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Abstract 

The present cross-sectional study included 150 unrelated non-alcoholic fatty liver disease 

(NAFLD) patients and 150 healthy subjects. ADIPOQ (-11377C / G) variant was genotyped 

with polymerase chain reaction-restriction fragment polymorphism (PCR-RFLP) method for 

both patients and controls. Anthropometric and biochemistry parameters were measured. The 

Homeostasis Model Insulin Resistance Assessment (HOMA-IR) was used to assess the insulin 

resistance. The rs266729 polymorphism was associated with NAFLD with significant increase 

in CG genotype compared to those with the wild genotype CC (OR = 9.24, 95% CI = 4.96 - 

17.21, p<0.001) in co dominant tested inheritance model as well in dominant tested inheritance 

model with CG/GG genotype (OR = 9.58, 95% CI = 5.32 – 17.28, p< 0.001). The G allele 

increased the risk of NAFLD (OR = 6.06, 95% CI = 3.65 - 10.05, p< 0.001) in comparison 

with C allele. Subgroup comparison in NAFLD revealed significant higher levels of waist 

circumference (WHR), HOMA-IR, systolic blood pressure (SBP), fasting glucose and LDL-C 

in GG and GC carriers compared to CC genotype and significant lower levels of serum 

adiponectin. The study suggests that ADIPOQ gene polymorphism can be used as a helpful 

biomarker for NAFLD and abnormal metabolic parameters. Our study sheds light on its role 

that might be played in the pathogenesis of NAFLD. Proper evaluation of NAFLD is likely to 

improve therapy effectiveness and safety management. 
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1. Introduction 

Non-alcoholic fatty liver disease is 

emerging as a prevalent chronic disorder, 

especially in developed countries where it 

become the most common form of chronic 

liver diseases in recent years [1]. According 

to mepidemiological figures, the global 

prevalence of NAFD is almost 25%, with 

the highest prevalence in Middle Easy 

(32%) and South America (30%) [2], [3]. 

From pathological point-of-view, NAFLD 
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can be represented by wide variations in the 

pathological changes ranging from hepatic 

steatosis to non-alcoholic steatohepatitis 

and may progress to liver fibrosis [4]. 

NAFLD is an important cause of mortality 

and morbidity in both developing and 

developed countries, patients with NAFLD 

are at increased risks of advanced liver 

diseases, hepatic failure, hepatocellular 

carcinoma, and hepatic-related death [5]. 

Moreover, previous reports lined NAFLD 

with higher risks of cardiovascular disease, 

low-grade inflammation, and macro and 

micro-vascular complications [6], [7] . 

While the exact pathogenesis of NAFLD is 

not fully understood, it is believed that the 

development of NAFLD is multifactorial in 

origin with interaction of genetic, 

hormonal, and nutritional factors. A 

cumulative body of evidence has shown 

that the frequencies of various genetic 

polymorphisms, such as PNPLA3, LIPA, 

and HMOX-1 genes are higher in NAFLD 

patients than general population [4], [8]. 

While hyperinsulinemia, obesity and type 2 

diabetes are important contributors to 

higher level of lipolysis and hepatic 

deposition of free fatty acids (FFA) which 

are the hallmark of NAFLD 

pathophysiology [9]. Insulin-resistance is 

another risk factor which induces increased 

plasma FFA concentration. Moreover, it 

was demonstrated that insulin-resistance 

impairs the circulating levels of adipokines 

(such as adiponectin) and increases the 

level of cytokines which in return induce 

further increase in fat deposition within 

hepatocytes [10], [11] . 

On the other hand, with the recognition of 

adipose tissue as an endocrine organ, 

adipokines have emerged as crucial 

regulators of metabolism and inflammatory 

response [12]. Adiponectin is an amino-

acid protein that exerts insulin-sensitizing, 

anti- inflammatory and cardioprotective 

effects. adiponectin was reported to reduce 

insulin resistance and the degree of hepatic 

inflammation via activation of 5-AMP-

activated protein kinase and peroxisome 

proliferator-activated receptor-alpha 

pathways [13]. A growing body of 

evidence showed that reduced levels of 

adiponectin are significantly associated 

with obesity, type 2 diabetes, and other 

components of metabolic syndrome [14], 

[15]. Some reports demonstrated lower 

levels of serum adiponectin in patients with 

NAFLD compared to general population 

[16] . 

Previous study on Egyptians [17] examined 

association ADIPOQ gene polymorphism 

with NAFLD but did not consider the 

metabolic features. Moreover, other studies 

examined its association in other 

populations [18], [19]. Although a few 

studies have examined the association 

between adiponectin gene polymorphisms 

with risk of NAFLD [20-22], but no study 

regarding the association of adiponectin 

variants with both NAFLD and metabolic 

features in Egyptian population has yet 

been published 

Therefore, we conducted the present study 

to evaluate the possible association 

between adiponectin variants of –11377 

C/G (rs266729) and susceptibility to 

NAFLD and abnormal metabolic features 

in a sample of Egyptian women.  
 

2. MATERIALS AND METHODS 

2.1 Study Design and Patients 

selection: 

The preset study was a cross-sectional 

study that included 150 Egyptian women 

with NAFLD and 150 healthy age matched 

controls. All participants gave their written 

informed consent. Patients with 

documented NAFLD were recruited from 

Hepatology, gastroenterology and 

infectious diseases Department, Faculty of 

Medicine, girls branch from outpatient’s 

clinic of AL-Zahraa hospital. A formal 

consent letter from each patient was 

obtained after explaining to them the whole 

procedure. The study was approved by the 

Ethics Committee of the Hospital. The 

individuals were interviewed by 

physicians. NAFLD diagnosis was based 

on clinical symptoms, sonographic and 
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laboratory findings. Patients with viral 

hepatitis B and C, autoimmune liver 

diseases, hemochromatosis, Wilson 

disease, and chronic drug consumption 

were excluded from the study. 

 

2.2 Anthropometric measurements 

and biochemical: 

The following data were collected from all 

eligible patients: Demographic 

characteristics; physical examination 

findings, anthropometric measurements, 

liver function tests, and the presence of–

11377 C/G (rs266729) polymorphism. The 

anthropometric parameters included body 

weight, height, circumference of the middle 

upper       arm, and       circumferences       of       

the       waist       and        hip. Biceps, triceps, 

subcapular, suprailiac and abdominal skin 

fold thickness were measured as well. 

Serum TC and HDL-C levels were 

measured using a commercial kit  (Roche 

Diagnostics, Indianapolis, IN, USA,), using 

Olympus AU400 automatic analyzer 

(Olympus Corporation, Tokyo, Japan). 

Serum LDL-C level was also measured 

using the following equation presented by 

[23]. Serum concentration of adiponectin 

was measured by Elisa kit, R& D system. 

2.3 DNA Extraction and genotyping: 

The conventional salting out method 

according to [24] was used to extract the 

genomic DN. The DNA was extracted from 

peripheral blood leucocytes for all the 

samples collected for the purposes of this 

study. The genotyping of (adiponectin) 

gene polymorphism [ADIPOQ -11,377C/G 

(rs266729)] has been analyzed using the 

polymerase chain reaction -restriction 

fragment length polymorphism (PCR-

RFLP) method. The flanking region around 

the studied polymorphism was amplified 

using the following primers: 5’-

GCTCTGTGTGGACTGTGGAG-3’ as 

forward and 

5’AGAAGCAGCCTGGAGAACTG-3’ as 

a reverse primer. The PCR products [bp] 

were digested using the MspI restriction 

endonuclease and electrophoresed on 3 % 

agarose gel stained with Ethidium bromide. 

2.4 Statistical Analysis: 

Preparation Data analysis was carried out 

using SPSS (Statistical Package for the 

Social Science; SPSS Inc., Chicago, IL, 

USA) version 22 for Microsoft Windows. 

Quantitative data were described in terms 

of mean ± standard deviation (±SD), while 

qualitative data were expressed as 

frequencies (number of cases) and relative 

frequencies (percentages). Comparisons 

between quantitative variables were done 

using unpaired Student’s t-test for 

parametric data or Mann-Whitney Rank 

Sum test for non-parametric data. Chi-

square test was performed for categorical 

variables. A probability value (p-value) less 

than 0.05 was considered statistically 

significant. 

3. Experimental Results  

The adiponectin-11377C / G (rs266729) 

gene polymorphisms genotype and allele 

frequencies are shown in Table 1. The 

adiponectin rs266729 polymorphism was 

associated with NAFLD in co-dominant, 

dominant, and recessive mode tested 

inheritance models (OR = 9.24, 95% CI = 

4.96 - 17.21, P < 0.001, CC vs. CG; and OR 

= 9.58, 95% CI =5.32-17.28, P < 0.001, CC 

vs. CG - GG, respectively. Significant 

higher frequency of GG genotype was 

found in NAFLD than controls (x2= p< 

0.001). There was a significant difference 

between the groups regarding to allele 

frequency(x2= p< 0.0001) . The rs266729 

G allele showed an increase in the risk of 

NAFLD comparing to C allele (OR = 6.06, 

95% CI = 3.65-10.05, P < 0.0001). Table 2 

shows the anthropometric measurements 

and the biochemical data in both patients 

with NAFLD and controls. The results 

revealed that there was no statistical 

significance between the different 

genotyping groups regarding to the BMI. 

On the other hand, patients with NAFLD 

disease showed significant higher values 

regarding waist, waist to hip ratio, SBP, 
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glucose, triglycerides, LDL-C and HOMA- 

IR, and significant lower serum 

adiponectin in adiponectin (rs266729) gene 

polymorphism genotypes GG vs. CC.  

as well as between CG vs. CC genotypes ( 

p < 0.01). 

 

 

 

Table 1. The Genotypes and alleles distribution of adiponectin (rs266729) gene polymorphism in NAFLD and 

Controls.

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

rs266729 Poly-

morphism 

-11377C/G 

NAFLD 

No. (%) 

150 

CONTROLS 

No. (%) 

150 

OR 

(95% CI) 
P value 

Co-dominant  

CC 65(43.33) 132 (88) 1  

CG 76 (50.66) 15 (10) 
9.24 

(4.96 - 17.21) 
< 0.001 

GG 
9 (6) 

 
3 (0.66) 

0.60 

(0.09 -3.63) 
0.57 

Dominant  

 

CC 

 

65(43.33) 132 (88) 1  

 

CG+GG 

 

85(56.66) 18 (12) 
9.58 

(5.32-17.28) 
<0.001 

      Recessive  

 

CC+CG 

 

141 (94) 147 (98) 
3.12 

(0.82 -0.32) 
0.09 

GG 
9(6) 

 
3 (0.66)   

          Alleles     

C 206(68.66) 279(93) 1  

G 94(31.33) 21(7) 
6.06 

(3.65-10.05) 
< 0.0001 
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Table 2. Clinical characteristics in NAFLD according to the genotypes of SNP.

     

 

         Characteristics 

Genotype 

 

GG CG 

 

CC 

 

BMI (kg/m2) 

 

31.9 ± 3.8 

 

29.9 ± 4.1 

 

27.9 ±4.7 

 

WC (cm) * 

 

115.9 ± 4 .9 99.9 ± 8 .5 83.4 ± 4.6 

Waist to hip ratio* 

 

0.91 ± 0.09 0.81 ± 0.01 0.71 ± 0.02 

Sum of skin folds 37.55 ± 12.66 36.50 ± 11.65 34.59 ± 10.99 

 

Body fat % 

 

 

27.8 ± 7.5 

 

 

25.8 ± 5.9 

 

 

25.5 ± 6.6 

 

SBP (mmHg) * 

 

149.3 ± 14. 1 144.3 ± 14. 1 109.7 ± 10.8 

DBP (mmHg) 

 

99.0 ± 10.6 99.0 ± 10.6 69.6 ± 11.7 

 

Glucose (mg/dl) * 

 

 

94.3 ± 5.4 

 

 

81.3 ± 6.5 

 

 

78.9 ± 4.3 

 

HOMA-IR*£ 4.5± .75 2.5± .95 1.41± .82 

Cholesterol (mg/dl) 147.0 ± 15.9 144.0 ± 18.6 141.7 ± 15.8 

Triglycerides (mg/dl) *  

139.3 ± 12.5 

 

130.3 ± 12.5 

 

88.9 ± 16.7 

HDL-C (mg/dl) 

 

 

30.7 ±15.9 

 

30.7 ±19.6 

 

49.3 ±18.4 

 

LDL-C (mg/dl) * 

 

 

139.5 ± 19.8 

 

 

132.5 ± 21.5 

 

 

105.5 ± 26.4 

 

 

Adiponectin (µg/L) * 

 

 

9.97 ± 2.02 

 

12.11 ± 2.21 

 

16.07 ± 3.15 

 

BMI: body mass index; HDL-C: high-density Lipoprotein-cholesterol; LDL-C: low-density lipoprotein-

cholesterol; SBP: systolic blood pressure; DBP: diastolic blood pressure * GG vs. CC; and CG vs.CC; p < 0.01 
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4. DISCUSSION 

The present study was conducted to 

investigate the possible association 

between adiponectin gene polymorphism -

11377C/G (rs266729) in a group of 

Egyptian women with NAFLD. The results 

of genotyping showed a significant higher 

frequency of GG genotype in NAFLD than 

controls (OR = 9.24, P < 0.001). There was 

a significant difference between the groups 

regarding to allele frequency. The rs266729 

G allele showed an increase in the risk of 

NAFLD compared to C allele. Moreover, 

results revealed significant higher values of 

waist, waist to hip ratio, SBP, glucose, 

triglycerides, LDL-C in cases with GG 

genotype compared to those with the CC. 

NAFLD is a prevalent disorder with 

devastating consequences. Although liver 

biopsy is the gold standard modality for the 

diagnosis of NAFLD, its use is limited by 

sampling error and high rate of 

complications [25]. Over the past few 

decades, a number of serum biomarkers -

such as fatty liver index and hepatic 

steatosis index- were proposed as non-

invasive measures for the diagnosis of 

NAFLD. However, these biomarkers are 

limited by its low diagnostic accuracy in 

obese patients and its inability to 

discriminate between various degrees of 

steatosis [26]. Thus, there is a critical need 

to investigate the clinical utility of new 

biomarkers for better assessment of 

NAFLD. Adiponectin is an amino-acid 

protein that is encoded by ADIPOQ gene 

on the chromosome locus 3q27, the same 

location of genetic alterations associated 

with diabetes and obesity [27], [28]. Some 

reports demonstrated lower levels of serum 

adiponectin in patients with NAFLD 

compared to general population, which 

highlights its potential role as a diagnostic 

biomarker for NAFLD [16]. A single 

nucleotide polymorphism can present at the 

ADIPOQ gene is named rs266729 (-

11377CG) polymorphism. Other reports 

have linked  rs266729 polymorphism with 

higher susceptibility to obesity, diabetes, 

and insulin- resistant [29], [30]. In the 

present study, we found that a significant 

association of rs266729 (11377 G / C) 

polymorphism with NAFLD risk in 

patients carrying allele G. 

In concordance with our findings, two 

previous studies on Indian and Iranian 

populations reported a significant 

association between adiponectin gene 

polymorphism and NAFLD [31], [18]. This 

was similar to recent reports from Taiwan 

and Japan which also highlighted 

significant association between genotype 

GG and NAFLD [32], [19]. Adipokines 

were described as adipose tissue protein 

that is involved in hepatic lipid and glucose 

metabolism and has an important role 

metabolic syndrome [33]. 

Previous studies in Indian and Chinese 

NAFLD patients showed association of 

ADIPOQ gene with the presence and 

severity of disease [31], [34]. 

These findings were further confirmed in 

2014 meta-analysis study that 

demonstrated significant association 

between ADIPOQ T45 G and G276 T 

genetic polymorphisms and risks of 

NAFLD. Previously, other study [35] 

demonstrated higher frequency of 

rs266729 G allele in NAFLD patients with 

history of coronary artery diseases. 

However, the currently published literature 

seems inconsistent regarding the 

association between adiponectin genetic 

polymorphism and NAFLD. For example, 

Wang et al. [34] reported no significant 

association between NAFLD and 

adiponectin (rs2241766 and rs1501299) 

polymorphisms. Later, they reported that 

further studies with larger samples and 

different ethnicities or races are needed to 

confirm the findings [35]. Regarding the 

association between rs266729 gene 

polymorphism and clinical parameters, we 

found significant difference regarding 

waist, waist to hip ratio, SBP, glucose, 
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triglycerides, LDL-C and serum 

adiponectin between gene polymorphisms 

of GG versus CC and CG. 

 

5. CONCLUSION 

 

In conclusion, the results of this study 

suggest that adiponectin (rs266729) 

polymorphism can be used as a helpful 

biomarker for NAFLD and abnormal 

metabolic parameters. Our findings 

demonstrated that G allele is associated 

with NAFLD and with lower serum 

adiponectin, which may play a role in 

pathogenesis of NAFLD. Proper evaluation 

of NAFLD is likely to improve therapy 

effectiveness and safety management. 
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