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Summary 
Background: Till to date whether adiponectin AdipoQ gene
variation (rs 1501299) is associated with cardiovascular
disease, still remains controversial. Therefore, we aimed to
relate the SNP (rs1501299) of adiponectin gene and
oxidative stress in context to CVD in Punjabi women of
North West India. 
Methods: In the present case-control study menopausal
women with CVD as cases (n=265) and menopausal
women without CVD as controls (n=258) were recruited.
Genotyping of rs1501299 single nucleotide polymorphism
of adiponectin gene was carried out by RFLP-PCR analysis.
Biochemical parameters were analyzed according to the
standard procedures. 
Results: Distribution of homozygous TT genotype of nor-
molipidemic (p=0.001) and hyperlipidemic (p=0.001)
women with CVD was significantly more frequent as com-
pared to women without CVD. rs1501299 T allele carriers
with CVD also showed significant (p=0.001) higher fre-
quency distribution as compared to women without CVD.
Under recessive model of inheritance TT mutant type
homozygotes conferred  9 fold higher risk p=0.001;
OR= 9.60 (2.92–31.58) towards CVD susceptibility for
MDA>1.50;  11 fold higher risk p=0.007; OR= 11.11

Kratak sadr`aj
Uvod: Do dana{njih dana jo{ uvek je nejasno da li su pro -
mene adiponektin AdipoQ gena (rs 1501299) udru`ene sa
kardiovaskularnim oboljenjem. Iz toga razloga ispitivan je
odnos SNP (rs1501299) adiponektin gena i oksidativnog
stresa u vezi sa kardiovaskulanim oboljenjem (CVD) u `ena
iz Pend`aba u Severozapadnoj Indiji.
Metode: U ovom kontrolisanom ispitivanju obuhva}ene su
`ene u menopauzi sa CVD (n = 265) i `ene u menopauzi
bez CVD kao kontrole (n = 258). Genotipizacija
rs1501299 nukleotidnog polimorfizma adiponektin gena
izvo|ena je primenom RFLP-PCR analize. Biohemijskim
parametri odre|ivani su pomo}u standardnih procedura.
Rezultati: Raspodela homozigota TT genotipa normo lipi -
de mijskih (p = 0,001) i hiperlipidemijskih (p = 0,001)
`ena sa CVD bila je mnogo zna~ajnija u pore|enju sa `e -
nama bez CVD. rs1501299 nosioci alela sa CVD pokazali
su tako|e zna~ajno (p = 0,001) vi{u raspodelu frekvencije
u pore|enju sa `enama bez CVD. Recesevni model nasle -
|ivanja TT mutiranog tipa homozigota pokazao je 9 puta
vi{i rizik p = 0,001; OR = 9.69 (2,92–31,58) prema
CVD osetljivosti za MDA>1,50; -11 puta vi{i rizik p =
0,007; OR = 11,11 (1,49–82,83) prema CVD za LDL
karbonil protein > 15,04 i ∼ 9 puta ve}i rizik p = 0,001;
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Introduction 

Cardiovascular disease (CVD) constitutes a
major health problem in many parts of the world and
is an important cause of morbidity and mortality. CVD
is a multifactorial disease as both genetic and envi-
ronmental factors contribute to its aetiology. In 2013,
the leading cause of death in women  65 years of
age was diseases of heart. Cardiovascular disease was
the cause of death in 398086 females. Age – adjust-
ed death rates for females were 1 in 3.2 females for
CVD (1). INTERHEART and INTERSTROKE studies
have reported that the associated risk factors with
CVD are as important in India as in other populations
of the world (2). In today’s society where women play
multiple roles as caregivers, homemakers and bread-
winners, unhealthy life style practices, lack of exer-
cise, consumption of fat rich diet and chronic low
level stress may contribute to risk factors leading to
CVD. Moreover, cardiovascular disease becomes
more apparent in women at menopause. However, in
addition to modifiable risk factors, genetic factors can
also predispose individuals to CVD. 

Adiponectin is a polypeptide hormone that is
produced and secreted into the blood by mature
adipocytes. Adiponectin influences a number of
metabolic processes particularly glucose and fatty
acid metabolism in the liver and muscles. It plays an
important role in anti-inflammatory, antiatherosclerot-
ic and insulin-sensitizing activities (3). Human
adiponectin gene referred as AdipoQ previously
called Acrp 30 (adipocyte complement-related pro-
tein of 30kDa), APM1 (adipose most abundant gene
transcript) and GBP28 (gelatin binding protein of
28kDa) is located in chromosome 3q27, has a struc-
tural homology with collagen VII and IX, complement
factor CIq and TNF family (4). The most extensively
studied polymorphism within the adiponectin gene is
ADIPOQ +276G>T (rs1501299) variant located in
intron 2, and is a result of a G to T substitution (5).
The variants of AdipoQ gene were found to be asso-
ciated with obesity, metabolic syndrome markers and
cardiovascular disease (6, 7).

Only a few previous studies have explored the
association of AdipoQ (rs1501299) polymorphism

and the concomitant presence of cardiovascular dis-
ease with nearly no reports from Northern Punjabi
population of India particularly in women at
menopausal age. Studies have also showed associa-
tion of AdipoQ polymorphism with Type 2 Diabetes
(8, 9). Moreover, the overall reported associations of
these polymorphism and cardio metabolic disease
have been diverse. The small numbers and varying
populations may account for the controversial results.
Thus, the present study was proposed with a hypoth-
esis that rs1501299 variation in AdipoQ gene is
among the genetic factor predisposing the female
menopausal population of Punjab to CVD. Meno -
pausal women were the choice for the subjects in the
present study because at this stage many hormonal
variations such as, decline in the estrogen levels
occur, which may cause imbalance in the oxidative
processes and also may increase the risk of metabolic
diseases. We also aimed to relate the soundly studied
SNP (rs1501299) adiponectin gene polymorphism
with oxidative stress in context to CVD in Punjabi
women of North West India.

Materials and Methods

Study population

In the present case-control study 265 meno -
pausal women with CVD as cases (mean age 44±4
years) and 258 menopausal women without CVD as
controls (mean age 45±4 years) were recruited.
Cases from in-patient and out-patient Department of
Medicine of Sri Guru Ram Das Institute of Medical
Sciences and Research, Amritsar, Punjab (India) were
enrolled. The diagnosis of cardiovascular disease of
the patient was made by the physician on the basis of
history, clinical symptoms, supportive by documented
ECG findings and angiography (where ever required
for the diagnosis). Menopausal women from general
population having no evidence of CVD or any past
history of the disease were considered as controls. 

For the entire participants face-to-face interview
using a standard questionnaire was followed which
included written informed consent of all the partici-
pants taken before sampling and detailed clinical his-

(1.49–82.83) towards CVD for LDL carbonyl pro-
tein>15.04 and  9 fold higher risk p=0.001; OR= 9.75
(2.30–41.22) towards CVD susceptibility for SOD≤5.55.
Under logistic regression analysis oxidative stress and TT
genotype were significantly correlated with CVD. 
Conclusions: Our study revealed significant association of
AdipoQ (rs1501299) gene polymorphism and oxidative
stress with cardiovascular disease in Punjabi women of
North West India. However, additional studies are required
to support these findings. 

Keywords: AdipoQ gene, cardiovascular disease, MDA,
SOD

OR = 9,75 (2,30–41,22) prema CVD osetljivosti za SOD
5,55. Ispod logisti~ke regresione analize oksidativni stres i
TT genotip bili su u zna~ajnoj korelaciji sa CVD. 
Zaklju~ak: Ispitivanje je pokazalo zna~ajnu vezu genskog
polimorfizma AdipoQ (rs1501299) i oksidativnog stresa sa
kardiovaskularnim oboljenjem u Severnozapadnih indijskih
Pend`abskih `ena. Me|utim, neophodna su i dodatna ispi -
ti vanja kako bi se ove ~injenice potvrdile.

Klju~ne re~i: AdipoQ gen, kardiovaskularno oboljenje,
MDA, SOD
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tory including general, physical and systemic exami-
nation. The study was approved by the institutional
ethics committee. 

Inclusion criteria: All menopausal women were
included (both natural and surgically induced
menopause). Initially, a pilot study of 50 subjects was
done to compare the levels of prooxidants, antioxi-
dants, and lipid profile between natural menopausal
women and surgically induced menopausal women.
No difference in the levels was observed. Therefore,
we combined both the groups as a whole emphasiz-
ing the comparison only between menopausal
women with CVD and menopausal women without
CVD. Both the groups were matched for the age at
menopause.

Exclusion criteria: Women suffering from any
chronic disease, acute infections and renal disease
were excluded. Women on hormonal therapy, any
antioxidant supplements and lipid lowering drugs at
the time of sampling were also excluded from the
study for both the groups. 

Biochemical analysis

Venous blood samples (6 mL) of all menopausal
women with and without CVD were collected after
12-hr overnight fasting under aseptic conditions and
were divided into two parts. The blood sample was
then centrifuged at 3000 rpm for 15 minutes to
obtain a clear serum sample. With the first part (4
mL) biochemical parameters were analyzed. Lipid
profile such as serum total cholesterol (TC), triglyc-
erides (TG) and high density lipoprotein-cholesterol
(HDL-C) were performed by enzymatic methods.
(ERBA kits from Transasia Bio-medicals Ltd., Solan,
India) Friedewald formula (10) was used to calculate
low density lipoprotein-cholesterol (LDL-C) and very
low density lipoprotein-cholesterol (VLDL-C). Serum
malondialdehyde (MDA) (Method of Buege and Aust,
1978) (11), LDL carbonyl protein (12) and superox-
ide dismutase (SOD) (Nandi and Chatterjee, 1998)
(13) were estimated as markers of oxidative stress.

Genotyping

With the second part of blood sample (EDTA, 2
mL) genomic DNA was isolated from intravenous
blood by salt precipitation method (14). Quality of the
genomic DNA was checked by agarose gel elec-
trophoresis and quantification of the genomic DNA
was done with the help of UV spectrophotometer. The
primers were designed by using Software Primer3
(http://simgene.com/primer3). The primers used to
amplify were: Forward Primer: 5’-CCTGGTGA-
GAAGGGTGAGAA-3’. Reverse primer: 5’-AGAT-
GCAGCAAAGCCAAAGT-3’. The PCR cycle involved
initial denaturation at 95 °C for 5 minutes followed by
35 cycles of denaturation at 94 °C for 45 seconds,

annealing at 50 °C for 45 seconds, primer extension
at 72 °C for 45 seconds and final primer extension at
72 °C for 5 minutes. Genotyping of rs1501299 poly-
morphism in the AdipoQ gene was done by polyme -
rase chain reaction (PCR) – based Restriction Frag -
ment Length Polymorphism (RFLP). For validation of
this method positive and negative controls were used
for every set of reactions. The AdipoQ gene polymor-
phism with respect to Bsm1 recognition sequence is
due to guanidine to thymine base pair change which
results in loss of Bsm1 restriction site. In case of the
presence of Bsm1 cutting site, the amplified DNA
fragment was digested (at 60 °C for 90 minutes) into
two fragments of 148bp and 93bp which represented
homozygous wild (GG) type, uncut single band of
241bp as homozygous mutant (TT) type and three
bands of 241bp, 148bp and 93bp as heterozygous
(GT) type. The digested amplicons were elec-
trophoresed on 2% agarose gel stained with ethidium
bromide to detect the presence/absence of mutation.

Statistical analysis

The statistical analysis was performed using
Statistical Package for Social Science program (ver-
sion 16.0; SPSS Inc., Chicago, IL). Power of the study
was calculated by CaTS power calculator (15) and
was observed to be more than 80%. For the analysis
of MDA, LDL carbonyl protein and SOD levels cut offs
were calculated by ROC (Receiving operating charac-
teristic) curves considering sensitivity range as 85–
90% and specificity range as 60–90%. The cut off
values for MDA, LDL carbonyl protein and SOD were
≤ 1.50 nmol/mL, ≤ 15.04 nmol/mL and > 5.55
units/mL respectively. The area under the ROC curve
between 0.8 and 0.9 suggested good precision of
diagnostic test (Figure 1). For normal distribution of
the data, the normality test was done by Kolmogorov
– Smirnov test. The variables not normally distributed
(skewed) were log transformed. The continuous data
is expressed as mean ± standard deviation (SD).
Student’s t-test was used to calculate the mean differ-
ence between the continuous variables of the two
groups. The significant cut-off has been taken as
p<0.006 after Bonferroni correction. For data not
corrected for Bonferroni, p<0.05 is considered to be
significant. Frequencies of genotype and allele in
cases and controls were compared using Chi-square
(c2) test. Odds ratio (OR) at 95 % confidence interval
(CI) were calculated to estimate the risk/protection of
AdipoQ gene for disease etiology. Logistic regression
analysis was performed to determine the risk factors
for CVD. 

Results  

As shown in Figure 1 the calculated AUC for all
the three parameters i.e. MDA, LDL carbonyl protein
and SOD, as a single parameter indicated its good
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clinical precision for oxidative stress. For MDA AUC
(95%CI) = 0.842 (0.809 – 0.815); SE= 0.017;
p<0.001; sensitivity = 85.7% and 1-specificity =
61.2%. Similarly for LDL carbonyl protein AUC
(95%CI) = 0.959 (0.945 - 0.973); SE= 0.007;
p=0.0001; sensitivity = 90.2% and 1-specificity =
84.5%. And for SOD AUC (95%CI) = 0.850 (0.816
- 0.883); SE= 0.017; p=0.0001; sensitivity =
85.3% and 1-specificity = 66.9%.

Results presented in Table I revealed significant
increase (p<0.006) in the levels of Total Cholesterol,
Triglycerides, VLDL-C and LDL-C in women with
CVD. A significant decrease (p<0.006) in the levels
of HDL-C were also observed in women with CVD as
compared to women without CVD. Similarly, a
marked rise (p<0.006) in the prooxidants level such
as MDA and LDL carbonyl protein and a sharp
decline (p<0.006) in the antioxidant levels of SOD
was observed in CVD group as compared to women
without CVD.

As shown in Table II distribution of homozygous
TT genotype was quite higher among cases (20.4%)
than among controls (2.7%). The comparison of fre-
quency distribution of alleles and genotypes of
AdipoQ (rs1501299) polymorphism in women of
Punjab showed that the frequency of minor T allele
was also found to be higher in cases (35.5%) than in
controls (29.5%). Statistical significant difference
(p<0.05) was observed in the distribution of allele
(p=0.04) as well as genotypes (p=0.001) with T
allele conferring risk towards CVD susceptibility.

Under recessive model (TT vs GT+GG) analysis
TT homozygotes provided significant (p=0.001) risk
∼9 folds towards CVD predisposition. Dominant
model (GT+TT vs GG) revealed no significant differ-
ence (p=0.228) in the distribution while, co-domi-
nant model (GT vs GG+TT) provided protection
(p=0.001) for CVD when women with and without
CVD were compared.

Analysis of AdipoQ (rs1501299) polymorphism
for distribution of genotype and allele frequencies was
further categorized into normolipidemics and hyper-
lipidemics according to the lipidemic status. The cri-
terion for labeling the subjects under the category of
normolipidemics and hyperlipidemics was taken
according to the levels recommended in National
Cholesterol Education Program (NCEP) ATP III guide-
lines (16). 

The frequency of risk T allele in normolipidemic
cases was observed to be significantly (p=0.008)
more (40.4%) than in normolipidemic controls
(28.5%). Recessive model (TT vs GT+GG) analysis
showed ∼ 11 fold high risk (p=0.001) towards CVD
predisposition where as codominant model (GT vs
GG + TT) revealed protection (p=0.005) for CVD.
On the contrary dominant model (GT +TT vs GG)
revealed insignificant difference (p=0.819) when
cases were compared with controls. 

Significant difference (p<0.05) was also
observed in the frequency distribution of genotype
(p=0.001) among hyperlipidemic cases and controls.
Recessive model (TT vs GT+GG) analysis revealed
∼8 fold increased risk (p=0.001) towards CVD sus-
ceptibility and codominant model (GT vs GG+TT)
revealed protection towards CVD (p=0.001).
However, dominant model (GT + TT vs GG) revealed
insignificant difference (p=0.071) when hyperlipi-
demic cases were compared with that of controls.

The subjects were further categorized according
to the cut offs for the variables of oxidative stress that
is MDA, LDL carbonyl protein and SOD. The compar-
ison of frequency distribution of allele and genotypes
among the total women with and without CVD for
MDA>1.50 in Table III revealed that minor T allele
frequency was significantly (p=0.030) more (36.6%)
in cases than in controls (27.5 %). Under recessive
model (TT vs GT+GG) T allele carriers conferred
9∼10 folds high risk (p=0.001) towards CVD sus-

Figure 1 ROC curves of MDA, LDL carbonyl protein and SOD.
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Women with CVD
(n=265)

Women without CVD 
(n=258) p value

Range Mean ± SD Range Mean ± SD

Total Cholesterol (mmol/L) 3.80 – 9.11 5.80 ± 1.14 3.67 – 7.12 5.29 ± 0.83 0.0001*

Triglycerides (mmol/L) 1.26 – 4.49 2.10 ± 0.29 1.0 – 3.18 1.79 ± 0.20 0.0001*

VLDL-C (mmol/L) 0.24 – 0.89 0.40 ± 0.06 0.20 – 0.63 0.34 ± 0.04 0.0001*

LDL-C (mmol/L) 2.09 – 7.04 3.91± 1.03 2.04 – 5.12 3.24 ± 0.69 0.0001*

HDL-C (mmol/L) 0.46 – 1.29 0.92 ± 0.18 0.72 – 1.70 1.20 ± 0.16 0.0001*

MDA (nmol/mL) 1.01 – 3.83 2.18 ± 0.60 1.0 – 3.3 1.41 ± 0.2 0.0001*

LDL carbonyl content
(nmol/mL) 10.68 – 39.18 24.87 ± 7.00 6.0 – 26.3 10.71 ± 1.75 0.0001*

SOD (units/mL) 1.0 – 12.9 2.75 ± 1.2 2.0 – 15 7.00 ± 2.79 0.0001*

*p<0.006 after Bonferroni correction was considered statistically significant.
Comparison of lipid profile, prooxidants and antioxidant variables were done using independent t test. Results expressed as Mean ±
SD (Standard Deviation). Normality test was done by Kolmogorov – Smirnov. Variables not normally distributed (skewed) were log
transformed. VLDL-C, very low density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipopro-
tein- cholesterol; MDA, malondialdehyde; SOD, superoxide dismutase.

Table I Comparison of clinical characteristics among women with and without CVD.

Subjects
Variables

Table II Genotype and allele frequency distribution of AdipoQ (rs1501299) polymorphism in women with and without CVD. 

*p<0.05 is statistically significant  

Genotype/
allele frequency Total women Normolipidemic women Hyperlipidemic women

With CVD 
n = 265

Without CVD 
n = 258

With CVD 
n = 99

Without CVD 
n = 142

With CVD 
n = 166 

Without CVD 
n = 116

GG 49.4 43.8 43.5 45.8 53.0 41.4

GT 30.2 53.5 32.3 51.4 29.0 56.0

TT 20.4 2.7 24.2 2.8 18.0 2.6

p = 0.001* p = 0.001* p = 0.001*

G 64.5 70.5 59.6 71.5 67.5 69.4

T 35.5 29.5 40.4 28.5 32.5 30.6

GT+TT
Dominant model 
(GT+TT vs GG)

50.6       56.2
p = 0.228

OR = 0.79 (0.56–1.12)

56.5      54.2
p = 0.819

OR = 1.09 (0.65–1.84)

47.0       58.6
p = 0.071

OR = 0.62 (0.38–1.01)

GT+GG
Recessive model
(TT vs GT+GG)

79.6       97.3
p = 0.001*

OR = 9.17 (4.08–20.59)

75.8       97.2
p = 0.001*

OR = 11.04 (3.69–33.01)

82.0       97.4
p = 0.001*

OR = 8.30 (2.47–27.9)

GG+TT
Co-dominant model
(GT vs GG+TT)

69.8       46.5
p = 0.001*

OR = 0.37 (0.26–0.53)

67.7      48.6
p = 0.005*

OR = 0.45 (0.26–0.77)

71.0       44.0
p = 0.001*

OR = 0.31 (0.19–0.52)*

p = 0.041*     
OR = 1.31 (1.01–1.70)

p = 0.008* 
OR = 1.69 (1.15–2.49) 

p = 0.695
OR = 1.09 (0.76–1.57)
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ceptibility and codominant model provided protection
(p=0.001) for CVD in women with MDA >1.50. On
the contrary, dominant model (GT +TT vs GG)
revealed insignificant difference (p=0.859) on com-
parison between cases and controls.

For LDL carbonyl protein>15.04 under recessive
model (TT vs GT+GG) analysis TT genotype conferred
∼11 fold high risk (p=0.007) towards CVD suscepti-
bility and GT genotype provided protection (p=0.001)
for CVD when cases were compared with controls. On
the contrary, dominant model (GT +TT vs GG) analy-

sis revealed insignificant difference (p=0.494) on
comparison between cases and controls. 

Comparison between the subjects with and with-
out CVD revealed that T allele carriers of recessive
model (TT vs GT+GG) conferred 9∼10 folds high
risk towards CVD susceptibility (p=0.001). Co -
dominant model (GT vs GG+TT) provided protection
for CVD (p=0.001) and dominant model (GT+TT vs
GG) showed insignificant difference (p=0.652)
among the subjects with SOD≤5.55.

Table III Stratified analysis of AdipoQ (rs1501299) genotypes with oxidative stress in women with and without CVD.

*p<0.05 was considered statistically significant
DM: dominant model; RM: recessive model; CDM: co-dominant model

Genotypes/
Allele/
Models

With CVD  
n (%)

Without  
CVD 
n (%)

p value OR (95% CI)

MDA 
(nmol/mL) >1.50

GG 113 (49.8) 48 (48) 0.001*

GT 62 (27.3) 49 (49)

TT 52 (22.9) 03 (3)

G 288 (63.4) 145 (72.5) 0.030* 1.52 (1.05–2.18)

T 166 (36.6) 55 (27.5)

DM 0.859 0.93 (0.58–1.49)

RM 0.001* 9.60 (2.92–31.58)

CDM 0.001* 0.39 (0.23–0.63)

LDL carbonyl
protein
(nmol/mL)

>15.04

GG 113 (47.3) 16 (40) 0.001*

GT 73 (30.5) 23 (57.5)

TT 53 (22.2) 01 (2.5)

G 299 (62.6) 55 (68.8) 0.347 1.31 (0.79–2.18)

T 179 (37.4) 25 (31.2)

DM 0.494 0.74 (0.37–1.47)

RM 0.007* 11.11 (1.49–82.83)

CDM 0.001* 0.32 (0.16–0.64)

SOD
(units/mL)

≤ 5.55

GG 112 (49.6) 39 (45.9) 0.001*

GT 71 (31.4) 44 (51.8)

TT 43 (19) 02 (2.3)

G 295 (65.3) 122 (71.8) 0.149 1.35 (0.91–1.99)

T 157 (34.7) 48 (28.2)

DM 0.652 0.86 (0.52–1.42)

RM 0.001* 9.75 (2.30–41.22)

CDM 0.001* 0.42 (0.25–0.71)

> 5.55

GG 19 (48.8) 74 (42.8) 0.001*

GT 09 (23.0) 94 (54.3)

TT 11 (28.2) 05 (2.9)

G 47 (60.3) 242 (70) 0.127 1.53 (0.92–2.55)

T 31 (39.7) 104 (30)

DM 0.619 0.78 (0.39–1.57)

RM 0.001* 13.20 (4.26–40.88)

CDM 0.001* 0.25 (0.11–0.56)

Variables
Subjects



For SOD>5.55, under recessive model (TT vs
GT+GG) analysis T allele carriers conferred ∼13 fold
increased risk towards CVD predisposition (p=0.001)
and codominant model (GT vs GG+TT) analysis pro-
vided protection for CVD (p=0.001). However, dom-
inant model (GT+TT vs GG) analysis revealed no sta-
tistical significant difference (p=0.619) among the
women with and without CVD for SOD>5.55.

When these subjects were further categorized
into normolipidemics and hyperlipidemics (Table IV),
stratified analysis of AdipoQ (rs1501299) revealed
significant difference for both normolipidemic
(p=0.003) and hyperlipidemic (p=0.002) TT geno-
types as compared to GG and GT genotypes with
CVD for MDA >1.50 when cases were compared
with control. 
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Table IV Stratified analysis of AdipoQ (rs1501299) genotypes with oxidative stress in normolipidemic and hyperlipidemic
women with and without CVD.

*p<0.05 was considered statistically significant
DM: dominant model; RM: recessive model; CDM: co-dominant model

Genotypes/
Allele/
Models

Normolipidemic Women Hyperlipidemic Women

With CVD
n (%)

Without CVD
n (%)

With CVD
n (%)

Without CVD
n (%)

MDA
(nmol/mL) >1.50

GG 38 (43.7) 25 (48) 75 (53.6) 23 (48)

GT 25 (28.7) 25 (48) 37 (26.4) 24 (50)

TT 24 (27.6) 02 (4) 28 (20.0) 01 (2)

p = 0.003* p = 0.002*

G 101 (58) 75 (72.1) 187 (66.8) 70 (72.9)

T 73 (42) 29 (27.9) 93 (33.2) 26 (27.1)

p = 0.026*
OR = 1.87 (1.10–3.15)

p = 0.323
OR = 1.33 (0.80–2.24)

LDL carbonyl 
protein 
(nmol/mL)

>15.04

GG 41 (42.7) 07 (41.2) 72 (50.3) 09 (39.1)

GT 31 (32.3) 10 (58.8) 42 (29.4) 13 (56.6)

TT 24 (25.0) 00 29 (20.3) 01 (4.3) 

p = 0.071 p = 0.052

G 113 (58.9) 24 (70.6) 186 (65.0) 31(67.4)

T 79 (41.1) 10 (29.4) 100 (35.0) 15 (32.6)

p = 0.271
OR = 1.67 (0.76–3.70)

p = 0.885
OR = 1.11 (0.57–2.15)

SOD
(units/mL)

≤5.55

GG 36 (42.4) 22 (47.8) 76 (53.9) 17 (43.6)

GT 29 (34.1) 23 (50) 42 (29.8) 21 (53.8)

TT 20 (23.5) 01 (2.2) 23 (16.3) 01 (2.6)

p = 0.012* p = 0.016*

G 101 (59.4) 67 (72.8) 194 (68.8) 55 (70.5)

T 69 (40.6) 25 (27.2) 88 (31.2) 23 (29.5)

p = 0.042*
OR = 1.35 (0.91–1.99)

p = 0.878
OR = 1.08 (0.62–1.87)

>5.55

GG 07 (50) 43 (44.8) 12 (48) 31 (40.3)

GT 03 (21.4) 50 (52.1) 06 (24) 44 (57.1)

TT 04 (28.6) 03 (3.1) 07 (28) 02 (2.6)

p = 0.005* p = 0.001*

G 17 (60.7) 136 (70.8) 30 (60) 106 (68.8)

T 11 (39.3) 56 (29.2) 20 (40) 48 (31.2)

p = 0.385
OR = 1.57 (0.69–3.56)

p = 0.327
OR = 1.47 (0.76–2.85)   

Variables

Subjects



Insignificant difference was observed among the
genotypes with LDL carbonyl protein >15.04 when
cases were compared with controls for both nor-
molipidemics and hyperlipidemics.

Significant difference was observed among nor-
molipidemic (p=0.012) as well as hyperlipidemic
(p=0.016) genotypes for SOD≤ 5.55. Similarly, sig-
nificant difference was also observed among nor-
molipidemic (p=0.005) as well as hyperlipidemic
(p=0.001) genotypes for SOD>5.55 when cases
were compared with controls.

Logistic regression analysis was further per-
formed to understand the potential association of var-
ious risk factors with CVD as dependant variable. As
shown in Table V after applying logistic regression it
has been observed that MDA, LDL carbonyl protein
and SOD were strongly correlated with CVD after
adjusting for menopausal age, BMI, WC and WHR.
TT homozygotes for AdipoQ (rs1501299) gene poly-
morphism also conferred ∼5 fold increase of cardio-
vascular risk. However, heterozygosity at AdipoQ
(1501299) gene polymorphism provided protection
for CVD. Whereas, rs 1501299 was not associated
with CVD in homozygote GG model.

Discussion

Lipid peroxidation and LDL oxidation induced by
the reactive oxygen species are the early event in ath-
erosclerotic lesion formation (17). Malondialdehyde
(MDA) which is one of the products of lipid peroxida-
tion has been the most extensively studied marker. Its
increased level marks the index of assessing oxidative
stress (18). Accordingly, significant difference in the
mean levels of MDA as a marker of oxidative modifi-
cation in lipid was observed, when cases were com-
pared to that of controls in the present study.

Similarly, significant increased levels of MDA were
also observed by Sowmya et al. (19). Another study
by Bhargava et al. (20) reported increased levels of
MDA in patients with CAD and CVD with hyperhomo-
cystenemia. Similarly, in our previous report, we had
observed increased levels of MDA in menopausal
women suffering from CVD (21). On the contrary,
Lopes et al. (22) observed no difference in the con-
centration of MDA between atherosclerotic subjects
and controls. 

For another studied prooxidant LDL carbonyl
protein, significant difference in the mean levels was
again observed in subjects with CVD as compared to
subjects without CVD. Similarly, increased levels of
carbonyl protein were also observed in the patients of
CVD in our earlier reported study (21) and in a study
conducted by Lopes et al. (22). In another study by
Jawalekar et al. (23) increase in protein carbonyl in
red cell extract in the patients with IHD, HTN and
cerebrovascular disease as compared to the healthy
controls were reported. This suggests that elevated
levels of protein carbonyls might be associated with
clinical complications. 

Extracellular SOD (ec-SOD) is a secretary glyco-
protein and a powerful antioxidant whose levels are
found high in blood vessels so as to suppress oxida-
tive stress under normal conditions. The present study
findings substantiate this theory since it was found
that increased lipid peroxidation was associated with
decreased activity of the endogenous antioxidant
enzyme SOD. Present study revealed decreased
mean levels of SOD in the subjects with CVD as com-
pared to subjects without CVD. This decrease in SOD
activity may be due to the effect of increased oxygen-
derived free radicals on SOD. Because, superoxide
anion which is the main oxygen species reacts with
nitric oxide radical forming peroxynitrite – a free rad-
ical, causing oxidative stress and cellular damage.
Gumanova et al. (24) in their study found that higher
levels of NO are significantly associated with coronary
lesions though, some studies reported increased
activity of SOD in ischemic heart disease patients
(25). On the other hand, other studies similar to our
study revealed decreased activity of SOD (19, 21,
26). 

The comparison of allele frequency for AdipoQ
(1501299) polymorphism with other world popula-
tions revealed that in the present Punjabi population,
minor allele frequency (MAF) for AdipoQ gene report-
ed was quite similar (29.5%) to that reported in
Japanese population (29.7%) (27); Greek women
(28%) (28); and in Chinese adolescents (30.6%)
(29). Under recessive model analysis TT genotype of
AdipoQ (rs1501299) polymorphism provided a sig-
nificant risk ∼9 folds towards CVD predisposition. 

In the present studied population with CVD, the
frequency of T allele carrier was more as compare to
subjects without CVD. Similar, to the present study
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Table V Logistic regression analysis of women with CVD
and associated risk factors.

*p<0.05 for MDA, LDL carbonyl protein and SOD after adjusting
for confounding factors such as menopausal age, BMI, WC and
WHR. Normality test was done by Kolmo gorov – Smirnov.
Variables not normally distributed (skewed) were log transformed.

Variables p value Odds Ratio 
(OR) 95% CI

MDA 0.001* 4.10 2.12 – 7.93

LDL carbonyl 
protein 0.001* 21.82 11.37 – 41.85

SOD 0.001* 11.77 7.63 – 18.17

TT genotype
(rs1501299) 0.013* 5.22 1.41 – 19.32

GT genotype
(rs1501299) 0.001* 0.29 0.14 – 0.58

GG genotype
(rs1501299) 0.056 1.80 0.98 – 3.30



Fillipi et al (30) observed increased risk of CAD with
T allele in Italian population. Study by Ghattas et al.
(31), also indicated that TT genotype of AdipoQ
(rs1501299) polymorphism was associated with
increased risk of CAD in Egyptian population. In
another study by Tong et al. (32) on Chinese popula-
tion the AdipoQ (rs1501299) variant was also posi-
tively related with an increased risk of CAD. Moham -
madzadeh et al. (33) revealed on their studied
population of Iranians that both GT and TT genotype
along with T allele of SNP rs1501299 were related
to increased risk of CAD. Furthermore, they also
observed that frequency of T allele in female CAD
patients was significantly more than that of control
subjects. On the contrary, Qi et al. (34) reported that
rs1501299 was significantly associated with a ∼45%
decreased CVD risk in females from Nurses’ Health
Study. Decreased risk in homozygous carriers of T
allele compared with carriers of G allele was also
observed in Caucasian population by Bacci et al.
(35).

Associations of various candidate genes with
predisposition to CVD have been extensively reported
and polymorphism at multiple genes has been cou-
pled with differential effects of lipid metabolism with
this disease (21). Adiponectin attenuates expression
of class A scavenger receptor in human macrophages
and inhibits transformation of macrophages to foam
cells (36). The modified LDL particles do not bind
readily to the endogenous LDL receptor and are
therefore not cleared from the circulation by this
mechanism. They enter the arterial intima more easily
and are more easily oxidized, probably because they
contain less antioxidant protection. Oxidized LDL
consists of numerous modified lipid and protein mol-
ecules. They are thus, taken up by the macrophage
scavenger receptors accelerating foam-cell formation
(37). In the present study, when the subjects were
divided according to the lipidemic status into nor-
molipidemics and hyperlipidemics, prevalence of T
allele was more in cases as compared to controls.
Interestingly, carriers of T normolipidemic homozy-
gotes with CVD under recessive model conferred
more risk (∼11 folds) towards CVD susceptibility as
compared to hyperlipidemic (∼8 folds) subjects with
CVD on comparison with that of controls. This indi-
cates that event of cardiovascular disease starts earlier
even when lipids are normal, thus signifying the
involvement of oxidative stress as an early event in the
atherosclerotic process, as also proved by other stud-
ies (18, 38, 39). Thus, in the present studied popula-
tion we observed that not only hyperlipidemic TT
homozygotes but also normolipidemic TT homozy-
gotes were related to an increased risk of CVD.

Oxidative stress is the main regulator of various
signal transduction systems involved in atherosclerotic
vascular inflammation and throughout the whole for-
mation process of fatty streaks and lesions progress-
ing to final plaque rupture (40). At cellular and

molecular level adipo has anti-inflammatory antioxi-
dant and anti-apoptotic roles, thereby mitigating key
mechanisms underlying CVD pathogenesis. In -
creased oxidative stress and decreased antioxidant
activity or both are major mechanism(s) involved in
the pathogenesis of cardiovascular disease. Oxygen -
free radicals are generated particularly in the early
stages of MI and the decrease in SOD activity may be
due to effect of increased oxygen – derived free radi-
cals in SOD. Thus, these results suggest that oxidative
stress may affect the initiation and progression of
atherogenesis in CVD patients. 

Limitation

The lacuna of the study is that we could not
measure the levels of adiponectin in blood since its
analysis was beyond the scope of the present study.
Measurement of adiponectin levels in blood and its
association with markers of oxidative stress can throw
more light on the role of AdipoQ (rs1501299) gene
in the occurrence of cardiovascular disease.

Conclusion

On the basis of observed results the present
study reveals that rs1501299 variation in AdipoQ
gene is among the genetic factor predisposing popu-
lation of Punjab to CVD. The women of Punjab
(India) who are homozygous for T allele of AdipoQ
gene have been observed to have more oxidative
stress and hence, they are at higher risk of CVD
than carriers of G allele. Therefore, screening of this
studied polymorphism along with other associated
tagSNPs can help in the prognosis/diagnosis of CVD
pathophysiology. However, the functional implication
is yet to be evaluated. Moreover, additional studies
and larger study groups are needed to confirm and
strengthen the current results that may correlate with
this SNP and have a clearer function. Cardiovascular
health awareness is extremely important for primary
prevention of the disease among menopausal
women. Scrutinizing oxidative stress parameters and
genetic markers along with other routine biochem-
istry investigations may play a fundamental role in
diagnostic process of CVD at the earlier stage.

Acknowledgments. The authors are thankful to
all the study participants who consented to be part of
this study and are also grateful to Professor Parneet
Dhillon, Department of English of Khalsa College
Amritsar for vetting the paper with respect to gram-
matical mistakes.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

J Med Biochem 2021; 40 (1) 57



References

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha
MJ, Cushman M, et al. Heart-disease and stroke statis-
tics-2016 update. Circulation 2016; 133: C38–C360. 

2. Gupta S, Brickner S, Shenoy BS, Baw CK, Agarwal A.
Oxidative stress in female reproduction. In: Pantopoulos
K, Schipper HM, editors. Principles of Free Radical Bio -
medicine vol. III. New York: Nova Science Publishers,
2012: 329–50. 

3. Stefańska A, Odroważ-Sypniewska G. Metabolic syn-
drome, adipokines and sex hormone concentrations in
middle-aged women. Folia Medica Copernicana 2014;
2: 77–83. 

4. Ferrarezi DA, Cheurfa N, Reis AF, Fumeron F, Velho G.
Adiponectin gene and cardiovascular risk in type 2 dia-
betic patients: a review of evidences. Arq Bras Endocrinol
Metabol 2007; 51: 153–9.

5. Fredriksson J, Carlsson E, Orho-Melander M, Groop L,
Ridderstrale M. A polymorphism in the adiponectin gene
influences adiponectin expression levels in visceral fat in
obese subjects. International Journal of Obesity 2006;
30: 226–32.

6. Gao M, Ding D, Huang J, Qu Y, Wang Y, Huang Q.
Association of genetic variants in the adiponectin gene
with metabolic syndrome: a case control study and a sys-
tematic meta-analysis in the Chinese population. PLoS
One 2013; 8: e58412.

7. Cheung CY, Hui EY, Cheung BM, Woo YC, Xu A, Fong
CH, et al. Adiponectin gene variants and the risk of
coronary heart disease: a 16-year longitudinal study. Eur
J Endocrinol 2014; 171: 107–15.

8. Matharoo K, Arora P, Bhanwer AJS. Association of
adiponectin (AdipoQ) and sulphonylurea receptor 2
(ABCC8) gene polymorphisms with Type 2 Diabetes in
North Indian population of Punjab. Gene 2013; 527:
228–34.  

9. Sikka R, Raina P, Matharoo K, Bandesh K, Bhatia R,
Chakrabarti S, Bhanwer AJS. TNF-a (g._308G4A) and
ADIPOQ (g. + 45T4G) Gene Polymorphisms in Type 2
Diabetes and Microvascular Complications in the Region
of Punjab (North–West India). Current Eye Research
2014; 39: 1042–51. 

10. Friedewald WT, Levy RI, Fredrickson DS. Estimation of
the concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge.
Clin Chem 1972; 18: 499–502.

11. Buege JA, Aust SD. Microsomal lipid peroxidation. In:
Fleischer S, Packer L, editors. Methods in Enzymol. New
York: Academic Press, 1978; 52: 302–10. 

12. Yan LJ, Traber MG, Packer L. Spectrophotometric
method for determination of carbonyls in oxidatively
modified apolipoprotein B of human low-density lipopro-
teins. Analytical Biochemistry 1995; 228: 349–51.

13. Nandi A, Chatterjee IB. Assay of superoxide dismutase
activity in animal tissues. Journal of Biosciences 1988;
13: 305–15. 

14. Miller SA, Dykes DD, Polesky HF. A simple salting out
procedure for extracting DNA from human nucleated
cells. Nucleic Acid Res 1988; 16: 1215. 

15. Skol AD, Scott LJ, Abecaris GR, Boehnke M. Joint analy-
sis is more efficient than replication-based analysis for
two-stage genome-wide association studies. Nature
Genetics 2006; 38: 209–13. 

16. Adult-Treatment Panel III 2002. Third report of the
National Cholesterol Education Program (NCEP) expert
panel on detection, evaluation and treatment of high
blood cholesterol in adults (Adult Treatment Panel III)
final report. Circulation 2002; 106: 3143–421.

17. Vogiatzi G, Tousoulis D, Stefanadis C. The role of oxida-
tive stress in Atherosclerosis. Hellenic J Cardiol 2009;
50: 402–9.

18. Amrita J, Mahajan M, Bhanwer AJS, Mohan G. Oxidative
stress: An effective prognostic tool for an early detection
of cardiovascular disease in menopausal women.
Biochem Res Int 2016; 2016: 6157605.

19. Sowmya K, Malar J, Nalini G. Markers of oxidative stress
in angiographically proved coronary artery disease
patients. SRJM 2011; 4: 20–3. 

20. Bhargava S, Ali A, Kankra M, Das S, Manocha A, Gupta
F, Srivastava LM. Differential expression of lipid per -
oxidation and total antioxidant status in Indian patients
with cardiovascular and cerebrovascular disease. Can J
Physiol Pharmacol 2014; 92: 592–7.

21. Amrita J, Mahajan M, Bhanwer AJS, Mohan G, Kaur K.
Peroxisome proliferator activated receptor gamma
(PPAR ) Pro12Ala gene polymorphism and oxidative
stress in menopausal women with cardiovascular disease
from North Indian population of Punjab. Int J Hum
Genet 2017; 17: 15–25.

22. Lopes PA, Napoleäo P, Pinheiro T, Ceia F, Steghens JP,
Paväo ML, et al. Systemic markers of the redox balance
and apolipoprotein E polymorphism in atherosclerosis:
the relevance for an integrated study. Biol Trace Elem Res
2006; 112: 57–75.

23. Jawalekar SL, Kulkarni UL, Surve VT, Deshmukh YA.
Status of lipid profile, MDA and protein carbonyl in
patients with cardiovascular diseases. Archives of Applied
Science Research 2010; 2: 8–14. 

24. Gumanova NG, Klimushina MV, Smetnev SA, Kiseleva
AV, Skirko OP, Meshkov AN et al. Levels of nitric oxide
metabolites, adiponectin and endothelin are associated
with SNPs of the adiponectin and endothelin genes.
Biomedical Reports 2019; 11(4): 154–64. 

25. Gosh AK, Mitra E, Dutta M, Mukherjee D, Basu A,
Firdans SB, et al. Protective effective of aqueous bark
extract of Terminalia Arjuna on Cu2+- ascorbate induced
oxidative stress in vitro: involvement of antioxidant mech-
anism(s). Asian J Pharm Clin Res 2013; 6: 196–200. 

26. Ramprasad N. Evaluation of lipid peroxidation and anti -
oxidant enzyme status in ischemic heart disease patients.
Medical Science 2014; 7: 38–43. 

27. Hara K, Boutin P, Mori Y, Tobe K, Dina C, Yasuda K, et al.
Genetic variation in the gene encoding adiponectin is
associated with an increased risk of type 2 diabetes in the
Japanese population. Diabetes 2002; 51: 536–40. 

58 Amrita et al.: Association of AdipoQ SNP and OS with CVD



J Med Biochem 2021; 40 (1) 59

28. Melistas L, Mantzoros CS, Kontogianni M, Antonopoulou
S, Ordovas JM, Yiannakouris N. Association of the +45
>G and +276 G>T polymorphisms in the adiponectin
gene with insulin resistance in non-diabetic Greek
women. Eur J Endocrinol 2009; 161: 845–52. 

29. Li P, Jiang R, Li L, Liu C, Yang F, Qiu Y. Correlation of
serum adiponectin and adiponectin gene polymorphism
with metabolic syndrome in Chinese adolescents.
European Journal of Clinical Nutrition 2015; 69: 62–7. 

30. Filippi E, Sentinelli F, Romeo S, Area M, Berni A, Tiberti
C, et al. The adiponectin gene SNP+276 G>T associ-
ates with early-onset coronary artery disease and with
lower levels of adiponectin in younger coronary artery
disease patients (age 50 years). J Mol Med 2005; 83:
711–9.

31. Ghattas MH, Abo-Elmatty DM, Al-Hakimi MS, El-Eraki
AZ. Adiponectin single nucleotide polymorphism (+276
G/T) and its possible relation to adiponectin level in
Egyptian patients with coronary artery disease. Journal of
Biochemistry and Molecular Biology 2012; 30: 155–68. 

32. Tong G, Wang N, Leng J, Tong X, Shen Y, Yang J, et al.
Common variants in adiponectin gene are associated
with coronary artery disease and angiographical severity
of coronary atherosclerosis in type 2 diabetes. Cardiovasc
Diabetol 2013; 12: 67.

33. Mohammadzadeh G, Ghaffari MA, Heibar H, Bazyar M.
Association of two common single nucleotide polymor-
phism (+45 T/G and +276 G/T) of ADIPOQ gene with
coronary artery disease in type 2 diabetic patients.
Iranian Biomedical Journal 2016; 20: 152–60.

34. Qi L, Doria A, Manson JE, Meigs JB, Hunter D, Mantzo -
ros CS, et al. Adiponectin genetic variability, plasma
adiponectin and cardiovascular risk in patients with type
2 diabetes. Diabetes 2006; 55: 1512–6.

35. Bacci S, Menzaghi C, Ercolino T, Ma X, Rauseo A,
Salvemini L, et al. The +276 G/T single nucleotide poly-
morphism of the adiponectin gene is associated with
coronary artery disease in type 2 diabetic patients.
Diabetes Care 2004; 27: 2015–20.

36. Song J, Lee WT, Park KA. Lee JE. Association between
risk factors for vascular dementia and adiponectin. Bio
Med Research International 2014; 2014: 261672. 

37. Jialal I, Fuller CJ, Huet BA. The effect of alpha-toco-
pherol supplementation on LDL oxidation. A dose-
response study. Arterioscler Thromb Vasc Biol 1995; 15:
190–8. 

38. Kumar A, Sivakanesan R, Gunasekera S. Oxidative stress
and antioxidant status in normolipidemic AMI patients.
Indian J of Clinical Biochemistry 2008; 23: 296–8. 

39. Augusti PR, Ruviaro AR, Quatrin A, Somacal S, Con -
terato GM, Vicentini JT, et al. Imbalance in superoxide
dismutase/thioredoxin reductase activities in hypercho-
lesterolemic subjects: relationship with low density
lipoprotein oxidation. Lipids in Health and Disease 2012;
11: 79. 

40. Piao L, Han Y, Li D. Correlation study on adiponectin
gene SNP45 and long-term oxidative stress in patients
with diabetes and carotid atherosclerosis. Experimental
and Therapeutic Medicine 2014; 8: 707–12.

   Received: December 27, 2019
     Accepted: April 25, 2020


