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Abstract

Background

The general benefit of physical activity (PA) to one’s mental health has been widely acknowl-
edged. Nevertheless, the specific type and amount of PA that associates with lower risk of
depression in China awaits further investigation. The present study was conducted on mid-
dle- and older-aged Chinese population with two objectives: 1) to understand the patterns of
PA; 2) to measure the associations between depression and PA at different levels from vari-
ous aspects.

Methods

Using data from the China Health and Retirement Longitudinal Study (CHARLS, 2015), we
selected 9118 community residents aged 45 years and older. Depressive symptoms were
measured by 10-item Center for Epidemiologic Studies (CES-D 10). Multivariate logistic
regression model was performed to examine the association between risk of depression
and PA from four aspects including intensity, frequency, duration, and volume.

Results

Spending 1-2 days/week (OR = 0.58, 95% CI: 0.36, 0.91), less than 30 minutes each time
(OR =0.66, 95% CI: 0.42, 1.03) or 150—299 min/week (OR =0.49, 95% CI: 0.28, 0.87) on
Moderate Physical Activity (MPA) was associated with lower odds of depression in women.
Spending 3-5 days/week (OR = 1.98, 95% CI: 1.29, 3.05) or 67 days/week (OR = 1.50,
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95% Cl: 1.07, 2.11), 4 hours and longer each time (OR = 1.65, 95% Cl: 1.18, 2.32), 300 min/
week or longer (OR = 1.65, 95% Cl: 1.22, 2.24) on Vigorous Physical Activity (VPA) in total,
or 2250 Metabolic Equivalent of Task (OR =1.73, 95% ClI: 1.26, 2.38) on Moderate-to-Vigor-
ous PA was associated with higher risk of depression in men.

Conclusions

The association between depression and PA depended largely on intensity and gender.
Lower frequency, shorter duration, and moderate amount of MPA was associated with
lower risk of depression in women. Risk of depression was higher in men who spent higher
frequency, longer duration, and overlong time on VPA.

Introduction

Depression, one type of non-communicable diseases, has triggered great public health con-
cerns in both developed and developing countries due to its high prevalence and heavy burden
of diseases [1]: it is one of the most prevalent disorders [2], affects nearly 350 million people,
and accounts for 12.7% of all-cause mortality around the globe [3]. Moreover, it leads to other
health problems such as type 2 diabetes [4], cardiovascular diseases [5], and suicide [6]. These
secondary comorbidities further affirm the tremendous burden that depression accounts for.
China, home for nearly 18% of the global population, encounters a great threat posed by
depression: with nearly 17% of the global disease burden of psychiatric-related illness [7], of
which 30% can be attributed to depression. The figure is even more threatening in working
age adults: 43% of mental disorder related disease adjusted life years (DALYs) [8]. Considering
both the pattern that depressive symptomology increases as one ages [9, 10] and the current
trend of population ageing in China [11], the threat will possibly be enlarged.

Conventional interventions such as cognitive behavioral therapy and antidepressants have
been recognized as effective means for depression treatment, nevertheless, many are confined
to a small scale of population due to their high demands for professional resources [12]. Simi-
lar to other low and middle income countries (LMICs), China also suffers from a profound
gap between need and supply in mental health services [13]. This suggests that the above-men-
tioned approaches can hardly be an effective approach to solve the large-scale problem facing
China nor other LMICs [12], and therefore, novel approaches with greater accessibility are
urgently needed.

In recent years, emerging evidence started to regard Physical Activity (PA) as an important
solution, considering its low demand for professional resources and contribution to one’s
physical health (such as health function and sleep duration) and emotional social support
[14]), which are closely related to one’s depressive symptoms [15]. In this case, various organi-
zations have published recommendations on PA. For instance, WHO suggests older adults
taking at least 75 minutes of Vigorous Physical Activity (VPA) or at least 150 minutes of Mod-
erate Physical Activity (MPA) or an equivalent combination of moderate-to-vigorous PA
(MVPA) each week [16]; The American Heart Association further encourages the elderly to
spend at least 30 minutes per day on 5 days of the week on MPA or at least 20 minutes on 3
days of the week on VPA [17]. However, the exact role of PA on depression awaits statistical
validation.

Among the limited number of studies that attempted to investigate the protective role of
PA on depression, findings turned out to be largely heterogeneous. Some studies generally
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concluded with PA’s protective effect on depression [18, 19]; other studies have further investi-
gated PA from various dimensions, including intensity, duration and volume, and resulted in
more complex findings: some indicated that individuals who engaged in VPA/MPA [20-22]
or PA with higher frequency [23, 24] had lower odds of depression; nevertheless, some sug-
gested that LPA rather than VPA/MPA [25-27], lower frequency (1-2 times/week) [28], or PA
with smaller volume than recommended [29-31] was protective. Moreover, some indicated
that the association differed significantly with gender [29, 32]. One study concluded with no
statistically significant associations between depression and PA of any kind [28], and one even
found that people who engaged in high volume of PA were more likely to suffer from depres-
sion [33]. The lack of consensus regarding this issue on the one hand indicates the association
between PA and depression depends largely on the specific cultural and demographic contexts
[34], and on the other hand, suggests that PA is a multidimensional construct that consists of
intensity, frequency, duration and volume, and the relationship cannot be fully comprehended
by a single dimensional analysis [35].

Moreover, Chinese citizens are greatly influenced by Eastern culture and present distinctive
patterns of PA: East Asians tend to take fewer physical activities and at lower intensity than
those in Western countries [30]. Thus, whether the PA recommendations that have been
designed and subject to Western population fit Eastern context and how PA is associated with
better mental health in middle- and older-aged Chinese residents still awaits further investiga-
tion. To the best of our knowledge, no study has examined the correlation between depression
and PA in China by taking into consideration all four key dimensions of PA (intensity, fre-
quency, duration and volume). To this regard, we conducted this study on middle- and older-
aged Chinese with two objectives: 1) to understand the patterns of PA; 2) to measure the asso-
ciations between depression and PA from various aspects including intensity, frequency, dura-
tion and volume.

Materials and methods
Study sample

We extracted our data source from the China Health and Retirement Longitudinal Study
(CHARLS 2015) Wave 4 conducted in 2015. CHARLS is a nationwide survey program cover-
ing 450 villages and 150 counties in 28 provinces with an aim to provide comprehensive and
quality data on the demographic background, family characteristics, health status, work, and
retirement status of the mid-aged and older residents in China. The data were collected using
a four-stage, stratified, cluster sampling method. Detailed sampling technique was docu-
mented in Zhao et al.’s study [36]. The CHALRS research team has obtained ethical approval
from the institutional review board (IRB) at Peking University. Amongst 20,967 surveyed
community residents, 9,118 participants were selected for this cross-sectional study according
to the following criteria: 1) aged 45 and older, 2) gave information on whether or not they had
conducted any type of PA (VPA/MPA/LPA), 3) were assigned a case weight to balance the
sample with the source population.

Variables

Outcome variables. Depression: a 10-item Center for Epidemiology Studies Depression
Scale (CES-D 10) was used to screen depression. The answers for CES-D 10 are on a four-scale
metrics coding from 0 to 3. The total score ranges from 0 to 30, with higher scores indicating
more depressive symptoms. The CES-D 10 has been used in previous studies and showed
good reliability (Cronbach’s alpha = 0.815) [37]. Several studies have reported a cut-off point
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of 12 with good validity to identify clinically significant depression [38, 39]. In this case, partic-
ipants with a CES-D 10 score of 12 or above were regarded as in risk of depression.

Main explanatory variables. CHARLS classified PA into 3 levels according to intensity:

1) VPA: activities that require hard/high intensity physical effort and make one breathe much
harder than normal (e.g. heavy lifting, digging, aerobics, fast bicycling, cycling with a heavy
load, etc.); 2) MPA: activities that can result in breathing somewhat harder than normal (e.g.
carrying light loads, bicycling at a regular pace, mopping the floor); 3) LPA: walking, including
walking at work, travelling from place to place, and walking for recreation.

Participants were asked: 1) did they conduct VPA/MPA/LPA for at least 10 minutes contin-
uously for a usual week; 2) if yes, how many days they normally took VPA/MPA/LPA in a
week; and 3) how much time (<30min, <2h, <4h, >4h) they spent on PA each time.

Frequency: answers for VPA/MPA/LPA ranged from 0-7days/week, and were categorized
into never (0 days)/ 1-2 days/week/ 3-5days/week/ 6-7days/week.

Duration: this study took into consideration that some participants did not took any PA,
and therefore, categorized this variable into 5 scales, including no PA/<30 min per time / 30—
119 min per time / 120-239 min per time / >240 min per time.

Volume: According to the WHO international guideline [16] for PA, at least 75min/week
VPA, or 150min/week MPA, or 150min/week MVPA was recommended for the elderly. In
addition, WHO has also warned that VPA/MPA over 300min/week may be harmful to the
senior population. In this case, we calculated the total length of VPA/MPA/LPA by: 1) estimat-
ing the daily duration of VPA/ MPA/ LPA using the average value of each time; 2) using the
following formula:

Volume of VPA/MPA/LPA = Frequency of VPA/MPA/LPA * Duration of VPA/MPA/LPA

Regarding volume of VPA, responses were classified into 4 groups: no VPA/ <75 min/
week <300 min/week/ <300 min/week; whereas regarding total length of MPA, responses
were classified into 4 groups: no MPA/ <150 min/week/ <300 min/week/ >300 min/week.
Due to the lack of international guidelines for LPA, we adjusted total length of LPA by 5 levels:
no LPA/ 1% quartile (<105 min/week)/ 2" quartile (<525 min/week)/ 3™ quartile (<1260
min/week)/ 4™ quartile (>1260 min/week). In terms of MVPA, The score was computed by
multiplying the length of VPA and MPA by an assigned metabolic equivalent value (MET):
MPA =4 MET, VPA = 7.5 MET [26]. Since the lower and higher cut-off points for the suffi-
cient MVPA are 150 min/week MPA and 300 min/week VPA, which equal to 600 MET and
2250 MET, respectively. Therefore, the volume of MVPA was then coded as no MVPA/ not
sufficient (<600 MET)/ sufficient (600-2249 MET)/ overlong (>2250 MET).

Control variables. This study included socio-demographic variables, health behaviors
and health status related variables for adjustment. Socio-demographic variables included: gender
(male, female), age (45-54, 55-64, 65-74, >75), residency (urban, rural), education (illiterate, pri-
mary school and lower, middle school, high school and higher), marital status (married/cohabitat-
ing, single), living near children (no/ yes), total annual household income (1% quartile (<$232/y),
2nd quartile (<$1279/y), 3rd quartile (<$5338/y), 4th quartile (>$5338/y)). Health behavior-
related variables included: alcohol intake (no, yes), and smoking (no, yes). Health status-related
variables included: BMI (underweight (<18.5 kg/mz), normal (18.5-24.99 kg/mz), overweight
(25-29.99 kg/mz), obese (>30 kg/mz)), diabetes (no, yes), and hypertension (no, yes).

Data analysis

Frequencies and percentages were calculated for descriptive data. Associations between levels
of PA and outcome variables were assessed by binary logistic regression with the potentially
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confounding variables being adjusted. Adjusted Odd Ratios (ORs) and their 95% Confidence
Intervals (95% Cls) were presented as measures of effect. Case weights (provided by the
CHARLS study) were used to adjust for the stratified sampling method and non-response pat-
terns. Data were analyzed using R Version 3.5.1.

Results

Characteristics of the participants

Basic characteristics of the whole sample population, as well as of those who were with or with-
out risk of depression are shown in Table 1. Of the 9,118 participants, a greater proportion
were female, in the age group of 45-74 years, rural residents, with a primary school or lower
level of education, partnered and living near children. The majority of respondents did not
consume alcohol or smoke; have not been diagnosed as diabetes or hypertension; and were
either in normal weight or overweight.

According to CES-D 10 scale, over one fourth of the participants were in risk of depression.
Generally speaking, participants with depression were more likely to be female, aged 65 and
older, in rural areas, with a primary school or lower level of education, with no partner, with
lower family income (first two quartiles), non-drinker, non-smoker, with diabetes or hyper-
tension, and in normal weight or underweight.

Frequency of PA in men and women

Generally speaking, the proportion of respondents taking PA increased as the PA intensity
decreased in both men and women (31.30% for VPA, 55.04% for MPA and 81.14% for LPA). A
phenomenon that the majority of participants either took no PA or had frequent PA (6-7days/
week) was observed in all three levels PA. Despite that in LPA, the distribution differed between
men and women in VPA and MPA: A larger proportion of men taking part in VPA whereas a
significantly larger proportion of women involved in MPA, especially in frequent MPA (Fig 1).

Duration of PA in men and women

Amongst those who took VPA, the majority of men and women spent more than 4 hours per
day. Different patterns between men and women were observed in MPA duration: amongst
those who took MPA, a significantly larger proportion of women spent 30-119 minutes on
MPA each time, whereas the distribution was more evenly in men. Women and men shared
similar patterns regarding LPA duration (Fig 2).

Volume of PA in men and women

Fig 3 summaries the total length of time the participants spent on VPA, MPA, LPA and MVPA
each week. Similar to Fig 1, the distribution was heavily bipolarized in VPA, MPA and total
MVPA: there was a large proportion of participants who did not take any PA, whereas at the
same time, a considerably large proportion spent much more time on PA than they were rec-
ommended to. A significantly larger proportion of men spent over 300 min/week on VPA
whereas a significantly larger proportion of women spent over 300 min/week on MPA. In total,
over 58% men and women took sufficient amount of MVPA as they were recommended to.

Relationship between PA and depression in men and women

Table 2 outlines the associations between different dimensions (intensity, frequency, duration
and volume) of PA and risk of depression in the whole sample population, and compares the
differences between men and women.
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Table 1. Sample characteristics of middle- and older-aged Chinese residents.

Total No Risk (n = 6823) Risk (n = 2295)
n* %" n* %" n* %"
Gender
Male 4437 49.02 3635 53.32 802 34.55
Female 4681 50.98 3188 46.68 1493 65.45
Age
45-54 3176 35.06 2483 36.35 693 30.75
55-64 3168 33.89 2358 33.74 810 34.39
65-74 2002 21.53 1422 20.51 580 24.94
>75 772 9.52 560 9.40 212 9.92
Residency/Hukou
Urban 3589 48.72 2877 52.09 712 37.42
Rural 5529 51.28 3946 47.91 1583 62.58
Education
illiterate 2284 22.81 1476 19.78 808 32.99
<primary school 4024 43.12 2997 42.79 1027 44.22
middle school 1767 19.91 1422 20.89 345 16.62
>high school 1033 14.16 921 16.54 112 6.18
Marital status
divorced/widowed/single 1115 12.86 702 11.21 413 18.38
married/partnered 8003 87.14 6121 88.79 1882 81.62
Living near children
No 1254 14.32 938 14.55 316 13.52
Yes 7618 85.68 5716 85.45 1902 86.48
Total household income
1** quartile (lowest) 1078 23.31 718 21.19 360 29.60
ond quartile 1034 22.04 698 19.86 336 28.48
31 quartile 1066 24.00 800 24.05 266 23.82
4th quartile (highest) 1052 30.65 886 34.89 166 18.10
Alcohol intake
No 5855 63.35 4204 60.70 1651 72.25
Yes 3257 36.65 2613 39.30 644 27.75
Smoking
No 6504 71.70 4747 70.28 1757 76.46
Yes 2609 28.30 2073 29.72 536 23.54
Diabetes
No 6930 88.40 5191 89.40 1739 85.23
Yes 861 11.60 574 10.60 287 14.77
Hypertension
No 5099 63.80 3894 65.57 1205 58.23
Yes 2789 36.20 1939 34.43 850 41.77
BMI level
Under weight 433 5.77 297 5.35 136 7.11
Normal Weight 4289 57.84 3152 56.86 1137 60.95
Overweight 2265 31.30 1754 32.65 511 26.97
(Continued)
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Table 1. (Continued)

Total No Risk (n = 6823) Risk (n = 2295)
n® %"° n?® %" n? %"
Obese 396 5.09 296 5.13 100 4.98
N.B.

* unweighted frequency

b. weighted column percentage. To some variables, the total percentage may not equal to 100 due to rounding,

https://doi.org/10.1371/journal.pone.0221430.t001

Regarding frequency, the participants who spent 3 days or more on VPA had significantly
higher risk of depression (OR = 1.57, 95% CI: 1.18, 2.08 for 3-5 days/week and OR = 1.24, 95%
CIL: 0.99, 1.54 for 6-7 days/week, respectively) than those who did not take VPA. The associa-
tion was statistically significant in men but not in women. However, spending 1-2 days/week
on MPA was associated with lower risk of depression in women (OR = 0.58, 95% CI: 0.36,
0.91), whereas spending 6-7 days/week was associated with 1.45 times higher likelihood (95%
CI: 1.05, 2.00) of depression in men. No significant association was observed between any level
of LPA frequency and depression in the whole sample population or subgroups.

Regarding duration, spending over 4 hours on VPA each time was correlated with greater
odds of depression (OR = 1.39, 95% CI: 1.12, 1.74). The association was strong in men
(OR = 1.65, 95%ClI: 1.18, 2.32) but not statistically significant in women (OR = 1.24, 95% CIL:
0.91, 1.64). Spending less than 30 min/day on MPA was associated with better mental health
status in women, however, men who took 30-119 min/day MPA had 1.57 times higher risk
(95% CI: 1.06, 2.33) of depression compared to those who reported not being involved in
MPA. No significant association between any level of LPA duration and risk of depression in
the whole sample population or subgroups was observed.

Regarding volume, spending more than 300 min/week on VPA was associated with greater
odds of depression (OR = 1.31, 95% CI: 1.08, 1.59) in the whole sample and in men
(OR = 1.65, 95% CI: 1.22, 2.24). Similar patterns were observed in MVPA. Taking 150-299
min/week MPA was associated with smaller odds of depression in the whole sample
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population (OR = 0.65, 95% CI: 0.41, 1.02) and in women (OR = 0.49, 95% CI: 0.28, 0.87). Nev-
ertheless, men taking 300 min/week or more on MPA was associated with higher likelihood
(OR =1.33,95% CI: 0.98, 1.81) of depression.

Discussion

To the best of our knowledge, the study is the first one to examine the risk of depression in
relation to the intensity, frequency, duration, and volume of PA in community-dwelling Chi-
nese adults using a nationwide sample, and also, one of the very few studies to depict the pat-
terns of PA in middle- and older-aged Chinese adults.

Prevalence of depression

In summary, the findings revealed high prevalence of risk of depression in middle- and older-
aged Chinese adults (25.17%) and an upward trend (from 21.82% to 27.46%) with increasing
age level. This finding is in agreement with those from recent studies, indicating that 23.6% to
27.0% of the elderly Chinese confront depression, while the risk of depression rises as age
increases [40, 41]. The figure is significantly higher than that was estimated two decades ago
(3.86%) [42]. Moreover, it is much higher than the average level of LMICs (1%) [43, 44] and
even some developed countries [25, 45]. This, on the one hand, indicates the tremendous
threat facing China in terms of the rising disease burden of depression; and on the other hand,
reiterates the urgent need to identify approaches with broad accessibility to address this issue
in a context where professional resources are scarce. Meanwhile, the present study found gen-
der difference on the prevalence of depressive risk: the prevalence in women was significantly
greater than that in men. Similar findings can be retrieved from other studies against Chinese
older adults [46, 47]. This indicates that older women are in higher need for effective
approaches to prevent depression.

Patterns of PA

Generally speaking, around three fifths of the participants reached the threshold outlined in
the WHO guidelines. This figure is similar to those reported in other studies subject to older
Chinese adults [48] or elderly in LMICs [32], and supports the statements Wen et al. [31] and
Chang et al. [30] made that East Asians tend to engage in PA at lower intensity.

Significant differences in the frequency, duration and volume of PA were observed between
different levels of PA intensity and different genders. Generally speaking, men were more

PLOS ONE | https://doi.org/10.1371/journal.pone.0221430  August 19, 2019

8/17


https://doi.org/10.1371/journal.pone.0221430.g002
https://doi.org/10.1371/journal.pone.0221430

@ PLOS |ONE

Intensity, frequency, duration, and volume of physical activity and its association with risk of depression

48.64%

9.31%

492% 485%

no MPA

0 0
T74.6%
63.1%
60 504
gz Gender &
g 407 | T
©
£ . female &
31.61%
201 204
01 04
no VPA =TSminiw 75
VPA
80 804
60 60
& Gender
g 40 4876 male § 40
& femala gr‘_
19.09%18.92%
201 18.06% 20
14.99%15.81% i
. . B
04 - 04

no LPA =225minfw

LPA

226-525minfw  528-1260miniw

*1260miniw

Fig 3. Volume of VPA, MPA, LPA and MVPA per week in men and women.

36.52%

T18%

h

37.12%
19.19%
15.89%

44.32%

no MVPA

MVPA ot suficlent

WMVPA sufficient

MVPA overlong

Gender

B mae
B remate

male
female

https://doi.org/10.1371/journal.pone.0221430.9003

active in VPA and women were more active in MPA. Significantly uneven distribution of fre-
quency and volume was observed in VPA and MPA. These findings are consistent with those
extracted from previous studies [26, 28, 35]. The reasons may be attributed to the purpose of
PA: most of the elderly who take MVPA are for domestic or occupational purposes [49, 50],
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Table 2. Associations between depressive risk and PA frequency, duration and volume.

Model 1: Whole sample

Model 2: Female

Model 3: Male

OR 95%CI OR 95%CI OR 95%CI
FREQUENCY
VPA
No activity 1 1 1
1-2d/w 1.04 0.71, 1.50 0.93 0.56, 1.55 1.19 0.68, 2.07
3-5d/w 1.57w 1.18, 2.08 1.25 0.84,1.85 1.98"* 1.29, 3.05
6-7d/w 1.24+ 0.99, 1.54 1.07 0.80, 1.43 1.50* 1.07,2.11
MPA
No activity 1 1 1
1-2d/w 0.89 0.64, 1.25 0.58" 0.36, 0.91 1.57 0.95, 2.59
3-5d/w 0.86 0.64, 1.14 0.82 0.57,1.19 0.91 0.57, 1.47
6-7d/w 1.13 0.93,1.37 0.97 0.76, 1.24 1.45* 1.05, 2.00
LPA
No activity 1 1 1
1-2d/w 0.74 0.47,1.18 0.74 0.42,1.30 0.78 0.34,1.79
3-5d/w 1.11 0.79, 1.56 1.09 0.70, 1.70 1.14 0.67, 1.94
6-7d/w 0.90 0.73, 1.11 0.92 0.72,1.20 0.86 0.61, 1.23
DURATION PER TIME
VPA
No activity 1 1 1
<30min 1.54 0.81, 2.92 1.36 0.56, 3.27 1.53 0.58, 4.06
30-119min 0.91 0.61, 1.34 0.78 0.46, 1.32 1.18 0.66, 2.11
120-239min 1.07 0.78, 1.47 0.90 0.60, 1.36 1.40 0.86, 2.29
>240min 1.39** 1.12,1.74 1.24 0.91, 1.64 1.65** 1.18,2.32
MPA
No activity 1 1 1
<30min 0.80 0.55,1.16 0.66+ 0.42, 1.03 1.22 0.63, 2.39
30-119min 1.12 0.88, 1.41 0.92 0.69, 1.23 1.57* 1.06, 2.33
120-239min 0.99 0.76, 1.28 0.82 0.59,1.14 1.31 0.86, 1.99
>240min 1.07 0.82, 1.38 1.06 0.76, 1.48 1.05 0.69, 1.59
LPA
No activity 1 1 1
<30min 0.89 0.66, 1.22 1.03 0.7,10.51 0.65 0.37,1.12
30-119min 0.86 0.68, 1.08 0.85 0.64, 1.14 0.86 0.58,1.28
120-239min 1.07 0.82,1.39 0.98 0.70, 1.38 1.21 0.78, 1.86
>240min 0.95 0.70, 1.28 0.96 0.66, 1.40 0.95 0.58, 1.56
VOLUME
VPA
No activity 1 1 1
<75min/w 1.59 0.64, 3.97 1.57 0.43,5.79 1.33 0.35,5.14
<300min/w 0.92 0.60, 1.4 1.00 0.59,1.70 0.81 0.39, 1.67
>300min/w 1.31°* 1.08, 1.59 1.09 0.84,1.42 1.65"* 1.22,2.24
MPA
No activity 1 1 1
<150min/w 0.89 0.63,1.26 0.73 0.48,1.11 1.35 0.74, 2.48
150-299min/w 0.65+ 0.41, 1.02 0.49* 0.28, 0.87 0.96 0.46, 2.01
>300min/w 1.10 0.91,1.33 0.96 0.75,1.22 1.33+ 0.98, 1.81

(Continued)

PLOS ONE | https://doi.org/10.1371/journal.pone.0221430  August 19, 2019 10/17


https://doi.org/10.1371/journal.pone.0221430

@ PLOS|ONE

Intensity, frequency, duration, and volume of physical activity and its association with risk of depression

Table 2. (Continued)

LPA

No activity
<105min/w
<525min/w
<1260min/w
>1260min/w
MVPA

No activity
<600 MET
600-2249 MET
>2250 MET

Model 1: Whole sample

OR

0.88
0.86
1.08
0.91

1
0.93
1.02

1.22*

Model 2: Female Model 3: Male

95%CI OR 95%CI OR 95%CI

1 1

0.67, 1.17 0.96 0.68, 1.37 0.74 0.45, 1.21

0.68, 1.09 0.84 0.62,1.13 0.90 0.60, 1.34

0.83, 1.41 1.04 0.74, 1.45 1.19 0.78, 1.84

0.67,1.23 0.95 0.65, 1.40 0.87 0.53, 1.45
1 1

0.62, 1.38 0.81 0.50, 1.31 1.15 0.56, 2.37

0.78,1.33 0.90 0.66, 1.23 1.22 0.75, 200

1.01, 1.47 0.96 0.75,1.23 1.73*** 1.26, 2.38

N.B. ORs were adjusted for age, gender, residency, education, marital status, living near children, total household income, alcohol intake, smoking, diabetes,

hypertension, BMI level and case weights

+: p<0.1

*: p<0.05
**:p<0.01
' p<0.001.

https://doi.org/10.1371/journal.pone.0221430.t002

therefore, tend to have a high frequency and volume of PA. The patterns of duration can serve
as indirect evidence for the above speculation: the majority of those who engaged in VPA
spent more than 4 hours each time, which often occurs when one engages in a job that requires
heavy labor work. In contrast, the distribution of MPA duration was more dispersed between
“30-119min per time”, “120-239min per time” and “>240min per time”, whereas a relatively
larger proportion of respondents reported 30-119 minutes each time. Taking into consider-
ation that the prevalence of MPA was significantly higher in women than that in men, we spec-

ulate that respondents who engaged in MPA were mainly for domestic purpose.

Associations between PA and depression

Generally speaking, risk of depression was correlated with the intensity, frequency, duration
and volume of PA, whereas the direction and type of correlation mainly depended on the
intensity and gender.

Regarding VPA, compared with those who took no VPA, those who had higher frequency
(3-5 days/week or 6-7 days/week), longer duration (>240 min/day) and greater length (>300
min/week) had greater odds of suffering from depression. However, the statistically significant
correlation was only found in male but not in women. This may be due to the purpose of VPA:
on the one hand, in traditional Chinese culture, men are the ones who take major responsibil-
ity to support family [51, 52]; on the other hand, the higher frequency, longer duration and
larger volume of heavy-labor work may indicate lower household income and heavier financial
burden. This, therefore, may lead to men suffering from higher risk of depression. Regarding
adverse effect, similar findings have been documented in some studies [33, 53], and the finding
complies with WHO guidelines that indicate the potential harm MVPA may pose on one’s
health when the total length exceeds 300 min/week [16]. Strategies such as encouraging lower
frequency and smaller amount but not large volume of VPA, or promoting taking PA with
happiness may be worth consideration.
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Regarding MPA, engaging in sufficient but less than 300min/week MPA was associated
with lower risk of depression for the whole sample population, whereas different magnitudes
were observed between women and men. Compared with those who did not have MPA,
women who had smaller frequency (1-2 days/week), shorter duration (<30 min/day) and
moderate length (150-299 min/week) of MPA were in lower risk of depression. However, this
inverse associated was not observed in men. Moreover, engaging in higher frequency (6-7
days/week) and greater length (>300 min/week) of MPA was positively correlated with higher
likelihood of depression in men. Similar findings can be retrieved from several recent studies
that found PA, especially MPA, more effective in terms of reducing risk of depression in
women than men [32, 54]. Some even reported that only women, but not men, benefited from
taking part in PA [29, 55]. The potential reason for this gender difference may be attributed to
women’s more developed connectedness [56] and their better ability to benefit from the social
aspects of PA than men [29]. Our speculation can be underpinned by one study, in which PA
was associated with depression but the associated become statistically insignificant when social
network was considered [57]. These findings reveal the necessity to consider the gender differ-
ence when developing intervention strategies. In addition, we found that the threshold for a
statistic significance was lower than that was recommended in some western guidelines [16,
17]. This indicates that the condition varies between different populations and intervention
strategy design should be rooted in the specific context. For instance, in light of large propor-
tion of no MPA and small proportion 1-2 day/week MPA in women, interventions could be
designed to promote moderate volume of regular MPA. Some experience could be extracted
from British policy that encourages MPA such as housework, gardening and home mainte-
nance tasks [58].

Regarding LPA, no statistically significant association was observed between risk of depres-
sion and LPA of any kind. This finding can be supported by previous literature that found no
significant association between walking and depression [58] and it can be further underpinned
by WHO guidelines in which recommendations have only been given to VPA and MPA but
not to LPA [16]. However, we noted that some studies reported benefits LPA brought to one’s
risk of depression [29]. The difference in outcome may be attributed to two reasons: first,
walking was part of everyday life to most of the Chinese residents and its contribution to one’s
physical health is limited compared to moderate or intense PA [27, 58]. Second, as one study
further divided LPA into high-light PA and low-light PA, and found high-light PA but not
low-light PA was related to better well-being [27], the insignificant associated found in this
study may be due to the unavailability to further divide LPA.

Strength and limitations

To the best of our knowledge, this is the first study to explore the association between risk of
depression and PA from multiple dimensions including intensity, frequency, duration and vol-
ume in middle- and older-aged Chinese using a nationwide dataset. Additionally, this study is
one of the few studies that further investigate the correlation by taking gender difference and
four key dimensions of PA into consideration. Finally, as Rothon et al [59] indicated, one of
the weaknesses of the prior studies is the failure to control for other clinically confounding fac-
tors. Health behaviors (such as smoking and drinking) and health status (diabetes, hyperten-
sion and BMI) related variables were considered and adjusted in this study.

The findings should be interpreted with caution due to the following limitations. First,
although we have observed some associations between physical activity and depression, we
are not able to establish a causal relationship between these two variables using a cross-sec-
tional study. Identification of causal relationships will have to await future research using a
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longitudinal design. Second, PA was self-reported, which may result in recall bias and underes-
timation of PA. Also, different from the International Physical Activity Questionnaire and
Global Physical Activity Questionnaire that ask the exact length of time one spends on PA
(numbers of minutes/hours), the questionnaire used in CHARLS only classified the duration
into four categories (<30min, <2h, <4h, >4h), which may result in lower validity in calculat-
ing the total volume of PA. Further studies may benefit from assessing PA using objective
measures (such as accelerometers). Finally, the present study was carried out subject to com-
munity-dwelling residents, and therefore, may not be generalizable to the institutionalized
individuals.

Conclusions

In conclusion, the findings revealed a considerable high prevalence of risk of depression in
middle- and older-aged Chinese, especially in women, which calls for attention and more cost-
effective approaches to address this issue. This study found that the risk of depression was cor-
related with the intensity, frequency, duration, and volume of PA, whereas the direction and
magnitude mainly depended on the intensity and gender. To be specific, after controlling
one’s demographic, health behaviors and physical health status, men with higher frequency,
longer duration and greater length of VPA were associated with higher odds of suffering from
depression than those who did not engage in VPA. No such association was found in women.
Compared with not taking any MPA, smaller frequency, shorter duration and moderate vol-
ume of MPA were associated with lower risk of depression in women. However, similar associ-
ations have not been found in men. These findings not only serve to further understand the
relationships between PA and depression in middle- and old-aged adults in China, but also
remind the need to consider China’s cultural context when designing interventions according
to international guidelines. The latter can help to inform policymakers to consider these varia-
tions to design target strategies with higher effectiveness.
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