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Update on Non-alcoholic Fatty Liver Disease in Children

Kyung-Hun Lee, M.D.

Department of Pediatrics, School of Medicine, Catholic University of Daegu, Daegu, Korea

Non-alcoholic fatty liver disease (NAFLD) is the most common cause of pediatric liver disease. Similar
to NAFLD in adults, NAFLD in children is associated with obesity and insulin resistance and requires
liver histology for diagnosis and staging. However, significant histological differences exist between adult
and pediatric NAFLD. The rise in childhood obesity has been accompanied by an increase in pediatric
NAFLD. Age, gender and race/ethnicity are significant determinants of risk, and sex hormones, insulin
sensitivity and adipocytokines are implicated in the pathogenesis of pediatric NAFLD. There is no
consensus for treatment of NAFLD, however, data suggest that diet, exercise and some pharmacological
therapies may be of benefit. To evaluate and effectively treat pediatric NAFLD, the pathophysiology and
natural history of the disease should be clarified and non-invasive methods for screening, diagnosis, and
longitudinal assessment developed. [Korean J Pediatr Gastroenterol Nutr 2009; 12(Suppl 1): 62~ 71]
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Table 1, Histological Features Found in Liver Biopsies in
Children and Adults with NASH

Adult (Type 1) Children (Type 2)

Frequency in children + +++
Steatosis + +++
Ballooning + —
Cirrhosis + +
Inflammation Lobular Portal
Fibrosis Perisinusoidal/ Portal or
pericentral none
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Table 2, Therapeutic Approaches Proven Effective in Patients
with Nonalcoholic Fatty Liver Disease or in Animal Models of
Nonalcoholic Fatty Liver

Gradual weight reduction

Caloric restriction

Physical activity
Insulin sensitizers

Metformin

Thiazolidinediones (rosiglitazone, pioglitazone)
Antioxidants

Vitamin E

N-acetylcysteine

Betaine

NAFLDE 743l thii2e] ofo] 52 o3 <14
A AGAS M ek ok Azl A e 24
35S B AT Aol AT Aol Lol
NAFLDOA 3748 271 505 444171 7
T YFR AR PRI, 2t 10% ol A

3 Aav ZabHolA oan, kA AAelA sAd

~

7t? NAFLD W] A2)ehg 7122 sto] & ZAF(low
glycemic index) A1&o] 714 HAs. ALT 45&
B3l 2529 FAIF Al ddo g 8t 477k A
2EbY M7 Z2ads Asg ol wrdkE 7
4 thololE7} AAH ZA R, 7|F ALT, AlF ZF4EE
Agt =4 Foll ALT B3kt 7k & od o] Qlrka
deiA ek e wha s sokgk 222 At Al
T AT uA AgHS oS, 7F E A, AR

3}, 95 AR, T4 HAS SAA7Y,

2. 83} X| 2 (Antioxidant therapy)

s} X g A8 2B 2E AR e A
B52 NASHZ | A3 teiA ek ek B A

] S
Sol datstAlolth 2~4714 F<F WY 400~1,200
unit®] o2 HlEM EE & A-F ninket 114 2ol
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3. Ursodeoxycholic acid
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Pioglitazone@} rosiglitazone 2.2 T3EE]+ thiazolidi-
nedionest= 78] Q7] RIZEE ol 2§ BizollA
A3t 2 A2 o] 8-F =o]& peroxisome proliferator-
activated receptor-gamma agonist°]131-42). Thiazolidinedio-
nest AW 24, 7 ZgollA e AP HEA
7131, ko2 FelAAke] sieket g AR,
wek g ol WlelS 71X 7|3L, AMP activated
protein kinase® 4 3HA17]aL, A AL AsHE S04
73, A FAE A,

Pioglitazones- NASH 481 #zjoll A Ah-g-8k odtof|
A diAreE =2A Q) RS Helek o] oA o
o|o] E 9} Pioglitazoned] W3t X5+ ALTE AA3HA]
71aL, 7k A ke FEAT A, T el IR ES
S7HZATE gl A, T4 2 AAe 45
NAZ Aol gk e 2T wEHRA
ol A thiazolidinediones®] X &} Azl=l AF-A
A Aske] nle Frtoll sl Ak Ado] of
71E P, Zofe] 28 wioll A thiazolidinediones
9] Agoll Bl ehd Aol gk Bae &) 9l
NAFLDol A= P Adell 3k Bzt glek. A Qlof|A]
= olaldt T ool 4ddal 38 HE& HolA

dx
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R
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R, ool A QAo IRk dlelele] REow ol
of FR7 oelT FEe) AEE JASHE Aol F

5. Pentoxyfilline

Pentoxyfilline (PFO)X= TNF- @ & A4S oF3}A]7]+=
methylxanthine %-34l|o]tl. POFi= NASH 3Hz}2] whx=
ol chal A Foll A LPS-stimulated TNF- ¢ 5 74471
ob). @il ob#] 4o} NASH 3txtoll Al POF | Holl
gk Hae ok 22 ZAE 455 A< NASH §
e o g 1717k odFell A okt AdE B
ATk, ol2iet g0l POFS X 52 4 INF-«
o} A ALTY A4S Bk 7+ o2 Zchs or
9] NASH 3hzjol| A POF X & 12719 o] % = A|efgt
27 AAlA A NS Bk, o F 5
Ao A dgoll gk Aol At 34 2
ek 4> A3k AEE Bk POF Abgoll ubE
ABFHQ o] 53 MFA & HUsly] HaiA = A7z
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A, b A A 2R e B o
AAE ASekTable 3). HAAC] ALt A4

4 FFTS M ASE At Aeshtha s

o =
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Table 3. Recommended Follow-up of Patients with Non-
alcoholic Fatty Liver Disease

Every 6 months:
Anthropometric parameters (body weight,
body mass index, waist circumference)
Serum liver tests (transaminases, 7-GT,
alkaline phosphatase)
Serum metabolic tests (glucose, triglycerides,
total & HDL-cholesterol, insulin)

Every year:
Liver and abdominal ultrasonography




OZE : 20 HILISH X|7te] 2 XA « 69

Hok

A v &5

ok
3194
=
4
fu
[
E

sk,

72 = &oF NAFLDoI A kA
S A7t gick B o X571 olu] QoA A
ARl AE HolFA Rt HAsHA AR A] %k
ok ti-Ee] 5] A%l NASHE thie 2 3t Zlo]
g} LotollA] o] & A& ul= FoE HLE 3k
o} NAFLDol|A] °F& 2] 32| obgAo] Salx|x gut

A FA7} glo] tholoj Eg} 1A H ) ﬂzﬂm 45
o] AAZAE 714 G740l Aol BT
gt & o Adrh

A]-,Q_& x] x] 81—13]—

1~>~

X

K
re
mE et

—_

E

o

-

!

mk
ret

=
a1 =

1) Patton HM, Yates J, Schwimmer JB, Lavine JE. Meta-
bolic syndrome among children with variable features of
nonalcoholic fatty liver disease. Hepatology 2007;46:
1106.

Strauss RS, Barlow SE, Dietz WH. Prevalence of abnor-
mal serum aminotransferase values in overweight and
obese adolescents. J Pediatr 2000;136:727-33.

3) Park HS, Han JH, Choi KM, Kim SM. Relation between
elevated serum alanine aminotransferase and metabolic
syndrome in Korean adolescents. Am J Clin Nutr 2005;
82:1046-51.

Tominaga K, Kurata JH, Chen YK, Fujimoto E, Miya-
gawa S, Abe I, et al. Prevalence of fatty liver in Japanese

2

~

4

=~

children and relationship to obesity. An epidemiological
ultrasonographic survey. Dig Dis Sci 1995;40:2002-9.

5) Franzese A, Vajro P, Argenziano A, Puzziello A,

=

Lannucci MP, Saviano MC, et al. Liver involvement in
obese children. Ultrasonography and liver enzyme levels
at diagnosis and during follow-up in an Italian population.
Dig Dis Sci 1997;42:1428-32.

6) Schwimmer JB, McGreal N, Deutsch R, Finegold MJ,
Lavine JE. Influence of gender, race, and ethnicity on
suspected fatty liver in obese adolescents. Pediatrics 2005;
115:e561-5.

7

8)

9

10)

11)

12

~

13)

14)

15)

16)

17)

18)

Schwimmer JB, Deutsch R, Kahen T, Lavine JE, Stanley
C, Behling C. Prevalence of fatty liver in children and
adolescents. Pediatrics 2006;118:1388-93.

Schwimmer JB, Behling C, Newbury R, Deutsch R,
Nievergelt C, Schork NIJ, et al. Histopathology of pedi-
atric nonalcoholic fatty liver disease. Hepatology 2005;42:
641-9.

Schwimmer JB, Deutsch R, Rauch JB, Behling C,
Newbury R, Lavine JE. Obesity, insulin resistance, and
other clinicopathological correlates of pediatric nonalco-
holic fatty liver disease. J Pediatr 2003;143:500-5.
Bonnefont-Rousselot D, Ratziu V, Giral P, Charlotte F,
Beucler I, Poynard T. Blood oxidative stress markers are
unreliable markers of hepatic steatosis. Aliment Phar-
macol Ther 2006;23:91-8.

Manco M, Marcellini M, Giannone G, Nobili V. Corre-
lation of serum TNF-alpha levels and histologic liver
injury scores in pediatric nonalcoholic fatty liver disease.
Am J Clin Pathol 2007;127:954-60.

Feldstein AE, Canbay A, Angulo P, Taniai M, Burgart
L], Lindor KD, et al. Hepatocyte apoptosis and fas ex-
pression are prominent features of human nonalcoholic
steatohepatitis. Gastroenterology 2003;125:437-43.
Yilmaz Y, Dolar E, Ulukaya E, Akgoz S, Keskin M,
Kiyici M, et al. Soluble forms of extracellular cytokeratin
18 may differentiate simple steatosis from nonalcoholic
steatohepatitis. World J Gastroenterol 2007;13:837-44.
Reeves HL, Friedman SL. Activation of hepatic stellate
cells-a key issue in liver fibrosis. Front Biosci 2002;7:
d808-26.

Angulo P, Hui JM, Marchesini G, Bugianesi E, George
J, Farrell GC, et al. The NAFLD fibrosis score: a
noninvasive system that identifies liver fibrosis in patients
with NAFLD. Hepatology 2007;45:846-54.

Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A,
Schuppan D, et al. Serum markers detect the presence of
liver fibrosis: a cohort study. Gastroenterology 2004;127:
1704-13.

Celle G, Savarino V, Picciotto A, Magnolia MR,
Scalabrini P, Dodero M. Is hepatic ultrasonography a
valid alternative tool to liver biopsy? Report on 507 cases
studied with both techniques. Dig Dis Sci 1988;33:467-
71.

Mathiesen UL, Franzen LE, Aselius H, Resjo M,
Jacobsson L, Foberg U, et al. Increased liver echogenicity
at ultrasound examination reflects degree of steatosis but
not of fibrosis in asymptomatic patients with mild/
moderate abnormalities of liver transaminases. Dig Liver
Dis 2002;34:516-22.



70 - Cistolngty|dyste|R| M 12 E B2 15 2009

19)

20)

21)

22)

23)

24)

25)

26)

27)

28

=

29)

30)

31)

32)

Nguyen-Khac E, Capron D. Noninvasive diagnosis of
liver fibrosis by ultrasonic transient elastography (Fibro-
scan). Eur J Gastroenterol Hepatol 2006;18:1321-5.
lijima H, Moriyasu F, Tsuchiya K, Suzuki S, Yoshida M,
Shimizu M, et al. Decrease in accumulation of ultrasound
contrast microbubbles in nonalcoholic steatohepatitis.
Hepatol Res 2007;37:722-30.

Reeder SB, Ranallo F, Taylor AJ. CT and MRI for
determining hepatic fat content. AJR Am J Roentgenol
2008;190:W167;author reply W168.

Yin M, Talwalkar JA, Glaser KJ, Manduca M, Grimm
RC, Rossman PJ, et al. Assessment of hepatic fibrosis
with magnetic resonance elastography. Clin Gastroenterol
Hepatol 2007;5:1207-13 e2.

Szczepaniak LS, Nurenberg P, Leonard D, Browning JD,
Reingold JS, Grundy S, et al. Magnetic resonance spec-
troscopy to measure hepatic triglyceride content: preva-
lence of hepatic steatosis in the general population. Am
J Physiol Endocrinol Metab 2005;288:E462-8.

Day CP, James OF. Steatohepatitis: a tale of two “hits”?
Gastroenterology 1998;114:842-5.

Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo WB,
Contos MJ, Sterling RK, et al. Nonalcoholic steatohe-
patitis: association of insulin resistance and mitochondrial
abnormalities. Gastroenterology 2001;120:1183-92.
Pessayre D, Mansouri A, Fromenty B. Nonalcoholic
steatosis and steatohepatitis. V. Mitochondrial dysfunction
in steatohepatitis. Am J Physiol Gastrointest Liver Physiol
2002;282:G193-9.

Feldstein AE, Gores GJ. Apoptosis in alcoholic and
nonalcoholic steatohepatitis. Front Biosci 2005;10:3093-9.
Fujioka S, Matsuzawa Y, Tokunaga K, Tarui S. Con-
tribution of intra-abdominal fat accumulation to the im-
pairment of glucose and lipid metabolism in human
obesity. Metabolism 1987;36:54-9.

Baldridge AD, Perez-Atayde AR, Graeme-Cook F, Higgins
L, Lavine JE. Idiopathic steatohepatitis in childhood: a
multicenter retrospective study. J Pediatr 1995;127:700-4.
Vajro P, Fontanella A, Perna C, Orso G, Tedesco M, De
Vincenzo A. Persistent hyperaminotransferasemia resolv-
ing after weight reduction in obese children. J Pediatr
1994;125:239-41.

Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada
Y, Nakajima Y, et al. Increased oxidative stress in obesity
and its impact on metabolic syndrome. J Clin Invest 2004;
114:1752-61.

Otte C, Otte JM, Strodthoff D, Bornstein SR, Folsch UR,
Monig H, et al. Expression of leptin and leptin receptor
during the development of liver fibrosis and cirrhosis. Exp

33)

34)

35)

36)

37

38)

39)

40)

41)

42)

43)

44)

Clin Endocrinol Diabetes 2004;112:10-7.

You M, Considine RV, Leone TC, Kelly DP, Crabb DW.
Role of adiponectin in the protective action of dietary
saturated fat against alcoholic fatty liver in mice. Hepa-
tology 2005;42:568-77.

Louthan MV, Theriot JA, Zimmerman E, Stutts JT,
McClain CJ. Decreased prevalence of nonalcoholic fatty
liver disease in black obese children. J Pediatr Gastro-
enterol Nutr 2005;41:426-9.

Kocak N, Yuce A, Gurakan F, Ozen H. Obesity: a cause
of steatohepatitis in children. Am J Gastroenterol 2000;
95:1099-100.

Vajro P, Franzese A, Valerio G, lannucci MP, Aragione
N. Lack of efficacy of ursodeoxycholic acid for the treat-
ment of liver abnormalities in obese children. J Pediatr
2000;136:739-43.

Spieth LE, Harnish JD, Lenders CM, Raezer LB, Pereiria
MA, Hangen SJ, et al. A low-glycemic index diet in the
treatment of pediatric obesity. Arch Pediatr Adolesc Med
2000;154:947-51.

Grattagliano I, Vendemiale G, Caraceni P, Domenicali M,
Nardo B, Cavallari A, et al. Starvation impairs antioxidant
defense in fatty livers of rats fed a choline-deficient diet.
J Nutr 2000;130:2131-6.

Lavine JE. Vitamin E treatment of nonalcoholic steato-
hepatitis in children: a pilot study. J Pediatr 2000;136:
734-8.

Lavine JE, Schwimmer JB. Clinical Research Network
launches TONIC trial for treatment of nonalcoholic fatty
liver disease in children. J Pediatr Gastroenterol Nutr
2006;42:129-30.

Mendez-Sanchez N, Gonzalez V, Chavez-Tapia N, Ramos
MH, Uribe M. Weight reduction and ursodeoxycholic
acid in subjects with nonalcoholic fatty liver disease. A
double-blind, placebo controlled trial. Ann Hepatol 2004;
3:108-12.

Tiikkainen M, Hakkinen AM, Korsheninnikova E, Nyman
T, Makimattila S, Yki-Jarvinen H. Effects of rosiglitazone
and metformin on liver fat content, hepatic insulin
resistance, insulin clearance, and gene expression in adi-
pose tissue in patients with type 2 diabetes. Diabetes
2004;53:2169-76.

Jones KL, Arslanian S, Peterokova VA, Park JS, Tom-
linson MIJ. Effect of metformin in pediatric patients with
type 2 diabetes: a randomized controlled trial. Diabetes
Care 2002;25:89-94.

Bugianesi E, Gentilcore E, Manini R, Natale S, Vanni E,
Villanova N, et al. A randomized controlled trial of
metformin versus vitamin E or prescriptive diet in nonal-



0ZE : 20 HILISH RYte] 2N XA - 71

Hol

45)

46)

coholic fatty liver disease. Am J Gastroenterol 2005;100:
1082-90.

Bajaj M, Suraamornkul S, Piper P, Hardies LJ, Glass L,
Cersosimo E, et al. Decreased plasma adiponectin
concentrations are closely related to hepatic fat content
and hepatic insulin resistance in pioglitazone-treated type
2 diabetic patients. J Clin Endocrinol Metab 2004;89:
200-6.

Henriksen JH, Ring-Larsen H. Rosiglitazone: possible
complications and treatment of non-alcoholic steato-
hepatitis (NASH). J Hepatol 2008;48:174-6.

47) Duman DG, Ozdemir F, Birben E, Keskin O, Eksioglu-

48

N7

Demiralp E, Celikel C, et al. Effects of pentoxifylline on
TNF-alpha production by peripheral blood mononuclear
cells in patients with nonalcoholic steatohepatitis. Dig Dis
Sci 2007;52:2520-4.

Satapathy SK, Sakhuja P, Malhotra V, Sharma BC, Sarin
SK. Beneficial effects of pentoxifylline on hepatic stea-
tosis, fibrosis and necroinflammation in patients with non-
alcoholic steatohepatitis. J Gastroenterol Hepatol 2007;22:
634-8.






