of Work, Environment & Health, 43(4), 337–349. https://doi. 
org/10.5271/sjweh.3634 

Weich, S. (1997). Prevention of the common mental disorders: A public health 
perspective. Psychological Medicine, 27(4), 757–764. https://doi.org/10.1017/ 
s0033291797005394 

Werneck, A. O., Vancampfort, D., Stubbs, B., Silva, D. R., Cucato, G. G., 
Christofaro, D. G. D., … Bittencourt, M. S. (2022). Prospective associations between 
multiple lifestyle behaviors and depressive symptoms. Journal of Affective Disorders, 
301, 233–239. https://doi.org/10.1016/j.jad.2021.12.131 

Wong, K., Chan, A. H. S., & Ngan, S. C. (2019). The effect of long working hours and 
overtime on occupational health: A meta-analysis of evidence from 1998 to 2018. 
International Journal of Environmental Research and Public Health, 16(12). https://doi. 
org/10.3390/ijerph16122102 

Wu, T., Li, C. L., Zhu, Y. D., Ma, Y. J., Hua, R., Zhong, B. L., et al. (2022). The trajectories 
of depressive symptoms and subsequent incident dementia, coronary heart diseases, 
stroke and all-cause mortality. Journal of Affective Disorders, 312, 9–16. https://doi. 
org/10.1016/j.jad.2022.06.001 

Xiao, C. W., Silva, E. A., & Zhang, C. C. (2020). Nine-nine-six work system and people’s 
movement patterns: Using big data sets to analyse overtime working in Shanghai (Vol. 90). 
Land Use Policy. https://doi.org/10.1016/j.landusepol.2019.104340 

Yang, X., Telama, R., Hirvensalo, M., Hintsanen, M., Hintsa, T., Pulkki-Raback, L., … 
Raitakari, O. T. (2012). Moderating effects of leisure-time physical activity on the 
association between job strain and depressive symptoms the cardiovascular risk in 
young Finns study. Journal of Occupational and Environmental Medicine, 54(3), 
303–309. https://doi.org/10.1097/JOM.0b013e318240df39 

Yang, X., Telama, R., Hirvensalo, M., Hintsanen, M., Hintsa, T., Pulkki-Raback, L., et al. 
(2010). The benefits of sustained leisure-time physical activity on job strain. 
Occupational Medicine-Oxford, 60(5), 369–375. https://doi.org/10.1093/occmed/ 
kqq019 

Yoon, Y., Ryu, J., Kim, H., Kang, C. W., & Jung-Choi, K. (2018). Working hours and 
depressive symptoms: The role of job stress factors. Annals of Occupational and 
Environmental Medicine, 30. https://doi.org/10.1186/s40557-018-0257-5 

Zadow, A. J., Dollard, M. F., Dormann, C., & Landsbergis, P. (2021). Predicting new 
major depression symptoms from long working hours, psychosocial safety climate 
and work engagement: A population-based cohort study. BMJ Open, 11(6). https:// 
doi.org/10.1136/bmjopen-2020-044133 

Zhang, G. Y., Cai, C., Zou, W. X., Jing, L., & Wu, S. L. (2022). Depressive symptoms and 
socioeconomic status among the labor force: Evidence from China’s representative 
sample. PLoS One, 17(8). https://doi.org/10.1371/journal.pone.0272199 

Zhang, T., Ham, J., & Ren, X. (2021). Why exercise at work: Development of the office 
exercise behavior determinants scale. International Journal of Environmental Research 
and Public Health, 18(5). https://doi.org/10.3390/ijerph18052736 

Zung, W. W. (1972). The depression status inventory: An adjunct to the self-rating 
depression scale. Journal of Clinical Psychology, 28(4), 539–543. https://doi.org/ 
10.1002/10974679(197210)28:4<539::Aidjclp2270280427>3.0.Co;2-s 

홍성태, & 양노열. (2014). Effect of working environment for employees in Assistive 
technology services on job satisfaction and turnover intention. [보조공학서비스 종사 
자의 근무환경이 직무만족과 이직의도에 미치는 영향, 53(3), 283–298. https://doi. 
org/10.15870/jsers.2014.09.53.3.283 

T. Dai et al.                                                                                                                                                                                                                                      

https://doi.org/10.1016/j.ypmed.2021.106891
https://doi.org/10.1080/15555240.2019.1614455
https://doi.org/10.1080/15555240.2019.1614455
https://doi.org/10.1016/j.chieco.2016.04.001
http://refhub.elsevier.com/S2352-8273(23)00100-3/sref40
http://refhub.elsevier.com/S2352-8273(23)00100-3/sref40
http://refhub.elsevier.com/S2352-8273(23)00100-3/sref40
http://refhub.elsevier.com/S2352-8273(23)00100-3/sref40
http://refhub.elsevier.com/S2352-8273(23)00100-3/sref40
http://refhub.elsevier.com/S2352-8273(23)00100-3/sref40
http://refhub.elsevier.com/S2352-8273(23)00100-3/sref40
https://doi.org/10.1016/j.envint.2021.106629
https://doi.org/10.1016/j.envint.2021.106629
https://doi.org/10.3389/fpubh.2021.592850
https://doi.org/10.3389/fpubh.2021.592850
https://doi.org/10.1037/1076-8998.1.1.27
https://doi.org/10.1037/1076-8998.1.1.27
https://doi.org/10.3390/ijms22020542
https://doi.org/10.3390/ijms22020542
https://doi.org/10.1001/jama.289.23.3135
https://doi.org/10.1001/jama.289.23.3135
https://doi.org/10.1016/j.psychres.2020.113049
https://doi.org/10.1016/j.psychres.2020.113049
https://doi.org/10.1038/s41380-022-01772-8
https://doi.org/10.1007/s00420-019-01401-y
https://doi.org/10.1007/s00420-019-01401-y
https://doi.org/10.2486/indhealth.2017-0139
https://doi.org/10.5271/sjweh.3712
https://doi.org/10.5271/sjweh.3634
https://doi.org/10.5271/sjweh.3634
https://doi.org/10.1017/s0033291797005394
https://doi.org/10.1017/s0033291797005394
https://doi.org/10.1016/j.jad.2021.12.131
https://doi.org/10.3390/ijerph16122102
https://doi.org/10.3390/ijerph16122102
https://doi.org/10.1016/j.jad.2022.06.001
https://doi.org/10.1016/j.jad.2022.06.001
https://doi.org/10.1016/j.landusepol.2019.104340
https://doi.org/10.1097/JOM.0b013e318240df39
https://doi.org/10.1093/occmed/kqq019
https://doi.org/10.1093/occmed/kqq019
https://doi.org/10.1186/s40557-018-0257-5
https://doi.org/10.1136/bmjopen-2020-044133
https://doi.org/10.1136/bmjopen-2020-044133
https://doi.org/10.1371/journal.pone.0272199
https://doi.org/10.3390/ijerph18052736
https://doi.org/10.1002/10974679(197210)28:4<539::Aidjclp2270280427>3.0.Co;2-s
https://doi.org/10.1002/10974679(197210)28:4<539::Aidjclp2270280427>3.0.Co;2-s
https://doi.org/10.15870/jsers.2014.09.53.3.283
https://doi.org/10.15870/jsers.2014.09.53.3.283

	The moderating role of physical activity on the relationship between work intensity and depressive symptoms among the employees
	1 Introduction
	1.1 Physical activity
	1.2 Current research

	2 Materials and methods
	2.1 Procedures
	2.2 Measures
	2.2.1 Demographics
	2.2.2 Depressive symptoms
	2.2.3 Work intensity
	2.2.4 PA
	2.2.5 Statistical analyses


	3 Results
	3.1 Sociodemographic characteristics
	3.2 Correlation analysis of work intensity, PA, and depressive symptoms
	3.3 Moderating effects of PA on work intensity and depressive symptoms
	3.4 Moderating effects of exercise time on work intensity and depressive symptoms
	3.5 Moderating effects of exercise frequency on work intensity and depressive symptoms
	3.6 Moderating effects of exercise duration on work intensity and depressive symptoms

	4 Discussion
	4.1 Relationship between work intensity and depressive symptoms
	4.2 Relationship between PA and depressive symptoms
	4.3 Moderating effects of PA on work intensity and depressive symptoms
	4.4 Future research direction and shortcomings

	5 Conclusion
	Authors’ contributions
	Declaration of competing interest
	Data availability
	Acknowledgments
	References


