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ABSTRACT
Background: Type 2 diabetes mellitus (T2DM) is a worldwide health problem caused by resistance to
insulin action. Polymorphism of adiponectin gene was found to be implicated in the pathogenesis of
T2DM in numerous populations. Adiponectin is secreted by fat cells and is linked with insulin resistance.
Methodology: The study included fifty patients with T2DM and fifty healthy individuals served as a
control group to assess the association of adiponectin gene (ADIPOQ). The genotyping studies were
performed by polymerase chain reaction-based restriction fragment length polymorphism (PCR-RFLP)
methods. Results: Mean levels of various anthropometric and biochemical parameters were significantly
higher in T2DM than healthy controls. The levels of circulatory adiponectin were found significantly
lower in T2DM as compared to healthy controls and Serum leptin levels were moderately higher in the
diabetic than those in the nondiabetic. There was no significant association of CC and CG genotypes
with T2DM patients. C and G allele frequencies of the rs266729 were also not significantly associated
with T2DM cases as compared to healthy controls. It was observed that significant impact on circulatory
adiponectin levels for rs266729 polymorphism with GG genotype having very low circulatory adiponectin
level. There was no significant association of CC, CG genotype and C, G allele frequencies of rs266729 in
with T2DM cases as compared to healthy controls. Conclusion: The rs266729 > G SNP of adiponectin
gene is a risk factor for the development of T2DM in Kumaon population.
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Introduction
Diabetes mellitus is a major global public health
problem that has a significant impact on public
health and social and economic development world-
wide. Although the incidence has begun to decline
in some countries, the prevalence of diabetes has
increased in most other developed and developing
countries over the past decades [1–3]. In India, 77
million adults currently have diabetes and this
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number is expected to nearly double to 134 million
until 2045 [4].

Diabetes is a leading cause of chronic disease and
is becoming a global health problem of epidemic
proportions. T2DM is the most common form
of diabetes, accounting for 90% of the diabetic
population [5]. T2DM and its complications are a huge
burden for both patients and healthcare systems.
This phenotype makes vessels more susceptible to
diabetes and its complications [6]. Adipocytokines are
cytokines secreted by adipose tissue. These include
adiponectin and leptin, among others [7]. Adiponectin
primarilymodulates glucose regulation and fatty acid
catabolism [8]. Although adiponectin is produced in
adipose tissue, it reduces adiposity, and circulating
adiponectin levels are inversely related to body fat
percentage in adults, for which there are
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significantly increases after weight
loss [9]. Adiponectin protects against obesity, type 2
diabetes and atherosclerosis. The adiponectin gene
is located on human chromosome 3q27 [10], a region
that has been identified as a susceptibility locus for
metabolic syndrome and type 2 diabetes [11].

Low adiponectin is considered an independent risk
factor for the development of T2DM, dyslipidemia,
and cardiovascular disease [12]. Adipokine is known
to play a central role in obesity, insulin resistance,
and diabetes. Its expression is also found in
mononuclear leukocytes, macrophages, intestinal
epithelium, astrocytes, skeletal muscle cells, spleen
and bone marrow cells, and its levels are increased
in obesity and diabetes [13]. Leptin is a key hormone
that regulates energy intake. and costs in the control
of appetite and glucose metabolism [14]. It is mainly
secreted by adipocytes, and circulating levels of
leptin are directly proportional to the total amount
of fat in the body [15]. Deficiency of Leptin resistance
leads to uncontrolled food consumption, obesity
and diabetes. It can also cause atherosclerosis,
hypertension and coronary artery disease [16].

Adiponectin, together with leptin, has been shown
to completely reverse insulin resistance in mice [17].
Indus has a unique body structure characterized by
increased abdominal fat deposition despite a corre-
spondingly low body mass index [18]. Adiponectin
and leptin levels are correlated in type 2 diabetes
and obesity [19]. The discovery of early biochemical
changes associated with this stage of the disease is
important in identifying individuals at risk of devel-
oping DM andwhomay benefit from the intervention
programs described above [20].Adiponectin belongs
to the peptide hormones , which are secreted by
fat cells collectively as adipocytokines [21]. Serum
adiponectin levels and possibly the risk of developing
insulin resistance and subsequent disease outcomes
may also be influenced by single nucleotide poly-
morphisms (SNPs) in ADIPOQ, the gene that encodes
the protein adiponectin [22]. In this study, with this
background, one of the goals is to investigate the
genetic association of ADIPOQ gene variants with
type 2 diabetes and other clinical and anthropometric
studies.

Methodology
Patients with type 2 diabetes mellitus
It contained fifty patients with T2DM randomly
selected from the tertiary care referral hospital,
Medicine Out Patient Department in Dr. Susheela

Tiwari Government Hospital, Haldwani, Nainital,
Uttarakhand. Inclusion criteria for cases was, age
≥ 20 years of both genders diagnosed with T2DM,
Patients whowere diagnosed by specialist physicians
as having T2DM, fasting glucose level was > 126
mg/dl (7.0 mmol/l) with symptoms of T2DM. Patients
were excluded from this study, pregnant woman,
diagnosed with T1DM, under insulin treatment and
treated with antihyperlipidaemic medicines.

Healthy Controls
The control group contained fifty apparently healthy
individuals. Inclusion criteria for control was, age
≥ 20 years of both genders. They were selected
randomly from relatives of patients and other
volunteers. They were free from symptoms and
signs of any chronic diseases such as DM, cardiac
diseases, heart diseases, hypertension, renal diseases
or others. All cases completed detailed questionnaire
included the essential information, i.e., age, sex,
family history, medicine history and any other
relevant information. Weight, height and BMI were
measured for all participants and the BMI values
were calculated.

Biochemical measurements
Biochemical measurements including fasting: blood
sugar (FBS), total cholesterol, triglycerides, HDLc,
LDLc and VLDLc were achieved by spectrophotomet-
ric techniques with the use of enzymatic procedures.

Collection of Blood Samples

Fasting blood samples were collected from subjects’
antecubital median vein after an overnight fast
using disposable plastic syringes while observing all
aseptic precautions. To avoid hemolysis, the blood
was immediately transferred to a dry, clean plastic
tube with gentle pressure. Blood was collected in
EDTA vial (Levram Lifesciences Silvassa, India) from
both groups (Healthy Control and T2DM patients) for
molecular research studies. The research was done
in the Multidisciplinary Research Unit (DHR-ICMR,
New Delhi), Government Medical College, Haldwani,
Nainital, Uttarakhand, India

Genomic DNA Extraction

Genomic DNA was isolated from human blood
samples by using genomic DNA extraction kit (Gene-
JET Genomic DNA Purification Kit, Thermo Fisher
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Scientific, USA) as per the manufacturer’s instruc-
tions using centrifuged (Eppendorf 5424R, Germany).
After extraction, DNA samples (working) was stored
at 4◦C for 7 days before spectrophotometric (analysis
and then stored in a freezer at −20◦C (Vestfrost,
Denmark). DNA concentration and purity were
measured by ultraviolet (UV) spectrophotometry
using an Eppendorf Biospectrophotometer (Eppen-
dorf, Hamburg, Germany) using 1 µL of each sample.
The spectra were recorded wavelength range of 220–
830 nm.

DNA Integrity and Agarose gel electrophoresis

DNA was analyzed by agarose gel electrophoresis
(Bio-Rad Mini Gel Electrophoresis Unit, USA) using
0.8% agarose gel (Ameresco USA). Electrophoresis
was performed using 10X TBE Buffer (Tris-borate-
EDTA) (Thermo Scientific, USA) buffer containing
1 µg/ml of Ethidium Bromide (EtBr) (VWR Amresco
Life Science, USA) and a constant voltage of 100 V
for 50 min using PowerPac Universal (Bio-Rad
Laboratories, USA). The DNA bands were visualized
and images were acquired using Gel Doc XR+
Imaging system (Bio-Rad Laboratories, USA).

Polymerase Chain Reaction

Oligonucleotide primers were synthesized
(Eurofins Genomics India Pvt. Ltd., Kerala,
India), Oligonucleotide the forward primer, 5’-
ACTTGCCCTGCCTCTGTCTG-3’and the reverse
primer, 5’-CCTGGAGAACTGGAAGCTG-3’ (Khan et.
al., 2017). The primers for the PCR were as follow by
PCR master mixture was prepared. Reactions were
performed in a 25 µl volume containing 12.5 µl
of the DreamTaq PCR master mix (2x) Thermo
Fisher Scientific, USA (containing DreamTaq DNA
polymerase, 2X DreamTaq buffer, 0.4 mM of each
dNTP and 4 mM of MgCl2), 0.5 µl each of 10 ng/µl
forward and reverse primers (Eurofins Genomics
India Pvt Ltd, Kerala, India), 11 µl of nuclease free
water (Thermo Fisher Scientific, USA) and 0.5 µl
of positive controls or nuclease free water for no
template controls (NTC) per 25 µl of reaction mix in
0.2 ml flat cap PCR tubes (Axygen Scientific, USA).
PCR reaction conditions, after an initial step of 5
min at 94◦C, followed by 35 cycles of 30s at 94◦C,
30s at 58◦C, 30s at 72 ◦C, and a final extension step
at 72◦C for 7 min using the program temp control
Thermal cycler System (Applied Biosystems ProFlex

PCR System, USA). PCR products were verified
on 2% agarose gel (VWR Amresco Life Science,
USA) containing 10µg/ml EtBr and visualized by
using Gel Doc XR+ Imaging system. The PCR
products were digested with 10U of HhaI enzyme
(Thermo Scientific, USA), at 37◦C for overnight
using Bacteriological Incubator (MAC, India). The
restriction fragments of PCR products were separated
on a 2.5% agarose gel. 50bp DNA ladder (Thermo
Scientific, USA) was included in each run.

Results

Anthropometric and Clinical Characteristics

A total of 100 subjects were enrolled in this case-
control group (50 T2DM subjects and 50 healthy
controls). Age and sex were consistent between cases
and controls (p>0.05). The biochemical profiles
of both groups are shown in Table 1. Similarly,
biochemical parameters such as blood glucose,
HbA1c and SCr were also significantly increased
in T2DM cases compared with healthy controls
(p<0.001). In addition, a significant increase in
triglyceride and her VLDL levels was observed in
T2DM cases compared with healthy controls (p =
0.012 and p = 0.009, respectively). The levels of
circulatory adiponectin were significantly lower in
T2DM as compared to healthy controls (p=0.02),
shown in Serum leptin levels weremoderately higher
in the diabetic than those in the nondiabetic.

Genotypes and Alleles Distribution

An amplification product of a 250bp fragment of
the ADIPOQ rs266729 gene (Figure 1) was detected
for wild-type CC homozygotes (without the HhaI
restriction site). For the homozygous GG mutant
(presence of HhaI restriction site), 138 bp and 112
bp fragments were detected. The heterozygous CG
contained three fragments of 250 bp, 138 bp and 112
bp (Figure 2). The genotype and allele frequencies
of the ADIPOQ gene polymorphisms in the rs266729
promoter region in T2DM patients and healthy
controls are shown in Table 2. The frequencies of CC,
CG and GG genotypes of rs266729 were 60%, 32%
and 8% in T2DM cases and 60%, 34% and 6% in
healthy controls, respectively. The allele frequencies
of C and G were 76%, 24% in T2DM and 77%, 23% in
healthy controls. We also analyzed the predominant
genotype (CC vs. CG+GG) and found no significant
difference between T2DMcases and healthy controls.
Similarly, the recessive genotype (CG+CC vs GG)
showed no significant difference among T2DMs.
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Table 1: Clinical and anthropometric parameters of T2DM cases and control groups

Parameters Case (n=50) Control (n=50) P-value

AGE (years) 48.31±10.88 48.03±11.83 0.83

Gender (M/F) 32/18 29/21 0.28

BMI (kg/m2) 24.96±4.68 24.73±4.74 0.67

WC (cm) 95.13±7.32 96.57±8.58 0.34

WHR 0.99±0.06 0.95±0.06 <0.001*

SBP (mmHg) 140.75±26.65 114.45±7.52 <0.001*

DBP (mmHg) 82.39±15.67 70.21±8.69 <0.001*

FBS (mg/dl) 160.57±48.82 93.83±11.47 <0.001*

PPBS (mg/dl) 246.33±78.14 127.29±24.41 <0.001*

HbA1c (%) 8.01±2.09 5.30±0.72 <0.001*

Total Cholesterol (mg/dl) 166.82±46.22 157.73±46.27 0.09

Triglyceride (mg/dl) 167.80±58.81 148.35±68.36 0.009*

HDL (mg/dl) 37.39±10.48 38.91±11.34 0.34

LDL (mg/dl) 95.47±34.82 91.15±47.11 0.37

VLDL (mg/dl) 33.63±13.26 29.67±13.72 0.012*

Serum Creatinine (mg/dl) 2.27±1.39 0.91±0.25 <0.001*

Adiponectin (µg/ml) 1.89±0.92 2.22±1.68 0.02*

Leptin (µg/ml) 2.29±0.92 1.82±1.68 0.02*

Values are expressed as Mean ± Standard Deviation*Significant considered as P<0.05.
FBS: Fasting Blood Sugar, PPBS: Post-Prandial Blood Sugar, HbA1c: Glycated Haemoglobin, SBP: Systolic Blood Pressure, DBP: Diastolic
Blood Sugar, BMI: Body Mass Index, WC: Waist Circumference, TC: Total Cholesterol, TG: Triglyceride, HDL: High Density Lipoprotein,
LDL: Low-Density Lipoprotein, VLDL: Very Low-Density Lipoprotein

Table 2: The genotypes and allele distribution of adiponectin rs266729 gene polymorphism in case (T2DM) and
control groups

rs266729 Polymorphism Case
N (%)

Control
N (%)

P-value

Co dominant

CC 30 (60.0) 30 (60) -

CG 16 (32) 17 (34) 0.81

GG 4 (8) 3 (6) 0.21

Dominant

CC 30 (60.0) 30 (60) -

CG+GG 20 (40.0) 20 (40) 0.49

Discussion
SNP rs266729 showing adiponectin levels and
other biochemical parameters in patients from the
T2DM population. Serum adiponectin levels were
significantly lower in T2DM compared to healthy
controls. Serum adiponectin levels in T2DM patients
were lower than in healthy controls, and hypoad-
iponectinemia was strongly associated with T2DM,
insulin resistance, obesity, and other metabolic
diseases [23,24]. However, adiponectin in the ADIPOQ
gene transcript is negatively correlated with systole

and diastole. Adiponectin has a protective function
against the development of hypertension indepen-
dent of body fat distribution [25]. The ADIPOQ SNP,
rs266729, is associated with prediabetic risk in uni-
variate and multivariate models, further highlighting
its interim role [26]. Serum adiponectin is involved in
the pathogenesis of prediabetes, making it a potential
genetic marker for prediabetes in this area. It remains
possible to prevent the progression of prediabetes
to T2DM [27,28]. The total concentrations of serum
adiponectin while in human plasma, adiponectin
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Figure 1: Agarose gel electrophoresis (2% agarose gel)
showing fragment of 250 base pair PCR product detect in
Adiponectin gene variant rs266729 (-11377C/G); Lane 5:
100 bp DNA ladder; Lane 1 to Lane 8: 250 bp PCR product

Figure 2: Genotypingresult for adiponectin geneSNP
rs266729.Lane 5: 100 bp DNA ladder; GG genotype:
138/112bp, CC genotype: 250bp and CG genotype:
250/138/112bp

circulates in trimeric, hexameric and oligomeric
forms which might be responsible for adiponectin
insulin sensitizing effects [29]. This may be associated
with a decreased adverse effect on health because
higher waist circumference and central obesity
was identified as a higher risk for cardiovascular
diseases [30] and metabolic syndrome [31].Therefore,
the adiponectin gene alteration is one of the risk
factors for developing T2DM and ethnicity is a source
of variability in the effects of gene alteration. The
gene environment many genetic factors, including
the adiponectin gene, influence the occurrence of
T2DM. [32] Adiponectin gene is located in a region
which is identified as a susceptibility locus for
metabolic syndrome and T2DM. Adiponectin stages
have been substantially located to be lower while
as leptin and resistin is determined to be greater
amongst T2DM instances than controls. These
records indicate a possible function for the TG/GG
genotype in reducing serum adiponectin ranges and
in the risk of T2DM. Plasma adiponectin in topics
with TG and GG genotypes in the T2DM crew
used to be extensively lower than for these with
the TT genotype [33]. Adiponectin is an adipokine
with receptors expressed in the liver, muscle and
endothelium of blood vessels. It has an insulin-
sensitizing property and a necessary role in glucose
and lipidmetabolism [34]. Increasing ranges of plasma
adiponectin result in a sensitizing impact on insulin
motion and adiponectin concentrations limit in
sufferers with T2DM, obesity and cardiovascular
diseases [35]. The waist circumference, which is an
index of stomach obesity and visceral fats deposition
used to be extensively higher in the T2DM crew
than in the control group. Therefore, elevated blood
glucose ranges in T2DM may additionally be due to
impaired insulin action with diminished adiponectin
stage is positively related to HDLC stages and might
also be protecting in opposition to cardiovascular
diseases. The serum adiponectin level has a sizeable
high-quality relationship with in nondiabetic topics
but not in diabetic patients.

The adiponectin-coding gene is positioned on chro-
mosome 3q27.3, a genomic area recognized as a sus-
ceptibility locus for T2DM [36]. So many genetic and
environmental elements might also be implicated
to recapitulate the influence of the allele. The G
allele of SNP in adiponectin gene has an affiliation
with obesity, insulin resistance and T2D in quite a
few populations [37]. In weight problems the mRNA
expression of adiponectin in adipocyte is lowered
and low serum adiponectin ranges are associated to
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excessive incidence of T2DM. The low adiponectin
degree may additionally beautify the formation of
small dense LDL particles, which are most damaging
in vessels and normal in insulin resistance. It is
feasible that adiponectin can also have a direct
position on HDL catabolism. It has been stated that
adiponectin deficiency may additionally impair the
HDL synthesis in the liver [38]. The current case
manipulates learn about has some strengths, bound-
aries and this is the first North Indian find out about
that presents the statistics on the genetic affiliation
between ADIPOQ variations and susceptibility closer
to weight problems and metabolic syndrome risk.
The find out about gathered the enough information
related to the food regimen patterns and life-style
behaviors which may want to act as attainable
confounding elements in the sickness improvement
and similarly worried in figuring out the gene-
environment interactions. Some lookup businesses
additionally determined comparable frequencies of
CC, CG and GG genotype as properly C and G
allele [39].

Conclusion
These differences had been impartial of age, gender,
BMI and WC of the subjects. There had been no
great association of CC, CG genotype and CG allele
frequencies of the rs266729 with T2DM cases as
compared to wholesome controls. However, it was
once located that GG genotype of rs266729 has
massive have an effect on circulatory adiponectin
stages in T2DM cases. Further research is needed
to entirely inspect the different polymorphisms
of the adiponectin gene in T2DM, mechanisms
underlying T2DM, identification of new biological
molecules for newer therapeutic retailers for the
management of T2DM and discover the outcomes
of gene interactions, environmental elements and
person genetic background and by the support of
Doctor, Medical officer, NGO and community wise
local health officer people should be aware of the
risks of T2DM.
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