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Nonalcoholic Fatty Liver Disease in Children

Jeong Wan Seo, M.D.

Department of Pediatrics, Ewha Womans University School of Medicine, Seoul, Korea

Obesity is significantly increasing in Korean adolescents and nonalcoholic fatty liver disease (NAFLD)
is soon expected to be the most common chronic liver disease in children. The symptoms of NAFLD
run a broad spectrum and NAFLD in children can lead to the development of nonalcoholic steatohepatitis,
cirrhosis and end-stage liver disease, hepatocellular carcinoma (HCC), and can increases the risk of type
2 diabetes and cardiovascular disease. Definitive diagnosis can be achieved with liver biopsy. However,
recent advances have shown alternative methods of screening and following patients with noninvasive
biomarkers and radiologic imaging studies. The histopathology differs between children and adults, and
the mechanism is expected to differ as well. Several factors, such as genes and environmental stressors
work intricately to produce NAFLD. Promising medications have been reported for the management of
NAFLD. However, their therapeutic effectiveness has yet to be determined. Dietary and exercise
interventions remain the mainstay of treatment. By maintaining an interest in obesity and NALFD in
children, NAFLD should be diagnosed early and appropriate lifestyle changes should be counseled and
encouraged. (Korean J Pediatr Gastroenterol Nutr 2011; 14: 209 ~221)
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Hh7koll A wlRke] Qlom 7ol 3ul Eokebt

o} A7k BASKA G DA 2~ 10% % H2

~

SJof! T, e Eeke] el AboleH O, sk wjwy

O



MEe

()

L A0 H|YAS KW AMX|A « 211

o MYEANBF} uh7HA 2 ZHAE ot THE o
o S ARl WA, 4 A3

H =
Sdoll FHksk 7Hd ol A 104 o] Fofl ZHAIES o] 7%
ol A AT, A ES 4406000014 3198 917}
T AZA3%), FirEe%)EelHH?. FAART
ol Al ARl Mo AdA Agka) 7ol €]
o] gto] o HYTH.

ol A7 sl EalST, ol 4AAEE, 1Es
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ARE O, 3 7218 s welAA shkek. 7k A
WEE wlelA gk SN SR Y AR
Aakstol, Q1w AR, AFEET UG Aol
sLom, Zhell A EEAFe] Frhsha, AWFAAA
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Donnelly 50l wt2m £9]%) 417 (multiple-sta-
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o} Ao, I ApfARAre] A 7he| TR
E]‘”E]- AadolA e AP AT grdts
o] ZgollA Fe ANl AHeE= AE AAlska
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23 Z(atherogenic dyslipidemia)g Z3%135}3) ). o] 7
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< 3L, respiratory chainol] =48 0] thA] reactive
oxygen species’t S7Fehe ebedhe ASEstAl gl
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e A2 7 H Q) g ol ARk, TRAIES 5
3} E|3H(ballooning degeneration)®} 35 H] 7}
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cytokines)< E-S Eal 7holl 2% =zHg3} TNF-

Fol)
alpha®} Interleukin-82] @4 F=T AW7HHalol A 1]
ahrolut dlzgiEe 4 FUbekodrk. @4 TNF-
alphat= Z7H oA A f3ke] 5514 dlE5AAY 5
ATH " o] 9} it = ofr] el 7}, Els
z2Fol|A g’ RIS Fole a3t gl oH
JIelS Folst TNF-alphas #sliste] A <h3)
Al7lek. G2 obe) E Vel A ell Bal] 2h A4
ol(small for gestational age), 573747191 eo}7]e} A+
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2to] E719] (proinflammatory cytokine)©] “g53she AR
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7ol 4] o] MAISHE 797} ek Aol 9
Zole] A (59%)8F H-E(78%)l A AH7ke] o &3}
o OB H T § -2 ATl A adiponutrin/patatin-
like phospholipase domain-containing 3 (PNPLA3)] rs-

738409 alleleo] 7kS] A|ul3E, 912 AG3ke} Q1A o]
:_.:_2}]\.‘:}‘1“*6,13,42)
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10. 1 2
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= il
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F3HE Qo o,

SAEA o} K(acetylsalicylic acid, amiodarone, di-
danosine, stavudine, amphetamines, tetracyclines, valp-
roic acid) o] AW7HE Yo F U,

o} ARZRS YR Bl Folut vluke} EubE A
vk BAAE ol A% 9E 4 ek SCALE 17
ollA] Zo} AW Tk 38%, A% 16%, BAAE
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At & sk, 08
AL X]"ﬂO] ubob g o, 232 & 5
&8l (sternocleidomastoid muscle)”7}A]
= ], 482 5 Al W3krt A
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(adipocytokines, TNFa, high-sensitive CRP, cytokine-18,
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Widhalm¥} Ghaods”+= A5tE 255 AA] 5} chFig.
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Overweight-obese children
BMI>+1SD~>+2SD
WHO criteria

Normal US and Normal transaminase
normal transaminase AST-ALT<95 percentile
clinical symptom Ultrasound evidence of fatty liver

Elevated transaminase Elevated transaminase
AST-ALT>95 percentile AST-ALT=>95 percentile
Ultrasound evidence of fatty liver Normal US

Abnormal

| MRI-MRS

Normal
A 4

Healthy life style-diet
follow up in 6 months

Normal

Insulin resistance test
WBISI-HOMA

Abnormal
Lipid profile
cardiorespiratory fitness

i Abnormal

Inflammatory test
HS-CRP, Adiponectine,
Hyaluronic acid, CK-18 Normal
Transient elastography

i Abnormal v
I Liver biopsy Healthy life style-diet
L Abnormal follow up in 6 months

Treatment protocole
follow up in 6 months

Fig. 1. Schematic for ‘Diagnosis of nonalcoholic fatty liver’ by Widhalm K and Ghods E, Nonalcoholic fatty liver disease: a

challenge for pediatricians, Int J Obes (Lond) 2010;34:1451-67
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o] 44%= 7} ok, 13 A uh7ked 34%, whe A
T 2% w0l om 9%l A 37] o]4ke] 28 A543
7} #AH A,

[ %)

. 2E AARL YHX®

A 7kol| A ZFE & X]Ql ALT, AST, gamma transglu-
taminase (GGT), €4 ¢l&el, S A A, 7H44A4
A5 2%, @El C-reactive protein (CRP) 5] 453}
™, olt]Zulglo] Zhagich o|9f wbthE wu]utofof A
7te &7} AAolo] = oﬂ/&}4 A Abol| A = R HF7ho]
A= 7% 3tk @4 AA, e ok AAeke] 25t
o7 74 gk AFolv A vAGHeR dF
a17] 93 AFrh Ragla Qe 7o)

Ao ol A R frge] ExT uff A3k e] 7t
s, o]2] gt At Ed 2ol A Yo thekdt AES
SAste AR EE b5 2ol Al T72 U= T
9)\1:]_4,48).

1. Reactive oxygen species: cytochrome P-450, myelo-

l

peroxidase, nitric oxide synthase, lipid peroxidation
products (oxidized LDL, thiobarbituric acid-reacting
substances)

2. Inflammatory: TNF- alpha, adiponectin, CRP, visfa-

tin, resistin, interleukin-6, retinol bindingprotein-4

3. Apoptosis: cytokine-18, fibrosis: hyaluronic acid, hi-

gh-sensitivity CRP, circulating TNF-alpha, interl-
eukin-6,

1) X5 WA X E:
dolol| A Q" #3844 (Quantitative insulin-sensitivity
check index, QUICKI), a15g, 015-& %3t whs A
A5 AEE 5T 5 Ak olgelotellA AH
A, BMIZ 24s13lS o) D= 5527 Aol
Adeh. A FrkedFrh A8 Foloh o,

2) K'YZhHS| HIX[H: 455 5] ALTS
2 Qlgelst Qdtao] YUTH Y, Ao BT
Zeof A¥7E 1769 8] < F(NASH CRN)ollA] A wk7E
o] FTET AST 4, GGT 43, H73te] 55
5 AST A3 w745, snteae] 749 o
2ol glgir”,

RBP4 (Retinol binding protein 4)% ¢l&# #|g
Aol Bolahe oft Ao Bl o7 Lo} Aut
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A= ofo g,

T4 cytokeratin-18 (CK18) M| EA}AALZ caspase-
30]] &J5}o] Zre}A| = = A (intermediate filament pro-
i 2 A, BAlolt S AERT A 7reelA
S-ol5HA] Z7}atet. Feldstein 5 CK18 Z717F 2wk
7k el 7ot =9 oddo] Frha Harslglo
CKi8e] AEAIA Foll ko] uhgol ohE A%
HE g F Jormz A7k 7ok g4
3t Aol A ZEZEE Frlsler S8t o),

3) 739 A“X'||7(|“' F 2 Ao 7Hd-3ket
T E ZJAA S 243 = 9l= Q2$- v AG5A A

A E7} BIE] ,\;\\1}. ELF (enhanced liver fibrosis test) 7]
A @R 7AZ3 0 2 Hyaluronic acid (HA), Procolla-
gen III amino terminal peptide (PIIINP), Tissue inhibitor
of metalloproteinase 1 (TIMP-1)&] A 7}A1& W 7HA
(Immmunoassay)Z Z7d3lo] Ag3lsle] n|agich
Nobili S2& 1125 9] Zol3lAlol|A] 7H48-312 ofj=3t
T ok Baspglont, it 55, 55 A 3
AolRich. ELERAS) A7 443} A @, Hels
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(AST, ALT, @43, d8)E o] &3t o5 + 9l
e Ba% Ak o] Foll A 4~ 184 Lot
27 130 9 S FF A3 AAE vszEt
AT, Lol A7t AT} AG3 ArE F4
7] ¥} /HDLH] €, Cholesterol/HDL, LDL/HDL H]-& 3}
A o] AT *o} 2547 AT A WAES
Fol Hyninh, A gAREH A B 27 E4)
A ARHE A5 5 31 42 IS A
7H698)0ll A o34, ®ix, AST, ALT, GGT, HOMA-IR
Sol Agt Aol dstAe] Ak

1
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(magnetic resonance spectroscopy) 5-°]th. Z53= 7H4
E3] o] &3l i o 2 719 309 o]Ato] tie A|ukE
A o] Zgakgodo] Al vlsl o ¥ 7“ Eo]_,_’ o
8]u]s}A| Ko]w(vascular blurring), ¥ aEzr &
o (posterior shadowing)o] HIthF?. Z&u}= QHAslA]
2k 30% olste] AA-FollA HZET} At 1At
upg} k2w, 2S5 5 Yok ZETllA &
Aolgts A7 wiAIS = ¢l
gsto] 7Pgmiat o] IREEs St te A
Zo|} A83ke} ATAS HI|E g‘l_t}lw,n). CTE 29
AE FofstAl i 7Ht wgE vl '3}04 attenuation
ratioS 8tk 30% ol ghE Aol 95 uf) A
th AEAAE s =™ 2]Zo] ‘?‘E]]E]‘:P 9 cret
= TSk Aol whE Zpolzl fict
MRI= A% 7H2I gl vl &3k 7FEeld s =

01 o

_4

=
o
dlo

|
kr
i
i
o

gA Fol & x7] A#lol|l S7}(early patchy enhance-
ment)o] o HT A EEAS ube ].tq, 7] A
& Z7}(late linear enhancement)®] o™ A-3-3}¢} 4

HAo] Z}' 7P MRS (Magnetic resonance spectros-
copy)i= k9] AMEE & 4 S0 b A o]
A ojol Azko] Bo] Aelwl, AHAS Folsob
S, 7k wlsehs Sl Sk 0, MRS,
BC nuclear-MRS, 7Fe] A-6-312 Aeksl7] 95l MRE
(magnetic resonance elastography) = H.IL¥]gle} 61,
1) e ANEN 455 DA 5 U
MR7]%0] /M Fo]th™. Superparamagnetic iron oxi-
de-enhanced MRIT A|W}7+od-S wtedsl=tl Kupffer Al
Eoh Sl WASHESIOIA A5 ke,
Afreke F5EE dSEsh] S o wiew
transient elastography (US elastography, Fibroscan)7} 9}
S, ol 28319 B Z2HE olgajo] AFo.

7+ 7 E(liver stiffness)E B Zolc} vlut 57+ 7+
7 (narrow intercostal space), = 5°] 74/\]'01] ke
n| e o} 52rellA] Agte] E4 fRet FEEES
TFHE 5 TR, AeloAE 24 Gﬂé 7F =%

;g 50] 9}]\3]_61,62).

AT 223k9F CT, MRI, 'H-

73.3~90.5%, CT 46.1~72.0%, MRI 82.0~97.4%, 'H-
MRS 72.7~88.5%, Sol%2t a7 69.6~852%, CT

88.1~94.6%, MRI 76.1~95.3%, 'H-MRS 92.0~95.7%
ol AT, el2idt A I BAAE, FEREXE
Z3tslo] AgksS Zolgd: A&7 9™ 613)

% Shannon 5*& thFE ZEEAFollA AuH7H
o2 FA Lol 747 B AYF JES =
Sohz G AYFS BEsetel WRUS W) Y
Aol ol Zaubh AwAAre A g8yt Al #

gotrtar Hasgict
x| =2
Age G aAALFH F2 dirto] ] A&,
Aed A MNAdsy] fAste] ATHE mEX
N3 22 FHAE, AskAEH s, F, AEAE

% o]x}zq o] }AS zAst+= sHAkE}
Ay ow vlg %

5

Angzrol uRks} HAZFEN QARye] Fonw
doh} 49l B AAZET £, PEA R Fost
oh Aol AU AFHFeE Azte] TAH
A
Wal 7| o] feh OB A nkzkel SAol A 249
FHegoz FAM AFS GeFebnl 7o Aol

" —

=

anslocation factors& -
Eelug, LETES IFAEAA Ak %“4 Z]

g aA7A JEd R ES S7HAFI ¢
52 717k BEet AR o] 9}468).

S [e)
AR - &

¢ 50] glucose transporter-4 tr.
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1) HIE}2I EQ} M EZ20I: TONICHT®= NASH
CRNoJ|A] AJ3)3t st RAFARE vpgo g A3 o
T2 AsPstel o, Lopddof| A AJsYeE Hxo
2k9) ol A gz Aotk Aok 4@
~17A)llA 7HBF o R & ZLCL 247 17390l A
2005~20107k4] 547 ch7)fd T2 A3Ysteict v
Ela] E 800 IU (58%), WIEX 2% 1,000 mg (57%), <
°K(58™)& 9657+ Foist3ich.

ARlell A 2159 AEEE ZFTA &
ak, Zop= 7)oy ARt thE Ao R
Z, TONICETollA& 4at £3%7F ALTA| €] %

MZOM %3}’“‘ of| & 0}71011{— A st ut, AW
7HEAE A, A3t BRehe foshA dfA o
AR 12k BEE ALTI} 4850l A 965714 1l 12
Fujch 2| &sto] 7] 2AA] 50% 2 FHAsHAL 40 UL

2 Z&sE ul, 24 F3EE ATtolut AWkl o]
ZARAAANA 2HEE Zolth ALT Tae S
17%, ¥IEH] Ed 26% (p=0.26), WIEEXZHT 16%
(p=0.83)F W] =53 t). Lopy4d A7kl A wlER]
Eu WEZERIT B Sok ek ALT Z4E A
atA] Fatgleh. A 5 2459 485Foll= HIEP ExtollA]
ook} 8051 A] ALTZ} 743k o), 48% Zo
Fo5kA] ekt o] AIA 7Rl A BIEM] B
22 o g Folsto] 245000 ALTZF 743 PIV-

S QA9 & ZAgto]rh. TONICH TPl 485
OlTOH SJoFoll A ALTZF ZHadhs 22, Aol o]
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SFAAU, AE717F ABetr] wiire 2 3T T 9
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Z i rlr
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v )
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