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Factors related to non-alcoholic fatty liver disease in

obese children

Obez cocuklarda alkole bagli olmayan yagl karaciger hastahgi ile iligkili faktorler
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Background/aims: The incidence of non-alcoholic fatty liver
disease has been increasing parallel to obesity in the pediatric
age group. This study aimed to analyze the factors that are re-
lated to non-alcoholic fatty liver disease in obese children. Met-
hods: 101 obese children and 68 non-obese controls were inclu-
ded in the study. Liver steatosis was investigated by ultrasonog-
raphy. The subjects were divided into three groups: 53 obese pa-
tients with fatty liver (Group I), 48 obese patients without ste-
atosis (Group II), and 68 controls without steatosis (Group III).
Group I was further divided into those with Grade 1 steatosis
(44 patients, Group Ia) and higher grades of steatosis (9 pati-
ents, Group Ib). The relationships of body mass index, serum
ALT, lipids, leptin, and insulin resistance index with steatosis
were analyzed. Results: 52.4% of obese children had fatty liver
and 13.8% had high ALT levels. Additionally, all patients with
elevated ALT levels were seen to have liver steatosis by ultraso-
nography. Leptin and insulin resistance index levels were hig-
her in obese groups than controls; however, the difference disap-
peared when these levels were adjusted for body mass index.
ALT levels were higher in Group I (31.5+30.2) than Group II
(18.0+7.1) and Group III (14.5+5.2) (p<0.05). Group Ib showed
higher VLDL and ALT levels than Group Ia (p<0.05). Multiple
regression analysis revealed that body mass index was the most
important determinant of liver steatosis, while body mass index
and VLDL were the determinants of higher ALT levels. Conc-
lusions: We suggest that body mass index and VLDL are the
most important determinants of non-alcoholic fatty liver disea-
se and elevated ALT levels in obese children. The contribution
of leptin to this process could not be determined in our findings.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) has be-
come a serious public health problem in childhood
with the increase in overweight and obesity in the
world. In the pediatric population, the incidence of
NAFLD was reported to be 2.6%, but this ratio in

Amag: Alkole bagli olmayan karaciger yaglanmasinin sikligt
cocukluk yas grubunda obesiteye parallel olarak artmaktadir.
Bu calisma obez c¢ocuklarda alkole bagli olmayan karaciger
yaglanmast ile iligkili faktorleri belirlemek icin planlandi. Yon-
tem: Calismaya 101 obez ve 68 obez olmayan ¢ocuk katildi. Ka-
racigerde yaglanma varligy ultrasonografi ile aragtirildi. Olgu-
lar 3 gruba ayrildi; 53 yagli karacigeri olan obez hastalar (grup
1), 48 karacigerde yaglanma olmayan obez hastalar (grup II) ve
68 karacigerde yaglanma olmayan kontrol olgu (grup III). Grup
I'de kendi i¢cinde 2 gruba ayrildi; grade 1 yaglanmast olan (44
hasta Grup Ia), yiiksek grade yaglanmast olan (9 hasta, Grup
1b). Viicut kitle indeksi, serum ALT, lipidler, leptin, insiilin di-
renci indexi ile karaciger yaglanmast arasindaki iligki incelen-
di. Bulgular: Obez cocuklarin %52,4’%iinde karaciger yaglan-
mast, %13,8inde yiiksek ALT degerleri vardi. Ayni zamanda;
ALT seviyesi yiiksek olan hastalarin tiimiinde karaciger yag-
lanmast mevcuttu. Leptin ve insiilin direnci indexi diizeyleri
Grup I ve II'de Grup IIl'e kiyasla yiiksek olmasina ragmen
viicut kitle indeksi ile diizeltme yapildiginda gruplar arasinda
fark kalmadi. Grup I'de serum ALT diizeyleri (31.5+30.2) Grup
II (18.0+7.1) ve Grup IIle (14.5+5.2) kiyasla daha yiiksek idi
(p<0.05). Grup Ib’de ise ALT ve VLDL diizeylerinin Grup Ia’ya
gore daha yiiksek oldugu saptandi (p<0.05). Coklu regresyon
analizlerinde: Yaglanma iizerinde viicut kitle indeksi belirleyi-
ci, ALT diizeylerinde ise viicut kitle indeksi ve VLDL belirleyici
olarak tanimlandi. Sonug¢: Calismamiz viicut kitle indeksi'nin
karaciger yaglanmasinda belirleyici en énemli faktor oldugunu
ve VLDL ile birlikte yiiksek ALT diizeylerine katkida bulunabi-
lecegini diisiindiirdii. Ancak ¢alismamizda leptinin bu siirece
katkist gosterilememisgtir.

Anahtar kelimeler: Ultrasonografi, alkole bagh olmayan yagh
karaciger hastaligi, obezite, cocukluk ¢agi

obese children has increased to range from 20-50%

(D).

NAFLD is a clinicopathological term that encom-
passes a disease spectrum ranging from simple
hepatic steatosis to hepatic steatosis with inflam-
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mation, fibrosis, and cirrhosis (2, 3). NAFLD is
usually asymptomatic in children. On physical
examination, the liver might be slightly enlarged.
The diagnosis of NAFLD is usually made by mild
elevations in liver tests during a routine blood tes-
ting or liver ultrasonography (US) in an overwe-
ight or obese child. A mild increase in serum ala-
nine aminotransferase (ALT) level is the most
common finding in NAFLD (4-6).

The pathogenesis of NAFLD has not been well de-
fined. The “two-hit" hypothesis was proposed to
explain the pathogenesis of the disease. The “first
hit” constitutes the deposition of triglycerides (TG)
in the cytoplasm of the hepatocyte, whereby the
first "hit" — steatosis - sensitizes the liver to a va-
riety of second "hits", which lead to inflammation
and fibrosis, the histological hallmarks of non-al-
coholic steatohepatitis (NASH) (7). Mitochondrial
dysfunction, exposure to cytokines (tumor necro-
sis factor, interleukin [IL]-1, IL-8), decreased ac-
tivity in cell protective mechanism, oxidative
stress, lipid peroxidation, leptin, iron and Kupffer
cell dysfunction are likely to play a role in the pat-
hogenesis of NASH as a "second hit". In addition
to these factors, the genetic differences undoub-
tedly are important. In clinical practice, almost
90% of the patients have at least one or more of
the following diseases: type 2 diabetes mellitus,
obesity and hyperlipidemia (8-11).

The importance of insulin resistance (IR) in obese
subjects with NAFLD was reported in many studi-
es. Some of them have suggested that liver steato-
sis is a feature of IR syndromes and Syndrome X
(12). However, IR was shown in non-obese subjects
with NAFLD (13).

Leptin is an adipocyte-derived hormone that regu-
lates food intake and energy expenditure through
interaction with receptors in the hypothalamus
(14). It is thought that leptin may contribute to or
enhance hepatic steatosis by changing actions of
insulin on tissues and its receptors, and it may inf-
luence the development of NASH through the re-
gulation of inflammatory responses (15). Serum
leptin levels were found elevated in several studi-
es on patients with steatosis and/or NASH, thus it
has been suggested that leptin may play a regula-
tory role in progression of hepatic steatosis and
NASH (16).

The gold standard in diagnosis of NAFLD is liver
biopsy. Liver biopsy is not usually preferred in the
pediatric population because of the presence of
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early stages of disease in childhood, and due to its
related cost and complications. Although liver US
can estimate neither fibrosis nor inflammation, it
has a sensitivity of 89% and a specificity of 93% for
detecting histological steatosis. In the absence of
liver biopsy, presumed NASH is conventionally di-
agnosed by US together with elevated serum ALT
levels as a marker of liver inflammation and in-
jury (3).

This study was planned to research the incidence
of liver steatosis in obese children and to investi-
gate the relationship between the presence and se-
verity of steatosis with anthropometric measure-
ments, hyperlipidemia, IR and leptin.

MATERIALS AND METHODS

The study included 101 patients referred to our
clinics for primary obesity by physicians during
the period January 2003 - March 2005. Anthropo-
metric measurements were performed in all pati-
ents. Weight and standing height were measured
with a calibrated scale and stadiometer, respecti-
vely, by standard methods. BMI was calculated as
weight (kg)/height (m?®). Patients with a body mass
index (BMI) of 295th percentile according to refe-
rence curves for Turkish children were accepted as
obese (17).

A liver US was performed in all subjects for as-
sessment of liver steatosis with a General Electric
Logic 9 (MI, USA) machine, equipped with 5 MHz
probes in younger children and 3 MHz in larger or
markedly obese children. US was performed by
the same radiologist expert on liver US who did
not know the clinical course or laboratory details
of the patients. The presence and severity of ste-
atosis were assessed by the scoring system defined
by Tominaga et al. (1) according to the hyperecho-
genicity of the liver tissue, discrepancy between li-
ver and diaphragm and visibility of vascular struc-
tures (Grade 1, 2 and 3). The subjects were divided
into groups in accordance with the presence or not
of liver steatosis: Group I included 53 obese pati-
ents (27 boys, 26 girls) with liver steatosis. Group
IT included 48 obese patients without liver steato-
sis. The control group (Group III) included 68
sex-, age- and pubertal stage-matched non-obese
healthy subjects without liver steatosis. Exempti-
on from human subjects research committee revi-
ew for investigations was authorized. According to
US scoring: Grade 1 steatosis was determined in
44 patients and Grade 2-3 steatosis in 9 patients,
defined as Group Ia and Group Ib, respectively.
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Table 1. Demographic characteristics of subjects
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Group I¥ (n=53) Group IT** (n=48) Group IIT*** (n=68) P

Age (year) (median) 10.9+3.0 10.3+3.0 11.2+2.6 > 0.05
Sex (female/male) 26/27 26/22 34/34 > 0.05
Weight (kg) 62.8+17.3*" 52.4+17.1"° 39.0+11.8 < 0.05
Height (cm) 149.2+14.7 141.7+15.9 145.5+15.2 > 0.05
Body mass index (kg/m?) 27.5+£35" 25.2 £3.2°" 18.0+2.4 < 0.05
Pubertal stage (n)

Prepubertal 22 21 34 > 0.05

Pubertal 31 27 34

a: comparison with Group II, p<0.05. b: comparison with Group III, p<0.05.

Demographic characteristics are shown in Table 1.
Secondary obesity, drug use, alcohol intake, hepa-
titis B and hepatitis C, celiac disease and Wilson
disease were excluded by history and laboratory
tests in patients with fatty liver.

Biochemical tests in patients were performed in
the morning after a 10-hour overnight fasting pe-
riod. Levels of fasting serum glucose, insulin, lep-
tin, ALT, total cholesterol, high-density lipoprote-
in cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), very low-density lipoprotein
(VLDL-C) and TG were measured. We used the
homeostasis model assessment for IR (HOMA-IR)
index as the index of IR, which was calculated as
follows: HOMA IR = fasting insulin (uIU/L) X fas-
ting glucose (mmol/L)/22.5 (18). Serum leptin le-
vels were measured using a 1251 IRMA kit (Diag-
nostic Systems Laboratories, Inc., Cat No. DSL-
23100, TX, USA).

Statistical Analysis

The data were analyzed by Statistical Package for
Social Sciences (SPSS/PC 11.5). The convenience
of numerical data for normal distribution was
analyzed by Kolmogorov-Smirnov test. All conti-
nuous variables except age were non-normally dis-
tributed and thus underwent logarithmic transfor-
mation for statistical analysis. Clinical and labo-
ratory data were presented as mean + standard
deviation (ranges). Comparison between groups
was performed using ANOVA (post-hoc: Bonferro-

Table 2. Biochemical characteristics of groups

*QObese/US with steatosis, ** Obese/US without steatosis, ***Control

ni), Student-t test, Mann-Whitney U test and chi-
square test, where appropriate. The correlation
among numerical data was analyzed by the Pear-
son correlation coefficient (r). To analyze the asso-
ciation between categorical variables, Spearman’s
rank correlation coefficient was used. Regression
analysis was performed by multivariate or univa-
riate logistic regression where available. A p valu-
e less than 0.05 was considered significant.

RESULTS

Demographic characteristics of the groups and la-
boratory results are shown in Tables 1 and 2. BMI
was different between Group I, Group II and con-
trols. Total cholesterol and TG levels were higher
in Groups I and II than in controls. LDL levels we-
re different between Group II and controls. VLDL
levels showed difference between Group I and con-
trols. HDL levels were similar between groups
(p>0.05). ALT levels were found significantly in-
creased in Group I compared to the other groups.
There were differences between groups with res-
pect to the percentages of hypercholesterolemia
(total cholesterol >200 mg/dl, hypertriglyceridemi-
a (>140 mg/dl), elevated LDL (>130 mg/dl), eleva-
ted ALT (>40 IU/L) and HOMA IR (>2.5) (Table 3).
HOMA-IR (r=0.65; p<0.05) and leptin levels (r
=0.82; p<0.05) in obese children were higher than
in controls, but after these parameters were adjus-
ted for BMI, this difference disappeared (p>0.05).

Group I¥ (n=53) Group IT** (n=48) Group IIT*** (n=68) P
Triglyceride (mg/dl) 111.7+50.6 * 101.5+63.8° 70.2+21.4 <0.05
Cholesterol (mg/dl) 172.7+47.9 " 175.3+37.0° 153.2+20.4 < 0.05
HDL (mg/dl) 45.7£12.6 49.3+10.3 49.3+10.4 > 0.05
LDL (mg/dl) 103.8+44.0 106.5+£29.2° 91.3+18.3 <0.05
VLDL (mg/dl) 22.8+11.8° 19.0£12.0 15.0+ 9.8 <0.05
ALT (IU/L) 31.5+30.2 " 18.0+7.1 14.5+5.2 <0.05
HOMA-IR 3.79+2.6 " 3.0x1.5°" 1.3+0.7 <0.05
Leptin (ng/ml) 40.9x18.3*° 31.2x15.8° 8.4+5.5 <0.05

a: comparison with Group II, p<0.05. b: comparison with Group III, p<0.05.

*Obese/US with steatosis, **Obese/US without steatosis, ***Control
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Table 3. Ratios of hypertriglyceridemia, hypercholesterolemia, increased LDL and ALT and HOMA-IR according to

groups
GROUP I (n=53) GROUP II (n=48) GROUP III (n=68)
n % n % n % P

Hypertriglyceridemia 13 24.5° 7 146" 1 15 <0.05
Hypercholesterolemia 6 11.3° 9 188° 0 - < 0.05
Elevated LDL 6 113" 8 16.7° 1 15 < 0.05
Elevated ALT 14 26.4° 0 - 0 - < 0.05
HOMA-IR 32 60.4° 28 58.3° 7 10.3 < 0.05

a: comparison with Group II, p<0.05.

When Groups Ia and Ib were compared regarding
leptin, HOMA-IR, BMI, VLDL and ALT, only
VLDL and ALT levels were significantly higher in
Group Ib (Table 4).

To determine the factors that play a role in liver
steatosis, BMI (r=0.58), TG (r=0.33), VLDL
(r=0.36), leptin (r=0.57) and HOMA-IR (r=0.35)
were analyzed by multiple regression method.
BMI was found to be the unique parameter in the
model. The same method was used for parameters
related with ALT levels [BMI (r=0.42), TG
(r=0.32), cholesterol (r=0.21), VLDL (r=0.36), LDL
(r=0.15), leptin (r=0.36) and HOMA-IR (r=0.33),
p<0.05]. BMI (§ =0.34, p<0.05) and VLDL (p=0.23,
p<0.05) showed a significant relationship.

Correlations between ALT and VLDL; BMI and
degree of steatosis with US; and ALT and BMI are
shown in Figure 1 (A, B, C), respectively.

DISCUSSION

Obesity has become a worldwide major health
problem in children. Along with the rise in obesity,
NAFLD is becoming responsible for the large per-
centage of liver disease in adults and children.
NAFLD is usually diagnosed by US, enzyme
analysis and liver biopsy in obese people (3).

In this study, fatty liver and degree of liver steato-
sis were determined by US and ALT levels. Liver
biopsy was not performed in patients with NAFLD
in our study since there is no proven therapy ba-
sed on biopsy findings and because of the related
cost and risk.

Table 4. BMI and laboratory characteristics of patients
with liver steatosis

Group Ia (n=44) Group Ib (n=9) P

BMI (kg/m®) 27.5+3.5 27.8+3.4 > 0.05
Leptin (ng/ml) 39.9+18.4 45.9x17.7 > 0.05
VLDL (mg/dl) 20.7+9.3 33.0+17.2 < 0.05
ALT (IU/L) 22.8+11.8 73.6+52.8 < 0.05
HOMA-IR 3.8+2.7 3.9x2.6 > 0.05

b: comparison with Group III, p<0.05.

The characteristics of NAFLD in obese children
have been investigated in many studies. The fre-
quency of elevated ALT levels was reported by
Vajro et al. (20) and Tazawa et al. (19) as 10% and
24%, respectively. According to a survey study in
Italy, of the 195 obese children, 55% had liver ste-
atosis by US, 20% had elevated ALT and asparta-
te aminotransferase (AST) levels, and 15% had
both (21). Of the 101 obese children in our study,
52.4% had liver steatosis by US and 13.8% had
elevated ALT levels. Additionally, US revealed li-
ver steatosis in all patients with elevated ALT le-
vels. The increase in ALT and the severity of ste-
atosis were parallel in our study group. This fin-
ding suggests that higher degree of steatosis re-
sults in an increase in inflammatory response, and
subsequently, elevated ALT levels might be a pre-
dictor of the progression of steatosis stage to ste-
atohepatitis and fibrosis stages.

The degree of steatosis was found to correlate po-
sitively with BMI, hyperlipidemia (TG, VLDL),
ALT, leptin and IR indexes. After application of
stepwise logistic regression analysis of these para-
meters that may be responsible in the pathogene-
sis of liver steatosis, BMI was found to be the uni-
que and significant risk factor.

BMI values of obese patients with liver steatosis
were higher than in obese patients without liver
steatosis and the control group. These data were
consistent with the relationship between obesity
and NAFLD established in the literature (1, 4, 10).

In our study, serum leptin levels and BMI were fo-
und higher in obese patients with liver steatosis
than healthy controls and obese patients without
steatosis. There were no differences between gro-
ups for age, sex and puberty, which are known to
affect leptin levels. However, it is reported that
obese patients had higher leptin levels parallel to
BMI (22-24). A number of studies have suggested
that serum leptin levels increased in patients with
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Figure 1. Correlations between ALT and VLDL; BMI and
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B, and C, respectively.
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NAFLD and/or NASH, and this increase may be
responsible in the pathogenesis of steatosis and
steatohepatitis, although some studies did not
support this hypothesis. Chalasani et al. (25) re-
ported that serum leptin was not statistically dif-
ferent among 26 patients with biopsy-proven
NAFLD and their age-, sex-, and BMI-matched
controls. Furthermore, the serum leptin levels
and the hepatic leptin receptor mRNA expression
were similar in 5 patients with NASH and 5 pati-
ents with simple steatosis. Similar to our study,
Nakao et al. (26) investigated the degree and pre-
sence of steatosis by US in patients with elevated
ALT. They found that BMI, serum leptin levels,
body fat ratio, and abdominal wall fat index (AFI)
were higher in steatotic patients, but multiple lo-
gistic regression analysis indicated that AFI (V/S
ratio) was the only independent risk factor for
fatty liver in both sexes. It was shown that the ma-
in determinant of serum leptin levels in obesity
was total body fat and subcutaneous fat ratio rat-
her than BMI (27). Total body fat and subcutaneo-
us abdominal fat were not measured in our study,
but probably were responsible for the elevated lep-
tin levels found in our steatotic patients. Although
Group Ia and Group Ib patients had the same
BMI, leptin levels were not different statistically.

These findings indicate that leptin is not an impor-
tant factor in the pathogenesis of simple steatosis
and NASH. Although previous studies have shown
that leptin affects inflammation response in vit-
ro, this effect was not definitely demonstrated in
NASH pathogenesis in clinical trials (28). In addi-
tion, it was proposed by Serin et al. (29) that there
might be a negative correlation between leptin and
inflammation. Angulo et al. (30) demonstrated
that the significant association between leptin
and fibrosis by univariate analysis was abolished
after controlling confounders including age, gen-
der, BMI, diabetes and IR by multivariate analy-
sis; then only age and insulin sensitivity correla-
ted significantly with fibrosis stage. The studies
performed on patients with lipodystrophy have al-
so supported this idea. NAFLD with increased fib-
rosis may be seen in patients with diffuse lipodys-
trophy. However, there was a leptin deficiency in
these patients despite the presence of IR (31).
Thus, it may be proposed that leptin may not af-
fect the development and progression of NAFLD.

All these findings together with our data have
suggested that serum leptin levels in NAFLD
may be related to factors that play a role in the
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production and secretion of leptin, such as age,
sex, puberty, total body fat mass, subcutaneous fat
ratio and IR, independent of the presence and se-
verity of NAFLD.

IR is a well-defined risk factor for obese and non-
obese NAFLD patients. The positive correlation
between childhood obesity and IR was demonstra-
ted (32). Radetti et al. (33) showed a decreased in-
sulin sensitivity in all of the obese children but no
difference was found in insulin sensitivity betwe-
en children with or without NAFLD. Chan et al.
(34) showed a positive correlation between IR
markers and presumed NASH only in male obese
children. We did not find any correlation between
presence and severity of steatosis with IR. Pos-
sibly, IR in obese patients may cause the progres-
sion and development of steatosis by enhancing
the effects of other factors but not by itself.

The positive correlations determined between pre-
sence and severity of steatosis and BMI and also
ALT levels and VLDL support the hypothesis that
increased free fatty acids (FFA) influx from adi-
pocyte to liver in obese patients may be one of res-
ponsible mechanisms in NAFLD pathogenesis.

IR in NAFLD reduces the anti-lipolytic effects of
insulin on adiposities and increase in delivery of
FFA from adipose tissue to liver (35). FFA are me-
tabolized by ,-oxidation for energy production or
stored as TG or sent back in VLDL to peripheral
fat tissue. Also, increased intake of carbohydrates
increases the synthesis of VLDL, TG and FFA.
VLDL contains apolipoprotein B-100 (apoB-100),
TG, cholesterol esters and phospholipids. Accumu-
lation of fat in the liver may occur due to the ex-
cessive delivery of FFA from peripheral tissues to
the liver, decreased secretion of VLDL, and increa-
sed endogenous synthesis of TG, cholesterol esters
and FFA in the liver (36).

In several studies, prevention and attenuation of
hepatic steatosis have been proposed as a ‘functi-
on’ of VLDL secretion (37). Several studies have
been performed on apolipoprotein synthesis in pa-
tients with NASH and some of them have shown
that the first stage of liver steatosis should arise
from disturbances in synthesis and delivery of

REFERENCES

1. Tominaga K, Kurata JH, Chen YK, et al. Prevalence of fatty
liver in Japanese children and relation to obesity: an epidemi-
ological ultrasonographic survey. Dig Dis Sci 1995; 40: 2002-9.

EMINOGLU et al.

VLDL (37). In human studies, Charlton et al. (38)
reported that a decrease in the hepatic synthesis of
apoB-100, which is a speed-limiting step of synthe-
sis of VLDL in patients with NASH, may be an im-
portant factor in the development of hepatic ste-
atosis as a result of increased accumulation of TG
in hepatocytes. However, this study was composed
of a limited number of cases and did not specify the
clinical, laboratory and histological features of pa-
tients with NASH. Koruk et al. (39) demonstrated
that mean serum apoB-100 levels in the patients
with biopsy-proven NASH were higher than those
of the healthy volunteers. In our study, VLDL le-
vels were found increased in the patient group
that had presumptive NASH. Reduction of VLDL
secretion and apoB-100 deficiency probably do not
play a role in NASH pathogenesis. The excess pro-
duction of VLDL may be secondary to NASH itself.
As a result of increased hepatic uptake of FFA and
reduction of B-oxidation of FFA in NASH, increa-
sed hepatic VLDL secretion and apoB-100 levels
might arise from dealing with the excess hepatic
FFA load. Nevertheless, apoB-100 levels and liver
biopsy were not performed on presumptive NASH
patients in our study.

The most important limiting factor of our study
was that the stage of NAFLD was not determined
by liver biopsy. There is no option except biopsy
for determining the spectrum of disease in a pati-
ent with liver steatosis determined by US and
mildly elevated liver enzymes. However, liver bi-
opsy was not performed in patients with NAFLD
in our study since there is no proven therapy ba-
sed on biopsy findings and because of its related
cost and risk. The absence of liver biopsy data do-
es not allow us to confirm the presumptive NASH
patients who in fact have abnormal histology. US
is an operator-dependent procedure, and the nu-
merical scoring may change with the operator.
Operator bias was minimized by consulting only
one radiologist. Further longitudinal studies that
include liver biopsy should be required to determi-
ne the impacts of serum leptin, lipid, apoprotein,
and apolipoprotein levels, IR, BMI, subcutaneous
lipid profile, oxidative stress, lipid peroxidation
and cytokines in NASH pathogenesis.

2. Day CP, Saksena S. Non-alcoholic steatohepatitis: definiti-
ons and pathogenesis. J Gastroenterol Hepatol 2002; 17:
377-84.



Non-alcoholic fatty liver disease in obese children

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Stephen CH, Tri HL,, Stacey MA. Non alcoholic steatohepa-
titis. In: Textbook. Schiff’s diseases of liver. 9th ed. Phila-
delphia, PA: Lippincott William&Wilkins, 2002; 1261-89.

Bacon BR, Farahvash MJ, Janney CG, Neuschwander-Tet-
ri BA. Nonalcoholic steatohepatitis: an expanded clinical
entity. Gastroenterology 1994; 107: 1103-9.

Baldridge AD, Perez-Atayde AR, Graeme-Cook F, et al. Idi-
opathic steatohepatitis in childhood: a multicenter retros-
pective study. J Pediatr 1995; 127: 700-4.

Kerkar N, Aw MM, Vergani D, et al. Non-alcoholic fatty li-
ver disease in children. J Paediatr Gastroenterol Nutr
2002; 34: 441.

Day CP, James OF. Hepatic steatosis: innocent bystander
or guilty party? Hepatology 1998; 27: 1463—6.

Lee RG. Non-alcoholic steatohepatitis: a study of 49 pati-
ents. Hum Pathol 1989; 20: 594-8.

Ludwig J, Viggiano TR, McGill DB, et al. Non-alcoholic ste-
atohepatitis. Mayo Clinic experiences with a hitherto un-
named disease. Mayo Clin Proc 1980; 55: 434-8.

Pinto HC, Baptista A, Camilo ME, et al. Nonalcoholic ste-
atohepatitis. Clinicopathological comparison with alcoholic
hepatitis in ambulatory and hospitalized patients. Dig Dis
Sci 1996; 41: 172-9.

Powell EE, Cookesley EGE, Hanson R, et al. The natural
history of nonalcoholic steatohepatitis: a follow-up study of
forty-two patients for up to 21 years. Hepatology 1990; 11:
74-80.

Marchesini G, Brizi M, Bianchi G, et al. Metformin in non-
alcoholic steatohepatitis. Lancet 2001; 358: 893-4.

MacDonald GA, Bridle KR, Ward PJ, et al. Lipid peroxida-

tion in hepatic steatosis in humans is associated with he-
patic fibrosis and occurs predominantly in acinar zone 3. J
Gastroenterol Hepatol 2001; 16: 599-606.

Maffei M, Halaas J, Ravussin E, et al. Leptin levels in hu-
man and rodent: measurement of plasma leptin and ob
RNA in obese and weight-reduced subjects. Nat Med 1995;
1: 1155-61.

Kaplan LM. Leptin, obesity and liver disease. Gastroente-
rology 1998; 115: 997-1001.

Uygun A, Kadayifc1 A, Yesilova Z, et al. Serum leptin levels
in patients with nonalcoholic steatohepatitis. Am J Gastro-
enterol 2000; 95: 3584-9.

Cinaz P, Camurdan MO, Maral I, et al. 6-16 yas aras1 ¢o-
cuklarda VKI degerlerinin dagilimi. VIII. Ulusal Pediatrik
Endokrinoloji Kongre Ozet Kitabi, Erzurum: 2003; 230.

Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis
model assessment: insulin resistance and f-cell function
from fasting plasma glucose and insulin concentrations in
man. Diabetologia 1985; 28: 412-9.

Tazawa Y, Noguchi H, Nishinomiya F, Takada G. Serum
alanine aminotransferase activity in obese children. Acta
Paediatr 1997; 86: 238-41.

Vajro P, Fontanella A, Perna C, et al. Persistent hypertran-
saminasemia resolving after weight reduction in obese chil-
dren. J Pediatr 1994; 25: 239-41.

Bergomi A, Lughetti L, Corciulo N, et al. Italian multicen-

ter study on liver damage in pediatric obesity. Int J Obes
Relat Metab Disord 1998; 22: 22.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

91

Miller GD, Frost R, Olive J. Relation of plasma leptin con-
centrations to sex, body fat, dietary intake, and peak oxy-
gen uptake in young adult women and men. Nutrition
2001; 17: 105-11.

Cusin I, Sainsbury A, Doyle P, et al. The ob gene and insu-
lin, a relationship leading to clues to the understanding of
obesity. Diabetes 1995; 44: 1467-70.

Frederich RC, Hamann A, Anderson S, et al. Leptin levels
reflect body lipid content in mice: evidence for diet-induced
resistance to leptin action. Nat Med 1995; 1: 1311-4.

Chalasani N, Crabb DW, Cummings OW, et al. Does leptin
play a role in the pathogenesis of human nonalcoholic ste-
atohepatitis? Am J Gastroenterol 2003; 98: 2771-6.

Nakao K, Nakata K, Ohtsubo N, et al. Association between
nonalcoholic fatty liver, markers of obesity, and serum lep-
tin level in young adults. Am J Gastroenterol 2002; 97:
1796-801.

Van Harmelen V, Reynisdottir S, Eriksson P, et al. Leptin
secretion from subcutaneous and visceral adipose tissue in
women. Diabetes 1998; 47: 913-7.

Ikejima K, Honda H, Yoshikawa M, et al. Leptin augments
inflammatory and profibrogenic responses in the murine li-
ver induced by hepatotoxic chemicals. Hepatology 2001; 34:
288-97.

Serin E, Ozer B, Gumurdulu Y, et al. Serum leptin level
can be a negative marker of hepatocyte damage in nonalco-
holic fatty liver. J Gastroenterol 2003; 38: 471-6.

Angulo P, Alba LM, Petrovic LM, et al. Leptin, insulin re-
sistance, and liver fibrosis in human nonalcoholic fatty li-
ver disease. J Hepatol 2004; 41: 943-9.

Haque WA, Shimomura I, Matsuzawa Y, Garg A. Serum
adiponectin and leptin levels in patients with lipodystrop-
hies. J Clin Endocrinol Metab 2002; 87: 2395.

Steinberger J, Daniels SR. Obesity, insulin resistance, di-
abetes, and cardiovascular risk in children. Circulation
2003; 107: 1448-53.

Radetti G, Kleon W, Stuefer J, et al. Non-alcoholic fatty li-
ver disease in obese children evaluated by magnetic reso-
nance imaging. Acta Paediatr 2006; 95: 833-7.

Chan DF, Li AM, Chu WC, et al. Hepatic steatosis in obe-
se Chinese children. Int J Obes Relat Metab Disord 2004;
28: 1257-63.

Fong DG, Nehra V, Lindor KD, Buchman AL. Metabolic
and nutritional considerations in nonalcoholic fatty liver.
Hepatology 2000; 32: 3-10.

Mayes PA. Lipid transport and storage. In: Murray RK,
Granner DK, Mayes PA, Rodwell VW, eds. Harper’s bioche-
mistry. 24th ed. Norwalk, CT: Appleton & Lange, 1996;
254-76.

Mensenkamp AR, Havekes LM, Romijn JA, Kuipers F. He-
patic steatosis and very low density lipoprotein secretion:
the involvement of apolipoprotein E. J Hepatol 2001; 35:
816-22.

Charlton M, Sreekumar R, Rasmussen D, et al. Apolipop-
rotein synthesis in nonalcoholic steatohepatitis. Hepato-
logy 2002; 35: 898-904.

Koruk M, Savas MC, Yilmaz O, et al. Serum lipids, lipopro-
teins and apolipoproteins levels in patients with nonalcoho-
lic steatohepatitis. J Clin Gastroenterol 2003; 37: 177-82.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


