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The Association between Obesity Indices in Adolescence and Carotid Intima-media
Thickness in Young Adults: Kangwha Study
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Graduate School of Public Health, Yonsei University, Seoul, Korea, Department of Preventive Medicine, Yonsei University College of
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Objectives : The aim of this study is to investigate the receiver-operator characteristic curve analyses.
association between obesity indices (body mass index, Results : In men, all the obesity indices in adolescence
weight, waist-hip ratio and waist circumference) in were showed to have statistically significant positive
adolescents and the carotid intima-media thickness (C-IMT) association with C-IMT in early adulthood. However, no
in early adulthood. We also wanted to identify the best such relationship was showed in women. On multiple
predictor for C-IMT among these obesity indices. regression and logistic regression analysis, the waist-hip

Methods : This study used community-based prospective ratio showed the biggest relationship with the C-IMT among
cohort study, known as the Kangwha Study, and the data the 4 obesity indices. However, there were no statistical
we used were from subjects who were 16-years old in 1996 significant differences and no best predictor was found. For
(defined as "adolescence”) and 25 years-old in 2005 the women, the obesity incidences and C-IMT showed no
(defined as “early adulthood”). The 256 subjects (113 men relationships.
and 143 women) who were used for analysis participated in Conclusions : This study suggested that obesity in
both follow-ups, and they underwent B-mode adolescence was related to an increase C-IMT in healthy
ultrasonography of the carotid arteries at the early young Korean men.
adulthood follow-up. Obesity indices were defined as the
body mass index, weight, waist-hip ratio and waist J Prev Med Public Health 2008;41(2):107-114
circumference. The C-IMT was defined as the mean of the
maximal IMT of each common carotid artery. The C-IMT Key words : Obesity, Carotid artery thrombosis, Adult,
and obesity indices associations were evaluated via Adolescence
multivariable regression, logistic regression and the
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Table 1. Mean and change of obesity indices, blood pressure, blood tests and mean of carotid inima-media thickness
) Men (n=113) Women (n=143)
Variables
Adolescence (age 16)  Early adulthood (age 25)  9-year change Adolescence (age 16) Early adulthood (age 25)  9-year change
Obesity indices
RAW values
Body mass index, kg/im? 08 + 24 28 =30 208+ 203 215 + 29 210 + 28 049+ 213
Weight, kg 609 + 84 689 =100 803+ 653 541 + 177 541 + 77 008+ 55
Waist hip ratio 078 + 004 087 + 003 009+ 0.04 072 + 005 087 + 005 015+ 006
Waist circumference, cm 709 =+ 61 840 + 64 131 + 54 66 + 63 815 + 64 148 + 63
Standardized values
Body mass index 0148+ 0871 0340+ 0991 0.117+ 1080 0269+ 0926
Weight 0433+ 0968 072+ 0873 0342+ 0889 0570+ 0672
Waist hip ratio 0607+ 0.746 0025+ 0806 0480+ 0912 0020+ 0.806
Waist circumference 0358+ 0929 0216+ 0990 0283+ 0965 01714 0978
Blood pressure
Systolicblood pressure, nmHg 1187 +108 1274 +133 87 +123 1140 +117 1110 +108 3197
Diastolic blood pressure, mmHg 738 + 79 B3 + 85 05 + 88 718 + 71 611 =75 47 + 82
Blood test
Total cholesterol, mg/dL 1453 260 1706 +292 253 =235 1607 +270 1608 +26.1 02 +235
LDL cholesterol, mg/dL 790 +232 %4 +263 174 +242 939 +241 862 +220 77 +214
HDL cholesterol, mg/dL 27 +89 536 +106 109 = 93 458 +100 613 +122 156 +103
Triglycerides, mg/dL. 119.1 +638 1163 +654 28 731 1048 1533 711 +395 338 518
Log transformed triglycerids 466 + 047 463 + 048 003+ 054 456 + 041 417 + 040 039+ 043
Glucose, mg/dL. 732 +108 871 = 71 140 +114 77 +98 833 + 6l 106 +105
Carotid intima-media thickness, mm - 0685+ 0077 . i 0679+ 0068 .
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Table 4. Independent association between obesity indices in adolescence and upper quartile of

carotid infima-media thickness in early adulthood

Carotid intima-media thickness Measured in early adulthood

o Men (n=113) Women (n=143)
Obesity indices in
adolescence . Systolic blood pressure . Systolic blood pressure
Unadjusted adjusted Unadjusted adjusted
Oddsratio  (95%Ch Oddsratio (95%CI) Oddsratio (95%CI) Oddsratio (95% CI)
Standardized values
Body mass index 202 (121335 214 (126366) 122 (088-171) 119  (0.85-168)
Weight 208 (128339) 225 (134379 139 (093-208) 135  (0902.04)
Waist hip ratio 236 (132424) 248 (135454 131 (087195 127  (0.85092)
Waistcircumference 217 (1.33-354) 237 (139403) 134 (092194 130  (0.89-191)
MEN WOMEN
100 100
80 80
= 2
Z 60 Z 60
2 2
@ &
40 — IMT 40 — IMT
— z_BMmI — z.BMmI
— Z_WAIST — Z_waisT
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0 20 40 60 80 100 0 20 40 60 80 100
100 Specificity 100 Specificity
Figure 1. Receiver operating characteristics curve of obesity indices in adolescence.
e B S R C ke el 251 Heyddel vzt e A
U (2] A5 e WS A% O R Qg ARG f-o] Tkl 33
gAY U= AF AU sleidd  hold A7 dE s AeY 23, wd

o] £¥NE RAS Fol= B S
oA ¥t ST AR F &
AQolA 9] B E T YF T A 9 vl wtat
o AHAAJE Hus AFE AR,
Muscatine Study©l| 4] 33-424¢] Wi 25
oM ZEd Wse FA A 54 A
§],9}_,,}e;]k10] 010401,]. oﬂ%] __H;_%]T\S_}_—
S AdE ZHUAHER AT HT
2 FA G wdo] Il FrHA o g
A ME FAol, Aol = #5719
ol Aol ASthaL skt 23).
ArolA v SHCo R AE
ARgeta Qitk T, A4
T A4 vRke e = g2 A
32N S0 Lo)gtAul A A A el
9 X Z Yeh7lel= A7 Al
Rexrode = [24]0] W24 3g)/9ddo] &
d], sl Z a7t o Atel A A5 2
83} 59370l Ago] 91, Prineas 5

[
=

l

|

o)

l'UO
N

oo
o -

AL B R 4 A E F A5 Y
Zu 29 &g/gdgo] Edn7+e 3§
AAF7E 7 29k, ol g, Al
AT, 59 eolglrh. AL 3
?1—5—*4% sl)/d o] Edlu|el #d
Aol 71 711 o) % s &, AF, A
A5 £07 et 89 T 74
9= ME v A 2, 95% A1 F

Tl & AA A5 Y T2
el JSARRAY $9E £ 5
AT

g, & Aol e Rkl F4d7) H]
k7] A7) AEd e FA%
9 #@Ago] glof EE Aol & BAT
Wang [26]°]] oJsbd 4§ A=Erh i 2
FoHR HEA e BAT O e
ARFA M = e ARBA, HA M =
9 ARAAE Bt gt ol 4
e dad A4E B ¢ o
ToAME R A5 #dds gs



spebe == o A s Es gt o] Edn], d¢E vims 2 A §  $ 2YY 41%7} v Adelo] Hgln
gho] A@Ael QoM duie B AR AR o Aol AT G [3], 2ok T 30-40%7) AT H O R
PAL ZA48E AL A =9 ok EAHAET FolAM F FHAHE,  oloFttn HusgieH 311 ¢euet
ok g9 niniA geh ek AzAE AL Add ZHAHE, A0, ¥ oA E Kang T [32)0] FAF A AA
] 9AzH H3lE B WA WA 5Eg F2 Aol ot 1R A Fhup §lek A0 R ofF W YAdT)
S Fdste AZFA 5 AFo] BF ol FYAHES v R TAM FA o HEh A1V viRk 52 Aad
s7kA oY oA e Aol Bt 80 HOE foeHAl Etek ek o] AT AE JNER [19] A3t Ao Glof o &
kg S7he Aol v]s) Al AAFAF oM BLE A FHAHER 27] mfoFditt
7k 2388 HAA LR A #H AV AFAUFTY FALY BEGE A, o] AN 254 FH Y B e
ERugks gdehs delEdd ey 9%a, deAoR 27 AV 1EE yEY FAS SAIE AR 54
Yol = WAk} fAtskAl T7kek A9 FAAHER AW UFe A g Batol EAlA 0.69 mm, oA
th £%7) G4 FAAE S71eR 9] B S vwe o el T 0.68 mmo| it -2luetel A A of
Oup o2k BAACE TSI & Azt #2285 5 glSich Agd FE9 deME Ful & Aol 9
YHAAARL 9d7t A A0 R F7 A 7SS MAE FE glod oy EAEE e E gieng A A
gt datol wls] Az M E ABAQA F 2ol Foxpgh njFoiApte] gukAl vl A A Au e W A £
7he HolA| sttt olg} Zo] Y9 7] wEA B9 Afolvh YT ol JIE EE WVlE ok o, AL AT
28 54 vk 29 doh dAHAL FAAAARY Aol & HolA| got e & T A% A Aed Us
A7} BT EAHOR F9% o7} AL AN e AR B wmd g u FAE ST 93?% Lee 5 [33]°]
R OBR I Aol7}t Aife] Y& ] HE H|W é}fd Aol A o] oA 25674 AR AR 95 S TN CE &
e Aeg Aztete] 23 A7z THE AT FYAHEY Aol Fo AT AHE BEH HA 0.66810.091 mm,
TE Z71810 A TA AFE H ool FFol 01 TR AW Aolst AEHEA 024067910108 mmE o 7 AT
itk gHH & AFolA @Rk 254 We o 7RI Ao g Bl otk Ty, & B fARSIS T Cho F [341] 23t
ALZA T B> 08 kg 02 B A FF Hoh o] B2 dAE olgeted W 3079412 57 2 R ZARRH <
Fo Heel Jgleols EFstu vak  Fajop g g aido] ik TolA o] d7-g} 7Hg 2413 AF i
%9} AN USTT T #E4E A A2V AT A RS 3039419 AEE uFe FAY A S
Hol glof A&AQl v|nt #ejd QG 7] ARAo] Fof o] FIHA *«1 Oﬂ B FA= 06020.10 mm, o3 2H= 0.61 £
- o] AJA}E 31 9T} &S s Belsty BA = oAlY 0.2 mmelTh 835794 A7Qe Tt
o] A7 Syt A7l S i thddFd o AvE s G Ak oF F AT HuA ] BIFRE
0Z A AN MR TS} 27) A ME 27 AU A-E G AF Aol 0745021 mm, o)A} A 0.73E
AW Yo TA%e] FAAS gekdt 3 EAV 271 U719 AEE UF 020 mmO.E Bk Qv [35). $HH =
Hxo Atetes doA g7k lovt 2 Fr9 EA

A
o] AR 1, ozt 99 AHE A v H=(36]¢] 27-304]
e 22 ASAE /T gl WA, BEAo] Bolx itk & AT Aol 9 F2 i dAel A ”X}L 0.49£0.05
3719 2AZAG=TEA A7 F A A E ARAAE HZ £ mm, A= 0481005 mm$ T 324 9]
AzAbE ApdA o7 ol oals ot o dals AAE7ef BiiRE Aol 9l gt = Y A4 0.67i0.09 mm,
3l thAkate] shatod AldlEtglom g 27 AJQl7]el H]ukgl Algho] K9l oL} od bl 0.64£0.08 mm, H FU AF Y 9l
AP gAY R FAZAMER At A A 18fd Aol Wtk okx 2 Ae EAbelA 0.71£0.09 mm, A}l 4]
BHAA ] 7o) Atk o] AtelA ad719 Hl ato] AJQ17]9) ulke ket 0691009 mmE ZHETH37). B AT
7] AR o8 AL 164 W ZAtel| Fofst E}t APAE A dEA 9tk 2728 1970t AW UsH® T4 Hag 9 o
WA E £ 767902 o] FollA 7] dRE 19924714 Bud ATE nast  F AFg d|ue] BY, 2 A7 A%
AQ17) ZAlel Zroish Ak 34.29%(262 %%01] oatd, nlwkal Hekopgo ek 1 & FAF A Y wels} EQlofM FAF)
oll E5f3lc}. Melfd o] RE dolr of u|ghst of Bo] Hglom Aelntte]  u Ud@= dajro= &9t I
71 %’4611, 164 ZAF iRt F 254 2714 ARSI FEo] F2 okx L £ 0 EM =l %EL 87N 57 FA Bawk
A7) ZAbel Zojst giaa} ZojeiA] & volrt & T H|Rkgk obgel Qloj o ok & o] &elal MAE e WF e F
& Ao oy 7k BEAS vlwE By & AnE W 3t 9lTk [29,30]. L o] 77114 Jﬂﬂ}—g Ao o] &3tgict. 3,
o}, Foizte} Al goiAbzke] Adul, AAZE A 614419 obF2 20 7F FA A o] AFellAE 54 FAAAM AT U
I, A, s Ed, 9ol B, 8l AT T vkt 29 32%, vgt 9 X HS ol Esie, 4 AT

by

N



vhh BEgke Hoshe PR AR o
ok3l} [21,35-37). 8 A w Y=uk =
Az Sl vt S A A
EOE s Hede A7 RonR
ME G2 @7 A sy A &
= A4AY oz Hjwa)el= §-2 7k ik
3 AoM AFd A gk 164
o EARG A T 271 Q7] eltet
H Zojzapztel 540 nYE AgH 2
1*E1i940ﬂ~2}°l7}°i°1 AeRie
*1

ot w2 @elM o] Fatatol o
g 01?@49}4 eV
Holut Btk 3 Aolol 7iss S
A~ o]q_

YA, o] A= 2549 I A YA}
FAZE U RS AFiae 2 7|
HEo] AFANE Ak QA o] A
ekl 1’47}‘%}

2o, o] A7 AR 558 7
& 7H x]oﬂ/x}ﬂ,] AFTEEL o] L4319 =
A} tAFe] ¢ Fo] Eolsto] <189l
Jq_JJri quﬂaL 2 olg}gcq z]]_ﬁo] =
A3 B UAAE o9 7} 27 2A)5)

o thoksl H|EkA| X 2 o] §-3t0] A A7
Hlub 27 4719 A5 F 5
Ashel A4S 2 A ATk FolA
9|2}k olck sAlek

D) AAE e 5AAFE e
& AT EES o] gato] ART LA
whatol| A 3 2137 v)uke] 27
74.&:1711 LH%E”' 7}1]% %7}_}\]7]

o

r

'—vﬂlﬁlﬂ«l # “01 Eﬂ} i—ﬂi’ki’.‘ﬂ 47H
7t

HIgE E 7h o0 990 7hs8 5 9l
Ak ey, Eabel A AEgHo R HA
1d7]2) thokst H)RkA 27} 271 A917] ¢
el Wae 74 Skl #HAE B
Aorg Frr|Hg vuks #stu

yney

1. Popkin BM, Doak CM. The obesity epidemic is
a worldwide phenomenon. Nutr Rev 1998; 56(4
pt 1): 106-114,

2.Ebbeling CA, Pawlak DB, Ludwig DS.
Childhood obesity: Public-health crisis,
common sense cure. Lancet 2002; 360(9331);
473482,

3. Hedley AA, Ogden CL, Johnson CL, Carroll
MD, Curtin LR, Flegal KM. Prevalence of
overweight and obesity among US children,
adolescents, and adults, 1992-2002. JAMA
2004; 291(23): 2847-2850.

4.0ren A, Vos LE, Utterwaal CS, Gorissen WH,
Grobbee DE, Bots ML. Change body mass
index from adolescence to young adulthood and
increased carotid intima-media thickness at 28
years of age: The Atherosclerosis Risk in Young
Adults Study. Int J Obes Relat Metab Disord
2003; 27(11): 1383-1390.

5. Kim HM, Park J, Kim HS, Kim DH, Park SH.
Obesity and cardiovascular risk factors in
Korean children and adolescents age 10-18
years from the Korean National Health and
Nutrition Examination Survey, 1998 and 2001.
Am J Epidemiol 2006; 164(8): 787-793.

6.Korea Centers for Disease Control and
Prevention. Reports of the Third National
Health and Nutrition Examination Survey: The
Health Examination. Seoul: Korea Centers for
Disease Control and Prevention; 2006.

7.Chung BC, Park SH, Lee JY, Lee SW, Chung
SC, Kim JG, et al. Relationship between obesity
indices and nisk factors of atherosclerosis in type
2 diabetics. Korean J Obes 2003; 12(2): 93-107.
{Korean)

8. Pignoli P, Longo T. Ultrasound evaluation of
atherosclerosis. Methodological problems and
technological developments. Eur Surg Res
1986; 18(3-4): 238-253.

9. De Michele M, Panico S, lannuzzi A, Celentano
E, Ciardullo AV, Galasso R, et al. Association of
obesity and central fat distribution with carotid
artery wall thickening in middle-aged women.
Stroke 2002; 33(12): 2923-2928.

10. Freedman DS, Dietz WH, Tang R, Mensah
GA, Bond MG, Urbina EM, et al. The relation
of obesity throughout life to carotid intima-
media thickness in adulthood: The Bogalusa
Heart Study. Int J Obes Relat Metab Disord
2004; 28(1): 159-166.

11.Ferreira I, Twisk JW, van Mechelen W,
Kemper HC, Seidell JC, Stehouwer CD.

IR A o A e 113

=} %7

Current and adolescent body fatness and fat
distribution: relationships with carotid intima-
media thickness and large artery stiffness at the
age of 36 years. J Hypertens 2004; 22(1): 145-
155.

12. Kotsis VT, Stabouli SV, Papamichael CM,
Zakopoulos NA. Impact of obesity in intima
media thickness of carotid arteries. Obesity
2006; 14(10): 1708-1715.

13. Schiel R, Beltschikow W, Radon S, Kramer G,
Perenthaler T, Stein G. Increased carotid
intima-media thickness and associations with
cardiovascular risk factors in obese and
overweight children and adolescents. Eur J
Med Res 2007, 12(10). 503-508.

14. Watanabe H, Yamane K, Egusa G, Kohno N.
Influence of westernization of lifestyle on the
progression of IMT in Japanese. J Atheroscler
Thromb 2004; 11(6): 330-334.

15. Yasuda T, Matsuhisa M, Fujiki N, Sakamoto
F, Tsuji M, Fujisawa N, et al. Is central obesity
a good predictor of carotid atherosclerosis in
Japanese type 2 diabetes with metabolic
syndrome? Endocr J 2007; 54(5): 695-702.

16. Kawamoto R, Tomita H, Ohtsuka N, Inoue A,
Kamitani A. Metabolic syndrome, diabetes and
subclinical atherosclerosis as assessed by
carotid intima-medica thickness. J Atheroscler
Thromb 2007, 14(2): 78-85.

17.Suh 1, Kim IS, Nam CM, Lee SY, Oh HC,
Kim CB, et al. The change of children’s blood
pressure and factors affecting the level of blood
pressure in children. Korean J Prev Med 1989;
22(3): 303-312. (Korean)

18. Ahn SV, Kim HC, Hur NW, Ha KS, Chang
HS, Kim JB, et al. Relationship between
corrected QT interval and cardiovascular risk
factors in young healthy adults: the Kangwha
Study. J Prev Med Public Health 2006; 39(6):
455-461. (Korean)

19.Suh I, Nam CM, Lee ES, Kim IS, Lee SY.
Blood pressure tracking in Korean
schoolchildren. Int J Epidemiol 1994; 23(4):
T10-715.

20.Lee YM, Park HS, Chun BC, Kim HS.
Reliability of measurements of waist
circumference at 3 different site. Korean J
Obes 2002; 11(2): 123-130. (Korean)

21. Raitakari OT, Juonala M, Viikari JS. Obesity in
childhood and vascular changes in adulthood:
insights into the cardiovascular risk in Young
Finns Study. Int J Obes 2005; 29(Suppl 2):
§101-S104.

22. Kivimaki M, Lawlor DA, Juonala M, Smith
GD, Elovainio M, Keltikangas-Jarvinen L, et
al. Lifecourse socioeconomic position, C-
reactive protein and carotid intima-media
thickness in young adults: The Cardiovascular



114 o174 - 4% A8 - s

Risk in Young Finns Study. Arterioscler
Throm Vasc Biol 2005; 25(10): 2197-2202.

23. Davis PH, Dawson JD, Mahoney LT, Lauer
RM. Increased carotid intimal-medical
thickness and coronary calcification are related
in young and middle-aged adults. The
Muscatine Study. Circulation 1999; 100(8):
838-842.

24.Rexrode KM, Carey VI, Hennekens CH,
Walters EE, Colditz GA, Stampfer MJ, et al.
Abdominal adiposity and coronary heart
disease in women. JAMA 1998; 280(21): 1843-
1848.

25. Prineas RJ, Folsom AR, Kaye SA. Central
adiposity and increased risk of coronary artery
disease mortality in older women. Ann
Epidemiol 1993; 3(1): 3541.

26. Wang Y. Is obesity associated with early
sexual maturation? A comparison of the
association in American boys versus girls.
Pediatrics 2002; 110(5): 903-910.

27.Srinivasan SR, Bao W, Wattigney WA,
Berenson GS. Adolescent overweight is
associated with adult overweight and related
multiple cardiovascular factors: the Bogalusa
Heart Study. Metabolism 1996; 45(2): 235-
240,

!

28. Deshmukh-Taskar P, Nicklas TA, Morales M,
Yang SJ, Zakeri I, Berenson GS. Tracking of
overweight status from childhood to young
adulthood: the Bogalusa Heart Study. Eur J
Clin Nutr 2006 60(1); 48-57.

29.Clarke WR, Lauer RM. Does childhood
obesity track into aduithood? Crit Rev Food Sci
Nutr 1993; 33(4-5): 423430

30. Serdula MK, Ivery D, Coates R, Freedman
DS, Williamson DF, Byers T. Do children
become obese adults? A review of the
literature. Prev Med 1993; 22(2): 167-177.

31. Kotani K, Nishida M, Yamashita S, Funahashi
T, Fujioka S, Tokunaga K, et al. Two decades
of annual medical examinations in Japanese
obese children: Do obese children grow into
obese adults? Int J Obes Relat Metab Disord
1997; 21(10): 912-921.

32.Kang YJ, Suh 1, Hong CH, Park JK. Twelve-
year study on body mass index changes of
obese adolescents. Korean J Prev Med 1994;
27(4). 665-676. (Korean)

33.Lee SK, Hwang HY, Kim HS, Chang MS,
Lee EJ, Kang MH, et al. The carotid artery
intima-media thickness measured with B-mode
ultrasonography in adult volunteers. Korean
Circ /1999, 29(11): 1201-1211. (Korean)

34.Cho YR, Kim DJ, Kim HD, Choi SH, Kim
SK, Kim HJ, et al. Reference values of carotid
artery intima-media thickness and association
with atherosclerotic risk factors in healthy
subjects in Korea. Korean J Med 2003; 64(3):
275-283. (Korean)

35. Choi SH, Kim HC, Ahn CW, Cho HK, Cha
BS, Chung Y, et al. Is high-sensitivity C-
reactive protein associated with carotid
atherosclerosis in healthy Koreans? Eur J
Cardiovasc Prev Rehabil 2005; 12(6):
5482554

36.Oren A, Vos LE, Uiterwaal CS, Gorissen WH,
Grobbee DE, Bots ML. Change in body mass
index from adolescence to young adulthood
and increased carotid intima-media thickness at
28 years of age: The Atherosclerosis Risk in
Young Adults Study. Int J Obes Relat Metab
Disord 2003; 27(11): 1383-1390.

37.Tzou WS, Douglas PS, Srinivasan SR, Bond
MG, Tang R, Chen W, et al. Increased
subclinical atherosclerosis in young adults with
metabolic syndrome: The Bogalusa Heart
Study. J Am Coll Cardiol 2005; 46(3): 457-
463.



