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Role of Serum  adiponectin , IL-6 and Hs CRP in nonalcoholic fatty liver in Egyptian patients2

3

Abstract :4

Scientific background: Non alcoholic fatty liver (NAFLD) is accumulation of fat in the liver cells of5
peoples who drink little or no alcohol causing mild steatosis with mostly no signs, symptoms or6
complication but this may progress to steatohepatitis (NASH) and may liver cirrhosis then failure. Non-7
alcoholic fatty liver disease (NAFLD) is recognized as the most common type of chronic liver disease in8
Western countries and the leading cause of cryptogenic cirrhosis. Insulin resistance (IR) is a key factor in9
the pathogenesis of NAFLD, the latter being considered as the hepatic component of IR or metabolic10
syndrome (MetS). Although the pathogenesis of NAFLD is not fully elucidated, a complex interaction11
between adipokines and cytokines produced by adipocytes and/or inflammatory cells infiltrating adipose12
tissue appears to play a crucial role in MetS and NAFLD and its progress.  A number of factors are linked13
with NAFLD such as obesity, type 2DM, hyperlipidemia, gastric bypass and its progress to NASH correlate14
with certain cytokines secreted like adiponectin, IL-6, and CRP. Adiponectin is a novel adipocyte-specific15
protein, which, it has been suggested, plays a role in the development of insulin resistance and16
atherosclerosis. The role of interleukin-6 (IL-6) in liver pathology is very complex and its participation in17
the development of NAFLD remains unclear. IL-6 is a key element in the acute phase response, mediating18
the synthesis of several acute phase proteins (such as C-reactive protein and serum amyloid A). Thus, we19
cannot exclude the possibility that IL-6 might also play an indirect deleterious role in NAFLD pathogenesis.20

Objective: This study aim is to evaluate the level of adiponectin, IL-6 and CRP in Egyptian patients with21
NAFLD.22

Methods: This study was conducted on 2 groups 104 NAFLD as diagnosed by ultrasound examination and23
21 healthy participants as control group were matched for age, sex and BMI. All the subjects were subjected24
to an abdominal ultrasonography, liver enzymes ALT& AST, lipid profile (triglycerides, HDL, LDL25
cholesterol, CRP, IL-6 & Adiponectin).26

27
Results: Results: Plasma adiponectin levels were significantly lower in NAFLD patients than28
control gp (3.05±2.65 μg/ml vs 10.52±3.35 (μg/ml). IL-6 level was higher in NAFLD than control29
gp but not significant (114.24±22.32pg/ml vs 104.9±19.98 pg/ml). CRP was significantly higher in30
NAFLD than control gp (17.86±11.59mg/L vs 5.4±3.81 mg/L).31

Receiver operating characteristic curve for adiponectin showed the area under the curve was 0.91832
with 96.15 % sensitivity and 90.48 % specificity. Receiver operating characteristic curve for IL- 633
showed the area under was 0.703 with 55.77 % sensitivity and 85.71 % specificity, while ROC of34
hs-CRP showed area under the curve of 0.853 with 80.77 %   sensitivity and 90.48% specificity.35

36
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Conclusion:  Patients with NAFLD have lower adiponectin levels and higher IL-6 and CRP levels37
compared with their control group.38

Key words: Metabolic syndrome, Non alcoholic fatty liver disease and IL-6: interleukin-6.39

40

Introduction41

Non-alcoholic fatty liver disease (NAFLD) describes a range of conditions caused by a build-up of42
fat within liver cells. It is very common and in many cases is linked to being obese or overweight.43
Truncal obesity seems to be an important risk factor for NAFLD, even in patients with a normal44
BMI.[1] NAFLD occurs in 60% ~95% of people with obesity.[2] NAFLD has the potential for major45
economic impact on healthcare costs because of liver-related morbidity and mortality.[3]46

Most people with NAFLD have simple fatty liver. Only a minority progress to develop NASH.47
And, only a minority of people with NASH progress to cirrhosis. It is not clear why some people48
with simple fatty liver progress to the more severe forms of NAFLD, and most do not. A number49
of factors are linked with NAFLD such as obesity, type 2DM, hyperlipidemia, gastric bypass,50
hypothyroidism and others.51

Adipose tissue is considered an endocrine organ regulating body metabolism.[4,5] The imbalanced52
production of pro- and anti-inflammatory adipokines secreted from fat contributes to the53
pathogenesis of NAFLD and its progress.54

Adiponectin is the most abundant and adipose-specific adipokine, that circulates at high level in55
blood. In the liver, adiponectin acts through the activation of 5-AMP-activated protein kinase and56
peroxisome proliferator-activated receptor-α pathways and inhibition of toll-like receptor-4 mediated57
signalling. There is an evidence that adiponectin decreases hepatic and systematic IR and attenuates liver58
inflammation and fibrosis. Adiponectin generally predicts steatosis grade and severity of NAFLD, but it59
remains to be addressed to what extent this is a direct effect or related to the presence of more severe IR. [6]60

61
The role of interleukin-6 (IL-6) in liver pathology is very complex, and its participation in the development62
of NAFLD remains unclear. IL-6 activates several cells, such as immune cells, hepatocytes, hematopoietic63
stem cells, and osteoclasts.[7]Furthermore, IL-6 has a wide range of biological functions, including64
induction of inflammation and oncogenesis, regulation of immune response, and support of65
hematopoiesis[6]. IL-6 was initially considered as a hepatoprotector in liver steatosis, capable of reducing66
oxidative stress and preventing mitochondrial dysfunction.[8] Furthermore, this potential hepatoprotective67
effect of IL-6 was confirmed in other models of liver disease, such as ischemic preconditioning models and68
in liver regeneration after partial hepatectomy in mice.[9]69

Nevertheless, IL-6 is a key element in the acute phase response, mediating the synthesis of several70
acute phase proteins (such as C-reactive protein and serum amyloid A). [10] Thus, we cannot71
exclude the possibility that IL-6 might also play an indirect deleterious role in NAFLD72
pathogenesis. In diet-induced obese mice, treatment with IL-6 antibodies improved sensitivity to73
insulin.[11] Furthermore, IL-6 is considered as a predictor marker of insulin resistance and74
cardiovascular diseases. In patients undergoing bariatric surgery, decreased IL-6 concentrations75
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were associated with weight loss and insulin resistance improvement.[12] Recently, Mas and co-76
workers showed that diet-induced NASH was reduced in IL-6. [13]77

In humans with NASH, a positive correlation was found between IL-6 expression in hepatocytes78
and the severity of NAFLD was observed. [14]79

Thus, although IL-6 could improve hepatic regeneration and repair, it could also sensitize the liver80
to injury, stimulate hepatocyte apoptosis, induce insulin resistance, and participate in NASH81
development. Recent studies from Yamaguchi illustrated this paradoxical role of IL-6 in82
NAFLD.[15]83

C-reactive protein (CRP) is one of the major acute phase proteins and is a marker of systemic84
inflammation.CRP is synthesized mainly in the liver [16] and is regulated by circulating levels of85

IL-6 [17]. CRP has short life around 18 hours and the elevation of serum CRP usually reflects its86
synthesis in response to a pathological process, CRP is therefore considered as a useful nonspecific87
biochemical marker in chronic inflamation [18].88

In contrast to regular CRP assays, a highsensitivity CRP (hs-CRP) assay enables the diagnosis of89
even low grade inflammation. It has important a clinical and prognostic implication in90
cardiovascular disease hsCRP level is significantly correlated with liver histology in NAFLD91
patients, which suggests that NAFLD is associated with low grade inflammation in the liver.92
However, hs-CRP could be a promising biomarker for screening of NAFLD asymptomatic93
subjects independently of other metabolic disturbances associated with metabolic syndrome and94
cardiovascular risk [19, 20]. Thus the aim of this study was to investigate the role and correlation of95
adipocytokines (interlukin-6 and adiponectin) and hs-CRP in NAFLD patients and correlate them96
with different anthropometric and clinical variables.97

Materials and methods98

This study was conducted on 104 (43 males and 61 females) patients with NAFLD  and 21 healthy subjects as a99
control. All patients were prospectively recruited from Gastroenterology Out-patients Clinic in El Sahel Teaching100
Hospital. Their age (Mean ±SD) 54.46 ± 10.14 years. Inclusion criteria were based on ultrasonographic finding of101
bright liver.  We excluded  patients with  any infections including viral hepatitis, autoimmune diseases, diabetes,102
hypertension, malignancy, hypothyroid ism, coronary artery disease, Pregnancy, Alcohol consumption, cigarette103
smoking, use of amiodarone, corticosteroids, tamoxifen, methotrexate, or oral contraceptives. Control group included104
21 healthy volunteers, who were gender, age and BMI matched with study group, were enrolled. Informed consent was105
obtained from all participants before enrollment in the study. The study was carried out in accordance with the106
principles of the Declaration of Helsinki, and its appendices, and local and national laws.107

All participants included in the study were subjected to detailed history taking, complete clinical examination,108
anthropometric evaluation (height, weight, and body mass index "BMI" were recorded. Overweight and obesity were109
defined as BMI between 25 and 30 kg/m2 and ≥30 kg/m2, respectively [4].110
NAFLD diagnosis was based according to the standard criteria accepted by the American Gastroenterology Association111
[21]: The diagnosis was based on ultrasonographic finding of bright liver (the diagnosis of bright liver was based on112
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abnormally intense, high level echoes arising from the hepatic parenchyma, with amplitude similar to that of echoes113
arising from the diaphragm); In all patients, liver biopsy was not done because the stage and grade of the NAFLD was not114
of importance in this study and according to Saverymuttu et al., ultrasound examinations can accurately identify steatosis115
with sensitivity of 94% and a specificity of 84% [22] . Moreover, liver biopsy has several limitations: as it is costly;116
associated with potentially complications and associated with sampling error[23] . Laboratory evaluations: Venous blood117
(5 ml) was collected after overnight fasting in vacutainers without additive, allowed to clot for 30 min at room118
temperature and centrifuged at 3000 c/m for five min. The separated serum was stored into aliquots at-20° C until119
biochemical analyses included liver enzymes. Haemolysed samples were excluded. Serum levels of IL-6 were measured120
with ELISA kit. Serum levels of adiponectin were determined using human adiponectin ELISA kit. The levels of serum121
hs-CRP were determined by Accu-Bind ELISA Kit (Monobind Inc, USA). Total cholesterol, triglyceride and122
HDLcholesterol were analyzed enzymatically using kit obtained from Randox Laboratories Limited, Crumlin, UK. Serum123
LDL cholesterol was determined from the values of total cholesterol and HDL-cholesterol using friedewalds formula [24]124
. LDL-cholesterol = TC – (TG/5) – HDL-cholesterol (mg/dl).125

126
Statistical analysis127

Data were collected, checked, revised and entered the computer. Data analyzed by SPSS statistical128

package version 19. Excel computer program was used to tabulate the results, and represent it129

graphically. For the quantitative variables which are normally distributed, independent t-test used130

to declare the significant difference between groups at p<0.05. Pearson’s correlation coefficient131

used to declare the significant correlation between the quantitative parameters within each group at132

p<0.05. MedCalc creates a list of sensitivity, specificity, likelihood ratios, and positive and133

negative predictive values for all possible threshold values. MedCalc allows to perform Receiver134

operating characteristic curve ROC curve analysis easily and accurately, the Area under the curve135

(AUC) with standard error (SE) and 95% confidence interval (CI), with automatic calculation of136

corresponding sensitivity and specificity.137

138
RESULTS139

140
104 patients (43 males and 61 females) with NAFLD were investigated for adiponectin, hs-CRP, IL-6, BMI, liver141
enzymes and lipid profile. Those patients were compared to 21 healthy controls (12 males and 9 females).NAFLD142
patients showed significantly higher BMI, serum levels of AST, ALT, GGT, total cholesterol, triglycerides, LDL, hs-CRP levels143
and significantly lower serum HDL and adiponectin levels in comparison to those of the controls p< 0.05, But serum AST/ALT144
and IL-6 levels showed no significant difference between patients and controls (Table 1).145

146
Table (2) showed significantly higher BMI among females 28.33± 4.44 compared to males 24.17± 3.29 in control147
group. While among NAFLD patients; there were no significant difference between male and female according to148
BMI. According to TG, adiponectin and CRP there was no significant difference between male and female in the two149
groups.150

151
Table (3) represents correlation coefficient (r) between studied parameters in NAFLD patients. Significant positive152
correlations were found between BMI and each of TG, HDL, LDL and cholesterol. There is significant negative153
correlation between adiponectin and each of TG, LDL and cholesterol while positive not significant regarding HDL.154
CRP correlated positively with TG, LDL and cholesterol while negatively significantly with HDL. Also there is a155
significant positive correlation between IL-6 and each TG, LDL and cholesterol and a positive not significant156
correlation regarding to HDL.157

158
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Table (4) showed there was significant positive correlation between BMI and each ALT and GGT and highly159
significantly with AST, while regarding to adiponectin the correlation is high significantly negative with all160
parameters in this table. IL-6 correlates negatively with ALT and positively with AST and GGT. CRP correlates161
positively only with ALT and GGT and significantly positive only with AST.162

163
164

Receiver operating characteristic curve for adiponectin showed the following results: area under the curve was 0.918165
with confidence interval of (0.855 to 0.960), P =0.0001(table-5-Figure 1) had 96.15 % sensitivity, 90.48 % specificity,166
98.0 % PPV and 82.6 % NPV.167

Receiver operating characteristic curve for IL- 6 showed the following results: area under  was 0.703 with168
(0.615 to 0.781) confidence interval, P=0.0003 (table-5-Figure 2) had 55.77 % sensitivity, 85.71 % specificity, 95.1%169
PPV and 28.1% NPV while Figure (3) of HsCRP showed the following results: area under the curve of 0.853 with170
confidence interval of (0.778 to 0.910), p=  0.0001 had 80.77 %   sensitivity, 90.48% specificity, 97.7% PPV and171
48.7% NPV.172

173
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Figure (1) Receiver operating characteristic curve  for adiponectin176
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Figure (2) Receiver operating characteristic curve for IL-6179

UNDER PEER REVIEW



CRP

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

Sen
sitiv
ity

180

Figure (3) Receiver operating characteristic curve  for CRP181

182

183

184

Table 1: Clinical and biochemical characteristics in NAFLD patients and controls185

p- valuePatients (n=104)Controls (n=21)Variables
43/6112/9ender M/ F

0.000*54.46 ± 10.1440.90 ± 15.52AgeG (Years)

0.000*36.03±5.3925.95±4.28BMI (kg/m2)
0.000*58.76±18.9833.86±9.64AST (U/L)
0.000*66.41±36.5731.43±6.95ALT (U/L)
.7081.04±0.441.08±0.22AST/ALT

0.000*Gender M/ F35.81±10.15GGT(U/L)

0.000*Age (Years)168.14±25.39Total cholesterol
(mg/dl)

0.000*197.24±34.04156.67±31.4Triglycerides (mg/dl)
0.000*129.62±21.98108.67±12.5LDL-C (mg/dl)
0.048*41.05±8.9245.24±7.98HDL-C (mg/dl)
0.000*3.05±2.6510.52±3.35Adiponectin (μg/ml)
0.078114.24±22.32104.9±19.98IL-6 (pg/ml)

0.000*17.86±11.595.4±3.81CRP (mg/L)
All data expressed as mean ± SD,* There is a significant difference between control group and patient group by186
using independent t-test at p< 0.05187
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Table 2: Clinical and biochemical characteristics of the studied NAFLD patients and controls188
according to gender189

Variables Controls Patients
Male ( n= 12
)

Female (
n = 9 )

p-
value

Male ( n =
43 )

Female ( n =
61 )

p-
value

BMI
(Kg/m2)

24.17 ± 3.29 28.33
±4.44

0.023* 35.44 ±
6.25

36.44 ± 4.71 0.354

TG (mg/dl) 145.75 ±
21.61

171.22
± 37.49

0.064 190.44 ±
22.58

202.03 ±
39.69

0.087

Adiponectin
(μg/ml)

11.60 ± 2.19 9.09 ±
4.17

0.089 2.89 ± 1.24 3.16 ± 3.303 0.616

CRP (mg/L) 4.06 ± 2.18 7.19±
4.85

0.06 19.25 ±
12.49

16.88 ±10.91 0.308

All data expressed as mean ± SD, *= There is a significant difference between groups by using190
independent t-test at p<0.05191

192

Table 3: Correlation coefficient (r) of the studied variables and lipid profile in NAFLD patients193

Parameter
BMI

Adiponectin IL-6 CRP

Triglycerides
0.156 0.095 .200* .059

HDL 0.487**
-0.032 0.104 -.203*

LDL
0.331** 0.119 0.142 0.126

Cholesterol 0.13
0.003 .271** 0.1

**Correlation is significant at the 0.01 level, *Correlation is significant at the 0.05 level194

195

Table 4: Correlation coefficient (r) of the studied variables liver enzymes in NAFLD patients196

Parameter ALT AST GGT
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BMI
-0.05 -0.027 0.02

Adiponectin
-0.083 -0.032 0.046

IL-6
-.201* -0.091 0.07

CRP
-0.09 -0.027 0.02

*Correlation is significant at the 0.05 level197

198

Table 5: ROC of Adiponectin, IL-6 and CRP in NAFLD patients:199

Variable The
best

Cut off

Sensitivity

%

Specificity

%

P
value

AUC 95% Confidence
Interval

Adiponectin ≤7.3 96.15 90.48 0.0001 0.918 0.855 0.960

IL-6 >106 55.77 85.71 0.0003 0.703 0.615 0.781

CRP >8 80.77 90.48 0.0001 0.853 0.778 0.910

200

201

Discussion:202

The pathogenesis of NAFLD/NASH and, in particular, the mechanisms responsible for liver injury203
and disease progression remain still incompletely understood [25]. Recent studies have focused on204
the adipokines, bioactive proteins secreted by adipose tissue, including adiponectin and interleukin205
6 [25,26,27]. Adipokines which are central factors in the development and progresion of NAFLD and206
inflammation have been investigated [28]. Increasing evidence indicates that they might play207
important roles in the NASH pathogenesis [27]. A number of studies have demonstrated the208
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association between hypoadiponectinemia and NAFLD [27]. In our study we observed significantly209
lower serum concentration of adiponectin in patients with NAFLD than in healthy subjects, this210
mean that high levels of adiponectin are associated with a protective effect against fatty liver [29].211
Our findings are in accordance with a report by Tsochatzis et al. [3].,Bugianesi et al. [30] , and Yoon212
et al. [31] reported that serum adiponectin level was significantly lower in patients with NAFLD213
than in the control group. Moreover, Hui et al. [32] observed that lower serum adiponectin level in214
patients was associated with more extensive necroinflammation.215

216
In our study we found that female patients have higher adiponectin levels than males.  These217
findings   are agree with those of [33,34]; while others failed to observe a sex difference [35]. This218
higher adiponectin expression in women, as compared to men  is attributed to the fact that women219
tend to have less visceral fat tissue than subcutaneous fat tissue. Adiponectin levels were220
determined predominantly by visceral fat, not by subcutaneous fat [31]. Therefore, sexual221
dimorphism of the body fat distribution might contribute to the difference in plasma adiponectin222
levels in women and men [35].223

224
225
226

The hallmark feature of the pathogenesis of NAFLD, both histologically and metabolically, is the227
accumulation of triacylglycerol (TAG) in the liver. The plasma nonesterified fatty acid (NEFA)228
pool contributes the majority of the fatty acids that flow to the liver in the fasted state and thus229
provides the bulk of the fatty acids secreted by the liver. Approximately half of patients with230
hyperlipidemia were found to have NAFLD on ultrasound (US) examination in one study[36].231

NAFLD patients of the present study showed a state of dyslipidemia presented by significantly232
higher levels of serum TG, LDL, total cholesterol and lower not significant serum HDL levels.233
Also they correlated weakly with adiponectin. On the other hand, Wong et al. [27] and Bugianesi et234
al. [30] did not find the correlation between serum adiponectin concentration and the disease235
severity. Also, López-Bermejo et al. [37] reported that adiponectin levels were significantly236
correlated with ALT, independently of sex, age, BMI and insulin resistance while we observed in237
our study a weak negative correlation between adiponectin and liver enzymes.238

239
Our study evaluated that the levels of IL-6 were found to be higher in NAFLD patients compared240
to healthy controls but not significant. this  agree with the study of, López-Bermejo et al. [37] .who241
reported that some adipocytokines, including adiponectin and leptin decrease IR, while others, including242
tumor necrosis factor (TNF)-alpha, interleukin (IL)-6 and resistin enhance IR. The multi-hit hypothesis243
provides a model that summarizes the complex factors and interactions leading from adipocytokines, FFAs244
metabolism and IR to NAFLD. Also Chu et al [38] reported that NAFLD patients with abnormal ALT245
had the highest plasma levels of IL-6 but it did not reach the statistical differences as compared with other246
group. Another issue in our research is that we have observed a positive significant correlation247
between the concentration of IL-6 with concentration of TG and cholesterol in NAFLD patient248
group. These current results agree with those reported by a study of Chu et al. [38] as it249
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demonstrated that patients with NAFLD have a dysregulated cytokine metabolism at baseline and250
a significant decrease in IL-6 levels after lifestyle changes and vitamin E administration .Also IL-6251
correlates significantly with ALT.252

253
The present study also, revealed significant higher levels of serum CRP in NAFLD patients than254
their controls. These findings agree with those of previous studies of Koruk et al. [39] reported that255
increased levels of CRP could be helpful in the diagnostic work-up of patients with fatty liver disease . However,256
these findings disagree with those of Wieckowska et al. [40] they found no significant difference in levels of CRP257
among NAFLD patients.258

259
According to gender there was no significant difference between males and females in both groups260
except for BMI in the control group. These findings disagree with those of previous studies Lizardi-261
Cervera et al [20] , and Kagios et al [41]. In our study we observed that CRP correlates positively262
significantly with HDL and negatively not significantly with ALT and AST.263

264

Conclusion265
Patients with NAFLD have lower adiponectin levels and higher IL-6 and CRP levels compared266
with their control group in particular; effort is required to improve the consideration of NAFLD as267
a dangerous condition that should not be underestimated or by-passed.268

References269

1- García-Monzón C, Martín-Pérez E, Iacono OL, Fernández-Bermejo M, Majano PL, Apolinario270
A, Larrañaga E, Moreno-Otero R. (2000). Characterization of pathogenic and prognostic factors of271
nonalcoholic steatohepatitis associated with obesity. J Hepatol. 33(5):716-724.272

2. Jakobsen MU, Berentzen T, S_rensen TI, Overvad K. (2007). Abdominal obesity and fatty273
liver. Epidemiol Rev. 29:77-87.274

275
3. Tsochatzis EA, Manolakopoulos S, Papatheodoridis GV, Archimandritis AJ. (2009). Insulin276
resistance and metabolic syndrome in chronic liver diseases: old entities with new implications.277
Scandinavian Journal of Gastroenterology. 44(1):6–14.278

279
4 Balaban YH, Sumer H, Simsek H, Us D, Tatar G. (2006). Metabolic syndrome, non-alcoholic280
steatohepatitis (NASH), and hepatocyte growth factor (HGF). Ann Hepatol. 5(2):109-114.281

282
5. Gnacinska M, Małgorzewicz S, Lysiak-Szydłowska W, Sworczak K. (2010). The serum profile283
of adipokines in overweight patients with metabolic syndrome. Endokrynol Pol. 61(1):36-41.284

6- Polyzos SA, Kountouras J, Zavos C, Tsiaousi E. (2010) The role of adiponectin in the285
pathogenesis and treatment of non-alcoholic fatty liver disease. Diabetes Obes Metab. 12(5):365-286
383.287

UNDER PEER REVIEW



7- Papanicolaou DA, Wilder RL, Manolagas SC, Chrousos GP. (1998). The pathophysiologic roles288
of interleukin-6 in human disease. Ann Intern Med. 128:127–137.289

290
8. El-Assal O, Hong F, Kim WH, Radaeva S, Gao B. (2004). IL-6-deficient mice are susceptible to291
ethanol-induced hepatic steatosis: IL-6 protects against ethanol-induced oxidative stress and292
mitochondrial permeability transition in the liver. Cell Mol Immunol. 1:205–211.293

9- Teoh N, Field J, Farrell G. (2006). Interleukin-6 is a key mediator of the hepatoprotective and294
pro-proliferative effects of ischaemic preconditioning in mice. J Hepatol. 45:20–27.295

10-Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V. (2000). Inflammation, obesity, stress296
and coronary heart disease: is interleukin56-6 the link? Atherosclerosis. 148:209–214.297

11-Klover PJ, Clementi AH, Mooney RA. (2005). Interleukin-6 depletion selectively improves298
hepatic insulin action in obesity. Endocrinology. 146:3417–3427.299

12. Kopp HP, Kopp CW, Festa A, Krzyzanowska K, Kriwanek S, Minar E, Roka R, Schernthaner300
G. (2003). Impact of weight loss on inflammatory asc Biol. 23:1042–1047.301

13. Mas E, Danjoux M, Garcia V, Carpentier S, Ségui B, Levade T. (2009). IL-6 deficiency302
attenuates murine diet-induced non-alcoholic steatohepatitis. PLoS One. 4:e7929.303

14. Wieckowska A, Papouchado BG, Li Z, Lopez R, Zein NN, Feldstein AE. (2008). Increased304
hepatic and circulating interleukin-6 levels in human nonalcoholic steatohepatitis. Am J305
Gastroenterol. 103:1372–1379.306

15. Yamaguchi K, Itoh Y, Yokomizo C, Nishimura T, Niimi T, Fujii H, Okanoue T, Yoshikawa T.307
(2010). Blockade of interleukin-6 signaling enhances hepatic steatosis but improves liver injury in308
methionine choline-deficient diet-fed mice. Lab Invest. 90:1169–1178.309

16. Danesh J, Whincup P, Walker M, Lennon L, Thomson A, Appleby P, Gallimore JR, Pepys310
MB. (2000) Low grade inflammation and coronary heart disease: prospective study and updated311
meta-analyses. BMJ 321(7255):199-204.312

17-Yudkin JS, Stehouwer CD, Emeis JJ, and Coppack SW. (1999). C-reactive protein in healthy313
subjects: associations with obesity, insulin resistance, and endothelial dysfunction: a potential role314
for cytokines originating from adipose tissue? Arterioscler Thromb Vasc Biol 19: 972–978.315

18. Anty R, Bekri S, Luciani N, Saint-Paul MC, Dahman M, Iannelli A, Amor IB, Staccini-Myx316
A, Huet PM, Gugenheim J, Sadoul JL, Le Marchand-Brustel Y, Tran A, Gual P: (2006). The317
inflammatory C-reactive protein is increased in both liver and adipose tissue in severely obese318
patients independently from metabolic syndrome, Type 2 diabetes, and NASH. Am J Gastroenterol319
101:1824-1833.320

UNDER PEER REVIEW



19. Kao PC, Shiesh SC, Wu TJ. (2006). Serum C-reactive protein as a marker for wellness321
assessment. Ann Clin Lab Sci 36:163-169.322

20.Lizardi-Cervera J, Chavez-Tapia NC, Pérez-Bautista O, Ramos MH, Uribe M. (2007).323
Association among Creactive protein, Fatty liver disease, and cardiovascular risk. Dig Dis Sci.324
52(9):2375- 2379.325

326
21-Sanyal AJ. AGA technical review on nonalcoholic fatty liver disease. (2002). Gastroenterology327
123:1705-1725.328

329
22-Saverymuttu SH, Joseph AE, Maxwell JD (1986). Ultrasound scanning in the detection of330
hepatic fibrosis and steatosis. BMJ  292: 13-15331

332
23-Younossi ZM. (2008). Current management of non-alcoholic fatty liver disease and non-333
alcoholic steatohepatitis. Aliment Pharmacol Ther. 28(1):2-12.334

335
336

24-Friedewalds WT, Levy RI, Fredrickson DS (1972). Estimation of the concentration of low337
density lipoprotein cholesterol in plasma without the use of preparative ultracentrifuge. Clinical338
Chemistry. 18: 499-502.339

340

25-Carter-Kent Ch, Zein NN, Feldstein AE. (2008). Cytokines in the pathogenesis of fatty liver341
and disease progression to steatohepatitis: implications for treatment. Am JGastroenterol. 103:342
1036-1042.343

344
26-Tilg H, Moschen AR. (2008). Role of adiponectin and PBEF/visfatin as regulators of345
inflammation: involvement in besityassociated diseases. Clin Sci. 114: 275-288.346

347
348

27- Wong VW, Hui AY, Tsang SW, Chan JL, Tse AM, Chan KF, So WY, Cheng AY, Ng WF,349
Wong GL, Sung JJ, Chan HL. (2006). Metabolic and adipokine profile of Chinese patients with350
nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol. 4:1154-1161.351

352
28-Angulo P. (2006). NAFLD, obesity, and bariatric surgery. Gastroenterology. 130: 1848-52.353

354
355

29- Kadowaki T, Yamauchi T. (2005). Adiponectin and adiponectin receptors, Endocr Rev. 26 :356
439 -51.357

358
30- Bugianesi E, Pagotto U, Manini R, Vanni E, Gastaldelli A, de Iasio R, Gentilcore E, Natale S,359
Cassader M, Rizzetto M, Pasquali R, Marchesini G. (2005). Plasma adiponectin in nonalcoholic360
fatty liver is related to hepatic insulin resistance and hepatic fat content, not to liver disease361
severity. J Clin Endocrinol Metab. 90(6):3498-3504.362

363

UNDER PEER REVIEW



31 - Yoon D, Lee SH, Park HS, Lee JH, Park JS, Cho KH, Kim SM. (2005).Hypoadiponectinemia364
and insulin resistance are associated with nonalcoholic fatty liver disease. J Korean Med Sci.365
20(3):421-426366

367
32. Hui JM, Hodge A, Farrell GC, Kench JG, Kriketos A, George J. (2004). Beyond insulin368
resistance in NASH: TNF-alpha or adiponectin? Hepatology  40: 46-54.369

370
33. Wiecek A, Adamczak M and Chudek J. (2007). Adiponectin-an adipokine with unique371
metabolic properties Nephrol Dial Transplant. 22: 981–988.372

373
34. Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE, Tataranni PA.(2001).374
Hypoadiponectinemia in obesity and type 2 diabetes: close association with insulin resistance and375
hyperinsulinemia. J Clin Endocrinol Meta. 86:1930–1935.376

377
35. Yatagai T, Nagasaka S, Taniguchi A, Fukushima M, Nakamura T, Kuroe A, Nakai Y, Ishibashi378
S. (2003). Hypoadiponectinemia is associated with visceral fat accumulation and insulin resistance379
in Japanese men with type 2 diabetes mellitus. Metabolism. 52:1274-1278.380

381
36- Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J, Boldt MD, Parks EJ. (2005). Sources382
of fatty acids stored in liver and secreted via lipoproteins in patients with nonalcoholic fatty liver383
disease. J Clin Invest. 115(5):1343-1351.384

385
386

37-López-Bermejo A, Botas P, Funahashi T, Delgado E, Kihara S, Ricart W, Fernández-Real JM.387
(2004). Adiponectin, hepatocellular dysfunction and insulin sensitivity. Clinical Endocrinology.388
60: 256–263.389

38- Chu CJ, Lu RH, Wang SS, Chang FY, Lin SY, Yang CY, Lin HC, Chang CY, Wu MY, Lee390
SD. (2007). Plasma levels of interleukin-6 and interleukin-8 in Chinese patients with non-alcoholic391
fatty liver disease. Hepatogastroenterology. 54(79):2045-2048.392

393
39- Koruk M, Tayşi S, Savaş MC, Yilmaz O, Akçay F, Karakök M. (2003). Serum levels of acute394
phase proteins in patients with nonalcoholic steatohepatitis. Turk J Gastroenterol. 14(1):12-17.395

396
40- Wieckowska A, McCullough AJ, Feldstein AE. (2007). Noninvasive diagnosis and monitoring397
of nonalcoholic steatohepatitis: present and future. Hepatology. 46(2):582–589.398

399
400

41. Kogiso T, Moriyoshi Y, Shimizu S, Nagahara H, Shiratori K. (2009). High-sensitivity C-401
reactive protein as a serum predictor of nonalcoholic fatty liver disease based on the Akaike402
Information Criterion scoring system in the general Japanese population. J Gastroenterol.403
44(4):313-321.404

405

UNDER PEER REVIEW



406

UNDER PEER REVIEW


