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Prevalence of the Nonalcoholic Fatty Liver Disease in
Obese Children

Sung Woog Hwang, M.D., Duk Hee Kim, M.

Department of Pediatrics, Yonsei University Col

Purpose : Obesity is, along with metabolic syndrome, closely related with nonalcoholic fatty liver
disease. This study tried to evaluate the prevalence of nonalcoholic liver disease in obese children

and verify the factors associated with the disease.

Methods : Two hundred and seventy nine children who showed a body mass index of 95 percentile
over the baseline in health examinations of surrounding schools were evaluated. Questionnaires, body
measurements, blood examinations, and ultrasonographic measurements of abdominal fat were exam-

ined.

Results : Out of 279 children enrolled for the study, 27 children were found to possess nonalcoholic
liver disease(9.7%). Among those found to be positive for nonalcoholic liver disease, it's prevalence

increased to 15.2%(22 out of 144 children) among children

involved with metabolic syndrome, namely waist/hip circumference ratio and thickness of abdominal

fat, were found to be closely related to nonalcoholic fatty 1
Conclusion : The prevalence of nonalcoholic fatty liver in

cidence observable in severer obesity. Factors responsible for metabolic syndrome were closely asso-

ciated with nonalcoholic fatty liver disease, and the level

index in both diseases, can be utilized in evaluation of the effect of treatment and control of risk

factors. (Korean J Pediatr 2005;48:13-20)
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with severe obesity. Factors known to be

iver as well.
obese children was 9.7%, with higher in-

of insulin resistance, which is an useful

E WLIFEA AW+ (nonalcholic  steatohepatits, NASH),
M £ a8l o FaE FeEQl 28 8kliver cirrhosis)7ZHA WS 22
EFS Yehdiy g g9st dFEAE Hela glon A

A2 SUeel e AAH FEo] SAHT G At & TS dFEE FEA|AY HSoH ol
AEEA A7 $27F Frkstal ok Al e A A7 Azt wel JdEdel Aol otk d=E&A
a7L HAA7E A Qe AHolA Holx Auzte] A4S 9 AMIIE g5 dsA IRHE AeE o ALsA I
Aeth AWre FAAE] 7 FEke 5% ol4ow HHE sk &5 A¢ A JdAHE A= Ak AL
AL et v Uz eA AW7Hnonalcoholic fatty liver dis- 3 Hitoll oshd dwielel A 34k njdmgA] AWES 20%,
case, NAFLD)S Helzdety 2702 sty Avig ve  Hlgae4d Adde 2-3% A% Aty nusgon? oy
A9 (simple steatosis)NA ZHAIE AL D AfstE Shlet 3 HEASA NS T Ao HvkE uA¥EF @k
gt Syl sEuetel e 2o} HwEd dg fHEo] &
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2 oATE el AadelA] Addaste] 1Al B
2 gAEFEe] SENEE A 93 R EX RS bt
AT d3to g olFolxom x . Fshul AAHRIA G,
AP A F A4S (body mass index, BMI) 95 &4 o]A+
Q1 A 2799 (HAF 187, o2 921)S AT e R St

2. 89y

1) H||:||-o| _|_|o40|x|. ==I-I

GAREA B4, BRef ol 2 deud AR
54 2Askon 7], AFE A5 24718 83905 BMI
£ 248 A9 AFE o8l ATk AFm)el A
o

2 o] Attt
HITEE (obesity rate, %)& (ASAFT -3 LA/ %
1 RTAlTez Aktstdn slEEds AHAAdA EAE
o]-g3te] wiFold 1 cm AFE 7IEoE F43to] FE/IH
o] W& ARSI AHES 1083 A & 75
7] & oolg] Y FAINAT 2LIE o8 WEAY &
A ioﬂﬂc B-mode Z&37](MIt]= SA 9900)¢] 35 MHz
A5 o] gste]l A 1 cm Sl 5L HARR] 9
Atk 54U WA FAE 520 WA o
A2 gt HBs &, HCV A 44
FAARE oz 10417 ol &
oZE ALT ¥ AST, =9,
A9, LDL-Zd¥ 24" ZE, HDL- iﬂ]’\Eﬂi high sensitivity
CRP, leptin, adiponecting 743ttt Wds dofo] H7t&
A& A dE-a AAE AldskARa vs e S(ADA) 9
7)ol wet Frhetdeh W A& Homeostasis Model
Assessment-Insulin Resistance(HOMA-IR), Quantitative In-
sulin Sensitivity Check Index(QUICKD®el 93l vt 22
&-3te] Artetnt

HOMA-IR=[Insulin(uU/mL) X Glucose(mmol/L)1/22.5,
QUICKI=1/{log fasting Insulin(zU/mL)+log fasting Glucose
(mg/dL)}, 21&d A3 HOMA-IR >2, QUICKI <0.339%
Aelatglert?,
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eI A Atae d3e AFHe HAHe] glowds B
G2, C¥zEgo]l Rl Vel 7rEske] Aol fle Aol A
galo| 4 ALT, AST X7} 40 TU/L ©14<l A$= A28l
=3

3) S

Avjo] Ao opSS EA ZZ @ (version 11.5)S o] L3)
of AAsth SAgE FHEEEAANE BASAT 4 Y

el ¥l Student’s T testE o843kt
0.0562 Aefatart

i 2797 Foll EAE 187HolIal oAb 92
] Ay Il o 7kt 12242674, 122424342
2ol 7k @1 o (P>0.05), AL FASFE dA 2674382 kg/m’,
o7} 255+3.34 kg/m’® 8 2Fol7k UATHP=0.005).

(e}

FE7] 492 FA 1171119 mmHg, °I# 113+105
mmHg® 28 Abel7k IATHP=0.005). 44 dAt

105+49.0 mg/dL, *1#F 126+60.7 mg/dLE #2|3 o]z} 3l
ATHP=0.005). FEA FF& @2 996+7.98 mg/dL, oA
98.317.05 mg/dLZ Ao|7}F fATHP>0.05). F&5A 5 QA&
Y vEe PR 1141747 pU/mL, 94 1391625 pU/mL=E
frolgt Zol7k AATHP=0.008). BIT=E WA} 33.8413.02%,
o2} 27.6+11.63% % FAelA HWHET}E 48F 21 (P<0.001),
leptin %+ 9AF 9.77£4.468 ng/mL, 91AF 13.12+£5.468 ng/
mLE oAfell A =TH(P<0.001). B3 AHFAE @2t 360+
1020 mm, A 286+9.12 mm= 23 2ol7F A oH(pP<
0.001), 3l/ddel Edvl= @2k 08910075, <A+ 082+
00472 9% zo]7F AAJATHP<0.001). high sensitive CRP
© 97 0.25+0.230 mg/dL, 9A 0.19+0.162 mg/dL= &Rl
A el Al =9k em(P=0.044), adiponectin< FAF 6.1822.998
ng/mL, ©Z 63713433 ng/mL&E *ol7F fAATHP>0.05)
(Table 1).

2. HZISY XWztHo {F0| ME H

kol 2797 T Mldks &4 Aol e A 27 e
2 97%Ah s ARl fRel me JdH @
A 2e By ngsed Aol gl Al vvks
7b frelaAl wgke(P=0.001), AR Sl Ak 3 e
=e7F FAALE FostA wRTHP<0.001). HF HF )G
Aol FALE FolF Zol7k ANUTHP<0.001). 1 2ol 5= Q&

d AR AEYD FHA Jded $X(P=0.005%2 QUICKI

(P=0.004), HOMA-IR #(P=0.00D°] 23 Aeol7b UATH
F57] e F 2ol Feld Aozt A em(P=0.014), A

A A(P=0.001), Hl‘ﬂC(P<OOOI) L ugsgsd ARt
Aol A fofsiAl =ATh S leptine] 23 AolE BIo
W(P=0.012), high sensitive CRP, adiponectin< <]3F }-9]

£ HolA| &SP >0.05)(Table 2).
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Table 1. Clinical Characteristics of the Obese Children by Sex

Korean ] Pediatr :

A 484 A1 20059

Men(n=187) Women(n=92) Total(n=279) P-value
Age(yr) 12.2£2.67 12.2%+2.43 12.2£2.68 0.948
Height(cm) 156.6+16.42 153.8+12.23 155.7+15.12 0.108
weight(kg) 67.7120.82 61.5+15.12 65.71+19.31 0.005
BMI(kg/m?) 26.7+3.82 25.543.34 264+3.71 0.005
Waist(cm) 84.01+12.47 76.9£8.41 81.7+11.75 <0.001
Waist hip ratio 0.89%0.075 0.8240.047 0.87+0.07 <0.001
SBP(mmHg) 117£11.9 113+105 116117 0.005
DBP(mmHg) 73196 7276 73£9.1 0.392
VET(mm) 36.0+10.20 28.619.12 33.51+10.42 <0.001
Fasting sugar(mg/dL) 99.6£7.98 98.31+7.05 99.2+7.7 0.171
Fasting insulin(uU/L) 11.4+7.47 13.9+6.25 122+7.2 0.008
Total cholesterol(mg/dL) 159£25.80 160430.42 159274 0.808
Triglyceride(mg/dL) 105+49.0 126+60.7 112£53.92 0.002
LDL cholesterol(mg/dL) 91.3+£22.10 87.91+27.48 90.21+24.04 0.264
HDL cholesterol(mg/dL) 465+11.57 46.6+17.12 46.51+13.62 0.946
Obesity rate(%) 33.81+13.02 27.6%+11.63 31.8+12.92 <0.001
HsCRP(mg/dL) 0.25%+0.230 0.19£0.162 0.231+0.213 0.044
Leptin(ng/mL) 9.771+4.468 13.12£5.468 10.88+5.152 <0.001
Adiponectin (ng/mL) 6.181+2.998 6.3743.433 6.241+3.142 0.632

Data are shown as the mean® SD

Abbreviations : BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; VET, visceral fat thickness;

HsCRP, high sensitive c-reactive protein

Table 2. Comparison of Clinical and Laboratory Characteristics with and without Nonalchoholic Fatty Liver Disease

NAFLD(—)(n=252) NAFLD(+)(n=27) Total(n=279) P-value
Age(yr) 12.1£2.60 12.6+£2.62 12.1£2.68 0.356
Height(cm) 155.4+15.08 1585+16.01 155.7+15.12 0.317
weight(kg) 64.8+19.02 73.6+20.45 65.71+19.31 0.025
BMI(kg/m?) 26.1+£3.578 28.613.648 26.4+3.71 0.001
Waist(cm) 80.7+11.42 90.5+11.44 81.7+11.75 <0.001
Waist hip ratio 0.86+0.074 0.92+0.051 0.87%+0.070 <0.001
SBP(mmHg) 115+11.2 121+139 116+£11.7 0.014
DBP(mmHg) 73188 76+10.7 73£9.1 0.070
VFT(mm) 325+9.78 433%11.53 33.5+10.42 <0.001
Fasting sugar(mg/dL) 98.9+7.60 101.3+8.43 99.2+77 0.139
Fasting insulin(uU/L) 11.8+7.08 16.0+7.21 122+72 0.005
Total cholesterol(mg/dL) 158+27.9 164£21.2 159*£27.4 0.343
Triglyceride(mg/dL) 110+54.2 125+60.6 112+53.9 0.155
LDL cholesterol(mg/dL) 89.7+2457 94.9+17.66 90.2+24.04 0.284
HDL cholesterol(mg/dL) 46.8+13.89 43.8+10.56 46.5%13.62 0.266
HOMAIR 2.88+1.652 4.01+1.848 2.98+1.701 0.001
QUICKI 0.33+0.027 0.32+0.025 0.33+0.031 0.004
Obesity rate(%) 30.8+12.59 41.8+£11.49 31.8+12.92 <0.001
HsCRP(mg/dL) 0.23£0.214 0.28+0.186 0.23+0.213 0.251
Leptin(ng/mL) 10.63+4.867 13.23+7.003 10.88+5.152 0.012
Adiponectin(ng/mL) 6.34+3.170 5.35+2.764 6.24+3.142 0.119

Data are shown as the mean®SD

Abbreviations : NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; VFT, visceral fat thickness; HOMA-IR, homeostasis model assessment-insulin resistance; QUICKI, quantitative

insulin sensitivity check index; HsCRP, high sensitive c-reactive protein

BRAUE A%, AR v 2
24

135 oz o] FoA wLdzm  BNtES] & 44HOR o] FolA nLdHLA A W7Edo] 9
[e]

o
Aol = Aol 5H(B7%)olNeH FFE o & AMge] 2W(152%)0R FAHCR fofd AolE: BT

,15,



FY% 9 290 ¢ o} MWBAA ALY AP FHE

Table 3. Comparison of Clinical and Laboratory Characteristics by Nonalcoholic Fatty Liver Disease and Obesity Rate

Obesity rate <30% Obesity rate =30%

NAFLD(—) NAFLD(+) P value NAFLD(—) NAFLD(+) P value
Age(yr) 11.1+25 11.9+32 0.559 13.3%+2.2 128+24 0.362
Height(cm) 150.3+14.9 156.5+21.0 0.547 160.8+13.3 158.9+15.2 0.585
weight(kg) 549+15.8 63.2+£22.6 0.460 75.4%t16.4 759+t19.7 0.900
Waist(cm) 75.1£85 80.0t12.7 0.438 86.8+t11.0 92.8£9.8 0.015
Waist hip ratio 0.85+0.05 0.86£0.06 0.677 0.87£0.09 0.93£0.04 <0.001
SBP(mmHg) 111.6+9.3 114.2+11.9 0.657 119.6+11.6 122.9+14.1 0.317
DBP(mmHg) 709+78 74.0%t11.8 0.591 75.2%9.3 76.8+£10.7 0.511
Triglyceride(mg/dL) 108.2+62.9 126.0+50.5 0.482 112.0+43.2 1255+51.9 0.261
LDLcholesterol(mg/dL) 89.3+£25.2 96.8+t13.6 0.298 90.1£24.0 945+t187 0.342
HDLcholesterol(mg/dL) 50.6+16.1 39.4+6.6 0.014 42.8+£9.6 448*11.1 0.447
HOMAIR 26t14 413£25 0.300 32%1.8 40*+1.8 0.061
QUICKI 0.34%0.03 0.32£0.02 0.136 0.33£0.02 0.32£0.02 0.087
Leptin(ng/mL) 9.58+£4.30 9.22+2.76 0.850 11.86+5.14 14.1+7.38 0.177
Adiponectin(ng/mL) 6.87+t3.39 6.56+£3.70 0.861 577281 5.08+£2.53 0.252
VFT(mm) 31.2%9.2 34.1+£10.7 0.584 33.8%£10.3 45.4%10.9 <0.001

Data are shown as the mean®SD

Abbreviations : NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; VFT, visceral fat thickness; HOMA-IR, homeostasis model assessment-insulin resistance; QUICKI, quantitative
insulin sensitivity check index

(P=0.001). HITH=7F S5= o]l relA wgasEd ARt ey ARk QI F bR AL e AES st H me
deol gl A5 de A d/ddel sdule 47 0871 FHES 7 AR didEn Aol vgamed At
0.09, 0.93£0.04% Frold zkol7h AALH(P<0.001), HF W FHES 20% A=olW ALTFe] FHES 2-3%2 <A
A FAE 747 3384103 mm, 454109 mmZ foF A A ol@ @ iz pEdelq g EF Aol EF o
ol7b ARTHP<0.001). L ¢Jel% QUICKI #h& F wxbolls  wb Aofojre] wudz&A Aidite] FHELS 26%0|H 4o}
EAROR fold A%E HATHP-0087). A% vIgkTold  Hlgk #xel it 225-528%% Busli Ui B Aot
YIS A0S 7H Aol Aol fle Akl B 97%2 ATl HlE we FHES BT
) 2 Aol HolA gkkem HDL-cholesterol RFo]l {+2]3t H & 384 A7t vnk Iy aXd3 adeEddd,
Apol2 HYTHP=0014). LTS Ad7tdo] e #7tols 1Y E3 2o gAlg Zay d#Fe] dHE % A’
Aol 7RI} ol vluskx] & SktHTable 3). I 9elx n% vwkskzl X855 913 bariatric surgery 53]
T3 E Folz Z Aty A 0.2 amiodarone,
0 & diltiazem, tamoxifen 59< <F=olu} FA7|7ke] H|AF JLTH
g ke Aol E gt 2ed ot NASH A=
JaHRor 53 A sl Az dEgy dud & F vl Sl AeE Raxd mep Ape]rh AARE °F 39-95
FEAR AP BRe mdaeA Aurer i Ald %E s glen gmue] e e 21-55%, wAE
2R ARNe 2Fe AW Hor wee Ao A o] A A¢E 21-91%2 HuH: Qo
9t #EAEE 9 AW (simple steatosis)¥ A W3rA, 7HA 8} HdzeA AHzre] #elog HArtx| WolgolE o]E
2 2Rdn Qo uLmead AWPHANASHE ©v9dE  two-hit hypothesiso]tH* 'Y, o] 7hzAle] Aubo] st
g3 AF glol 1o AWHA ISAE &, HAE A Aol A WA DA(Ist hit)olw of 7]l thFst ¢l os] AF
ol wAsH, 2AAALNA d3e& Ay WES] FEEA 3 ZE#2(oxidative stress)7t TS AHkskel A5
AN G AT 28 2 ARsl 28T S dden @ wkgo] #ojste RolETRY Fol AGEIL o2 3 nEZE=
2 Byl oW 2-3%% FHEstE s 4 ki ke glof 7l B lse] "Wolx dFwhgo] dojutal ol g
Aoz FAFHAE Awgtel] st Mol oo #sl Az A Afsrh dejve 7 oA 9And hiE T
o] Hols B BAS 2HA FY? EAGP YR wA gAdE sl Aol Fad QA=
et A Aofell A HldmeA Azhe] fHES ol oAX L LY, ol nwkE FAelA &w APl F7}
72 BaE AL gl Al Ha o]2 QI A&7t Fkste] 1k W2 A WAke] f
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o] dF =z AFHL JH?. EF Dixon 5
< 138St, ALT 40 TU/L ©J]”, insulin resistance index(1/
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= AAZ e AWFTAAE ALT, AST7F A<l
o] wito] AAe fFHERY WA HEHAS sHedo] B
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[}
A Clark 5770 283 #AHE AlFaA 3 117]%5]
273

Aol gow wolelzy golt gFEol Sl ARHES v
ey AWNPoR FAT Wk o] B wRANE 28
e ANSA @n WEned AYRAL A5 olgom &

A #A AgtdeozE ALTO WA X5 40 IU/LE 7
THORE P Ed i v FAE 40 IU/LE 7=
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