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ABSTRACT  

 
We investigated potential association of adiponectin gene +45T>G and +276G>T single nucleotide 

polymorphisms (SNPs) with circulating adiponectin, insulin resistance, markers of obesity, systolic and diastolic 
blood pressure in non-diabetic obese Egyptians. The study included 318 subjects (126 children and 192 adults). 
Serum total adiponectin, body composition variables, fasting glucose, lipid profile parameters and HOMA-IR 
were assayed. Genotyping of adiponectin gene at +45 and +276 were analyzed by Real-Time PCR in 155 
subjects. Genotyping results showed that at position +45, all subjects were homozygous for the common T 
allele. At position +276, 30.6% were homozygous for the common G allele, 12.6% were heterozygous for T 
allele, and 56.5% were homozygous for T allele. In adults, +276 T/G and T/T genotypes were associated with 
higher LDL and serum adiponectin levels, but that was not statistically significant. No significant association 
between the +276G>T SNP and serum adiponectin, HOMA-IR or any of obesity markers were found in either 
pediatric or adult subjects. In conclusion, adiponectin gene +45 and +276 SNPs are not associated with serum 
adiponectin, IR, and markers of obesity in non diabetic obese Egyptians. 
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Introduction  

 
Adiponectin is a protein produced and secreted by adipocytes that influences the body's response to insulin 

(Gable et al., 2006). The evidence from animal models and human studies supports an important role for 
adiponectin in the pathophysiology of metabolic syndrome and most of its individual components, namely 
insulin resistance (IR), obesity, and dyslipidemia (Whitehead et al., 2006; Sheng and Yank, 2008). 
Concentrations of serum adiponectin are reduced in obese compared to lean individuals (Oh et al., 2007), and 
prospective studies have consistently found a decreased risk for type 2 diabetes mellitus (T2DM) with 
increasing concentrations of total adiponectin (Ahima, 2006; Heidmann et al., 2008). Adiponectin circulates in 
plasma as a trimer, hexamer, and a high-molecular weight (HMW) form. There is considerable evidence that the 
HMW multimer is the active form of the hormone and it has been proposed to be a better predictor of IR, 
metabolic syndrome, or cardiovascular disease (CVD) than total adiponectin (Melistas et al., 2009).  

Adiponectin is encoded by the adiponectin gene (ADIPOQ) on chromosome 3q27 (Takashi et al., 2000) in 
a region previously identified through genetic linkage studies as a diabetes susceptibility locus. Several single 
nucleotide polymorphisms (SNPs) in the adiponectin gene have been shown in Japanese and European 
populations to be associated with diabetes (Wang et al., 2009) or insulin resistance syndrome (Menzaghi et al., 
2002). However, previous work on adiponectin gene SNPs have shown that the SNPs associated with T2DM or 
circulating adiponectin levels differ according to the ethnic population studied. Specifically, SNPs +276G> T 
(intron 2) and +45T>G (exon 2) have been associated with various levels of adiponectin as well as body mass 
index (BMI), fasting insulin concentration, and homeostasis model assessment of insulin resistance (HOMA-IR) 
in non diabetic Koreans (Jang et al., 2008). 

The aim of the present study was to investigate the association of adiponectin gene SNPs +45T>G and 
+276G>T with markers of obesity, circulating total adiponectin concentrations, and IR in non diabetic obese 
Egyptians.  
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Materials and Methods 
 
Subjects: 

 
A total number of 318 subjects were recruited from NRC Pediatrics and Internal Medicine Clinics, Abou 

El-Rish Hospital, Cairo University and Ain-Shams University Hospitals. They were 126 children and 192 
adults. According to their BMI, they were classified into normal, over weight and obese. The exclusion criteria 
were: Type II diabetes or first- grade relatives with type II diabetes, and CVD.   

From all subjects, a complete medical history was obtained by questionnaire including smoking habits (if 
any), history of hypertension or type II diabetes or any current medication. Diagnosis of diabetes was based on 
the history of hyperglycemia treatment and/or confirmed fasting blood glucose> 126 mg/dl (7.0 mmol/L). The 
metabolic syndrome was diagnosed according the WHO criteria. Diagnosis of hypertension was based on the 
presence of elevated systolic (>140 mmHg) and /or diastolic (>90 mmHg) blood pressure, and /or the current 
use of antihypertensive medications. 

The study protocol was approved by the Human Ethics Committee of the National Research Center. Written 
informed consent was obtained from the included subjects or their parents in case of children. 
 
Anthropometry and Body Composition: 

 
Anthropometric and body composition measurements were performed for all subjects. Body weight and 

height were measured; BMI was calculated as weight in kilograms (Kg) divided by height in meters squared 
(m2). Waist circumference in cm was measured in the middle between the 12th rib and the iliac crest, hip 
circumference in cm was measured around the buttocks at the level of the maximum extension. Then waist to 
hip ratio was calculated.  

 
Laboratory Measurements: 

 
Total cholesterol, triglyceride, high density lipoprotein (HDL) and low density Lipoprotein (LDL) 

cholesterol as well as fasting blood glucose were measured after 12-14 hours fasting using Olympus auto 
analyzer AU-400 (Olympus Diagnostica, Japan). Serum insulin was measured using Immulite analyser and kits 
were supplied from Siemens Medical Diagnostics. 

Serum Adiponectin was assayed by enzyme-linked immune sorbent assay (ELISA), using Novex® 
adiponectin human ELISA kit Cat #KHP0041 (Invitrogen Corp. CA, USA) according to the manufacturer's 
instructions. Homeostasis model assessment for insulin resistance (HOMA-IR) was calculated as described by 
Matthews et al. (1985) HOMA-IR= fasting insulin (µIU/ ml) x fasting glucose (mmol/L)/22.5. 
 
Genotyping: 
 
Genomic DNA extraction:  

 
Genomic DNA was extracted from EDTA anti-coagulated blood using the QIAamp DNA extraction kit 

(Qiagen Hilden, Germany, Cat no. 51304) according to the manufacturer's protocol. 
 
Genotyping of adiponectin gene polymorphisms by Real-Time PCR: 

 
Human adiponectin gene SNPs +45T>G and +276G>T were studied by LightCycler Real-Time PCR 

hybridization probes using fluorescent-labelled nucleotides. Fluorescence resonance energy transfer occurs as 
two probes hybridize to adjacent sequences on the same unlabelled complementary strand. When a probe 
hybridizes over a sequence variant, a mismatch is formed and the duplex is destabilized. This is reflected by a 
shift in melting temperature (Tm) from the completely complementary duplex. Hybridization probe Tm is the 
temperature at which 50% of the probe has strand- separated from a template, and can be estimated from the 
inflection point of the melting curve or the centre of derivative melting curves (Filippi et al., 2004). 

For +45T>G polymorphism, the oligonucleotide sequences of primers were: TCTCTCCATGGC 
TGACAGTG and CCTTTCTCACCCTTCTCACC (GeneBank ref. AF304467). The oligonucleotide sequences 
of probes were:  CAGGACTCCGGGCCCTTGAGTC-F and LCRed640-TGGTTTCCTGG TCATGCCC-P, 
labelled at the 3'-end with fluorescein (F) and at the 5'-end with LightCycler Red 640 (LCRed640), and 
modified at the 3'-end by phosphorylation (P) to block extension.  

For +276G>T polymorphism, the oligonucleotide sequences of primers were: GGCCTCTTTCATC 
ACAGACC and AGATGCAGCAAAGCCAAAGT (GeneBank ref. AF304467). The oligonucleotide sequences 



82 
J. Appl. Sci. Res., 9(1): 80-85, 2013 

 

 

of probes were AAGCTTTGCTTTCTCCCTGTGTCTA-F and LCRed640-GCCTTAGTTAATAATGAA 
TGCCTT, labelled at the 3'-end with fluorescein and at the 5'-end with LCRed640. 

The analysis was carried out on LightCycler® 480 Real-Time PCR (Roche Molecular Biochemical) 
according to the previously described protocol by Filippi et al. (2004).   
 
Results: 

 
The study included 318 subjects; they were 126 children and 192 adults. The number of males was 130 

(41%) and the number of females was 188 (59%). The clinical characteristics of pediatric and adult subjects 
participating in the study are presented in table (1). According to BMI, males represented 38.5% of obese 
individuals while females represented 61.5%. Of lean individuals, 46% were males and 54% were females. 

  
Table 1: Clinical characteristics of pediatric and adult groups. 

Children 
(N=126) 

Adults 
(N=192) 

All Cases 
(N=318) 

  

10.41±3.8838.14±13.3626.73±17.26Mean± SD Age (Years) 
1 - 18 19 - 701 - 70Range 

58 (46) 72 (37.5)130 (41)Male Sex "N (%)" 
68 (54) 120 (62.5)188 (59)Female 
53 (42) 60 (31)113 (35.5)< 25 BMI "N (%)" 

73 (58) 132 (69) 205 (64.5) >25 
 
Comparison between obese and lean individuals in adults group revealed a significant correlation as regards 

age, HOMA-IR, triglycerides cholesterol, LDL, systolic and diastolic blood pressure (table 2). While in 
pediatric group, a highly significant correlation was found as regards age only (table 3).  

Adiponectin gene +45T>G and +276G>T SNPs were detected by real time PCR with LightCycler 
hybridization probes, 155 subjects were included in the genotyping analysis. Genotyping results showed that at 
position +45, 100% of the subjects were homozygous for the common T allele (T/T genotype). At position 
+276, 30.6% were homozygous for the common G allele (GG genotype), 12.6% were heterozygous for T allele 
(G/T genotype) and 56.5% were homozygous for T allele (T/T genotype). Genotyping and laboratory data of 
adult and pediatric groups are summarized in tables 2&3. 
 
Table 2: Genotyping and laboratory findings in adults group. 

Significance 
 

BMI  
>25 

(cases)
<25 

(controls)
(%)(%)

0.426 38.8 27.8 G/G Adiponectin gene +276 G/T 
SNP 61.2 72.2 G/T+T/T 

 Mean±SDMean±SD 

<0.00141.82±13.4927.29±7.89 Age (years) 
0.23510.04±14.5345.13±47.28 Adiponectin (µg/ml) 
0.0062.51±2.641.26±1.079 HOMA-IR 
0.002112.52±51.6184.53±45.79Triglycerides(mg/dI) 
0.005193.57±52.29171.02±40.15 Cholesterol (mg/dI) 
0.05447.4±12.0143.14±9.77HDL (mg/dI) 
0.002147.82±40.54118.75±27.73LDL (mg/dI) 

<0.001119.51±15.88108.46±9.67Systolic Blood pressure (mm Hg) 
<0.001 77.46±9.2570.58±6.53Diastolic Blood pressure (mm Hg) 

 
Table 3: Genotyping and laboratory findings in pediatric group. 

Significance 
 

BMI  
>25 

(Cases)
<25 

(Controls)
(%)(%)

0.281 26.7 -- G/G Adiponectin gene +276 G/T 
SNP 73.3 100 G/T+T/T 

 Mean± SDMean± SD 

<0.001 11.80±3.479.21±2.97 Age (years) 
0.738 24.81±34.0822.30±33.11 Adiponectin (µg/ml) 
0.076 1.70±1.0321.31±0.78 HOMA IR 
0.110 112.76±51.7698.70±31.20Triglycerides(mg/dI) 
0.465 168.40±34.88173.70±29.82 Cholesterol (mg/dI) 
0.388 43.29±8.5541.70±8.24HDL (mg/dI) 
0.222 103.47±33.36112.06±29.58LDL (mg/dI) 
0.127 106±11.95101.74±8.34Systolic Blood pressure (mm Hg) 
0.77 67.80±10.3667.13±6.56Diastolic Blood pressure (mm Hg) 
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The clinical and metabolic characteristics of the study subjects were analysed according to genotypes at the 
+276G>T SNPs in adult and pediatric groups (tables 4&5). T/G and T/T genotypes was associated in the adult 
cases with a higher LDL and serum adiponectin levels, but that was not to the significant side, P value was 0.09 
and 0.07 respectively. The comparison of genotype and allele frequencies for the +276G>T SNPs between lean 
and obese subjects was not significant (P=0.4). No significant association was found between the +276G>T 
SNPs and serum adponectin, HOMA-IR or any of obesity markers in both pediatric and adult groups. 
 
Table 4: Clinical characteristics of adult subjects according to adiponectin genotypes at +276 

Significance 
 

+276G>T SNP  
Level 

 

Parameter 
G/T+T/TG/G

(%)(%)
0.27 85.576.5Normal Triglycerides 

14.523.5High 
0.58 5055.9Normal Cholesterol 

5044.1High 
0.38 56.547.1Normal HDL 

43.552.9Low 
0.09 

 
-9.5Normal LDL 

10090.5High 

 Mean ±SDMean± SD 
0.07 5.90± 4.0713.56± 20.7Adiponectin 
0.99  

2.23± 2.55 

 

 
2.24± 2.06 

 

HOMA- IR 

 
Table 5: Clinical characteristics of pediatric subjects according to adiponectin genotypes at +276 

Significance 
 

+276G>T SNP  
Level 

 

Parameter 
G/T+T/T G/G 

(%)(%)
1.0 78.9100Normal Triglycerides 

21.1--High 
0.27 78.950Normal Cholesterol 

21.150High 

 ----Normal HDL 
100100Low 

0.26 42.1--Normal LDL 
57.9100High 

 Mean± SDMean ±SD 
0.59 8.25±5.706.57±4.97Adiponectin 
0.12 1.38±0.782.12±1.15HOMA- IR 

 
Discussion: 

 
The prevalence of obesity has increased dramatically in recent years; one of the key targets of public health 

is obesity and its associated pathological conditions. Obesity occurs as a result of white adipose tissue 
enlargement, caused by adipocyte hyperplasia and/ or hypertrophy. Recently, endocrine aspects of adipose 
tissue have become an active research area and these adipose tissue-derived factors are referred to as adipokines. 
These adipokines interact with a range of processes in many different organ systems and influence various 
systemic phenomena. Therefore, dysregulated production of adipokines has been found to participate in the 
development of metabolic and vascular diseases related to obesity and influence systemic insulin resistance 
(Hidekuni I., 2008). Adiponectin is an important adipocytokine that is secreted by adipocytes and plays a key 
role in the regulation of insulin sensitivity and glucose homeostasis (Yiping et al., 2011). 

In the present study, we investigated potential association of adiponectin gene +45T>G and +276G>T SNPs 
with circulating adiponectin, IR and markers of obesity in non-diabetic obese Egyptians.  

Increased BMI in adults group was positively associated with insulin resistance and lipid profile 
parameters. While in pediatric group, it was associated with age parameter only. 

Serum level of Adiponectin among adult subjects was higher in lean individuals than in overweight or 
obese cases. In contrast, it was higher in over weight and obese children than in control subjects among pediatric 
group. The same results i.e. higher level of adiponectin in controls than in cases was found in the study done by 
Weiss et al (2003). Also Gabriel et al. (2007) found that adiponectin levels were 25% higher in healthy 
overweight youth compared with those of metabolic syndrome; this may explain why our studied children had 
normal adiponectin levels since they have no metabolic syndrome. 

The adiponectin gene is located on human chromosome 3q27, in a region identified as a susceptibility locus 
for metabolic syndrome and span 17 kb (Yiping et al., 2011). Several adiponectin gene SNPs have been shown 
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to influence adiponectin levels and have been associated with risk for obesity, IR, T2DM, and CVS. Two of the 
most commonly studied SNPs are a silent T to G substitution in exon 2 (+45T>G) and a G to T substitution in 
intron 2 (+276G>T). However, association studies of these two SNPs, either independently or as a haplotype, 
reported conflicting results in different populations and sample types (Melistas et al., 2010). 

Stumvoll et al (2002) reported a positive association between the minor +45G allele of the +45T>G 
polymorphism and obesity traits in a healthy German population, whereas in Taiwanese non-diabetic subjects 
the same allele was related to a lower risk of obesity (Yang et al., 2003) the presence of the +45T allele was 
associated with increased risk of IR in a sample of Greek women with polycystic ovary syndrome (Xita et al., 
2005) and in Spanish population (Gonzalez et al., 2005), while in a Chinese/Japanese sample it was the 45T 
allele that presented such an association (Yang et al., 2003). The+276G allele has been associated either with 
increased or decreased levels of plasma total adiponectin in different Caucasian populations (Kyriakou T et al., 
2008), while this allele has been positively associated with obesity is Sweden (Vasseur et al., 2002); it was not 
in Finland (Salmenniemi et al., 2005). Reverse association with IR was observed for SNP+276T in Italian 
(Filippi et al., 2004) versus Japanese (Hara et al., 2002) population.  

In the present study, the +45T>G polymorphism was not shown in our population. At +276, no significant 
genotype related differences as regards the anthropometric measurements, lipid profile parameters, IR, serum 
concentrations of glucose or adiponectin were found. Similar results were reported by Melistas et al (2010) 
except for the IR. In non diabetic Korean as well as in Japanese men, +276T allele was found to be protective 
for IR (Hara et al., 2002; Jang et al., 2006).  
 
Conclusion : 

 
Our results showed that adiponectin can not be used as an early predictor of obesity induced IR. 

Adiponectin gene +45 and +276 SNPs were not associated with IR, serum adiponectin level or markers of 
obesity in non diabetic obese Egyptians. 
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