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Abstract 
Aim: To evaluate hs-CRP, MDA levels in type 2 diabetic patients and also to explore their 
association with HbA1c and insulin resistance. 
Methodology: A prospective evaluation study was carried out in the Department of 
Biochemistry, Jan Nayak Karpuri Thakur Medical College and Hospital, Madhepura, Bihar, 
India for 1 year period. The study population consisted of 100 subjects divided in to two 
groups viz., diabetic patients (type 2 diabetic subjects; n=50) and non- diabetic participants 
(n=50). 48 male and 52 female were including in this study. The age of the patients of both 
sex were 30-50 years. Biochemical analysis Fasting venous blood samples were collected 
from the study subjects and routine laboratory investigations were carried out by standardized 
protocols like serum insulin, HbA1c, hs-CRP, and malondialdehyde (MDA) and analyzed. 
Results: Out of 100 patients, 48% were males and 52% were females. 37% patients belonged 
30-40 years of age group, while most of the patients (63%) belonged to 40-50 years of age 
group. Mean age of control group was 37.9±4.5 years, while 40.2±7.1 years in type 2 
diabetes mellitus patient group. Mean systolic and diastolic blood pressure in DM patients 
was higher as compared to control group. The mean serum hs-CRP and MDA levels were 
significantly high in type 2 diabetic patients compared with healthy patients. Hs-CRP and 
MDA levels are shown significant positive correlation with glycocylated hemoglobin 
(HbA1C), insulin resistance, triglycerides and negative correlation with HDL cholesterol. 
Conclusion: The use of stringent blood glucose management, frequent monitoring of hs-
CRP, and monitoring of MDA levels may be beneficial in the prevention of vascular 
problems in type 2 diabetics. 
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Introduction 

Diabetes mellitus (DM) recognized as a 
common metabolic disorder worldwide 
caused by complex interactions of genetic, 
environmental and lifestyle factors. Type 2 
diabetes mellitus is a serious public health 
concern globally and associated with 
lasting vascular problems, which leads to 
morbidity and death. Inflammation plays a 
critical role in the development of vascular 
problems in type 2 diabetes mellitus [1]. 
Impaired insulin production and sensitivity 
mechanism can be explained by oxidative 
stress, endoplasmic reticulum stress, 
amyloid deposition in the pancreas, 
lipotoxicity and glucotoxicity [2]. Chronic 
hyperglycemia and oxidative stress 
enhance the pro-inflammatory proteins 
with infiltrating macrophages secreting 
inflammatory cytokines which leads to 
systemic inflammation [3].  
Blood glucose control in people with type 
2 diabetes may be monitored over time 
using HbA1c, an essential biochemical 
measure [4]. When haemoglobin combines 
with glucose in the blood, the result is 
HbA1c [5]. In both healthy and diabetic 
individuals, HbA1c levels may be utilized 
as a risk factor for stroke and 
cardiovascular disease (CVD). The risk of 
cardiovascular disease (CVD) 
development may be reduced by 10% with 
a (0.2 percent) drop in HbA1c levels [6]. 
Several studies have shown that mothers 
of babies with high HbA1c levels are more 
likely to have cardiovascular disease 
(CVD) in the future [7]. 
When the liver produces Hs C-reactive 
protein in response to multiple cytokines, 
it is an acute phase reactant protein that 
serves as an indicator of low-grade 
systemic inflammation [8, 9]. Studies have 
shown that hs-CRP binds directly to 
oxidised LDLC and stimulates the 
production of plasminogen activator 
inhibitor-1, resulting in endothelial 
dysfunction and cardiovascular disease 
(CVD) [10-12]. Pro-inflammatory 

cytokines are released by infiltrating 
macrophages in response to 
hyperglycemia-induced oxidative stress, 
resulting in both local and systemic 
inflammation [13]. The synthesis of 
aldehydes such as malondialdehyde 
(MDA), propanol, hexanal, and 4-
hydroxynonenal (4-HNE) has been linked 
to high levels of free radicals or reactive 
oxygen species (ROS), reactive nitrogen 
species (RNS). To find out if hs-CRP and 
MDA levels in type 2 diabetics correlate 
with HbA1c and insulin resistance, this 
research set out to do just that. 
Materials and Methods: 
A prospective evaluation study was carried 
out in the Department of Biochemistry, Jan 
Nayak Karpuri Thakur Medical College 
and Hospital, Madhepura, Bihar, India for 
1 year period. 
Inclusion and exclusion criteria 
The study population consisted of 100 
subjects divided in to two groups viz., 
diabetic patients (type 2 diabetic subjects; 
n=50) and non- diabetic participants 
(n=50). 48 male and 52 female were 
including in this study. The age of the 
patients of both sex were 30-50 years. We 
excluded the patients with positive history 
of smoking, alcohol, tobacco chewing, 
renal disease, inflammatory disorders, 
neoplastic disorders, thyroid disorders, 
liver dysfunction, and history of acute 
myocardial infarction, stroke and occlusive 
peripheral vascular disease.  
Methodology 
Biochemical analysis Fasting venous 
blood samples were collected from the 
study subjects and centrifuged at 3000 rpm 
for 15 min. Routine laboratory 
investigations were carried out by 
standardized protocols with vitros 350 
fully automated analyzer. Serum insulin 
estimated by Enzyme Linked Immuno 
Sorbent Assay (ELISA), HbA1c estimated 
by (Ion Exchange Resin method) hs-CRP 
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was assessed by (latex turbidimetric 
immunoassay), malondialdehyde (MDA) 
estimated by Thiobarbituric Acid Reactive 
Substances (TBARS) method [15]. Post 
prandial venous blood samples collected 
for plasma glucose (PPG) analysis. 
Homeostasis model assessment for Insulin 
Resistance (HOMA-IR) HOMA- IR 
calculated by using fasting glucose and 
insulin values: HOMA – IR= fasting 
insulin X fasting glucose (m M/L)/22.51 
[17]. 

Results: 
Out of 100 patients, 48% were males and 
52% were females. 37% patients belonged 
30-40 years of age group, while most of 
the patients (63%) belonged to 40-50 years 
of age group. Mean age of control group 
was 37.9±4.5 years, while 40.2±7.1 years 
in type 2 diabetes mellitus patient group. 
Mean systolic and diastolic blood pressure 
in DM patients was higher as compared to 
control group. 

Table 1: Gender and age distribution of patients 
Variables N=100 
Gender  
Male 48 
Female 52 
Age  
30-40 years 37 
40-50 years 63 

Table 2: Comparison of baseline parameters in controls, type 2 diabetic patients 

Parameters Controls (N=50) T2DM (N=50) p-value 
Age 37.9±4.5 40.2±7.1 0.46 
Body mass index (BMI) kg/m2 24.9±1.6 27.8±2.6 0.015 
Waist/Hip ratio 1.05±0.03 0.97±0.14 0.022 
Systolic BP(mmHg) 118.2±6.0 121.5±9.6 0.09 
Diastolic BP (mm Hg) 76.8±6.2 81±8.0 0.15 

The mean serum hs-CRP and MDA levels were significantly high in type 2 diabetic patients 
compared with healthy patients. hs-CRP and MDA levels are shown significant positive 
correlation with glycocylated hemoglobin (HbA1C), insulin resistance, triglycerides and 
negative correlation with HDL cholesterol. 

Table 3: Comparison of FPG, PPG, HbA1C, HOMA-IR, Lipid profile, Liver profile, 
Renal profile hs-CRP and MDA levels in control and type 2 diabetic subjects 

Parameters Controls (N=50) T2DM(N=50) 
FPG(mg/dl) 81.4± 9.0 134.5±13.8 
PPG(mg/dl) 105.8±9.2 190±24.0 
HbA1C 5.5±0.8 8.8±1.2 
Serum Triglycerides (mg/dl) 98.0±10.8 134.8±14.0 
Serum cholesterol (mg/dl) 180.2±10.0 207.0±23.2 
HOMA-IR 1.4±0.4 4.2±1.1 
HDLcholesterol (mg/dl 43.7±2.2 40.0±3.4 
LDLcholesterol (mg/dl) 110±11.0 137.0±14.8 
Total Bilirubin(mg/dl 0.78±0.1 0.84±0.1 
Direct Bilirubin(mg/dl) 0.2±0.09 0.18±0.07 
Serum urea(mg/dl) 23.2±5.0 26.5±7.0 
Serum creatinine(mg/dl) 0.78±0.4 0.80±0.8 
hs-CRP(mg/L) 2.0±0.5 4.0±1.9 
MDA(µmol/L 1.9±0.7 6.2±1.6 



International Journal of Pharmaceutical and Clinical Research                           e-ISSN: 0975-1556, p-ISSN: 2820-2643 

 

Amar et al.                            International Journal of Pharmaceutical and Clinical Research   

585 

Discussion: 
hs-CRP is a member of the class of acute 
phase reaction proteins and the hs-CRP 
level reflects the degree of systemic 
inflammatory response. A previous study 
demonstrated that the serum hs-CRP level 
was high in patients with DM, including 
those with macro vascular complications. 
It was also found that high hs-CRP was an 
independent predictor of cardiac risk in 
patients with T2DM [18]. Oxidative stress 
stimulates the inflammatory mediators 
which in turn enhances the production of 
reactive oxygen species (ROS) and 
reactive nitrogen species (RNS). Oxidative 
stress induces tumour necrosis factor alpha 
(TNF- α) secretion, it is linked to obesity 
related insulin resistance and vascular 
complications in type 2 diabetes mellitus 
[19, 20]. 
Meng et al [21] observed dynamic glucose 
characteristics in patients with T2DM with 
different concentrations of HbA1c through 
the CGMS for 72 h, and the results showed 
that the HbA1c levels were positively 
correlated with the 24 h MBG levels, but 
not with MAGE, which was consistent 
with the present results. In addition, the 
present study indicated that an increase in 
HbA1c levels also triggered an increase in 
hs-CRP levels. Sarinnapakorn et al [22] 
found that hs-CRP levels correlated with 
HbA1c levels in overweight female 
patients with T2DM. Kilpatrick et al [23] 
suggested that HbA1c was an independent 
predictor of the risk of retinopathy and 
nephropathy in patients with T1DM, and 
that high HbA1c levels were associated 
with the risk of cardiovascular mortality in 
the general Japanese population [24]. 
Chang et al [25] reported that there was a 
positive correlation between serum hs-
CRP and MAGE in patients with T2DM, 
which was in agreement with the results of 
the present study. Su et al [26] reported 
that MAGE was significantly higher in 
patients with coronary artery disease than 
in patients without it. Other studies have 
reported that glycemic fluctuations are 

positively correlated with the carotid artery 
intima-media thickness in patients with 
T2DM [27, 28], suggesting that glycemic 
excursions are associated with macro 
vascular complications. 
In the present study we observed 
significantly increased MDA levels in 
T2DM patients compared to healthy 
controls and also positive correlation with 
HbA1c and HOMA-IR. HbA1c is widely 
used as mean glycemic index in diabetes 
and also useful measurement for the 
vascular complications. Oxidative stress 
plays a crucial role in pathogenesis of 
diabetic vascular complication [29]. 
Chronic hyperglycemia in diabetic patients 
can increase production of free radicals 
through Amadori rearrangement [30]. In 
general, the ROS and RNS are 
continuously generated in physiological 
conditions and are eliminated by several 
antioxidant enzymes. Co-existence of 
inflammation, increased lipid peroxidation, 
dyslipidemia along with hyperglycemia 
conditions could pathologically increase 
the effect of oxidative stress [31]. 
However, the decreased efficiency of 
cellular antioxidant mechanisms with 
simultaneously enhanced lipid 
peroxidation along with increased insulin 
resistance and HbA1c may contribute 
factors of provoking inflammatory 
pathways and vascular complications in 
type 2 diabetes mellitus. 
Misra et al [32] indicated that hs-CRP 
levels were higher in patients with T2DM 
with macrovascular complications than in 
those with T2DM without macro vascular 
complications. Another previous study 
reported the same findings, and also 
demonstrated that hs-CRP was positively 
correlated with macrovascular 
complications [33]. The associations 
between hs-CRP and HbA1c were 
analyzed using multivariate stepwise 
regression analysis, and the results 
indicated that HbA1c was a risk factor for 
hs-CRP and that glycemic excursions had 
a smaller effect on the systemic 
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inflammatory response than HbA1c did; 
therefore, when glycemic control treatment 
is planned, priority should be given to the 
reduction of the HbA1c levels followed by 
the reduction of glycemic excursions. This 
indicates that reducing the inflammatory 
response defers the occurrence and 
development of complications associated 
with DM. [34] 
Conclusion: 
Increased levels of hs-CRP and MDA in 
type 2 diabetes patients have the potential 
to be useful diagnostic indicators for the 
evaluation of endothelial dysfunction in 
these individuals. The use of stringent 
blood glucose management, frequent 
monitoring of hsCRP, and monitoring of 
MDA levels may be beneficial in the 
prevention of vascular problems in type 2 
diabetics. 
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