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Abstract: The adipose tissue, previously considered as a passive storage site for excess energy, is now
recognized as a hormonally active system, producing numerous molecules, known as adipokines, which
exert local, central, and peripheral actions. Few studies have yet explored the possible significance of
leptin, resistin and adiponectin in the pathophysiology of liver disease in children. The main aim of this
study is to determine circulating leptin, resistin and adiponectin levels and to correlate these levels with
anthropometric variables and liver biochemical profile in children with chronic liver diseases. Twenty nine
chronic liver disease patients were enrolled in this study with age range from one to eighteen years old,
from Pediatric Hepatology Clinic at Cairo University Pediatrics Hospital (CUPH). Also 16 age and sex
matched control subjects were included. All patients were subjected to the following: Full and detailed
history and clinical examination. The serum resistin and adiponectin concentrations were determined by
an enzyme linked immunosorbent assay (ELISA) and leptin estimation using the Immunoradiometric assay
(IRMA). Mean BMI of cases was significantly lower than controls (p < 0.05). Cases had significantly
higher mean ALT and AST levels than controls (p < 0.05, p < 0.01) respectively. Cases with CLD
expressed a significantly lower levels of serum leptin (10.05 ± 3.51 ng/ml) and adiponectin (3.74 ± 1.64
μg/ml) compared to the controls (16.64 ± 2.95 ng/ml) and (7.31 ± 0.57 ng/ml) respectively (p< 0.01).
Resistin levels were significantly higher in cases (7.10 ± 2.36 ng/ml) than controls (4.11 ± 0.76 ng/ml)
(p< 0.01). Cases with chronic viral hepatitis had a significantly lower serum leptin and adiponectin levels
and significantly higher serum resistin levels than controls (p <0.01). Cirrhotics had a significantly lower
serum leptin and adiponectin levels and significantly higher serum resistin levels than controls (p <0.01).
A significant positive correlation (p< 0.01) was detected between serum levels of resistin and adiponectin.
Our results suggest that in children with chronic liver disease whether due to hepatitis or cirrhosis,

adipokines especially leptin, resistin and adiponectin are important biomarkers and their pathophysiological
roles still require further investigation. Cases with CLD expressed significantly lower levels of serum
leptin and adiponectin compared to the controls. Resistin levels were significantly higher in cases than
controls. These findings might have an impact on future strategies for these patients.
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INTRODUCTION

The adipose tissue, previously considered as a
passive storage site for excess energy, is now
recognized as a hormonally active system, producing
numerous molecules, known as adipokines, which exert
local, central, and peripheral actions. Resistin is a 12.5-
kd adipokine belonging to a new family of small
cysteine-rich secretory proteins, named FIZZ (found in
inflammatory zone) or resistin-like molecules[1].

However, studies conducted by Kershaw and Flier
in 2004 implicate resistin in 1) the regulation of
adipose tissue mass; 2) glucose homeostasis,
particularly insulin resistance; and 3) inflammation[2].

Liver cirrhosis is a catabolic disease characterized
by decreased body fat mass[3], and a high incidence of
insulin resistance and diabetes[4].

Resistin offers novel application potential as a
clinical biomarker in the assessment of liver cirrhosis.
Elevated resistin may contribute to insulin resistance in
advanced liver dysfunction[5].

Leptin has been implicated in many actions
including liver fibrogenesis[6-8]. Serum leptin levels in
patients with chronic hepatitis C and particular in those
with more severe fibrosis or cirrhosis have conflicting
results[9-11].

Although the available evidence indicates that
adiponectin stimulates fatty acid oxidation in liver and
skeletal muscle, it is still unknown whether circulating
adiponectin levels are altered in disorders of hepatic
metabolism of energy substrates. Current data suggest
that adiponectin may have a protective role in liver
injury in alcoholic and nonalcoholic fatty liver disease
(NAFLD) in mice, but direct evidence of the role of
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adiponectin in human NAFLD is lacking[12].
Ding et al, 2005 confirmed that finding as serum

adiponectin was very low in NAFLD, simple steatosis
and nonalcoholic steatohepatitis (NASH) groups [13].
However, few studies have yet explored the possible

significance of resistin and adiponectin in the
pathophysiology of liver disease in children.

Therefore, the main aim of this study is to
determine circulating leptin, resistin and adiponectin
levels and to correlate these levels with anthropometric
variables and liver biochemical profile in children with
chronic liver diseases.

MATERIALS AND METHODS

Twenty nine chronic liver disease patients were
enrolled in this study with age range from one to
eighteen years, from Pediatric Hepatology Clinic at
Cairo University Pediatrics Hospital (CUPH). Sixteen
age and sex matched control subjects were included.
All patients and controls were subjected to the
following after signing an informed consent by the
parents:

Full and detailed history, especially socio-
demographic characteris tics (age, gender, and
residence), presenting symptoms.

Complete clinical examination, general and
abdominal examination with emphasis on jaundice,
edema and ascites, size of the liver (right lobe span in
cm, in the right MCL), size of the spleen (length in
cm, below the left costal margin).

Laboratory assessment including: Biochemical
profile; bilirubin (0.1-0.8 mg/dl), ALT (5-49 IU/L),
AST (9-48 IU/L), were measured in all patients at
initial examination.

Hepatitis markers; HBsAg and HCV antibodies by
enzyme linked immunosorbent assay (ELISA)
technique.

Resistin and adiponectin serum levels: Five ml
peripheral blood was drawn from each case. After
collection, serum was separated by centrifugation at
300 rpm for 10 min. The serum was frozen and stored
at -20 until analysis. The serum resistin and
adiponectin concentrations were determined by an
ELISA (Human resistin ELISA and Human adiponectin
ELISA, Biovender Laboratory Medicine, Brno, Czech
Republic.

Leptin was estimated using the IRMA
(Immunoradiometric assay). The procedure employs a
two-site IRMA kit supplied by DSL (Webster, Texas,
USA) principle described by Miles in 1974 and is
designed to detect leptin[14].

Diagnostic liver biopsy was performed to confirm
the presence of cirrhosis. A disposable modified
Menghini needle was used after signing a written

consent for indicated and fit cases. The histological
diagnosis was based on the use of standard criteria and
the Knodell histological activity index (HAI).

Statistical Analysis: Statistical analysis was done using
qualitative and quantitative methods. Qualitative data
were presented in the form of number and percentage.
Quantitative analysis was done using descriptive as
well as comparative tools using Statistical Package for
Social Science Program (SPSS) 10.0; the parametric
data were presented in the form of mean, standard
deviation, and range. Bivariate relationships displayed
in cross tabulation were carried out.

RESULTS AND DISCUSSION

Results: To evaluate the importance of measuring
serum resistin and adiponectin levels in Egyptian
pediatric cases with CLD and its significance, this
study was performed on 29 cases with CLD and 16
age and sex matched control subjects. The mean age of
cases was 10.10 ± 4.86 years. HBsAg was detected in
10 (34.48 %), HCV Ab in 13 (44.83 %) and cirrhosis
in 9 (21.03 %).

The main clinical and biochemical characteristics
of cases and controls are illustrated in table 1. The
mean BMI of cases was significantly lower than
controls. Cases had significantly higher mean ALT and
AST levels than controls.

Cases with CLD expressed a significantly lower
levels of serum leptin (10.05 ± 3.51 ng/ml) and
adiponectin (3.74 ± 1.64 μg/ml) compared to the
controls (16.64 ± 2.95 ng/ml) and (7.31 ± 0.57 ng/ml)
respectively (p< 0.01). Resistin levels were significantly
higher in cases (7.10 ± 2.36 ng/ml) than controls (4.11
± 0.76 ng/ml) (p< 0.01). Table 2

Among cases with CLD, male cases had a
significantly lower leptin level (8.88 ± 3.27 ng/ml) than
the female cases (12.28 ± 2.91 ng/ml) p <0.05 (Table
3).

Cases with chronic viral hepatitis (CVH) had a
significantly lower serum leptin and adiponectin levels
and significantly higher serum resistin levels than
controls (p <0.01) (Table 4).

In table 5 we compared cirrhotics and controls.
Cirrhotics had a significantly lower serum leptin and
adiponectin levels and significantly higher serum
resistin levels than controls (p <0.01).

No significant differences were detected among
cases regarding the mean levels of serum leptin,
resistin and adiponectin when classifying them
according to the presence of HCV, HBV or cirrhosis
but HBV and HCV groups have significantly higher
levels of resistin and lower levels of leptin and
adiponectin than controls.
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Table 1: Main clinical and biochemical characteristics of cases and controls
Cases (n=29) Controls(n=16) P value

Age in years mean ± SD 10.10 ± 4.86 7.69 ± 3.85 > 0.05
Sex Male 19 12 > 0.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------
Female 10 4

Weight in Kg mean ± SD 29.28 ± 13.52 29.63 ± 17.94 > 0.05
Height in cm mean ± SD 128.03 ± 24.42 119.03 ± 25.76 > 0.05
BMI Kg/m2 mean ± SD 16.95 ± 2.33 19.05 ± 3.95 < 0.05*
ALT(U/L) mean ± SD 59.07 ± 62.93 25.50 ± 5.98 < 0.05*
AST(U/L) mean ± SD 70.72 ± 68.04 22.00 ± 4.79 < 0.01**

Table 2: Mean serum adiponectin , resistin and leptin levels in cases and controls
Cases (n=29) Controls(n=16) P value

Serum leptin Mean ± SD(ng/mL) 10.05 ± 3.51 16.64 ± 2.95 < 0.01**
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum resistin mean ± SD (ng/mL) 7.10 ± 2.36 4.11 ± 0.76 < 0.01**
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum adiponectin mean ± SD (μg/mL) 3.74 ± 1.64 7.31 ± 0.57 < 0.01**

Table 3: Clinical and biochemical characteristics of male and female cases
Male (n=19) Female (n=10) P value

Age in years mean ± SD 10.02± 4.63 10.25 ± 5.52 > 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Weight in Kg mean ± SD 30.79 ± 15.41 26.40 ± 8.95 > 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Height in cm mean ± SD 129.95 ± 25.06 124.40 ± 24.01 > 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BMI Kg/m2 mean ± SD 17.04 ± 2.64 16.79 ± 1.71 > 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ALT(U/L) mean ± SD 64.16 ± 71.45 44.19 ± 49.40 > 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AST(U/L) mean ± SD 71.84 ± 79.18 68.60 ± 43.08 > 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum leptin mean ± SD(ng/mL) 8.88 ± 3.27 12.28 ± 2.91 < 0.05*
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum resistin mean ± SD (ng/mL) 7.56 ± 2.41 6.24 ± 2.11 > 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum adiponectin mean ± SD (μg/mL) 3.78 ± 1.62 3.67 ± 1.77 > 0.05

Table 4: Adipokines and biochemical characteristics of CVH cases and controls
CVH (n=21) Controls (n=16) P value

BMI Kg/m2 mean ± SD 17.07± 2.48 19.05± 3.95 > 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ALT(U/L) mean ± SD 62.86± 69.34 25.50± 5.98 < 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AST(U/L) mean ± SD 72.52± 76.38 22.00± 4.79 < 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum leptin mean ± SD (ng/mL) 9.89± 2.79 16.64± 2.95 < 0.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum resistin mean ± SD (ng/mL) 7.21± 2.37 4.11± 0.76 < 0.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum adiponectin mean ± SD (μg/mL) 3.75± 1.84 7.31± 0.57 < 0.01

Table 5: Adipokines and biochemical characteristics of cirrhotics and controls
Cirrhotics (n=9) Controls (n=16) P value

BMI Kg/m2 mean ± SD 17.26± 2.63 19.05± 3.95 > 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ALT(U/L) mean ± SD 46.89± 41.82 25.50± 5.98 > 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AST(U/L) mean ± SD 65.44± 39.85 22.00± 4.79 < 0.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum leptin mean ± SD (ng/mL) 10.66± 4.87 16.64± 2.95 < 0.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum resistin mean ± SD (ng/mL) 6.93± 2.34 4.11± 0 .76 < 0.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serum adiponectin mean ± SD (μg/mL) 3.60± 1.05 7.31± 1.05 < 0.01
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A significant positive correlation (p< 0.01) was
detected between serum levels of resistin and

adiponectin (Figure 1) while there is a significant
negative correlation between the serum levels of
resistin and leptin (Figure 2).

** Correlation is significant at the 0.01 level (2-tailed).
Fig. 1: Correlation between serum levels of resistin and adiponectin

Discussion: In this study, among cases with CLD,
male patients expressed lower values of serum leptin
than females (8.88 ± 3.27 ng/ml) (12.28 ± 2.91 ng/ml)
respectively (p <0.05) and this is also similar to the
results reported by other studies[15,16] . The lowered
levels of leptin are related primarily to the gender
based factors and the ratio of the lean mass / fat mass,
which is higher in boys and increase progressively with
age[17,18] . Miraglia Del Giudice et al., in 1999 stated
that the differences between genders are due to the
presence of subcutaneous adipose tissue in women[19].

Very few studies have yet explored the possible
significance of resistin and adiponectin in the
pathophysiology of liver disease in children.

In the present study, cases with chronic viral
hepatitis and cirrhotics had a significantly lower serum
leptin levels than controls with no significant difference
between them regarding BMI. Greco et al., in 2000
found that leptin was lower in virus induced
cirrhosis[20]. In contrast to the results of McCullough et

al., they demonstrated that serum levels of leptin are
increased in patients with alcoholic cirrhosis,
independently of BMI[21]. Decreased renal extraction
and increased release from subcutaneous fat depots are
the most likely mechanisms of increased leptin in
cirrhosis, whereas hepato-splanchnic extraction is
similar to controls [22].

Our results found that cirrhotics had a significantly
higher serum resistin levels than controls, a result that
is similar to that recently reported by Kakizaki et al.
2008 who evaluated the plasma resistin levels in liver
cirrhosis with etiologies other than HCV infection[23].
Increased levels of resistin have also been reported in
patients with cirrhosis, along with the severity of
disease[5].

Cirrhotics had a significantly lower serum
adiponectin levels than controls (p <0.01). Targher et
al in 2006 stated that adiponectin was negatively
associated with more severe histological damage[24]. The
plasma adiponectin levels were previously reported to
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* Correlation is significant at the 0.05 level (2-tailed).
Fig. 2: Correlation between serum levels of resistin and leptin

increase in a stepwise fashion in line with a higher
grade of liver damage consistent with this study[25,26].
The liver is a major source of adiponectin extraction
and reduced liver function and hepatic hemodynamics
have been reported to cause hyperadiponectinemia in
LC[27].

Bahr et al., in 2006 demonstrated that circulating
resistin levels are elevated in liver cirrhosis, a catabolic
disease characterized by reduced body fat mass and a
proinflammatory state [28].

When we compared the leptin level in HCV cases,
a significantly lower serum levels were detected in
cases than controls. Several studies reported comparable
or lower concentrations of leptin in HCV cases[9,29,30].
Whereas increased levels of leptin have been found in
patients infected with HCV compared to healthy
controls in another study[31].

The relationship between adiponectin levels and
hepatitis C is conflicting. Several studies have indicated
that serum adiponectin is not modulated in HCV-
infected patients when compared to healthy subjects
matched for age, gender, and BMI32, 33. Lower
adiponectin levels have been reported in some
studies[34,35]. According to Liu et al., adiponectin

correlated with hepatitis C viral factors such as
genotype and viral load[34]. Further study of the
correlation between resistin and HCV may reveal a
new aspect of the pathological roles of resistin. In the
present study, lower levels were found among HCV
cases than controls regarding the adiponectin level.

A significant positive correlation was detected
between serum levels of resistin and each of leptin and
adiponectin. Kakizaki et al. in 2008 reported a positive
correlation between adiponectin and resistin although
they have opposite physiological functions. They found
that both the plasma adiponectin levels and the resistin
levels increase in a stepwise fashion in line with a
higher grade of liver damage. The correlation between
adiponectin and resistin may result from the liver
damage[23].

Conclusion: Our results suggest that in children with
chronic liver disease whether due to hepatitis or
cirrhosis, adipokines especially leptin, resistin and
adiponectin are important biomarkers and their
patho physiological roles sti ll require fur the r
investigation. Cases with CLD expressed significantly
lower levels of serum leptin and adiponectin compared
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to the controls. Resistin levels were significantly higher
in cases than controls. These findings might have an
impact on future strategies for these patients.
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