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Purpose: The present study is focused on understanding weight perception related with individual- and school-level
multifactorial origins, underestimated and overestimated respectively, in normal body weight adolescents. Methods:
Using the 2017 Korea Youth Risk Behavior Web-based Survey data of 45,902 students from 799 secondary schools,
a multilevel multinomial logistic regression analysis was performed where adolescents (level1) were nested within
schools (level 2). Results: At the school level, the average school body mass index (BMI, kg/m?) and physical education
were associated with weight perception among both boys and girls. In boys, geographic areas were associated with
weight underestimation. At the individual level, perceived economic status, weekly allowance, BMI (kg/m?), smart-
phone usage time (hrs/day) and perceived stress were associated with weight perception among both boys and girls.
Age, paternal education, academic achievement and alcohol use were associated with weight perception among girls,
while part-time job and physical activity were associated with weight perception among boys. Conclusion: Our findings
underscore the importance of individual- and school-level environments in developing correct weight perception and
have implications for school health education to establish healthy lifestyle behaviors for all adolescents.
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Table 1. Cross Tabulation of Weight Perception and Gender among Normal BMI Adolescents (N=45,902)
Normal BMI
Variables Boys Girls All
n (%) n (%) n (%)

Underestimate 8,057 (35.6) 4,403 (18.5) 12,460 (27.2)

Accurate 9,916 (43.5) 11,117 (47.8) 21,033 (45.8)
Overestimate 4,683 (20.9) 7,726 (33.7) 12,409 (27.0)

Total 22,656 (100.0) 23,246 (100.0) 45,902 (100.0)

Rao-scott x*=3,966.82, p<.001

" Normal BMI (5th < BMI, Body Mass Index < 85th percentile) was based on age- and sex-specific BMI reference from the 2007 Korea national

growth chart.
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Table 2. Weight Perception by Individual- and School-level Characteristics (N=45,902)

Boys (n=22,656) Girls (n=23,246)
Variables Categories Accurate  Under Over Rao-scott  Accurate Under Over Rao-scott
n (%) n (%) n(%) XorF(@  n(%) n (%) n(%) X orF(p)
Individual level
Socio- Age (years, mean) 15.11 15.07 15.06 1.95 15.01 14.74 15.34 186.12
demographics (1142) (<.001)
Perceived High 4,388 (19.4) 3,469 (15.6) 1,987 (8.9) 35.97 4,299 (18.7) 1,867 (7.9) 2,550 (11.4) 173.88
economic Middle 4,419 (19.3) 3,519 (15.4) 1,999 (89)  (<.001) 5,567 (23.8) 1,981 (8.3) 3,848 (16.7) (<.001)
status Low 1,109 (4.8) 1,069 (4.6) 697 (3.1) 1,251 (5.3)  555(2.3) 1,328 (5.6)
Father's <9 160 (0.7)  122(0.5) 82(0.4) 548 169 (0.7) 76 (0.3) 133 (0.5) 51.35
education 9~12 2,429 (10.4) 1,936 (8.5) 1,151 (5.0) (:484) 2,798 (11.9) 940 (4.0) 2,109 (9.1)  (<.001)
(years) >12 5,176 (23.5) 4,295 (19.6) 2,377 (11.1) 5,895 (26.1) 2,518 (10.9) 3,903 (17.5)
Unknown 2,151 (8.9) 1,704 (7.0) 1,073 (4.4) 2,255(9.1) 869 (3.3) 1,581 (6.6)
Mother's <9 124 (0.5) 86 (0.4) 62(0.3) 6.49 154 (0.6) 67(0.3) 147 (0.6) 3229
education 9~12 2,793 (12.2) 2,313 (10.4) 1,368 (6.1) (:370) 3,610 (15.8) 1,359 (5.8) 2,681 (11.7) (<.001)
(years) >12 4,800 (21.7) 3,912 (17.7) 2,199 (10.1) 5,425 (23.6) 2,256 (9.8) 3,594 (16.1)
Unknown 2,199 (9.0) 1,746 (7.2) 1,054 (4.4) 1,928 (7.7) 721(2.7) 1,304 (5.3)
Family structure  With both parents 9,297 (40.9) 7,537 (33.5) 4,366 (19.6) 1.58 10,505 (45.4) 4,165 (17.6) 7,214 (31.7)  12.16
Without mother 262 (1.0) 223(0.9) 120(0.5) (.813) 220 (0.8) 85(0.3) 181(0.7) (.016)
Without father 357 (1.6) 297(1.2) 197(0.8) 392(1.6) 153 (0.6) 331(1.3)
Cohabitation Yes 9,380 (41.4) 7,654 (34.1) 4,453 (20.0) 5.35 10,694 (46.2) 4,229 (17.8) 7,326 (32.2)  27.58
with family No 536 (2.1) 403 (1.5)  230(0.9) (.069) 423 (1.6) 174(0.6) 400(1.6)  (<.001)
Part-time job Yes 1,358 (6.1) 1,132(5.1) 594 (2.7) 6.54 1,302 (5.8) 440 (1.9) 1,174 (5.0) 52.05
No 8,558 (37.4) 6,925 (30.4) 4,089 (18.3) (.038) 9,815 (42.0) 3,963 (16.6) 6,552 (28.7)  (<.001)
Weekly <1 2,728 (11.6) 2,281 (9.9) 1,442 (6.3) 25.29 3,317 (13.7) 1,323 (5.4) 2,202 (9.4) 24.83
allowance 1~2 2,678 (11.8) 2,228 (9.8) 1,313(5.8)  (<.001) 3,157 (13.4) 1,333 (5.5) 2,049 (9.0) (<.001)
(10,000 won) 2~3 1,393 (6.1) 1,100 (4.8) 648 (2.9) 1,538 (6.8) 562 (2.3) 1,121 (4.9)
>3 3,117 (14.0) 2,448 (11.1) 1,280 (5.9) 3,105 (13.9) 1,185 (5.2) 2,354 (10.5)
Academic High 4,159 (18.3) 3,417 (15.1) 1,920 (8.6) 10.68 4,421 (18.8) 2,011 (8.4) 2,742(11.8) 199.27
achievement Middle 2,850 (12.5) 2,133 (9.5) 1,294 (5.8) (.030) 3,598 (15.5) 1,204 (5.1) 2,231 (9.7)  (<.001)
Low 2,907 (12.7) 2,507 (11.0) 1,469 (6.5) 3,098 (13.5) 1,188 (5.0) 2,753 (12.2)
Health-related ~ Physical activity none 1,162 (5.3) 1,084 (4.8) 706 (3.2) 88.98 3,672 (16.4) 2,895 (11.6) 2,675 (12.2) 6.41
behaviors (days/week) =2 3,169 (14.3) 2,825 (12.8) 1,780 (8.1)  (<.001) 4,550 (19.7) 1,765 (7.4) 3,156 (13.7)  (.171)
>3 5,585 (23.9) 4,148 (17.9) 2,197 (9.7) 2,895 (11.6) 1,104 (4.4) 1,895 (7.9)
Tobacco use Ever 1,906 8.7) 1,582(7.2)  823(3.8) 5.54 576 (2.6) 245(1.0) 580 (2.6) 43.28
Never 8,010 (34.8) 6,475 (28.4) 3,860 (17.1) (.063) 10,541 (45.2) 4,158 (17.5) 7,146 (31.1)  (<.001)
Alcohol use Ever 4,225 (18.9) 3,431 (15.5) 2,000 (9.1) 0.14 3,465 (15.3) 1,402 (6.0) 3,066 (13.6) 123.58
Never 5,691 (24.6) 4,626 (20.1) 2,683 (11.8) (.931) 7,652 (32.5) 3,001 (12.5) 4,660 (20.1)  (<.001)
Drug use Ever 101 (0.5) 81 (0.4) 52(0.2) 0.36 50 (0.2) 19 (0.1) 36 (0.2) 0.00
Never 9,815 (43.0) 7,976 (35.2) 4,631 (20.7) (.837) 11,067 (47.5) 4,384 (18.4) 7,690 (33.6)  (.998)
Sexual Ever 688 (3.1) 489(23) 290 (1.4) 3.39 236 (1.1) 124 (0.5) 211 (1.0) 7.79
experience Never 9,228 (40.4) 7,568 (33.3) 4,393 (19.5) (184) 10,881 (46.7) 4,279 (17.9) 7,515 (32.8)  (.020)
BMI (kg/m’, mean) 20.92 18.81 22.67 9,068.87 19.79 18.03 21.49 9,161.80
(<.001) (<.001)
Smartphone usage time 3.20 3.35 3.33 5.34 429 432 4.61 19.75
(hours/day, mean) (.005) (<.001)
Mental health ~ Perceived Much 2,543 (11.3) 2,475 (11.0) 1,507 (6.7) 78.09  6,755(29.1) 2,563 (10.7) 3,858 (16.9)  187.60
stress Little 7,373 (32.2) 5,582 (24.6) 3,176 (14.2) (<.001) 4,362 (18.7) 1,840 (7.8) 3,868 (16.8) (<.001)
Experience of Yes 1,815(8.1) 1,698 (7.5) 998(4.55) 24.00 3,066 (13.2) 1,236 (5.2) 2,640(11.5) 81.60
depression No 8,101 (35.4) 6,359 (28.1) 3,685 (16.4) (<.001) 8,051 (34.5) 3,167 (13.3) 5,086 (22.3) (<.001)
Suicidal Yes 762 (3.4) 745(3.2) 498(22) 2947 1,379 (5.9) 612 (2.6) 1,317 (5.7) 7224
ideation No 9,154 (40.1) 7,312 (32.4) 4,185(18.7) (<.001) 9,738 (41.9) 3,791 (15.9) 6,409 (28.0) (<.001)
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Table 2. Weight Perception by Individual- and School-level Characteristics (Continued) (N=45,902)
Boys (n=22,656) Girls (n=23,246)
Variables Categories Accurate Under Over Rao-scott  Accurate Under Over Rao-scott
n (%) n (%) n(%) XorF@p)  n(%) n (%) n(%)  x orF(p)
School level Sex-composition  Single-sex 3,381 (15.1) 2,624 (11.8) 1,592 (7.1) 332 3,860 (17.0) 1,514 (6.5) 2,789 (12.5) 453
schooling (-190) (.104)
Co-educational 6,535 (28.4) 5,433 (23.8) 3,091 (13.8) 7,257 (30.8) 2,889 (12.0) 4,937 (21.2)
Average school BMI (kg/m’, mean) 21.43 21.39 21.40 3.20 20.90 20.81 21.03 139.78
(:041) (<.001)
Average school smartphone 3.64 3.65 3.59 7.09 412 4.09 413 215
usage time (hours/day, mean) (<.001) (.116)
Physical None 1,164 (5.4) 1,034(47) 677(31) 2954 2233(9.7)  895(3.8) 1,645 (7.4) 74.81
education 1~2 4,340 (19.8) 3,574 (16.4) 2,170 (10.1)  (<.001) 5,465 (24.5) 2,080 (9.0) 4,102 (184)  (<.001)
>3 4,412 (18.3) 3,449 (14.4) 1,836 (7.8) 3,419 (13.6) 1,428 (5.6) 1,979 (8.0)
Sex education  Yes 7,459 (32.3) 6,154 (26.9) 3,529 (15.6)  4.66 8,977 (38.1) 3,599 (15.0) 6,067 (26.3) 17.47
No 2,457 (11.2) 1,903 87) 1,154 (53)  (097) 2,140 (9.6) 804 (3.5) 1,659 (7.5) (<.001)
Geographic area  Big city 4,871 (21.8) 4,063 (182) 2428 (11.0) 1135 5987 (24.9) 2,361 (9.7) 4,137 (17.5) 0.25
Mid/Small city ~ 4,449 (19.6) 3,542 (15.9) 1,998 (9.1)  (023) 4,527 (20.8) 1,797 (8.0) 3,162 (14.7) (:993)
Rural area 596 (21) 452(15) 257 (0.8) 603 (21)  245(0.8) 427 (1.5)
Table 3. Estimates of Variance and ICC" for Random Effect on Null Model
Gender Accurate (ref) Estimate of variance SE p Icc
Boys Underestimate 0.19 0.01 <.001 0.06
Overestimate 0.42 0.03 <.001 0.11
Girls Underestimate 0.62 0.04 <.001 0.16
Overestimate 0.35 0.02 <.001 0.10

ICC=intraclass correlation coefficient; SE=standard Error;
(schools). Formula=Variance/ (Variance+ r°/3).
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ICC estimates how much variation in the outcome exists between level-2 units
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Table 4. Multilevel Analysis: Factors associated with Weight Perception

(N=45,902)

Boys (n=22,656)

Girls (n=23,246)

Variables Categories Underestimate” ¥ Overestimate™  Underestimate”*  Overestimate '®
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Fixed part
Individual level
Socio- Age (years) -l - 0.92 (0.89~0.94)*  1.25 (1.20~1.29)*
demographics  Perceived economic High 0.78 (0.69~0.88)*  0.77 (0.67~0.88)*  0.86 (0.74~1.00) 0.67 (0.60~0.76)*
status (ref: Low) Middle 0.80 (0.71~0.90)*  0.79 (0.70~0.90)*  0.77 (0.67~0.88)*  0.75 (0.67~0.83)*
Father's education 9~12 - - 0.69 (0.49~0.98)* 1.42 (1.07~1.88)*
(years, ref: <9) >12 - - 0.83 (0.59~1.19) 1.52 (1.14~2.02)*
Unknown - - 0.76 (0.53~1.10) 1.43 (1.06~1.93)*
Mother's education 9~12 - - 0.78 (0.54~1.13) 0.98 (0.74~1.30)
(years, ref: <9) >12 - - 0.74 (0.51~1.07) 0.97 (0.73~1.28)
Unknown - - 0.63 (0.43~0.94)*  0.98 (0.73~1.32)
Family structure Without mother - - 1.11 (0.79~1.55) 0.90 (0.70~1.17)
(ref: With both parents) ~ Without father - - 1.06 (0.82~1.37) 0.94 (0.76~1.15)
Cohabitation with family ~ No - - 1.18 (0.95~1.47) 1.14 (0.96~1.35)
(ref: Yes)
Part-time job (ref: Yes) No 0.79 (0.70~0.88)*  1.19 (1.05~1.36)*  1.14 (0.98~1.33) 0.94 (0.84~1.06)
Weekly allowance 1~2 1.17 (1.06~1.29)*  0.89 (0.80~0.99)*  1.22 (1.09~1.36)*  0.89 (0.81~0.98)*
(10,000 won, ref: <1) 2~3 1.21 (1.07~1.37)*  0.82(0.71~0.93)*  1.07 (0.92~1.23) 0.98 (0.88~1.10)
>3 1.34 (1.21~1.48)*  0.68 (0.61~0.76)*  1.12 (0.99~1.27) 0.91 (0.82~1.00)
Academic achievement High 1.07 (0.98~1.17) 0.98 (0.89~1.08) 1.22(1.09~1.36)*  0.81 (0.74~0.89)*
(ref: Low) Middle 0.92 (0.84~1.02) 0.93 (0.83~1.03) 0.86 (0.77~0.97)*  0.79 (0.72~0.86)*
Health-related ~ Physical activity 1~2 0.97 (0.86~1.10) 0.95 (0.84~1.09) - -
behaviors (days/week, ref: 0) >3 0.92 (0.81~1.04) 0.65 (0.57~0.75)* - -
Tobacco use (ref: Ever) Never - - 0.91 (0.75~1.12) 0.96 (0.82~1.12)
Alcohol use (ref: Ever) Never - - 0.86 (0.77~0.95)* 0.83 (0.76~0.90)*
Sexual experience Never - - 0.78 (0.60~1.03) 1.07 (0.85~1.35)
(ref: Ever)
BMI (kg/m?) 0.39 (0.38~0.41)* 212 (2.06~2.18)*  0.30 (0.29~0.31)*  2.37 (2.30~2.44)*
Smartphone usage time 1.01 (0.99~1.02) 1.02 (1.01~1.04)*  1.01 (0.99~1.02) 1.02 (1.01~1.03)*
(hours/day)
Mental health ~ Perceived stress Much 1.33 (1.22~1.45)*  1.27 (1.15~1.40)*  1.06 (0.97~1.17) 1.43 (1.33~1.54)*
(ref: Little)
Experience of depression  No 0.82(0.74~0.91)*  0.98 (0.88~1.10) 1.04 (0.94~1.16) 0.91 (0.84~0.99)*
(ref: Yes)
Suicidal ideation No 1.10 (0.95~1.27) 0.79 (0.68~0.92)*  0.93 (0.81~1.07) 0.85 (0.76~0.95)*
(ref: Yes)
School level Average school BMI 1.61 (1.52~1.70)*  0.65 (0.61~0.68)*  1.24 (1.14~1.34)*  0.88 (0.82~0.94)*
(kg/m’)
Average school 0.96 (0.91~1.02) 0.94 (0.89~0.99)* - -
Smartphone usage time
(hours/day)
Physical education 1~2 1.08 (0.95~1.22) 0.89 (0.78~1.02) 1.02 (0.91~1.14) 0.98 (0.90~1.08)
(ref: 0) >3 0.99 (0.88~1.13) 0.85 (0.74~0.98)*  0.98 (0.87~1.12) 0.87 (0.78~0.97)*
Sex education (ref: Yes) No - - 0.99 (0.89~1.11) 1.09 (0.99~1.19)
Geographic area Big city 1.24 (1.01~1.52)*  0.97 (0.78~1.21) - -
(vef: Rural area) Mid/Small city ~ 1.13 (0.92~1.39) 0.93 (0.75~1.15) - -

Random part

Intercept

Variance (SE)
0.14 (0.02)*

Variance (SE)
0.11 (0.02)*

Variance (SE)
0.04 (0.02)*

Variance (SE)
0.04 (0.01)*

OR=0dds ratio; CI=confidence interval; SE=standard error; ' The reference group was set as adolescents with accurate weight perception.;
¥ OR refer to odds of underestimate, compared to accurate weight perception.; "OR refer to odds of overestimate, compared to accurate weight
perception; ! The models include only variables listed in Table 2. Statistical significance; *p <.05.
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