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ABSTRACT  

 

Background & Aims: To find out whether any correlation exists between the levels of Plasma 

Malondialdehyde (MDA) and Whole blood Glutathione peroxidase (GPx) in patients of type 2 DM with 

microalbuminuria.   

Methods: The study was carried out in total of 100 type 2 diabetes mellitus patients with & without 

microalbuminuria and 50 healthy controls. Fasting serum sugar (FSG), lipid profile, HbA1c%, urea, 

creatinine, MDA & GPx were measured using standard methods. 

Results:   MDA was significantly higher in type 2 DM with microalbuminuria in comparison to type 2 

DM without microalbuminuria.  

In type 2 DM with microalbuminuria the albumin creatinine ratio (ACR) was significantly correlated with 

FSG(r=0.749, p<0.001), HbA1c% (r=0.799, p<0.001), MDA(r=0.695, p<0.001), cholesterol(r=0.716, 

p<0.001), LDL-Cholesterol (r=0.621,p<0.001)though ACR & GPx were not found to be significantly 

correlated (r= -0.169, p=0.241). In the same group HbA1c% was significantly correlated with MDA 

(r=0.791, p<0.001). We did not find any significant correlation between MDA & GPx levels in type 2 

DM with microalbuminuria. 

Conclusion: Oxidative stress, hyperglycemia & microalbuminuria go hand in hand in type 2 diabetes 

mellitus. 

 

Key words: MDA, GPx, Type 2 DM, Microalbuminuria, Albumin Creatinine Ratio. 

 

INTRODUCTION  
According to the WHO, there were 

31.7 million people suffering from diabetes 

in 2000 in India. This number is estimated to 

increase to an alarming level of 79.4 million 

by 2030.
[‎1]

  

According to a population based survey the 

prevalence of overt nephropathy was found 

to be 2.2% and that of microalbuminuria 

was 26.9% in study conducted in south 

India.
[‎2]

 Diabetic nephropathy (DN) has 

been classically defined as increased protein 

excretion in urine. Early stage is 

http://www.ijhsr.org/
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characterized by a small increase in urinary 

albumin excretion (UAE), also called 

microalbuminuria or incipient DN. 

Screening for diabetic nephropathy must be 

initiated at the time of diagnosis in patient 

with Type 2 diabetes mellitus
[‎3] 

since 

approximately 7% of them already have 

microalbuminuria at that time.
[‎4]

  

Oxidative stress is considered to be a 

unifying link between DM and its 

complications including nephropathy. Lipid 

peroxidation is an oxidative damage 

involving the cell membranes, lipoproteins 

under condition of oxidative stress. One of 

the major decomposition products of lipid 

peroxidation is malondialdehyde (MDA)
[‎5] 

which originates from breakdown of fatty 

acids and hence measuring the level of 

MDA in biological samples is a measure of 

oxidative stress. Antioxidant system in the 

body primarily works against the deleterious 

effects of oxidative stress. One of them 

Glutathione peroxidase (GPx), is selenium 

containing enzyme and has four known 

isozymes. The classical GPx (GPx-1) acts as 

cellular antioxidant and can metabolize 

hydrogen peroxide and a range of organic 

peroxides, including cholesterol and long-

chain fatty acid peroxides.
[‎6]

 Another 

isoform, GPx-3 originates mainly from 

kidney
[‎7] 

and contributes to plasma GPx 

levels and acts mainly as extracellular 

antioxidant. It is generally believed that the 

protective effect of GSH against the 

oxidative breakdown of lipids is mediated 

through GPx by the reduction of 

endogenously formed hydroperoxides of 

unsaturated fatty acids to hydroxyl 

derivatives.
[‎8]

 Thus, it may protect the 

proximal tubules of the kidney from 

localized peroxide-induced damage and 

hence it’s relevance in nephropathy.  

There are studies available relating 

oxidative stress, antioxidant status and 

microalbuminuria in Type 2 Diabetes 

Mellitus patients in literature but very few 

exploring fundamental causes of diabetic 

incipient nephropathy in North Indian 

population, especially in people of western 

U.P, hence present study was planned.  

 

MATERIALS & METHODS 

The present study was started after 

obtaining ethical clearance from the 

institutional committee. The informed 

consent from the patients was also taken. 

Patients attending in and out-patient 

department of Medicine of Subharti CSS 

hospital were included. They were 

diagnosed as type 2 Diabetes Mellitus 

clinically & on the basis of the criteria laid 

down by American Diabetic Association 

(ADA) 2007.  

Patients with  blood pressure 

>130/80mm Hg, other causes of proteinuria 

like fever, urinary tract infection, prostatitis, 

congestive heart failure and hematuria etc., 

those on Angiotensin Receptor Blocker & 

ACE inhibitors. & patients on Vitamin A, C 

and E supplements, drug induced Diabetes 

& gestational Diabetes Mellitus were 

excluded from the study.  

Albumin in urine was measured 

using Nyocard albumin kit (Axis Shield, 

Scotland). Urine creatinine was estimated 

after dilution of the same spot urine sample 

using Vitros 250 auto analyzer. The urine 

albumin creatinine ratio was calculated and 

value less than 30mg/g creatinine was 

considered normal and 30-300 mg/g 

creatinine was considered as micro-

albuminuria. Type 2 DM patients with 

persistent microalbuminuria were selected 

and their fasting venous blood sample was 

collected for routine investigations like 

fasting serum glucose, lipid profile, urea, 

creatinine which were done on Vitros 250 

autoanalyser. Glycosylated hemoglobin 

(HbA1c%) was estimated using Nyocard 

HbA1c kit. Sample was stored at -80
0
C in a 

deep freezer for estimation of MDA & GPx. 
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On the basis of microalbuminuria subjects 

were categorized into:- 

Group 1: age and sex matched 50 healthy 

volunteers (n=50) 

Group 2: patients of type 2 Diabetes mellitus 

without microalbuminuria (n=50) 

Group 3: patients of type 2 Diabetes mellitus 

with microalbuminuria (n=50) 

MDA was estimated in plasma using 

OxiSelect™ TBARS Assay Kit & Randox 

enzyme assay kit was used for measurement 

of Glutathione peroxidase
 
in whole blood. 

[‎9]
 

Data was statistically analyzed using the 

software Graphpad Instat (U.S.A.).The data 

was analyzed using unpaired Student’s T 

test. p<0.05 was considered significant 

 

RESULT 

The result is depicted in the given 

tables.  
 

Table I: Age, & gender distribution among controls (Group 1), 

diabetic without microalbuminuria (Group-2) and diabetic 

with microalbuminuria  (Group-3). 
  Group 1 

Mean ± SD 

(n=50)  

 Group 2 

Mean ± SD 

(n=50) 

 Group 3 

Mean ± SD 

(n=50) 

Age (years) 48± 8.3 46± 10.2 54 ± 10.4 

Sexdistribution:       

Male 

Female 

 

30 

20 

 

28 

22 

 

33 

17 

 

DISCUSSION  

In our study HbA1c% levels & 

fasting serum glucose values though higher 

in group 3 but were not statistically 

significant when compared with group 2 (p 

value >0.05).   

The urea & creatinine level was not 

statistically different in the three groups and 

the analytes in all the three groups were 

within the reference range.  
 

Total cholesterol values in group 2 

and 3 were significantly raised when 

compared with the values in group 1 but no 

significant difference between group 2 and 3 

was observed. Similar observations were 

made by several other workers also.
[‎10-‎14] 

It 

is likely that excretion of protein in urine as 

in nephrotic syndrome with the resultant 

hypoalbuminemia leads to an upregulation 

of 3-hydroxy- 3-methylglutaryl CoA 

reductase with a consequent hyper-

cholesterolemia.
[‎15]

 

Triglycerides levels were 

significantly higher in group 3 when 

compared with group 1 and 2 and higher in 

group 2 on comparison with group 1 

(p<0.01) Similar findings were also 

observed by Pasupathy et al.
[‎16]

 

HDL- cholesterol values of group 2 

and 3 are significantly lower than in group1 

(p<0.01).The values in group 2 are higher 

but statistically not significant on 

comparison with group 3.Similar decreasing 

trend in HDL values was seen by other 

workers.
[10,12,14,17]

   

 LDL cholesterol values in group 2 and 3 

were significantly higher when compared 

with the values in group 1(p<0.01) though 

the values in group 3 were higher but 

statistically not significant when compared 

with values in group 2. Our findings are 

supported by various studies.
[‎10-‎14] 

  

The MDA levels were significantly 

higher in group 2 when compared with 

group 1 (p value<0.01). The MDA levels 

were significantly higher in group 3 when 

compared to group 1 and group 2 (p 

value<0.01, both groups).Many studies 

support this finding.
[‎17-‎21] 

Malondialdehyde 

(MDA) is frequently measured as an 

indicator of oxidative stress in vivo. In type 

2 DM patients there is increased level of 

MDA as hyperglycemia results in the 

generation of ROS, increasing oxidative 

stress in affected tissues, which are damaged 

by the consequent activation of nuclear 

factor kappa B, along with AGE formation 

and activation of the protein kinase C, 

sorbitol and hexosamine pathways.
[‎21-‎24] 

 

The GPx levels were significantly 

lower in group 2 and group 3 when 

compared with group 1 (p value<0.01). No 

significant difference was observed amongst 

values of group 3 and group 2 (p value 
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>0.05). Similar results were observed by 

others.
[‎18] 

The decreased GPx activity in type 

2 DM patients with microvascular 

complications was observed by Kusuvulu et 

al. They stressed that superoxide dismutase 

is required for scavenging superoxide 

radicals 
[‎25]  

and decreased activity of SOD 

leads to increased levels of superoxide 

radicals which will cause  inhibition of 

GPx.
[‎26] 

Significantly decreased GPx mRNA 

expression along with other antioxidant 

enzymes has been observed in patients of 

diabetic nephropathy under hyper-glycemic 

conditions.
[‎27] 

Patients of diabetes with and 

without microalbuminuria in the present 

study had similar level of fasting serum 

glucose and HbA1c% .This indicates that 

glycoxidation induced oxidative stress is not 

different in these two groups. This could be 

a possible explanation for our finding. 
 

Table II: Mean and SD of biochemical parameters in controls (Group 1), diabetic without  microalbuminuria (group-2) and diabetic with  

microalbuminuria (Group-3). 
  Group 1 

Mean ± S D(n=50)  

 Group 2 

Mean ± S D(n=50) 

 Group 3 

Mean ± S D(n=50) 

HbA1c(%) 4.25±0.80 7.94±1.22 a  8.44±1.52 b  

FSG(mg/dl) 85.4±12.8 197± 47.53 a  218±53.1 b 

Urea(mg/dl) 19.9±4.82 19.52± 6.32 21.5±7.27 

Creatinine (mg/dl) 0.61± 0.25 0.64± 0.28 0.68± 0.28 

T.Cholesterol(mg/dl) 182.076±15.81 227.92± 26.69 a  229.92±22.14 b  

HDL -c(mg/dl) 45.46±  5.84 38.08± 5.45 a  37.22±4.72 b  

LDL-c (mg/dl) 107.1676±17.35 153.563± 23.98 a   154.57±23.84 b  

Triglycerides (mg/dl) 136.87± 10.94 177.99±24.44 a   215.648±34.38b* 

 Albumin Creatinine Ratio(mg/g) 10.98±3.74 19.74±5.01  91.916±33.51 b* 

Malondialdehyde (nmol/mL) 1.34± 0.58 4.638± 1.45 a   6.47±1.63 b* 

Glutathione Peroxidase (U/L) 7699.768±731.63  5391.76.±886.23 a   5266.26±970.197 b  

 
a = Mean ± SD comparison between group 2 & 1 is significant (p<0.05); b = Mean ± SD comparison between group 3 & 1 is significant (p<0.05); 

* = Mean ± SD comparison between group 3 & 2 is significant (p<0.05); 

 

Table 3 below shows the correlation 

between different variables in Type 2 DM 

subjects with microalbuminuria.  In this 

group albumin creatinine ratio was 

significantly correlated with HbA1c%. 

Many workers have observed similar 

findings indicating that hyperglycemia in 

type 2 DM is associated with 

microalbuminuria and HbA1c is an 

independent risk factor for development of 

incipient nephropathy in Type 2 DM 

patients. 
[‎11,‎13,‎27-‎34]

  
 
Table III: Correlation between different variables in Group 3 (diabetics 

with microalbuminuria). 

S.No Parameter r value p value 

1. ACR vs HbA1C% 0.799 <0.001 

2 ACR vs FSG 0.749 <0.001 

3. ACR vs MDA 0.695 <0.001 

4. ACR vs GPx -0.169 0.241 

5. ACR vs Cholesterol 0.716 <0.001 

6. ACR vs HDL -0.256 0.721 

7. ACR vs Triglyceride 0.136 0.347 

8 ACR vs LDL 0.621 <0.001 

9 HbA1C% vs MDA 0.791 <0.001 

10 HbA1C% vs GPx -0.241 0.092 

11 MDA vs GPX -0.215 0.133 

 

ACR and malondialdehyde values 

were also significantly correlated in this 

group. This is an unique correlation which 

has not been found in any Indian study to 

our knowledge. Oxidative stress sustained in 

diabetes by hyperglycemia and glyco-

oxidation products such as HbA1c and AGE 

and the absence of an appropriate 

compensatory response from the 

endogenous antioxidant network have been 

implicated in systemic endothelial 

dysfunction 
[‎26,‎35]

 and microalbuminuria is 

considered a marker of endothelial 

dysfunction.
[‎36,‎37] 

Ha et al also showed that 

oxidative stress is one of the important 

mediators of vascular complications in 

diabetes including nephropathy.
[‎38]

 

A negative trend was seen between 

ACR and GPx. Others have observed 

negative correlation between 

microalbuminuria and GPx in type 2 DM 

patients with microalbuminuria.
[‎11,‎39]

 



                      International Journal of Health Sciences & Research (www.ijhsr.org)  33 
Vol.3; Issue: 10; October 2013 

 

Patients with uncontrolled Type 2 diabetes 

have severely deficient synthesis of 

glutathione (GSH).
[‎24,‎35,‎40] 

It is generally 

believed that the protective effect of GSH 

against the oxidative breakdown of lipids is 

mediated through GPx by the reduction of 

endogenously formed hydroperoxides of 

unsaturated fatty acids to hydroxyl 

derivatives.
[‎8]

 

In the present study there is no 

uniform trend in the values of ACR on 

comparison with triglyceride levels in Type 

2 DM with microalbuminuria (r = 0.136, p 

value = 0.3471). Some studies have 

supported these findings.
[‎13] 

Total 

cholesterol and LDL cholesterol were 

significantly correlated with ACR 

independently. Others have found 

significant correlation between total 

cholesterol, LDL cholesterol and 

progression of nephropathy in type 2 DM 

patients.
[‎41] 

Agarwaal et al found significant 

correlation between nephropathy and HDL-

c.
[‎41] 

In the present study decreasing trend in 

HDL-c values was seen with increase in 

ACR in patients of Type 2 DM. Our result 

may not be statistically compatible with 

these authors because of the fact that the 

number of patients enrolled in their study 

was large (n=323) as compared to our study 

(n=50). Atherogenic lipoproteins can 

infiltrate into the glomerular endothelium 

and mesangial cells, initiating a cascade of 

events similar to atherosclerosis.
[‎42]

 ApoB 

was found to be associated with a declining 

glomerular filtration rate in patients with 

chronic renal disease and renal dyslipidemia 

was predominantly associated with the 

accumulation of ApoB-containing 

lipoproteinsin in both sclerotic and 

nonsclerotic glomeruli. 
[‎43,‎44]

 The 

observation of the study in Taiwanese type 2 

diabetic patients suggested that ApoB-

containing lipoproteins could also initiate 

early glomerular injury leading to incipient 

diabetic nephropathy with micro-

albuminuria.
[‎45] 

HbA1c% was correlated 

independently with MDA, significant 

positive correlation was observed .Our 

findings are supported by observations of 

Vincintini et al. 
[‎28]

  

GPx showed a negative trend which 

was not significant on correlation with 

HbA1C% Ramakrishna et al had observed 

inverse correlation between these two 

parameters but their findings were in 

patients of type 1 diabetes.
[‎46]

  

Between MDA & GPx a negative 

trend was observed which suggests 

permanent structural membrane alterations 

in diabetes as well as increased production 

of ROS and decreased antioxidants in the 

circulation.
[‎47]

    

 

CONCLUSION 

 HbA1c%, FSG, parameters of lipid 

profile were significantly correlated with 

urine albumin creatinine ratio; hence it may 

be concluded that higher levels of these 

biochemical parameters can be potential risk 

factors for development of micro-

albuminuria in Type 2 DM patients.  

Malondialdehyde levels may be suggested 

as additional parameter for biochemical 

evaluation to evaluate kidney damage in 

Type 2 DM patients as in our study the 

Plasma Malondialdehyde levels are not only 

high but the levels are significantly 

correlated with microalbuminuria. 

Glutathione peroxidase did not show any 

significant correlation with ACR as well as 

MDA independently which may be an 

indication that its role in diabetic incipient 

nephropathy is not as pronounced as 

expected.  
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