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Abstract

Objectives Sedentary behaviour (SB) and physical activity (PA) have been shown to be associated with depression.
However, behaviours, such as PA, occupy a portion of an individual's 24-h day. Thus, an increase in time for one behav-
iour takes away time from another. Previous evidence suggests that it would be more appropriate to shift the focus

to the importance of reallocating time spent in sedentary behaviour to time spent in physical activity. The aim

of this study was to analyse the mutual replacement effect of different health behaviours on depressive tendencies
by isotemporal substitution modelling (ISM) under the objective condition of considering a limited 24-h day. Second,
we aimed to further explore the potential association between excessive or insufficient sleep duration and depressive
symptoms.

Methods A total of 10656 employees from 79 companies in four provinces of China participated in this survey.

The Center for Epidemiological Studies Depression Scale (CES-D) was used to measure workers' depressive tenden-
cies. The duration of various types of physical activity was self-reported by workers based on the International Physical
Activity Questionnaire (IPAQ). ISM was used to assess the associations of time spent in different activities on displace-
ment of equivalent time spent on other activities with depression risk.

Results A total of 10656 participants (89.5% of the sample) were included in the analysis.

The ISM found that a 30-min unit of SB replaced with walking (OR, 95% Cl: 0.83, 0.77-0.88), sleep (<8 h) (OR, 95% Cl:
0.77,0.74-0.79), moderate physical activity (MPA) (OR, 95% Cl: 0.87, 0.81-0.93) and vigorous physical activity (VPA)
(OR, 95% Cl:0.91, 0.84-0.99) was significantly and negatively associated with the risk of depressive tendencies. When
sleep duration was less than 8 h, each additional half hour of sleep time was significantly associated with a lower risk
of depressive tendencies, and this association was no longer significant after 8 h.

Conclusion Prolonged SBis common in the current workplace in China. Replacing an average of 30 min per day

of SB with VPA and MPA, even walking is associated with less depression among workers. In addition, insufficient daily
sleep is also an important risk factor for workers' depressive tendencies. These findings provide valuable evidence

to promote mental health among occupational groups and support the development of healthy workplaces.
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Introduction

Approximately 300 million people worldwide are affected
by depression [1]. The Global Burden of Disease study
showed an almost 50% increase in the annual incidence
of depression from 1990 to 2017 [2]. Depression is asso-
ciated with many serious health-related disorders, such
as cardiovascular disease and premature mortality [3, 4],
and it poses an enormous potential economic burden to
society [5].

Depression is a complex mental health disorder that
results in patients with the same diagnosis of depression
having different symptoms, which also poses an enor-
mous challenge for the treatment of depression [6]. Pre-
vious studies have found that the actual treatment effects
of either pharmacotherapy [7] or psychotherapy [8] tend
to be small to modest. Pharmacotherapy can also cause
several adverse side effects, such as headaches and nau-
sea [9]. Therefore, the prevention of depression based on
healthy behaviours, such as promoting physical activity
(PA) or decreasing sedentary behaviour (SB), has gradu-
ally become a public health priority [10].

Evidence prior to this study
Increasing evidence suggests that regular PA, especially
moderate-to-vigorous physical activity (MVPA), is asso-
ciated with less depression among adults [11]. PA not
only has a significant direct antidepressant effect based
on biological evidence from humans or animals (e.g.,
associated with structural abnormalities and dysregu-
lation of some neuroplastic mechanisms) [12] but also
indirectly reduces the risk of mental disorders by enhanc-
ing physical fitness and function (e.g., enhancing the
body’s cardiorespiratory fitness) [13] and is a useful addi-
tion to the clinical treatment of mental health problems.
Recently, increasing concern about prolonged SB lead-
ing to various health problems has grown [14]. A size-
able review has established that SB leads to an increased
risk of depression in adults [15, 16]. The conclusion of
a recent prospective study demonstrated that mentally
passive SB could increase the risk of depression in the
future (RR=1.10, 95% CI 1.03-1.19) [17]. Considering
the widespread occurrence of sedentary habits within
occupational groups such as office workers, it becomes
imperative to investigate the association between SB, PA,
and depression within this population [18, 19]. The data
show that for certain occupational groups, working hours
were mostly sedentary (77.0%, 95% CI: 76.3, 77.6), and
there were significant differences between their working
hours and nonworking hours [20]. Gaining insights into
the underlying factors driving the association can facili-
tate the creation of focused interventions and proactive
strategies aimed at reducing the risk of depression in this
specific population.
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In addition, the quality and duration of sleep are
potential determinants of depression [21]. Based on the
data from a review of prospective studies, compared
with normal sleep duration, too much sleep (RR=1.42,
95% CI=1.04 to 1.92) or too little sleep (RR=1.31, 95%
CI=1.04 to 1.64) can lead to an increased risk of depres-
sion [22].

Why research is required

First, behaviours, such as sedentary lifestyle, amount
of exercise or duration of sleep, occupy a portion of an
individual’s 24-h day. Thus, an increase in time for one
behaviour takes away time from another. In other words,
the previously reported associations between depres-
sion and its behaviour-related determinants (e.g., SB, PA,
sleep) are mainly from a sort of statistical association,
not a real replacement effect between different behav-
iours. This limitation can be overcome by the isotem-
poral substitution modelling (ISM) approach [23]. ISM
simultaneously models the specific activity being per-
formed and the specific activity being displaced in an
equal time-exchange manner [23]. Thus, the model not
only controls for the effects of other time-independent
behaviours on the outcome variable but also captures the
effects of temporal substitution between different behav-
iours. The models have revealed novel findings in various
aspects, such as all-cause mortality or cardiovascular dis-
eases [24, 25]. Evidence suggests that it would be more
appropriate to shift the focus to the importance of real-
locating time spent in sedentary behaviour to time spent
in physical activity [26]. The application range of ISM is
progressively widening. We aspire to utilize this model to
conduct a more profound exploration of the correlation
between different types of physical activities and depres-
sion, thereby establishing a robust basis for the refine-
ment of advanced physical activity guidelines.

Second, the association between sleep duration and
depression is controversial. Both excessive and insuffi-
cient sleep duration show a significant association with
depression [22]. First, a considerable number of studies
have demonstrated the bidirectional relationship between
sleep disturbances such as insomnia, which results in a
significant reduction in sleep duration and an increase
in depressive symptoms [27]. However, hypersomnia is
prevalent and persistent across mood disorders, which
leads to a significant increase in sleep duration among
people with depressive symptoms [28]. Therefore, both
excessive and insufficient sleep durations that lead to an
increased risk of depression require further investigation.

Third, although the antidepressant effects of exercise
have been widely demonstrated, prior research has indi-
cated a contentious association between different exer-
cise intensities and depression. A review found a stronger
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correlation between high-intensity exercise and depres-
sion in observational studies, while intervention studies
did not find significant differences in depression out-
comes across distinct exercise types [29]. Furthermore,
prior research has commonly focused on assessing the
direct association or effect of physical activities of dif-
ferent intensities on depression. There has been limited
attention to investigating their potential mutual substitu-
tion effects. This question warrants further exploration
with the support of ISM.

Objectives

In summary, this study expects to resolve the following
issues based on a large sample of occupational groups
from multiple cities in China. First, under the objective
condition of considering a limited 24-h day, a thorough
analysis of the mutual replacement effect of different
health behaviours on depressive tendencies was con-
ducted using ISM. Second, we explored the potential
association between excessive or insufficient sleep dura-
tion and depressive symptoms.

Methods

Settings

The Asia Best Workplace Mainland China (ABWMC)
program was a cross-sectional survey to support compa-
nies in building healthy workplaces through policy, infra-
structure, culture and healthy employees. The ABWMC
program was designed by Peking University and organ-
ized by the American International Assurance Company.
We invited companies to join the program using a pur-
posive selection method. The inclusion criteria for par-
ticipating companies were as follows: (1) legal companies
registered in China; (2) at least 100 full-time employees;
and (3) agreement to participate in the program [30].

Sampling

The analyses were based on data from the 2021 ABWMC
program. We recruited a total of 79 companies in four
provinces: Shanghai, Jiangsu, Guangdong and Beijing.
The total sample size was 11,903. The human resource
departments of each company delivered the question-
naires to all employees. All employees who were (1) aged
18 years old or above and (2) full-time employees were
invited to participate in this program.

Data collection

Experts at Peking University designed standardized
questionnaires, including sociodemographic informa-
tion, PA-related behaviour and other covariates. Then,
we generated an online questionnaire system and specific
questionnaire links based on the Ipsop. All question-
naire completion logic (e.g., skip questions or mutually
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exclusive options) was set through the online question-
naire system, and a function was set to exclude certain
unqualified questionnaires (e.g., questionnaires with less
than 3 min of answer time were automatically excluded)
to guarantee the quality of the data. The human resources
departments of each participating company delivered
the internet link to all employees. Participants were
required to read the online informed consent form before
starting to answer. All data collected were examined by
the researchers at Peking University, and the respond-
ents were contacted for clarification if any problems
were detected. The study was approved by the Peking
University Health Sciences Center Ethics Committee
(IRB00001052-21086). All methods were performed in
accordance with the relevant guidelines and regulations.

Measurement

Depressive tendencies

The Center for Epidemiological Studies Depression
Scale (CES-D) was used to measure workers’ depres-
sive tendencies [31]. We used the revised Chinese ver-
sion (CESD-9) with 9 questions [32]. Participants will
be asked to recall how often the feelings described in
each item occurred in the past week. The scoring is as
follows: less than 1 day=0, 1-2 days=1, 3-4 days=2,
and 5-7 days =3. All items included four response cate-
gories indicating the frequency of depressive symptoms.
Of the nine items, seven focused on positive symptoms,
while the other two (items 5 and 8) assessed negative
symptoms of depression. A score is assigned by combin-
ing all items (after reversing the positive mood items).
A total of 27 points on the scale with a score of 10 or
more indicated depressive tendencies. The scale has
been tested in previous studies in large Chinese popula-
tions, with a Cronbach’s a coefficient of 0.95 and high
scale sensitivity [32]

Physical activity

PA behaviour was measured using the Taiwanese short
version of the International PA Questionnaire (IPAQ)
[33]. Respondents were asked to recall the frequency
and duration of walking and moderate and vigorous PA
in the past 7 days. We calculated the total time employ-
ees spend each week exercising at each level of intensity
(frequency*duration) and then calculated the average
daily PA time (divided by 7). Additionally, we evaluated
the overall physical activity level of each individual based
on their weekly duration of PA and corresponding MET
values for each type of PA (walking: 3.3 METs/min, MPA:
4.0 METs/min, VPA: 8.0 METs/min). According to the
sum of the MET values of each type of PA, the physical
activity level of an individual was classified as low (<600
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MET-min/wk), moderate (600-1500 MET-min/wk) or
high (> 1500 MET-min/wk) [33].

Sedentary behaviour

The duration of SB was also self-reported by workers
based on the IPAQ questionnaire on average daily SB
time [33]. We asked respondents to recall the average
daily time spent in 1) sitting time while working or study-
ing, including writing, operating a computer at work, and
answering the phone; 2) recreational sitting time after
work, including resting, reading, playing on the phone or
computer and chatting; and 3) time spent driving or tak-
ing transportation in the past week. The sum of the three
types of static sitting time was considered the average
individual daily duration of SB. In the descriptive analy-
sis, we categorized sedentary behaviour based on the
accumulated sitting time per day into two groups: normal
(<8 h/day) and prolonged (> 8 h/day).

Sleep duration

Participants were asked to recall the average number of
hours of sleep per day over the past week. We defined
eight hours of sleep as sufficient sleep, while the opposite
was considered insufficient sleep.

Potential confounders

The potential confounders included sex, age, educational
level, marital status, occupation type and job position,
body mass index (BMI) and smoking status (current
smoker or nonsmoker). BMI was categorized into three
groups: normal (<24), overweight (24-28), and obese
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an upper limit of 18) were filtered by the data explora-
tion function, and then the outliers of walking, MPA
and VPA time (<10 min/day) were recorded as 0, the
extreme outliers of sleep were recorded as 7, and SB
were recorded as missing. Afterwards, the sum of each
independent time was calculated. Considering the recall
bias associated with self-reported questionnaires and
concerns about data stability, we excluded individuals
with total activity time less than 12 h and greater than
28 h, resulting in a final sample size of 10656 (89.5%)
individuals. The data cleaning was conducted as follows:

SB time for outliers (N=36)
Total time > 28 h (N=149)
Total time<12 h (N=1062)

Final Analytic Dataset, N=10656 (89.5%).

Statistical analyses

The depressive tendencies of the participants were first
described by number and frequency. The chi-square test
was used to detect significant differences among different
groups.

Subsequently, in the multivariate analysis, we ini-
tially conducted traditional logistic regression analysis
as model 1, which incorporated duration of sleep, SB,
MPA,VPA, and other covariates such as job position and
age, to calculate the independent effect of each behaviour
on depressive tendencies.

Model 1 is shown as follows:

Logit(P) = Bo+B1X (sitting) +B2 X2 (Sleep)+P3Xs (walking) +BaXa(MPA)-+B5X5(VPA)+Bs X6 (othercovariates)

(>28). We put all these variables into the regression
model to control for their confounding effects on depres-
sion tendencies.

Data handling

The ISM assumes that an increase in the duration of
one behaviour in one day leads to a decrease in the time
spent on another behaviour. Therefore, we adopted the
following data cleaning procedures to ensure the reli-
ability of the analysis results. According to the guide-
lines for data processing and analysis of the IPAQ, [34]
the outliers of time spent per day for different types
of behaviours (e.g., SB time, calculated as three times
the standard deviation, with a lower limit of 3.8 and

The coefficient  for one type of activity represents the
effect of increasing this type of activity while holding the
other activities constant in this model.

ISM was then used to assess the associations of time
spent in different activities in displacement of equiva-
lent time spent on other activities with depression risk.
This model assumes that the time consumed by an indi-
vidual for any behaviour during a fixed 24-h day results
in an isochronous switch to another behaviour, while
the total time for both behaviours remains constant [35].
For example, to estimate the effect of replacing SB with
30 min of walking, SB needs to be removed from the
model based on the total time of the behaviour remaining
constant.

Model 2 is shown as follows:

Logit(P) = Bo+B2X2 (sleep)+B3X3 (walking) +BaXa (MPA)+B5 X5 (VPA)-+B6 X (othercovariates)+B7 X7 (Total)
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The coefficients {3 in this model represent the effect of
a 30-min substitution of SB with one of the activity types
(LPA or MVPA) while holding the other activity types
and total wear time constant.

All statistical analyses were conducted using SPSS soft-
ware version 22.0, and the level of significance was set at
p<0.05.

Results
A total of 10656 participants (89.5% of the baseline sam-
ple) were included in the analysis. There were no signifi-
cant differences between excluded and included workers
in age, sex, occupational status or prevalence of depres-
sive tendencies. Table 1 shows the characteristics of the
study participants. Participants were aged 18 to 57 years
and had a mean age of 33.1 years. More than half of the
participants were office workers. The average daily SB
time of workers is 10.4 h, and the average daily time spent
on PA of different intensities is less than half an hour.
Table 2 shows the number and prevalence of depressive
tendencies stratified by the characteristics of the respond-
ents. Of the 10656 workers who participated in the study,
1791 (16.8%) reported the presence of depressive tendencies.
The male population showed a higher prevalence of depres-
sive tendencies. The prevalence of depressive tendencies
among office workers (17.8%) was significantly higher than
that among others (14.8%). Depressive tendencies were more
common in the obese (20.6%) and smoking (21.6%) groups.
Table 3 shows the results for the independent effect
and IS models after adjusting for covariates. In terms of

Table 1 Sociodemographic characteristics of study participants

(N=10656)
Items n (%) or M+SD
Gender Male 4733 (44.4)
Female 5923 (55.6)
Age/years 33.06+6.92
Education level College degree and below 2698 (25.3)
Undergraduate and above 7958 (74.7)
Occupation Office workers 7464 (70.0)
Others 3192 (30.0)
Positions General Staff 6563 (61.6)
Management 4093 (38.4)
SB time (hour/day) 1044 +£294
Sleep time (hour/day) 7.13+£0.93
Walking time (hour/day) 0.24+0.36
MPA (hour/day) 0.14+0.24
VPA (hour/day) 0.09+0.21

MPA Moderate-intensity PA, VPA Vigorous-intensity PA

Occupation*: Office workers refers to individuals working in office environments,
such as white-collar workers or administrative personnel

Positions *: General staff refers to nonmanagerial personnel within a company
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Items Depressive
tendencies
n (%) P
Gender Male 853(18.0)  Reference
Female 938 (15.8) <0.01
Age/years >40 1722 (17.3) Reference
<40 69 (9.6) <0.001
Education level College degree 471 (17.5)  Reference
and below
Undergraduate 1320 (16.6) 0.296
and above
Occupation* Office workers 1329(17.8) Reference
Others 462 (145) <0.001
Positions* General Staff 1108 (16.9) Reference
Management 683 (16.7) 0.793
BMI Normal 1260 (16.4) Reference
Overweight 408 (17.3) 0434
Obesity 123 (206) <0.001
Average daily sitting >8h 233(13.3)  Reference
time <8h 1558 (17.5)  <0.001
Average daily sleep <8h 762 (24.7)  Reference
time >8h 1029 (136) <0.001
Intensity of PA Low 1222 (20.2) Reference
Moderate 338(12.7) <0.001
High 231(11.8)  <0.001
Smoking No 1419 (15.9) Reference
Currently smoking 372(214) <0.001
Total 1791 (16.8)

independent effects, shorter daily SB time and longer
sleep (<8 h), walking and MPA time were protective fac-
tors against depressive tendencies. Increasing the time of
VPA alone did not significantly reduce the risk of depres-
sive tendencies; the ISM found that a 30-min unit of SB
replaced with walking (OR, 95% CI: 0.83, 0.77-0.88), sleep
(<8 h) (OR, 95% CL 0.77, 0.74—0.79), MPA (OR, 95% CI:
0.87, 0.81-0.93) and VPA (OR, 95% CI: 0.91, 0.84-0.99)
was significantly and negatively associated with the risk of
depressive tendencies. When sleep duration was less than
8 h, each additional half hour of sleep time was significantly
associated with a lower risk of depressive tendencies, and
this association was no longer significant after 8 h. Substi-
tution between walking and PA of different intensities did
not significantly change the effect on depressive tendencies.

Discussion

This study explored the association between SB, PA,
sleep, and depression and how replacing these behav-
iours may influence depressive tendencies among occu-
pational groups based on data from a cross-sectional
survey of a larger sample from four provinces in China.
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Table 3 Independent and replacement effects of sitting, sleeping, walking, MPA and VPA on depressive tendencies risk (OR, 95%Cl)

With 30 min of:
1.Replace 30 min of:  Sitting Sleeping (<8 h) Sleeping (> 8 h) Walking MPA VPA
Sitting 0.77 (0.74-0.79)°  1.01(0.91-1.10) 0.83 (0.77-0.88)°  0.87 (0.81-0.93)°  0.91 (0.84-0.99)°
Sleeping (<8 h) 1.30(1.26-1.34)° 1.08 (1.00-1.16)°  1.14(1.06-1.22)°  1.23(1.15-1.34)°
Sleeping (>8 h) 0.99 (0.90-1.10) 0.82(0.73-0.93)°  0.87 (0.77-0.98)°  0.95 (0.84-1.07)
Walking 1.21(1.13-1.30)°  0.93 (0.86-1.00) 1.21(1.08-1.37)° 1.07(0.98-1.17) 1.12(1.00-1.24)
MPA 1.14(1.07-1.22)° 0.88(0.82-0.95)° 1.15(1.03-1.30)°  0.96 (0.88-1.04) 1.08 (0.95-1.22)
VPA 1.06 (1.01-1.19)°  0.59(0.51-0.68)°  1.06 (0.94-1.19) 092 (0.84-1.01) 0.92 (0.81-1.03)
2.Independent effect  1.04 (1.03-1.05)°  0.80(0.75-0.87)°  1.04 (0.95-1.15) 0.86 (0.80-0.92)°  0.91(0.85-0.97)°  0.99 (0.92-1.07)

Adjusted for sex, age, educational level, marital status, occupation types, smoking status and job position

2 represents P<0.05

b represents P<0.01

Our results prove that an increasing duration of daily SB
and a lack of exercise are associated with a higher risk of
depression, as observed in our independent effect analy-
sis. Although this explanation is valid, it is not practical
because it does not consider the time displaced by SB due
to the finite time of one day. Therefore, we conducted a
further analysis of the replacement effect between vari-
ous health behaviours on depressive tendencies.

Displacement effects of SB on other behaviours
We observed a significant association between the dura-
tion of SB and the risk of depressive tendencies both for
the independent effects and the replacement effect of SB
on other behaviours. Our findings are consistent with some
recent studies that demonstrated the favourable impact of
reducing SB on depression. Scholars have proposed that
the main mechanism of SB that leads to depression is the
social withdrawal hypothesis at the mental health level,
which suggests that prolonged use of electronic devices and
other behaviours drive people away from other direct social
interactions and physical activities, leading to an increased
risk of detecting mental disorders such as depression [36].
According to a previous review, the average daily sedentary
duration for employees is estimated to be approximately
9.4 h per day, a figure notably lower than our own findings
of 10.4 h per day [37]. However, the assessment of seden-
tary behaviour in most surveys relies on self-report meth-
ods, introducing a certain level of inaccuracy due to factors
such as recall bias, which makes direct numerical com-
parison challenging [38]. Our study primarily focused on
the office working population, which spends a substantial
amount of time sitting and working at desks each day [39].
These results still emphasize the need for increased atten-
tion and solutions aimed at addressing prolonged sitting
behaviour among this specific group.

The association of PA and SB with health is more com-
plicated. The intersection of movement-related behaviours

and their implications for health outcomes has garnered
significant attention [26]. The debate on whether increased
exercise can attenuate the negative health effects of SB is
still ongoing, and the conclusions are controversial [40]. A
comprehensive review published in the Lancet revealed that
adopting higher levels of daily physical activity can elimi-
nate the heightened risk of all-cause mortality and cardio-
vascular diseases associated with prolonged sitting [41]. In
our findings, replacing 30 min of SB each day with physical
activity, regardless of intensity, was significantly negatively
correlated with the risk of developing depressive tenden-
cies. This result aligns with previous research conclusions,
further emphasizing that exercise can mitigate the harms of
prolonged sitting. In future interventions, combining both
behaviours could potentially generate better health benefits.

Different intensities of PA with depression

We found that substituting SB with various intensities
of PA, including VPA, can significantly reduce the risk
of depressive tendencies. In contrast, according to the
odds ratio, walking and MPA seem to have more posi-
tive effects on depression. A randomized controlled trial
found that the light PA level group reduced their depres-
sion score more than the moderate and vigorous PA level
groups [42]. One possible explanation is that people with
depression tend to prefer lighter exercises such as yoga
or walking, which are helpful in adjusting their breath-
ing and lead to greater self-esteem and feelings of mas-
tery [43]. Comparing the results of the two models, the
ISM identified significant findings that were not detected
by the original linear regression model. The new model’s
ability to uncover previously unnoticed significant results
highlights its enhanced sensitivity and capability to cap-
ture intricate relationships within the data. Traditional
linear regression models might overlook subtle interac-
tions that can be unveiled by the ISM [35]. Consequently,
researchers and analysts should consider adopting such



Liu et al. BMC Public Health (2023) 23:2241

advanced models to extract deeper insights and make
more informed decisions based on their data.

Recent studies have explored how replacing one activ-
ity with another affects health outcomes such as mor-
tality and cardiovascular disease based on the ISM [44].
Contrary to previous research, the replacement effect
between PA of different intensities on depressive symp-
toms in our study was no longer significant after con-
trolling for covariates. A randomized controlled trial
compared the effects of different PA intensities on post-
treatment depression severity and found no signifi-
cant differences among the LPA, MPA and VPA groups
posttreatment [42]. The nonsignificant results might be
indicative of a threshold effect, suggesting that a certain
minimal level of exercise intensity is necessary to trigger
notable changes in depressive symptoms [45]. However,
the alternating substitution of high- and low-intensity
exercises for relatively short durations each day may
not have a significant impact on individual depression.
Additionally, individual variability plays a substantial
role in how people respond to different types of exercise
intensities [46]. Future research could delve deeper into
individual variations, long-term effects, and potential
interactions between exercise intensity and other vari-
ables to provide a more comprehensive understanding of
how different exercise intensities truly impact depression.

Nonlinear association between sleep duration

and depression

First, there was a significant positive correlation between
shorter sleep duration and the risk of depressive ten-
dencies when individuals slept less than 8 h/day, both
as a direct effect and replacement effect to other physi-
cal activities. The mechanisms underlying the associa-
tion between sleep duration and depression are still not
fully understood. A clinical cohort study found that both
short and long sleep durations predicted a poorer course
in depressive disorders [47]. One underlying explanation
for our findings is that only a short sleep duration (<8 h/
day) may increase the risk of depression. First, short sleep
duration may increase daytime tiredness, which has been
predictive of depression [48]. It is also possible that par-
ticipants who reported depressive symptoms also suf-
fered from sleep disorders. A study found that subjects
with insomnia were more likely to remain depressed [49].
Another explanation is that shorter sleepers might simply
have more time for pessimistic thoughts, thus contribut-
ing to their depression [48].

Interestingly, the effect of daily sleep duration on
depression, whether direct or as a substitution, is no
longer significant when it exceeds 8 h/day. This could
imply that there exists an optimal threshold for sleep
duration beyond which additional sleep does not
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significantly impact depression. First, excessive sleep
duration has been significantly correlated with lower lev-
els of physical activity, [50] which is a critical predictor of
depressive symptoms [17]. Individuals who spend many
hours sleeping may be unsatisfied with being unable to
activate themselves.

Implications

Our findings have implications. First, the results of the
ISM revealed significant associations between VPA and
depression that were not found in the original linear
regression. This finding can provide innovative analytical
thoughts for the identification of influencing factors that
are more relevant to the real situation. Second, the survey
report will be disseminated to the participating compa-
nies to provide them with recommendations on how to
enhance the PA level of their employees. Moreover, the
School of Public Health, Peking University Health Sci-
ence Center, has many opportunities to attend training
workshops, providing a good opportunity to showcase
these findings to policy makers.

Limitations

This study has several limitations. First, we used only
cross-sectional data for estimation. The causal relation-
ship between SB, PA, and depression cannot be inferred.
Second, we used self-reported data for walking, MPA,
VPA or SB rather than the more accurate tracker-based
measurements, so participants may have overestimated
PA levels. Third, the results could be biased because
they are not based on a randomized study. However, as
the participants were recruited from different parts of
China and belonged to different types of companies, it is
believed that the overall picture is meaningful.

Conclusion

Prolonged SB is common in the current workplace in
China. Replacing an average of 30 min per day of SB
with VPA and MPA, even walking is associated with less
depression among workers. In addition, insufficient daily
sleep is also an important risk factor for workers” depres-
sive tendencies. These findings provide valuable evidence
to promote mental health among occupational groups
and support the development of healthy workplaces.
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