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Multilevel factors associated with adolescents’ obesity:
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Objectives: The prevalence of obesity among adolescents has been continuously increasing for the last 10 years.
This study aimed to reveal individual- and school-level factors associated with the risk of obesity among Korean
adolescents. Methods: We used recently collected data over a period of 3 years (2017-2019) through the Korea
Youth Risk Behavior Survey. In total, 148,731 adolescents from 2,399 middle and high schools were included. The
complex sample hierarchical logistic regression analysis was performed with obesity as an outcome. Results: Of
the total study subjects, 10.7% were obese. The regression analysis revealed that, among individual-level factors,
being male, grade, missing breakfast, and soda intake were positively associated with risk of obesity, whereas
household economic status, fruit consumption, and muscle-strengthening exercises were negatively associated.
Among school-level factors, the school location in the rural area and whether a school was boys-only or girls-only,
compared to being a coeducational school, were positively associated with adolescents’ risk of obesity. Whether
nutrition education was implemented or the number of physical activities during class did not have any significant
association with obesity. Conclusion: Adolescents’ obesity was explained not only by individual-level but also by
school-level factors. Therefore, to manage obesity problems in adolescents, more sophisticated and practical
school- and individual-level approaches should be implemented.
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(Table 1) Characteristics of the study population by obesity status

Total Obese Not obese
(N=148731)  (n=15,903, 10.7%) (n=132.828, 89.3%) [ value
n (%) or Mean + Standard error
1. Sociodemographic factors
Boys 75,146 (50.5) 9,241 (58.1) 65,905 (49.6)
Sex <.001
Girls 73,585 (49.5) 6,662 (41.9) 66,923 (50.4)
Middle school student 73,966 (49.7) 7,205 (45.3) 66,761 (50.3)
School <.001
High school student 74,765 (50.3) 8,698 (54.7) 66,067 (49.7)
7 24,302 (16.3) 2,332 (14.7) 21,970 (16.5)
8 24,534 (16.5) 2,315 (14.6) 22,219 (16.7)
9 25,130 (16.9) 2,558 (16.1) 22,572 (17.0)
Grade <.001
10 24,085 (16.2) 2,692 (16.9) 21,393 (16.1)
11 25,023 (16.8) 2,905 (18.3) 22,118 (16.7)
12 25,657 (17.3) 3,101 (19.5) 22,556 (17.0)
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Total Obese Not obese
(N=148731)  (0=15903, 10.7%) (0=132,828, 89.3% pyalye
n (%) or Mean + Standard error
Low 3,206 (2.2) 458 (2.9) 2,748 (2.1)
Mid to low 16,300 (11.0) 1,976 (12.4) 14,324 (10.8)
g:v‘fl‘;hdd economic Statis » i e 70,067 (47.1) 7,323 (46.0) 62,744 (47.2) €001
Upper-middle 43,596 (29.3) 4,494 (28.3) 39,102 (29.4)
High 15,562 (10.5) 1,652 (10.4) 13,910 (10.5)
2. Health-related factors
Dietary behavior
Missing breakfast Yes 49,193 (33.1) 5,471 (34.4) 43,722 (32.9) -
25 times/week No 99,538 (66.9) 10,432 (65.6) 89,106 (67.1)
Fruit consumption Yes 31,238 (21.2) 2,782 (17.5) 28,456 (21.4) o1
Zonce/day No 117,493 (78.9) 13,121 825 104372 (78.0)
Soda intake Yes 50,69 (34.3) 5,562 (35.0) 45,134 (34.0)
23 times/week No 98,035 (65.7) 10,341 (65.0) 87,694 (66.0) 00
Sugar-sweentened Yes 72,254 (48.9) 7,498(47.2) 64,756 (48.8)
beverage intake <.001
>3 times/week No 76,477 (51.2) 8,405(52.9) 68,072 (51.3)
Fastfood consumption Y€ 31,720 (21.6) 3,131 (19.7) 28,589 (21.5) o1
23 times/week No 117,011 (78.4) 12,772 (80.3) 104,239 (78.5)
Physical activity
Physical activity for Yes 21,491 (14.1) 2,370 (14.9) 19,121 (14.4)
more than 60minutes .026
>5 times/week No 127,240 (85.9) 13,533 (85.1) 113,707 (85.6)
Muscle-strenthening Yes 33,600 (22.5) 3,229 (20.3) 30,371 (22.9) ool
exercise>3 times/week N 115,131 (77.5) 12,674 (79.7) 102,457 (77.1)
Seated time during weekdays (hour/day) 10.40+0.03 10.36£0.05 10.40+0.03 .386
Very healthy 40,937 (27.2) 3,676 (23.1) 37,261 (28.1)
Healthy 66,074 (44.3) 6,809 (42.8) 59,265 (44.6)
Self-rated health Neither healthy nor unhealthy 32,074 (21.8) 3,992 (25.1) 28,082 (21.1) £.001
Unhealty 9,071 (6.2) 1,335 ( 8.4) 7,736 ( 5.8)
Very unhealthy 575 ( 0.4) 91 (0.6) 484 (0.4)
Very high 15,870 (10.6) 1,905 (12.0) 13,965 (10.5)
High 41,856 (28.2) 4,575 (28.8) 37,281 (28.1)
Stress level Middle 62,213 (42.1) 6,416 (40.3) 55,797 (42.0) <001
Low 23,432 (15.6) 2414 (15.2) 21,018 (15.8)
Very low 5,360 ( 3.5) 593 ( 3.7) 4,767 ( 3.6)
Body mass index 21.31+0.02 28.21+0.02 20.49+0.01 .001

Notes. p-value calculated by general linear model for complex sample design and Rao-Scott chi-squared test



18 =HUSHUSIESR| M8 HI1Z

2t AFH G AekE o] E42 (Table 2)°
Ak, A 2,399 S F %E—H’L% 1,19970 2

i
‘OH
i
g

5ot 120070300 diEA] &2 SAEAlL & Al 3%, S8 80.7%7t Al Ho| JIIAIT A5l
Aol HA7E Shal= AA] 2,181702 90.9%RL = AF 16.7%5to] AJgek Aol Uit 2L 78 7+ AlS A Al
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s 73.5%7F FAEetel W 1St 58.8% k' ¥, YA Avt AE(46.0%)= 3 Hoi
(Table 2) Characteristics of study sample schools
Total school Middle school High school
(N=2,399) @©=1,199, 50.0%  (©=1,200, 50.0%  ,yalue
n %) n %) n %)

Large city area 1,072 (44.7) 533 (44.5) 539 (44.9)
School location Medium to small city area 1,109 (46.2) 557 (46.5) 552 (46.0) 973

Rural area 218 (9.1 109 (9.1) 109 (9.1

Coeducational school 1,587 (66.2) 881 (73.5) 706 (58.8)
Type of school Boys-only school 403 (16.8) 163 (13.6) 240 (20.0) <.001

Girls-only school 409 (17.1) 155 (12.9) 254 (21.2)
Nutrition education for  YeS 1,162 (48.4) 968 (80.7) 194 (16.7)
recent 12 months No 1237 L.6) 231 (19.3) 1,006 (81.3) !

None 6(0.3) 0 (0.0 6 (05
Actual exercise at Once 571 (23.9) 19 ( 1.6) 552 (46.0)
physical education <.001
class for recent 7 days Twice 1,763 (73.5) 1,122 (93.6) 641 (53.4)

More than three times 59 (2.5 58 (4.8 1(0.1)

Notes. p-value calculated by chi-squared test

Hlek FAE s i 45 9 st 59 9918
doti7] fI3] T AAH BALE T Brke

(Table 3)°l At} Y 7Q19] Q1A S EAJuS
ket 2l Model 19 oiet =8 A4 ¥}, Fak
183.030]911 p{.00102 HHFL Qoj5tgir}t, m9]
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(Table 3) Individual-level and school-level factors associated with adolescents’ obesity

Model 1 Model 2 Model 3
o -value Ok} -value O -value
95% CI) P (95% CI P (95% CI) P
Individual-level factors: socioeconomic status
o 1.444 1.520 1.545
Sex(Ref: Girl) (1.385:1.506) <.001 (1.454:1.589) <.001 (1.478:1.615) <.001
1.064 1.062 1.049
Grade (1.051:1.077) 001 (1.049:1.076) 0ot (1.032:1.067) 0ot
. 0.944 0.961 0.963
Household economic status (0.924:0.964) <.001 (0.941:0.982) <.001 (0.942:0.983) .001
Individual-level factors: health-related factors
Missing breakfast 1.042 035 1.045 096
>5 times/week(Ref:No) (1.003;1.083) ' (1.005;1.086) :
Fruit consumption 0.815 0.815
>once/day(Ref:No) (0.777:0.855) <001 (0.777;0.855) <001
Soda intake 1.058 012 1.060 009
>3 times/week(Ref:No) (1.013;1.105) ’ (1.015:1.107) '
Sugar-sweentened beverage intake 0.908 001 0.907 001
>3 times/week(Ref:No) (0.874:0.945) ’ (0.873:0.943) '
Fastfood consumption 0.887 001 0.889 001
>3 times/week(Ref:No) (0.846;0.930) ’ (0.848;0.932) '
Physical activity for more than 1.164 <001 1.164 <001
60minutes=5 times/week(Ref:No) (1.100:1.231) ’ (1.100;1.231) '
Muscle-strengthening exercise 0.766 <001 0.768 <001
>3 times/week(Ref:No) (0.729;0.805) ’ (0.730:0.807) '
Seated time during weekdays 1.000 807 0.999 644
(hour/day) (0.996;1.003) ' (0.995;1.003) '
1.065 1.066
Stress level (1.045:1.080) .001 (1.046:1.087) <.001
School-level factors
School location 1.139 002
(Ref: City area) (1.048;1.237) '
Type of school 1.183 <001
(Ref: Coeducational school) (1.129:1.239) '
Nutrition education for recent 1.032 268
12 months(Ref: No) (0.976:1.092) :
Actual exercise at physical education
class for recent 7days(Ref: None)
0.998
Once (0.605:1.645) 93
. 0.917
fice 0556151  73?
) 0.982
>3 times (0.582:1.657) .945
-2 log likelihood 4777323.0 4759803.8 4754192.4
F (p-value) 183.03 (£.001) 81.07 (£.001) 52.11(£.001)
Percent concordant 52.9 56.4 56.8

Notes. OR=0dds ratio; CI=Confidence Interval, Ref= Reference group
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Tk %ol 1.0658H(p<.001) =Tt
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7FotSich. Model 200141 B]9t of 5o} THAAZ Hld 7HQl
F29 HeE2 945 fYF 5 9 L3 HRFe
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