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ABSTRACT
Aims and Objectives: Adipocytokines and oxidative stress have been independently studied in various morbidities, but their interrelationship in
mediating insulin resistance and type 2 diabetes mellitus is still unclear. Thus, the present study was aimed at evaluating malondialdehyde (MDA)
levels in pre-diabetes and diabetics and correlating it with adiponectin levels.
Methods: Fifty controls, 50 pre-diabetic, and 50 diabetic patients were enrolled. Plasma MDA, uric acid, and adiponectin were measured in the blood
samples. Serum MDA adiponectin was analyzed by enzyme-linked immunosorbent assay and uric acid was analyzed by uricase method.

Results: Pre-diabetic and diabetic patients had higher levels of MDA and uric acid, while the level of adiponectin was low compared to controls.
Correlation of MDA was positive with uric acid but negative with adiponectin in diabetic patients. Likewise, adiponectin and uric acid were also
correlated negatively. In pre-diabetes, adiponectin was significantly and negatively correlated with MDA and uric acid.
Conclusions: Pre-diabetic and diabetic patients have increased oxidative stress, which is also linked with adipokine abnormalities. From this study,
we observed that oxidative stress suppresses adiponectin production which is the protective adipokine in hyperglycemia. Thus, oxidative stress may
serve as an indicator or target for in the control of hyperglycemic stress.
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INTRODUCTION
Both pre-diabetes and diabetes are a metabolic disorder induced by insulin
resistance. According to the WHO, about 9% of the population around the
globe were affected with diabetes accounting for 1.5 million deaths in
2014 [1]. Another key factor responsible for insulin resistance is oxidative
stress. It occurs due to an imbalance in free radical production and their
detoxification by the anti-oxidant system of the body [2]. The potent free
radicals are reactive oxygen species such as superoxide, hydroxyl ions, and
hydrogen peroxide, which are produced in low levels in mitochondria and
peroxisomes in normal physiological conditions and are sufficiently acted
on by the anti-oxidant defense system [3,4]. However, if the oxidative
stress becomes chronic, it causes damage to biomolecules such as DNA,
proteins, and lipids resulting in the development of chronic diseases such
as diabetes, cancer, and cardiovascular diseases. Chronic oxidative stress
especially is more harmful to pancreatic β-cells as these cells express
lower amount of anti-oxidant enzymes [5]. Researches have revealed a
strong correlation of oxidative stress with the insulin resistance and the
stages of diabetes. However, the knowledge regarding this phenomenon is
incomplete. Oxidative stress is also implicated to have roles in alteration
in adipokine release, but this area has been explored inadequately.
Adipokine that is shown to have beneficial role in insulin resistance and
oxidative stress is adiponectin. Although adiponectin functions to reduce
both insulin resistance and oxidative damage, the exact mechanism of
such association is not clear [6,7]. Furthermore, studies showing a link
between oxidative stress and diabetes are available, but paucity lies with
regards to pre-diabetes. With this background, we in this study aimed
to explore the relationship between oxidative stress and adiponectin in
pre‑diabetic and diabetic patients.
METHODS

This study was conducted in Rama Medical College, Hospital and
Research Centre Rama University, Kanpur, Uttar Pradesh, India. We

included 50 controls, 50 pre-diabetic patients, and 50 diabetic patients.
Structured proforma was prepared to record a detailed history of
the patients and the study was initiated with the approval of ethical
committee of the institute and written consent of the participants.
Inclusion criteria
Type 2 diabetic patients with age ≥30 were selected. The criteria for
diabetes mellitus were as follows:
• Fasting blood glucose (FBG): ≥126 mg/dl
• Postprandial blood glucose: ≥200 mg/dl along with the cardinal
symptoms.

Exclusion criteria
• Patients with age <30 were excluded from the study
• Patients with any illness such as type 1 diabetes mellitus,
inflammatory states, malignancy, hypothyroidism, any complications
of diabetes, or any hormonal derangement were excluded from the
study.
The patients were asked to give their blood samples after overnight
fasting and the 2 h after the carbohydrate-rich meal (postprandial
sample). The anthropometric variables such as height and weight
were recorded for each patient. In the blood samples collected, the
parameters such as blood glucose, glycated hemoglobin (HbA1c), lipids,
uric acid, malondialdehyde (MDA), and adiponectin were estimated by
kit-based methods.

Statistical analysis
The data were maintained as mean ± SD. Statistical analysis was carried
out with SPSS 18 tool. The comparison of parameters in the study
groups was done by student’s t-test, while correlation was determined
by Pearson’s correlation coefficient. p<0.05 indicated statistical
significance.
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Table 1: Comparison of basic parameters
Parameter

Control

Pre‑diabetes

Diabetes

CvsP

CvsD

PvsD

Age
Body mass index
Fasting blood glucose
Postprandial blood glucose
Glycated hemoglobin
Cholesterol
High-density lipoproteins
Triglyceride
Low-density lipoproteins

49.57±10.23
23.72±3.55
82.12±9.38
123.43±10.41
4.99±0.4
153.31±3.11
83.33±7.89
109.67±3.16
42.03±5.11

50.01±9.84
25.11±2.5
120.97±3.73
159.24±7.11
5.94±0.21
172.23±8.35
42.57±5
135.6±4.09
84.29±9

52.81±9.66
27.17±3.14
138.2±9.86
262.3±12.52
9.36±1.28
244.8±9.49
39.85±3.41
160.33±9.61
88.58±7.99

0.0001
0.3138
0.0001**
0.0001**
0.0001**
0.0001**
0.0001**
0.0001**
0.0001**

0.1067
0.0154
0.0001**
0.0001**
0.0001**
0.0001**
0.0001**
0.0001**
0.0001**

0.1542
0.0005
0.0001**
0.0001**
0.0001**
0.0001**
0.0001**
0.0001**
0.0001**

Table 2: Comparison of major parameters
Parameter

Control

Pre‑diabetes

Diabetes

CvsP

CvsD

PvsD

Adiponectin
Malondialdehyde
Uric acid

10.74±2.24
2.98±1.59
4.52±0.89

9.48±2.41
4.06±2.23
6±0.77

6.45±2.01
9.14±2.68
5.24±1.28

0.0001**
0.0064
0.0001**

0.008
0.0001**
0.0001**

0.0001**
0.0001**
0.0005

Table 3: Correlation between the parameters in pre‑diabetes
Parameter

FBG

HbA1c

Uric acid

Adiponectin

MDA

FBG
HbA1C
Uric acid
Adiponectin
MDA

‑
0.056
−0.06
0.06
0.001

0.056
‑
−0.15*
−0.03
−0.06

−0.06
−0.15*
‑
−0.16*
−0.002

0.06
−0.03
−0.16*
‑
−0.27**

0.001
−0.06
−0.002
−0.27**
‑

MDA: Malondialdehyde, HbA1C: Glycated hemoglobin, FBG: Fasting blood
glucose

Table 4: Correlation between the parameters in diabetes
Parameter

FBG

HbA1c

Uric acid Adiponectin MDA

FBG
HbA1C
Uric acid
Adiponectin
MDA

‑
0.6**
0.19**
−0.29**
0.44**

0.6**
‑
0.45**
−0.43**
0.61**

0.19**
0.45**
‑
−0.21**
0.28**

−0.29**
−0.43**
−0.21**
‑
−0.59**

0.44**
0.61**
0.28**
−0.59**
‑

they are sufficiently scavenged by the anti-oxidants present in the body.
However, if these reactive species are insufficiently scavenged, they start
damaging cellular components especially lipids and DNA [8,9]. One of
the well-studied markers of oxidative stress is MDA. It is the biomarker
for lipid peroxidation and increases significantly in diabetes [10]. In
this study, the level of MDA was significantly increased in prediabetes
and diabetes compared to controls. Our result was in line with that
of Noberasco et al. [11], Bhatia et al. [12], and Saad [13]. Similarly
the level of adiponectin was decreased and uric acid was increased
in the patients groups. According to Nakanishi et al. [14], adiponectin
is associated inversely with the oxidative stress marker in diabetic
patients. In accordance to this, we also observed negative association
of adiponectin with MDA and uric acid. The association was statistically
significant. The correlation between MDA and uric acid was linear.

The basic parameters included in this study are shown in Table 1. Age,
body mass index, FBG, postprandial blood glucose, and HbA1C were
significantly high in both pre-diabetic and diabetic patients compared
to controls. Similar was the case with cholesterol, triglycerides, and
low-density lipoproteins, while the level of high-density lipoproteins
was significantly low.

Our findings support the implication that the derangement in glucose
regulation can cause lipid peroxidation through protein glycation or
insulin resistance induced generation of free radicals from metabolic
pathways such as fatty acid oxidation and hexose monophosphate
shunt. Hyperglycemia can also induce platelet aggregation that
enhances prostaglandin and thromboxane production which are also
the major sources of free radical [15]. MDA is also suggested to link
protein glycation with lipid peroxidation and can induce inflammatory
cytokines that act as trigger to further oxidative damage [16]. Excess
production of free radicals further causes dysregulation in adipokine
production as well as in the levels of interleukin-6, tumor necrosis
factor-α, plasminogen activator inhibitor, etc, leading to impaired
glucose uptake in peripheral tissues and decreased production of insulin
from pancreas [17]. According to previous reports, MDA promotes and
adiponectin decreases oxidative stress in hyperglycemic patients.

In Table 3, adiponectin was significantly and negatively correlated with
MDA and uric acid. Uric acid showed a significant inverse association
with HbA1C. In Table 4, we observed significant linear correlation of uric
acid and MDA with FBG and HbA1C while it was inverse with adiponectin.
Further adiponectin also showed significant and negative correlation FBG
and HbA1C, and the correlation was positive between MDA and uric acid.
DISCUSSION

Oxidative stress is a state of disbalance between free radical production
and the anti-oxidant defense system. Hyperglycemia is the major
contributor to oxidative stress through various metabolic pathways.
MDA is a common biomarker of oxidative stress, while adiponectin
has protective effect against oxidative stress. Thus, interventions
to increase adiponectin and decrease MDA may produce beneficial
outcomes in hyperglycemic patients. Since pre-diabetes is the latent
state of hyperglycemia, timely management at this phase can prevent
diabetes progression and complications of oxidative stress.

Free radicals though are harmful do not cause damage to the body if
they are produced normally under the normal physiological state as

The first author thankfully acknowledge the management of Rama
Medical College and Hospital, Kanpur, for supporting the study.

MDA: Malondialdehyde, HbA1C: Glycated hemoglobin, FBG: Fasting blood
glucose

RESULTS

In Table 2, we compared uric acid, adiponectin, and MDA. Both uric
acid and MDA were significantly high and adiponectin was significantly
low inpatient group compared to controls. Uric acid level was lower in
diabetic patients compared to pre-diabetes.

CONCLUSIONS
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