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Role of Adipokines in Development of Metabolic Syndrome
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ABSTRACT
Visceral adipose tissue releases a variety of adipokines which together determine a comprehensive
cardiometabolic risk proﬁle. Estrogen deﬁciency leads to central fat deposition in postmenopausal
women. However, premenopausal women are also running high risk of central obesity owing to
unhealthy lifestyles, making them prone to development of metabolic syndrome which leads to
infertility, polycystic ovary syndrome (PCOS), insulin resistance, and type 2 diabetes (T2D).
Premenopausal women with (n=30) and without (n=30) central obesity were studied. Metabolic risk
factors and circulatory adipokines were measured. Insulin resistance was calculated by homeostasis
model assessment (HOMA-IR). Adipokines' gene polymorphisms were studied by polymerase chain
reaction and mRNA expression of leptin, adiponectin, resistin, and interleukin-6 (IL-6). Tumour
necrosis factor-α (TNF-α), acylation stimulating protein (ASP) receptor gene (C5L2) were done by
real time-polymerase chain reaction in visceral (VAT) and subcutaneous (SAT) adipose tissues was
also obtained.
Signiﬁcant high circulating leptin, IL-6, TNF-α, resistin and their VAT mRNA expression and
signiﬁcant low circulating adiponectin and VAT mRNA expression were found in women with
metabolic syndrome, irrespective of their menopausal status. Carriers of mutant genotype of TNF-α
308 AA, IL-6 174 CC, resistin 420 GG, leptin 2549 AA, adiponectin 276 TT and C5L2 698 CT had
signiﬁcant association with metabolic syndrome. Conclusively changes in fat distribution modulate
the secretion proﬁle of adipokines, therefore elevated circulating leptin, IL-6, TNF-α, ASP, resistin,
and low adiponectin may serve as surrogate markers for metabolic syndrome and related morbidities in
women with central obesity.
Keywords: Central obesity, visceral adipose tissue, subcutaneous adipose tissue, mRNA, adipokines,
insulin resistance, metabolic syndrome.
Introduction
Postmenopausal women are more prone
for central obesity attributed to hormonal

changes occurring during menopausal transition
and in postmenopausal period; but recent studies
have shown that adult premenopausal women
also carry equal risk of central obesity and are
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prone for development of metabolic syndrome
which leads to infertility, polycystic ovary
syndrome (PCOS), adiposity, insulin resistance,
diabetes and endocrinological problems.
Females generally have a characteristic
gynecoid type of fat distribution, with adipose
tissue prominently developing in the
subcutaneous depots around the hips and thighs.
Female hormones make it easier to convert fat
into food. Estrogen deﬁciency is responsible for
centralization of fat deposition, i.e. visceral fat
deposition or abdominal fat deposition, which is
characterised as increased adipose tissue
surrounding the intra-abdominal organs; this fat
enhances metabolic dysfunction predisposing to
type 2 diabetes mellitus (T2DM), the metabolic
syndrome, and cardiovascular diseases. Visceral
adipose tissue (VAT) also determines a
comprehensive cardiovascular risk proﬁle and
increases the susceptibility to ischemic heart
disease and arterial hypertension (1-3). VAT
releases different bioactive molecules and
hormones, such as adiponectin, leptin, tumour
necrosis factor, resistin and interleukin-6 (IL-6),
and acylation stimulating protein (ASP). Among
these hormones, adiponectin and leptin are of
particular signiﬁcance owing to their
involvement in the regulation of energy
homeostasis, neuroendocrine function,
haematopoiesis, angiogenesis, and reproduction
(4). Circulating adiponectin is inversely
correlated with the amount of VAT (5) while
decreased concentrations of adiponectin are
associated with T2D, elevated glucose levels,
hypertension, cardiovascular disease and certain
malignancies (5, 6). Leptin, released primarily
from adipocytes and its expression, is directly
related to the lipid content of the cells (7), its
greater expression being found in the
subcutaneous tissue (SAT) compared to VAT (8).
Leptin increases with obesity (9) and its
circulating levels are closely associated with all
indices of adiposity. Consequently, it may be
important to measure VAT mRNA expression of
adiponectin and leptin along with their
circulating level to better understand the
pathogenesis of central obesity (VAT) related
disorders in premenopausal women. Visceral

obesity is associated with poor prognosis,
metabolic disturbances, and degree of pathology
in several chronic diseases.
Methods
This is a cross-sectional case control
study. A total of 60 women (30 women with
central obesity and 30 women without central
obesity) age matched (22-39 years) were
recruited at K.G. Medical University Lucknow,
India who underwent elective abdominal
surgery for gall bladder stone, hysterectomy or
bariatric surgery. VAT was obtained during the
surgery. During surgery neither speciﬁc standard
diet nor any hormonal therapy were given to the
patient, which ensured and ruled out the effect of
hormone or diet on fat deposition. All tissue
samples were stored in RNA later (Sigma –
Aldrich) for the stability of RNA. This study is
approved by Institutional Ethics Committee.
Subjects were classiﬁed as premenopausal
women with central obesity having waist hip
ratio (WHR) > 0 .85 as per WHO guidelines for
Asians. Premenopausal women without central
obesity having WHR< 0.85 served as controls.
WHR is a good marker for central / visceral
obesity (waist circumference was measured at
the narrowest point superior to the hip and
divided by the circumference of the hip
measured at its greatest gluteal protuberance).
Height (Ht.), weight (Wt.), waist circumference
(WC) and hip circumference (HC) were
measured. Body mass index (BMI) was
calculated as weight (in kilograms) divided by
height (in meter) square. Informed consent was
obtained from each participant.
Laboratory Measurements
Fasting blood samples for biochemical
parameters were obtained in the morning after
their admission to the hospital for surgery.
Plasma glucose concentration was determined
by glucose-peroxidase metahod (Merck) using
semi automated glucose analyser (Microlab 300,
Merck). Leptin (Diagnostics Biochem Canada
Inc., Cat. No. CAN-L-4260, Version 6.0,
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London, Ontario, Canada) and adiponectin
(Human Adiponectin Cat. No. DRP300, R&D
System Inc., Oxford, UK) were measured by
enzyme linked immunosorbent assay. Plasma
insulin concentration was determined using
immuno radiometric assay (IRMA)
(Immunotech). Insulin resistance was calculated
by homeostatic model assessment index
(HOMA Index) (10) using following formula:
HOMA-IR

= [fasting insulin (μU/ mL) x
fasting glucose (mM)/22.5]
If HOMA-IR > 3.16 Insulin resistance
If HOMA-IR < 3.16 Non Insulin resistance
RNA Extraction
Total RNA was isolated from adipose
tissue (30 mg of visceral fat / omental fat) with
the RNA easy mini kit (Qiagen, USA) according
to the manufacturer protocol. RNA was
measured by spectrophotometric method at 260
and 280 nm while RNA integrity was checked by
visual inspection of the two ribosomal RNAs 18s
and 28s on agrose gel.
Measurement of Leptin and Adiponectin by
Real-time PCR
One-steps real-time reverse transcriptase
( RT ) - P C R i s a s e n s i t i v e m e t h o d f o r
quantiﬁcation of speciﬁc mRNAs. In this
approach, the RT as well as the PCR reaction was
run together on the light cycler platform using
quanti tect SYBR green RT-PCR kit (Qiagen,
Hilden, Germany, CAT No.204243). SYBR
green is a dye that binds to double but not single
stranded DNA is used in quantitative PCR
reactions. The reagents used were contained
within the Light Cycler 2x Quantitect SYBR
Green RT- PCR master mix which includes Hot
Star Taq DNA polymerase, Quantitect SYBR
Green RT-PCR Buffer, NTP mix, SYBR Green I,
5 mM MgCl2 and quantitect RT mix which
include omniscript reverse transcriptase and
sensiscript reverse transcriptase.
All real-time reactions were performed
in a Roche light cycler according to the

manufacturer's instructions. Total 30 ng RNA
was used for PCR to analyze the gene expression
of adiponectin, leptin and β-actin. The primer for
PCR ampliﬁcation of adiponectin F
5 ' G T G AT G G C A G A G AT G G C A C 3 '
R5'GCCTTGTCCTTCTTGAAGAG3'
leptin F5'GCTGTGCCCATCCAAAAAGT3,
R 5'ACTGCCAGTGTCTGGTCCAT3 and
β-actin F-5' GTGGCATCCACGAAACTA
CCTT 3' R 5' GGACTCCTGATACTCCTGCT
TG3' synthesized by (Agile Life Science
Te c h n o l o g y I n d i a ) . T h e a n n e a l i n g
temperatures of gene is (Reverse transcription)
50°C for 30 min, (initial denaturation) 95°C for
15 min followed by 40 cycles of 94°C, 15 sec,
(adiponectin is 52°C and for leptin and β-actin is
59°C), 30 sec and 72°C, 30 sec for denaturation,
annealing, extension steps respectively done by
light cycler 480 (Roche, real-time thermal
cycler) the prepared reaction components were
done in 96 well PCR plate. The reaction was set
according to the standard protocol
recommended by Qiagen. PCR reactions were
carried out in total volume of 25 µl. Expression
of β-actin was used to normalized adiponectin
and leptin expression values. There was no
difference in glyceraldehyde -3phosphatedehydrogenase or β-actin expression
between women with central obesity or without
central obesity.
Statistical Analysis
Data were expressed as mean ± SD.
Anthropometric measurement, biochemical
parameter and VAT adiponectin and leptin
mRNA expression of two independent groups
were compared by Student t test. Correlation
was done to access association of VAT leptin and
adiponectin mRNA expression with WHR and
HOMA-IR, considering WHR and HOMA-IR
an independent variable and VAT mRNA
expression of leptin and adiponectin, the
dependent variable. A two sided (α=2) p<0.05
was considered statistically signiﬁcant.
Result
Table 1 shows hormonal proﬁle of
premenopausal women with central obesity and
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without central obesity. Serum FSH, LH, free
testosterone, estradiol, DHEA and TSH were
signiﬁcantly high (p<0.05) in premenopausal
women with central obesity than without central
obesity while serum estradiol was signiﬁcantly
low in women with central obesity. The basic
characters, viz. physical (age, weight, height,
waist circumference, hip circumference, BMI,
waist to hip ratio) and biochemical parameters
(glucose, insulin, HOMA-IR) are shown in
Table 2; weight, WC, BMI, WHR, insulin,
glucose, HOMA-IR were signiﬁcantly (p < 0.05)
higher in premenopausal women with central
obesity than without central obesity. The VAT
adiponectin and leptin mRNA expression of
premenopausal women with central obesity and
women without central obesity shown in Table 3
and Fig. 1 (a, b), VAT leptin mRNA expression
Fig. 1 (a) was high in premenopausal women
with central obesity than without central obesity
(0.66 ± 0.19 vs. 0.28 ± 0.12). VAT adiponectin
mRNA expression [Fig. 1(b)] was signiﬁcantly
low in premenopausal women with central
obesity (0.57 ± 0.16 vs. 0.87 ± 0.21). Mean
circulating level of leptin [Fig. 2(a)] was also
high (31.6 ±14.21 vs. 22.53 ± 11.04) and
adiponectin level [Fig. 2(b)] was low (7.6 ± 2.4
vs. 11.72 ± 3.53) in premenopausal women with
central obesity than without central obesity.
The correlations of VAT leptin and
adiponectin mRNA expression of

premenopausal women having central obesity
with their WHR and insulin resistance (HOMAIR) are shown in Table 4. The VAT leptin mRNA
expression was positively correlated with WHR
(R=0.61, p < 0.001) and insulin resistance, i.e.
HOMA-IR (R=0.72, p < 0.001). However, VAT
adiponectin mRNA expression was negatively
correlated with WHR (R=-0.76, p <0.001) and
insulin resistance HOMA-IR, i.e. (R=-0.59,
p < 0.002). Premenopausal women without
central obesity have positive correlation of VAT
leptin mRNA with WHR (R=0.24, p=0.13) and
HOMA-IR (R=.06, p=0.71) but not signiﬁcant.
Adiponectin VAT mRNA level have negative
correlation with WHR (R=-0.15, p= 0.23) and
HOMA-IR (R=-0.09, p=0.43) but not signiﬁcant
in premenopausal women without central
obesity.
Discussion
This study was undertaken to evaluate
mRNA expression of adiponectin and leptin of
VAT a n d t h e i r c i r c u l a t o r y l e v e l s i n
premenopausal women with central obesity and
without central obesity. Correlation of mRNA
expression and circulatory level of both
adipokines with WHR and insulin resistance, i.e.
HOMA-IR were also observed. Observations of
the present study show that premenopausal
women with central obesity have signiﬁcantly

Table 1: Hormonal levels in premenopausal women with and without central obesity
Hormone Level

Premenopausal Women
WHR <0.85 ( n= 30)

FSH (mIU/ml)
LH (IU/ml)

6.30± 2.90
5.60±1.35

Premenopausal
women WHR
>0.85 (n=30)
22.10± 6.50
18.65± 4.25

F-Testosterone (ng/dl)

57.35±18.70

72.28±11.85

0.004*

Estradiol (pg/ml)

111.25±94.12

35.05±15.82

<0.001*

TSH (μIU/ml)
SHBG (nmol/l)

1.42±0.78
44.15±14.55

1.78±0.80
46.02±21.80

<0.001*
0.548

DHEA (μg /dl)
111.45±18.45
Data are as mean ± SD

167.30±25.20
*P < 0.05 = signiﬁcant

p-value

<0.001*
<0.001*

<0.001*
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Table 2: Comparison of metabolic risk markers and circulatory adipokines in
premenopausal women with and without central obesity

Variables

Premenopausal Women
with central obesity
n = 30

Age (yr)
Weight (kg)
Height (cm)
BMI (kg/m2)
WC (cm)
WHR
HC (cm)
Glucose (mg/dl)
Insulin (μU/ml)
HOMA-IR
Leptin (pg/ml)
Adiponectin (pg/ml)

28±4.10
62.68±12.45
151.57±7.07
27.33±5.57
83.14±14.71
94.96±11.18
0.87±0.06
125.62±21.66
11.67±5.77
3.73±2.15
31.6 ± 14.21
7.6 ± 2.4

Premenopausal Women
without central obesity
n=30

P-Value

0.12
<0.0001*
0.10
<0.0001*
<0.0001*
<0.0001*
0.0002*
<0.0001*
0.008*
0.0003*
<0.0001*
<0.002*

26±5.80
52±9.50
153±6.76
22.21±3.72
70±8.91
85±7.89
0.82±0.04
93±10.15
9.36±4.00
2.18±1.04
22.53 ±11.04
11.72 ± 3.53

Data are as mean ± SD *P < 0.05 = signiﬁcant ; BMI: Body mass index; WC: Waist circumference;
HC: Hip circumference ; WHR: Waist Hip Ratio; HOMA - IR : homeostatic model assessment for
insulin resistance.

Table 3: Relative VAT mRNA expression of insulin leptin and adiponectin of
premenopausal women with and without central obesity

Adipokines

Leptin

Visceral adipose tissue (VAT)

P–value

Premenopausal women
with central obesity
(n= 30)
0.66 ± 0.19

Premenopausal women
without central obesity
(n= 30)
0.28 ± 0.12

0.001*

0.57 ± 0.16

0.87 ± 0.21

<0.001*

Adiponectin
Data are as mean ± SD

*P < 0.05 = signiﬁcant

Table 4: Correlation (Pearson r) of Leptin and Adiponectin VAT mRNA expression with
WHR and HOMA-IR (insulin resistance) in premenopausal women with central obesity

Variables

WHR
HOMA-IR

Leptin
VAT m-RNA
(r-value)
0.61
0.72

P-value

<0.001*
<0.0001*

Adiponectin
VAT m -RNA
(r-value)
-0.78
- 0.59

P- value

<0.0001*
<0.002*

*P < 0.05 = signiﬁcant; WHR : Waist hip ratio; HOMA-IR: Homeostatic model assessment for insulin
resistance.
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Fig. 1(a): VAT Leptin mRNA expression in
women with central obesity and without
central obesity.

Fig. 1(b): VAT Adiponectin mRNA expression
in women with central obesity and women
without central obesity.

Fig. 2(a): Circulating leptin (pg/ml) level in
women with central obesity and women
without central obesity.

Fig. 2(b): Circulating adiponectin (pg /ml)
level in women with central obesity and
women without central obesity.

higher serum level of FSH, LH, free
testosterone, TSH and DHEA while signiﬁcantly
low estradiol as compared to women without
central obesity. These observations suggest
hyperandrogenemia and low circulating
estrogen in premenopausal women with central
obesity responsible for centralization of fat.
They also had signiﬁcant high WC, WHR and
BMI than women without central obesity. These
observations were in concordance with other
studies (11, 12) which have concluded that WC
yields a better correlation values with all the
metabolic risk factors indicating that WHR may
be a better index for abdominal obesity / central
obesity due to high visceral adipose tissue than
BMI in Asian Indians. The observation shows
that signiﬁcant higher plasma glucose and
plasma insulin and HOMA- IR were found in

women with central obesity suggesting the
presence of insulin resistance. Insulin hormone
regulates virtually all aspects of adipocytes
functioning. Insulin increases the uptake of fatty
acids by stimulating lipoprotein lipase activity in
adipose tissue. There is increasing evidence
supporting the fact that by the time glucose
intolerance or fasting hyperglycemia set in
appreciable ß-cell destruction may have already
occurred (13).
In the present study, circulating level and
VAT mRNA expression of adiponectin level was
found to be signiﬁcantly lower in women with
central obesity as compared to women without
central obesity and low adiponectin VAT mRNA
level in women with central obesity is strongly
associated with HOMA-IR and WHR. Our
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results are in concordance with other studies
showed lower concentration of adiponectin is
associated with WHR (14) and insulin resistance
(15), as well as lower adiponectin mRNA
expression in the VAT of type 2 diabetic patients
(16). Further, the ﬁndings of the present study
are also consistent with other study which
showed signiﬁcantly lower adiponectin gene
expression and protein content in VAT of obese
as compared to non-obese (17). Low adiponectin
levels are more strongly associated with the
amount of visceral fat than subcutaneous fat
(18). Adiponectin have profound protective role
in obesity. Several studies suggest that the
decreased concentration of adiponectin in
obesity, leads to the development of metabolic
syndrome (19). In vivo and in vitro studies have
demonstrated that adiponectin enhances insulin
sensitivity, increases fatty acid oxidation,
glucose uptake, suppresses hepatic glucose
production (20) and has protective
antiangiogenic effect.
These studies strongly indicate that
adiponectin acts on multiple tissues to enhance
insulin sensitivity thus, referred to as an insulin
sensitizer. A recent study showed that
adiponectin enhances insulin-stimulated IRS-1
tyrosine phosphorylation and Akt
phosphorylation (21). This study further
revealed that activation of the serine / threonine
kinase 11/AMP-activated protein kinase
(AMPK) / TSC1/2 pathway alleviates the p70S6
kinase-mediated negative regulation of insulin
signalling, providing a mechanism by which
adiponectin increases insulin sensitivity in cells.
Leptin produced by adipose tissue acts as
a satiety hormone, is a major regulator of body
weight and food intake and deﬁciency in leptin
leads to obesity. However, in the present study
circulatory leptin and its VAT mRNA expression
level was found to be signiﬁcantly higher in
women with central obesity which may be due to
leptin resistance, showing negative association
with adiponectin also (22). Like adiponectin,
leptin also modulates several metabolic
processes including glucose regulation and fatty

acid breakdown. We observed signiﬁcantly
higher VAT leptin mRNA expression and its
association with WHR in women with central
obesity. Other studies showed that high leptin
mRNA level was found in subcutaneous fat
compared to VAT (23).
Our study also shows that high
circulating leptin is signiﬁcantly associated with
HOMA- IR. This indicates that leptin resistance
runs hand in hand with insulin resistance (12). In
mice that became obese after being fed a high-fat
diet, leptin concentration was increased, and this
increase was accompanied by an increased
expression of SOCS-3 (suppressor-of-cytokinesignaling), a potent inhibitor of leptin signaling
(24).
The mRNA expression of leptin in
adipose tissue is strongly associated with fat
mass in obesity. Thus, leptin appears as a real
marker of adipose tissue mass in humans where
the subcutaneous fraction represents about 80%
of total fat (25). Although, the principal
biological effect of leptin in the central nervous
system is control of food intake and energy
expenditure. There is a signiﬁcant relationship
between leptinaemia and the chronic subinﬂammatory state in obesity.
Leptin pathways act in concert with
insulin to control glucose and lipids, aside from
regulating food intake and metabolic rate,
linking this hormone to IR and T2D. Leptin can
act through some of the components of the
insulin signalling cascade, such as insulin
receptor substrate (IRS)-1 and IRS-2, mitogenactivated protein kinase (MAPK) and
phosphatidylinositol 3-kinase (PI3-kinase),
suggesting that there are cross-talk between
insulin and leptin signalling pathways (26).
However, some schools of thought suggests that
association of leptin with insulin resistance in
T2D and obesity may be through its regulation of
the deposition of fat in insulin responsive
tissues, rather than through effects on insulin
signalling. The role of high leptin in obesity
associated IR is still controversial (27).
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Conclusion
Changes in fat distribution lead to a
modiﬁcation of the secretion proﬁle of
adipokines especially leptin and adiponectin, the
two adipokines play important role in energy
homeostasis of adipose tissue. High circulatory
level and VAT mRNA expression of leptin and its
positive correlation with HOMA-IR suggest that
central obesity is a leptin-resistant state might be
induced by insulin resistance. Low circulating
level and mRNA expression of adiponectin and
its negative correlation with HOMA-IR suggest
its protective role. So circulatory leptin and
adiponectin may serve as surrogate markers for
development of insulin resistance and related
morbidities in premenopausal women with
central obesity.
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