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Abstract The purpose of this study was to provide fundamental materials for improving school health
promotion programs by investigating the relationships between the change in obesity rate and risk factors of
metabolic syndrome among middle school students in Ulsan. We analyzed the routine health check-up data in
58,298 2nd-year middle school students in Ulsan, which conducted by the Planned Population Federation of
Korea from 2007 to 2011. The overall and girls obesity rates gradually decreased throughout the first four
years but increased again in 2011. The boys obesity rates were highest in 2008 and lowest in 2010.
Throughout the research years, the incidence rates of over-weight and obesity were statistically significantly
higher in boys compared to girls(P<0.05). Prevalence rates of the metabolic syndrome, assessed with the
modified Cook criteria except high blood pressure, were 0.58%, 0%, 0.01%, 0.31% and 4.53%, respectively in
total, low, normal, over-weight, and obese groups. It indicates that the prevalence of metabolic syndrome is
increasing and directly related to the obesity rate among adolescents. Hypertriglyceridemia was the most
common component (36.58%) of the metabolic syndrome among the middles school students followed by low
HDL cholesterol (6.47%), abdominal obesity (3.72%), and high blood sugar (0.47%). Prevalence of the various
components of the metabolic syndrome were significantly higher in the obese group compared to other groups.
In this study we observed the decrease in obesity rates between 2007 and 2010, and developing obesity
prevention programs is essential in order to maintain the trend. Additional study should be necessary to find
the cause of increase of obesity rate in 2011 and so to create more effective school health promotion programmes.
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AAY

2.1 X247
2007 HE 201147 59 L <9l
AR SP oA AAIRE ARG Al ] st 28k d Y]

St 43 AR Ao 98 A fa
W82 AR A, A%, Al slelsdl, AAZEA
4=, E-(fasting blood sugar, FBS), Z&Zd|2H|E(total

cholesterol, TC), =4 A|®H(triglyceride, TG), LU= A]ch
W2l Zd| 2 H Z(high-density
HDL-C), #]U =Xkl 2] Z| A | E(low-density lipoprotein
LDL-C), GOT

transaminase), GPT (glutamic pyruvic transaminase)©]C}.

lipoprotein  cholesterol,

cholesterol, (glutamic  oxaloacetic

2.2 i

221 MHAS U HITE AE

A} AFE 7P SAY OB e W3 St
glolxn sjelEel upaar ZumelA Jgolwl 1
o] FelelAe] Zggol

HRHE Y] A thekaolulatale] @t Aot 9 B
b AR e ERAT)A A A2E NEOR A
AYA471 95 ME IS o] 4ol Lt o1l vk 712l
23kgfm® oA}e) -t Moo} RS H]ekL O
2. 8595 WEolRel A9 IAFLOD, 5 WHS)
S oulgiel A9t AAFT O St Al Y
wom wEstel wmslglch. AAFASE AEkerS
AFm)S) AFOR o] 257 AR A 715}

%k,

2.2.2 HAEEZC| Hol
HAde) AEEE AR Holo] 7| 2S ol

of U 2Asl] Hgslu Q=dl Cook S[22], de
Ferranti[23], Cruz =[24], Ford =[25]2} 2007 o) 2%
International Diabetes Federation (IDF)[26] 7|5 & T}
sl wEslo] 9ok

o] =Bl AL T % cooke] MBI ZAR2E 285
of b5t o] skt & EHHRES Sj2E7t 90
HlER] o4, SAAM 110 o), HDL 2| AEHE 40
o}, g 110 oFeg HakqlaL, 2 90 a9
T olFe g AAHYA o7]oM= S8 AE7H
Aejstict. Fag Syt 14-154] s12]E1¢] 90
WEOLLE Y7} 89.5cm, oJA= 78.5cmz YEMY O]
7155 A5k

oS

2

2.2.3 EHZAL

ol Y= AAF AGEE 12471 o)A} FEAlE o
A ool on, HHE AAl= -20°C oA Ry 5 5
e g9, SFA4EE, 49X, HDL FHAHE,
LDL Z¥2HS, GOT , GPT #& HA5k4ich

2.2.4 S

Az o) EASFA A2 SPSS 19.0 (IBM SPSS Inc.,
Chicago, IL)S ©]8&3}o] BEASIH T, Jakayl of skl
= I8 7k HA] v)mols =9 t 7% (independent
t-test) S, U= Xfo] 5 A 2F o]Are] Hatx] H]wo

BA ‘_E’H(ANOVA test)S ARESIF T HAREA Axp
Zpol7h & B¢ AL Scheffe S %
o} ZE7ke] Hvhe Wi 5 ¥l Apolof tht

5273



garakely| skl A 4139 A|11E, 2012

8. Pearson's
corelation coefficientS ©|-835}%ch zF E4] Ao P
gro] 0.05 u|qkel 7o FAEH R FoJ5t Ao 1
Astick

3. g4 &y

3.1 AFUdREe] 74

Ly (¢}
oA 3 25PAE O il AAlek glom, ¢
9,865 0|41 2011 13,118 H7}=] ujd

=HE 200749
sl 24 s SR Ad ojakshne)

47.5%(2008 )0l 4] 75.4%(201 1) 714 2 200838 7]
o= vid FTFSHATHIE 1],

[ 1] QA= d=d, A 2=
[Table 1] Numbers of study subjects and schools by year

and gender
G5 okl Al EAythy
2007 5248 4617 9,865 32/61
2008 5547 4663 10,210 29/61
2009 6890 5205 12,095 42/61
2010 6992 6018 13,010 43/61
2011 6939 6179 13,118 46/61
Total 31,616 26,682 58298 192

3.2 AFMXIES HEd, dY ME, MB
M K| HE}

AA AS Ao (3 210 YEFligich |ehie] e
AlAFol PFL o 20080] 163.72 emBE 7P W
QF31 20110] 164.84 cm& 714 =0} 2008WS 7]H<
2 oM Fshe AFE Holal Qlolth oghm
20080 158.04 cm2 7} Wkar, 2011 0] 158.55 cm
2 7P wol 20085 7| e® ot FTbete AR
< Holx QJSich

A5 9= Fede] 2010d=0] 56.93 kg2 7}
2} Gok1, 2011 =] 57.75 kgO & 7P =gront A
HE YA AE HolA= gdtrh o3y 20074
Tof 52,61 kgQ & 7FA &9k, 2010 0] 51.04 kg O
2 7P w@kony A A=EE YA A3 HolA|
= durh

AR A = Fshol 4] 2008 0] 21.35 kg/m’ & 7}
2} =9k, 2010 =0 20.93 kg/m’ 02 7P Wokom,
& A 2007 0] 20.92+3.21 kg/m’Z 7} =9F11

[# 2] d=d A, A%, AS, AdFAs
[Table 2] Means of height, weight, and body mass
index by year and gender

(Mean + SD)

ae  qm W AF A
(cm) (kg (kg/m

oapy 05 WO 20028321

oJ 51y lf:f; i;‘;? 20.57+3.16
ofsby oY 200 20561303
oaby Do 20 20300

i B3 o

. ahal }Z'{{ i{i}} 21.15+3.65
o5k ' ' 20.61+3.06

+5.23 +8.71

#: P>0.05(anova, U= H|1)

3.3 CRMXRISe =Y, MH, FH -0t
Eo| B

Awd, A, HE HEe] Bx(E 3, I9 11§ 4
HEMS wf G Q) vgE-S 2008\ 17.2%E 713
=9k, 20109 14.4%= 7P Worou) deda o%
T A HolR| &= gttt oshAe 2007d ] 10.6% =
7P =9ET 20109202 6.6%7HA] ZHAaskehz} 2011
Lol 84%R THA| F71etdn) 2 EEE 9e 4
F& HolR&= grot giAl2 =AAYQ] F, E B
7t B2 EAQ) HEo] EAE Bl &3] ¥
S Bt

] oA A -gR| o] w2 wnhy} S,
AT AANFTL FHEL dEERE SA%on
ROl Zol7h AN, BE AmoA g bl wivt
I JAF FHES GeelA SR nE 54
o2 {oa & AL Holal YUk (P<0.05).
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[Table 3] Obesity rates of study subjects by year and district (Unit: Number, %)
Sl gk A T it 5T 5+ ey AA

= - A4 N % N % N % N % N % N %

DA o 26 29 78 3.7 34 3.0 11 2.1 26 42 175 33

o 53 8.5 204 9.1 99 10.7 44 11.3 35 7.9 435 9.4

H]gb o 171 19.3 345 163 214 19.1 71 13.9 87 14.1 888 16.9

2 = o 66 10.5 233 104 97 10.5 37 9.5 57 129 490 10.6

0 A= o 36 4.1 74 35 33 2.9 18 35 21 34 182 35

o 23 3.7 89 4.0 33 3.6 8 2.1 10 2.3 163 3.5

0 ZIAF o 651 73.6 1615 765 842 75.0 412 80.5 483 783 4003 76.3

7 ce o] 485 774 1706  76.4 698 75.3 299 77.1 341 770 3529 76.4

Al 1511 100 4344 100 2050 100 900 100 1060 100 9865 100

Al o 884 100 2112 100. 1123 100 512 100 617 100 5248 100

o 627 100 2232 100 927 100 388 100 443 100 4617 100

A o 42 3.1 41 29 26 3.6 28 2.5 25 2.7 162 29

o 85 9.3 118 8.2 45 7.7 84 8.7 65 8.6 397 8.5

u]gh o 249 18.1 228 164 129 17.9 192 16.9 155 16.8 953 17.2

= o 80 8.8 107 7.4 55 9.4 101 10.4 65 8.6 408 8.7

2 A= o 43 3.1 64 4.6 23 32 36 32 50 54 216 39

0 ° o 56 6.1 62 4.3 29 4.9 40 4.1 44 5.8 231 5.0

0 ZIAF o 1042 75.7 1059 76.1 540 75.1 882 775 692 75.1 4215 76.0

3 e° o] 691 75.8 1151 80.0 458 78.0 746 76.8 581 77.0 3627 77.8

Al 2288 100 2830 100 1306 100 2109 100 1677 100 10210 100

Al o+ 1376 100 1392 100 719 100 1138 100 922 100 5547 100

o 912 100 1438 100 587 100 971 100 755 100 4663 100

PR o 33 3.1 70 32 27 33 44 3.1 35 25 209 3.0

o 77 8.1 119 7.7 52 8.3 79 6.9 77 8.1 404 7.8

u]gh o 188 17.4 318 145 117 14.4 177 12.6 206 147 1006 14.6

2 = o 78 8.2 112 7.3 64 10.2 94 8.2 89 9.4 437 8.4

0 A= o 52 4.8 66 3.0 32 4.0 65 4.6 59 42 274 4.0

o 28 3.0 47 3.1 19 3.0 56 4.9 49 52 199 3.8

0 ZIA} o 805 747 1735 793 634 783 1123 79.7 1104 78.6 5401 78.4

9 °e o 766 80.7 1258 819 490 78.4 920 80.1 731 773 4165 80.0

Al 2027 100 3725 100 1435 100 2558 100 2350 100 12095 100

Al o+ 1078 100 2189 100 810 100 1409 100 1404 100 6890 100

o 949 100 1536 100 625 100 1149 100 946 100 5205 100

PR o 43 29 29 29 23 2.3 40 29 54 52 221 32

o 82 8.5 155 72 81 9.1 93 8.2 68 7.9 479 8.0

u]uh o 223 14.9 283 135 174 17.4 197 144 127 123 1004 14.4

2 = o 64 6.7 127 59 71 8.0 83 7.3 50 5.8 395 6.6

0 AR o 65 43 168 8.0 44 44 43 32 61 59 381 54

o 41 43 144 6.7 29 32 43 3.8 54 6.3 311 52

1 ZIA} o 1170 77.9 75.6  75.6 757 759 1085 79.5 790 76.6 5386 77.0

0 °e o 775 80.6 1735 803 712 79.7 920 80.8 691 80.1 4833 80.3

Al 2463 100 2261 100 1891 100 2504 100 1895 100 13010 100

Al o+ 1501 100 100 100 998 100 1365 100 1032 100 6992 100

o 962 100 2161 100 893 100 1139 100 863 100 6018 100

REES o+ 46 3.8 85 33 29 2.9 31 2.8 32 32 223 32

o 130 8.6 161 8.2 63 9.0 76 7.4 100 103 530 8.6

u]gk o 179 14.7 426 163 163 16.3 182 16.4 123 122 1073 15.5

2 = o 157 10.4 148 7.5 77 11.0 73 7.1 64 6.6 519 8.4

0 AR o 46 3.8 101 39 25 2.5 39 35 20 2.0 231 33

o 35 23 43 22 29 4.1 30 29 23 24 160 2.6

1 ZIA} o 944 717 1994  76.5 786 78.4 855 772 833  82.6 5412 78.0

1 °e o 1187 787 1610 82.1 532 75.9 854 82.7 787  80.8 4970 80.4

Al 2724 100 4568 100 1704 100 2140 100 1982 100 13118 100

Al o 1215 100 2606 100 1003 100 1107 100 1008 100 6939 100

o] 1509 100 1962 100 701 100 1033 100 974 100 6179 100

#P<005(X” test, S AE2] YT} B|1)
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XM=
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Ao g o Al g of Al g of Al g of

2007 2008 2009 2010 2011

[A2 1] d=d uRt= 2=
[Fig. 1] Obesity rates of study subjects by year

3.4 g2 44, 2= H S5, EF
XZE, Z7|s AAL 2ot

A= JEE sEEd 9 3589
5 AAL BIE olESITHE 4].

sl g9t FEEY, GOT, GPTY] B9 Faiol

23AE, 1]

s

ofspEct BAME folshl welon, e sy
£ F49A%, HDL ¥ AHE, LDL S AHEY 4
spajo] eHIRT} EAH 0 GOl Btk
Azl gueE 9y 4% g

FEH2HE, A
LDL Z¥AHE, GOT, GPT7} HIYHEQ} SAH SR &
oJgt o] JHAE 293, HDL SeAHERE 5
AX o2 ot o HHUIAE Bt A He
FZY2HE, 3449, LDL S 2HE, GPT7F A1A
FAet BAHOR Fost o] AWIAE B,
HDL ZFe|AEHEd= FAKSE o3t 39| A
E 2tk Py BRo glo] FFEAH BT F4A
o], LDL Z¥AEEX = HDL Y AHE0|, GOT

[E 4] A= 44, slesd 2 3889, 9549, )5 A4 2t
[Table 4] Waist circumference, fasting blood sugar, serum lipids, and liver function indexes of study subjects by year

and gender (Mean *+ SD)
Aw salSa*  FBS* TCH TG# HDL-C#  LDL-C#  GOT* GPT*
] 8560 14477  99.59 58.96 65.51 28.95 2931
J3AR =+
ooy 69034953 1936 2401 5328 £15.84 2103 +1512  +1459
) 8225 15791  110.63 63.73 71.65 2377 2429
SHAH +
ofet 03724679 1545 12501 5348 £16.77 £22.50 £529 +6.88
_ 85.26 1527 96398 56.50 76.59 2722 2028
L}EA +
s 3 70035932 1047 12370 4011 £11.08 2149 £1640 214
) 8301 16459  100.90 60.60 83.42 23.04 15.11
SR +
of?] 64174663 1g39 12500 4403 £1221 01 +6.23 £9.31
_ 8233 1523 101.05 57.63 74.06 26.96 18.02
FEHAR +
0 ERC 09774960 9751 i2584 5803 £13.96 2249 42131 £17.9
) 8061 16424 10631 61.79 80.78 2239 13.38
SR +
o13) 64384652 L1061 2716 5335 £15.55 248 £133 £16.7
] 82.06 1567  108.87 52.58 82.03 19.01 13.61
SRR +
oo el 09655940 g616 42803  +4244 9287 2625 +8.045 116
) 8LII 16473 110.62 5520 87.01 17.14 11.32
SHA +
ooty 64045620 o667 13222 3949 £9.865 £30.3 £6.63 £6.50
- cissiogs 505 1609  102.18 55.06 85.09 21.39 15.20
- 18584 42715 4449  +10.36 2305 +7.961 145
) 8844 17218 10286 57.93 93.29 18.12 11.47
SHAH +
ofet 03428669 o168 12685 3427 £10.12 234 £9.98 £7.79
_ 84.91 1540  101.97 55.97 7727 2436 18.70
L}SA +
; K 69475956 19761 12651 5001 £12.37 2403 +15.06 £17.0
) 8324 16515 10628 59.54 83.96 20.57 14.66
SR +
ofsH 6397+657 9780 2709 4518 £1329 £26.0 931 £11.0

* P<0.05(5Y t AA, Y>o{EHY), # P<0.05(5F t AA, oJSAY>H3HY)
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[Table 5] Pearson’s corelation coefficient between the obesity index, fasting blood sugar, serum lipids, and liver function

indexes of study subjects by year and gender

(Unit : Pearson’s corelation coefficient)

A= A FBS TC TG HDL-C LDL-C GOT GPT
2007 HEhAy 0.034 0.195%* 0.334%* -0.311%* 0.287** 0.097** 0.305**
of Al 0.092 0.103** 0.140%* -0.260%* 0.242%* -0.017 0.219**
b 0.057 0.198** 0.304** -0.308** 0.238** 0.084** 0.304**
2008 oJ5HAY -0.015 0.079** 0.150%* -0.237%* 0.159%* -0.014 0.199**
2009 sy 0.044**  0.192%* 0.350%* -0.297** 0.222%* 0.075%* 0.334**
of&hAll 0.005 0.072%* 0.131%* -0.227%* 0.165%* -0.006 0.098**
L 0.069**  0.101%** 0.197** -0.240%* 0.129%* 0.116%** 0.270%*
2010 S 0.009 0.052%* 0.077** -0.170%* 0.091** -0.003 0.145%*
011 gk 0.056**  0.185** 0.317** -0.302%* 0.231%* 0.157** 0.347%*
S -0.022 0.085** 0.146%* -0.254%* 0.164** -0.014 0.186**
kY 0.060**  0.162%** 0.296%* -0.277%* 0.198** 0.095%* 0.303**
A S 0.016* 0.072%* 0.126%* -0.210%* 0.141** 0.002 0.151**

*: P<0.05, **: P<0.01

[& 6] d=2 dissat A

o) [e) [e]
F5E 938

[Table 6] Prevalence of the individual components of metabolic syndrome by year and gender

(Unit : Number, %)
- A9 AT g5
(Number) Z= A A4y HDL-C = ki
007 USRI (N=5248) 1563(29.78%) 517(9.85%) 47(0.90%) 176(3.35%)
o 8}RY(N=4617) 1823(39.48%) 248(5.37%) 15(0.32%) 161(3.49%)
2008 JEHRY(N=5547) 1482(26.72%) 299(5.39%) 42(0.76%) 224(4.04%)
o] 8} (N=4663) 1406(30.15%) 147(3.15%) 8(0.17%) 168(3.6%)
2000 U5} (N=6890) 2129(30.9%) 520(7.55%) 38(0.55%) 306(4.44%)
]8I (N=5205) 1875(36.02%) 277(5.32%) 11(0.21%) 170(3.27%)
- e R(N=6992) 3219(46.04%) 715(10.23%) 24(0.34%) 303(4.33%)
& &FRY(N=6018) 2907(48.31%) 353(5.87%) 20(0.33%) 163(2.71%)
ot USRI (N=6939) 2548(36.72%) 496(7.15%) 49(0.71%) 293(4.22%)
o] 8L AI(N=6179) 2373(38.4%) 199(3.22%) 21(0.34%) 204(3.3%)
Toul J51X(N=31616) 10941(34.61%) 2547(8.06%) 200(0.63%) 1302(4.12%)
AP (N=26682) 10384(38.92%) 1224(4.59%) 75(0.28%) 866(3.25%)
RHrh= GPT7F HITHES}l o] 743k AHHAIE Beck 1 89 02 YEHTHE 6] BE g5l Qlojx] Awd
gy drdEs dyRE 445 42 ¢ddt FHES M= AT AFgFS HolA] gl
3.6 FAHE CHAISEZ TIE7|=0| wE ChAt 3.7 H|Pt=0| E Zt FH tAESERE TIH
557 TCHEIEY QU =4 Qs
AR Feka 28hdg o] drseTt Rdked [3F 7] viRtEo] w2 7} 2 ARG XdEs
FHES EW 9 sty BRoA Aol Z2  dH fHES UEhdch
34.61%%} 38.92%5 A8t M w2 FHES Ho o A B HUhEe] 9= Ak fE IRt
I g%len, o] A HDL FHAHE, BRuw, 1 F 2F3AAHe] FEe] 7 w3k, o2 B3]
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(B 7] vikz=of w2 7} 2 disis I935E f4E
[Table 7] Prevalence of the individual components of metabolic syndrome in relation to obesity

(Unit : Number, %)

R
A Namber EEN A HDLC o

AR 1284 sk 0(0%) 347(27.02%) 43(3.35%) 9(0.70%)
1064 o] sHAl 0(0%) 392(36.84%) 28(2.63%) 1(0.09%)
g 4 24417 sl Ay 13(0.05%) 7248(29.68%) 1527(6.25%) 117(0.48%)
21124 oAy 18(0.09%) 7754(36.71%) 765(3.62%) 49(0.23%)
P e 990 sk 11(1.11%) 499(50.40%) 119(12.02%) 8(0.81%)
2245 o] sHAl 63(2.81%) 1055(46.99%) 183(8.15%) 8(0.36%)
o 4924 Uil 1278(25.95%) 2846(57.80%) 857(17.40%) 66(1.34%)
2249 SR 785(34.90%) 1183(52.60%) 248(11.03%) 17(0.76%)

#P<0.05( test, H|IFEO]| Wk FEE W Hw)

[E 8] ulytwo] M2 2 38 AEFE AUFE A5 338
[Table 8] Prevalence of the combinations of the components of metabolic syndrome in relation to obesity

(Unit : Number, %)

R
Bk Number A
7S 274 370 47

A= 1284 skl 906(70.56%) 357(27.80%) 21(1.64%) 0(0%) 0(0%)
1064  oJ3HAY 658(61.84%) 391(36.75%) 15(1.41%) 000%) 0(0%)
4 24417 YA 16346(66.95%)  7241(29.66%) 826(3.38%) 4(0.02%) 0(0%)
21124  oJskAY 13046(61.76%) 7570(35.84%) 508(2.40%) 0(0%) 0(0%)
Bz 990 gk 440(44.44%) 466(47.07%) 81(8.18%) 3(0.30%) 0(0%)
2245 oSkl 1116(49.71%) 956(42.58%) 166(7.39%) 7(0.31%) 0(0%)
W 4924 JSHAY 1474(29.94%)  2095(42.55%)  1122(22.79%) 224(4.55%) 9(0.18%)
2249 oJSHAY 697(30.99%) 964(42.86%) 496(22.05%) 91(4.05%) 1(0.04%)

#P<0.05( test, H|WFEo| Wb FEE Wl Hw)

9l # HDL ZHAEHE, 1899 ¢o8 Yeyton,
2 o vlgt] BE FAXOCRE JoiA w2 A
S Ho|1 QIAYrHP<0.05, X test).
AR ATes SR e 7P w2 &
DFAAFOZ H|TE Ao} ARk o)A
o SRA|TE H|TE FAado] QlojA] T oo e
o] BHugte g el Ut A} ofE oA
Hojrh ERuNRe ARFo e o BE ¢l A4
FaollAle 0.07%4kell =2 grgkont A Sl A
2.29%, H|TkFo A= 28.76% 2 FE8HA Eolslth ol&
AR R4 B o] HAAIFT A 0.05%,
A FTEANA 1.11%, HPEol|lA= 25.95% % o ofsh
Aol o= AT 0.09%, THAFT 2.81%, H]TE
T 34.9%= ofsHlel SlojA B =2 HEE Btk &
A%, HDL 2 2HE, 89 5 FAASolA
A, HEto 2 wighe] wet 1 FHEe] s

32 rlo
me o my i
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rr
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2 4 9
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N
iU}
E

=)
%

oYl A TR F oA ARFTEeIF AL 1]
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4, &t

BRke) S7h= At Al A S, AEe] Atk 7l
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