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ABSTRACT 

Type 2 diabetes (T2D) is a multifactorial and polygenic disease that involves insulin resistance 
and impaired glucose induced insulin release. Besides the environmental factors, the influence of 
genetic changes also drives the susceptibility of the disease. One such candidate gene for T2D is 
the gene encoding for adiponectin (Acrp30), located on the chromosome 3. The gene product is a 
hormone secreted by adipocytes that regulates energy homeostasis and glucose and lipid 
metabolism. Acrp30 polymorphism plays an important role in obesity and type 2 diabetes. But 
the role of this polymorphism with T2D is not yet studied in Indian population. Hence, the study 
paying attention to explore the association of adiponectin gene polymorphisms (45T/G and 
276G/T) with type 2 diabetes in local population of Thanjavur, India. This study examined the 
association between the allelic polymorphisms (45T/G and 276G/T) in Acrp30 gene with type 2 
diabetes in the local population of Thanjavur. Genotypic analysis was performed on 96 type 2 
diabetic patients and age-sex matched non-diabetic individuals using Polymerase Chain Reaction 
(PCR) based Restriction Fragment Length Polymorphism (RFLP). Chi square analysis (χ2) has 
been made to find out the significant difference in the genotypic distribution among the 
population. Genotypic correlation was made with phenotypic variables including Body Mass 
Index (BMI), Waist-to-Hip Ratio (WHR), insulin and adiponectin levels for those 
polymorphisms of the polymorphisms tested, the significant association with BMI (P<0.05), 
WHR (P<0.05) adiponectin (P<0.01) and insulin (P<0.01) was observed only for the SNP 
276G/T. also it shows significant differences in their genotypic distribution from the results of χ2 
analysis. With these evidences, the study supports the hypothesis that 276G/T polymorphism is 
associated with T2D and it can be considered as a strong marker for Type 2 diabetes. 
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INTRODUCTION 

India is often referred as the diabetes capital of 
the world due to the alarming increase in the 
diabetic population. Type 2 diabetes (T2D) is a 
metabolic disorder with environmental and 
genetic components characterized by insulin 
resistance and pancreatic ß cell dysfunction 
and is a leading cause of morbidity and 
mortality world wide.1 The observation of 
early onset of diabetes could have adverse 
effects on nation’s health and economy. From 
the data of International Diabetes Federation, 
the diabetic population in India currently 
around 40.9 million is expected to rise to 69.9 

million by 2025.2 The World Health 
Organization (WHO) has commented there is a 
clear evidence of diabetes which is strongly 
related to lifestyle and economic change. The 
disease prevalence is highly depending on 
geography, age, sex and race/ethnicity status 
and such prevalence occurring mostly in 
developing countries due to the increased shift 
towards modern western life style, 
sedentarism, decreased physical activity. The 
individual can reduce the risk of developing 
type 2 diabetes and its associated morbid 
disorder, obesity by reducing their body mass 
through an increase in physical activity which 
may improve the insulin sensitivity. Unique 
clinical  and biochemical abnormalities of T2D  *Author for correspondence 
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such as increased insulin resistance, greater 
abdominal adiposity (obesity) and lower 
adiponectin levels make Asian Indians more 
prone to diabetes and premature coronary 
artery disease. The variations in the genetic 
factors, Single Nucleotide Polymorphisms 
(SNPs) influencing the above phenotypes are 
not yet studied in Asian-Indian populations or 
indeed in any population besides whites. 
Clearly, there is an evidence for the positive 
association of adiponectin gene variants with 
T2D and its associated disorder obesity in 
German population3 and there is a need to 
explore whether the findings in whites are 
applicable to South-Indians. South-Indian 
population for adiponectin polymorphisms 
would greatly help in the understanding of the 
genetic influence over the disease.  

AIMS AND OBJECTIVES 
The study focused on the genotypical 
screening and phenotypical correlation for the 
associated metabolic traits including 
adiponectin and blood insulin levels levels of 
T2D population of South-India origin. 

MATERIAL AND METHODS 
Study population 
The study enrolled 96 diabetic patients aged 
between 40 and 60 years and equally age and 
sex matched normal individuals with no family 
history of diabetes from Rohini Hospitals, 
Thanjavur as case and control population. The 
participant’s age ranges between 42 and 58 
years.  The case and control populations were 
selected for the study with no significant 
differences in their mean BMI and WHR 
levels. The study population were explained 
about the purpose of the study and answered a 
structured questionnaire   regarding health, 
dietary pattern, family history of diabetes and 
obesity, lifestyle features including physical 
activity, stress pattern, smoking habit and 
consumption of alcohol. The metabolic 
indicators, adiponectin and insulin were 
measured in plasma using commercial 
diagnostic direct enzyme-linked 
immunosorbent assay (ELISA) human 
adiponectin kit and Human Insulin kit 
respectively (Linco Research, Inc, St. Louis, 
MO, USA).  

Genotyping 
Five milliliters of venous blood was drawn 
from each of the individuals and genomic 
DNA was isolated by salting out procedure.4 
Polymerase Chain Reaction (PCR)-Restriction 
Fragment Length Polymorphism (RFLP) based 
genotyping was carried out using gene-specific 
primers. The primer to amplify the 45T/G and 
276 G/T polymorphisms were obtained. The 
amplified products were restricted with the two 
specific restriction endonucleases, SmaI and 
BsmI for 45T/G and 276 G/T polymorphisms, 
respectively. The digested products were 
resolved by electrophoresis in a 2% agarose 
gel. 
Statistical analysis 
A χ2 test was carried out to test the level of 
significance of the genotype with the case and 
control population and analysis of variance test 
were performed for genotypic-phenotypic 
correlation using Graphpad Instat software 
(Graphpad soft ware, San Diego, CA, USA). 

RESULTS AND DISCUSSION 
Genotype frequency indicates the most or least 
prevalent genotype in a population. Table 1 
lists the genotypic distribution of the 
polymorphisms tested in Acrp30 gene. From 
the table, it is evident that the frequency of 
occurrence of T allele in the homozygous form 
of 276G/T was significantly higher in case 
population (55%). Also the heterozygous 
variant of this polymorphism shows 
comparatively higher prevalence (26%) than 
wild genotype (15%) in case population. The 
genotypic distribution of other polymorphism 
seemed to be distributed uniformly in both 
case and control population. The study 
population was characterized into groups as 
normal, overweight and obese based on their 
BMI index and the genotypic distribution was 
tested among the groups based on the Hardy-
Weinberg classification of genetic models and 
the results of chi-square test were listed in 
Table 2. Significant difference was observed 
for the recessive mode of inheritance at 1% 
confidence interval (P<0.01). Genotype-
phenotype correlations were made through 
analysis of variance to test the influence of 
genotypic variations over the anthropometrical 
parameters   and  metabolic  indicators  include  
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adiponectin and insulin levels (Table 3). The 
level of adiponectin drastically decreased in 
both the variant group (GT and TT) of 276G/T 
in the case population and also shows 
statistical significance at the level of 1% 
confidence interval (P<0.01). The levels of 
BMI and insulin were found to be increased 

for the GT (25.4 ± 3.51, 0.92 ± 0.09, 26.44 ± 
6.8 respectively) and TT (28.9 ± 3.02, 1.02 ± 
0.12, 32.14 ± 4.9 respectively) genotype in the 
case population. It clearly shows that only for 
276G/T polymorphism, the levels of 
adiponectin, insulin, BMI and WHR meets the 
statistical significance. 

Table 1 : Genotype distribution of the Acrp30 gene polymorphisms 

Genotype 

Polymorphism 
45 T/G 276 G/T 

Case (N=96) Control 
(N=96) Case (N=96) Control 

(N=96) 
W/W 0.16 (15) 0.73 (70) 0.32 (31) 0.46 (44) 
W/M 0.27 (26) 0.21 (20) 0.31 (30) 0.25 (24) 
M/M 0.57 (55) 0.06 (6) 0.36 (35) 0.29 (28) 

Table 2 : Hardy - Weinberg gene models with BMI based classification of cases 

276G/T Codominant Dominant Recessive 

BMI N 
96 G/G G/T T/T G/G G/T + T/T G/G + 

G/T T/T 

<25 13 64 22 14 64 36 86 14 
>25<30 66 73 21 6 73 27 94 6 
>30 17 66 28 6 66 34 94 6 

X2/P 69.93/<0.0001* 4.894/0.0865 68.525/<0.0001* 
 

45T/G Codominant Dominant Recessive 

BMI N 
96 T/T G/T G/G T/T G/T + 

G/G T/T + G/T G/G 

<25 13 22 64 14 22 78 86 14 
>25<30 66 14 42 44 14 86 56 44 
>30 17 11 17 72 11 89 28 72 

X2/P 6.794/0.1472 2.042/0.3603 5.39/0.0675 

Genetic association of 45T/G of Acrp30 gene 
polymorphism   
The genotypic distribution and the 
phenotypical correlations of 45T/G variation 
failed to show significance statistically in 
both 5% and 1% confidence interval. The 
genotypic distribution is found to be uniform 
irrespective of the population and hence such 
variant cannot be associated with the 
diseased trait. In support of this statement, 
45T/G showed no significant difference in 
their correlation with the anthropometrical 
and metabolic traits among the case and 
control population. With this evidence, it can 
be concluded that 45T/G cannot be 
associated with the type 2 diabetes in the 
studied local population. 

Genetic association of 276G/T of Acrp30 
gene polymorphism   
The genotypic distribution of the variants both 
heterozygous and homozygous is found to be 
highly confined to the case population with the 
significant difference among them. The 
hormonal level also provides an evidence for 
the positive association of this polymorphism. 
As expected, the level of other measured 
parameters also showed significant difference 
among the case and control population at 5% 
and 1% confidence interval. From this, we can 
associate the variants of this candidate SNP 
with the T2D in the studied local population. 
This study reports the association of 
adiponectin polymorphisms on type 2 diabetes 
for in the local population of Thanjavur.  
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Table 3 : Genotype phenotype correlation for the Acrp30 gene polymorphism 
 

Genot
ype N 96 

Phenotype 

BMI WHR Adiponectin (ng/ml) Insulin (µU/ml) 

CA CL P CA CL P CA CL P CA CL P 

45T/G 

TT 31 22.81±3.52 21.4± 3.12 0.95 0.88± 0.11 0.87± 0.11 0.31 28.54 ±02.4 21.53±09.33 0.042 15.64±2.2 15.99±3.2 0.1 

TG 30 24.65±2.21 23.1± 4.63 0.24 0.89± 0.12 0.85± 0.13 0.45 21.85 ±5.63 14.42±4.64 0.12 20.88±4.5 19.33±2.3 0.3 

GG 35 26.14±2.14 25.2± 2.65 0.31 0.91± 0.19 0.89± 0.14 0.24 34.23 ±4.31 28.21±10.63 0.32 21.34±6.4 19.52±4.5 0.28 

276G/T  

GG 15 21.3± 4.08 21.2± 3.54 0.29 0.91± 0.06 0.88± 0.10 0.32 33.65±6.34 33.98±6.85 0.361 24.71±4.1 17.2±4.5 0.14 

GT 26 25.4± 3.51 21.8± 2.96 0.03* 0.92± 0.09 0.87± 0.14 0.04* 09.23±4.21 13.54±4.96 0.0029* 26.44±6.8 17.9±4.1 0.0007* 

TT 55 28.9± 3.02 25.4± 3.21 0.04* 1.02± 0.12 0.87± 0.10 0.03* 06.12±6.1 21.23±5.21 0.0048* 32.14±4.9 14.9±3.2 0.0001* 
   CA-Case; CL-Control Population, *significance 
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The study observed a highly significant 
correlation of 276G/T of Acrp30 gene with the 
adiponectin and insulin levels. Frequency of 
allele T in the homozygous form of 276G/T 
polymorphism was found to be higher (55%) 
when compared to the other genotypic 
distribution (Table 1). Our result follows that of 
the previous studies that the SNP 276G/T was 
found to be associated with the metabolic traits.5 

The genotypic distributions for the 
polymorphisms were compared using χ2 test 
between the subgroups of Hardy-Weinberg 
genetic models. The genotypic distribution of the 
276G/T polymorphism showed significant 
difference between normal weight, overweight 
and the obese subjects, whereas the other 
polymorphisms did not show any statistical 
significance.6 Genotype-phenotype correlations 
for 45T/G and 276G/T were done using analysis 
of variance. Although being the candidate 
polymorphisms for Acrp30 gene, 45T/G failed to 
show significant difference among the case and 
controls for the correlated parameters. SNP 
276G/T polymorphism showed significant 
increase in insulin and BMI levels for 
homozygous and heterozygous mutants. 7-9  

CONCLUSION 
It was concluded that, the presence of T allele of 
276G/T is a significant predictor of insulin and 
BMI levels. Also, it can be speculated that the 
polymorphism 276G/T may act as a strong 
marker in the studied local population. 
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