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INTRODUCTION

Diabetes Mellitus (DM) is a metabolic disorder resulting ei-
ther from deficiency of insulin or resistance to its action caus-
ing increased blood glucose levels (Hyperglycaemia) which 
leads to several systemic complications.1The classical symp-
toms of diabetes include polydypsia, polyuria, polyphagia and 
weight loss. As the disease progress, patients are at high risk 
for development of complications, such as retinopathy leading 
to blindness, nephropathy ending with renal failure, neuropa-
thy resulting in nerve damage and atherosclerosis.2Prevalence 
of diabetes is increasing day on day worldwide. International 
Diabetes Federation (IDF) in year 2013, estimated that around 
382 million people had diabetes. Prevalence of diabetes is 
increasing exponentially and by 2030 it is estimated that the 
chance of diabetes may be almost doubled.3

Diabetic Nephropathy (DN)is a clinical syndrome charac-
terized by albuminuria (>300 mg/day or >200 mcg/min) 
confirmed at leaston two occasions 3-6 months apart with 
permanent and irreversible decrease in glomerular filtration 
rate (GFR)  and arterial hypertension. It is a progressive kid-
ney disease caused by glomerular as well as tubular struc-
tural and functional alteration which is induced by glucose 
homeostasis disturbance accounting to 30-40% of diabetic 
patients and is one of the major causes of end stage renal 
disease (ESRD).4,5

Hyperglycaemia being a crucial factor in the development 
of diabetic nephropathy induces hemodynamic and meta-
bolic factors which are thought to be the main mediators 
of renal injury. Increased glucose concentration enhances 
oxidant production and impairs antioxidant defence by 
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ABSTRACT
Introduction: Oxidative stress is responsible for endothelial dysfunction and one of the important factors contributing to patho-
genesis of DN. Aim of the study was to evaluate extended diabetic profile and oxidative stress parameters in type 2 diabetes 
with and without nephropathy.
Methods: Hospital based cross-sectional analytical study includes 150 study subjects in the age group of 35-70 years were 
grouped into three groups; Group I- Healthy Controls; Group II- Clinically proven type 2 diabetes mellitus and Group III- Type 2 
diabetes mellitus with nephropathy.  Anthropometric and biochemical parameters were analysed by standard methods.
Results: Among the oxidative stress parameters Vitamin C, Nitric Oxide and Glutathione peroxidase showed a significant de-
cline in Group III when compared with group I and II with a p-value <0.001. The mean value of malondialdehyde in group I, II and 
III was 2.47±1.02, 4.96±1.95 and 7.12±1.7 respectively showing a significant (p<0.001) increase in group III and group II when 
compared with the control group.
Conclusion: Lipid abnormality is associated with type 2 diabetes mellitus with and without nephropathy with increased TG level 
and a reduced level of HDL-C. Increase in oxidant and low antioxidants level in diabetic and diabetic nephropathy patients were 
observed. Thus, measurement of oxidative stress and antioxidant system with lipid status may help in evaluating diabetes and 
aid inpredicting and prevention of long term diabetic complications.
Key Words: Diabetic Nephropathy, Oxidative Stress, Malondialdehyde, Lipid Profile, Glutathione peroxidase, Type 2 Diabetes Mellitus
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multiple interacting pathways including increased pro-
duction of advanced glycation end products (AGEs), en-
hance reactive oxygen species generation and activation 
of protein kinase (PKC), polyol and renin-angiotensin 
system (RAS).6

Persistent hyperglycaemic state activates aldose reductase 
activity and the polyol pathway, which decreases NADPH/
NADP+ ratio.7 Further intracellular glucose activates PKC 
through de novo synthesis of diacylglycerol (DAG)8 and 
has been associated with processes increasing mesangial 
expansion, thickening basement membrane, endothelial dys-
function, smooth muscle cell contraction and activation of 
cytokines and transforming growth factor β (TGF-β).9 PKC 
induces oxidative stress by activating mitochondrial NA-
DPH oxidase and been recognized as contribution of oxidant 
production as NADPH oxidase stimulate ROS generation 
and contributing to the development and progression of DN.6

Dyslipidaemias which is characterized by high plasma tri-
glyceride concentration, low HDL cholesterol concentration 
and increased concentration of small dense LDL cholesterol 
particle is being one of the major risk factor for vascular 
disease in DM. These changes in lipid concentration are at-
tributed to increase free fatty acids flux secondary to insulin 
resistance in DM.10 Altered lipid profile is common in pa-
tient with kidney disease. Dyslipidaemias in DM may cause 
kidney damage and contributing to a progressive decline in 
kidney function leading to development and progression 
of DN.11Thus, this study aimed to evaluate oxidative stress 
parameter in type 2 diabetes with and without nephropathy 
compared with clinically healthy controls. Extended diabetic 
profile and oxidative stress parameters are compared be-
tween three groups.

MATERIALS AND METHODS

This Hospital based cross-sectional analytical study was 
conducted in R L Jalappa Hospital and Research Centre at-
tached to Sri DevarajUrs Medical College, constituent of Sri 
DevarajUrs Academy of Higher Education and Research, 
Tamaka, Kolar, Karnataka India. Study was approved 
by the Institutional Ethical Committee (SDUMC/KLR/
IEC/17/2019-20) and informed consent was obtained from 
all study subjects participating in this study. 

A total of 150 study subjects in the age group of 35-70 years 
of males and females were included. These study subjects 
were grouped into: Group I- Healthy Controls; Group II- 
Clinically proven T2DM; Group III- Type 2 DM with ne-
phropathy. Patients with active urinary tract infection, renal 
disease other than diabetic nephropathy, chronic liver or 
heart diseases, cancer, gestational diabetes mellitus, Acute 
kidney injury Type 1 DM along with patient on dialysis were 
excluded from the study.

Clinical details such as anthropometric measurement of all 
the study subjects enrolled in the study were obtained from 
the hospital medical records. A minimum of 8 hours of fast-
ing blood sample was collected and divided into parts with 
specified sample requirements per the investigations into 
serum (plain tubes), whole blood and plasma (EDTA&NaF 
tubes) for parameters as mentioned in measurement meth-
ods.2 hours post- prandial blood sample was also collected 
for Post-prandial blood sugar estimation.

Fasting and post-prandial blood glucose, urea, Creatinine, 
Uric acid, total cholesterol, triglyceride and HDL-cholester-
ol were analyzed using Vitros 5.1 FS dry chemistry auto ana-
lyzer from Ortho Clinical Diagnosis (OCD) United States, 
based on the principle of Reflectance Photometry. HbA1C 
was determined by HPLC method. Malondialdehyde (MDA) 
by Thiobarbituric acid reactive substance (TBARS) method, 
Vitamin C by 2,4-dinitrophenylhydrazine method, Nitric ox-
ide by Modified Griess method were measured spectropho-
tometrically using Perkin Elmer UV/VIS spectrophotometer. 
Glutathione peroxidase was determined by using ELISA kit 
from 2018 Geno Technology Inc., USA. LDL-C was calcu-
lated using Friedwald Equation as well as VLDL and Non-
HDL-C was also calculated.

Statistical analysis was performed using IBM-SPSS statisti-
cal package 20. Independent sample t-test was used to com-
pare means of different parameters. Difference between three 
groups was assessed using analysis of variance (ANOVA). 
Pearson correlation coefficient was used to demonstrate cor-
relation between oxidative stress parameter & lipid profile. 
p-value<0.05 was considered statistically significant. 

RESULTS

A total 150 participants out of whom 58 were female and 92 
males within an age group of 35-70 years were included in 
the present study. Mean and standard deviation of anthropo-
metric and physical variables of 150 subjects were shown 
in Table 1. The mean value of age, systolic blood pressure 
(SBP) and pulse rate were significantly higher in group II 
and III compared to group I with a p-value of < 0.001. There 
was no significant difference observed in duration of dia-
betic in group II and group III.  

Table 2 shows the comparison of mean and standard de-
viation of all the biochemical parameters between the three 
groups. Fasting blood sugar, postprandial blood sugar, 
HbA1C, urea, serum creatinine, uric acid and triglyceride 
level were significantly higher in group II and III when com-
pared with the control group I study subjects. The level of 
total cholesterol and HDL-C were significantly lowered in 
diabetes and diabetic nephropathy cases when compared 
with the control study subjects. Vitamin C, Nitric Oxide and 
Glutathione peroxidase levels showed a significant reduction 
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in Group III compared to group I and II. The mean value 
of malondialdehyde in group I, II and III was 2.47±1.02, 
4.96±1.95 and 7.12±1.7 respectively showing a significant 
(p<0.001) increase in group III and group II when compared 
with the control group.

Post Hoc analysis using Bonferroni criteria was performed 
to assess significant between the biochemical parameters 
among the groups and showed in Table 3. FBS, PPBS, 
HbA1C, HDL-C, Vitamin C, nitric oxide, glutathione per-
oxidase and malondialdehyde were significant (p<0.001, 
p<0.005) between Group I and Group II. Group II vs Group 
III showed a significant difference (p<0.001, p<0.005) with 
respect to all biochemical parameters except TG, HDL-C, 
VLDL-C and Nitric oxide. On comparison between group 
I vs III, except TG and VLDL-C all other parameters were 
highly significant (p<0.001).

Pearson’s correlation coefficient of oxidative stress param-
eters with lipid profile parameters in DN patients (Group III)
were presented in Table 4. Among these parameters only glu-
tathione peroxidase showed a significance with a weak nega-
tive correlation with LDL-C (r= -0.302, p=0.033*).

DISCUSSION

The incidence and prevalence of diabetes mellitus have 
grown significantly throughout the world, due primarily to 
the increase in type 2 diabetes. This increase in the num-
ber of people developing diabetes had a major impact on the 
development of diabetic kidney disease. Diabetic nephropa-
thy is one of the major chronic microvascular complications 
in diabetes mellitus & a leading cause of end-stage renal 
disease, accounting for nearly half of all incident cases of 
ESRD in the developed world.12,13In India, DN accounts for 
about 46% of chronic kidney disease (CKD) in elderly peo-
ple and is associated with increased cardiovascular mortality 
and morbidity. A dramatic increase in prevalence of diabetic 
nephropathy has been seen in Indian diabetic patients, which 
has become the single most common cause of end-stage kid-
ney disease.5 The anthropometric measurement showed a 
significant different in age and systolic blood pressure when 
compared the control group with T2DM and T2DM with ne-
phropathy patients. In our study, the duration of diabetes was 
not significantly different in group II and group III. 

Our study showed a significant increase in FBS, PPBS and 
HbA1c when compared control group with type 2 diabetes 
mellitus and T2DM with nephropathy group respectively 
similar to the study conducted by Patel and Kaila in the year 
2019.14Comparison between T2DM and T2DM with ne-
phropathy studied groups regarding parameters of glycaemic 
control showed a significant difference with decreased level 
in nephropathy group and is contra indicatory to the result of 
study conducted by Mohamed ShawkyElsayed et al.15

Patients with diabetic nephropathy showed a significant in-
crease in blood urea and serum creatinine level when com-
pared with control group subjects and type 2 diabetic sub-
jects in the present study indicating decline kidney function 
with progression of nephropathy. A significant elevated uric 
acid level in group III was found when compared with group 
I and II. A similar result was observed in study conducted 
by Kentaro et al., showing elevated uric acid level as con-
sequence of renal function decline16 as renal excretion is the 
primary mode of its clearance.17

Among lipid profile parameters TG showed a significant 
increase in T2DM patients when compared with control 
study subjects indicating that increased blood sugar might 
have contributed to the elevated triglycerides. A significant 
reduction in HDL-C was observed in T2DM and T2DM 
with nephropathy subject. This results correlate with study 
conducted by Srinidhi Rai et al.in the year 2017.18Altered 
lipid profile in T2DM is due to insulin resistance and defec-
tive insulin action on lipoprotein metabolism. It will also in-
crease triglyceride synthesis and promote quick breakdown 
of HDL-C.19To our surprise, we observed that total choles-
terol and LDL-C was significantly lowered in T2DM and 
Nephropathy patients when compared with the control study 
subjects and it may be because of certain factors such as life-
style modification, strict diet control, statins, awareness of 
the sequelae. DN which is considered as an independent risk 
factor for cardiovascular disease and altered lipid levels will 
increase the risk.18

Our study showed, the level of nitric oxide was significantly 
reduced in diabetic nephropathy when compared with control 
group. However, there was no much difference in nitric ox-
ide level in T2DM and T2DM with nephropathy cases. Oxi-
dative stress being the main cause of endothelial dysfunction 
and releasing inflammatory markers such as cytokines from 
the damaged renal tissues. Thus altered endothelial causes 
excess expression and plasma level of vasoconstrictors such 
as angiotensin II and endothelin-1 with increased expression 
of adhesion molecules and enhanced adhesion of platelets 
and monocytes to vascular endothelium releasing nitric ox-
ide leading to reduced nitric oxide responsiveness causing 
renal injury.20It may also reflect increased NO degradation 
promoted by oxidative stress in renal cortex during kidney 
dysfunction. 

Hyperglycaemia is known to enhance free radical genera-
tion and facilitate lipid peroxidation. MDA which is marker 
of lipid peroxidation, the levels were significantly elevated 
in both T2DM and T2DM with nephropathy patients when 
compared with control study subjects. 

The level was almost 3 times higher in nephropathy cases 
when compared with the control group. Vitamin C act as an-
tioxidant and plays a major role in protecting against oxida-
tive stress damage. The levels of vitamin C were gradually 
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decreased in group II and III when compared with control 
study subjects and results are consistent with study done by 
Munilakshmi et al.21 We observed in our study the serum 
level of glutathione peroxidase was decreased in diabetes 
and diabetic nephropathy patients and similar results were 
observed in previous study conducted by Zagrodzki et al. 
and EL-Far MA et al.22,23 The decreased level of glutathione 
peroxidase may be due to increased level of lipid peroxida-
tion or decreased in functional renal mass24 as the plasma 
form of glutathione peroxidase is synthesized in the kidney.23

CONCLUSION:

Diabetic nephropathy is one of the chronic complications 
of type 2 diabetes and finally progresses to end stage renal 
disease which requires dialysis therapy. Oxidative stress is 
one of the important factors contributing to pathogenesis of 
DN. The present study showed that the lipid abnormality is 
associated with T2DM and T2DM with nephropathy with 
increased TG level and reduced level of HDL-C. We also 
observed increased oxidant (MDA) and a low antioxidants 
(Vitamin C & Glutathione peroxidase) level in diabetic and 
diabetic nephropathy patients.

Thus, the measurement of oxidative stress along with an-
tioxidant system and lipid status seems to be more helpful 
while evaluating diabetic complications and assessment of 
oxidative stress in diabetic patients may be more important 
for prediction and prevention of long term diabetic compli-
cations. 
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Table 1:  Mean and Standard Deviation of Anthropometric Measures in Three Groups 
PARAMETERS GROUP I

(Mean ± SD)
GROUP II

(Mean ± SD)
GROUP III

(Mean ± SD)
ANOVA F-value with  

Significance

AGE (Years) 45.24±8.31 58.02±8.5 58.38±8.8 38.28, p<0.001*

BMI (Kg/m2) 24.58±4.141 24.52±4.011 24.18±3.97 0.142, p=0.867

SBP (mmHg) 121.56±4.02 125.56±17.08 132.96±19.96 7.09, p=0.01*

DBP (mmHg) 79.68±2.26 80.28±9.83 82.40±12.54 1.18, p=0.31

Pulse (Beats per Minutes) 78.84±6.3 86.62±9.695 90.44±10.296 21.87, p<0.001*

Diabetic Duration (Year) - 6.96±5.81 8.98±8.46 1.94, p=0.167

[*p<0.05 considered as significant; BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure]

Table 2:  Comparison of extended diabetic profile and oxidative stress parameters in three groups 
PARAMETERS GROUP I

(Mean ± SD)
GROUP II

(Mean ± SD)
GROUP III

(Mean ± SD)
ANOVA F-value with Significance

FBS (mg/dL) 96.34±9.36 213.08±69.19 152.06±52.97 66.57, p<0.001*

PPBS (mg/dL) 107.66±21.19 288.34±91.72 239.90±63.8 101.44, p<0.001*

HbA1C (%) 5.52±.544 11.14±2.54 8.38±2.11 105.86,p<0.001*

Urea (mg/dL) 19.78±5.57 24.02±8.92 111.86±41.42 221.97, p<0.001*

SCr( mg/dL) 0.84±0.42 0.74±0.53 5.04±2.63 122.21, p<0.001*

UA (mg/dL) 5.18±1.4 4.32±1.9 7.78±2.013 50, p<0.001*

TC (mg/dL) 179.1±42.8 164.10±47.35 137.96±42.98 10.98, p<0.001*

TG (mg/dL) 171.2±79.97 210.3±109.9 173.16±124.31 2.14, p=0.121

HDL-C (mg/dL) 41.62±10.3 31.34±9.6 31.76±11.8 15.06, p<0.001*

LDL-C (mg/dL) 100.22±30.25 88.96±39.53 71.18±34.94 8.69, p<0.001*

VLDL-C (mg/dL) 34.16±16.02 43.68±23.26 34.84±25.91 2.88, p=0.059

Vit C (mg/dL) 1.22±0.42 0.92±0.34 0.34±0.48 57.7, p<0.001*

NO (µmol/L) 32.64±12.39 13.60±5.7 11.26±4.81 98.65, p<0.001*

GPX (ng/mL) 22.6±8.52 17.84±7.2 12.22±5.05 27.01, p<0.001*

MDA (nmol/L) 2.47±1.02 4.96±1.95 7.12±1.7 103.02, p<0.001*

[*p<0.05 considered as significant; FBS: Fasting Blood Sugar; PPBS: Post Prandial Blood Sugar; HbA1C: Glycated Haemoglobin; 
SCr: Serum Creatinine; UA: Uric Acid; TC: Total Cholesterol; TG: Triglyceride; HDL-C: High Density Lipoprotein Cholesterol; 
LDL-C: LowDensity Lipoprotein Cholesterol; VLDL-C: Very Low Density Lipoprotein Cholesterol; Vit C: Vitamin C; NO: Nitric 
Oxide; GPX: Glutathione Peroxidase; MDA: Malondialdehyde]

Table 3: Post Hoc Test (Bonferroni)comparing means of biochemical parameters in Group I (Healthy Con-
trol), Group II (T2DM) and Group III (T2DM with Nephropathy) 
PARAMETERS Group I vs Group II

(p value)
GroupII vs Group III

(p value)
Group I vs Group III

(p value)

FBS <0.001* <0.001* <0.001*

PPBS <0.001* =0.001* <0.001*

HbA1C <0.001* <0.001* <0.001*

Urea 1.00 <0.001* <0.001*
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PARAMETERS Group I vs Group II
(p value)

GroupII vs Group III
(p value)

Group I vs Group III
(p value)

SCr 1.00 <0.001* <0.001*

UA 0.053 <0.001* <0.001*

TC 0.280 <0.005* <0.001*

HDL <0.001* 1.00 <0.001*

LDL 0.333 0.037* <0.001*

Vit C 0.001* <0.001* <0.001*

NO <0.001* 0.49 <0.001*

GPX <0.003* <0.001* <0.001*

MDA <0.001* <0.001* <0.001*

[*. The mean difference is significant at the 0.05 level;FBS: Fasting Blood Sugar; PPBS: Post Prandial Blood Sugar; HbA1C: Glycated 
Haemoglobin; SCr: Serum Creatinine; UA: Uric Acid; TC: Total Cholesterol; HDL-C: High Density Lipoprotein Cholesterol; LDL-
C: LowDensity Lipoprotein Cholesterol; Vit C: Vitamin C; NO: Nitric Oxide; GPX: Glutathione Peroxidase; MDA: Malondialde-
hyde]

Table 4:  Correlation between oxidative stress parameters and lipid profile in Diabetic Nephropathy patients 
(Group III)
Variables Correlate r value p value

Glutathione Peroxidase Total Cholesterol -0.251 0.078

Triglyceride 0.086 0.551

HDL-Cholesterol -0.109 0.452

LDL-Cholesterol -0.302* 0.033*

Malondialdehyde Total Cholesterol 0.043 0.767

Triglyceride -0.07 0.630

HDL-Cholesterol 0.086 0.554

LDL-Cholesterol 0.074 0.608

Vitamin C Total Cholesterol -0.031 0.830

Triglyceride -0.037 0.801

HDL-Cholesterol 0.138 0.341

LDL-Cholesterol -0.094 0.516

Nitric Oxide Total Cholesterol 0.044 0.760

Triglyceride 0.052 0.718

HDL-Cholesterol -0.044 0.761

LDL-Cholesterol 0.040 0.784

*. Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed).

[*HDL-C: High Density Lipoprotein Cholesterol; LDL-C: LowDensity Lipoprotein Cholesterol; VLDL-C: Very Low Density Lipo-
protein Cholesterol]

Table 3: Post Hoc Test


