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Figure 1. Conceptual model for predicting obesity levels of middle school students <«
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=
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17 (Kim, Lee et al,, 2012),

O
RS

53!
3
oF
il

2 (McLeroy et al., 1988), A Ej

o u

el

Tor

el

=
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S H(Jee & Kim, 2013; Lee & Yi, 2015; Park, 2015: Springer et al., 2015). ©] &
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3w w BMI =7} A&7 28 $ dvta R ¥ rhi(Datar, Shier, & Sturm,
2011). ol ¢k Hwol Aade AP o] F7kgel we} wwkgo] FrRthal Haix a9

(Jee & Kim, 2013). @ o] F7tstHA st Fo] S7hstel wet AAdFHFo] &

S A A7bo] Z71et7] wEolati o] AXt)
SHH AA S E A7 2ol 3 Arasde AAGE ZUke AFE A
FUS STHAA HE AAaATle Fad A o]t (Kegler, Swan, Alcantara,

Feldman, & Glanz, 2014). F&d 59 AA&Ged A7|aeids 8T A4 dd
#AA L gggFHo] 2l vh(de Farias Junior et al., 2014; Kim & Cardinal, 2010). 34
H Fske] AAEEd ArlEs e #AE A ATddAE, FEtaS 2]
BEsdol =55 FAALE FYsHA AAGEFe]l S, oA fe

g zpol7t glo] Ao WE xo]lE B ustr|%E  8F9THHearst, Patnode, Sirard,
Ly

o] Hrolk nd® &4 % AW AHE Bol st A AAWEe] i BMIF ¢

2009% B3 XY P 1AW, nAF WA vl T 9FL vATGE AL @
F otk mE Hol Fu3} BANA o AAA ANEO] e AS, B EE opyS

g A, A wrelA SA4E AY e AeE v f1F 8 4 o|th(Kim, Seo, Choi, &
Kim, 2012; Seo, 2009; Seo et al., 2008; Szajewska & Ruszczynski, 2010; Thompson
et al., 2003).

Holgwat tiol Padel HA AABEL HEF Bze w: AP HA
BAgoR A AFdHE XL 4 Adth(Davison & Birch, 2001; Nesbit, Kolobe,

Sisson, & Ghement, 2014). ¥t F53 AA D, S SeH]d Aoy HFH AHE

o
>,
X

I e ool Q)= AR FUbE HIRES oF7| Al 7]+ 8.9lo|th(Hassink, 2009; Nesbit

et al, 2014). AA| &g} d&dste] ZAA FolA B ZF A0 el Wl ZE A W

_10_



How FJolA FuztA Fusts Ag AAZso] FrtstdveE AT AAE FS
(Loucaides, Plotnikoff, & Bercovitz, 2007), 53X %ol w& H|g o R st A
o] 8 ¥t}

g AT HAIS FHAIte] AFE vwES A
5] A THLee & Yi, 2015; Seo, 2009), BFt= H| Rkl A W wHo] o =A o
ElUr| = 3Fol(Jee & Kim, 2013), At

AH F0E ARAE I 2SFE BuEe a3t ddEd(Jee & Kim, 2013;

_|_,
8
o
Er
r in
=)
rlj
2
=
o

g
o|\
o,
e
ko
ol
k)

Okosun, Choi, Matamoros, & Dever, 2001), ©]ol ta|x = v &}x] 7] wjiTof

B4 AFEt 22 b5l Qo) AF WA WA FF AFel Bas,

ol

npxeto g AE# el Had Hwe ~EY AV B AS uvkgo] fol5A B
*tH(Jee & Kim, 2013). stAIRF 2Eg 2o A9 ZSlo] FHairtal XS5 H
HAEY 2~ A5 9 2dd dPAFE 530(Soh, Lee, & Choi, 2008), T34 717
e E AF BAC disiA 2 o =97t Basith =3 Choi®t Ro(2010)9] ¢
Tl = AAFTTEAA 38 2EHE AF7F =4 yERY, 2Ed A JRETE of
et 2Ed 2~ 99 2 syl e vvt R s fEste A7 E e Hh

T gIBAZE A ZSBAG AFAAIE Ak WA TFHe]
B, FR7F 2] AFS At QA=A weh Ao A Fol
d3ks w Itk 3 vh(Etelson et al, 2003). & ¥}AF ofole] RRE L5 A9
AFs FolatA Bagrietr] witel Ay A% A4S oS F7HAIZIcha Bkt
ol9} ol Y ro] APLS Ao nvrgS FUMAIIIE WS AEE addow
AA s B2 A8 AE5o] AtH(Chin et al, 2015; Davison & Birch, 2001; Seo et
al,, 2008). olol sl 53] ojwye] gk Lopu|rke] o F o], 104 W] gke]
Zob= Bl AA Hiwk o] Fof Aygle] Hwhe ¥RE JpHTHE Fol Al HRko

d 3ol =t & AtHSeo et al, 2008). ol#g A o]FiERE ofzt
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Davison¥} Birch(2011)%= ®]9te oy = Aol A SAHFH A 25 o AW 43
5 A 7hsAol dvkal skt
ol HEY AR AAA 292 F P2 VA5 AU Hvk teAS FUHAIA

t} 1 3}l tH(Hassink, 2009; Janssen et al., 2006; Lee & Yi, 2015). =3+ 713} g7
AL gl A Ay GEAFHVE gAdda B awQla(Taveras et al, 2005),
A9s FRef 3 HE A olFlAANE AE Thed S ol o, R, ofA, fAl
F 59 AFe dAAA FABAC vk A (Videon & Manning, 2003). ©] <}

ol Hell A AAbsk= A3 nBlaste] 9t 49 o B A5 AE A
#Ao] k= A= AU Y (Patrick & Nicklas, 2005), AH A o2 94 E& g

<} dAAS e A= A9 sldth

g FR o9 HAGTE A4 o] dYHs v v 2E5S REYste] FAdE &

3 A7 Ao #HEHS VMg e A A= (Patrick & Nicklas, 2005; Stevens,

AAGEE dlopltts 718 S7A AAZEES o Bl st 3 dtH(Salvy
et al, 2009). &, 7I5 R A9 AAE AALdES SIS FL_I qow H
15 (de Farias Junior et al, 2014; Finnerty, Reeves, Dabinett, Jeanes, &
Vogele, 2010; Kim & Cardinal, 2010). 38 A&l ojgk A Aol tjste] D759

3

(

1

rlo

FAAAE sl AEe] Jge wanHeletn wust: HABATEE U

0;

t}H(Camacho-Mifiano, LaVoi, & Barr—-Anderson, 2011; Wu & Pender, 2002).
g Aolo] gk AR A Aol tid HdPATES I EW, Kegler 5(2014)9
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m. 479 /1348 71&

B A7e WA /5L McLeroy 51988)0] AZAS dFE WA 2ol
dstel QA aolw #54 290% BHs] ANG 1A FEo e 2y
2 2AZ sol, FA W] JFL VAL 2902 A YA 29, o

QA 29, Aaba] adlel 444 89l FHow Ao AW NES T4

oA T Ao mivte] JEks w A= A WA 8l Ao QAL g
% E A (Davison & Birch, 2001; Hassink, 2009)3 A7ZFAy(Kegler et al, 2014), A7
g 9] (Davison & Birch, 2001; Ebbeling et al., 2003; Hassink, 2009; Thompson et al.,
2003), AddeE 2, ddaA 29le 7S 54 (Davison & Birch, 2001;
Hassink, 2009; Kegler et al, 2014; Keresztes et al., 2008; Schmitz et al., 2002;
Taveras et al., 2005), 7}=2] *|A|(de Farias Junior et al., 2014; Kegler et al, 2014),
2 54 (Keresztes et al, 2008), 79 A X (Beets et al., 2006; de Farias Junior
et al, 2014) 5 E&I} 44 Qolog duty FuEA SuAd L FAF

(Cho & Kim, 2013; Luepker et al., 1996), &34 2L X

f

el A 9ALE] ]l
o2= Fgurt £33 AIF AL AH-ET A 7 (Galvez, Pearl, & Yen, 2010;
Gilliland et al., 2012; Nesbit et al., 2014) S AT A Ve v
3} 2o (Figure 1).

o
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o
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6mmunity level

- Social environment
- Physical environment

ﬁtitutinnal level ? :

- General characteristics of school
- Facilities and food service
- Curriculum and program

- Family characteristics
- Family support

ﬂ'lterpersanal level \
- Peer characteristics :

- Peer support

f’

Intrapersonal level
- Demographic characteristics

1
- Health belief I
J/

- Health behavior
- Health status

.

Figure 1. Conceptual model for predicting obesity levels of middle school students
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NeswA 257 WAT A Few@ol4d 49 1E F 3838t w) F 7 AR T

oA Tt 1~335 AAse] & 50719 dtus JolFEH sHAAL(HA M5 EA

F o] 13.05%, Table 1), A% stue = 1~37) g+ AAst dld g5 3

A AdeE LR FEoe JHEY WS ARgsida & dae @ g g

A AeE ZAste] o)z dde] AFS oWtz a9, 20149 el st
3 3

of tha ¥& Folgbe A mestel & Swy 1~38F 2AdGY £¥ B o

=
=
T oo A4 9 wgud 58 2Ae] ekl MW e BALAL 5098

AT7E e A HAFE g R SAAN AHSHE AT Fold FolshA
= =013t 507 Z38tw e 3HAY
2,766 7 RANAL 508 S o HEAE wjisld, st 26179 (358 94.6%,

z
o) HEAE A9t vt B ATE F4 AFEH A
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Table 1. Distribution of sample schools in Seoul area

Number of school in

Number of sample

Area April 2014 school
1 Gangnam-gu 24 2
2 Gangdong-gu 18 2
3 Gangbuk-gu 13 2
4 Gangseo—-gu 21 2
5 Gwanak-gu 16 2
6 Gwangjin—gu 12 2
7 Guro-gu 13 2
8 Geumcheon-gu 9 3
9 Nowon-gu 26 2
10 Dobong-gu 13 2
11 Dongdaemun-gu 15 2
12 Dongjak-gu 16 2
13 Mapo-gu 14 2
14 Seodaemun-gu 14 2
15 Seocho-gu 15 2
16 Seongdong-gu 11 2
17 Seongbuk-gu 18 2
18 Songpa-gu 27 2
19 Yangcheon-gu 19 2
20 Yeongdeungpo-gu 11 1
21 Yongsan-gu 9 2
22 Eunpyeong-gu 18 2
23 Jongno-gu 2
24 Jung-gu 2
25 Jungnang-gu 14 2

Total 383 50
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Table 2. Sources about school and community environment

Concept Variable Name of information Source
Type of establishment
Type of school Seoul
General . .
L. Total number of 2014 Middle School Fact Metropolitan
characteristics .
¢ school classes Sheet Office of
Of Sehoo The average number Education
of students per class
2014 National Basic
The national basic . .
. L. . Livelihood security
Community livelihood security .. C . Seoul
] ients’ Lot recipients (distinction) Statistics
incom recipients’ population . .
come ,p bop 2014 Resident Population
ratio e
(distinction)
2012 Three major Crime
Community The three major crime (murder, robbery, sexual Donga
safety rates assault-force harassment) newspaper'
Fact Sheet
. . 2010 Gender, Age and
Community High school or less ] & ..
. ; Education Level of Statistical
education educated population Y .
. Population (6 years or Office
level ratio : N
more) — distinction
The number of regional
t blished by fi
The number of fast 3 o.res Feousned by We, Brand
major fast food companies
. food restaurants Homepage
Dietary Homepage (Based on July
environment 2015)
Monthly Convenience Store National
The number of
convenience stores Operator Status (Based on Tax
July 2015) Statistics
Monthly PC Rooms National
Th b f PC
roofnzum ero Operator Status (Based on Tax
July 2015) Statistics
Th b d . .
. ¢ nu,m er and space 2014 Public Sports Facility Seoul
Physical of public sports .
. Status statistics
activity facilities
environment The number and Seoul
. 2013 Bicycle Road Stat ..
length of bicycle roads leyele foa ams statistics
The per capita .
. b P 2013 Park (The per capita Seoul
neighborhood park ..
park space) statistics

space

' Donga newspaper (2013.08.23) http://news.donga.com/rel/3/all/20130823/57179087/1
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2. /1< W3 &l

DIEEAL

(1) Ao] #7] &% 7 (Eating Self-Efficacy [ESE])

2lo] A7l &% 78 Parcel 5(1995)¢] Child Dietary Self-Efficacy Scale(CDSS)$}
Clark, Abrams, Niaura, Eaton®} Rossi(1991)¢] Eating Self-Efficacy Scales 74 X
kgt Choi(1998)¢] 2lo] #A7] a3 =

st " HE e 187 A 7287t A ol 2} w8 AUt =&7E Ao AU as
ol =S sttt Choi(1998)] <1elA Cronbach’s a=.86 ©|3, & <A
Cronbach’s a=.895°]%1t}. 949 Cronbach’s ax= z+2t 714, 766, .836, 911 ©]3it}.

(2) AAZE 27 857 (Physical Activity Self-Efficacy [PASE])

AA&E 27 &S Marcus, Selby, Niaura®t Rossi(1992)7F 702alsiar, Lee%t
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Chang(2001)°] Wg %5 AR&stlth Aol dg Ar|asade F 5719
Tdow Zb #3832 54 Likert scale(:d8 #FAlo] glvh, #pale]l glvh, HEolth, #p4l
of Atk wi-g- Ale]l YrhE FAstH HA 5HA Hi 25H o2 HEyUt =5
AAGF g ArlEasite]l =55 vt =9 Y DAl test-retest
reliability = .90°0] 1 2™, Lee2} Chang(2001)2] <A-F+oll A Cronbach’'s a=.75°]%laL,
2] Cronbach’'s a=.863 ©] 1t}

w

) AR
AZAE Holgha NARE, A4

Pae} oba, Shae) AANES SAskdth oA AAkel gE )

A AN AT BAaA W, A4, VSR F A

~
o
%
)
F}O _!>“
k)
O
HJ

¢

A A2 79U B op T B @ A5 AvkelA 77t 0% RE TR A 53

A8

ggake] A s EFS A2 A S5 (International ~ Physical — Activity
Questionnaire [IPAQ]) @3 (77 &3S AH&3Ath IPAQ AT oA = IPAQ &
g o] %] (http://www.ipag ki.se) & E3dle] ATE EXo 2 3 =9 ALES 59 dx)
o] AfF-Eo] & & dutar ehfstal Yk Oh, Yang, Kim¥} Kang(2007)0] =]
I @R IPAQQ AF 9 Bl =E Q13 A3} A FZ== Spearman Rho 0427~
0.646(F %4t 0.542), Kappa # 0.365~0.620(% %k 0.471)°] Lt

A G FFE AN 2 AN g dFH w7 F5e Fret A 7|z 9
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=21 Metabolic Equivalent Task(MET)-minutes/week< 4}

o

H] 2.3} THIPAQ Research Committee, 2005).

D AAD=EZFMET-min/week) A A
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Table 3. The classification of perception of the parent about adolescent’s body

Adolescent BMI percentile

Under Over

. Normal . Obesit;
weight weight Y
Under Under Under Under
. Accurate . . .
weight estimated estimated estimated
Over Under Under
Normal . Accurate . .
Perception estimated estimated estimated
of parent Over Over Over Under
. . . Accurate .
weight estimated estimated estimated
. Over Over Over Over
Obesity . . . .
estimated estimated estimated estimated
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Table 4. Variables and respondents by level

Level Variable Respondent/
Data sources
Dependent Middle school
. BMI
variable students survey
* Demographic characteristics: Gender, Age
e Health belief: Eating Self-Efficacy, Physical Activity
Self-Efficacy .
Intrapersonal ¢ Health behavior: Breakfast, Late night meal, Over eating, Middle school
. . . . students
level Physical activity, Sedentary time, Ways of commuting, surve
Type of activity during the break, Sleep time y
e Health status: Subjective health status, Perceived middle
school sick, Perceived stress, Stress relief method
e Family characteristics: Parents’ perception of child’'s
body, Parents’ weight status, House income, The
frequency of family dinner, The frequency and type of
food 'dehvery service, Parent’s dietary habits and Middle school
Interpersonal physical activity
. : f o students
level e Family support: Family support about child’'s dietary surve
habit and physical activity y
* Peer characteristics: Peer’s dietary habits and physical activity
e Peer support: Peer support about child’s dietary habit
and physical activity
e General characteristics of school: Type of
establishment, Type of school, Total number of classes,
The average number of students per class
e Facilities and food service: The number of school Thess(ii? of
sports facilities, Cafeteria, Calories of food service, The .
L . Metropolitan
Institutional fat content of food service .
. . .. Office of
level ¢ Curriculum and program: Health education in regular .
. . . o Education,
curriculum, Obesity-related education hours within the
. . . School nurse
last 12 months, Physical activity promotion programs Qurve
after school, Obesity prevention program, Obesity y
program in association with public health centers
within the last 12 months
e Social environment: The national basic livelihood security .
o , . . . . Statistical
recipients’ population ratio, The three major crime rates, .
. . . Office,
Community High school or less educated population ratio Seoul
Physical environment: The number of fast food restaurants and .
level Statistics,

convenience stores, The number of PC rooms, The number
and space of public sports facilities, The number and length of
bicycle roads, The per capita neighborhood park space

National Tax
Statistics et al.
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A, THAY vttt P 89 X
1. 849 AT el g AZFA5(BMD

oAy s 3

1581914 Hh 39509t} oAl

2,069 o=yt BMI+=
A<= 2007

AR A FA e WIS 2R 7)E weh 2 E
(86.0%), AT 12978(6.2%), HITH2 1617 (7.8%)°]
19.43(74 911 15.81~24.22), #A T2 B3 BMIE 24.09(

T BMI= 27.84(% 911 25.00~39.59)¢] A tH(Table 5).

Ak 3
H
=

20.37(£3.13)°1 a1, M= FHAi
ZzobAad BE AYERS A
+ Av} FA| =S 11,7794
AFe HF BMIE

9): 22.83~2498), w]wre]

Table 5. Weight status and body mass index (BMI) of middle school students

(N=2,069)

Normal weight! Overweight? Obesity®

Characteristics

n (%) n (%) n (%)
Gender Male 790 (84.6) 45 ( 4.8) 99 (10.6)
Female 989 (87.1) 84 (74) 62 ( 55)
Age 13 109 (75.2) 18 (12.4) 18 (12.4)
14 1,652 (86.8) 110 ( 5.8) 141( 7.4)
15 18 (84.7) 1(4.8) 2 (95
BMI Mean+SD 19.43+1.94 24.09+0.59 27.84%2.69
(Range: Min~Max) (15.81~24.22) (22.83~24.98) (25.00~39.59)
Total 1,779 (86.0) 129 ( 6.2) 161 ( 7.8)

Normal weight: 5-85percentile
2 Overweight: 85-95percentile
3 Obesity: >95percentile or BMI>25
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Table 6. Intrapersonal characteristics of middle school students

(N=2,069)
Characteristics Categories N (%) Mean+SD Range
Gender Male 934 (45.1)
Female 1,135 (54.9)
Age 13 145 ( 7.0)
14 1,903 (92.0)
15 21 ( 1.0)
ESE! 3.04+0.49 1~4
PASE? 3.23+0.91 1~5
Breakfast < 5 days 832 (40.6)
5 days or more 1,218 (59.4)
Late night meal 0 day 718 (34.9)
1 day or more 1,341 (65.1)
Over eating 0 day 832 (40.4)
1 day or more 1,227 (59.6)
Physical activity HEPA® 817 (48.2) 3,387.77 33~24,584
(MET-min/week) Minimally active 716 (42.2) +3,410.83
Inactive 163 ( 9.6)
Sedentary time 463.98+204.80 3~960
(min/day)
Ways of commuting Walk 1,410 (70.1)
Non-walk 600 (29.9)
Type of activity Active 812 (46.0)
during the break Inactive 952 (54.0)
Sleep time < 7 hours 1,051 (51.3)
7 hours or more 997 (48.7)
Subjective health Unhealthy 771 (37.7)
status Healthy 1,276 (62.3)
Perceived 8th grade 3.06+2.32 0~10
syndrome
Perceived stress Little 1,458 (70.9)
A lot of 598 (29.1)
Stress relief method Do nothing 258 (16.5)
Sleep or cry 363 (23.2)
Sing, walk or talk 631 (40.4)
Eat or play computer games 311 (19.9)

'ESE: Eating Self-Efficacy
’PASE: Physical Activity Self-Efficacy
SHEPA: Health Enhancing Physical Activity
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Table 7. Interpersonal characteristics of middle school students

(N=2,069)
Characteristics Categories N (%) MeantSD Range
Father’s perception of Accurate 1,119 (56.6)
child’s body Underestimated 530 (26.8)
Overestimated 328 (16.6)
Mother’s perception of Accurate 1,097 (55.3)
child’s body Underestimated 539 (27.2)
Overestimated 349 (16.9)
Father’'s weight status Underweight 236 (12.1)
Normal 1120 (57.2)
Overweight 601 (30.7)
Mother’s weight status Underweight 277 (14.7)
Normal 1122 (59.5)
Overweight 488 (25.9)
House income Low 155 ( 8.0)
Middle 1,241 (63.9)
High 545 (28.1)
The frequency of family < 5 days 899 (43.8)
dinner 5 days or more 1,153 (56.2)
The frequency of food Less than once a week 1,653 (80.6)
delivery service At least once a week 397 (19.4)
The type of food delivery Korean or Japanese food 288 (15.7)
service Chinese food 691 (37.7)
Western food 856 (46.6)
Father’s dietary habits 6.98+2.30 0~10
Mother’s dietary habits 7.54+2.04 0~10
Peer’s dietary habits 6.18+2.05 0~10
Father’'s physical activity 6.86+2.45 0~10
Mother’s physical activity 6.37+2.33 1~10
Peer’s physical activity 6.71+2.33 1~10
SSHE'_family 3.45+0.96 1~5
SSHE'_peer 2.51+1.05 1~5
SSPA?_family 3.02+1.00 1~5
SSPA’ peer 3.10+1.07 1~5

'SSHE: Social Support for Healthy Eating
2SSPA: Social Support for Physical Activity

_40_



g z2b7E &8k stagkd 542 Table 8% #Zth A 5070 stu F FHstart
70%0) 3, FiFEtel A7l 74%E b Wkt HAA g e AT
24.46(x776) MR ow, st A = 2849(£3.17)W ok T Sl U &
T, ASAY 2E e5dd AHY = Har 264(2069)717F e, dA 32%
o] Stuol wiFe] ATk FTaeA A Fsh= HFE FA dEFS H 756.09
(#52.17kcalA o, A Wahf-32 H 20.56(+3.54)go] S tH(Table 8).

Aol Folgk 50709 Fetw F 2%hd AatudaAel] Huwse] e Aee
56% L, 1d Ft Hivt e W8S uFshe AREe W 1.68(£5.12) A1 7kl AT

2 oypel BaE AABE S LR Adets stas 00%gon, vwdy =

R2aHE 2IEta 9 A 28%% 0, i AR A AL madset AAG v
oy RS HAAIG A= 22%0] A tH(Table 8).
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Table 8. School characteristics

(N=50)
Characteristics Categories N (%) Mean+SD Range
Type of establishment Public school 35 (70.0)
Private school 15 (30.0)
Type of school Co-education 37 (74.0)
Boy school 4 ( 80)
Girl school 9 (18.0)
Total number of classes 24.46+7.76 12~50
’I‘;eer acxllae;zge number of students 98494317 213~358
Tf};ecﬂr;;en;ber of school sports 9.64-0.69 1~5
Cafeteria Yes 16 (32.0)
No 34 (68.0)
Calories of food service 756.09+£52.17 664 ~900
The fat content of food service 20.56+3.54 13.9~28.0
Health education in regular Yes 28 (56.0)
curriculum No 22 (44.0)
it the st 12 months L8512 03
Physical activity promotion Yes 45 (90.0)
programs after school No 5 (10.0)
Obesity prevention program Yes 14 (28.0)
No 36 (72.0)
Obesity program in association with ~ Y©€S 11 (22.0)
public health center past year No 39 (78.0)
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Table 9. Community characteristics

(N=25)
Characteristics Mean+SD Range
T};eo ;322221 rl:;?isoic((l);v)elihood security recipients’ 9.0240.72 0.78~3.66
The three major crime rates (%) 63.45+27.79 29.0~154.4
High school or less educated population ratio (%) 41.1948.23 19.86 ~54.02
The number of fast food restaurants 20.04+£9.27 9~52
The number of convenience stores 261.88+106.31 147~660
The number of PC rooms 76.88+25.28 27~139
The number of public sports facilities 110.96+70.09 31~278
The space of public sports facilities (km?) 0.51+0.56 0.10~2.29
The number of bicycle roads 13.92+10.82 1~42
The length of bicycle roads (km) 18.07+14.99 1~66
The per capita neighborhood park space (m?) 5.74+3.58 1.46~18.13
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Table 10. Obesity by intrapersonal characteristics of middle school students

Characteristics Categories ljv(;rigl; tl ng{)vgseiltir ht/ X%/t (p)
Gender Male 790 (44.4) 144 (49.7) 2.773 (.096)
Female 989 (55.6) 146 (50.3)
Age 13 109 ( 6.1 36 (12.4) 15.143 (.001)
14 1,652 (92.9) 251 (86.6)
15 18 ( 1.0) 3 (1.0
ESE! 3.04+0.48 3.05+0.50 -0.086 (.931)
PASE? 3.26+0.92 3.05+0.85  3.746 (<.001)
Breakfast < 5 days 697 (39.6) 135 (46.9) 5.497 (.019)
5 days or more 1,065 (60.4) 153 (53.1)
Late night meal 0 day 604 (34.1) 114 (39.6) 3.273 (.070)
1 day or more 1,167 (65.9) 174 (60.4)
Over eating 0 day 744 (42.0) 88 (30.4) 13.845 (<.001)
1 day or more 1,026 (58.0) 201 (69.6)
Physical activity HEPA® 699 (47.9) 118 (49.6) 0.318 (.853)
(MET-min/week) Minimally active 617 (42.3) 99 (41.6)
Inactive 142 ( 9.7) 21 ( 8.8)
Sedentary time 46652420555 44812419994  1.046 (.296)
(min/day)
Ways of commuting  Walk 1,224 (70.8) 186 (66.4) 2.151 (.143)
Non-walk 506 (29.2) 94 (33.6)
Type of activity Active 709 (46.7) 103 (42.0) 1.824 (.177)
during the break Inactive 810 (53.3) 142 (58.0)
Sleep time < 7 hours 898 (51.0) 153 (563.5) 0.631 (.427)
7 hours or more 864 (49.0) 133 (46.5)
Subjective health Unhealthy 598 (33.9) 173 (60.7) 74.840 (<.001)
status Healthy 1,164 (66.1) 112 (39.3)
Perceived 8th grade 3.93+2.30 4164246 1585 (.113)
syndrome
Perceived stress Little 1,273 (72.0) 185 (64.5) 6.737 (.009)
A lot of 496 (28.0) 102 (355)
Stress relief method Do nothing 219 (16.2) 39 (18.2) 3.809 (.283)
Sleep or cry 320 (23.7) 43 (20.1)
Sing, walk or talk 550 (40.8) 81 (37.9)
Eat or play computer 260 (19.3) 51 (23.8)

games

'ESE: Eating Self-Efficacy
’PASE: Physical Activity Self-Efficacy
SHEPA: Health Enhancing Physical Activity
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(Table 11).

of{ A g} o7zt Ao AFE Hagrtete AeE AFEA dA A H
Hrrehe ASEo v vte] v o] E:kom(X?=53.907, p<.001; X2=28.729, p<.001),
o x| o} ojmu]e] A Po] FHek AA AF w2 A A9 BEA AHET; vt
9] Bl go] =ITH(X2=14.978, p=.001; X2=28343, p<.001). =& AFe]| 49 o]3}
745 @A AGAALE 3 F¢E F 65U oo AT vuke] H&o] E%o
m(X?=5213, p=.022), FR2} HFe AHeolFa Ay AAFTTA B57E v
AR =9rh(t=2.350, p=.019; t=3.138, p=.002; t=2.658, p=.008). AF3]2 A Ao ©j
M= AAEEd e e AARke] AFAFI A 3125, HIRkel A 2.95%
o7 AAAFTAAN FAXE FoetA EATH=2516, p=.012).
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Table 11. Obesity by interpersonal characteristics of middle school students

Normal

Overweight/

. . 2
Characteristics Categories weight Obesity X2/t (p)
Father's perception of Accurate 997 (58.5) 122 (445) 53.907 (<.001)

child’s body Underestimated 407 (23.9) 123 (44.9)
Overestimated 299 (17.6) 29 (10.6)
Mother’s perception of  Accurate 972 (56.8) 125 (45.6) 28.729 (<.001)
child’s body Underestimated 428 (25.0) 111 (40.5)
Overestimated 311 (18.2) 38 (13.9)
Father’'s weight status  Underweight 212 (12.5) 24 (1 9.2) 14.978 (.001)
Normal 989 (58.3) 131 (50.0)
Overweight 494 (29.2) 107 (40.8)
Mother’s weight status  Underweight 249 (15.3) 28 (10.9) 28.343 (<.001)
Normal 994 (61.0) 128 (49.8)
Overweight 387 (23.7) 101 (39.3)
House income Low 128 (7.7 27 (9.8 1.467 (.480)
Middle 1,069 (64.2) 172 (62.5)
High 469 (28.2) 76 (27.6)
The frequency of < 5 days 755 (42.8) 144 (50.0) 5.213 (.022)
family dinner 5 days or more 1,009 (57.2) 144 (50.0)
The frequency of food  Less than once a week 1415 (80.3) 238 (82.6) 0.862 (.353)
delivery service At least once a week 347 (19.7) 50 (17.4)
The type of food Korean or Japanese food 247 (15.7) 41 (16.0) 3.984 (.136)
delivery service Chinese food 581 (36.8) 110 (42.8)
Western food 750 (47.5) 106 (41.2)
Father’'s dietary habits 7.03+2.28 6.68+2.37 2.350 (.019)
Mother’s dietary habits 7.60+2.01 7.19+2.15 3.138 (.002)
Peer's dietary habits 6.23+2.03 5.88+2.14 2.658 (.008)
Father's physical 6.84+2.45 699246 0983 (.326)
activity
Mother's physical 6.37+2.33 6344230 0222 (824)
activity
Peer’s physical activity 6.75+2.33 6.46+2.32 1.954 (.051)
SSHE!_family 3.46+0.97 3.44+0.94 0.268 (.783)
SSHE'_peer 2.52+1.05 2.44+1.04 1.187 (.235)
SSPA? family 3.01+1.00 3.08+0.95 -1.042 (.297)
SSPA? peer 3.12%1.06 2.95+1.07 2.516 (.012)

'SSHE: Social Support for Healthy Eating,
2SSPA: Social Support for Physical Activity
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Table 12. Obesity by school characteristics

Characteristics Categories ?V(::rigl; tl ng;v::ilti’ ht/ X2/t (p)
Type of establishment Public school 1,250 (70.3) 191 (65.9) 2.286 (.131)
Private school 529 (29.7) 99 (34.1)
Type of school Co-education 1,371 (77.1) 206 (71.0) 6.800 (.033)
Boy school 118 ( 6.6) 30 (10.3)
Girl school 290 (16.3) 54 (18.6)
Total number of classes 25.42+7.89 23.76+£7.34 3.538 (<.001)
The average number of 98.94+308 28324292  3.231 (001)
students per class
Tf};ecﬂ?gr;ber of school sports 2.64+0.69 262+0.74 0548 (583)
Cafeteria Yes 580 (32.6) 9% (33.1) 0.028 (.866)
No 1,199 (67.4) 194 (66.9)
Calories of food service 755.36+49.41 755.91£54.99 -0.166 (.868)
The fat content of food 2060£346  20.88+344  -1.039 (299)
service
Health education in regular  Yes 1,016 (57.1) 138 (47.6) 9171 (.002)
curriculum No 763 (42.9) 152 (52.4)
Obesity~related ecucation hours 1.8245.29 1394474 1.207 (.195)
within the last 12 months
Physical activity promotion  Yes 1,606 (90.3) 257 (886)  0.762 (.383)
programs after school No 173 ( 9.7) 33 (11.4)
Obesity prevention program Yes 507 (28.5) 84 (29.0) 0.027 (.870)
No 1,272 (71.5) 206 (71.0)
Obesity program in association vy o 405 (22.8) 4 (152) 8461 (.004)
with public health centers
within the last 12 months No 1,374 (77.2) 246 (84.8)
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Table 13. Obesity by community characteristics

Characteristics ?vzrigl}il nggv::iltgyht/ t (p)
Trheecipire‘ittlsnslpjj;fn j;:f(jﬁggﬁf security 2.01+0.73 200£070 1725 (.085)
The three major crime rates (%) 59.97+23.67 63.08+24.21 -2.066 (.039)
Hrijgo s(i/}sg)ol or less educated population A1.0248.34 A2.88+770 -3556 (<.001)
The number of fast food restaurants 20.10£9.39 18.20+7.66  3.786 (<.001)
The number of convenience stores 261.58+107.70 238.61+85.97  4.060 (<.001)
The number of PC rooms T77.72+22.87 75.03+22.96 1.853 (.064)
The number of public sports facilities 114.57+68.28 101.43+63.38 3.236 (.001)
The space of public sports facilities (km?) 0.54+0.58 0.41+0.47  4.318 (<.001)
The number of bicycle roads 14.54+10.71 12.07+£9.52  4.030 (<.001)
The length of bicycle roads (km) 19.33£15.28 1558+13.26  4.357 (<.001)
The per capita neighborhood park space (m?) 5.41+3.26 5.73+x4.20 -1.227 (.221)
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Table 14. Variables for multi-level analysis

Level of Ecological .
. Variables
analysis factors
Gender, Age,
Intrapersonal Eating Self-Efficacy, Physical Activity Self-Efficacy,
factors Breakfast, Over eating,
Subjective health status, Perceived stress
Father’s perception of child’s body,
Individual Mother’s perception of child’s body,
level Father’'s weight status, Mother's weight status,
(level 1) The frequency of family dinner,
Interpersonal ) . . .
Father's dietary habits, Mother’s dietary habits,
factors ) ) ) o
Peer’s dietary habits, Father’s physical activity,
Mother’s physical activity, Peer’s physical activity,
Family Support for Physical Activity,
Peer Support for Physical Activity
Type of school, Total number of classes,
Institutional o The average number of students per class,
choo
level Health education in regular curriculum,
factors : - o ) .
(level 2) Obesity program in association with public health
centers within the last 12 months
The three major crime rates,
High school or less educated population ratio,
Community i The number of fast food restaurants,
Community
level The number of PC rooms,
factors . -
(level 3) The number of public sports facilities,

The space of public sports facilities,

The number of bicycle roads
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A7 A3 87 540l det Aolsh A& olvata, o AR felal
3+l

Stasl A qAapsl o] gapzh EAFva & = ltk(Table 15).
las

Busker, 1999). & el FEHF= MW {52 RhoE AlAHS
/(0.026+0.127+3.287)=0.0446 1 2.1, o] FTEA Y v U =E Ayl AA EAbe
446%7F A (Eraer A GrLg]) 5 ko] At E AS 9w g

Table 15. Base model(Null model)

Coefficient SE Z P>|Z| 95% CI

Fixed effects
Intercept -1.859 091 -20.54 <.001 -2.037~-1.682

Random effects
LR! test vs. logistic regression

Log likelihood -833.658

X2 (p-value) 9.66 (.008)
Variance (SE)

Community 0.026 0.069 0.000~4.734

School 0.127 0.093 0.030~0.536
ICC*(p)

Community 0076

School 0370

'LR: Likelihood Ratio

2ICC: Intraclass correlation coefficient
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2ob AAAA 2RIl opH Al AFAF A, ofmy A A3
Wy AE, 7SI A AYAAL Rl obH A Aolgd g, oy Aojgd A
T, R AolgH A, 7S] AT AFs A AA, Y A s AP A A A
7 s9ReE FYEAT A FEe] SHRsEe] FY9E 2E 19 Wald chi
square #t< 131.729] 3L, p-valuei= 0.0001X.t} ZFtt}. Wald chi square test®= ¢

-value7} 0.0001E.t} s Ae &

A4 A% p

A= AGAE o dtae] It BAH R FoaA EATS & 5 gk o]
A9 3] FEe] AR 0.071(SE=0.101)°] gal o] AR 0.110(SE=0.119)
Fov xdalg el st ICCE Zzhe] 0.02059F 0.0318°] At} o] FetA el nie

aFENE AFRY, WA 821l AHE(p=.032), AAEE A7) & (p=.022),
H2(p=.021), FHA A3 (p<00Dt oid#A iAol A  AUAFHAA
(p=.001), o} A AP (p=.003), oIHY AP (p=.002), 7}52] NAds ALgA A3
(p<.001), 7-9] AA&E A3|H A A (p=.022)7F EAIA o= Fost 3t

%, o8 Ao nls] FEAl wvke] odds7t 1.468 ok, AlAEE Ay asite] 13
A Z74e wjubh HviRke] oddsE 0.777 Sokth EI 3 S
19 ol & A% uuke] odds7} 1478 =¢kow, F¢4 A
& v s\ F$ winke] odds7t 2583 EQETh EE ol X7} AUA Y-S A EEA
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3 ofmye] Aol vie Ael ol e B AN A% A unke] oddst 27
2.326%} 2.273 =okvh. Wb A A sl Wigk 7hEe] ARlA AA A 134 S
& wjuich BINEY] oddsT 1534 =obxl Wk, o] A A Ax] AeE 184 S
& wjwuio} v Rke] odds7t 0.807 ol
Table 16. Multi-level model including intrapersonal & interpersonal factors
OR SE Z P>|Z| 95% CI
Fixed effects
Intrapersonal factors
Gender (ref: Female)
Male 1.468  0.262 215  .032 1.034~2.083
Age (ref: 13 yrs)
14yrs 0637 0174 -165 099  0.373~1.089
15yrs 0.83% 0616 -024 808 0.197~3.544
Eating self-efficacy 1538 oy (11245 159 113 0.934~1.914
Physical Activity self-efficacy 0.777 0.085 -2.29 022 0.626~0.964
Breakfast (ref: 5 days or more)
< 5 days 1.351  0.223 1.83 .068  0.978~1.867
Over eating (ref: 0 day)
1 day or more 1.478  0.251 230 .021 1.060~2.060
Subjective health status (ref: Healthy)
Unhealthy 2583  0.445 551 <001 1.843~3.619
Perceived stress (ref: Little)
A lot of 1171 0.206 089 372 0.829~1.654
Interpersonal factors
Father’s perception of child’s body
(ref: Accurate)
Underestimated 2.096 0471 3.29  .001 1.350~3.256
Overestimated 0646 0184 -153 125 0.370~1.129
Mother’s perception of child’s body
(ref: Accurate)
Underestimated 1.237 0279 094 347  0.794~1.926
Overestimated 0795 0215 -085 396  0.467~1.351
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Table 16. Multi-level model including intrapersonal & interpersonal factors (continued)

OR SE Z P>|Z| 95% CI

Interpersonal factors
Father's weight status (ref: Underweight)

Normal 1521  0.423 151 132 0.882~2.622

Overweight 2.326  0.665 295  .003 1.328~4.074
Mother’s weight status (ref: Underweight)

Normal 1.315  0.337 1.07 286  0.795~2.174

Overweight 2273 0615 3.03  .002 1.337~3.864
The frequency of family dinner

(ref: 5 days or more)

< 5 days 1.194  0.200 1.06 290  0.860~1.657
Father’s dietary habits 1.000  0.000 089 374 1.000~1.000
Mother's dietary habits 0979 0042 -050 615  0.899~1.065
Peer’s dietary habits 1.000  0.000 -0.48  .628 1.000~1.000
SSPA!_family 1534  0.159 414 <001 1.253~1.879
SSPA!_peer 0807 0076 -228 .022  0.671~0.970
Intercept 0.013 0010 -550 <.001 0.003~0.062
Random effects
LR? test vs. logistic regression

Log likelihood -563.83

X2 (p-value) 6.63 (.036)
Variance (SE)

Community level 0.071 0.101

School level 0.110 0.119
Icc?

Community level .0205

School level .0318
Model fit statistics

Wald test X2(df) 131.72 (23)

p-value <.0001

ISSPA: Social Support for Physical Activity
’LR: Likelihood Ratio

SICC: Intraclass correlation coefficient
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Table 17. Multi-level model including intrapersonal & interpersonal & school factors

OR SE Z P>|Z| 95% CI

Fixed effects

Intrapersonal factors
Gender (ref: Female)

Male 1.463  0.285 1.95  .051 0.999~2.145
Age (ref: 13 yrs)

14yrs 0.662  0.182 -150 134 0.386~1.135

15yrs 0.857 0.629 -021 834 0.204~3.608
Eating self-efficacy 1.349  0.245 165  .099 0.945~1.926
Physical Activity self-efficacy 0.769  0.084 -2.39 017 0.621 ~0.954
Breakfast (ref: 5 days or more)

< 5 days 1.370  0.226 191  .056 0.992~1.893
Over eating (ref: 0 day)

1 day or more 1.448  0.244 219 028 1.040~2.015
Subjective health status (ref: Healthy)

Unhealthy 2531 0434 542 <001 1.809~3.542
Perceived stress (ref: Little)

A lot of 1.185  0.208 097 333 0.840~1.672

Interpersonal factors
Father’s perception of child’s body
(ref: Accurate)
Underestimated 2126 0473 339  .001 1.374~3.288
Overestimated 0646  0.184 -154 124 0.370~1.128
Mother’s perception of child’s body
(ref: Accurate)

Underestimated 1.206  0.272 0.83 405 0.776~1.875

Overestimated 0.773  0.209 -095  .342 0.455~1.315
Father’'s weight status (ref: Underweight)

Normal 1537  0.426 155 121 0.893~2.645

Overweight 2.340 0670 297  .003 1.335~4.102
Mother’s weight status (ref: Underweight)

Normal 1.308  0.333 1.05 292 0.794~2.155

Overweight 2.252  0.607 3.01  .003 1.327~3.821
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Table 17. Multi-level model including intrapersonal & interpersonal & school factors

(Continued)
OR SE Z P>|Z| 95% CI
Interpersonal factors
The frequency of family dinner

(ref: 5 days or more)

< 5 days 1.166  0.195 092 .358 0.840~1.619
Father’'s dietary habits 1.000  0.000 096  .339 1.000~1.000
Mother’s dietary habits 0978  0.042 -0.53 598 0.899~1.063
Peer’s dietary habits 1.000  0.000 -0.32 749 1.000~1.000
SSPA! family 1517  0.156 404 <001 1.239~1.856
SSPA!_peer 0.824  0.077 -2.08  .038 0.686~0.989
School factors
Type of school (ref: Co-education)

Boy school 1.284 0412 078 437 0.684~2.408

Girl school 1.135  0.289 050 618 0.689~1.870
Total number of classes 0988  0.015 -0.81 419 0.959~1.018
The average number of students per class 0.960 0.036 -1.09 276 0.891~1.034
Health education in regular curriculum

(ref: Yes)

No 361 i 0.284 1.79  .073 0.972~1.905
Obesity program in association with public

health center past year (ref: Yes)

No 1.760  0.455 219 029 1.060~2.921
Intercept 0.031  0.037 -290 .004 0.003~0.324
Random effects
LR? test vs. logistic regression

Log likelihood -554.86

X2 (p-value) 0.40 (.821)

Variance (SE)

Community level 0.009 0.089

School level 0.029  0.107
Icc?

Community level .0026

School level .0087
Model fit statistics

Wald test X2(df) 143.99 (29)

p-value <.0001

ISSPA: Social Support for Physical Activity
’LR: Likelihood Ratio

SICC: Intraclass correlation coefficient
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Table 18. Multi-level model including intrapersonal & interpersonal & school &

community factors

OR SE Z P>|Z| 95% CI

Fixed effects
Intrapersonal factors
Gender (ref: Female)

Male 1.444 283 1.8  .061 0.984~2.120
Age (ref: 13 yrs)

14yrs 0.669 84  -146 145 0.390~1.148

15yrs 0.926 689 -0.10 917 0.215~3.978
Eating self-efficacy 1.325 .240 155 121 0.929~1.891
Physical Activity self-efficacy 0.774 08 -2.32 020 0.623~0.961
Breakfast (ref: 5 days or more)

< 5 days 1.375 228 192 055 0.993~1.904
Over eating (ref: 0 day)

1 day or more 1.429 243 210  .036 1.024~1.994
Subjective health status (ref: Healthy)

Unhealthy 2.652 457 566 <001 1.892~3.718
Perceived stress (ref: Little)

A lot of 1.164 .206 086  .390 0.823~1.646

Interpersonal factors
Father’s perception of child's body
(ref: Accurate)
Underestimated 2.073 464 326  .001 1.337~3.216
Overestimated 0.651 A87  -150 135 0.371 ~1.142
Mother’s perception of child’s body
(ref: Accurate)

Underestimated 1.265 287 1.04 299 0.812~1.972

Overestimated 0.756 206 -1.03  .303 0.443~1.288
Father’'s weight status (ref: Underweight)

Normal 1.508 423 146 143 0.870~2.614

Overweight 2.325 670 292  .003 1.321~4.091
Mother’s weight status (ref: Underweight)

Normal 1.372 .352 1.23 218 0.829~2.269

Overweight 2.345 638 313  .002 1.375~3.998

The frequency of family dinner
(ref: 5 days or more)

< 5 days 1.178 198 098 329  0.848~1.637
Father’s dietary habits 1.000 .000 0.83 408  1.000~1.000
Mother's dietary habits 0.989 043 -024 807  0.909~1.077
Peer’s dietary habits 1.000 000 -047 640  1.000~1.000
SSPA!_family 1.536 158 416 <001 1.255~1.880
SSPA'_peer 0.819 076 -214 032  0.682~0.983

_63_



Table 18. Multi-level model including intrapersonal & interpersonal & school &

community factors (Continued)

OR SE Z P>|Z| 95% CI

School factors
Type of school (ref: Co-education)

Boy school 1.010 333 003  .976 0.530~1.926

Girl school 1.023 255 009  .928 0.627~1.669
Total number of classes 0.988 016 -0.75 450 0.957~1.020
The average number of students per class 0.980 041  -0.47 636 0.903~1.064
Health education in regular curriculum

(ref: Yes)

No 1.451 259 209  .037 1.023~2.058

Obesity program in association with public
health center past year (ref: Yes)

No 1.559 .359 193  .053 0.993~2.447
Community factors
The three major crime rates (%) 1.013 .005 231  .021 1.001 ~1.023
H1ghvschool or less educated population 0.992 018 042 672 0.957 ~ 1.028

ratio (%)
The number of fast food restaurants 0.949 021 -231 021 0.908 ~0.992
The number of PC rooms 1.011 .005 2.14 032 1.001 ~1.021
The number of public sports facilities 1.000 .002 0.04 966 0.997~1.004
The space of public sports facilities (km?) 0.643 140 -2.03 042 0.419~0.985
The number of bicycle roads 1.015 016 0.96 336 0.984~1.047
Intercept 0.013 025 -226 .024 0.001 ~0.557
Random effects
LR? test vs. logistic regression

Log likelihood -546.23

X? (p-value) 0.00 (1.000)
Variance (SE)

Community level 499%-13 1.54e-07

School level 4.68e-14 6.38e-08
Icc?

Community level 1.52e-13

School level 0.14e-13
Model fit statistics

Wald test X2(df) 15754 (36)

p-value <.0001

ISSPA: Social Support for Physical Activity
’LR: Likelihood Ratio

SICC: Intraclass correlation coefficient
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Table 19. The three-level, multilevel logistic regression model for overweight/obesity among middle school students

Null Model Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Fixed effect
Intrapersonal factors
Gender (ref: Female)

Male 1.468" 1.034~2.083 1.463 0.999~2.145 1.444 0.984~2.120
Age (ref: 13 yrs)

14yrs 0.637 0.373~1.089 0.662 0.386~1.135 0.669 0.390~1.148

15yrs 0.836 0.197 ~3.544 0.857 0.204~3.608 0.926 0.215~3.978
Eating self-efficacy 1.337 0.934~1.914 1.349 0.945~1.926 1.325 0.929~1.891
Physical Activity self-efficacy 0.777" 0.626 ~0.964 0.769°  0.621~0.954 0.774°  0.623~0.961
Breakfast (ref: 5 days or more)

< 5 days 1.351 0.978~1.867 1.370 0.992~1.893 1.375 0.993~1.904
Over eating (ref: 0 day)

1 day or more 1.478" 1.060~2.060 1.448" 1.040~2.015 1.429" 1.024~1.994
Subjective health status (ref: Healthy)

Unhealthy 2583  1.843~3.619 2531 1.809~3.542 2.652™"  1.892~3.718
Perceived stress (ref: Little)

A lot of 1171 0.829~1.654 1.185 0.840~1.672 1.164 0.823~1.646

_65_



Table 19. The three-level, multilevel logistic regression model for overweight/obesity among middle school students (Continued)

Null Model Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Interpersonal factors
Father’s perception of child’s body (ref: Accurate)

Underestimated 2.096™  1.350~3.256 2.126™  1.374~3.288 2.073™  1.337~3.216

Overestimated 0.646 0.370~1.129 0.646 0.370~1.128 0.651 0.371~1.142
Mother’s perception of child’s body (ref: Accurate)

Underestimated 1.237 0.794~1.926 1.206 0.776 ~1.875 1.265 0.812~1.972

Overestimated 0.795 0.467~1.351 0.773 0.455~1.315 0.756 0.443~1.288
Father’s weight status (ref: Underweight)

Normal 1.521 0.882~2.622 1.537 0.893~2.645 1.508 0.870~2.614

Overweight 2326  1.328~4.074 2.340"  1.335~4.102 2.325"  1.321~4.091
Mother’'s weight status (ref: Underweight)

Normal 1£315 0.795~2.174 1.308 0.794~2.155 1.372 0.829~2.269

Overweight 2.273"  1.337~3.864 2.252"  1.327~3.821 2.345"  1.375~3.998
The frequency of family dinner (ref: 5 days or more)

< 5 days 1.194 0.860~1.657 1.166 0.840~1.619 1.178 0.848~1.637
Father’s dietary habits 1.000 1.000~1.000 1.000 1.000~1.000 1.000 1.000~1.000
Mother’s dietary habits 0.979 0.899~1.065 0.978 0.899~1.063 0.989 0.909~1.077
Peer’s dietary habits 1.000 1.000~1.000 1.000 1.000~1.000 1.000 1.000~1.000
Social Support for Physical Activity_family 1.534™  1.253~1.879 15177 1.239~1.856 1.536™  1.255~1.880
Social Support for Physical Activity_peer 0.807" 0.671~0.970 0.824" 0.686 ~0.989 0.819" 0.682~0.983
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Table 19. The three-level, multilevel logistic regression model for overweight/obesity among middle school students (Continued)

Null Model Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

School factors
Type of school (ref: Co-education)

Boy school 1.284 0.684~2.408 1.010 0.530~1.926

Girl school 1.135 0.689~1.870 1.023 0.627~1.669
Total number of classes 0.988 0.959~1.018 0.988 0.957~1.020
The average number of students per class 0.960 0.891~1.034 0.980 0.903~1.064
Health education in regular curriculum (ref: Yes)

No 1.361 0.972~1.905 1.451" 1.023~2.058
Obesity program in association with public health centers within

the last 12 months (ref: Yes)

No 1.760 1.060~2.921 1.559 0.993~2.447
Community factors
The three major crime rates (%) 1.013" 1.001 ~1.023
High school or less educated population ratio (%) 0.992 0.957~1.028
The number of fast food restaurants 0.949"  0.908~0.992
The number of PC rooms 1.011* 1.001 ~1.021
The number of public sports facilities 1.000 0.997~1.004
The space of public sports facilities (km?) 0.643" 0.419~0.985
The number of bicycle roads 1.015 0.984~1.047
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Table 19. The three-level, multilevel logistic regression model for overweight/obesity among middle school students (Continued)

Null Model Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Intercept -1.859""  -2.037~-1.682 0.013™"  0.003~0.062 0.031™  0.003~0.324 0.013" 0.001 ~0.557
Random effects
LR! test vs. logistic regression
Log likelihood -833.658 -563.83 -554.86 -546.23
X? (p-value) 9.66 (.008) 6.63 (.036) 0.40 (.821) 0.00 (1.000)
Variance (SE)
Community level 0.026 0.069 0.071 0.101 0.009 0.089 4.99¢-13 1.54e-07
School level 0.127 0.093 0.110 0.119 0.029 0.107 4.68e-14 6.38¢-08
ICC?
Community level .0076 .0205 .0026 1.52e-13
School level .0370 .0318 .0087 0.14e-13
Model fit statistics
Wald test X*(df) 131.72 (23) 143.99 (29) 157.54 (36)
p-value <0.0001 <0.0001 <0.0001

1R: Likelihood Ratio, 2ICC: Intraclass correlation coefficient

" pP<05 T P<01, T P<001
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B | Jlorge Mota =jmota@fade.up.pr>

=l ¥r 2085-0F-20 (@) S LLLS
- SRR AL B REaN

Hi ki
Thank you for contact mee. Mo probiems at ail. Please go ahead and good huck for your study. 1700 be
glad if you keep me updated Shaut your P8 Hers progress.

Al the Best
Jonge PActa

Frorme 2 == 21 | 2 4 2 223 AL =B B D) (oneilto:] 21 3500 HEE @yushs. ac]
Sent: sexta-feira, 20 de Margo de 2015 13:08

To:o borge RAota

Cor Zf =S (2 SPE A S BE )

Subject: Permaission to uss "Environmenial assessment scakes"

Crmar Jorge hots

1 am Suhee Kim a PhD student of Yomsel University College of Mursing, preparing a doctoral
AVETerIation aboul “Predctors of obesity among middile school students™.

1 arm writing this e-mail 1o ask for your perméssion o use = i scales™
that yow wsed in your jouwrnasl “Perceived neighborhood environments and physical activity in
LE S icine, 41 834-835h

I yous have any concern: o giving e the pecression or need more nformation akbowt my study,
[ dantt i o o

This 5 oy Contact inferimathesn

Plarme: WEm. Suleee,
E-rwuaill z 1213 [ TWT S

Thank you so for resding this E-mail. [ Rope | QO yOur aniuwer Soosmn,
Sincerely pours.

Manch 20, ZOLS
SUHEE KIM, RF., MSM
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=YY Y= 29

pAL -1 (Pl gk e PRS- Eigny)
SLE WL 2015-03-20 () 2F 847
gsph@snu.ac, kr
LLHRTDTA AW

orgsige?

HE GHOTR PROBE YANYA UE YU

CHEO| Ot} 1998UE MEGER RAGRE LB RADTLE BET HLH Mool A
Hg Bolcug,

HaW MUWo] 4u Bel =R0| ST "ofEo| 4o| N/ EEY STF NESHED HYF L7
FEYUCH

ZaTUCE

=3 B

!l Permission to use "Exercise Self-Efficacy Scales”

H T == = A 2 SH w5 0E)

= 2015-03-20 (&) 2% 9001
Boss Marcus@brown, edu
Rk Ll - e BN Lt gnl o)

Deear Bess H barcus

I am Suhee Kim, a FhD student of Yonsei University College of Mursing, preparing a doctoral
dissertation about “Predictors of obesity among meddie school students™

I am writing this e-mail to ask for your permission to use “Exercise Self-Efficacy Scales™ that you
used in your journal “Self-efficacy and the stages of exercise behavior change™ (Research Quarterhy
for Exercise and Sport, 63(1), 60-66). I've got the Korean wersion of it

If youu hawe any concerns to giving me the permission or nesd more mformation about my study,
please don't hesitate 1o contact me.

This iz iy contact informaton,

Mo Kim., Subee.
E-mail : 121 3su-heedbyuhs.ac

Thank you so for reading this E-mail. [ hope [ get your answer soon.
Simcerely yours_

Bdarch 20. 2015
SUHEE KIM, RN, PSP
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'| Permission to use "Social support for healthy eating scales” and "Social suppart for
Y| wunhealthy eating scales”

-l (el - - BN = Loign )

=Ll T 2015-03-20 (R 2K 920

woe s amandafitzgesald@ucd, ie

= RS BE A A

Dear Amanda Fitzgerald

I am Suhee Kim, a PhD student of Yonses University College of Mursing. preparing a doctoral
dissertation about “Predictors of obesity among rmiddie school students”.

I am writing this @-mail to ask for your permission to wse "Soddal support for healthy eating
scales” and “Social support for unhealthy eating scales™ that you used in your journal “Seli-
efficacy for healthy sating and peer support for unhealthy eating are assofiated with adolescents”
food ntake patterns” (Appetite, 63, 48-58)

if you hawve any concerns to ghing me the permission or need more information about my study,
please dont hesitate to contact me.

This i my contact information,

Mame: Kim, Subee.
E-mail : 121 3su-heedyuhs.ac

Thank you $0 for reading this E-mail, | hope | get your answer $0on,
Simocerehy yours.

March 20, 2015
SUHEE KIM, RM, MSH
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ABSTRACT

Predictors of obesity among middle school students: An

ecological approach

Kim, Suhee
Dept. of Nursing
The Graduate School

Yonsei University

Background

Obesity is a global health problem since it not only is one of the major risk
factors for diabetes, cardiovascular diseases, cancers and many other chronic
diseases but also grows very rapidly (World Health Organization [WHOIJ, 2014). In
particular, obesity during childhood and adolescence increases the incidence of
early death and developing complex diseases during adulthood (Reilly & Kelly,
2011); in addition, it seems to cause psychosocial issues such as negative body
image and low self-esteem as well as bullying; therefore, obesity should be
controlled (Brixval, Rayce, Rasmussen, Holstein, & Due, 2012; Chung & Lee, 2011).

According to the national youth obesity survey conducted through the Korea
Youth Risk Behavior Web-based Survey (KYRBWS), middle school obesity rates
have increased from 6.6% in 2008 to 8.0% in 2014, where male obesity rates
(10.8%) were almost twice as high as female obesity rates (4.9%) among middle
school students in 2014 (Korea Centers for Disease Control and Prevention
[KCDC], 2014). The national youth obesity is largely increasing and recently

severe obesity among 20 - 30 year olds has been increasing, which emphasizes the
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necessity of controlling obesity in earlier ages (Ko, 2014. 9. 15). In particular, the
increase in the rate of obesity is higher in middle school students than in
elementary school students. According to the obesity rates reported by student
health inspection statistics for the last 5 years (2010 -2014), while the rate of
obese students in elementary school has increased 0.66% from 19.94% in 2010 to
20.60% in 2014, the rate of obese students in middle school has increased 1.79%
from 19.31% in 2010 to 21.10% in 2014 (Korea Health Promotion Foundation, 2015).
The sharp increase in the rate of obesity among middle school students
necessitates the identification of the factors responsible for this outcome.

For an effective middle school obesity intervention, a diversity of factors should
be clarified systematically. A middle schooler is an individual who abides in a
family, has peer groups, and attends a school; therefore, we need to inspect
environments where an individual is interacting as well as personal traits that
critically influence obesity. Based on an ecological model, human behavior is not
only a product of one’s thoughts and beliefs but also of the diverse environmental
factors; therefore, in order to understand behavior, environmental factors and
interactions should be considered. Moreover, when conducting an intervention to
change human behavior, strategic guidelines that lead to changes in environmental
factors should be emphasized (McLeroy, Bibeau, Steckler, & Glanz, 1988).

Majority of prior research on causes of obesity have dealt with personal factors
such as gender, age, stress, eating habits, and physical activities (Hart, Cairns, &
Jelalian, 2001, Kang et al., 2006; Kim, Im, Yim, Park, & Hong, 2007), and the
relevance of interpersonal factors such as family obesity history, family income,
and social influence of family and friends on obesity have been verified (Davison
& Birch, 2001; Guillaume, Lapidus, & Lambert, 1998, Kang et al., 2006; Keresztes,
Piko, Pluhar, & Page, 2008). In addition, recently, social and environmental changes

that lead to high-fat high-calorie eating habits and decrease of physical activities
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have been suggested as the main factors for the increase of obesity rates
(Kumanyika, Jeffery, Morabia, Ritenbaugh, & Antipatis, 2002). Research focusing
on the relationship between physical activity and local parks and sports facilities
(Cohen et al., 2006) as well as in elucidating the relationship between obesity and
community unemployment rate, income level and education level (Janssen, Boyce,
Simpson, & Pickett, 2006) has been conducted. However, studies focusing on the
ecological aspects of obesity are scarce. In Korea, Kim, Lee et al. (2012) verified
the factors influencing obesity, including personal, interpersonal and institutional
ones, in elementary fifth and sixth graders. Compared to elementary schoolers,
middle schoolers regard the relationship with peers as more important than the
one with family members, and academic achievements are considerable concerns to
them (Kim, Lee et al, 2007). In particular, middle schoolers eat outside when
attending Hakwon (a for-profit private academy in Korea), and spend quite some
time with peers after school; therefore, institutional factors in the school and
community factors outside the school should be elucidated in order to provide the
foundations upon which middle school obesity management guidelines can be
established.

Based on the ecological model offered by McLeroy et al. (1988), this study
aimed to identify specific factors influencing middle school obesity, including
intrapersonal, interpersonal, institutional, and community factors; and the effect size
of each environmental level for understanding the multi-level influence on middle

school obesity.

Conceptual Framework

The conceptual framework of this study is based on the multi—tiered ecological

model that McLeroy et al. (1988) offered by integrating personal and
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environmental factors influencing health behavior. The framework is constituted of
4  factors influencing middle school obesity; intrapersonal, interpersonal,
institutional, and community factors (Figure 1).

In this study, intrapersonal factors affecting middle school obesity included
demographic characteristics (Davison & Birch, 2001, Hassink, 2009), health and
beliefs (Kegler, Swan, Alcantara, Feldman, & Glanz, 2014; Stevens, 2010), health
behavior (Davison & Birch, 2001; Ebbeling, Leidig, Sinclair, Hangen, & Ludwig,
2003; Hassink, 2009; Thompson et al, 2003) and heath condition; interpersonal
factors included family characteristics (Davison & Birch, 2001, Hassink, 2009;
Kegler et al, 2014, Keresztes et al., 2008; Schmitz et al., 2002; Taveras et al,
2005), family support (de Farias Junior, Florindo, Santos, Mota, & Barros, 2014;
Kegler et al, 2014), and friends’ characteristics (Keresztes et al., 2008), and support
(Beets, Vogel, Forlaw, Pitetti, & Gardinal, 2006; de Farias Junior et al., 2014).
institutional factors were general school -characteristics, school facilities, the
amount of food service at school (Luepker et al., 1996), school curriculum and
programs; and community factors included social and physical environments of the
school district (Galvez, Pearl, & Yen, 2010; Gilliland et al, 2012; Neshit, Kolobe,
Sisson, & Ghement, 2014).

Methods

Design and sample

A cross-sectional descriptive study design was used in this study. The study
subjects were the second grade students of middle school in Seoul. The
self-reported eligibility criteria included the following: (a) students who agree to
participate in research and can communicate, (b) don’t have diseases including

thyroid dysfunction, diabetes mellitus, heart disease, and growth hormone
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deficiency that may have affected their weight status, (c) don’t have a lot of
muscle mass as athletes. In order to define the school environment, school nurses
who agreed to participate in research were included.

The calculation results of a sample of multilevel analysis using R MLPowSim
program, for which 30 people per school (level 1) were surveyed in two schools
from each area (level 2) out of 25 areas (level 3) showed a study power of 0.947
(Browne, Lahi, & Parker, 2009). In order to collect individual-level data, a survey
was conducted in 2,766 second grade students and school nurses of 50 middle
schools; of these, 2,617 questionnaires were returned (response rate, 94.6%). The
responses to 25 questionnaires were discarded because of disagreement; 46
questionnaires were discarded because of disease that may have affected weight
status; 49 questionnaires were discarded because of athletes; and 317
questionnaires were discarded because of missing data on the main variables. In
addition, 95 underweight individuals were excluded because the study was
conducted to compare normal weight and overweight/obesity group. Finally, the
number of adolescents in the analytic sample was 2,069, from 50 schools in 25

communities.

Measures

1. Obesity

The height and weight measurements of middle school students were
self-reported. Using the 2007 Korean National Growth Chart (Korean Center for
Disease Control and Prevention & The Korean Pediatric Society [KCDC & KPS],
2007), middle school students were categorized based on their BMI calculated as
weight/height squared (kg/m?). Obesity was defined as a BMI at or above the
95th percentile, and overweight was defined as a BMI at or above the 85th

percentile and below the 95th percentile for adolescents of the same age and sex.
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Normal weight was defined as at or above the 5th percentile and below the 85th
percentile, and underweight was defined as below the b5th percentile for
adolescents of the same age and sex. In addition, regardless of the percentile,
obesity was determined by a BMI of 25kg/m?® In this study, the underweight
group was excluded and the overweight group was categorized into the "obesity”

group in order to compare normal weight and overweight/obesity groups.

2. Intrapersonal factors

For the intrapersonal factors, the demographic characteristics (gender and age),
health beliefs (eating self-efficacy and physical activity self-efficacy), health
behavior (breakfast, late night meal, overeating, physical activity, sedentary time,
ways of commuting, type of activity during the break, and sleep time), and health
status (subjective health status, perceived 8th grade syndrome, perceived stress,

and stress relief method) were measured.

(1) Eating Self-Efficacy (ESE)

ESE was measured by using a modified version of the method reported by Parcel
et al. (1995) and Clark, Abrams, Niaura, Eaton and Rossi (1991), translated into
Korean and modified by Choi (1998). There were 18 items, 5 measuring general
eating habits, 4 for food choice, 6 for the surrounding environment causing
overeating, and 3 for negative emotions causing overeating, rated on a 4-point
scale from 1 to 4; higher scores indicated higher levels of ESE. Choi (1998)
reported Cronbach’s a as .86 and Cronbach’s a in this study was .895. Cronbach’s
a in this study were .714, .766, .836, and 911, for general eating habits, food
choice, overeating caused by the influence of the environment, and negative

emotions causing overeating, respectively.
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(2) Physical Activity Self-Efficacy (PASE)

PASE was measured by using a modified version of the method reported by
Marcus, Selby, Niaura and Rossi (1992), translated into Korean and modified by
Lee and Chang (2001). Five items were rated on a 5-point scale from "not at all
confident = 1” to "very confident = 5”; higher scores indicated higher levels of
PASE. Marcus et al. (1992) reported the test-retest reliability of this instrument to
be .90, and Lee and Chang (2001) reported Cronbach’s a to be .75. Cronbach’s a

in this study was .863.

(3) Physical activity and sedentary time

International Physical Activity Questionnaire (IPAQ) was used to identify the level
of participants’ physical activity (PA) and sedentary time. The IPAQ short form
(SF) had seven items and was publicly available for use without permission
(http://www.ipag.ki.se). Oh, Yang, Kim, and Kang (2007) tested the validity and
reliability of the Korean version of IPAQ-SF and reported moderate reliability,
with a Spearman Rho value range of 0.427~0.646 (median: 0.542) and Kappa value
range of 0.365~0.620 (median: 0.471). Using the IPAQ Research Committee’s
(2005) IPAQ scoring protocol, the score of Metabolic Equivalent Task
(MET)-minutes/week was calculated to arrive at a continuous PA variable and
PA was divided into 3 groups by PA level cutoff; health-enhancing physical
activity (HEPA), minimally active, and inactive groups. Sedentary time was
calculated using the IPAQ question inquiring sedentary hours of the last 7 days
referring to the average amount of sitting hours (minutes) per day for study or

leisure at school and at home.

3. Interpersonal factors

For the interpersonal factors, family characteristics (parents’ perception of child’s
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body, parents’ weight status, house income, the frequency of family dinner, the
frequency of food delivery service, the type of food delivery service, and parents’
dietary habits and physical activity), peer characteristics (peer’s dietary habits and
physical activity), family support (family support for healthy eating and physical
activity), and peer support (peer support for healthy eating and physical activity)

were measured.

(1) Parents’ perception of the child’s body

Adolescents were shown the questions concerning the parents’ perception of the
child’s body (e.g. My father/mother thinks that my body is ..) and answers
(underweight, normal, overweight, and obesity). Comparing the responses to these
questions with their actual BMI percentile, this perception was classified as

"underestimated,” "accurate,” or "overestimated.”

(2) Social Support for Healthy Eating (SSHE)

SSHE was measured by using a modified version of the method developed by
Stanton, Green and Fries (2007), modified by Fitzgerald, Heary, Kelly, Nixon and
Shevlin (2013). Since there was no Korean translation version available, it was
translated from English into Korean first and then reviewed by three experts
before use. Four items were rated on a 5—point scale from "not at all = 1" to
"strongly agree = 5”; higher scores indicated higher levels of SSHE. Fitzgerald et
al. (2013) reported Cronbach’s a for parent/s as .73, and for peers as .78. In this

study, Cronbach’s a was .888 for parent/s and .951 for the peer.

(3) Social Support for Physical Activity (SSPA)

SSPA was measured using a modified Social Support and Exercise Survey

instrument of Sallis, Grossman, Pinski, Patterson and Nader (1987), modified by
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Roh, Lee, Lee and Kim (2012). Six items were rated on a 5-point scale from "not
at all = 1" to "strongly agree = 5”; higher scores indicated higher levels of SSPA.
Sallis et al. (1987) reported Cronbach’s a as .91 for family, and .84 for peers. Roh
et al. (2012) reported Cronbach’s a as .93, for family and .93 for colleagues. In

this study, Cronbach’s a was .924 for family, and .948 for the peer.

4. Institutional factors

For the institutional factors, general characteristics of school, facilities and food
service, and curriculum and program were measured by school nurses survey and
the data of Seoul Metropolitan Office of Education. General characteristics of the
schools including type of school establishment, type of school, total number of
classes, and the average number of students per class were recorded in the 2014
Middle School Fact Sheet (Seoul Metropolitan Office of Education, 2014). Facilities
and food service (number of school sports facilities, cafeteria, calories of food
service, the fat content of food service) and curriculum and program (the absence
or presence of health education in regular curriculum, obesity-related education
hours within the last 12 months, physical activity promotion programs after school,
obesity prevention program, obesity program in association with public health

centers within the last 12 months) were evaluated via a school nurses survey.

5. Community factors

Social and physical environments of the area where the selected school was
located were measured by the data of Statistical Office, Seoul Statistics, National
Tax Statistics, and internet homepage for the determination of community factors.
The national basic livelihood security recipients’ population ratio (Seoul Statistics,
2014a, 2014b), the three major crime rates (Jo, Back, & Kim, 2013. 8. 23), and

high school or less educated population ratio (Statistical Office, 2010) were

- 149 -



measured for the assessment of the social environment in the area. The number of
fast-food restaurants and convenience stores, the number of PC rooms, the
number and space size of public sports facilities, the number and length of bicycle
roads, and the per capita neighborhood park space were measured for the
assessment of the physical environment in the area (National Tax Statistics,

2015a, 2015b; Seoul Statistics, 2013a, 2013b, 2014c).

Data collection procedures
This study was approved by the Institutional Review Board of Yonsei University,
College of Nursing (IRB 2015-0011-4). The questionnaire was pilot tested with 30
students and three school nurses to ensure comprehensibility of the questionnaire.
Twenty of the students returned the questionnaires (response rate, 66.7%) and the
time needed to complete the survey was an average of 15 minutes. Minor
revisions were needed to improve understanding of the items and response rates.
Data collection was conducted from June to September 2015. One to three
middle schools were selected in each of 25 Gus (local government district) in
Seoul, and 1 to 3 classes in each selected school were further selected for
analysis. Approval for data collection was obtained from the principal and school
nurse of each participating school. The researcher or research assistants who
underwent training about this study explained the purpose of the study during
homeroom and stated that participation was voluntary. Students received a
document of explanations (for student and guardian), agreements (for student and
guardian), a questionnaire, and a gift. Students were asked to complete and return
the questionnaire and agreements (for student and guardian) within one week. In
the case of schools where a researcher could not visit in person, a school nurse or
class homeroom teacher explained the purpose of the study, and questionnaires

were conducted. Questionnaires for school nurses, which were used to assess the
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schools’ environmental factors, were administered on the same day of student

survey.

Data analysis

We wused descriptive statistics to identify the distribution of BMI and the
demographic characteristics, and Chi—square tests and independent t-test to assess
the associations between the ecological factors and adolescent overweight/obesity
using SPSS 21.0.

Multi-level logistic regression analysis was used to identify the effects of
individual-level, school-level and community-level factors on adolescent
overweight/obesity using "xtmelogit” commands in the STATA/IC 13.1 software
package. In this study, the intrapersonal and interpersonal factors were first-level
(individual-level) covariates, school characteristics were second-level (school-level)
covariates, and community characteristics were third-level (community-level)
covariates. The dependent variable was the overweight/obesity status (1 =
overweight/obesity, 0 = normal weight).

Initially, we established the empty/unconditional model (null model) without any
explanatory variables. The empty model was used to determine how variations in
adolescent overweight/obesity could be contributed by the three different levels:
adolescent’s individual, school and community levels. Next, the conditional models
were estimated in Models 1, 2 and 3. In Model 1, the adolescent’s individual-level
variables were included as predictors in a series of multilevel logistic regression
model. In Model 2, the adolescent’s individual-level and school-level variables
were included and finally, in Model 3, the adolescent’s individual-level,
school-level and community-level variables were included. The aim of the
conditional model was to identify the variations in adolescent overweight/obesity

between schools and communities after controlling the adolescent’s individual,
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school and community variables. The intraclass correlation coefficient (ICC) was
used to assess the effect of the school and community contexts on adolescent

overweight/obesity, adjusted for adolescent’s individual and school variables.

Results

Demographic characteristics

Among 2,069 study participants, 45.1% were male, and 92.0% were 14 years old.
The mean (SD) BMI of study participants was 20.37 (£3.13) in the range 15.81 -
39.59. Obese middle school students made up 7.8% of the participants whereas

6.296 were overweight, and 86.0% were normal weight (Table 1).

Association between ecological factors and obesity

The overweight/obesity by intrapersonal characteristics of middle school students
showed statistically significant differences in age (X?=15.143, p=.001), physical
activity self-efficacy (t=3.746, p<.001), breakfast (X2?=5.497, p=.019), overeating
(X?=13.845, p<.001), subjective health status (X?=74.840, p<.001), and perceived
stress (X?=6.737, p=.009) (Table 2).

The overweight/obesity by interpersonal characteristics of middle school students
showed statistically significant differences in the father’s perception of the child’s
body (X2=53.907, p<.001), mother’s perception of the child’s body (X?=28.729,
p<.001), father's weight status (X®=14.978 p=.001), mother's weight status
(X?=28.343, p<.001), the frequency of family dinner (X?=5.213, p=.022), father’s
dietary habits (t=2.350, p=.019), mother’'s dietary habits (t=3.138, p=.002), peer’s
dietary habits (t=2.658, p=.008), and peer support for physical activity (t=2.516,
p=.012) (Table 3).

The overweight/obesity by school characteristics showed statistically significant
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differences in type of school (X2=6.800, p=.033), total number of classes (t=3.538,
p<.001), the average number of students per class (t=3.231, p=.001), health
education in regular curriculum (X%=9.171, p=.002), and obesity program in
association with public health centers within the last 12 months (X?=8.461, p=.004)
(Table 4).

The overweight/obesity by community characteristics showed statistically
significant differences in the three major crime rates (t=-2.066, p=.039), high
school or less educated population ratio (t=-3.556, p<.001), the number of fast food
restaurants (t=3.786, p<.001), the number of convenience stores (t=4.060, p<.001),
the number of public sports facilities (t=3.239, p=.001), the space of public sports
facilities (t=4.318, p<.001), the number of bicycle roads (t=4.030, p<.001), and the
length of bicycle roads (t=4.357, p<.001) (Table 5).

Predictors of obesity among middle school students

Among the ecological factors, the variables that showed statistically significant
associations with overweight/obesity of middle school students at a significance
level of 0.05 and variables that showed significant associations in previous studies
(gender, eating self-efficacy, and family support for physical activity) were
included for the multilevel analysis. In addition, the number of PC rooms that we
aimed to investigate in this study was included. However, the number of
convenience stores and the number of bicycle roads were excluded because
multicollinearity was identified (VIF>10).

The estimated results of the three-level model, with school and community
variations for adolescent overweight/obesity, and the estimated effects of the
explanatory variables were presented in Table 6. The p-values for the Wald
Chi-square test (fixed effect parameters) in Models 1, 2 and 3 were less than

.0001, which indicated that significant amounts of variance in the adolescent
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overweight/obesity were accounted for by the explanatory variables in the model.

From random effect parameters, the p-values for the likelihood-ratio were less
than .05 for Null model and Model 1; these results indicated that the proportion of
variation in adolescent overweight/obesity varied significantly by school and
community. In Null model, the estimated variances in  adolescent
overweight/obesity were 0.127 (SE=0.093, ICC=.0370) at the school level and 0.026
(SE=0.069, ICC=.0076) at the community level. In Model 1, after adjusting for the
adolescent’s individual-level factors, the total remaining variance in adolescent
overweight/obesity was 0.110 (SE=0.119, ICC=.0318) at the school level and 0.071
(SE=0.101, ICC=.0205) at community level. In Models 2 and 3, after adjusting for
the adolescent’s individual-level and school-level factors, the unexplained
school-level and community-level variation was reduced (p>.05). However, in
Model 2, because ICC of school and community level were still .0087 and .0026,
respectively, it indicated the need to build Model 3 to account for differences
between communities. Finally in Model 3, ICC of school and community level were
nearly 0; these results indicated that individual, school, and community level
variables were sufficient to explain adolescent overweight/obesity.

According to the results of individual level’s fixed effect on Model 3, physical
activity self-efficacy (odds ratio [OR]=0.774, p=.020), overeating (OR=1.429, p=.036),
and subjective health status (OR=2.652, p<.001), which are intrapersonal factors;
and the father’s perception of the child’s body (OR=2.073, p=.001), father’s weight
status (OR=2.325, p=.003), mother's weight status (OR=2.345, p=.002), family
support for physical activity (OR=1.536, p<.001), and peer support for physical
activity (OR=0.819, p=.032), which are interpersonal factors, were significant. When
examining the fixed effect of the school level, health education in regular
curriculum (OR=1.451, p=.037) was significant, and when examining the fixed

effect of the community level, the three major crime rates (OR=1.013, p=.021), the
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number of fast food restaurants (OR=0.949, p=.021), the number of PC rooms
(OR=1.011, p=.032), and the space of public sports facilities (OR=0.643, p=.042)
were significant. Although it was not statistically significant at a significance level
of .05, the likelihood of overweight/obesity was higher in men than in women
(OR=1.444, p=.061). Students having breakfast 4 days or less per week had a
higher likelihood of overweight/obesity than 5 days or more per week (OR=1.375,
p=.055), and schools without obesity program in association with public health
centers within the last 12 months had a higher risk of overweight/obesity than
schools with obesity program in association with public health centers within the

last 12 months (OR=1.559, p=.053).

Discussion

In comparison to previous understanding where personal role and responsibility
were emphasized, the influence of the ‘environment’ on the increase in youth
obesity has been a growing concern due to the increase in youth obesity. In other
words, the fact that youth obesity is affected not only by intrapersonal factors but
also by diverse environments surrounding the youth, such as family, friends,
school, and community is emphasized. Therefore, in this study conducted for the
first time in Korea, environmental factors influencing youth obesity, including
school and community characteristics, were investigated. This study aimed to
emphasize the importance of creating healthy environments for the management of
obesity in the youth and to suggest a specific direction for developing multilevel

intervention programs in the future.

Obesity of middle school students

In this study, obesity was defined based on the Age Gender BMI percentiles of
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2007 Korean National Growth Charts. As a result, obesity rates and overweight
rates were 7.8% and 6.2%, respectively. Accordingly, including overweight, obesity
rates were 14%. Middle school second graders’ obesity rates above overweight
were 14.1% (KCDC, 2014) in the KYRBWS of 2014 and were 14.6% in Korean
Children and Youth Panel Study (KCYPS) (Bae & Ryou, 2015). In addition,
according to student health inspection statistics report measuring students’ actual
height and weight, middle school second graders’ obesity rates above overweight
were 21.9% (Korea Health Promotion Foundation, 2015); in Texas, obesity rates
were investigated in 2,826 eighth graders, which showed that 19.2% were obese
with BMI in the 95" percentile or more defined by CDC (Springer et al., 2015).
Although the obesity rates of American youth were considerably higher compared
to the obesity rates of Korean youth, obesity rates including overweight Korean
youth are 22% among middle school second graders, which is not a negligible
number. Including this study, both the KYRBWS and KCYPS adopted
self-reporting format showing lower obesity rates compared to student health
inspection statistics report where students’ actual height and weight were
measured. This study covers youth residing in Seoul area and the middle school
second graders’ obesity rates of this study seem to be a bit lower or similar

compared to nationwide surveys such as the KYRBWS and KCYPS.

Intrapersonal factors

This study shows that the intrapersonal factors influencing obesity are gender,
physical activity self-efficacy, breakfast, overeating, and subjective health status. It
was shown that, boys rather than girls, those who have low physical activity
self-efficacy, have less than 4 breakfasts a week, overeat more than once a week,
and show negative subjective health status were likely to be obese.

Consistent with prior research, the results of this study indicate that the
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likelihood of boys becoming obese is higher than that of girls (Jee & Kim, 2013;
Lee & Yi, 2015; Park, 2015, Springer et al.,, 2015). Datar, Shier and Sturm (2011)
explained that compared to boys, girls gain their physical maturity earlier than
boys, which might be the reason for a lower rate of BMI increase in the middle
school. Lee and Yi (2015) stated that compared to boys, girls take higher interest
in appearance and body and so have more chances of managing themselves, which
may decrease their obesity rates. Park (2015) also argued that the perception of
weight and its management differs between boys and girls because as a society
evolves, women tend to have a negative perception of obesity rather than men.
Therefore, gender differences on adolescent obesity should be understood in terms
of differences in developmental factors, physical activities, eating habits, and
perceptions on weight according to gender as well as social climate that values
appearance. In addition, since different factors affect the obesity of boys and girls
(Govindan, et al., 2013), obesity prevention management policy and programs
considering these differences are required.

Physical activity self-efficacy is the certainty with which one can continue to
perform a physical activity in a special circumstance. In this study the higher the
physical activity self-efficacy one had, the more unlikely he was to be obese.
Prior studies reported that when one has higher physical activity self-efficacy,
he/she gets more involved in physical activities and for the management of
obesity, developing physical activity self-efficacy is a highly effective way (Lee &
Kim, 2015). Consistent with previous studies, statistical analysis on physical
activity self-efficacy and physical activity measured by IPAQ showed an
informative amount of correlation in this study, further emphasizing the necessity
of developing programs that promote physical activity and physical activity
self-efficacy.

This study showed that compared to having breakfast 5 times a week, those
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who have breakfast less frequently have higher chances of being obese. In relation
to this, as determined by KYRBWS, there was no informative difference in terms
of obesity and statistics between those having breakfast more than three times per
week and those having breakfast less than three times per week (Jee & Kim,
2013). In the study of middle school students and youth in the ChungNam, the
correlation between obesity and the frequency of having breakfast did not show
informative differences (Kim, Seo, Choi, & Kim, 2012; Seo et al., 2008). However,
in relation to the correlation between breakfast and obesity, 16 studies performed
by including European youth showed that when breakfast was skipped, BMI
increased (Szajewska & Ruszczynski, 2010). As above, studies on the correlation
between breakfast and obesity are not consistent. However, in a study on
nutritional status concerning breakfast consumption of 12 - 18-year-old youth,
those having breakfast had a variety of food intake, high density of the vegetable
protein and vegetable intake of calcium, and significantly low fasting blood glucose
levels compared to breakfast skippers (Bae, 2013). This study shows that although
skipping breakfast is not a direct cause of obesity, it causes nutritional quality of
youth to suffer and leads to an increase of other high-calorie snacking; therefore,
it is suggested that regular breakfast can decrease the risk of obesity.

This study showed that overeating more than once per week increased the
chance of obesity. Prior studies showed that overeating, eating a lot at once as
well as eating until full increase the odds of obesity by 2.5 times (Seo et al,
2008). Identifying the causes and degree of overeating and the correlation between
obesity and overeating, as well as developing programs to guide healthy eating
habits are needed in the future.

Consistent with previous studies, this study showed a high risk of obesity in
youth perceived to have a bad subjective health status. Jee and Kim (2013) argued

that when subjective health status is good, it has a positive influence on
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implementing a healthy lifestyle, which leads to a decrease of obesity. On the
other hand, a study on American adults showed that obesity has a negative
influence on subjective health status (Okosun, Choi, Matamoros, & Dever, 2011).
Unlike objective health condition assessed by the medical staff, subjective health

status and obesity influence each other.

Interpersonal factors

In this study, interpersonal factors that affect youth obesity are father's perception
of the child’s body, parents’ weight status, and family’s and friends’ social support
for physical activity. Fathers’ underestimation of children’'s bodies and the
overweight of parents are associated with an increased risk of obesity. As the
social support scores of families increase, the probability of obesity increases;
however, when social support scores of friend increases, obesity probability
decreases. Consistent with previous research (Etelson, Brand, Patrick, & Shirail,
2003), the finding of this study showed that fathers’ underestimation of their
children’s bodies results in higher obesity rates. A meta-analysis study analyzing
69 papers on children’s weights and parents’ perception showed half of the parents
underestimated their children’s overweight and argued that for the improvement of
children’s health, parent’s perception concerning their children’s weight should be
increased (Lundahl, Kidwell, & Nelson, 2014). In particular, fathers lack of
perception was significant compared to that of mothers and this lack of perception
was high in overweight parents (Remmers et al, 2014). Therefore, intervention
methods that help fathers correctly assess the weights of their children need to be
developed since the failure to do this can be a threat to obesity management in
children. In addition, consistent with previous studies, parents’ overweight proved
to be a strong factor that influences the increase of middle school obesity (Chin,

Kim, & Lee, 2015; Davison & Birch, 2001; Seo et al., 2008). Davison and Birch
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(2001) reported that overweight mothers tend to provide cookies with low nutrient
value more often, which exposes children to a greater danger of overweight.
Likewise, parents’ overweight can affect their children’s obesity both genetically
and environmentally. Therefore, while developing obesity management programs
for youth, family eating habits as well as attitudes and physical activity should be
identified, and ways to mediate a family environment should be considered.

This study shows that while social support of friends for physical activities is a
statistically significant factor that decreases the probability of obesity in youth,
social support of family for physical activities is a factor that increases obesity.
Previous studies on physical activities reported that support of family and friends
is an important factor that increases physical activities (de Farias Junior et al.,
2014; Finnerty, Reeves, Dabinett, Jeanes, & Vogele, 2010; Kim & Cardinal, 2010).
However, some of the previous studies argued that while support from friends
have significant influence on the increase of physical activity, support from family
decreases physical activities (Camacho-Mifiano, LaVoi, & Barr-Anderson, 2011;
Wu & Pender, 2002). Social support for physical activities is regarded as an
important intervention since it motivates physical activities, and causes a decrease
in the probability of obesity accordingly (Kegler et al., 2014, Stevens, 2010).
However, the increase in obesity due to support of physical activities by the
family can be explained by the fact that parents who have obese children tend to
encourage and support children’s physical activities. In this study, for obesity
management of middle school students, social support of friends for physical
activities has a critical role since middle schoolers spend daytime at school with
their friends. School-based intervention programs for management of juvenile
obesity continue to be implemented since they are easily accessible and highly

efficient.
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Institutional factors

Among institutional factors affecting obesity in middle school students, when there
were no health classes in the regular curriculum, the probability of obesity was
higher. In addition, when there were no obesity programs in association with
public health centers within the last 12 months, the probability of obesity was
higher.

The US Center for Disease Control suggested that schools play a very
important role in promoting physical activity and dietary behaviors of children and
adolescents (CDC, 2015). Schools should create a supportive environment for the
students to have a healthy diet and regular physical activity, as well as provide
an opportunity to learn and practice these behaviors through policies. In this
regard, middle school obesity rate in this study was lower when health education
was provided in the regular curriculum compared to no health education.
According to a study by Lee (2015), students who received health education
showed a significantly higher rate of healthy living practices such as having
breakfast and physical activities compared to those who did not. As depicted,
health education plays an important role in reducing obesity rates in adolescents
by promoting healthy living practices. However, according to health education
status of conduct, while 84% of elementary schools provide 17 periods or more of
health education lessons per academic year, in middle and high schools health
education is an optional subject and only 2.1% of them provide 34 periods or more
per academic year. Moreover, 75% of schools provide less than 17 periods per
yvear utilizing other subjects time or discretionary time, and a whopping 22.9%
provide no health education (Kim, Ha, Park, Jung, & Kwon, 2011). For the
development of healthy living habits and further health promotion up to adulthood
as well as adolescent obesity treatment, schools should provide health education in

a regular curriculum. In addition, it is imperative to identify factors that obstruct
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health education including human and material resource shortage, and develop
policies at the national level to overcome them (Kim et al., 2011).

This study showed that the probability of obesity was higher when there was
no obesity program provided in association with public health centers within the
last 12 months. However, regardless of whether such physical activity promotion
programs as after school classes to promote students physical activities and
obesity prevention programs were present, there was no effect. A study on the
relationship between adolescent obesity and school physical education showed that
daily participation in physical education significantly increased students’ physical
activity rate, but did not affect their weight status (Davison & Birch, 2001). This
study is a cross—sectional research with limitations concerning the comparison of
the correlation between the presence or absence of obesity programs and the
degree of students’ obesity. However, the fact that obesity rates were significantly
reduced when an obesity program was provided in association with public health
centers within the last 12 months suggests that joint obesity management
programs involving the schools and the community have a statistically significant
impact on reducing obesity in students. Obesity programs in association with
public health centers can be expected to be highly effective since they have much
experience providing obesity programs for various age groups, and can utilize
experts and relatively abundant budgets. Moreover, health programs of public
health centers can be expected to run actively such that community health
programs are provided in association with schools and public health centers.
Therefore, students’ obesity prevention and obesity management programs in
association with public health centers, as well as school obesity prevention
programs are necessary, the programs should focus not only on increasing

physical activity, but also on improving lifestyle habits and diet management.
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Community factors

Among community factors influencing obesity in middle school students, a higher
crime rate indicated higher obesity probability, and a higher number of fast food
restaurants indicated lower obesity probability. In addition, increasing the number
of PC rooms in the community indicated a higher obesity probability; a bigger size
of public sports facilities indicated a lower obesity probability.

In this study, three major crime rates related to community safety were
statistically significant factors in the increase of adolescent obesity rates. Previous
studies suggest that the perception of an unsafe community during both the day
and night significantly increased the BMI of both the male and female students’
BMI (Wall et al, 2012). Although the study of Galvez et al. (2010) found no
correlation between community safety, and physical activity and obesity, several
studies suggested that perceived community safety reduces physical activity of
children and adolescents including hours spent outside home, which increases the
time of sedentary activities including watching TV at home that affects obesity. In
addition, in a study where focus group interviews and surveys were conducted
after dividing participants into two groups of high socio—economic level and low
socio—economic level, community safety was reported to have a significant effect
on the adolescents that belong to the low socio—economic level, limiting their
participation in physical activities (Humbert et al., 2006). This study utilized three
major local crime rates, and the objective data of community safety; therefore,
more accurate correlation of community safety and adolescent obesity was
identified. Although further research is needed for establishing the correlation
between crime rate and physical activity and sedentary time, this study’s result
that higher community crime rates indicated higher obesity rates suggests
reinforcing community safety can reduce adolescent obesity rates.

In this study, a high number of fast food restaurants in the community
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indicated lower obesity rates. According to previous studies on American
adolescents, the number of fast food restaurants within walking distance nearby
school increased their BMI in a statistically significant manner (Gilliland et al.,
2012). In addition, it was reported that the number of convenience stores near the
school didn’t affect American adolescents’ obesity whereas the number of fast food
restaurants near school significantly increased obesity, which resulted in a
conclusion that exposure to unhealthy dietary environment has a significant impact
on obesity and dietary patterns of adolescents (Davis & Carpenter, 2009). A
domestic research also reported that more number of fast food restaurants near
schools indicated more average monthly number of visits to the restaurants (Joo,
2013). Meanwhile, an analysis using Korea National Health and Nutrition
Examination Survey on the correlation between adult obesity and the number of
fast food restaurants in their residential areas found no correlation (Kim & Kang,
2011). The inconsistent study results on the correlation between the number of
fast food restaurants and obesity can be due to the difference in the operational
definition of fast food restaurants of different studies, or the difference in visit
status to fast food restaurants in different countries. Kim & Kang’s study (2011)
used 5 major burger restaurant chains and 3 major pizza chains for their number
of fast food restaurants, but this study used only 5 major burger restaurants for
the number of fast food restaurants. Moreover, the participants of studies were
adults and adolescents respectively, and therefore results may exhibit differences.
In the US, fast food chains have sharply increased since the 1970s and ease of
use and low prices have attracted adolescent customers. It has been reported that
American adolescents visit fast food restaurants 2.13 times per week, and 15- 17
year old youth spend more than younger ones (Story, Neumark-Sztainer, &
French, 2002). In Korea, 40% of adolescents eat fast food once or twice a month

accounting for the largest proportion, and 16.4%6 eat once, twice or more a week,
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which is relatively lower, compared to their American counterparts (Kim & Lee,
2012). In addition, in Korean adolescents, higher academic grades and higher level
of family economic status indicated more visits to the restaurants, which is rather
different from American adolescents who enjoy the low price (Kim & Lee, 2012).
Since Korean adolescents’ number of visits is not as high as American
adolescents’, their actual intake and number of visits rather than the number of
fast food restaurants in the community are valid for the measurement of
adolescent obesity. Moreover, fast food restaurants in Korea are located mostly in
high population density and high floating population areas. Therefore, it cannot be
assumed that higher number of fast food restaurants in the community indicates
higher number of fast food restaurants near school. We suggest further research
on the correlation between the number of fast food restaurants within walking
distance from school and adolescent obesity, and obesity of high school students
who show high number of visits. In addition, based on the results of a previous
study (Son & Kim, 2009) reporting that near school Korean middle school students
buy bread, chips, ice—cream, Tteokbokki (Korean spicy rice cake), chewing gum,
and candy in the order of purchase from the highest to the lowest, from
supermarkets, convenience stores, and Korean snack bars, we suggest further
investigation of the correlation between Korean snack bars and adolescent obesity.

This study found that higher number of PC rooms in the community indicated
higher obesity rates among middle school students. The PC rooms where
customers pay to use a computer were used to type documents or check emails
before high-speed internet access was introduced to households; however, as
computer games had an explosive popularity among youth, they have been mainly
used as game rooms (Kim & Choi, 2009). Several previous studies reported that
the longer sedentary hours including playing computer games and watching TV

increase obesity rates (Nesbit et al., 2014; Stevens, 2010). Since PC rooms are
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where adolescents play computer games while sitting, the longer hours spent in
PC rooms indicate more sedentary hours. There has been no previous research on
the correlation between accessibility to PC rooms and sedentary time and obesity,
but based on this study results suggesting that more number of PC rooms in the
community indicated higher obesity rates among middle school students, it can be
assumed that higher accessibility to PC rooms increases sedentary time resulting
in higher obesity rates. We suggest further studies on the correlation between the
rate of visit to PC rooms and sedentary time and obesity.

This study found that the obesity rate among middle school students were
lower if the public sports facility area was larger. This result is consistent with
the results of previous studies that access to physical activity increases physical
activity both directly and indirectly (de Farias Junior et al., 2014), which reduces
obesity (Nesbit et al.,, 2014). Therefore, since the size of public sports facility area
can have positive effects on adolescent obesity prevention and management, when
planning intervention programs for vyouth obesity, community environment
improvements along with measures to change individual factors should be
considered. Especially, considering the results of this study indicating that the
obesity management program in association with public health centers within the
last 12 months was a factor in the reduction of obesity, close cooperation is
necessary among city and district departments in charge of the installation of
public sports facilities, public health centers and schools to share information and
make policies.

A previous study found that the education level of community members
correlated with obesity (Janssen et al., 2006). In this study the correlation was
statistically significant in univariate analysis, but not in the multi-level analysis.
Similar to the results showing differences in community safety based on different

socio—economic levels (Humbert et al., 2006), any significance was not determined
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in the multi-level analysis owing to the strong correlation between community’s
education level and 3 major crime rates. In this study, the community income was
analyzed by the operational definition as a national basic livelihood security
recipient ratio, but it showed no significance in the univariate analysis. Further
studies that use a different operational definition for community income to analyze

its correlation with adolescent obesity are suggested.

Limitations of the study
Primarily, there is a limitation associated with the analysis method. In this
multi-level analysis study, using the ecological model as a theoretical framework,
various environmental factors affecting obesity of middle school students have
been identified, but the interaction and direct/indirect influence between factors
have not been investigated.

Secondly, as a representative sample, this study selected 1 to 3 middle schools
in each Gu (local government district) of the 25 Gus that make up the city of
Seoul. However, selecting school and classroom available for data collection was
dependent on the cooperation of a school principal, health teacher, and homeroom
teacher, which made convenience sampling inevitable. Therefore, caution should be
exercised when generalizing the results of this study to the whole second grade of
middle school students. Additionally, to generalize these findings to the entire
adolescents, repeated studies and probabilistic sampling methods for different age
groups should be taken into account.

Finally, this study examined the data using cross—sectional research methods,
which make it difficult to determine temporal context; caution should be exercised
in the estimation of the causal relationship to middle school students’ obesity. In
particular, the results indicating a subjective health status and the significance of

family support for physical activity determined by this study require careful
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interpretation.

Conclusion & suggestion

In this study, it was identified that not only individual characteristics including
personal beliefs and health behaviors but also the characteristics of their family,
peers, school, and community have significant effects on the obesity of middle
school students. This is the first domestic study using the 3-level multi-level
analysis to investigate various environmental factors affecting obesity in middle
school students. This study has significantly emphasized the importance of
building a healthy environment for the prevention and management of obesity in
middle school students and has suggested a specific direction for the development
of multi-level intervention programs. Therefore, based on the study findings, we
suggest the development of a family intervention program to enhance the fathers’
perception of their children’s body and the development of school obesity program
in association with public health centers, designed to be exercised with peers. In
addition, considering the finding that health education in regular curriculum is
highly effective in obesity of middle school students, health education needs to be
adjusted at the national level as a mandatory subject instead of optional. In
addition, in order to deliver effective health education, policies for improving the
school environment including adjusting the criteria of school nurse placement in
accordance with class sizes of the school are necessary. Finally, this study found
that among community environments, community crime rates, the number of PC
rooms, and the size of public sports facilities have significant impacts on the
obesity of middle school students, which suggests that obesity policy should not
be just considered as a health policy, but also should be established through

cooperation and information sharing between the police, district department in
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charge of the authorization and supervision of commercial facilities, and district
department in charge of sports facilities. Especially for the obesity management of
middle school students in Seoul Metropolitan City, Seoul Metropolitan Office of
Education and Ministry of Health and Welfare should establish cost—effective
obesity policies in cooperation with several other government departments. In order
to reduce obesity in middle school students, it is imperative to identify the cause
of crime and dangerous areas, and provide intensive crime management for
establishing a safer community environment. Moreover, according to School Health
Act, PC rooms (internet computer gaming facilities provider) are prohibited
facilities 50 m in a straight line from the school gates; however, within an area of
200m in a straight line from the school boundaries, they can be located with
deliberation. A stricter policy for the control of the regulation of PC rooms, which
play as factors increasing not only game addiction and violence but also obesity
should be prepared. This study also suggests establishing a public policy for the
expansion of public sports facilities where adolescents can perform physical

activities with friends and family.
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Table 1. Weight status

and body mass index (BMI) of middle school students

(N=2,069)

Total No‘rmai O\‘Ier—z Obesity?®

Characteristics weight weight

n (%) n (%) n (%) n (%)
Gender Male 934 (45.1) 790 (84.6) 45 ( 4.8) 99 (10.6)
Female 1,135 (54.9) 989 (87.1) 84 (7.4) 62 ( 5.5)
Age 13 145 ( 7.0) 109 (75.2) 18 (12.4) 18 (12.4)
14 1,903 (92.0) 1,652 (86.8) 110 ( 5.8) 141( 7.4)
15 21 ( 1.0) 18 (84.7) 1(48) 2 (95)
BMI Mean=SD 20.37+3.13 19.43+1.94 24.09+0.59 27.84%2.69
(Range: Min~Max) (15.81~39.59) (15.81~24.22) (22.83~24.98) (25.00~39.59)
Total 2,069 (100) 1,779 (86.0) 129 ( 6.2) 161 ( 7.8)

Normal weight: 5-85percentile

2 Overweight: 85-95percentile
Obesity: =>95percentile or BMI>25

3
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Table 2. Obesity by intrapersonal characteristics of middle school students

Normal

Overweight/

Characteristics Categories weight Obesity X%t (p)
Gender Male 790 (44.4) 144 (49.7) 2.773 (.096)
Female 989 (55.6) 146 (50.3)
Age 13 109 ( 6.1) 36 (12.4) 15.143 (.001)
14 1,652 (92.9) 251 (86.6)
15 18 ( 1.0) 3 (1.0
ESE! 3.04+0.48 3.05+0.50 -0.086 (.931)
PASE? 3.26£0.92 3.05+0.85 3.746 (<.001)
Breakfast < 5 days 697 (39.6) 135 (46.9) 5.497 (.019)
5 days or more 1,065 (60.4) 153 (53.1)
Late night meal 0 day 604 (34.1) 114 (39.6) 3.273 (.070)
1 day or more 1,167 (65.9) 174 (60.4)
Overeating 0 day 744 (42.0) 88 (30.4) 13.845 (<.001)
1 day or more 1,026 (58.0) 201 (69.6)
Physical activity 3
(MET-min/week) HEPA: 699 (47.9) 118 (49.6) 0.318 (.853)
Minimally active 617 (42.3) 99 (41.6)
Inactive 142 ( 9.7) 21 ( 88)
Sedentary time 466.52+205.55  448.12+199.94 1.046 (.296)
Ways of commuting Walk 1,224 (70.8) 186 (66.4) 2.151 (.143)
Non-walk 506 (29.2) 94 (33.6)
Type of activity Active 709 (46.7) 103 (4200 1824 (177
during the break
Inactive 810 (53.3) 142 (58.0)
Sleep time < 7 hours 898 (51.0) 153 (53.5) 0.631 (.427)
7 hours or more 864 (49.0) 133 (46.5)
Subjective health Unhealthy 598 (33.9) 173 (60.7)  74.840 (<.001)
status Healthy 1,164 (66.1) 112 (39.3)
Perceived 8th grade
3.93+2.30 4.16+2.46 -1.58 (.113)
syndrome
Perceived stress Little 1,273 (72.0) 185 (64.5) 6.737 (.009)
A lot of 496 (28.0) 102 (35.5)
Stress relief method Do nothing 219 (16.2) 39 (18.2) 3.809 (.283)
Sleep or cry 320 (23.7) 43 (20.1)
Sing, walk or talk 550 (40.8) 81 (37.9)
Eat or play computer games 260 (19.3) 51 (23.8)

'ESE: Eating Self-Efficacy
’PASE: Physical Activity Self-Efficacy
SHEPA: Health Enhancing Physical Activity
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Table 3. Obesity by interpersonal characteristics of middle school students

Characteristics Categories Ijv:gl}?tl ngll;zsiltir ht/ X%/t (p)
Father’s perception of Accurate 997 (58.5) 122 (44.5) 53.907 (<.001)
o Underestimated 407 (23.9) 123 (44.9)
child’s body Overestimated 299 (17.6) 29 (10.6)
Mother's perception of Accurate. 972 (56.8) 125 (45.6) 28.729 (<.001)
child’s body Underestimated 428 (25.0) 111 (40.5)
Overestimated 311 (18.2) 38 (13.9)
Father’'s weight status Underweight 212 (12.5) 24 (19.2) 14.978 (.001)
Normal 989 (58.3) 131 (50.0)
Overweight 494 (29.2) 107 (40.8)
Mother’s weight status Underweight 249 (15.3) 28 (10.9) 28.343 (<.001)
Normal 994 (61.0) 128 (49.8)
Overweight 387 (23.7) 101 (39.3)
House income Low 128 ( 7.7) 27 (19.8) 1.467 (.480)
Middle 1,069 (64.2) 172 (62.5)
High 469 (28.2) 76 (27.6)
The frequency of < 5 days 755 (42.8) 144 (50.0) 5.213 (.022)
family dinner 5 days or more 1,009 (57.2) 144 (50.0)
The frequency of food Less than once a week 1415 (80.3) 238 (82.6) 0.862 (.353)
delivery service At least once a week 347 (19.7) 50 (17.4)
The type of food Korean or Japanese food 247 (15.7) 41 (16.0) 3.984 (.136)
delivery service Chinese food 581 (36.8) 110 (42.8)
Western food 750 (47.5) 106 (41.2)
Father’s dietary habits 7.03£2.28 6.68+£2.37 2.350 (.019)
Mother’s dietary habits 7.60+2.01 7.19£2.15 3.138 (.002)
Peer’s dietary habits 6.23£2.03 5.88£2.14 2.658 (.008)
Father’s physical 6.84+2.45 6.99+2.46  -0.933 (.326)
activity
Mother’s physical 6.37+2.33 6.34+2.30 0.222 (.824)
activity
Peer’s physical
.. 6.75£2.33 6.46£2.32 1.954 (.051)
activity
SSHE'_family 3.46=0.97 3.44£0.94 0.268 (.783)
SSHE'_peer 2.52%1.05 2.44+1.04 1.187 (.235)
SSPA? family 3.01£1.00 3.08£0.95 -1.042 (.297)
SSPA? peer 3.12£1.06 2.95%1.07 2516 (.012)

'SSHE: Social Support for Healthy Eating,
’SSPA: Social Support for Physical Activity
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Table 4. Obesity by school characteristics

. . . Normal Overweight/ 2
Characteristics Categories weight Obesity X%t (p)
Type of establishment Public school 1,250 (70.3) 191 (65.9) 2.286 (.131)
Private school 529 (29.7) 99 (34.1)
Type of school Co—-education 1,371 (77.1) 206 (71.0) 6.800 (.033)
Boy school 118 ( 6.6) 30 (10.3)
Girl school 290 (16.3) 54 (18.6)
Total number of classes 25.42+7.89 23.76+7.34 3.538 (<.001)
The average number of 28.94+3.08 28.32+2.92 3.231 (.001)
students per class
The.r.lu.mber of school sports 2.64+0.69 2.62+0.74 0.548 (.583)
facilities
Cafeteria Yes 580 (32.6) 96 (33.1) 0.028 (.866)
No 1,199 (67.4) 194 (66.9)
Calories of food service 755.36£49.41 755.91+54.99 -0.166 (.868)
The fat content of food service 20.60+3.46 20.88+3.44 -1.039 (.299)
Health education in regular Yes 1,016 (57.1) 138 (476)  9.171 (002)
curriculum No 763 (42.9) 152 (52.4)
Obesity-related education hours 1.8245.29 1394474 1297 (195)
within the last 12 months
Physical activity promotion Yes 1,606 (90.3) 257 (886)  0.762 (.383)
programs after school No 173 ( 97) 33 (11.4)
Yes 507 (28.5) 84 (29.0) 0.027 (.870)
Obesity prevention program
No 1,272 (71.5) 206 (71.0)
Obesity program in association  Yes 405 (22.8) 44 (15.2) 8.461 (.004)
with public health centers
within the last 12 months No 1,374 (77.2) 246 (84.8)
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Table 5. Correlations between community characteristics and BMI

L. Normal Overweight/
Characteristics (MzSD) . . t (p)
weight Obesity

Th tional basic livelihood it

¢ nationat basie AEAood ety 201073 209:070 1725 (085)

recipients’ population ratio (%)
The three major crime rates (%) 59.97+23.67 63.08+24.21 -2.066 (.039)
High school or less educated population

) 41.02+8.34 42.88+7.70 -3.556 (<.001)

ratio (%)
The number of fast food restaurants 20.10+9.39 18.20+7.66 3.786 (<.001)
The number of convenience stores 261.58+107.70 238.61+85.97 4.060 (<.001)
The number of PC rooms 77.72+£22.87 75.03+£22.96 1.853 (.064)
The number of public sports facilities 114.57+68.28 101.43+63.38 3.236 (.001)
The space of public sports facilities (km?) 0.54+0.58 0.41+0.47 4.318 (<.001)
The number of bicycle roads 14.54+10.71 12.07+£9.52 4.030 (<.001)
The length of bicycle roads (km) 19.33+15.28 15.58+13.26 4.357 (<.001)
The per capita neighborhood park space (m?) 5.41+3.26 5.73+4.20 -1.227 (.221)
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Table 6. The three-level, multilevel logistic regression model for overweight/obesity among middle school students

Null Model Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Fixed effect
Intrapersonal factors
Gender (ref: Female)

Male 1.468" 1.034~2.083 1.463 0.999~2.145 1.444 0.984~2.120
Age (ref: 13 yrs)

14yrs 0.637 0.373~1.089 0.662 0.386~1.135 0.669 0.390~1.148

15yrs 0.836 0.197 ~3.544 0.857 0.204~3.608 0.926 0.215~3.978
Eating self-efficacy 1.337 0.934~1.914 1.349 0.945~1.926 1.325 0.929~1.891
Physical Activity self-efficacy 0.777" 0.626 ~0.964 0.769°  0.621~0.954 0.774°  0.623~0.961
Breakfast (ref: 5 days or more)

< 5 days 1.351 0.978~1.867 1.370 0.992~1.893 1.375 0.993~1.904
Over eating (ref: 0 day)

1 day or more 1.478" 1.060~2.060 1.448" 1.040~2.015 1.429" 1.024~1.994
Subjective health status (ref: Healthy)

Unhealthy 2583  1.843~3.619 2531 1.809~3.542 2.652™"  1.892~3.718
Perceived stress (ref: Little)

A lot of 1171 0.829~1.654 1.185 0.840~1.672 1.164 0.823~1.646
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Table 6. The three-level, multilevel logistic

regression model for overweight/obesity among middle school students (Continued)

Null Model Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Interpersonal factors
Father’s perception of child’s body (ref: Accurate)

Underestimated 2.096™  1.350~3.256 2.126™  1.374~3.288 2.073™  1.337~3.216

Overestimated 0.646 0.370~1.129 0.646 0.370~1.128 0.651 0.371~1.142
Mother’s perception of child’s body (ref: Accurate)

Underestimated 1.237 0.794~1.926 1.206 0.776 ~1.875 1.265 0.812~1.972

Overestimated 0.795 0.467~1.351 0.773 0.455~1.315 0.756 0.443~1.288
Father’s weight status (ref: Underweight)

Normal 1.521 0.882~2.622 1.537 0.893~2.645 1.508 0.870~2.614

Overweight 2326  1.328~4.074 2.340"  1.335~4.102 2.325"  1.321~4.091
Mother’'s weight status (ref: Underweight)

Normal 1£315 0.795~2.174 1.308 0.794~2.155 1.372 0.829~2.269

Overweight 2.273"  1.337~3.864 2.252"  1.327~3.821 2.345"  1.375~3.998
The frequency of family dinner (ref: 5 days or more)

< 5 days 1.194 0.860~1.657 1.166 0.840~1.619 1.178 0.848~1.637
Father’s dietary habits 1.000 1.000~1.000 1.000 1.000~1.000 1.000 1.000~1.000
Mother’s dietary habits 0.979 0.899~1.065 0.978 0.899~1.063 0.989 0.909~1.077
Peer’s dietary habits 1.000 1.000~1.000 1.000 1.000~1.000 1.000 1.000~1.000
Social Support for Physical Activity_family 1.534™  1.253~1.879 15177 1.239~1.856 1.536™  1.255~1.880
Social Support for Physical Activity_peer 0.807" 0.671~0.970 0.824" 0.686 ~0.989 0.819" 0.682~0.983
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Table 19. The three-level, multilevel logistic regression model for overweight/obesity among middle school students (Continued)

Null Model Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

School factors
Type of school (ref: Co-education)

Boy school 1.284 0.684~2.408 1.010 0.530~1.926

Girl school 1.135 0.689~1.870 1.023 0.627~1.669
Total number of classes 0.988 0.959~1.018 0.988 0.957~1.020
The average number of students per class 0.960 0.891~1.034 0.980 0.903~1.064
Health education in regular curriculum (ref: Yes)

No 1.361 0.972~1.905 1.451" 1.023~2.058
Obesity program in association with public health centers within

the last 12 months (ref: Yes)

No 1.760 1.060~2.921 1.559 0.993~2.447
Community factors
The three major crime rates (%) 1.013" 1.001 ~1.023
High school or less educated population ratio (%) 0.992 0.957~1.028
The number of fast food restaurants 0.949"  0.908~0.992
The number of PC rooms 1.011* 1.001 ~1.021
The number of public sports facilities 1.000 0.997~1.004
The space of public sports facilities (km?) 0.643" 0.419~0.985
The number of bicycle roads 1.015 0.984~1.047
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Table 19. The three-level, multilevel logistic regression model for overweight/obesity among middle school students (Continued)

Null Model Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Intercept -1.859""  -2.037~-1.682 0.013™"  0.003~0.062 0.031™  0.003~0.324 0.013" 0.001 ~0.557
Random effects
LR! test vs. logistic regression
Log likelihood -833.658 -563.83 -554.86 -546.23
X? (p-value) 9.66 (.008) 6.63 (.036) 0.40 (.821) 0.00 (1.000)
Variance (SE)
Community level 0.026 0.069 0.071 0.101 0.009 0.089 4.99¢-13 1.54e-07
School level 0.127 0.093 0.110 0.119 0.029 0.107 4.68e-14 6.38¢-08
ICC?
Community level .0076 .0205 .0026 1.52e-13
School level .0370 .0318 .0087 0.14e-13
Model fit statistics
Wald test X*(df) 131.72 (23) 143.99 (29) 157.54 (36)
p-value <0.0001 <0.0001 <0.0001

1R: Likelihood Ratio, 2ICC: Intraclass correlation coefficient

" pP<05 T P<01, T P<001
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Figure 1. Conceptual model for predicting the obesity levels of middle school students

Key words: Adolescent, Obesity, Ecological model, Multilevel analysis
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