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A B S T R A C T

Background: Adipose tissue metabolism has become area of research specially in obesity and its
correlation with diabetes. It is now widely acknowledged that in addition to its conventional job as a store
of energy, adipose tissue is a vital and extremely active endocrine organ that generates a range of hormones
and other chemicals that are crucial for controlling insulin sensitivity and other physiological functions.
This study looked into the connection between type 2 diabetes mellitus (T2DM), obesity, and adiponectin
levels.
Materials and Methods: Researchers recruited 120 participants and divided them into four groups:
control, obese non-diabetic, diabetic with normal BMI, and obese diabetic. Serum adiponectin levels,
HbA1c, postprandial blood glucose, and fasting blood glucose were measured from blood samples. In order
to determine BMI and the waist-to-hip ratio, measurements of height, weight, waist, and hip circumference
were taken as well.
Results: The study found that adiponectin levels were significantly lower in all obese and diabetic groups
compared to the control group (5.3±0.64 ng/ml, 6.11±1.09 ng/ml, 5.2±0.75 ng/ml and 7.99±2.5 ng/ml
respectively). A negative correlation was observed between adiponectin levels and both BMI and HbA1c.
These findings suggest a link between low adiponectin, obesity, and T2DM.
Conclusion: This study highlights the potential role of adiponectin in understanding the development of
T2DM in obese individuals. Further research on the mechanisms underlying this relationship may lead to
novel therapeutic targets for obesity and T2DM.
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1. Introduction

Technology is advancing at a breakneck pace, causing
abrupt lifestyle shifts and a noticeable rise in non-
communicable diseases like obesity and diabetes, as
well as its comorbidities, worldwide. A group of
common metabolic illnesses are together referred to as
diabetes mellitus.1 Uncontrolled diabetes often leads to
hyperglycaemia, which over time causes significant harm to
several bodily systems. The prevalence of overweight and
obesity, together with poor lifestyle choices, are the main
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causes of the high and rising worldwide burden of diabetes,
particularly in emerging nations like India.1

According to a 2019 World Health Organization (WHO)
estimate, noncommunicable diseases (NCDs) accounted for
74% of global deaths, with diabetes accounting for 1.6
million of those deaths.2 By 2035, it is predicted that
diabetes will likely claim the lives of 592 million people
worldwide. The proportion of diabetics in India rose from
7.1% in 2009 to 8.9% in 2019 The prevalence is expected
to increase to 35.7 million by 2045. After China, India has
the second-highest number of diabetes cases globally, with
77 million cases.2
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Multifactorial in origin, diabetes mellitus is a modifiable
disease.3 Obesity is a major risk factor for the development
of diabetes mellitus. For several chronic conditions,
including Type II Diabetes Mellitus, Hypertension, and
Hypercholesterolemia, it is an effective predictor of
morbidity and mortality. Excess calorie consumption and
physical inactivity contribute to obesity.3 Similar to
diabetes, type 2 diabetes associated with obesity most
likely has many aetiologies. A number of interrelated
factors, including body fat distribution, β-cell malfunction,
insulin resistance, and physical inactivity, contribute to the
development of type II diabetes.4

Since the start of the twenty-first century, the incidence
of obesity has increased, raising concerns about its potential
to endanger public health worldwide. The NHFS survey
(2019–2021) revealed that the prevalence of abdominal
obesity in the country was 40% in women and 12% in
men.5 Approximately 44% of the adult population, or over
2 billion adults, are overweight or obese, and the majority
of them—70%—live in low- and middle-income countries
(LMICs).

Researchers’ interest in adipose tissue metabolism
has been piqued by the concerning increase in obesity
prevalence and its correlation with diabetes. It is now widely
acknowledged that adipose tissue serves as an important
and extremely active endocrine organ that generates a
range of hormones and other chemicals that are crucial
for controlling insulin sensitivity and other physiological
functions, in addition to its traditional function as an
energy storage depot (Havel 2002).6 Recently, about 600
hormones and proteins generated from adipose tissue have
been found. These substances are referred to as adipokines.
White adipose tissue secretes a variety of proteins, including
adipsin, angiotensin, retinol-binding protein, acylation-
stimulating protein, tissue factor, resisting, metallothionein,
plasminogen activator inhibitor-1, interleukin-6, tumour
necrosis factor-α, adiponectin, and many more.7 In
response to inflammation and malfunction of adipose tissue,
adipokine production is markedly altered towards a pro-
inflammatory and diabetogenic pattern.8

A new protein exclusive to adipocytes is called
adiponectin.9 It is essentially an adipokine that directly
increases the body’s sensitivity to insulin and is expressed
particularly and abundantly in adipose tissue.10–13 It is a
protein hormone that controls several metabolic functions,
such as the breakdown of fatty acids and the regulation
of glucose.13 The release of adiponectin is restricted by
factors that are known to be increased in insulin resistance,
including glucocorticoids, β-adrenergic agonists, TNF-α,
and IL-6.14 The adiponectin gene is expressed more when
thiazolidinediones are present.15 It improves weight loss,
insulin sensitivity, and glucose tolerance.12 In human
research, low levels of adiponectin plasma are positively
associated with insulin resistance and the risk of type 2

diabetes, independent of body fat amount.16 Adiponectin
also demonstrates anti-inflammatory and anti-atherogenic
qualities.17

The adiponectin gene is one that appears to be a strong
candidate for type 2 diabetes risk. Genetic studies have
connected this to the metabolic syndrome and Type 2
Diabetes Mellitus. Therefore, SNPs in the adiponectin gene
may be connected to insulin resistance and type 2 diabetes
through modifications in the expression level and plasma
concentration of adiponectin.18

The hormone is a particularly attractive target for
potential therapeutic approaches centered on the idea that
adiponectin treatment may alleviate obesity-related insulin
resistance and atherosclerosis because obesity is the state of
adiponectin shortage. Our study sought to assess the levels
of adiponectin in obese diabetics and diabetic patients with
normal body mass index in order to investigate the role of
adiponectin in the pathophysiology of diabetes and obesity.

2. Materials and Methods

This is prospective, case control study. It has been conducted
in Department of Biochemistry, at Tertiary care hospital,
Navi Mumbai. The aim of study is to estimate Fasting blood
glucose (FBS) and post prandial blood glucose (PPBS),
HbA1c and serum adiponectin levels in healthy (non-
obese) and Study Groups. Ethical clearance was taken from
scientific and ethical committee of the institution. Patients
gave their written and informed consent prior to study
participants being included.

In all, total120 people in the 25–60 age range who were
matched for both gender and age were registered.30 normal
healthy individuals were included in control group. Rest
90 individuals included in study group which were further
subdivided into 3 sub-groups: (30 individuals in each sub-
groups) Study group I, Study group II and Study group III.
Group I comprise of obese and non-diabetic individuals.
Non-obese diabetic and Obese diabetic individuals were
included in Group II and III respectively.

All participants provided demographic information, a
clinical history, and anthropometric measurements, such as
height (cm) and weight (kg). The height and weight were
measured to the nearest 0.1 kg and 0.5 cm, respectively.
The BMI was computed by dividing weight (kg) by height
(m) squared. Individuals with a BMI greater than 30
were classified as obese. The waist-to-hip ratio (WHR)
was calculated by dividing waist circumference by hip
circumference.

Control group comprise of healthy individuals whereas
Obese individual without Diabetes were included in Study
group I. Diabetic patient with normal BMI (BMI ≤
25) and Obese (BMI ≥ 30) Diabetic subjects were
included in Study Group II and III. Individuals beyond
study age, Individuals taking Thiazolidienediones, known /
suspected pregnancy, Cancer, with history of CVD, Asthma,
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overweight individuals with BMI between 25 to 30 were
excluded.

After 12 hours overnight fast, 6ml of blood was
collected from each subject by venipuncture using aseptic
phlebotomy technique in a plain vial for serum separation,
sodium fluoride vial for plasma and EDTA vial for HbA1c
estimation. Plasma was collected again after two hours of
post meal for the postprandial glucose (PPBS) estimation.
Serum was used for Adiponectin assay. Serum samples were
stored at -70oC till analysis.

The Biochemical parameters such as fasting blood
sugar (FBS) & (PPBS) were analysed on Biochemistry
Autoanalyser (AU480). HbA1c estimation has been done on
Bio-Rad D10. Serum Adiponectin was estimated by ELISA
method using commercially available Avibion Human
Adiponectin (Acrp 30) ELISA kit.

2.1. Statistical analysis

Data reported were statistically analysed by R-software
which is freely available online.

3. Result

A total of 120 individuals were categorised into 4 groups.
30 participants in each group. Control group consist of 65%
males and 35% females. Out of 90 individuals in study
group, 53% were males and 47% were females.

Figure 1: Study Group I- Correlation coefficient values between
adiponectin & HbA1c.

Figure 2: Study Group II -Correlation coefficient values between
adiponectin & HbA1c.

Figure 3: Study group III-correlation coefficient values between
adiponectin & HbA1c.

4. Discussion

Type 2 diabetes is a diverse illness caused by a complex
interplay between environmental and genetic factors.19

Obesity is closely associated with the polygenic syndrome
that most people with type 2 diabetes have. Among the
lifestyle factors that raise the risk of diabetes mellitus
include a poor diet, stress, urbanization, and inactivity.20

Type 2 diabetes mellitus (T2DM) and obesity are two
different global health problems; however, they have been
found to be related. People with diabetes are frequently
overweight and obese.21

The incidence of overweight and obesity is increasing at
a faster rate than traditional issues like undernutrition and
infectious diseases. Comorbidities associated with obesity
include dyslipidaemia, gout, osteoarthritis, respiratory
diseases, sleep apnoea, gallbladder disease, non-insulin-
dependent diabetic mellitus, coronary heart disease,
hypertension, stroke, and certain cancers.3

We investigated adiponectin as a potential marker to
understand its role in the pathogenesis of obesity and
diabetes. The levels of adiponectin have been estimated in
Obese individuals without diabetes (Group I), non-obese
diabetic individuals (Group II) and obese diabetic (Group
III) individuals.

DM type II is commonly seen associated with obesity.
As a result, early obesity detection can aid in avoiding
associated problems. Anthropometric indices are simple,
inexpensive, and non-invasive indicators for monitoring
obesity and body fat distribution. Consistent with this, our
study found that Study Group I (obese) had significantly
higher BMI and WHR (32.2±2.56 kg/m2 & 0.99±.05)
compared to control group (22.5±1.6 kg/m2 & 0.89±.05)
with p ≤ 0.001. Group III showed statistically significant
BMI and WHR compared to control with p ≤ 0.001(Table
1).

BMI (kg/m2) is the most widely used statistic for
defining overweight and obesity. It is a straightforward
weight-for-height index. It is computed by dividing the
weight of an individual in kilograms by the square of
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Table 1: BMI & waist to hip ratio in control and study groups I, II and III (Obese, non -diabetic, diabetics with normal BMI & obese
diabetic subjects).

Groups BMI (kg/m2) Mean ± S.D. WHR Mean ± S.D.
Control 22.5±1.6 0.89±.05
Study Group I 32.2±2.56∗∗ 0.99±.05∗∗

Study Group II 23.1±1.33# 0.91±.04∗

Study Group III 33.1±3.1∗∗ 0.98±.004∗∗

* p ≤ 0.05 Significant, ** p ≤ 0.001 Highly Significant, # p > 0.05 Not Significant

Table 2: Fasting, post prandial plasma glucose & HbA1c levels in control and study groups I,II &III (Obese non-diabetic, diabetics with
normal BMI & Obese Diabetic Subjects).

Groups FBS (mg/dL) Mean ± S.D. PPBS (mg/dL) Mean ± S.D. HbA1c (%) Mean ± S.D.
Control 95.3±6.7 127±5.38 5.19±2.2
Study Group I 95.7±9.5# 127.6±8.4# 5.2±0.64#
Study Group II 123±20.9∗∗ 198±24.2∗∗ 8.07±2.8**
Study Group III 129±22.5∗∗ 226±23.8∗∗ 8.13±1.4**

* p ≤ 0.05 Significant, ** p ≤ 0.001 Highly Significant, # p > 0.05 Not Significant

Table 3: Serum adiponectin levels in control and study groups (Obese Non-Diabetic, Diabetics with Normal BMI & Obese Diabetic
Subjects).

Groups Adiponectin (ng/ml) Mean ± S.D.
Control 7.99±2.5
Study Group I 5.3±0.64∗∗

Study Group II 6.11± 1.09∗∗

Study Group III 5.2±0.75∗∗

* p ≤ 0.05 Significant, ** p ≤ 0.001 Highly Significant, # p > 0.05 Not Significant

Table 4: Correlation coefficient values between different parameters within the same group.

Study Group I Study Group II Study Group III
Adiponectin & BMI -0.22 -0.31 -0.34
Adiponectin & HbA1c -0.19 -0.20 -0.28

his height in meters (kg/m2).3 According to the WHO,
a person is considered overweight if their BMI is 25
or higher, and obese if their BMI is 30 or higher. An
additional metric for evaluating the risk of obesity and its
repercussions is the waist-hip ratio (WHR). In addition to
being a more practical measure, the waist circumference
also indicates a person’s likelihood of acquiring type
2 diabetes and cardiovascular disease.22 According to
Vague’s 1956 description, people with an android-shaped
(central) of fat distribution were more likely to have health
problems than people with a gynoid-shaped (peripheral)
of fat distribution.4 Insulin resistance is independently
correlated with central adiposity.4 Those without obesity
frequently have a high waist-to-hip ratio. Increased body
mass index, fat distribution, weight increase rate, and
ectopic fat accumulation are all potential causes of type 2
diabetes in obese people.4,21

Diabetic status was assessed by estimating FBS and
PPBS, and HbA1c in study and control group. Table 2
shows results of fasting and post- prandial plasma sugar
levels in control and study groups. In comparison to the
control group, both diabetic groups (Group II and III)

had significantly significant fasting and postprandial plasma
sugar levels (p < 0.001). Additionally, group I and the
control group did not vary significantly (p > 0.05). (Table 2)
Comparing groups II and III to the control group, there was a
significantly significant relationship for HbA1c (p < 0.001).
As anticipated, there is no discernible difference between
group I and the control group (p > 0.05).

A reliable indicator of sustained glucose management
is HbA1c. As haemoglobin glycation is dependent on
plasma glucose and is not enzymatic, the study groups
with diabetes reported increased HbA1c values. The current
diagnostic cut-off for fasting and 2-hour postprandial
plasma glucose levels are correlated with HbA1c values ≥
6.5%. However, the majority of people with HbA1c levels
between 6.0% and 7.0% had normal fasting plasma glucose
levels and abnormal 2-hour post prandial plasma glucose
levels. HbA1c readings help guide glucose control, show
patient compliance, and have a strong correlation with the
emergence of diabetic complications.4

Blood pressure, inflammation, haemostasis, endothelial
function, insulin sensitivity and secretion, fat distribution,
appetite and satiety, and energy expenditure are all regulated
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by adipokines.23 Serum Adipokines levels are measured
to assess obesity and associated health problems and to
comprehend the pathophysiology of diabetes in order to
create methods for therapy and follow-up. Serum levels of
Adiponectin were measured for both the study and control
groups.

Table 3 shows serum adiponectin levels in the control and
study groups. Adiponectin levels were found to be lower in
all study groups than in the control group (p < 0.001). In
comparison to the control group, which had an average of
7.99±2.5 ng/ml, the levels of adiponectin in groups I, II,
and III were 5.3±0.64 ng/ml, 6.11± 1.09 ng/ml, and 5.2±
0.75 ng/ml, respectively. Our results in study groups I and
III were in accordance with clinical research by Arita et
al. 1999,10 Hotta et al. 2001,24 and Yang et al. 2001,25

which likewise shown that obese people had lower levels of
adiponectin than lean people. These studies also reported an
improvement in adiponectin levels after an intervention of
weight loss. elevated adiponectin levels are associated with
leanness.24,25

Adiponectin levels were much greater in malnourished
anorexics with drastically reduced body fat content than
in age- and gender-matched controls, according to a study
by Delporte et al. (2002).26 Reduced circulating levels of
adiponectin were shown to be more strongly associated with
the degree of adult insulin resistance and hyperinsulinemia
than with the degree of obesity and glucose intolerance,
according to a study by Hu et al.27

As a pro-inflammatory state, obesity typically manifests
as low-grade chronic inflammation linked to elevated levels
of pro-inflammatory cytokines, which have a positive
correlation with body mass index (BMI). The most prevalent
adipokine in serum, adiponectin, has anti-inflammatory
properties that guard against cardiovascular and metabolic
disorders. Unlike other adipokines, it is lessened in
obesity, which lowers the risk of metabolic syndrome,
atherosclerosis, insulin resistance, hypertension, fatty liver,
and coronary artery disease.21,28 Negative correlation has
been observed between BMI and adiponectin in all study
groups. The r value for adiponectin and BMI in control
group was -0.19, whereas in the study groups I, II and III
was -0.22, -0.31 and -0.34 respectively. (Table 4)

Our finding of negative correlation between BMI and
Adiponectin were consistent with the study done by Maeda
et al in 2001,29 Ferris WF et al.30 and Prakash J, et al.
(2013)28

As BMI rises, so does the risk of Type II diabetes. It
starts at a relative risk of 1 at a BMI of 22 kg/m2, rises to
2 to 8 times at a BMI of 25 kg/m2, and then exponentially
escalates to 40 to 80 times at a BMI >35 kg/m2, according
to Chan J M et al.31 BMI is not a good predictor of type
2 diabetes risk because only 50% of people with a BMI of
over 40 kg/m2 will develop diabetes.29 Significant genetic
predisposing factors may put certain people at higher risk

even if their BMI is relatively low. It implies that BMI is not
the only important predictor of diabetes risk.3

Adiponectin and the development of type 2 diabetes
have been shown to be significantly correlated by
research (Lindsay et al., 2002).32 Additionally, it has
been demonstrated that hypoadiponectinemia has a stronger
independent and substantial correlation with metabolic
syndrome than any other inflammatory marker (Matsushita
et al., 2006). A number of diseases that are commonly
associated with insulin resistance, such as hypertension
(Adamczak et al., 2003), dyslipidemia (Matsushita et
al., 2006), and cardiovascular disease (Matsuzawa, 2010;
Pischon et al., 2004), also typically exhibit decreased
plasma adiponectin levels.33,34

A negative correlation between HbA1c and adiponectin
levels has been observed, with r value for adiponectin and
HbA1c in the study groups I, II and III was -0.19, -0.20 and
-0.28 respectively. (Figures 1, 2 and 3, Table 4). Arita et
al., 1999;10 Matsuzawa, 2010 have also reported an inverse
relation between adiponectin and HbA1c.33,34 According
to study by Neuparth M J, et al., 2013, adiponectin levels
were lower in diabetic patients but are more strongly related
to obesity which corroborates with our results as well.21

According to Hotta K. et al.’s 2000 study,24 adiponectin
levels in type 2 diabetes are negatively correlated, regardless
of BMI. This conclusion is consistent with our comparison
of study groups II and III, which include obese diabetics and
those with normal BMI.

One of the fundamental characteristics of these illnesses
is insulin resistance, which is characterized as a condition
in which glucose homeostasis requires higher than normal
insulin levels to be maintained. Hyperinsulinemia results
from an increase in insulin production to counteract this
insulin resistance. It is evident that obesity is associated
with both insulin resistance and hyperinsulinemia. The
diminished cellular insulin response caused by insulin
resistance, which also results in insufficient control
of gluconeogenesis in the liver and decreased glucose
absorption in skeletal muscle, is "the vicious circle" of
type 2 diabetes.33 Insulin’s effects depend on its dosage
and duration of action, and it is a key modulator of the
adiponectin gene’s synthesis.35

While insulin does not correlate with adiponectin levels,
type 2 diabetes lowers adiponectin levels, and both diabetics
and non-diabetics have a negative correlation between
adiponectin levels and body mass index (Hotta et al. 2000).
In mice models of obesity and diabetes, adiponectin infusion
reduces blood glucose levels without altering insulin levels.
(Berg et al., 2001).12 The main mechanism underlying
adiponectin’s glucose-lowering effect is increased insulin-
suppression of hepatic glucose output (Berg et al., 2001;
Combs et al., 2001).12

Diseases associated with obesity are characterized
by impaired adiponectin activity. Obesity is linked
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to hypoadiponectinemia and decreased levels of the
adiponectin receptors AdipoR1 and AdipoR2. Type 2
diabetes and atherosclerosis may be caused by AdipoR1-
mediated reduction of adiponectin activities in the liver,
muscle, and macrophages. Impaired adiponectin activity via
AdipoR1 and AdipoR2 in liver and cancer cells may be the
cause of fatty liver and cancer. Compromised adiponectin
activity via AdipoR2 in endothelial cells may lead to
atherosclerosis.33

Adiponectin decreases the release of pro-inflammatory
cytokines IL-6, IL-8, and MCP-1 by encouraging muscle
glucose uptake and fatty acid oxidation in muscle, liver, and
peripheral tissues.36 The hormone is a very desirable target
for potential therapeutic approaches centred on the idea that
adiponectin treatment may alleviate obesity-related insulin
resistance and atherosclerosis because obesity is the state of
adiponectin scarcity.37

5. Conclusion

Our findings unequivocally demonstrate a strong association
between adiponectin levels, obesity, and an increased
incidence of type II diabetes mellitus. Gaining insight
into the mechanism behind this relationship could improve
our comprehension of the pathophysiology of type II
diabetes and the diverse nature of obesity. Indians may
be more vulnerable because of the dysregulation of these
traits. Adiponectin levels may be a precursor to adipocyte
dysfunction and have been associated with type II diabetes
mellitus. Actions done to prevent obesity through individual
and societal lifestyle changes may halt the current epidemic
of type II diabetes mellitus.
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