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Abstract
Objectives: The present study was conducted to assess 
Single Nucleotide Polymorphism (SNP) of adiponectin gene 
(ADIPOQ rs2241766) variant SNP + 45 T > G with refer-
ence to thyroid status in the three study groups, namely 
non-obese, overweight and obese type 2 diabetics.

Methods: 150 Type 2 diabetics of both genders who had vis-
ited the tertiary health care clinics during the stipulated study 
period were included. Based on BMI (18.50 to 24.99, 25 to 
29.99 and ≥ 30 respectively), they were segregated into non-
obese, overweight and obese (n = 28, n = 76 and n = 46 re-
spectively). The cardio-metabolic risk factors were assessed 
through parameters including anthropometric and routine bio-
chemical measures, besides glycemic status and insulin resis-
tance. The divalent cations (Zn2+ and Mg2+) were quantitated in 
serum. Serum free T4, T3 and TSH were estimated to evalu-
ate thyroid status. PCR- RFLP was carried out to decipher the 
gene polymorphism of ADIPOQ (rs2241766) T > G of exon 2 
in Adiponectin gene with particular reference to the implica-
tions in personalised medicine.

Results: A positive association was found between SNP + 
45 T > G in exon 2 and T2DM in the study population. Data 
on genotyping among non-obese vs. overweight depicts as-
sociation with LDL in TT (Homozygous) p = 0.0491, while 
in TG (Heterozygous) phenotype, a strong association was 
perceived with Insulin resistance (p = 0.006). Associations 
concerning TSH in TT p = 0.0339; Mg, p = 0.0145 and p = 
0.0138 in TT & TG respectively in obese vs. overweight and 
T4 in TT with p = 0.0491 were observed in non-obese vs. 
obese T2DM.

Conclusion: SNP + 45 T > G gene polymorphism in adi-
ponectin gene may be a cardinal feature in insulin resistance 
observed in type 2 diabetes mellitus for consideration, based

on BMI. Also, the wild type (TT) depicted good association 
with TSH, T4 and LDL in obese vs. overweight, non-obese vs. 
obese and non-obese vs. overweight type 2 diabetics respec-
tively to stimulate interest in personalised medicine.

Keywords
Type 2 Diabetes mellitus, Insulin resistance, Triiodothy-
ronine, Thyroxine adiponectin, Polymorphism, Cardio-met-
abolic factors

Introduction

Diabetes mellitus is a well-recognised multifactorial 
metabolic disorder which has the virtual ability to affect 
organ systems in the body [1]. Citing the eighth edition 
of Diabetes Atlas 2017 published by the International 
Diabetes Federation (IDF), the number of diabetics in 
India is 74 million which would swell to 75 million by 
the year 2020 unless aggressive measures to curb this 
menace are effected in a sustained manner [2].

Type 2 Diabetes mellitus (T2DM) possesses nexus 
with genetic and extra genetic components character-
ized by insulin resistance and gross pancreatic ß cell 
dysfunction [3]. The variations in the genetic factor, 
termed Single Nucleotide Polymorphisms (SNPs) influ-
encing the phenotypes need to be still effectively and 
comprehensively addressed in Asian-Indian popula-
tions. There are several instances to cite the association 
of adiponectin gene variants with T2DM and obesity. 
Alternately, ambiguity shrouds the definitive role of ge-
netic polymorphism in adiponectin gene, as related to 
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insulin resistance and more so in obese and non-obese 
study populations [4].

Studies on gene polymorphisms in adiponectin, as 
related to insulin resistance are available [5]. However, 
planned and comprehensive evidence-based studies on 
adiponectin polymorphism, in general and insulin re-
sistance in relation to thyroid status in particular from 
South India are sparse. There is an urgent need to ex-
plore in detail, based on laboratory evidences, especial-
ly for South-Indian population, as linked to thyroid sta-
tus in T2DM, since altered thyroid status is pronounced 
in T2DM [6]. Nineteen common polymorphisms of four-
teen known candidate genes have thus far been anal-
ysed worldwide for their contribution to prevalence and 
incidence of glucose intolerance. This is portrayed in an 
epidemiological study on the Insulin Resistance syn-
drome [7]. ADIPOQ is one such 17 Kb gene whose gene 
is located on chromosome 3q27, a region that has al-
ready been implicated in susceptibility to type 2 diabe-
tes and obesity. The gene comprises of three exons and 
two introns [8]. Adiponectin (MW 30 kDa) is secreted 
from the adipose tissue, chiefly the white adipose tissue 
and essentially comprises of 244 amino acid residues 
[9]. Adiponectin possess a wide gamut of anti-diabetic, 
anti-inflammatory and anti-atherogenic properties, as 
evidenced from the literature [10,11]. SNPs have been 
detected in ADIPOQ gene, which are associated with 
clinical disorders [12].

An Indian study depicted positive association of 
a particular polymorphism of the adiponectin gene, 
namely SNP + 45 T > G (rs2241766) with type 2 diabe-
tes mellitus [13]. Although, altered thyroid profile is 
widely implicated in T2DM, it must be said in all fairness 
that limited documentation is available implicating ad-
iponectin gene polymorphism in insulin resistance as-
sociated with altered thyroid status. Hence, in the light 
of the above considerations and based on the existing 
documentation, we had embarked upon the study to 
analyse the association of SNP + 45 gene polymorphism 
on Thyroid status in Type 2 Diabetes, as exemplified in 
the three study groups, namely non-obese, overweight 
and obese. This would possibly open vistas to apply 
pharmacogenomics/personalised medicine in insulin 
resistant type 2 diabetics, with special reference to thy-
roid status.

Need for the present study

We took up the study based on an earlier paper pub-
lished from India by Matharoo, et al. who had elicited 
the association of the genetic polymorphism, namely 
SNP + 45 (ADIPOQ rs2241766) of adiponectin, in the 
light of insulin resistance [14] and as observed in T2DM. 
Interestingly, the results of the study by Matharoo, et 
al. depicted an association that was observed between 
adiponectin SNP + 45 and increased risk of T2DM. Fur-
thermore, the same study delineated the observation 
that a statistically significant association was observed 

between the anthropometric indices BMI and WC and 
T2DM. We primarily focused on gene polymorphism 
pertaining to SNP + 45 of adiponectin as linked to in-
sulin resistance in the three groups of type 2 diabetics, 
namely non-obese, overweight and obese, based on a 
previous report from South India on SNP + 45 of Adi-
ponectin [13], but we carried out the study with refer-
ence to thyroid status. 

We also felt that since adiponectin levels and altered 
Thyroid status have been implicated in insulin resis-
tance, there is an immediate need to link these two in 
the light of gene polymorphism of Adiponectin, but with 
reference to obese, non-obese and overweight type 2 
diabetics. Studies on Asians have also delineated the 
link between SNP + 45 and metabolic syndrome [15]. 
The culmination of these would enable us to arrive at 
personalized medicine based on an objective pharma-
cogenomics approach to address thyroid status in insu-
lin resistance associated with adiponectin, but as a func-
tion of body mass index.

Furthermore, controversy does exist with respect 
to the definitive role of adiponectin in thyroid status, 
though thyroid hormones and adiponectin are believed 
to be associated with each other independently of 
weight status. It was reported that adiponectin levels 
were higher in hyperthyroidism compared to hypothy-
roidism or euthyroidism, respectively [16,17]. Converse-
ly Santini, et al. and Iglesias, et al. have reported that 
adiponectin levels were not significantly different in hy-
perthyroidism in comparison to control groups [18,19].

However, Altinova, et al. could not demonstrate a 
significant association between thyroid status and adi-
ponectin levels [20]. Whereas, another study suggested 
that thyroid hormone levels are associated with adi-
ponectin levels in healthy subjects [21].

In view of the prevailing scenario with reference to 
the role of adiponectin in thyroid status of type 2 diabet-
ics and also due to the limited availability of the stud-
ies on gene polymorphism of adiponectin as related to 
insulin resistance in obese, non-obese and overweight 
type 2 diabetics, we proceeded to determine thyroid 
status in the present study.

Subjects and Methods

Study design

This study was performed at a tertiary care hospital 
at Pondicherry, South India. The study included 150 type 
2 diabetic subjects of both genders in the age group of 
35-70 years who had attended the outpatient clinics. 
The research study was duly approved by the Research 
Advisory committee (RAC) and Institutional Human Eth-
ics Committee (project No:Ph.D./2015/02 dt.5th June, 
2015, signed by the Secretary IHEC). The study was con-
ducted between January 2017 and July 2017.

The sample size n = 150 was computed by using 
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CaTS (Centre for statistical genetics) power calculator 
with significance level 0.05% with a power value of 
81%. The purpose of the study was explained in detail 
to the participants in the vernacular language and due 
consent obtained. The cases were included only on the 
absolute basis of clinically and biochemically confirmed 
type 2 diabetes mellitus. The diagnosis of T2DM on the 
study subjects was confirmed by duly qualified clinicians 
manning the outpatient clinics. The clinicians were in 
possession of recognised postgraduate qualifications 
and experience as laid down by the regulatory agency, 
in internal medicine and having proven experience in 
endocrinology. All patients were interviewed for elicit-
ing comprehensive medical history, personal history of 
smoking/alcohol/substance abuse, and family history of 
diabetes mellitus and thyroid disorders.

Grouping/segregation was mandatorily based on 
BMI, into non-obese, overweight and obese which was 
enabled only after taking all of the study subjects: -con-
firmed type 2 diabetics (n = 150) into due consideration.

Care was taken to see that the patients were not 
billed for undergoing additional and special biochemi-
cal investigations other than those that were absolutely 
considered essential for rational management of T2DM, 
as per the institute policy.

Exclusion criteria

Subjects with known thyroid and other endocrine 
disorders as well as those who had exhibited clinically 
significant neurological, cardiovascular, respiratory and 
gastrointestinal or any other major systemic ailments, 
malignancies were excluded from the study.

Processing of blood samples

Two ml of venous blood samples were drawn into 
vacutainers containing EDTA for genetic polymorphism 
studies. Samples were stored at -70 °C until further 
analysis of DNA for monitoring single nucleotide poly-
morphism of adiponectin (ADIPOQ rs2241766 T > G of 
exon 2 in adiponectin gene). An additional three ml of 
venous blood was collected for estimating various bio-
chemical parameters.

Biochemical Assessment

Fasting blood glucose was estimated by glucose ox-
idase-peroxidase method (GOD/POD); Fasting insulin 
was quantitated by automated chemiluminescence. 
Glycated haemoglobin was quantitated by HPLC meth-
od. Insulin resistance was measured based on the for-
mula [22] HOMA - IR (Fasting plasma glucose (mmol/l) × 
plasma fasting insulin (m IU/l)/22.5).

Triacylglycerols in serum was measured by glycerol 
kinase method; Total cholesterol by enzymatic meth-
od; HDL cholesterol was enabled by polyanion precip-
itation. LDL cholesterol was computed by Friedwald 
equation, LDL cholesterol = Total cholesterol-(HDL cho-

lesterol + VLDL) where VLDL = TAG/5; LDL particle size 
was quantitated using the surrogate marker (TAG/HDL), 
to denote small dense LDL. Zinc was estimated by colo-
rimetric method based on the procedure described by 
Tetsuo Makino [23] and quantitation of magnesium was 
enabled by spectrophotometric assay using xylidyl blue. 
T3, T4 & TSH were quantitated based on automated 
electro chemiluminescence method.

High HOMA-IR was defined as HOMA-IR ≥ 2.69 
[24,25].

Reference ranges for biochemical parameters

Glucose (Fasting plasma, venous): 70-110 mg/dL; In-
sulin (Fasting plasma, venous): 0.7-9 µu/mL; Glycated 
Hemoglobin (HbA1c): goal is to keep the levels below 
7%; Total cholesterol: 150-200 mg/dl; Triacylglycerols: 
75-150 mg/dl; High Density Lipoprotein cholesterol: 30-
60 mg/d; Free Triiodothyronine (FT3): 2-4.4 pg/ml; Free 
Thyroxine (FT4 level): 0.93-1.7 ng/ml; TSH: 0.27-4.2 µu/
mL; Magnesium: 1.8-3 mg/dl; Zinc: 60-120 µg/dl.

Genetic Polymorphism Studies

DNA isolation, amplification and restriction frag-
ment length polymorphism

Whole blood was used to isolate DNA and to facili-
tate the determination of genotype frequency of Adi-
ponectin SNP + 45: Exon 2 of the ADIPOQ was suitably 
amplified by Polymerase Chain Reaction (PCR) and the 
genomic DNA was used for amplification.

The protocol for PCR was followed by Restriction 
Fragment Length Polymorphism (RFLP) denoting the 
three genotypes, namely wild type (TT), heterozygous 
type (TG) and homozygous variant type (GG) and these 
were based on a previous method, as applied on a south 
Indian population [12]. We had employed 2.5% agarose 
gel under optimal conditions for separation of the re-
striction digest. To enhance objectivity and uphold re-
producibility and reliability of data in each batch, a few 
positive control samples for homozygous and heterozy-
gous genotypes were also established.

Quality control

Stringent quality control in the assessment of bio-
chemical parameters was adhered to and internal qual-
ity control for the same was promulgated, based on the 
Quality Control (QC) samples provided by M/s Biorad, 
USA. External quality Assessment of routine biochem-
ical parameters was enabled through the Clinical Bio-
chemistry laboratory, Christian Medical College (CMC), 
Vellore, under the External Quality Assessment Scheme 
(EQAS).

Statistical analysis

As regards the distribution of the alleles of SNP + 45 
of Adiponectin gene, it was tested for Hardy-Weinberg 
equilibrium (p < 0.05). Proportions of genotypes of al-
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Table 3 summarises the results of the SNP studied, 
namely SNP + 45, as compared between non-obese and 
obese. The values denote statistically significant associ-
ation between thyroxine levels (p value = 0.0491) and 
the wild type.

Our results indicate variation in gene polymorphism 
with reference to three subgroups, namely non-obese, 
overweight and obese as observed in type 2 diabetes 
mellitus and with specific nexus with IR and thyroid sta-
tus. The magnitude and percentage of wild type and 
variants were computed among non-obese, overweight 
and obese T2DM patients as depicted in Table 4, Table 
4a, Table 4b, Figure 1 and Figure 2. We calculated the 
genotype frequencies of SNP 45 T G of adiponectin gene 
in T2DM. Pearson Chi-square test was enforced in order 
to determine the strength of association between the 
variant form and incidence of type 2 diabetes. The vari-
ant form TG is found to be significantly associated with 

leles were compared through Pearson χ2 analysis, odds 
ratios (ORs) and 95% confidence intervals (CI).

Results

The results of the sub group analysis (shown in Table 
1) depict the gene polymorphism, as exhibited in the ge-
notyping found between the two groups, viz. non-obese 
and overweight. The heterozygous pattern, namely TG (T 
> G) clearly depicted statistically significant values among 
Fasting blood sugar, Postprandial sugar, Glycated haemo-
globin, Insulin and HOMA-IR, whereas in TT (homozygous), 
LDL and Mg emerged statistically significant.

In Table 2, the gene polymorphism as exhibited in 
the genotyping found among two groups, namely over-
weight and obese is shown. The heterozygous pattern, 
namely TG (T > G) clearly depicts statistically significant 
value for magnesium (p value 0.0138), (p value = 0.0145) 
in TT and TSH (p value = 0.0339) in TT.

Table 1: Genotyping among 2 groups (Non-obese vs. Overweight).

Parameters 
(Mean ± SD)

	 TG P value TT P value
Non-obese (n = 12) Overweight (n = 24) Non-obese (n = 16) Overweight (n = 52)

FBS 220.42 ± 64.6 165.42 ± 64.12 0.021* 208.06 ± 98.47 187.63 ± 62.57 0.327
PPS 342.92 ± 105.86 249.83 ± 70.35 0.0034# 328.88 ± 113.57 267.21 ± 68.96 0.01*

HbA1c 10.37 ± 2.07 7.92 ± 2.15 0.0025# 8.49 ± 1.89 9.25 ± 2.36 0.248
Insulin 20.12 ± 15.16 11.67 ± 5.5 0.0194* 14.46 ± 5.66 14.42 ± 10.67 0.991
HOMA-IR 10.69 ± 8.4 4.98 ± 3.33 0.006# 7.8 ± 6.06 6.98 ± 7.46 0.69
LDL 107.67 ± 43.16 105.5 ± 33.88 0.87 114.88 ± 36.61 94.21 ± 35.9 0.0491*

Mg 1.81 ± 0.332 1.65 ± 0.298 0.167 1.68 ± 0.302 1.49 ± 0.327 0.0508*

P value < 0.05*; P value < 0.001#; FBS-Fasting blood sugar; PPS-Postprandial sugar; HbA1c- Glycated haemoglobin; HOMA-IR- 
Homeostasis model Assessment of Insulin resistance; LDL-Low density lipoprotein; Mg- Magnesium.

Table 2: Genotyping among 2 groups (Obese vs. Overweight).

Parameters 	 TG P value TT P value
Obese (n = 6) Overweight (n = 24) Obese (n = 40) Overweight (n = 52)

AGE 49.17 ± 7.86 51.21 ± 8.92 0.613 51.6 ± 10.6 55.79 ± 9.44 0.0485*

TSH 3.35 ± 1.26 2.48 ± 1.55 0.716 3.22 ± 1.69 2.39 ± 1.95 0.0339*

Mg 1.98 ± 0.117 1.65 ± 0.298 0.0138* 1.66 ± 0.299 1.49 ± 0.327 0.0145*

P value < 0.05*; TSH- Thyroid stimulating hormone; Mg- Magnesium.

Table 3: Genotyping among 2 groups (Non-obese vs. Obese).

Parameters	 TG P value TT P value
Non-obese (n = 12) Obese (n = 6) Non-obese (n = 16) Obese (n = 40)

Duration 5.75 ± 5.94 2 ± 1.41 0.152 6.31 ± 4.77 3.7 ± 4.18 0.0472*

T4 1.28 ± 0.213 1.27 ± 0.105 0.923 1.27 ± 0.2 1.14 ± 0.225 0.0491*

P value < 0.05*, T4- Thyroxine.

Table 4: Distribution of polymorphism-Overweight vs. Non-obese.

Genotype BMI Total OR 95% CI P value
Overweight Non-obese Lower Upper

0.284TT 52 (68.4%) 16 (57.1%) 68
1.625 0.667 3.962TG 24 (31.6%) 12 (42.9%) 36

Total 76 28 104

TT-Wild type; TG-Heterozygous.

Genotype BMI Total OR 95% CI P value
Overweight Non-obese Lower Upper

0.3403T 128 44 172
1.4546 0.6715 3.1509G 24 12 36

Total 152 56 208
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Figure 3 shows the agarose gel electrophoresis pat-
tern obtained as a result of RFLP on amplified DNA en-
abled by PCR. The purified products emanating from 

type 2 diabetes mellitus (P 0.01). Our study demon-
strates that subjects in possession of the variant type 
show a greater risk (Odds ratio = 3.077) of having type 2 
diabetes than those carrying the wild type in Obese vs. 
Overweight.

Table 4, Table 4a and Table 4b depict gene polymor-
phism as compared between the groups.

The distribution of wild type and heterozygous 
among obese and non-obese (P value = 0.004, 95% CI = 
1.601-15.613, odds ratio = 5) is pictorially represented 
below in Figure 1, whereas Figure 2 indicates depiction 
of % distribution of genetic polymorphism in ADIPOQ 
SNP + 45 in Obese vs. overweight (p value = 0.021, 95% 
CI = 1.149-8.239, odds ratio = 3.077).

Table 4a: Distribution of polymorphism-Obese vs. Non-obese.

Genotype BMI Total OR 95% CI P value
Obese Non-obese Lower Upper

0.004TT 40 (87%) 16 (57.1%) 56
5 1.601 15.613TG 6 (13%) 12 (42.9%) 18

Total 46 28 74

Genotype BMI Total OR 95% CI P value
Obese Non-obese Lower Upper

0.00713T 86 44 130
4 1.4072 11.37G 6 12 18

Total 92 56 148

Table 4b: Distribution of polymorphism-Obese vs. Overweight.

Genotype BMI Total OR 95% CI P value
Obese Overweight Lower Upper

0.021TT 40 (87%) 52 (68.4%) 92
3.077 1.149 8.239TG 6 (13%) 24 (31.6%) 30

Total 46 76 122

Genotype
BMI

Total OR
95% CI P value

Obese Overweight Lower Upper

0.0326T 86 128 214
2.6875 1.0546 6.8485G 6 24 30

Total 92 152 244

         

Obese Non obese

TT TG

100.0%
80.0%

60.0%
40.0%
20.0%

0.0%

87.0%

13.0%

57.0%
43.0%

Figure 1: Depiction of % distribution of genetic polymorphism 
in ADIPOQ SNP + 45 in Obese vs. Non-obese (p value = 
0.004, 95% CI = 1.601-15.613, odds ratio = 5).

         

Obese Overweight

TT TG

100.0%

50.0%

0.0%

87.0%

13.0%

68.0%

32.0%

Figure 2: Depiction of % distribution of genetic polymorphism 
in ADIPOQ SNP + 45 in Obese vs. Overweight (p value = 
0.021, 95% CI = 1.149-8.239, odds ratio = 3.077).

         

    470bp, 336 bp, 134 bp

Figure 3: Agarose gel electrophoresis showing the PCR-
RFLP pattern of adiponectin SNP + 45.
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few studies from South India have implicated SNP + 45, 
in the light of insulin and thyroid status.

The gene polymorphism in Adiponectin, namely SNP 
+ 45 T/G (rs2241766) has been considered as an im-
portant clinical feature to consider prior to pioglitazone 
treatment [29]. Our results also suggest that there is an 
excellent association between T > G and T2DM, especial-
ly when comparisons were made between non-obese 
vs. overweight and overweight vs. obese. Hence, gene 
polymorphism in Adiponectin T/G needs to be given 
greater impetus while planning pharmacologic modal-
ities for overweight and obese diabetes. A meta- anal-
ysis of gene polymorphism in ADIPOQ gene +45 in the 
Asian population of type 2 diabetics augments further 
the cardinal role of SNP + 45 T/G [30]. It has been long 
known that thyroid abnormalities directly are linked to 
cardiovascular morbidity [31], as also to insulin resis-
tance [32]. We were curious to study the effect of ADI-
POQ gene polymorphism SNP + 45 T > G, in the light of 
these established findings. To our surprise, besides elu-
cidating statistically significant association between SNP 
+ 45 T > G and T2DM in non-obese vs. overweight and 
overweight vs. obese, there was a pronounced associa-
tion even between the wild type TT and TSH in obese vs. 
overweight comparison. A strong association has been 
perceived with reference to T4 in wild type TT (obese vs. 
non-obese). These results point to relationship of Hypo-
thalamus-Anterior Pituitary-Thyroid axis, based on BMI 
and gene polymorphism and we need to bear in mind, 
while planning personalised therapeutic strategies to 
combat cardiovascular morbidity, in addition to altered 
thyroid status in Insulin resistant type 2 diabetics.

Hsieh and Wang have evaluated circulating levels 
of adiponectin in patients with thyroid dysfunction pri-
or to and following normalization of thyroid function 
with proper drug intervention. As per their study, the 
change in BMI was strongly correlated with changes in 
serum-adiponectin levels and changes in serum free 
thyroxine also correlated well with changes in BMI and 
serum adiponectin levels. In our present study, we had 
utilised BMI as the anthropometric measure which facil-
itated the advent of an additional group, namely over-
weight, in addition to obese and non-obese. This would 
not have occurred, had we included waist circumfer-
ence (since we use waist circumference for segregating 
obese from non-obese) as an anthropometric measure. 
However, since we had used BMI to segregate the study 
subjects into obese, non-obese and overweight, we 
were able to compare specific groups for associations 
among markers of IR and gene polymorphism of adi-
ponectin and tried to look for nexus with Thyroid status. 
Hsie and Wang further had performed multivariate-re-
gression analysis that revealed BMI to be a statistically 
strong predictor for serum-adiponectin levels. However, 
the same study also revealed thyroid function level as 
another predictor. Although BMI is the most frequent-
ly used anthropometric measure, it must be said that 

PCR were subjected to restriction digestion utilising 
the restriction endonuclease, namely SmaI that cul-
minated in the following fragment sizing patterns, as 
perceived through agarose gel electrophoresis (Figure 
3). Wild type, wherein exon 2 of adiponectin, depicted 
as 45TT: It is to be noted that no cleavage of the intact 
470 bp segment by SmaI was observed. The heterozy-
gous variant type is denoted by 45TG: The restriction 
enzyme SmaI incises at the sequence CCC; GGG to show 
three fragments, as exemplified by the analytical per-
formance, based upon agarose gel electrophoresis (470 
bp, 336 bp and 134 bp respectively). The homozygous 
variant type is referred to as 45GG and SmaI incision at 
CCC; GGG sequence generated two cleaved fragments, 
as portrayed in agarose gel electrophoresis (336 bp and 
134 bp respectively). However, our results unequivocal-
ly proved that the homozygous genotype did not mani-
fest in the present study.

It is to be noted that the bands obtained in Figure 
3 denote wild type TT (470 bp), heterozygous type TG 
(470 bp, 336 bp, 134 bp), MW - Molecular DNA marker 
(100 bp). Lanes 4, 5, 7, 8 & 12 - heterozygous TG (470, 
336, 134 bp). Lanes 1, 2, 3, 6, 9, 10 &11 - Wild type TT 
(470 bp).

Discussion

Adiponectin has been widely implicated in possess-
ing anti-diabetic properties, besides other documented 
attributes that include anti-atherogenic and anti-inflam-
matory properties. Adiponectin  gene  (ADIPOQ) vari-
ability may affect the risk for type 2 diabetes mellitus 
(T2DM) and complications. An earlier report had impli-
cated genetic variability on adiponectin gene as associ-
ated with extracellular levels of inflammatory and an-
giogenic markers [26]. However, these authors felt that 
further research is warranted to unequivocally eluci-
date the role of adiponectin in the development and/or 
progression of micro vascular disease in T2DM patients.

An elaborate understanding of adiponectin has 
been vividly described [27]. However, controversy still 
shrouds especially with reference to polymorphism of 
adiponectin gene in modulating IR. Two major polymor-
phisms of adiponectin gene, namely SNP + 45 and SNP 
+ 276 have been documented, but with variegated ac-
tions governing Insulin sensitivity and IR [28]. It is well 
known that alterations in thyroid status have been ob-
served, thanks to the global research findings on IR as-
sociated with T2DM. However, controversy still persists 
even in this area, since biochemical events synonymous 
with both hypothyroidism and hyperthyroidism have 
been reported by different groups of workers leading 
to a paradox. Furthermore, the available literature on 
thyroid status in insulin resistance does not take into 
consideration the holistic purview of including anthro-
pometric, physiological, biochemical and molecular 
biology parameters, in the same study during a given 
timeline. In addition to the above-mentioned facts, very 
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not been studied in detail hitherto. Our contention is 
that it may be worth administering thyroid analogues 
and receptor modulators that would not only alleviate 
IR but also correct underlying early thyroid pathology. 
Our study would also explain that polymorphism alone 
in adiponectin SNP + 45 would not govern insulin and 
thyroid status in type 2 diabetics because even the 
wild type gene in exon2 of adiponectin is associated 
with T4 and TSH in non-obese vs. obese and obese vs. 
overweight type 2 diabetics respectively. More detailed 
studies need to be undertaken in this regard.

Earlier studies had implicated serum magnesium in 
IR associated with type2 diabetes mellitus [38,39]. In 
our present study also magnesium is associated both 
with wild type and heterozygous SNP + 45 of adiponec-
tin gene in obese vs. overweight. We believe that the 
additional information is missing here which could be 
even directly attributed to insulin receptor, since it is 
well known that the insulin receptor gets down regulat-
ed in obese type 2 diabetics. Hara, et al. in 2002 [11] cit-
ed evidence of an association between polymorphisms 
at positions +45 and +276 in the adiponectin gene and 
type 2 diabetes respectively. Their study depicted the 
fact that only GG haplotype is associated with insulin 
resistance. Neither homozygous nor heterozygous carri-
ers of TG haplotype had an association with insulin sen-
sitivity in the Japanese population [5]. However, a few 
studies have shown no association between SNP + 45 T 
> G of adiponectin gene and IR [40-42]. This may be at-
tributed to variation, in the ethnic groups. Also, we feel 
that the use of anthropometric measures as well as the 
assessment of the hypothalamus-anterior pituitary-Thy-
roid axis may offer newer vistas in clinical chemistry.

It is believed that SNP + 45 T > G could trigger in-
sulin resistance enroute to the development of type 2 
diabetes mellitus, possibly through changes in mRNA 
stability, levels of adiponectin and eventually reduced 
plasma adiponectin concentrations. We opine that the 
presence of SNP + 45 T > G could be one of risk factors 
for developing type 2 diabetes mellitus, besides being 
associated with altered thyroid status.

Direct evidence to support SNP + 45-induced reg-
ulation of adiponectin expression is still lacking and 
warrants further investigation. In another study by Yu, 
hyperthyroidism was associated with a 95% increase 
in adiponectin. Adiponectin was negatively correlated 
with BMI, total cholesterol and plasma triacylglycerols. 
Surprisingly, adiponectin was positively correlated with 
insulin, thereby suggesting that thyroid disease may 
be accompanied by changes in adipokines, which may 
contribute to the phenotype expressed [43]. An earli-
er study on TG/GG genotype in obese and non-obese 
non-diabetics also revealed that SNP + 45 T > G geno-
type was associated with enhanced fasting blood glu-
cose, Insulin levels and Insulin resistance with accom-
panying low levels of total adiponectin in obese [44]. 

waist circumference is used for assessing central obesity 
[33]. We strongly opine that when waist circumference 
is taken into consideration, the facet of overweight will 
not be revealed. However, when BMI is used as the an-
thropometric measure in the light of Insulin resistance, 
overweight category unfurls. But, at the same time we 
also feel that an inherent demerit of using BMI is that 
despite the fact that it may evolve the study groups into 
three, namely non-obese, overweight and obese, it may 
still miss out central adiposity (obesity), a forerunner to 
insulin resistance. This is because a person with normal 
BMI may still have central obesity. Hence, we suggest 
that for instance, if we need to compare IR, as related 
to thyroid comorbidity in borderline obesity, then it is 
imperative that we include BMI, not WC. This may also 
explain why there is difference in the interpretation of 
data with reference to the genotype TT (wild type) and 
TG (Heterozygous) by earlier groups of workers. A rev-
elation that has evolved from our present study is that 
even the wild type TT is associated only in overweight 
which would go unreported, if WC is taken as the an-
thropometric measure to determine obesity. Also, sev-
eral workers have used BMI as the indicator of obesity 
but have simply reported as < 30 or ≥ 30. This may not 
be the correct stand to take as the priority lies in re-
storing Thyroid status associated with IR as perceived 
in overweight group, since it would turn out to be much 
more prophylactic in addressing the overweight aggres-
sively which otherwise would eventually exacerbate 
thyroid comorbidity in insulin resistance, synonymous 
with obesity. Hence, from our study, it is clear that BMI 
would be a better status indicator of obesity, in addition 
to its capacity that lends itself to the unfurling of the 
overweight group.

There is a high prevalence of hypothyroidism in pa-
tients with extreme obesity. High levels of TSH contrib-
ute to elevated pro-inflammatory and cardiovascular 
risk markers, thereby increasing the risk for develop-
ment of cardiovascular diseases [34]. Our results cor-
roborate with the findings of other workers on different 
ethnic groups [5,7,11,13,26-28,35]. In the STOP-NIDDM 
trial [35], the G-allele of SNP + 45 was associated with 
1.8-fold risk for type 2 diabetes mellitus. The present 
study of ours correlates with the findings of the STOP-
NIDDM trial. Our results suggest that the haplotypes 
containing G allele, i.e. TG is significantly associated 
with a 3.077-fold increase for type 2 diabetes. Nakatani, 
et al. [36] in 2005 showed association of two single-nu-
cleotide polymorphisms (SNP + 45T G, SNP + 276G T) 
with type 2 diabetes in the Japanese population. In their 
study, SNP + 45 was associated with insulin resistance 
and obesity. SNP + 276, another gene polymorphism 
showed a stronger association with IR and BMI as evi-
denced in the same study [37].

However, we were curious to study the role of SNP + 
45 more so in the light of IR and Thyroid status in obese, 
non-obese and overweight type 2 diabetics, as it has 
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3.	 Lack of comparison between SNP + 45 and +276 Ad-
iponectin gene polymorphism with reference to thy-
roid co-morbidity associated with insulin resistance.

Conclusion

It is concluded that the presence of G allele of Ad-
iponectin +45T/G is a significant predictor of Thyroid 
function, based on BMI and subsequent grouping into 
non-obese, obese and overweight type 2 diabetics. 
Based on BMI, it is possible to assess thyroid status in 
type 2 diabetics as a function of gene polymorphism of 
adiponectin SNP + 45. Even it is possible to assign role 
for wild type (TT) of adiponectin exon 2 as a function 
of thyroid status. Also, it can be speculated that the 
polymorphism +45T/G may act as a strong marker of 
thyroid comorbidity in the studied Pondicherry popula-
tion (South Indian) which is a mixture of urban, semi-ur-
ban and rural. Thyroid comorbidity is quite common in 
T2DM and it is quite possible that the Hypothalamus-pi-
tuitary-thyroid axis may play a cardinal role in the differ-
ential association between Adiponectin gene polymor-
phism and T2DM in obese, overweight and non-obese 
diabetics.

The findings showed that the prevalence of metabol-
ic abnormalities and their clustering into MS increased 
with overweight and that BMI is a significant predictor 
of MS in this age group. These findings suggest early 
screening for metabolic abnormalities in adult T2DM 
and for thyroid function and also of early weight man-
agement intervention strategies. Furthermore, the ju-
dicious use of anti-diabetic drugs such as pioglitazone 
that influence adiponectin concentration could also be 
evaluated to restore thyroid status when used in com-
bination with other conventional modalities used in the 
treatment of thyroid diseases.

Thus, the results of this current study represent 
the association of SNP 45 T > G genotypes of the ad-
iponectin gene with insulin resistance and associated 
thyroid status differentially in the three groups, name-
ly non-obese, overweight and obese type 2 diabetics. 
It is recommended that a combination of antidiabetic 
drugs, hypolipidemic drugs and thyroid receptor mod-
ulators could be envisaged to restore euthyroid status, 
besides alleviating IR, a factor that would assume great 
relevance in pharmacogenomics and personalised med-
icine, especially related to obese type 2 diabetics.

Highlights

The findings that have emerged from the study could 
provide an opportunity to understand better roles and 
impact of adiponectin gene polymorphism in insulin 
resistance associated with altered thyroid status and 
could herald improved and objective modalities to man-
age overweight or obesity in individuals with uncon-
trolled T2DM. Hence, these findings may provide novel 
insights to control glycaemia and address insulin resis-
tance progression objectively that may help improve 

Thirty-two obese Japanese women were treated by 
meal replacement with a low-calorie diet for 8 weeks 
and asked to maintain their habitual lifestyle. Following 
the treatment, the extent of decrease in waist circum-
ference was greater in the subjects with the G/G or G/T 
genotype of SNP276 than in those with the T/T geno-
type (p = 0.026).

As for SNP45, the extent of decrease in triglyceride 
levels was greater in the subjects with the T/T geno-
type than in those with the T/G genotype [45]. It is well 
known that gene polymorphism could vary with the 
population under consideration. Whereas, the results of 
a meta-analysis suggested that SNP + 45 G allele might 
be a susceptibility allele for T2DM in the population, as 
elaborated by Li and Li [46]. In another meta-analysis 
report, the results indicated the susceptibility of obesity 
as a function of adiponectin gene polymorphism [47].

Our present study also clearly depicts that even 
the wild type SNP + 45 in exon 2 namely TT could it-
self be used as a molecular indicator of altered thyroid 
status in Insulin resistant type 2 diabetics, as studied in 
overweight and obese. Our study further denotes dif-
ferential effects of gene polymorphism with reference 
to SNP + 45 in obese, non-obese and overweight type 
2 diabetics. An earlier paper published from our labo-
ratory had implicated TAG/HDL ratio (surrogate mark-
er of small dense LDL) and thyroid hormone levels in 
IR as observed in T2DM. We had concluded from that 
study that small dense LDL could be used as a reliable 
marker for IR, with accompanying alterations in thyroid 
status in overweight type 2 diabetics [48]. Our present 
study indicates LDL to be statistically significant while 
comparing non-obese and overweight T2DM. Hence, 
we strongly advocate that both wild and heterozygous 
SNP + 45 should necessarily be studied alongside the an-
thropometric parameter, namely BMI in order to delin-
eate the overweight group in addition to the other two 
groups namely non-obese and obese that is frequent-
ly reported in the literature. Furthermore, our study 
demonstrates association with Thyroid hormones.

We opine that it may be worthy to afford direct mea-
surement of adiponectin expression in white adipose 
tissues obtained from individuals with the SNP + 45 gen-
otype and its association with plasma fasting glucose 
level, insulin level, insulin resistance combined with the 
dynamic function tests on Hypothalamus-pituitary-thy-
roid axis that would provide greater and reliable insight 
into the association of SNP + 45 as far as the pathogen-
esis of thyroid comorbidity in type 2 diabetes mellitus is 
objectively concerned.

Limitations of the Study

1.	 Small sample size.

2.	 Lack of homogeneity in the local population which is 
a mixture of urban, semi urban and rural.
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11.	Hotta K, Funahashi T, Bodkin NL, Ortmeyer HK, Arita Y, et 
al. (2001) Circulating concentrations of the adipocyte pro-
tein adiponectin are decreased in parallel with reduced in-
sulin sensitivity during the progression to type 2 diabetes in 
rhesus monkeys. Diabetes 50: 1126-1133.

12.	Hara K,  Boutin P,  Mori Y,  Tobe K,  Dina C, et al. (2002) 
Genetic variation in the gene encoding adiponectin is as-
sociated with an increased risk of Type 2 diabetes in the 
Japanese population. Diabetes 51: 536-540.

13.	Devadrita Biswas, Vettriselvi V, Jnankumar Choudhury, R. 
Jothimala (2011) Adiponectin gene polymorphism and its 
association with type 2 diabetes mellitus. Ind J Clin Bio-
chem 26: 172-177.

14.	Matharoo K,  Arora P,  Bhanwer AJ (2013)  Association of 
adiponectin (AdipoQ) and sulphonylurea receptor (ABCC8) 
gene polymorphisms with type 2 diabetes in north Indian 
population of Punjab. Gene 527: 228-234. 

15.	Zhou JM,  Zhang M,  Wang S,  Wang BY,  Han CY, et 
al. (2016) Association of the ADIPOQ Rs2241766 and 
Rs266729 polymorphisms with metabolic syndrome in the 
chinese population: A Meta-analysis. Biomed Environ Sci 
29: 505-515. 

16.	Yaturu S, Prado S, Grimes SR (2004) Changes in adipo-
cyte hormones leptin, resistin and adiponectin in thyroid 
dysfunction. Journal of Cellular Biochemistry 93: 491-496. 

17.	Saito T, Kawano T, Saito T, Ikoma A, Namai K, et al. (2005) 
Elevation of serum adiponectin levels in Basedow disease. 
Metabolism 54: 1461-1466.

18.	F Santini, A Marsili, C Mammoli, R Valeriano, G Scartabel-
li, et al. (2004) Serum concentrations of adiponectin and 
leptin in patients with thyroid dysfunctions. J Endocrinol In-
vest 27: 5-7. 

19.	P Iglesias, P Alvarez Fidalgo, R Codoceo, JJ Díez (2003) 
Serum concentrations of adipocytokines in patients with hy-
perthyroidism and hypothyroidism before and after control 
of thyroid function. Clinical Endocrinology 59: 621-629.

20.	AE Altinova, FB Törüner, M Aktürk, N Bukan, N Cakir, et al. 
(2006) Adiponectin levels and cardiovascular risk factors 
in hypothyroidism and hyperthyroidism. Clin Endocrinol 65: 
530-535.

21.	JM Fernández-Real, A López-Bermejo, R Casamitjana, W 
Ricart (2003) Novel interactions of adiponectin with the en-
docrine system and inflammatory parameters. J Clin Endo-
crinol Metab 88: 2714-2718.

22.	Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treach-
er DF, et al. (1985) Homeostasis model assessment: In-
sulin resistance and beta-cell function from fasting plasma 
glucose and insulin concentrations in man. Diabetologia 28: 
412-419.

23.	Tetsuo Makino (1991) A sensitive, direct colorimetric assay 
of serum zinc using nitro-PAPS and microwell plates. Clini-
ca Chimica Acta 197: 209-220.

24.	Zhong Y, Miao Y, Jia WP, Yan H, Wang BY, et al. (2012) 
Hyperinsulinemia, insulin resistance and cognitive decline 
in older cohort. Biomed Environ Sci 25: 8-14.

25.	Yang WY, Li GW, Xin XY (2005) Prediction of metabolic 
syndrome with combination of waist-to-hip raio or waist 
circumference and blood pressure measurements. Chin J 
Endocrinol Metab 21: 227-229.

thyroid status too. Furthermore, this will help clinicians 
to screen overweight patients much earlier, thus pre-
venting possible serious macrovascular consequences 
either because of progressive insulin resistance or thy-
roid co-morbidity or both. We suggest that the use of 
novel thyroid receptor ligands with reference to gene 
polymorphism of Adiponectin would usher in fresh ap-
proach based on personalised medicine.
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