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Association between Sedentary Behavior and General Anxiety Disorder
by Change in Physical Activity after COVID-19 among Adolescents

DooYong Park, EunKyung Kim, Yeon Soo Kim

Department of Physical Education, Seoul National University, Seoul, Korea

Purpose: This study aimed to investigate the association between sedentary behavior and generalized anxiety disorder (GAD)
according to changes in physical activity after coronavirus disease 2019 (COVID-19) in Korean adolescents.

Methods: This study included 52,723 South Korean middle and high school students who had obtained a complete Korea
youth risk behavior survey, 2021. To identify the association between sitting time and GAD (GAD-7 scale=>10), odds
ratio (OR) and 95% confidence interval (Cl) were calculated using complex sample logistic regression analysis (p<0.05).
Results: After adjusting for confounding variables, higher sitting time was associated with higher GAD risk (OR [95% CI]:
5-10 hours, 1.15 [1.04-1.27]; 10-15 hours, 1.23 [1.12-1.35]; =15 hours, 1.28 [1.15-1.43]). In adolescents whose physical
activity has not changed or has increased after COVID-19, as the sitting time increased, the OR (95% CI) of GAD increased
(510 hours, 1.15 [1.02-1.31]; 10-15 hours, 1.20 [1.07-1.35]; =215 hours, 1.35 [1.17-1.54]). But, not in adolescents
whose physical activity has decreased after COVID-19.

Conclusion: We observed the independent associations between sedentary behavior and GAD, and sedentary behavior
and GAD are associated by change in physical activity after COVID-19 among adolescents. Therefore, in the pandemic
era reducing sedentary behavior and increasing physical activity is necessary for adolescents to enhance mental health
and decrease the case of GAD.
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Table 1. Characteristics of the subjects

Characteristic N (weighted n) Weighted % or mean%SD

No. of subjects 45,482 (2,185,762) -
Age (yr) 15.24+0.02
Sex

Male 23,586 (1,130,036) 51.7

Female 21,896 (1,055,726) 48.3
Body mass index (kg/m?) 21.61+0.03
Sleep time (hr/day) 6.05+0.01
Sitting time (%)

<5 4,056 (185,097) 8.5

5—10 12,270 (581,556) 26.6

10—15 21,784 (1,053,548) 48.2

>15 7,372 (365,561) 16.7
Total PA (day/wk)

<3 29,411 (1,434,136) 65.6

>3 16,071 (751,626) 34.4
City type

Rural area 2,625 (96,488) 4.4

Small-medium city 19,824 (986,301) 451

Large city 23,033 (1,102,973) 50.5
Living with parents

Both parents 29,207 (1,417,392) 64.8

Single parent 3,004 (135,822) 6.2

No 336 (14,522) 0.7

No response 12935 (618,026) 28.3
Socioeconomic status

Low 4,933 (227,799) 10.4

Middle 22,585 (1,076,961) 49.3

High 17,964 (881,002) 40.3
Academic grade

Low 13,853 (667,161) 30.5

Middle 14,056 (680,118) 31.1

High 17,573 (838,483) 38.4
Feeling of sadness

No 33,717 (1,623,988) 74.3

Yes 11,765 (561,774) 25.7
Feeling of high or very high cognitive stress

No 28,248 (1,357,090) 62.1

Yes 17,234 (828,672) 37.9
Feeling of high or very high loneliness

No 38,472 (1,849,014) 84.6

Yes 7,010 (336,748) 15.4
Prevalence of GAD

Non-GAD 21,680 (1,030,912) 47.2

GAD 23,802 (1,154,850) 52.8
Change PA in COVID-19

None or higher 23,497 (1,092,711) 50.0

Lower 21,985 (1,093,051) 50.0

SD: standard deviation, PA: physical activity, GAD: generalized anxiety disorder, COVID-19: coronavirus disease 20109.
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Table 2. General characteristics of the subjects by prevalence of GAD

No-change or higher than PA in
COVID-19 (n=23,497)

Lower than PA in
COVID-19 (n=21,985)

Characteristic p-value p-value
Non-GAD GAD Non-GAD GAD
(n=12,573) (n=10,924) (n=9,107) (n=12,878)
Age (yr) 15.17+0.03 15.1940.02 0.518 15.2240.34  15.35+0.32 <0.001
Male sex 66.1 51.2 <0.001 52.2 38.8 <0.001
Body mass index (kg/m?) 21.78+0.04 21.54+0.04 <0.001 21.65+0.05 21.50%0.04 0.010
Sleep time (hr/day) 6.37£0.01 5.99+0.01  <0.001 6.13+£0.02 5.74+£0.01 <0.001
Sitting time <0.001 <0.001
<5 12.4 9.1 7.2 5.3
5—10 30.2 27.9 25.8 22.9
10—15 44.7 46.5 50.2 51.3
>15 12.6 16.6 16.8 20.5
Total PA, =3 days/wk 441 42.4 0.019 27.4 24 1 <0.001
Living in a large city 48.4 48.0 0.166 53.8 51.9 0.310
Living with parents 61.3 62.3 0.011 67.8 68.0 0.025
High socioeconomic status 43.3 37.3 <0.001 42.5 38.5 <0.001
High academic grade 35.2 32.7 <0.001 447 41.3 <0.001
Feeling of sadness 10.1 41.9 <0.001 9.6 38.1 <0.001
High or very high cognitive stress 15.2 55.6 <0.001 16.9 59.0 <0.001
High or very high loneliness 3.2 25.1 <0.001 3.6 27.0 <0.001

Values are presentedas meanzstandard deviation or percentage only.
GAD: generalized anxiety disorder, COVID-19: coronavirus disease 2019, PA: physical activity.
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Table 3. Association between the sitting time and GAD

Multivariable adjusted

Age-sex adjusted

Risk factor (n=45,482) Model 1 Model 2 Model 3 Model 4
(n=45,482) (n=45,482) (n=45,482) (n=45,482)
Daily sitting time (hr/day)
<5 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
5-10 1.19 (1. 10—1 29) 1.19 (1.09—1.29) 1.17 (1.08—1.28) 1.17 (1.06—1.29) 1.15 (1.04—1.27)
10—15 1.832 (1.23—1.43) 1.29 (1.19—1.39) 1.31 (1.21—1.43) 1.28 (1.17—1.41) 1.23 (1.12—1.35)
>15 1.58 (1.44*1.72) 1.43 (1.31—-1.57) 1.45 (1.31—-1.60) 1.31 (1.18—1.46) 1.28 (1.15—1.43)
p for trend <0.001 <0.001 <0.001 <0.001 <0.001

Values are presented as odds ratio (95% confidence interval).

Multivariable model 1 adjusted age, sex, total physical activity per week, body mass index, city type socioeconomic status,
academic grade, sleep time, and living type model 2 adjusted for model 1 plus sadness model 3 adjusted for model 2
plus perceived stress model 4 adjusted for model 3 plus loneliness.

GAD: generalized anxiety disorder.

Table 4. Association between the sitting time and GAD according tochanges in PA after COVID-19
No—-change or higher than PA in COVID-19 Lower than PA in COVID-19

Age-sex adjusted Multivariable adjusted Age-sex adjusted Multivariable adjusted

Risk factor

(n=23,497) model (n=23,497) (n=21,985) model (n=21,985)
Daily sitting time (hr/day)
<5 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)  1.00 (Reference)
5-10 1.19 (1. 08—1 32) 1.15 (1.02—1.31) 1.11 (0.97—1.25) 1.09 (0.93—1.28)
10—15 1.28 (1.1 41) 1.20 (1.07—1.35) 1.22 (1.08—1.37) 1.16 (0.99—1.34)
>15 1.56 (1.39 1.76) 1.35 (1.17—1.54) 1.38 ( —1.59) 1.13 (0.96—1.34)
p for trend <0.001 <0.001 <0.001 0.097

Values are presented as odds ratio (95% confidence interval).

Multivariable model adjusted age, sex, total physical activity per week, body mass index, city type, socioeconomic status,
academic grade, sleep time, living type, sadness,perceived stress, and loneliness.

GAD: generalized anxiety disorder, COVID-19: coronavirus disease 2019, PA: physical activity.
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