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Abstract: 

Background: Liver cirrhosis is a catabolic disease 
characterized by decreased adipose tissue mass 
and a proinflammatory state. Although hyperinsulinemia 
and insulin resistance are commonly found in these 
patients, their exact mechanisms are not fully 
understood. Among the candidate mediators, the 
adipokines resistin and adiponectin have been 
incriminated in experimental animal models. Their 
exact role in cirrhotic patients remains a subject of 
considerable debate. Aim: To study serum levels of 
resistin and adiponectin in cirrhotic patients and their 
relationship to insulin resistance and proinflammatory 
cytokines. Subjects and Methods: Thirty-eight non-diabetic 
patients with post-hepatitic liver cirrhosis (6 Child A, 
14 Child B and 18 Child C) were included in the 
study as well as age, sex and BMI matched fifteen 
healthy controls. Fasting serum samples were collected 
from all participants for estimation of glucose, insulin, 
C-peptide, TNF-α, IL-6, resistin and adiponectin. 
HOMA-IR was calculated for all of them. Results: 

Cirrhotic patients showed significantly higher serum 
levels of insulin, resistin, adiponectin, IL-6 and 
TNF- α than the control group.  Serum resistin had 
significant positive correlation with levels of IL-6 
and TNF-α, C-peptide, HOMA-IR and prothrombin 
time. Also, resistin correlated negatively with serum 
albumin and prothrombin concentration. Adiponectin 
significantly increased with the progression of Child 
grade. It significantly correlated with TNF-α but not 
with BMI, insulin level or HOMA-IR. Conclusion: 
Resistin may contribute to insulin resistance in 
patients with liver cirrhosis. Circulating adiponectin 
is increased dependent on the Child grade of the 
disease suggesting that it might be an indicator of 
severity of chronic liver disease reflecting one of 
the body's anti-inflammatory mechanisms in this 
disorder. 
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Introduction: 

Liver cirrhosis is a catabolic disease 

characterized by decreased adipose tissue 

mass (1), a high incidence of insulin resistance 

and diabetes(2) and a proinflammatory state as 

presented by elevated cytokine levels(3). Patients 

with liver cirrhosis display disturbances of 

glucose metabolism with 60-80% having 

impaired glucose tolerance (IGT) and 10-15% 

developing overt diabetes(4). Cirrhosis-associated 

IGT is characterized by hyperinsulinaemia and 

peripheral insulin resistance(5). It has been 

observed that insulin resistance is crucial for 

the progression from early liver disease stages 

such as chronic hepatitis to liver fibrosis and 

cirrhosis(6). 

Hyperinsulinaemia in liver cirrhosis results 

from a complex relationship among the ability 

of the β-cells to compensate for the insulin 

resistance state, the degree of impaired hepatic 

insulin degradation, and the extent of portal 

hypertension(7). 

The exact mechanisms of insulin resistance 

in chronic liver diseases are not fully understood. 

Chronic hyperinsulinaemia has been convincingly 

linked to insulin resistance in cirrhosis(8), but 

the resulting sequence of endocrine and molecular 

alterations is only partially resolved. 

The concept of white adipose tissue as 

an endocrine organ originated in 1995 with the 

discovery of leptin and its wide range of biological 

functions(9). To maintain normal body functions, 

each adipocyte secretes diverse cytokines  

and bioactive substances into the surrounding 

environment. Although each adipocyte produces 

a small quantity of adipocytokines (adipokines), 

as adipose tissue is the largest organ in the 
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human body, their total amount impacts on 

body functions. Furthermore, as adipose tissue is 

supplied by abundant blood stream adipocytokines 

released from adipocytes pour into the systemic 

circulation(10). 

Resistin is a novel adipocyte-secreted 

hormone which belongs to the family cystein-rich 

resistin-like molecules. It is expressed in rodents 

and human adipose cells(11), mononuclear 

leucocytes, tissue macrophages(12) and also in 

inflamed tissues(13) suggesting proinflammatory 

properties for resistin or its regulation by 

inflammatory mediators. Resistin reduces insulin 

sensitivity in adipocytes, skeletal muscles, and 

hepatocytes by suppression of insulin stimulated 

glucose uptake(11). It is also involved in maintaining 

sufficient blood glucose levels during fasting 

by activating hepatic gluconeogenesis (14). 

The adipocyte-derived resistin is therefore 

regarded as a link between obesity and insulin 

resistance. Accordingly, elevated serum resistin 

concentration has been found in obese individuals 

and patients with diabetes mellitus(15). 

The catabolic state of liver cirrhosis is 

characterized by a series of severe metabolic 

alterations: they have increased resting energy 

expenditure, suffer a loss of body fat mass as 

well as body cell mass, and exhibit a striking 

elevation in the percentage of energy derived 

from fat (16). 

Adiponectin is a newly discovered adipocytokine 

negatively correlated with parameters of the 

metabolic syndrome, such as body mass index, 

body fat mass, and circulating insulin levels(17). 

In normal humans and mice, adipoectin expression 

is restricted to adipose tissue(18) or adipocytic cells 

within, for example, the liver(19). Few studies have 

addressed the relationship between adiponectin 

and hyperinsulinaemia in cirrhotic patients. 

Aims: 1) To study serum levels of resistin 

and adiponectin in differents grades of liver 

cirrhosis. 2) To study the relationship of  

these adipokines to insulin resistance and the 

proinflammatory cytokines TNF- α and IL-6.   

Subjects and Methods: 

Thirty- eight patients with post-hepatitic liver 

cirrhosis and fifteen age, sex and BMI-matched 

healthy controls were recruited for the study. 

Patients were consecutively selected from  

the departments of Tropical Medicine and 

Gastroenterology or Internal Medicine, Sohag 

and Assiut Universities respectively. Informed 

consent was obtained from all participants, 

and the study protocol was approved by the 

local ethics committee. Complete medical 

history and clinical signs were recorded for  

all of them including gastrointestinal bleeding 

(hematemesis, melena, hematochezia or others). 

Current or previous hepatic encephalopathy or 

any manifestations of liver cell failure were 

looked for. Weight, height and body mass 

index (BMI) were recorded for all patients. An 

upper gastro-intestinal endoscopy was performed 

for the detection of esophageal varices or 

other lesions. Patients with overt diabetes 

mellitus, those receiving interferon as antiviral 

therapy for chronic hepatitis B and C and 

patients with coronary artery disease were 

excluded from the study. None of the patients 

had a spontaneous bacterial peritonitis or any 

other acute concurrent infection at the time of 

inclusion in the study. Patients complicated by 

renal or thyroid dysfunction or any other 

endocrine diseases were also excluded. 

The diagnosis of liver cirrhosis was established 

on the basis of clinical and ultrasonographic 

criteria. Venous blood samples were obtained 

from all participants after an overnight fast. 

Routine evaluation of the patients and controls 

included a complete blood count, liver function 

tests (serum bilirubin, total serum protein  

and albumin, AST, ALT, prothrombin time and 

concentration). Patients (17 males and 21 

females) were categorized into 3 groups according 

to the Modified Child's classification(20) as: 6 (15.8%) 

Child class A, 14 (36.8%) Child B and 18 (47.4%) 

Child C. 

Fasting blood glucose was estimated for 

all participants. Serum samples were divided 

into aliquots and stored at -80oC until assayed 

for resistin, adiponectin, insulin, C-peptide, IL-6 

and TNF-α. 

Estimation of serum resistin was determined 

by an enzyme-linked immunosorbent kit (Biovender 

Research and Diagnostic Products) as described 

by Sheng et al.(21). Adiponectin was estimated 

by an enzyme-linked immunosorbent kit (Avibion 
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Acrp30 from Orgenium) as previously described 

by Steffes et al.(22). Serum Insulin and C-peptide 

were estimated by Immulite 1000 analyzer by solid 

phase, two site chemiluminescent Immunometric 

assay (Siemens Medical Solutions Diagnostics 

Limited, UK) as described by Turkington et al.(23). 

The homeostasis model assessment insulin 

resistance (HOMA-IR) index was calculated by 

the formula of Matthews et al.(24). 

                fasting glucose (mg/dL) x fasting insulin (µU/mL)   

405  

Serum TNF-α assay was done by invivo 

Enzyme immunoassay using Biosource TNF-α 
ELISA kit (Biosource Europe S.A.) as described 

by Aukrust et al.(25). IL-6 was quantitively measured 

in serum using ELISA technique by a commercially 

available kit (Biosource, Europe S.A.) as described 
by Moscovitz et al.(26). 

Statistical Methods: 

Data entry and analysis were done using 

Statistical Package for Social Sciences (SPSS) 

software version 15. The quantitative variables 

were expressed as mean ± standard deviation 
(SD) and comparison between different grades 

was done using ANOVA test and between 
patients and controls by unpaired students’ 

t-test. Pearson’s correlation co-efficient “r” was 

used to assess the correlation between numeric 

variables in each group. P-value levels of <0.05 
was considered statistically significant. 

Results: 

Demographic and clinical data of patients 
and controls are summarized in Table (1). 

Circulating resistin levels were elevated in 
cirrhotic patients compared to the control group 

(9.541 ± 5.93 vs 5.29 ± 1.09 ng/ml, P <0.001) 

(Table 2). However, no significant difference 

was found in serum resistin between different 
Child grades (Table 3). 

The proinflammatory cytokines TNF-α and 
IL-6 were significantly elevated in cirrhotic patients 

compared to the control group (P <0.00 and  

P <0.00 respectively) (Table 2) 

Because resistin expression has been reported 
to increase in response to proinflammatory 

cytokines(27,28,29), we next assessed the relationship 
between serum resistin in liver cirrhosis and 

parameters of the proinflammatory state. We 

found that circulating resistin had a significant 

positive correlation with serum TNF-α levels 
(r=0.438, P=0.02; Fig 1) and with levels of IL-6 

(r=0.258, P=0.04; Fig 2)  

In the current study, cirrhotic patients 

exhibited significantly higher levels of serum 

insulin compared to the controls (14.12 ± 5.77 vs 

5.93 ± 2.87, P <0.05)(Table 2). When insulin 

resistance was defined by a HOMA-IR index 

cut-off point of 2.6 (30), it tended to be higher in 

Child C cirrhosis than Child A and B. However, 

it didn't reach a statistically significant level 

using one way ANOVA test (Table 3). 

In cirrhotic patients, resistin levels correlated 

positively with C-peptide levels (r = 0.303,  

P < 0.005; Fig 3) and with HOMA-IR (r = 0.305, 

P < 0.01; Fig 4). 

Serum resistin levels also correlated with 

parameters of reduced liver function where  

it negatively correlated with serum albumin  

(r= -0.354, P <0.01; Fig 5) and with prothrombin 

concentration (PC) (r= - 0.371, P <0.01; Fig 6) 

and it correlated positively with prothrombin 

time (PT) (r= 0.446, P <0.01; Fig 7). 

Circulating adiponectin level was significantly 

higher in subjects with liver cirrhosis compared to 

healthy controls (162.12 ± 17.158 vs 83.60 ± 11.90, 

P <0.00). Among the studied patients, serum 

adiponectin significantly increased in line with 

the grade of the disease from Child A to B to C 

(Table 3). We also found that circulating 

adiponectin levels didn't show any significant 

correlation with body mass index (BMI), insulin 

level or insulin resistance detected by HOMA-IR. 

On the other hand, adiponectin levels correlated 

significantly with TNF- α (r=0.523, P=0.003; Fig 8) 

a biomarker of chronic inflammatory condition. 

Relationship to clinical complications: 
Ascitic and non-ascitic patients showed no 

significant difference in adipocytokines, TNF-α, 

IL-6, insulin and C-peptide levels and HOMA-IR 

(Table 4).  Patients with esophageal varices 
(detected by endoscopy) had significantly 

higher levels of insulin, C-peptide and HOMA-IR 
index of insulin resistance than patients with 

no varices (Table 5). On the other hand, 

patients with hepatic encephalopathy had 

significantly higher level of serum adiponectin 
and insulin than those without encephalopathy 

(Table 6). 

HOMA-IR = 
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Table (1): Demographic and clinical data in patients and controls 

 
Patients 

(n=38) 

Controls 

(n=15) 
P value 

Sex      

      Males 

      Females 

 

17 (44.7%) 

21 (55.3%) 

 

4 (40%) 

6 (60%) 

 

 

n.s. 

Age (mean ± SD) 53 ± 12.03 50.21 ± 10.31 n.s. 

Weight (Kg) 66.59 ±9.81 70.02 ±11.21 n.s. 

Height 162.40 ± 7.26 169.35 ± 8.01 n.s. 

BMI  25.27 ± 0.59 25.93 ± 0.621 n.s 

Jaundice 

      No 

      Yes 

 

28 (73.7%) 

10 (26.3%) 

 

 

0 

 

Ascites 

      No 

      Yes 

 

8   (21.1%) 

30 (78.9%) 

 

 

0 

 

Varices 

      No 

      Yes 

 

5 (13.2%) 

33 (86.8%) 

 

 

0 

 

Encephalopathy 

      No 

      Yes 

 

21 (55.3%) 

17 (44.7%) 

 

 

0 

 

GIT bleeding 

      No 

      Yes 

 

25 (65.8%) 

13 (34.2%) 

 

 

0 

 

Data are expressed as numbers, (%) or mean ± standard deviation. 

n.s. non significant. 

 

Table (2): Serum levels of adipokines, TNF-α, IL-6, fasting insulin and C-peptide in both cirrhotic patients and 
control groups 

Item 
Liver cirrhosis 

(n=38) 

Control 

(n=15) 
P value 

Resistin (ng/mL) 9.541 ± 5.93 5.29 ± 1.09 <0.001 

Adiponectin (ng/mL) 162.12 ± 17.158 83.60 ± 11.90 <0.000 

TNF- α (pg/mL) 56.008 ± 9.21 25.99 ± 3.08 <0.000 

IL-6 (pg/mL) 34.89 ± 4.28 5.90 ± 1.115 <0.000 

Insulin (µIU/mL) 14.12 ± 5.77 5.93 ± 2.087 <0.05 

C-peptide (ng/mL) 1.49 ± 3.53 0.70 ± 0.1633 n.s. 

Data are expressed as mean ± standard deviation. 

n.s.: non significant 
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Table (3): Relation between Child's class and other variables 

Item 
Child A 

(n=6) 

Child B 

(n=14) 

Child C 

(n=18) 
P value 

Age (ys) 51.83 ± 15.75 54.85 ± 9.33 51.94 ± 13.06 n.s. 

Fasting glucose (mg/dl) 100.29 ± 28.02 111.34 ± 49.35 97.02 ± 20.90 n.s. 

RBC x10
12
/L 3.88 ± 0.89 3.46 ± 1.02 3.03 ± 0.73 n.s. 

Hb (g/dL) 10.00 ± 2.63 9.39 ± 3.26 9.06 ± 1.64 n.s. 

PLT x10
9
/L 135.66 ± 59.52 121.22 ± 67.88 113.51 ± 48.79 n.s. 

WBC x10
9
/L 4.68 ± 2.37 4.84 ± 2.67 8.87 ± 3. 93 <0.006 

Resistin (ng/mL) 8.76 ± 3.37 9.67 ± 6.20 9.69 ± 6.68 n.s. 

Adiponectin (ng/mL) 145.60 ± 23.47 159.41 ± 18.08 169.31 ± 9.44 <0.01 

TNF- α (pg/mL) 55.96  ± 20.23 54.55  ± 10.56 57.06  ± 8.41 n.s. 

IL-6 (pg/mL) 33.57  ± 5.05 35.33  ± 4.02 34.92  ± 4.51 n.s. 

Insulin (µIU/mL) 5.72  ± 6.18 6.44  ± 4.93 17.97  ± 18.84 n.s. 

C-peptide (ng/mL) 0.154 ± 0.094 0.633 ± 0.78 2.32 ± 4.79 n.s 

HOMA-IR 1.196 ± 1.30 1.638 ± 1.346 4.609 ± 6.34 n.s. 

Data are expressed as mean ± standard deviation. 

n.s.: non significant 

Table (4): Relation between the presence of ascites and other variables 

Item 
-ve ascites 

(n=8) 

+ve ascites 

(n=30) 
P value 

Resistin ((ng/mL) 9.25 ± 2.83 9.62 ± 6.58 n.s. 

Adiponectin (ng/mL) 153.00 ± 22.97 164.57 ± 14.85 n.s. 

TNF- α (pg/mL) 57.98 ± 7.56 55.58 ± 9.59 n.s. 

IL-6 (pg/mL) 36.08 ± 4.43 34.58 ± 4.28 n.s. 

Insulin (µIU/mL) 7.80 ± 3.86 13.30 ± 6.02 n.s. 

C-peptide (ng/mL) 0.262 ± 0.032 1.79 ± 0.9 n.s. 

HOMA-IR 1.88 ± 0.87 3.48 ± 1.37 n.s. 

Data are expressed as mean ± standard deviation. 

n.s.: non significant 

Table (5): Relation between the presence of esophageal varices and the studied variables 

Item 
-ve varices 

(n=5) 

+ve varices 

(n=33) 
P value 

Resistin (ng/mL) 9.45 ± 5.59 9.40 ± 6.85 n.s. 

Adiponectin (ng/mL) 165.95 ± 14.51 155.41 ± 19.90 n.s. 

TNF- α (pg/mL) 55.31± 8.83 57.27 ± 10.14 n.s 

IL-6 (pg/mL) 35.24 ± 4.42 34.14 ± 4.06 n.s. 

Insulin (µIU/mL) 8.26 ± 2.79 23.71 ± 4.88 <0.01 

C-peptide (ng/mL) 0.526  ± 0.075 3.73  ± 1.98 <0.01 

HOMA-IR 1.88 ± 0.46 6.69 ± 2.62 <0.01 

Data are expressed as mean ± standard deviation. 

n.s.: non significant 
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Table (6): Relation between the presence of hepatic encephalopathy and studied variables 

Item 
-ve encephalopathy 

(n=21) 

+ve encephalopathy 

(n=17) 
P value 

Resistin (ng/mL) 9.105 ± 5.49 10.17 ± 6.69 n.s. 

Adiponectin (ng/mL) 156.33 ± 19.95 169.06 ± 9.72 <0.05 

TNF- α (pg/mL) 54.47 ± 9.95 57.54  ± 8.42 n.s. 

IL-6 (pg/mL) 35.26 ± 4.36 34.44 ± 4.30 n.s. 

Insulin (µIU/mL) 6.28 ± 4.97 17.97 ± 8.94 <0.01 

C-peptide (ng/mL) 0.5022 ± 0.04 2.477 ± 0.833 n.s. 

HOMA-IR 1.536 ± 0.296 4.60 ± 1.34 n.s. 

Data are expressed as mean ± standard deviation. 

n.s.: non significant 
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Fig (1): Correlation between serum resistin and TNF- α in cirrhotic patients 
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Fig (2): Correlation between serum resistin and IL-6 in cirrhotic patients 
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Fig (3): Correlation between serum resistin and C-peptide in cirrhotic patients 
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Fig (4): Correlation between serum resistin and HOMA-IR in cirrhotic patients 
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Fig (5): Correlation between serum albumin and resistin in cirrhotic patients 
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Fig (6): Correlation between serum resistin and prothrombin concentration in cirrhotic patients 

�

�
�

�

�

��

�

� �

�

�

�

�

�

��

�
�

�

�
� �

�

�

�

�
�

�

�

�

�

0 5 10 15 20 25 30

Resistin (ng/ml)

0

5

10

15

20

25

30

P
R
T
 (
s
e
c
)

r = 0.446
P < 0.01*

 

 
Fig (7): Correlation between serum resistin and prothrombin time in patients with liver cirrhosis 
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Fig (8): Correlation between serum adiponectin and TNF- α in cirrhotic patients 
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Discussion: 

This study demonstrates that serum resistin 
levels are elevated in patients with liver cirrhosis 
not dependent on the disease grade. It is 
important to point out that there are substantial 
differences regarding the tissues synthesizing 
resistin between rodents and humans. In 
rodents, resistin is almost exclusively expressed 
in adipocytes(31). Whereas, in humans resistin 
expression is hardly detectable in adipocytes and 
is mostly found in monocytes/macrophages(28,31). 
These studies implicate resistin in the regulation 
of: adipose tissue mass, glucose homeostasis 
and inflammation. 

Resistin expression within monocytes/ 

macrophages is increased in response to 

inflammatory stimuli namely TNF-α (27,28,29). 

Previous studies in cirrhotic patients(32,33) and 
cirrhotic animal models(34) reported that elevated 

circulating resistin levels were associated with 
the proinflammatory state namely TNF-α and 

IL-6. Our data are in line with these findings 

showing a tight correlation between circulating 

resistin levels and elevated TNF-α and IL-6. 
Thus, the increase in circulating resistin in liver 

cirrhosis may be due to increased hepatic 
production and is related to the proinflammatory 

state in these patients. It is controversial from 

in vitro studies, whether proinflammatory cytokines 

can induce resistin gene expression in adipocytes(28) 
or down regulate it(35). 

The adipokine resistin has been implicated 
in obesity and insulin resistance. Resistin 

serum levels were found to be related to body 

mass index (BMI) in obese subjects(15,36). Liver 

cirrhosis is associated with decreased body fat 
mass and insulin resistance. Our study was in 

agreement with that of Bahr et al.(32) and 
Kakizaki et al.(37) in which resistin level did not 

correlate with the BMI in patients with liver 

cirrhosis. 

In chronic liver disease such as liver 
cirrhosis, impaired insulin sensitivity and 

subsequent alterations in glucose metabolism 
have been reported(8,38). Nearly all patients with 

liver cirrhosis are insulin resistant, 60-80% are 

glucose intolerant and about 20% develop 

diabetes mellitus(4,38). 

In the present study, we reported higher 

levels of insulin in cirrhotic patients compared 
to controls. Significant positive correlations 

were observed between serum resistin levels 

and insulin, C-peptide and HOMA-IR index of 
insulin resistance. Circulating resistin could 

directly inhibit the ability of insulin to promote 
peripheral glucose utilization in cirrhotic patients 

thereby contributing to insulin resistance(31). 

However, in the study Bahr et al.(32) plasma 

resistin levels were not correlated with HOMA-
IR index of insulin resistance in patients with 

liver cirrhosis. While, in agreement with our 
study, Kakizaki et al.(37) reported significant 

positive correlation with plasma insulin and 

HOMA-IR index of insulin resistance. 

Some studies investigating resistin mRNA 

and protein level in different rodent models of 

obesity and diabetes could not confirm resistin 

as a mediator of insulin resistance(39,40). The 

situation in humans regarding insulin resistance 

is more controversial. While resistin may have 

a potential role in the pathomechanism of 

insulin resistance(11,41), conversely, adiponectin 

is considered to upregulate insulin sensitivity(18). 

Therefore, adiponectin and resistin have 

opposite physiological functions. In our study, 

the positive correlation between resistin and 

HOMA-IR seemed to be rational. However, 

regarding the elevation of resistin with liver 

cirrhosis, it is not clear at this time whether it is 

the result of reduced liver function; as well it is 

not proved if it is the cause of insulin resistance in 

liver cirrhosis.    

Although the physiological role of adiponectin 

has not been fully established(42), recent data 

have provided evidence that this hormone 

critically influences several components of the 

metabolic syndrome. It can regulate blood 

glucose level, overcome insulin resistance, 

and cause weight loss. It is also reported that 

insulin-resistant individuals with obesity, type 2 

diabetes mellitus, or coronary artery disease 

have low adiponectin concentration(43,44). In our 

study, circulating adiponectin levels increased 

dependently on the clinical grade of cirrhosis. 

This was in agreement with Tietge et al.(45) 

demonstrating that the liver is the main organ 

for adiponectin extraction. The plasma level of 

adiponectin is proposed to be influenced by 

nutritional status, because it was reported that 

adiponectin is decreased in obesity(18), and 

weight reduction causes the plasma adiponectin 
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level to be increased(46). Thus, it has been 

suggested by Sohara et al.(47) that plasma 

adiponectin level in liver cirrhosis would be 

increased because they usually tend to be 

malnourished.  

In the current study, adiponectin showed 
no correlation to BMI, insulin levels and 
HOMA-IR in cirrhotic patients. The pathogenesis 
of body fat loss in liver cirrhosis has not been 
entirely clarified(1,16). However, current data 
indicate that chronic endotoxemia due to 
reduced clearance of gut derived bacteria by 
the diseased liver leads to a macrophage 
activation state(48). Cytokines from activated 
macrophages are released, impacting on the 
wasting syndrome in cirrhosis(3). TNF-α especially 
has been implicated in this process, and data 
from our group indicated that adiponectin 
levels correlated with TNF- α levels. 

Tietge et al.(45) found that patients with 
Child class A cirrhosis had normal adiponectin 
levels comparable with patients with liver 
fibrosis. They suggested that adiponectin 
metabolism remains normal in patients with 
liver disease until the decompensation stage, 
strengthening the role of the liver in adiponectin 
catabolism. Thus, liver function in agreement 
with our findings seems to be a major determinant 
of the circulating adiponectin level. 

It is suggested that besides other factors 
systemic TNF- α might be a determinant of 
circulating adiponectin in chronic liver disease(49). 
It has been reported that adiponectin and 
TNF- α suppress each other's production and 
antagonize each other's action(50,51). However, 
our data in agreement with Kaser et al.(49) 
show that in cirrhotic patients TNF-α either 
directly or indirectly might increase adiponectin 
plasma levels. Besides proinflammatory IL-6 and 
TNF- α, the adipose tissue is also known to  
be a major source of proposed anti-inflammatory 
adiponectin(52) suggesting that adipocytes might 
play a role in chronic inflammatory conditions. 

Increment of circulating adiponectin might 
counteract the overwhelming production of 
proinflammatory cytokines in chronic liver 
disease(49). In previous studies in non-cirrhotic 
individuals, adiponectin plasma level was 
variably negatively correlated with body mass 
index, fasting plasma glucose and insulin, the 
degree of insulin resistance, systolic and 
diastolic blood pressure and plasma total 
cholesterol and triglycerides(17,18,42). 

Sohara et al.(47) found a positive correlation 

between adiponectin and insulin in cirrhotic 

patients and they were correlated with 

progression of Child's grade. Our results were 

in agreement with Kaser et al.(49) as we didn't 

find any significant correlation between adiponectin 

on one hand and BMI, insulin level and insulin 

resistance (HOMA-IR) on the other hand in 

cirrhotic patients. However, patients in the 

current study had increased adiponectin and 

insulin levels. In fact plasma adiponectin levels 

were highest in patients with Child C cirrhosis 

displaying highest insulin resistance. These 

findings might indicate that the proposed use 

of adiponectin as a novel treatment strategy of 

insulin resistance and diabetes might be 

limited to patients without liver disease. Our 

data clearly demonstrate that low adiponectin 

levels are not a prerequisite for increased 

insulin resistance as might be predicted in 

non-cirrhotic patients (53).  

Our findings might indicate that the 

pathogenesis of insulin resistance and diabetes 

in cirrhosis differs from the mechanisms in 

patients without liver disease. Hyperinsulinaemia 

in cirrhosis may be due to increased insulin 

secretion by the β- pancreatic cells and decreased 

removal of insulin from the circulation(4).  

A decrease in hepatic insulin clearance may 

either reflect hepatocellular dysfunction or 

decrease in the first- pass hepatic insulin 

clearance due to portosystemic shunting(54). 

This is supported by our finding of higher 

levels of insulin, C-peptide and HOMA-IR in 

patients with esophageal varices than patients 

without. 

In Conclusion: Resistin is elevated in 

patients with liver cirrhosis independent on the 

clinical grade. It may contribute to insulin 

resistance in these patients. Larger prospective 

studies should investigate the practical clinical 

value of serum resistin measurements. Circulating 

adiponectin is also increased in liver cirrhosis 

but dependent on the clinical grade assuming 

that it might be an indicator of severity  

of the disease reflecting one of the body's  

anti-inflammatory mechanisms in these disorders. 
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