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Leisure-time physical activity and risk of depression
A dose-response meta-analysis of prospective cohort studies
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Abstract 
Background: There has never been a dose-response meta-analysis of the relationship between physical activity and the risk 
of depression. Hence, we aimed to explore the dose-response relationship between leisure-time physical activity (LTPA) and the 
risk of depression through a meta-analysis to provide a basis for the prevention of depression.

Methods: PubMed and Web of Science databases were searched using a computer to collect prospective cohort studies 
on the relationship between LTPA and depression between January 1997 and July 2021. A dose-response meta-analysis was 
performed using the Stata 14 software to calculate the combined effect size relative risk (RR and 95% confidence interval CI).

Results: Twelve cohort studies included 310,359 subjects who met the inclusion criteria. The categorical dose-response 
analysis results showed that the risk of incident depression was 27%, 17%, and 8% lower for the light, moderate, and highest 
dose LTPA participants, respectively (RR: 0.73, 95% CI: 0.64–0.82; RR: 0.83, 95% CI: 0.78–0.87; RR: 0.92, 95% CI: 0.86–0.99), 
compared with the lowest LTPA category. Continuous dose-response analysis showed a nonlinear relationship between LTPA and 
the risk of incident depression (P = .04). The risk of incident depression was reduced by 3% (RR: 0.97, 95% CI: 0.95–0.98) for 
every 5 MET-h/week increase in LTPA < 25 MET-h/week; when LTPA was higher than 25 MET-h/week, a 4% increase in the risk 
of depression for every 5 MET-h/week increase was observed (RR: 1.04, 95% CI: 1.02–1.05).

Conclusions: There was a nonlinear relationship between LTPA and the risk of incident depression. Moderate and low doses 
of LTPA were protective factors in preventing the risk of incident depression, while high doses of LTPA may increase the risk of 
incident depression.

Abbreviations: LPA = light intensity physical activity, LTPA = leisure-time physical activity, MET = total dose of sports, MPA = 
moderate-intensity physical activity, MVPA = moderate-to-vigorous physical activity, VPA = vigorous-intensity physical activity.
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1. Introduction

Depression affects approximately 300 million individuals 
worldwide.[1] The treatment and prevention of depression 
have received particular focus from the global academic com-
munity, and it requires positive interventions, including mod-
ification of established risk factors. A potentially modifiable 
risk factor for depression is sedentary behavior or a low level 
of physical activity.[2] Fifty percent of patients with severe 
depressive disorder cannot reach the recommended level of 
physical activity (150 min of moderate-intensity physical 
activity per week).[3] Increasing physical activity is considered 
a possible protective factor against depression risk in many 
previous studies, and physical exercise can reduce depression 
symptoms in patients with potential depression.[2–4] Therefore, 
the extent of physical activity to prevent depression, which 

involves the duration, intensity and frequency of physical 
activity, must be known.

There are several empirical studies on the dose of physi-
cal activity to prevent the risk of depression. For example, 
Fernandez-Montero et al considered that the total dose of sports 
(MET) and the duration of sports activities were significantly 
correlated with the incidence rate of depression; however, there 
was no correlation with the intensity of sports activities.[5] Kim 
et al determined the best physical activity volume of 1200 to 
3000 METs-min/week to reduce the onset of depressive symp-
toms in a cohort study. The “U” curve represents the dose-re-
sponse relationship between physical activity and depression 
incidence rate.[6] Kandola et al,[7] a recent research paper pub-
lished in Lancet, confirmed that increasing physical activity and 
reducing sedentary behavior in adolescents could reduce the 
incidence and prevalence of depression. These empirical studies 
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have verified the relationship between various doses of physical 
activity and the risk of depression.

Relevant systematic reviews and meta-analyses have also 
confirmed that physical activity is a protective factor against 
depression.[2,8] Even a small amount of physical activity (such 
as walking, 150 minutes per week) can reduce the incidence of 
future depression.[2] A meta-analysis of cohort studies by Schuch 
et al concluded that physical activity in both age and geographic 
area could reduce the incidence rate of depression.[9] These review 
studies further confirm the protective effect of physical activity on 
the risk of depression. However, no systematic review of the above 
empirical studies has been known to quantify the preventive effects 
of various doses of physical activity on depression. Therefore, in 
this study, we conducted a dose-response meta-analysis to quan-
tify the relationship between different physical exercise doses and 
the risk of depression to bridge the current international guide-
lines for physical activity, which specifically aim to reduce the risk 
of depression. These major quantitative characteristics may have 
important clinical significance and practical guidance for exercise 
prescriptions to promote mental health.

2. Materials and Methods

2.1. Inclusion criteria

First, the inclusion criteria and each included article were dis-
cussed by 3 authors. The inclusion criteria were as follows: (1) the 
study was a published cohort study or prospective or retrospective 
observational study, and the baseline subjects were healthy people 
without a history of depression. (2) The categorical level of phys-
ical activity in the baseline survey population was ≥ 3, reflecting 
the dose-response trend. (3) The study should report the duration, 
frequency, or intensity of physical activity or MET dose that can 
be calculated into MET. (4) The relationship between the level of 
sports activity and the risk of depression (incidence rate rather than 
prevalence) is the relative risk (RR) and its 95% confidence interval 
(95% CI), or the original data can be used to calculate the above 
indicators. Repetitively published articles were excluded from the 
analysis. Two authors independently decided against inclusion, 
and the inconsistency was determined by group discussion. In this 
study, to highlight the role of physical activity or exercise, LTPA 
was termed physical activity. Light intensity physical activity, mod-
erate-intensity physical activity, vigorous-intensity physical activity, 
and moderate-to-vigorous intensity physical activity are abbrevi-
ated as LPA, MPA, VPA, and MVPA, respectively.

2.2. Search strategy

We searched the literature on the relationship between sports 
activities and the incidence rate of depression from PubMed 
(from 1980 to date) and the Web of Science Database (from 
1980 to date). The terms “exercise or physical activity or sport 
or walking or motor activity” and “depression” were used in the 
search strategy to screen whether they were cohort studies or 
prospective studies. The latest search date was May 2021, with 
no language restrictions. The reference lists of the selected arti-
cles and related reviews were screened step-by-step to identify 
potentially related studies.

2.3. Quality evaluation

The Newcastle Ottawa Scale (NOS) was used to evaluate the 
quality of the literature. This scale assesses the quality of the 
included cohort studies with scores ranging from 0 (indicating 
poor-quality studies) to 9 (indicating high-quality studies). The 
NOS contains 8 items, categorized into 3 dimensions: selection, 
comparability, and outcome (cohort studies). A star rating sys-
tem from NOS is used to quantitatively estimate the quality of 
the included studies, which considers a total star of up to 9 and 

studies with >6 stars were evaluated as high quality. Hence, 
the scores of 0 to 3, 4 to 6, and 7 to 9 stars were evaluated as 
low, medium, and high quality, respectively.[10] Each article was 
evaluated independently by 2 authors and cross-checked. If the 
quality evaluation of the literature was inconsistent, the group 
focused on obtaining the final quality score.

2.4. Statistical analysis

We performed a separate meta-analysis for both categorical and 
continuous variables to evaluate the association between LTPA 
and the risk of depression. Due to different LPTA doses of cut-
off points in the included studies for categories, we performed 
relative risk estimates using the method recommended by Orsini 
et al.[11] When LTPA was reported as a categorical variable, we 
compared the corresponding RR values between the highest and 
lowest LTPA categories. A categorical dose-response analysis was 
performed to generate 4 types of PA: lowest, light, moderate, and 
highest. The lowest and highest PA categories corresponded to the 
lowest and highest groups for each included study, respectively. 
For studies with at least 3 exposure categories, the second and 
third highest PA categories corresponded to the light and moder-
ate groups, respectively. The combined RRs and 95% CIs associ-
ated with different PA categories were calculated by comparing 
each PA category (highest, moderate, and light PA) with the lowest 
PA categories using random-effects modeling techniques. Using 
stata14.0 software for meta-analysis, P values <.05 were con-
sidered statistically significant with all double-sided testing. The 
effect value-corrected risk ratio (RR) and 95% confidence inter-
val (CI) of each study’s highest dose LTPA group were combined. 
A random-effects model was used to connect the effect values. 
I2 statistics were used to evaluate and describe the percentage of 
variation in the study.[12] We assessed the potential for publication 
bias using Egger linear regression test and Begg rank correlation 
test. As for sensitivity analysis, we checked whether the combined 
effect of the remaining studies had changed by excluding 1 study 
at a time. A subgroup meta-analysis was performed by classifying 
the intensity of LTPA, sex, age, area of study subjects, and quality 
of the study. Simultaneously, the heterogeneity of each subgroup 
was examined using meta-regression.

When LTPA was reported as a continuous variable, a ran-
dom-effects model was used to examine the reduction in the risk of 
depression due to LTPA. The median or mean LTPA levels within 
the exposure categories were assigned to the corresponding RRs. 
If these results were unreported, we used the midpoint between the 
lower and upper boundaries of the exposure category and gener-
ally assumed the interval in the highest category to be equivalent to 
that in the next highest exposure category. We used MET-h/week 
values as the compendium of physical activities.[13] Generally, a 
value of 3 MET is used for light physical activities or walking, 4.5 
MET for moderate LTPA, 5 MET for moderate-to-vigorous LTPA, 
and 8 MET for vigorous LTPA/sports/running.

We calculated study-specific slopes (linear trends), 95% CIs 
from the natural logs of the reported RRs and CIs across cate-
gories of LTPA measures, using the robust error meta-regression 
method described by Xu et al.[14] This method was based on a 
1-stage approach that treats each study as a cluster of the whole 
sample and considers the within-study correlations by clustered 
robust error. Known cardiorespiratory fitness and RRs with vari-
ance estimates for at least 2 quantitative exposure categories were 
required. Based on the goodness of fit test of the model, and the 
model parameters of the invalid hypothesis test, the Stata soft-
ware XBLC command was used to draw a dose-response curve.[15]

3. Results

3.1. Literature search and study characteristics

According to the inclusion and exclusion criteria, 14 
groups of 12 cohort studies were included with 570,244 
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subjects.[5,6,10,16–24] The steps of retrieval and inclusion steps 
are illustrated in Figure 1. The characteristics of the included 
studies are presented in Table 1. According to the NOS score, 
6 works of literature were ≥7 points, which was high-qual-
ity literature, and the others were medium quality literature. 
Among the 12 studies, 5 were from America,[10,16,20,22,23] 2 were 
from Asia,[6,21] 4 were from Europe,[5,17,18,24] and one was from 
Oceania.[19]

3.2. Categorical dose-response association between 
physical activity and depression risk

Table 2 presents the pooled estimates of RR for incident depres-
sion associated with different categories of LTPA and the sub-
group analysis. For all LTPA categories, participants had a 23% 
lower risk of incident depression than the lowest PA group 

(pooled RR, 95% CI: 0.77 [0.68–0.86]; I2 = 69%). One-by-one 
exclusion sensitivity analysis showed no significant change in 
the total effect value (as presented in Fig. 2), and our study did 
not show considerable publication bias (as presented in Fig. 3). 
The risk of incident depression was 27% lower among the par-
ticipants in the light PA category than in the lowest-level LTPA 
category (pooled RR, 95% CI: 0.73 [0.64–0.82]; I2 = 43%). 
Moderate and highest LTPA category participants also had a 
17% and 8% lower risk of incident depression compared with 
the lowest PA group (RR, 95% CI: 0.83 [0.78–0.87], I2 = 46%; 
RR, 95% CI: 0.92 [0.86–0.99]; I2 = 79%).

Meta-regression analysis was used to test the sources of het-
erogeneity (Table 2). It was observed that only the P value of 
heterogeneity in the different dose subgroup categories was 
0.02 with significant heterogeneity in each study according to 
the subgroup. Therefore, different doses of physical activity 

Records iden�fied through 
database (n = 470 )

Addi�onal records iden�fied 
through other sources (n =25 )

Records a�er duplicates removed (n = 445 )

Records screened (n = 67 ) Records excluded (n = 
378)

Full-text ar�cles assessed for 
eligibility (n = 22 )

Full-text ar�cles  
excluded(n = 45 )

1. Not a Cohort study.
2. Outcome not RR and OR.
3. No control/comparison
4. No repor�ng dose of PA

Studies included in meta-
analysis (n = 12 )

Figure 1. Flowchart of the literature search and literature inclusion.

Table 1

Study characteristics.

Author (year, country) 
Study  
name 

Participants,  
women, % 

Mean age,  
y 

Follow-up,  
y % 

Depression  
evaluation PA evaluation tool 

Quality  
score 

Chang et al[22]; USA TLSA 21,728 (100) ≥65 10 (90%) CES-D Self-report PA 9
Fernandez et al[5]; ES SUN 15,488 (60) 37 ± 12 10.5 (69%) DSM-IV LTPA[25] 8
Gallegos et al[23]; MX HWCS 1047 (77.5) Adults 6 (NA) CES-D LTPA[25] 8
Kim et al[6]; KR KSHS 107,901 (32.9) 18–64 2.2 (NA) CES-D IPAQ[26] 8
Kuwahara et al[21]; JP JECOH 29,082 (15.1) 20–64 4.7 (NA) CES-D Self-report PA 7
Lucas et al[20]; USA TLSA 49,821 (100) 60–70 10 (NA) CES-D Self-report PA 7
Pavey et al[19]; AU ALSWH 9091 (100) 22–27 12 (NA) CES-D IPAQ[27] 6
Sánchez-Villegas et al[18]; ES SUN 11,800 (58) 26–50 8.5; 90% DSM-IV LTPA[25] 7
Smith et al[16]; USA THHP 3741 (0) 71–93 8 (40.5) CES-D Self-report PA 7
Slykerman et al[24]; NZL ABC 491 (50.7) 11 12 (56.4%) CES-D AM71256 Accelerometer 6
Wise et al[10]; USA TBWHS 59,000 (100) 21–69 4; 80% CES-D PA[28] 5
van Gool et al[17]; NL TLMAS 1169 (47.6) 24–81 6; 62.8% CES-D Self-report PA 7

ABC = the Auckland Birthweight Collaborative Study, ALSWH = Australian Longitudinal Study on Women’s Health, AU = Australia, CES-D = Center for Epidemiological Studies Depression Scale for 
Children, CH = Switzerland, DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, ES = Spain, GPAQ = the Global Physical Activity Questionnaire, HWCS = Health Worker Cohort Study, IPAQ 
= International Physical Activity Questionnaire., JECOH = Japan Epidemiology Collaboration on Occupational Health, JP = Japan, KR = Korea, KSHS = Kangbuk Samsung Health Study, MX = Mexico, NA 
= no report, NL = Netherlands, NZL = New Zealand, SUN = Seguimiento Universidad de NavaRRa project, TBWHS = The Black Women’s Health Study, THHP = The Honolulu Heart Program, TLMAS = the 
longitudinal Maastricht Aging Study, TLSA = The Nurses’ Health Study, USA = United States.
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have different effects on preventing depression. In addition, the 
heterogeneity analysis within subgroups showed that the het-
erogeneity was significant in the group with the highest dose 
(>50 MET/week), which may indicate that the higher the dose 
of physical activity, the more uncertain about the preventive 
effect on depression. Further analysis showed significant het-
erogeneity in the LPA low-intensity, female, mixed-age, Center 

for Epidemiological Studies Depression evaluation method, and 
study quality subgroups, which may still be due to different 
doses of physical activity. In addition, these subgroups may also 
be important influencing factors that need to be further exam-
ined in future studies.

3.3. Continuous dose-response association between 
physical activity and depression risk

Figure  4 presents the continuous dose-response association 
between quantitative estimates of PA (MET-min/week) and 
depression risk. These pooled results showed a consistent, inverse 
dose-response association between PA and the risk of depres-
sion. The nonlinear shape was similar to that of the U-shaped 
dose-response curve (pnon-linearity = 0004 < .05, I2 = 16.56%).

According to the nonlinear results, when physical activity 
was <25 MET-h/week, the RR of depression risk was reduced 
by 3% (RR: 0.97 [0.95–0.98]) for every 5 MET-h/week increase; 
when physical activity was >25 MET-h/week, the increased 
physical activity did not further reduce the risk of depression, 
that is, the risk of depression increased by 4% for every 5 
MET-h/week increase (RR: 1.04 [1.02–1.05]).

4. Discussion
To the best of our knowledge, this is the first dose-response 
association analysis of LTPA and the risk of depression. By 
integrating the results of the cohort study, compared with the 
lowest LTPA category, we determined the risk ratio of the dif-
ferent category doses of physical activity to depression risk was 
0.77, 0.73, 0.83, 0.92 for the total, light, moderate, highest level 
dose, which was more specific than the meta-analysis results of 
Schuch et al (RR for the total level: 0.83)[3] and Dishman RK 
et al (OR for the total level: 0.79).[29] As Zhang et al described 
in the conventional meta-analysis method, only the data of 
multiple groups between the highest and lowest doses were 
selected for comparison without a specific dose level, such that 
the data were inconsistent.[10] This treatment greatly enhanced 
the accuracy of the combined effect value of this dose-response 
meta-analysis.

Figure 2. Sensitivity analysis.

Table 2

Main result and subgroup analysis

Subgroup (study n) RR I2 P1 P2 

Total LTPA (14) 0.77 (0.68–0.86) 69% .45 –
Categorical dose    .027
Light 0.732 (0.64–0.82) 43% .135  
Moderate 0.831 (0.78–0.87) 46% .110  
Highest 0.929 (0.86–0.99) 79% .002  
Intensity    .62
LPA (4) 0.80 (0.50–1.09) 88% <.01  
MVPA (3) 0.80 (0.739–0.87) 0% .61  
LPA and MVPA (7) 0.86 (0.77–0.95) 77.5% .04  
Sex    .26
Male (2) 0.77 (050–1.05) 69% .046  
Female (7) 0.90 (0.80–0.99) 77% .001  
Mix (5) 0.77 (0.64–0.90) 61% .023  
Age    .81
Teenagers (2) 0.81 (0.70–0.90) 7% .30  
Adult (6) 0.88 (0.81–0.96) 0% .4  
Elderly (3) 076 (0.62–0.89) 44% .164  
Mix (6) 0.85 (0.68–1.02) 82% <.01  
Depression measurement    .241
CES-D (12) 0.85 (0.81–0.88) 74 <.01  
DSM (2) 0.84 (0.74–0.94) 0 1.0  
Quality of study    .72
>6 0.82 (072–0.91) 61% <.01  
«6 0.86 (0.73–1.00) 83% <.01  

P1 is the P value within the subgroup referring to heterogeneity; and P2 is the P value between 
subgroups referring to heterogeneity.
CES-D = Center for Epidemiological Studies Depression Scale for Children, DSM = Diagnostic and 
Statistical Manual of Mental Disorders, LPA = light intensity physical activity, LTPA = leisure-time 
physical activity, MVPA = moderate-to-vigorous physical activity, RR = relative risk.
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The continuous dose-response relationship showed that 
when the level of LPTA > 25 MET-h/week, the risk of depres-
sion increased, indicating a threshold effect. The practical 
significance of this conclusion may be that approximately 
25 MET-h/week is the best dose for a protective effect 
against depression. The significance of increasing the ben-
efit of 5 MET-h/week is that another hour of MVPA or 2 
hours more of LPA once a week will decrease the risk of 
depression by 3%. If the total dose is more than 25 MET-h/
week, the incidence rate of depression may increase by 4% 
with another hour of MVPA or 2 hours more of LPA once 
a week. This study’s conclusion is similar to that of Kim et 
al research with 20 to 50 MET-h/week for the dose range of 
the protective effect of depression, and we confirm that the 
dose-response relationship is a nonlinear U-shaped one.[6] 
We also identified high-intense PA or exercise as factors that 
increase the risk of depression, which enriches the conclu-
sions of previous meta-analyses of the association between 
physical activity and depression. Most of these studies 
merely demonstrated that physical-overall activity reduced 
the risk of depression.[29–36] In contrast, our study sorted out 
the relationship between different physical activity levels 
and depression risk by categorical and continuous dose-re-
sponse analysis. In addition, physical activity < 25 MET-h/
week reducing the risk of depression still corresponds to 10 
MET-h/week for the lowest dose and 20 MET-h/week for 
additional health benefits recommended by WTO.[37]

Heterogeneity is the most important index for evaluating 
the stability of meta-analysis results. However, the results of 
this study had a large heterogeneity in the combined effect 

value of all category doses, with heterogeneity I2 of 68% 
(14 studies). Through meta-regression analysis, it was found 
that the heterogeneity resulted from the different dose levels 
of LPTA on the effect value RR for incident depression. For 
example, in the included studies by Kim et al and Wise et al, 
the RR values were 1.14 and 1.06.[6,10] however the RR val-
ues of Gallegos et al and Van et al were 0.51 and 0.52.[17,23] 
These data appear to contradict our conclusions. In addition, 
Kim et al and Gallegos et al reported 97.1 and 20.8 MET-h/
week respectively for the highest dose, which was the obvious 
difference when comparing almost the same lowest dose.[6,10] 
Simultaneously, this study’s continuous nonlinear U-shaped 
dose-response relationship is more convincing explaining the 
heterogeneity. Compared to the heterogeneity I2 value of the 
study by Schuch et al, it was 0% (36 studies) with significant 
publication bias,[30] whereas our study did not show any signif-
icant publication bias.

The results of this study are based on a large sample of a 
cohort study and the advantages of a multiyear follow-up sur-
vey; therefore, the results are relatively stable. Nevertheless, 
the following limitations may be found in this study. First, the 
literature we have included may be insufficient. A possible rea-
son for this is that we set strict inclusion criteria. We needed 
the data reported to calculate the MET dose. Furthermore, 
the study data included at least 3 categories to set at least 
2 nodes in the restricted cubic bar to generate 2 regression 
splines to judge whether the overall study was linear or non-
linear according to the second regression spline. Second, the 
methods of PA evaluation in this study were mostly subjective 
measurements, which may have led to inaccurate doses. We 
assumed that there had been no change in exercise or exercise 
habits for a long time in all cohort studies as in previous meth-
ods of dose-response meta-analysis related to physical activity 
topics,[38–40] which will lead to inaccurate results. In addition, 
another limitation of these analyses is that included studies 
used different measures of physical activity and depression. 
Meanwhile, there were relatively limited data at higher phys-
ical activity doses, which may be the factors affecting robust 
conclusions. Finally, most cohort studies have not adjusted 
confounding factors. These studies have been based on the 
relative risk after exposure and nonexposure comparisons, so 
the conclusions of the cohort studies need to be interpreted 
with caution. These limitations should be addressed in future 
research.

5. Conclusions
There is a nonlinear dose-response association with a U-shape 
between LTPA and the risk of incident depression. Compared 
to the lowest LTPA category, the risk of incident depression 
was 27% lower among participants in the light PA category. 
The moderate and highest LTPA category participants also had 
a 17% and 8% lower risk of incident depression, respectively, 
compared with the lowest PA group. The risk of incident depres-
sion was reduced by 3% or increased by 4% by increasing 
another 5 MET-h/week when LTPA was lower or higher than 
25 MET-h/week, respectively. High-intense PA or exercise may 
be a factor in increasing the risk of depression.

Acknowledgments
We thank all the reviewers for their helpful comments.

Author contributions
Conceptualization: Songtao Lu, Rui Li, and Zhiguang Guo,
Data curation: Songtao Lu, Rui Li,Zhiguang Guo
Formal analysis: Songtao Lu, Zhiguang Guo
Investigation: Songtao Lu, Zhiguang Guo

Figure 3. Publication bias analysis.

0.8

0.9

1.0

1.1

1.2

1.3

rr

0 20 40 60 80 100
Met dose

Figure 4. Continuous dose-response relationship analysis.



6

Guo et al. • Medicine (2022) 101:30 Medicine

Methodology: Songtao Lu, Rui Li, Zhiguang Guo
Resources: Songtao Lu, Rui Li, Zhiguang Guo
Software: Rui Li, Zhiguang Guo
Supervision: Songtao Lu
Validation: Rui Li, Zhiguang Guo
Writing—original draft: Songtao Lu,Zhiguang Guo
Writing—review and editing: Songtao Lu

References
 [1] World Health Organization. Depression and other common mental dis-

orders: global health estimates. 2017. Available at: http://apps.who.int/
iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.
pdf. [Accessed January 12, 2021].

 [2] Hallgren M, Stubbs B, Vancampfort D, et al. Treatment guidelines 
for depression: greater emphasis on physical activity is needed. Eur 
Psychiatry. 2017;40:1–3.

 [3] Schuch FB, Vancampfort D, Richards J, et al. Exercise as a treatment for 
depression: a meta-analysis adjusting for publication bias. J Psychiatr 
Res. 2016;77:42–51.

 [4] Hamling J, Lee P, Weitkunat R, et al. Facilitating meta-analyses by 
deriving relative effect and precision estimates for alternative compar-
isons from a set of estimates presented by exposure level or disease 
category. Stat Med. 2008;27:954–70.

 [5] Fernandez-Montero A, Moreno-Galarraga L, Sánchez-Villegas A, et al. 
Dimensions of leisure-time physical activity and risk of depression in 
the “Seguimiento Universidad de Navarra” (SUN) prospective cohort. 
BMC Psychiatry. 2020;20:98.

 [6] Kim SY, Park JH, Lee MY, et al. Physical activity and the prevention of 
depression: a cohort study. Gen Hosp Psychiatry. 2019;60:90–7.

 [7] Kandola A, Lewis G, Osborn DPJ, et al. Depressive symptoms and 
objectively measured physical activity and sedentary behaviour 
throughout adolescence: a prospective cohort study. Lancet Psychiatry 
2020;7:262–71.

 [8] Teychenne M, Ball K, Salmon J. Physical activity and likelihood of 
depression in adults: a review. Prev Med. 2008;46:397–411.

 [9] Schuch F, Vancampfort D, Firth J, et al. Physical activity and sedentary 
behavior in people with major depressive disorder: a systematic review 
and meta-analysis. J Affect Disord. 2017;210:139–50.

 [10] Wise LA, Adams-Campbell LL, Palmer JR, et al. Leisure time physi-
cal activity in relation to depressive symptoms in the Black Women’s 
Health Study. Ann Behav Med. 2006;32:68–76.

 [11] Orsini N, Li R, Wolk A, et al. Meta-analysis for linear and nonlinear 
dose-response relations: examples, an evaluation of approximations, 
and software. Am J Epidemiol. 2012;175:66–73.

 [12] Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analy-
sis. Stat Med. 2002;21:1539–58.

 [13] Ainsworth BE, Haskell WL, Herrmann SD, et al. 2011 Compendium of 
Physical Activities: a second update of codes and MET values. Med Sci 
Sports Exerc. 2011;43:1575–81.

 [14] Xu C, Doi SAR. The robust error meta-regression method for dose-re-
sponse meta-analysis. Int J Evid Based Healthc. 2018;16:138–44.

 [15] Zhang T, Dong S, Li B. et al. Advanced meta Analysis Method: A 
stata-based implementation. ShangHai: Fudan University Press; 
2015;10:220–232XXX.

 [16] Smith TL, Masaki KH, Fong K, et al. Effect of walking distance on 
8-year incident depressive symptoms in elderly men with and without 
chronic disease: the Honolulu-Asia Aging Study. J Am Geriatr Soc. 
2010;58:1447–52.

 [17] van Gool CH, Kempen GIJM, Bosma H, et al. Associations between 
lifestyle and depressed mood: longitudinal results from the Maastricht 
Aging Study. Am J Public Health. 2007;97:887–94.

 [18] Sánchez-Villegas A, Ruíz-Canela M, Gea A, et al. The association 
between the Mediterranean Lifestyle and Depression. Clin Psychol Sci. 
2016;4:1085–93.

 [19] Pavey TG, Brown WJ. Sitting time and depression in young women over 
12-years: the effect of physical activity. J Sci Med Sport. 2019;22:1125–31.

 [20] Lucas M, Mekary R, Pan A, et al. Relation between clinical depres-
sion risk and physical activity and time spent watching television in 
older women: a 10-year prospective follow-up study. Am J Epidemiol. 
2011;174:1017–27.

 [21] Kuwahara K, Honda T, Nakagawa T, et al. Associations of leisure-time, 
occupational, and commuting physical activity with risk of depressive 
symptoms among Japanese workers: a cohort study. Int J Behav Nutr 
Phys Act. 2015;12:119.

 [22] Chang Y-C, Lu M-C, Hu IH, et al. Effects of different amounts of 
exercise on preventing depressive symptoms in community-dwell-
ing older adults: a prospective cohort study in Taiwan. BMJ Open. 
2017;7:e014256.

 [23] Gallegos-Carrillo K, Flores YN, Denova-Gutiérrez E, et al. Physical 
activity and reduced risk of depression: results of a longitudinal study 
of Mexican adults. Health Psychol. 2013;32:609–15.

 [24] Slykerman RF, Thompson JMD, Coomarasamy C, et al. Early adoles-
cent physical activity, sleep and symptoms of depression at 16 years of 
age. Acta Paediatr. 2020;109:1394–9.

 [25] Martínez-González M, López-Fontana C, Varo J, et al. Validation of 
the Spanish version of the physical activity questionnaire used in the 
Nurses' Health Study and the Health Professionals' Follow-up Study. 
Public Health Nutr. 2005;8:920–7.

 [26] Oh JY, Yang YJ, Kim BS, et al. Validity and reliability of Korean version 
of international physical activity questionnaire (IPAQ) short form. J 
Korean Acad Fam Med. 2007;28:532–41.

 [27] Rosenberg D, Bull F, Marshall A, et al. Assessment of sedentary behav-
ior with the International Physical Activity Questionnaire. Journal of 
physical activity & health. 2008;S30–44.

 [28] McTiernan A, Kooperberg C, White E, et al. Recreational physical 
activity and the risk of breast cancer in postmenopausal women: the 
Women's Health Initiative Cohort Study. JAMA. 2003;290:1331–6.

 [29] Dishman Rodney K, McDowell Cillian P, Payton HM. Customary 
physical activity and odds of depression: a systematic review and 
meta-analysis of 111 prospective cohort studies. Br J Sports Med. 
2017;55:926–34.

 [30] Schuch FB, Vancampfort D, Firth J, et al. Physical activity and inci-
dent depression: a meta-analysis of prospective cohort studies. Am J 
Psychiatry. 2018;175:631–48.

 [31] Gianfredi V, Blandi L, Cacitti S, et al. Depression and objectively mea-
sured physical activity: a systematic review and meta-analysis. Int J 
Environ Res Public Health. 2020;17:10.

 [32] Oberste M, Medele M, Javelle F, et al. Physical activity for the treat-
ment of adolescent depression: a systematic review and meta-analysis. 
Front Physiol. 2020;11:185.

 [33] Korczak DJ, Madigan S, Colasanto M. Children’s physical activity and 
depression: a meta-analysis. Pediatrics. 2017;139:e20162266.

 [34] Kvam S, Kleppe CL, Nordhus IH, et al. Exercise as a treatment for 
depression: a meta-analysis. J Affect Disord. 2016;202:67–86.

 [35] Bailey A, Hetrick S, Rosenbaum S, et al. Treating depression with 
physical activity in adolescents and young adults: a systematic review 
and meta-analysis of randomised controlled trials. Psychol Med. 
2018;48:1068–83.

 [36] Rebar A, Stanton R, Geard D, et al. A meta-meta-analysis of the effect 
of physical activity on depression and anxiety in non-clinical adult pop-
ulations. Health Psychol Rev. 2015;9:366–78.

 [37] World Health Organization. Global Recommendations on 
Physical Activity for Health. Geneva, Switzerland: World Health 
Organization. 2010. Available at: https://www.who.int/publications/i/
item/9789241599979. [Accessed January 12, 2021].

 [38] Qiu S, Cai X, Wu T, et al. Objectively-measured light-intensity physical 
activity and risk of cancer mortality: a meta-analysis of prospective 
cohort studies. Cancer Epidemiol Biomarkers Prev. 2020;29:1067–73.

 [39] Friedenreich CM, Stone CR, Cheung WY, et al. Physical activity and 
mortality in cancer survivors: a systematic review and meta-analysis. 
JNCI Cancer Spectr. 2020;4:pkz080.

 [40] Blond K, Brinklov CF, Ried-Larsen M, et al. Association of high 
amounts of physical activity with mortality risk: a systematic review 
and meta-analysis. Br J Sports Med. 2019;54:1195–1201.

http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf
https://www.who.int/publications/i/item/9789241599979
https://www.who.int/publications/i/item/9789241599979

