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ABSTRACT
Objectives  Depression is a significant public health 
concern, and physical activity has been identified as a 
non-pharmacological intervention. Understanding the 
dose–response relationship between physical activity 
and depression is crucial for designing effective exercise 
interventions and recommending physical activity to 
individuals with depression. The isotemporal substitution 
model is considered the gold standard for estimating the 
dose–response effects of physical activity. This study aims 
to investigate the dose–response association between 
depression and accelerometer-measured physical activity 
in the Korean population.
Design  Cross-sectional analysis.
Setting  A non-probability sample of the community 
population was drawn from the 2014 and 2016 Korean 
National Health and Nutrition Examination Survey.
Participants  The study included 1543 adults aged 19–64 
years who completed the Patient Health Questionnaire-9 
(PHQ-9) and volunteered to wear an accelerometer.
Main outcome measures  Physical activity was measured 
using a GT3X+ accelerometer for 7 consecutive days, and 
activity was categorised as sedentary behaviour (SB) or 
light, moderate or vigorous physical activity. Depression 
was assessed using the PHQ-9.
Results  Physical activity and SB were associated with 
depression. In the single-parameter model, moderate–
vigorous physical activity (MVPA) showed a significant 
association with reduced odds of depression (OR: 0.817, 
95% CI: 0.678 to 0.985). Substituting 30 min of SB with 
30 min of MVPA (OR: 0.815, 95% CI: 0.669 to 0.992) was 
linked to a decrease in the odds of depression. Conversely, 
replacing 30 min of MVPA with 30 min of SB (OR: 1.227, 
95% CI: 1.008 to 1.495) was associated with an increase 
in the odds of depression.
Conclusions  This study provides evidence of an 
association between physical activity and depression 
in the Korean population, highlighting the importance 
of reducing SB and increasing MVPA to prevent and 
manage depression. Further research is needed to confirm 
causality and determine optimal levels of physical activity 
for preventing depression in different populations.

INTRODUCTION
Depression is a significant global public 
health concern, affecting approximately 

280 million people worldwide.1 Among 
Organization for Economic Cooperation 
and Development nations, Korea has the 
highest prevalence of depression, with a 
30% increase in the number of depressed 
patients between 2016 and 2020.2 3 Depres-
sion is expected to become the second 
leading cause of the overall disease burden in 
2030.4 Chronic depression is characterised by 
persistent low mood, fatigue, appetite distur-
bance and poor concentration,5 and is a risk 
factor for metabolic diseases such as obesity 
and cardiovascular disease. Moreover, depres-
sion is a leading cause of suicide,6 imposes a 
high socioeconomic burden and can result in 
premature death.7

Physical activity has been identified as 
a non-pharmacological intervention for 
depression,8 with several studies reporting a 
significant inverse association between phys-
ical activity and depression.9 10 The WHO 
Guidelines on Physical Activity and Seden-
tary Behavior recommend physical activity to 
reduce several health risks, including depres-
sion.11 Furthermore, promoting desirable 
lifestyles, such as regular physical activity and 
less sedentary behaviour (SB), can lead to 
significant improvements in chronic disease 
and mental health,12 according to a study 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The utilisation of accelerometer data reduced the 
recall bias and overestimation associated with 
self-report.

	⇒ The study used isotemporal substitution analy-
sis, which provides more realistic estimates of the 
health benefits of physical activity compared with 
conventional regression models.

	⇒ The study’s cross-sectional design is a limitation as 
it cannot establish causation.

	⇒ Selection of study subjects by voluntary participa-
tion may limit the generalisability of the results to 
the general population.
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estimating the socioeconomic cost of disease in Korea. 
Cross-sectional studies have found that physically inactive 
individuals have a significantly higher risk of developing 
depression than those who exercise regularly.13 Moreover, 
both light physical activity (LPA) and moderate–vigorous 
physical activity (MVPA) have a negative correlation with 
depression.14 Previous reviews of randomised controlled 
trials have also confirmed the clinical significance of 
physical activity as an intervention in the treatment of 
depression.15

Epidemiological research on physical activity has 
slowly developed over a long period, with most studies 
focusing on health promotion or disease prevention 
effects. Dose–response analysis is one of the essential 
components of epidemiological research on physical 
activity; it is used to determine the levels of physical 
activity that have beneficial or adverse effects on health.16 
The isotemporal substitution model17 is widely regarded 
as the gold standard for measuring the dose–response 
effect of physical activity on health outcomes. Under-
standing the dose–response effect of physical activity 
on depression is crucial for designing effective exercise 
interventions and recommending physical activity to 
individuals with depression. Despite the growing popu-
larity of the isotemporal substitution model to track 
physical activity, few studies have confirmed its benefits 
for mental health.18 Notably, existing literature on the 
association between depression and physical activity, as 
measured by an accelerometer with isotemporal substitu-
tion analysis, has predominantly focused on middle-aged 
and elderly individuals.19 20

Therefore, this study aimed to identify the association 
between depression and accelerometer-measured phys-
ical activity using isotemporal substitution analysis in 
Korean adults aged 19–64 years.

MATERIALS AND METHODS
Patient and public involvement
None.

Participants and data collection
This research used data from the sixth (2014) and seventh 
(2016) Korean National Health and Nutrition Exam-
ination Survey (KNHANES) conducted by the Korea 
Disease Control and Prevention Agency.21 22 Of the total 
of 15 700 respondents who completed the 2014 and 2016 
KNHANES, the following groups were excluded: individ-
uals under 19 years old or over 65 years old, those who 
did not volunteer to wear an accelerometer and partici-
pants with missing data23 (figure 1). The accelerometer 
data analysed here are the most recent data available 
from KNHANES (as of April 2023) for individuals under 
the age of 65 years. All data can be downloaded from the 
KNHANES official website (https://knhanes.kdca.go.kr/​
knhanes/main.do).24

Measurements
Depression was identified using the Patient Health Ques-
tionnaire-9 (PHQ-9) in the 2014 and 2016 KNHANES. 
The PHQ-9 questionnaire is composed of nine questions 
that correspond to the diagnostic criteria outlined in the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition,25 for major depressive episodes. Partic-
ipants’ responses were categorised on a 4-point scale: 
0 indicating ‘not at all’, 1 indicating ‘for several days’, 
2 indicating ‘for more than a week’ and 3 indicating 
‘almost every day’. Within the scoring range of 0–27, 
higher scores on the scale were indicative of more severe 
depressive symptoms. Depression severity was categorised 
as minimal (0–4), mild (5–9), moderate (10–14), moder-
ately severe (15–19) or severe (20–27). In this study, indi-
viduals with a score ≥5 were classified as depressed, while 
those with a score <5 (the mild depression cut-off) were 
classified as non-depressed.26

To compensate for the limitations of self-report ques-
tionnaires, physical activity was measured using accelerom-
eters in the KNHANES from 2014 to 2017.23 Participants 
who agreed with accelerometer measurements were 
provided with a GT3X+ three-axis accelerometer (Acti-
Graph, Pensacola, Florida, USA). An elastic belt was worn 

Figure 1  Flow chart diagram of subjects’ selection.
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on their left (or right) waist for 7 consecutive days starting 
the day after they consented to participate. Participants 
were instructed to always wear the elastic band while 
awake, except when swimming and showering. Raw 2014 
and 2016 accelerometer data available on the KNHANES 
website were analysed, and the SAS analysis code was 
provided by the KNHANES. Previous studies have shown 
that the algorithm used by Troiano is optimised when 
the accelerometer is not worn during sleep and that the 
cut-off point accurately classifies the intensity of phys-
ical activity.27 28 Therefore, this study adopted the cut-off 
point used by Troiano (sedentary <100 counts per minute 
(CPM), 100 CPM≤LPA<2019 CPM, 2020≤moderate phys-
ical activity (MPA)<5724, vigorous physical activity (VPA) 
>5999 CPM).29

Basic features and variables that have previously been 
shown to be associated with depression were included 
as covariates in the analysis. In this study, potential 
confounders included sex, age, marital status, educa-
tion level, household income level, activity restriction, 
economic activity status, occupation, alcohol consump-
tion and smoking status.

Isotemporal substitution analysis
Isotemporal substitution analysis was developed by 
Mekary et al and is considered a promising approach in 
physical activity epidemiology.17 This methodology was 
derived from the isocaloric substitution model, which is 
well established in nutritional epidemiology. Tradition-
ally, physical activity research has focused on measuring 
the total amount or specific intensity of physical activity, 
such as MVPA, to examine the relationship between phys-
ical activity and health outcomes. However, this approach 
does not account for the fact that when an individual 
engages in a certain intensity of physical activity, they 
cannot simultaneously engage in another. Additionally, 
different intensities of physical activity such as SB, LPA 
and MVPA can have varying health benefits.30 31 Isotem-
poral substitution analysis overcomes this limitation by 
allowing for a comparison of the effects of substituting 
one intensity of physical activity with another while 
keeping the total amount of time spent in physical activity 
constant. For instance, the impact of replacing sedentary 
time with LPA or MVPA on health outcomes could be 
investigated.

The isotemporal substitution model includes three 
logistic regression analyses to determine the change in OR 
for depression when substituting SB with physical activity. 
First, a single-parameter model is used to verify the effect 
of each SB and intensity of physical activity on depression 
after adjusting for covariates. Second, a partition model is 
used to confirm the effect on depression after adjusting 
for all SBs, physical activity intensities and covariates. 
Finally, the isotemporal substitution model applies the 
paradigm of time substitution, where the total duration 
of physical activity is fixed, and the effect on depression 
is assessed by substituting 30 min per day of one activity 
for another activity engaged in for the same amount of 

time. The OR according to the isotemporal models for 
each included activity provides an estimation of the asso-
ciation on the outcome when reallocating 30 min from 
the omitted activity to 30 min for each included activity, 
with the time spent in other activities held constant.32

In this study, SB, LPA, MVPA and the total time which was 
the sum of these three activities were scaled to 30-minute/
day units to enhance result interpretability.33 Previous 
research has shown variation in the choice of time allo-
cation for investigating substitution effects, ranging from 
1 min to 120 min per day. Notably, the frequently chosen 
time reallocation was 30 min per day, representing a prac-
tical and actionable change applicable to both sedentary 
and active behaviours.18 34

Statistical analysis
The participants were divided into depressed and non-
depressed groups. Demographic characteristics are 
presented as numbers (%) and were analysed using the 
Χ2 test. Continuous variables, such as SB, physical activity 
and sleep, are presented as mean and SE and were anal-
ysed using t-tests. To confirm the effect of substituting 
physical activity on depression, isotemporal substitu-
tion analysis was performed. All analyses were adjusted 
for age, sex, marital status, education level, household 
income level, activity restriction, occupation type, alcohol 
consumption and smoking status. Regarding the vari-
able of economic activity status, due to its overlap with 
the occupation variable, the latter was employed for its 
greater level of detail. Subgroup analyses were performed 
to confirm the association between physical activity and 
depression among groups separated by sex. Statistical 
analyses were conducted using SAS V.9.4 (SAS Institute).

RESULTS
Descriptive characteristics of the participants
Table 1 presents the characteristics of the study partici-
pants. Out of the 1543 participants, 338 were classified as 
depressed based on a PHQ-9 cut-off score of 5 points, and 
1205 were classified as non-depressed. The proportion 
of females was higher than that of males in both groups, 
with 69.23% of the depressed group and 59.50% of the 
non-depressed group being female. The proportion of 
separated/divorced/widowed individuals was higher in 
the depressed group (13.02%) than in the non-depressed 
group (5.23%). The high school-level education class was 
the largest in the depressed group (42.01%), while the 
undergraduate-level education class was the largest in the 
non-depressed group (42.99%). In both groups, the third 
quartile of household income had the largest propor-
tion of participants among the income quartiles. The 
proportion of participants reporting activity restrictions 
was significantly higher in the depressed group (11.54%) 
than in the non-depressed group (2.99%). There were 
no significant differences in economic activity, occu-
pation type or alcohol consumption between the two 
groups. The number of respondents who reported they 
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Table 1  Descriptive characteristics of the depressed and non-depressed groups

Depression

P value

Yes (PHQ-9 ≥5) (n=338) No (PHQ-9 <5) (n=1205)

No (%) No (%)

Sex

 � Male 104 (30.77) 488 (40.50) 0.001

 � Female 234 (69.23) 717 (59.50)

Age group (years)

 � 19–29 96 (28.40) 241 (20.00) 0.002

 � 30–39 83 (24.56) 266 (22.07)

 � 40–49 63 (18.64) 301 (24.98)

 � 50–59 70 (20.71) 262 (21.74)

 � 60–64 26 (7.69) 135 (11.20)

Marital status

 � Unmarried 101 (29.88) 295 (24.48) <0.001

 � Married 193 (57.10) 847 (70.29)

 � Separated/divorced/widowed 44 (13.02) 63 (5.23)

Education level

 � ≤Elementary school 43 (12.72) 88 (7.30) 0.008

 � Middle school 21 (6.21) 103 (8.55)

 � High school 142 (42.01) 496 (41.16)

 � ≥Undergraduate 132 (39.05) 518 (42.99)

Household income level

 � 1st (lowest) quartile 56 (16.57) 84 (6.97) <0.001

 � 2nd quartile 92 (27.22) 319 (26.47)

 � 3rd quartile 102 (30.18) 419 (34.77)

 � 4th (highest) quartile 88 (26.04) 383 (31.78)

Activity restriction

 � No 299 (88.46) 1169 (97.01) <0.001

 � Yes 39 (11.54) 36 (2.99)

Economic activity status

 � No 131 (38.76) 428 (35.52) 0.274

 � Yes 207 (61.24) 777 (64.48)

Occupation type

 � White 85 (25.15) 341 (28.30) 0.232

 � Pink 58 (17.16) 172 (14.27)

 � Blue 64 (18.93) 264 (21.91)

 � Grey 131 (38.76) 428 (35.52)

Alcohol consumption

 � No 21 (6.21) 99 (8.22) 0.224

 � Yes 317 (93.79) 1106 (91.78)

Smoking status

 � Never 213 (63.02) 806 (66.89) <0.001

 � Former smoker 47 (13.91) 222 (18.42)

 � Current smoker 78 (23.08) 177 (14.69)

Continued
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were current smokers was higher in the depressed group 
(23.08%) than in the non-depressed group (14.69%).

Table 2 shows the weekly averages of SB, physical activity 
and sleep time for the depressed and non-depressed 
groups. The average weekly SB time was 2799.1 min 
for the depressed group and 2906.2 min for the non-
depressed group, indicating that SB was higher in the 
non-depressed group. The LPA, MPA, VPA and MVPA 
rates were all higher in the non-depressed group than 
in the depressed group. There was no significant differ-
ence between the depressed and non-depressed groups 
in terms of sleep duration.

Differences in characteristics were observed between 
the accelerometer participants included in this study 
and the non-participants who were excluded due to 
the absence of accelerometer data. The proportion of 
females was higher among the accelerometer participants 
(67.72%) compared with the non-participants (55.14%). 
In terms of age, the 30–39 years group had the highest 
proportion among accelerometer participants (26.64%), 
while the 50–59 years group had the highest propor-
tion among non-participants (26.46%). Additionally, it 
was found that a higher proportion of individuals with 
advanced education levels and higher income levels were 
among the non-participants. Regarding occupation types, 
grey-collar jobs were most prevalent among participants, 
whereas white-collar jobs were more common among 

non-participants, with a rate of 31.68% (online supple-
mental table 1).

Isotemporal substitution effect of physical activity
Table 3 presents the results of logistic regression models 
examining the association between accelerometer-
measured physical activity and depression. Three logistic 
regression models were conducted: the ‘single-parameter 
model’, the ‘partition model’ and the ‘isotemporal substi-
tution model’. The single-parameter model showed that 
MVPA was significantly associated with lower odds of 
having depression (OR: 0.817, 95% CI: 0.678 to 0.985). In 
the isotemporal substitution model, substituting 30 min 
of SB with 30 min of MVPA was linked to decreased 
odds of depression (OR: 0.815, 95% CI: 0.669 to 0.992). 
Conversely, the opposite reallocation, replacing 30 min 
of MVPA with 30 min of SB increased the odds of having 
depression (OR: 1.227, 95% CI: 1.008 to 1.495). These 
results suggest that reducing SB and increasing MVPA 
may be beneficial for preventing and managing depres-
sion in the Korean population.

Tables 4 and 5 present the results of a subgroup analysis 
stratified by sex, showing differing associations between 
the sexes. In the female group, no significant associa-
tion was found between physical activity and depression. 
However, in the male group, MVPA was significantly 
associated with lower odds of having depression in both 

Table 2  Physical activity status of the depressed and non-depressed groups

Depression

P value

Yes (PHQ-9 ≥5) (n=338) No (PHQ-9 <5) (n=1205)

Mean±SE Mean±SE

Physical activity by accelerometer (min/week)

 � SB 2799.1±57.4 2906.2±28.8 0.085

 � LPA 1679.3±44.1 1797.9±22.5 0.015

 � MPA 162.5±7.7 198.4±4.7 <0.001

 � VPA 2.5±0.7 3.9±0.6 0.221

 � MVPA time 165.1±7.9 202.3±4.8 <0.001

Self-reported sleep time (min/week) 2952.0±35.4 2983.7±14.9 0.349

Bold text indicates statistical significance (p<0.05).
LPA, light physical activity; MPA, moderate physical activity; MVPA, moderate–vigorous physical activity; PHQ-9, Patient Health 
Questionnaire-9; SB, sedentary behaviour; VPA, vigorous physical activity.

Depression

P value

Yes (PHQ-9 ≥5) (n=338) No (PHQ-9 <5) (n=1205)

No (%) No (%)

White: managers, professional and related workers, and clerks.
Pink: service/sales workers.
Blue: agriculture, forestry and fishing workers; crafts, plant and machine operators, and assemblers; and elementary occupations.
Grey: unemployed, housewife and students.
All listed variables except activity restriction and economic activity status were adjusted for analysis.
Bold text indicates statistical significance (p<0.05).
PHQ-9, Patient Health Questionnaire-9.

Table 1  Continued
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the single-parameter and partition models (OR: 0.691, 
95% CI: 0.486 to 0.981; OR: 0.647, 95% CI: 0.440 to 
0.951). In the isotemporal substitution model, substi-
tuting 30 min of SB or LPA with 30 min of MVPA was asso-
ciated with decreased odds of having depression (OR: 
0.648, 95% CI: 0.439 to 0.959; OR: 0.625, 95% CI: 0.412 
to 0.949). Furthermore, a symmetrical association was 
observed in the opposite reallocation; replacing 30 min 
of MVPA with 30 min of SB or LPA increased the odds 
of having depression (OR: 1.542, 95% CI: 1.043 to 2.280; 
OR: 1.600, 95% CI: 1.054 to 2.429).

The detailed analysis results from changing the PHQ-9 
cut-off or altering the included covariates can be found in 
the online supplemental tables 2–7. When the PHQ-9 cut-
off was set to 10, the significance associated with MVPA 
disappeared, and LPA was found to significantly reduce 
the odds of having depression. In the isotemporal substi-
tution analysis, the substitution effects between SB and 
LPA were also observed. When adjustments were made 
only for age and sex as covariates, the ORs of having 
depression were higher compared with adjustments that 
included various demographic variables.

Table 3  OR of depression in association with different intensity levels of physical activity

SB LPA MVPA

OR 95% CI OR 95% CI OR 95% CI

Single-parameter model (unadjusted for other 
intensity levels)

1.005 0.978 to 1.033 0.976 0.938 to 1.015 0.817 0.678 to 0.985

Partition model (adjusted for other intensity 
levels)

1.014 0.985 to 1.043 0.980 0.938 to 1.023 0.826 0.681 to 1.002

Isotemporal substitution model (30 min/day 
replaced with other intensity levels)

 � Replace SB with* Dropped 0.966 0.912 to 1.025 0.815 0.669 to 0.992

 � Replace LPA with† 1.035 0.976 to 1.097 Dropped 0.843 0.686 to 1.037

 � Replace MVPA with‡ 1.227 1.008 to 1.495 1.186 0.965 to 1.458 Dropped

In the single-parameter model, adjustments were made for age, sex, marital status, education level, household income, occupation status, 
smoking status and alcohol consumption. The partition model included adjustments for the single-model covariates, plus the inclusion of 
other activity intensities without accounting for total time. In the isotemporal substitution model, one activity was excluded from the full 
model, which included other activity intensities and total time, after adjusting for covariates.
Bold text indicates statistical significance (p<0.05).
*Substitute 30 min of SB with 30 min of LPA and MVPA.
†Substitute 30 min of LPA with 30 min of SB and MVPA.
‡Substitute 30 min of MVPA with 30 min of SB and LPA.
LPA, light physical activity; MVPA, moderate–vigorous physical activity; SB, sedentary behaviour.

Table 4  OR of depression in association with different intensity levels of physical activity in Korean male adults

SB LPA MVPA

OR 95% CI OR 95% CI OR 95% CI

Single-parameter model (unadjusted for other 
intensity levels)

0.996 0.951 to 1.042 1.000 0.934 to 1.072 0.691 0.486 to 0.981

Partition model (adjusted for other intensity 
levels)

0.998 0.951 to 1.047 1.035 0.958 to 1.118 0.647 0.440 to 0.951

Isotemporal substitution model (30 min/day 
replaced with other intensity levels)

 � Replace SB with* Dropped 1.037 0.936 to 1.150 0.648 0.439 to 0.959

 � Replace LPA with† 0.964 0.870 to 1.068 Dropped 0.625 0.412 to 0.949

 � Replace MVPA with‡ 1.542 1.043 to 2.280 1.600 1.054 to 2.429 Dropped

In the single-parameter model, adjustments were made for age, marital status, education level, household income, occupation status, 
smoking status and alcohol consumption. The partition model included adjustments for the single-model covariates, plus the inclusion of 
other activity intensities without accounting for total time. In the isotemporal substitution model, one activity was excluded from the full 
model, which included other activity intensities and total time, after adjusting for covariates.
Bold text indicates statistical significance (p<0.05).
*Substitute 30 min of SB with 30 min of LPA and MVPA.
†Substitute 30 min of LPA with 30 min of SB and MVPA.
‡Substitute 30 min of MVPA with 30 min of SB and LPA.
LPA, light physical activity; MVPA, moderate–vigorous physical activity; SB, sedentary behaviour.
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DISCUSSION
The present study examined the associations among 
physical activity, SB and depression, and the effect of 
substituting SB with physical activity of varying inten-
sity levels on depression using isotemporal substitution 
analysis. MVPA was associated with significantly lower 
odds of having depression. Moreover, the isotemporal 
substitution analysis indicated that substituting 30 min of 
SB with 30 min of MVPA was associated with decreased 
odds of having depression, while substituting 30 min of 
MVPA with 30 min of SB increased the odds of having 
depression.

Our finding that MVPA was significantly associated 
with lower odds of having depression is consistent with 
previous studies.35 This protective association was clearly 
seen in both the single-parameter model and the parti-
tion model and was also evident when SB was replaced 
with MVPA. The mechanism by which physical exercise 
acts as an antidepressant has not yet been fully estab-
lished, but it is likely that both biological and psycho-
social mechanisms are involved. Physical activity may 
enhance serotonin function or release endorphins in 
the human brain,36 decrease inflammation, and enhance 
resistance to oxidative and physiological stress. Addition-
ally, physical activity can boost self-esteem, social support 
and self-efficacy.37 However, the subgroup analysis by sex 
revealed that the association between MVPA and depres-
sion was more pronounced and statistically significant in 
males, while it did not reach significance in females. This 
discrepancy could potentially be attributed to the limited 
sample size, stemming from the smaller number of 
females engaging in sufficient MVPA, which consequently 
may have restricted the statistical power of the findings.

The results of our study indicate that MVPA is signifi-
cantly associated with lower odds of having depression, 

while LPA is not. This confirms the importance of the 
intensity of physical activity, which has also been shown 
in previous studies.38 39 For example, Mekary et al found 
that replacing 60 min of television watching with a brisk 
or very brisk walk had a protective association against 
depression, while replacing it with an easy-paced walk did 
not.38 A recent systematic literature review also confirmed 
that moderate-intensity and vigorous-intensity physical 
activities were associated with enhanced improvements in 
depressive symptoms compared with low-intensity phys-
ical activity.39 The difference in association according 
to the intensity of physical activity may be due to the 
fact that low-intensity physical activity is insufficient to 
stimulate the hormonal changes that can help prevent 
depression.40 While some previous studies showed that 
LPA lessened depression severity and thus emphasised 
its importance,19 20 these studies targeted middle-aged 
and elderly people. In a cohort study of individuals aged 
18–74 years, similar to our subjects, no significant asso-
ciation of LPA was found.41 Based on these conflicting 
results, further research on different age groups and 
levels of physical activity intensity appears to be necessary.

Current physical activity guidelines emphasise the 
negative impact of SB on health and the need to limit 
it.11 Neither our single-parameter nor partition model 
showed that SB significantly increased the odds of having 
depression. On the other hand, the isotemporal substitu-
tion analysis revealed that substituting 30 min of MVPA 
with 30 min of SB was associated with increased odds of 
having depression, and vice versa. These findings consti-
tute evidence that the isotemporal substitution model 
can be used to derive practical and specific guidelines for 
reducing the odds of having depression.

The study provides important evidence supporting 
the role of physical activity in preventing and treating 

Table 5  OR of depression in association with different intensity levels of physical activity in Korean female adults

SB LPA MVPA

OR 95% CI OR 95% CI OR 95% CI

Single-parameter model (unadjusted for other 
intensity levels)

1.013 0.978 to 1.049 0.966 0.919 to 1.016 0.903 0.722 to 1.131

Partition model (adjusted for other intensity 
levels)

1.024 0.987 to 1.062 0.959 0.908 to 1.012 0.918 0.730 to 1.154

Isotemporal substitution model (30 min/day 
replaced with other intensity levels)

 � Replace SB with* Dropped 0.936 0.869 to 1.009 0.897 0.710 to 1.133

 � Replace LPA with† 1.068 0.991 to 1.150 Dropped 0.958 0.751 to 1.221

 � Replace MVPA with‡ 1.115 0.882 to 1.409 1.044 0.819 to 1.331 Dropped

In the single-parameter model, adjustments were made for age, marital status, education level, household income, occupation status, 
smoking status and alcohol consumption. The partition model included adjustments for the single-model covariates, plus the inclusion of 
other activity intensities without accounting for total time. In the isotemporal substitution model, one activity was excluded from the full 
model, which included other activity intensities and total time, after adjusting for covariates.
*Substitute 30 min of SB with 30 min of LPA and MVPA.
†Substitute 30 min of LPA with 30 min of SB and MVPA.
‡Substitute 30 min of MVPA with 30 min of SB and LPA.
LPA, light physical activity; MVPA, moderate–vigorous physical activity; SB, sedentary behaviour.
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depression. The use of accelerometer data which is 
device-measured physical activity was a strength of the 
study, as this reduces the recall bias and overestimation 
associated with self-report measures of physical activity. In 
addition, the isotemporal substitution analysis provided a 
more realistic estimate of the health benefits of physical 
activity compared with conventional regression models.

Despite the strengths of the study, some limitations 
should also be considered. First, the study is cross-
sectional, such that causality could not be established. 
Future studies should use longitudinal or interventional 
designs to determine the direction of the causal relation-
ship between physical activity and depression. Second, the 
study participants were selected through non-probability 
sampling, which may limit the generalisability of the 
results to the general population. For example, the study 
participants were relatively younger, included higher 
proportion of females and less educated individuals, 
compared with the representative sample of the same age 
range in the population. Therefore, caution should be 
exercised when extrapolating the findings of the study 
to the wider population. Finally, it should be noted that 
there is a possibility of overestimation in the ORs used 
in this study, necessitating cautious interpretation of the 
findings.42

CONCLUSION
In conclusion, this study used isotemporal substitution 
analysis to provide evidence for a dose–response rela-
tionship between accelerometer-measured physical 
activity and depression in the Korean population. The 
results emphasise the significance of reducing SB and 
increasing physical activity, particularly MVPA, as a poten-
tial intervention for preventing and managing depres-
sion. Further research is needed to confirm the causal 
relationship between physical activity and depression, 
and to determine the optimal duration and intensity of 
physical activity for preventing depression in different 
populations.

Contributors  JP contributed to the study concept, conducted statistical analysis 
and drafted the manuscript. S-IC provided insight during study design and reviewed 
the manuscript. H-KN reviewed the manuscript. S-IC acts as guarantor for the final 
manuscript.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved by 
the Institutional Review Board (IRB) of Seoul National University (IRB number: 
E2204/003-004). Consent of the participants was not obtained because open 
secondary data were used.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available in a public, open access repository. 
Open access data are available on the KNHANES website (https://knhanes.kdca.go.​
kr/knhanes/main.do).

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Jungmi Park http://orcid.org/0000-0003-3995-1033
Hee-Kyoung Nam http://orcid.org/0000-0003-1188-6807
Sung-Il Cho http://orcid.org/0000-0003-4085-1494

REFERENCES
	 1	 GHDE. Institute of Health Metrics and Evaluation, Available: http://​

ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-​
permalink/d780dffbe8a381b25e1416884959e88b

	 2	 OECD. Health at Glance 2021: OECD indicators, Available: https://
www.oecd-ilibrary.org/sites/f9c64182-en/index.html?itemId=/​
content/component/f9c64182-en

	 3	 Lee Y. Depression patients in their 20s doubled in 5 years… most 
of all age groups. Hankook Ilbo 2021. Available: https://www.​
hankookilbo.com/News/Read/A2021092214480005450

	 4	 Mathers CD, Loncar D. Projections of global mortality and burden of 
disease from 2002 to 2030. PLoS Med 2006;3:e442. 

	 5	 Lu Y, Tang C, Liow CS, et al. A Regressional analysis of maladaptive 
rumination, illness perception and negative emotional outcomes in 
Asian patients suffering from depressive disorder. Asian J Psychiatr 
2014;12:69–76. 

	 6	 Yi S-W. Depressive symptoms on the geriatric depression scale and 
suicide deaths in older middle-aged men: a prospective cohort study. 
J Prev Med Public Health 2016;49:176–82. 

	 7	 Patel V, Chisholm D, Parikh R, et al. Addressing the burden of 
mental, neurological, and substance use disorders: key messages 
from disease control priorities. The Lancet 2016;387:1672–85. 

	 8	 Phillips WT, Kiernan M, King AC. Physical activity as a 
Nonpharmacological treatment for depression: A review. 
Complement Health Pract Rev 2003;8:139–52. 

	 9	 Zhang S, Xiang K, Li S, et al. Physical activity and depression 
in older adults: the Knowns and unknowns. Psychiatry Res 
2021;297:S0165-1781(21)00035-4. 

	10	 Marques A, Bordado J, Peralta M, et al. Cross-sectional and 
prospective relationship between physical activity and depression 
symptoms. Sci Rep 2020;10:16114. 

	11	 WHO. WHO guidelines on physical activity and sedentary behaviour: 
at a glance. 2020.

	12	 Kim TE, Lee R-G, Park S-Y, et al. Measuring trends in the 
socioeconomic burden of disease in Korea, 2007-2015. J Prev Med 
Public Health 2022;55:19:19–27:. 

	13	 Weyerer S, Kupfer B. Physical exercise and psychological health. 
Sports Med 1994;17:108–16. 

	14	 Loprinzi PD. Objectively measured light and moderate-to-vigorous 
physical activity is associated with lower depression levels among 
older US adults. Aging & Mental Health 2013;17:801–5. 

	15	 Stanton R, Reaburn P. Exercise and the treatment of depression: 
a review of the exercise program variables. J Sci Med Sport 
2014;17:177–82. 

	16	 Lee I-M. Epidemiologic Methods in Physical Activity Studies. Oxford 
University Press, 2008.

	17	 Mekary RA, Willett WC, Hu FB, et al. Isotemporal substitution 
paradigm for physical activity epidemiology and weight change. Am 
J Epidemiol 2009;170:519–27. 

	18	 Grgic J, Dumuid D, Bengoechea EG, et al. Health outcomes 
associated with Reallocations of time between sleep, sedentary 
behaviour, and physical activity: a systematic Scoping review 
of Isotemporal substitution studies. Int J Behav Nutr Phys Act 
2018;15:69. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 4, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

28 A
p

ril 2024. 
10.1136/b

m
jo

p
en

-2023-078199 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://knhanes.kdca.go.kr/knhanes/main.do
https://knhanes.kdca.go.kr/knhanes/main.do
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3995-1033
http://orcid.org/0000-0003-1188-6807
http://orcid.org/0000-0003-4085-1494
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/d780dffbe8a381b25e1416884959e88b
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/d780dffbe8a381b25e1416884959e88b
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/d780dffbe8a381b25e1416884959e88b
https://www.oecd-ilibrary.org/sites/f9c64182-en/index.html?itemId=/content/component/f9c64182-en
https://www.oecd-ilibrary.org/sites/f9c64182-en/index.html?itemId=/content/component/f9c64182-en
https://www.oecd-ilibrary.org/sites/f9c64182-en/index.html?itemId=/content/component/f9c64182-en
https://www.hankookilbo.com/News/Read/A2021092214480005450
https://www.hankookilbo.com/News/Read/A2021092214480005450
http://dx.doi.org/10.1371/journal.pmed.0030442
http://dx.doi.org/10.1016/j.ajp.2014.06.014
http://dx.doi.org/10.3961/jpmph.16.012
http://dx.doi.org/10.1016/S0140-6736(15)00390-6
http://dx.doi.org/10.1177/1076167502250792
http://dx.doi.org/10.1016/j.psychres.2021.113738
http://dx.doi.org/10.1038/s41598-020-72987-4
http://dx.doi.org/10.3961/jpmph.21.594
http://dx.doi.org/10.3961/jpmph.21.594
http://dx.doi.org/10.2165/00007256-199417020-00003
http://dx.doi.org/10.1080/13607863.2013.801066
http://dx.doi.org/10.1016/j.jsams.2013.03.010
http://dx.doi.org/10.1093/aje/kwp163
http://dx.doi.org/10.1093/aje/kwp163
http://dx.doi.org/10.1186/s12966-018-0691-3
http://bmjopen.bmj.com/


9Park J, et al. BMJ Open 2024;14:e078199. doi:10.1136/bmjopen-2023-078199

Open access

	19	 Yasunaga A, Shibata A, Ishii K, et al. Cross-sectional associations of 
sedentary behaviour and physical activity on depression in Japanese 
older adults: an Isotemporal substitution approach. BMJ Open 
2018;8:e022282. 

	20	 Dillon CB, McMahon E, O’Regan G, et al. Associations between 
physical behaviour patterns and levels of depressive symptoms, 
anxiety and well-being in middle-aged adults: a cross-sectional study 
using Isotemporal substitution models. BMJ Open 2018;8:e018978. 

	21	 KDCA. Guideline for raw data use of the Sixthth Korea national 
health and nutrition examination survey (KNAHNES) IV. 2015.

	22	 KDCA. Guideline for raw data use of the seventh Korea national 
health and nutrition examination survey (KNAHNES VII). 2020.

	23	 KDCA. Guideline for accelerometer raw data use of the Korea 
national health and nutrition examination survey (2014-2017). 2018.

	24	 KDCA. n.d. Korea national health and nutrition examination survey 
(KNHANES). Available. Available: https://knhanes.kdca.go.kr/​
knhanes/main.do

	25	 Spitzer RL, Kroenke K, Williams JB, et al. Validation and utility of a 
self-report version of PRIME-MD: the PHQ primary care study. JAMA 
1999;282:1737–44. 

	26	 Kroenke K, Spitzer RL, Williams JB. The PHQ‐9: validity of a brief 
depression severity measure. J Gen Intern Med 2001;16:606–13. 

	27	 이효, 최지엽, 김소연. KNHANES Actigraph raw data processing. 
Thekoreanjournalofmeasurementandevaluationinphysicaleducation-
andsportsscience 2018;20:83–94. 

	28	 이미영, 최지엽, 이효Error rates of prediction equations and cut-
points of Actigraph Gt3X+. Thekoreanjournalofmeasurementandeval-
uationinphysicaleducationandsportsscience 2016;18:17–29. 

	29	 Troiano RP, Berrigan D, Dodd KW, et al. Physical activity in the 
United States measured by accelerometer. Med Sci Sports Exerc 
2008;40:181:181–8:. 

	30	 Rey Lopez JP, Sabag A, Martinez Juan M, et al. Do vigorous-intensity 
and moderate-intensity physical activities reduce mortality to the 
same extent? A systematic review and meta-analysis. BMJ Open 
Sport Exerc Med 2020;6:e000775. 

	31	 Powell KE, Paluch AE, Blair SN. Physical activity for health: what 
kind? how much? How intense? on top of what Annu Rev Public 
Health 2011;32:349–65. 

	32	 Boyle T, Vallance JK, Buman MP, et al. Reallocating time to sleep, 
sedentary time, or physical activity: associations with waist 
circumference and body mass index in breast cancer survivors. 
Cancer Epidemiol Biomarkers Prev 2017;26:254–60. 

	33	 Buman MP, Winkler EAH, Kurka JM, et al. Reallocating time to 
sleep, sedentary behaviors, or active behaviors: associations with 
cardiovascular disease risk biomarkers, NHANES 2005–2006. Am J 
Epidemiol 2014;179:323–34. 

	34	 Wijndaele K, Sharp SJ, Wareham NJ, et al. Mortality risk reductions 
from substituting screen-time by discretionary activities. Med Sci 
Sports Exerc 2017;49:1111–9. 

	35	 Vallance JK, Winkler EAH, Gardiner PA, et al. Associations 
of objectively-assessed physical activity and sedentary time 
with depression: NHANES (2005–2006). Preventive Medicine 
2011;53:284–8. 

	36	 Young SN. How to increase serotonin in the human brain without 
drugs. J Psychiatry Neurosci 2007;32:394–9.

	37	 Kandola A, Ashdown-Franks G, Hendrikse J, et al. Physical 
activity and depression: towards understanding the antidepressant 
mechanisms of physical activity. Neurosci Biobehav Rev 
2019;107:525–39. 

	38	 Mekary RA, Lucas M, Pan A, et al. Isotemporal substitution analysis 
for physical activity, television watching, and risk of depression. Am J 
Epidemiol 2013;178:474–83. 

	39	 Singh B, Olds T, Curtis R, et al. Effectiveness of physical 
activity interventions for improving depression, anxiety and 
distress: an overview of systematic reviews. Br J Sports Med 
2023;57:1203–9. 

	40	 Goldfarb AH, Jamurtas AZ, Kamimori GH, et al. Gender effect 
on beta-Endorphin response to exercise. Med Sci Sports Exerc 
1998;30:1672–6. 

	41	 Rethorst CD, Moncrieft AE, Gellman MD, et al. Isotemporal analysis 
of the Association of objectively measured physical activity 
with depressive symptoms: results from Hispanic community 
health study/study of Latinos (HCHS/SOL). J Phys Act Health 
2017;14:733–9. 

	42	 Davies HTO, Crombie IK, Tavakoli M. When can odds ratios mislead 
BMJ 1998;316:989–91. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 4, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

28 A
p

ril 2024. 
10.1136/b

m
jo

p
en

-2023-078199 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://dx.doi.org/10.1136/bmjopen-2018-022282
http://dx.doi.org/10.1136/bmjopen-2017-018978
https://knhanes.kdca.go.kr/knhanes/main.do
https://knhanes.kdca.go.kr/knhanes/main.do
http://dx.doi.org/10.1001/jama.282.18.1737
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://dx.doi.org/10.21797/ksme.2018.20.2.008
http://dx.doi.org/10.21797/ksme.2018.20.2.008
http://dx.doi.org/10.21797/ksme.2016.18.1.002
http://dx.doi.org/10.21797/ksme.2016.18.1.002
http://dx.doi.org/10.1249/mss.0b013e31815a51b3
http://dx.doi.org/10.1136/bmjsem-2020-000775
http://dx.doi.org/10.1136/bmjsem-2020-000775
http://dx.doi.org/10.1146/annurev-publhealth-031210-101151
http://dx.doi.org/10.1146/annurev-publhealth-031210-101151
http://dx.doi.org/10.1158/1055-9965.EPI-16-0545
http://dx.doi.org/10.1093/aje/kwt292
http://dx.doi.org/10.1093/aje/kwt292
http://dx.doi.org/10.1249/MSS.0000000000001206
http://dx.doi.org/10.1249/MSS.0000000000001206
http://dx.doi.org/10.1016/j.ypmed.2011.07.013
https://pubmed.ncbi.nlm.nih.gov/18043762
http://dx.doi.org/10.1016/j.neubiorev.2019.09.040
http://dx.doi.org/10.1093/aje/kws590
http://dx.doi.org/10.1093/aje/kws590
http://dx.doi.org/10.1136/bjsports-2022-106195
http://dx.doi.org/10.1097/00005768-199812000-00003
http://dx.doi.org/10.1123/jpah.2016-0648
http://dx.doi.org/10.1136/bmj.316.7136.989
http://bmjopen.bmj.com/

	Association between accelerometer-­derived physical activity and depression: a cross-­sectional study using isotemporal substitution analysis
	Abstract
	Introduction﻿﻿
	Materials and methods
	Patient and public involvement
	Participants and data collection
	Measurements
	Isotemporal substitution analysis
	Statistical analysis

	Results
	Descriptive characteristics of the participants
	Isotemporal substitution effect of physical activity

	Discussion
	Conclusion
	References


