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ABSTRACT
Introduction: Diabetic retinopathy is a progressive neurological
complication of diabetes. This microvascular changes accompany
diabetic retinopathy and may result in blindness. Inflammation
has been shown to underlie the pathogenesis of diabetic
retinopathy. The aim of this study is to evaluate the status of
antioxidant markers and oxidative stress in diabetic retinopathy of
type-2 diabetic mellitus subjects compare to non diabetic healthy
subjects.
Material and methods: The study was conducted at M.L.N.
Medical College, Allahabad (UP). A total of 125 cases were
included in our study. Out of these, 75 were diabetic retinopathy of
type-2 diabetic patients and 50 were non diabetic healthy controls.
They were evaluated by measurement of various parameters such
as BP, blood parameters as FBS, HbA1c, lipid profile level, MDA,
antioxidant marker- SOD, GPx and vitamin E.
Results: An increase in the BP and levels of FBS, HbA1c total
cholesterol, triglycerides, LDL, VLDL level, MDA and a decrease
in HDL, SOD, GPx and vitamin E were observed in diabetic
retinopathy subjects. The value of all these biochemical markers
were elevated in diabetic retinopathy of type-2 diabetic subjects
and the difference were found to be relevant.
Conclusion: High bloods pressure, hyperglycemia, Glycosylated
Hb, dyslipidemia, MDA elevated and whereas decrease level
SOD, GPx and vitamin E are seen in diabetic retinopathy of
type-2 diabetic patients important components in the cell defense
against oxidative stress.
Keywords: DR (diabetic retinopathy), HbA1c (Glycosylated
hemoglobin), MDA (Malondialdehyde), SOD (Superoxide
dismutase), GPx (Glutathione Peroxidase),

INTRODUCTION
Among young adults in economically developed societies,
diabetes has contributed as one of the chief factor leading towards
blindness. DR present in nearly all persons with duration of
diabetes 20 years or more. Most retinal cells are affected by the
metabolic abnormalities of diabetes, but the sight-threatening
manifestations of DR are ultimately attributable to capillary
damage (macular edema due to abnormal permeability of
barrier capillaries, and ischemia with unregulated angiogenesis
due to capillary closure).1-3 In many developing countries the
incidence and prevalence of type-2 diabetes mellitus (type-2
DM) far exceed rates in the developed world but facilities for the
detection and treatment of retinopathy are limited. Therefore,
diabetic retinopathy has the potential to become many serious
public health problems in populations.4 DR which is the leading
cause of vision loss in adults in industrialized country, cataract,
neovascular glaucoma, oculomotor nerve palsy, lid infection etc
are some of the typical complications seen in diabetes mellitus.
Apart from these, symptoms like dry eyes and burning sensation
were also observed in patients.5 Oxidative stress, induced by
increased accumulation of Reactive Oxygen Species and/or

lowered antioxidant capacity, plays an important role in the
pathogenesis of DR.6,7 In vitro application of SOD results in
better visual functions. The consumption of NADPH produces
reduced glutathione which is an important scavenger of ROS;
this could induce or aggravate intracellular oxidative stress.
Many studies in animal models found that these antioxidants
may be a logical choice for reducing diabetes-induced ROS.8,9
Oxidative stress is associated with damage to lipids, proteins,
and nucleic acids. A variety of products including short chain
aldehydes like MDA are produced when lipoprotein particles or
membranes undergo the process of lipid peroxidation.10
The aim of this study was to evaluate the status of antioxidant
markers and oxidative stress in diabetic retinopathy of type2 diabetic mellitus subjects compare to non diabetic healthy
subjects.

MATERIAL AND METHODS
Subjects were selected from those attending the medical
outpatient department of M. D. Eye Hospital (M.L.N. Medical
College) Allahabad (UP). A total number of 125 cases were
included in our study, diagnosis being based on duration of
diabetes mellitus in type-2. Out of these, 75 were diabetic
retinopathy of type-2 diabetic patients and 50 were non diabetic
healthy controls. A written consent was taken from the patients.
The institutional ethics committee of M.L.N. Medical College,
Allahabad (UP) provided the approval for conducting the study.
Blood Pressure, fasting blood sugar (FBS), HbA1c, total
cholesterol (TC), triglycerides (TG), low density lipoprotein
(LDL), very low density lipoprotein (VLDL), high density
lipoprotein (HDL), MDA, SOD, GPx and vitamin E level of
the patients of diabetic retinopathy of type-2 diabetic were
evaluated.

STATISTICAL ANALYSIS
The data was entered and analyze into Statistical packages for
social science (SPSS version 21.0). Mean and standard deviation
were analysed for quantitative variables like BP, FBS, HbA1c,
TC, TG, LDL, VLDL, HDL, SOD, GPx, vitamin E and MDA
level. Independent sample t-test was used to compare mean of
all the quantitative variables between the two groups of patients
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Study Variables
Healthy Control n=50
Type-2 Diabetic Retinopathy n=75
t-Values
BP Systolic (mm/Hg)
104.6±2.28
166.85±3.89
5.048**
BP Diastolic (mm/Hg)
76.6±1.18
110.85±4.85
2.052*
FBS
86.42±12.46
188.0±37.7
6.642**
HbA1c
4.7±2.24
11.2±3.26
5.263**
Total Cholesterol (mg/dl)
156.3±21.09
252.4±41.9
4.234**
TG (mg/dl)
118.09±19.49
212.7±45.05
8.549**
HDL (mg/dl)
48.45±6.14
34.27±7.02
3.267**
LDL (mg/dl)
114.1±20.20
158.7±39.3
7.384**
VLDL (mg/dl)
28.58±4.09
45.89±11.3
2.125*
MDA (n mol/ml)
1.42±0.60
4.12±0.294
4.542**
SOD(U/gm Hb)
1128.09±59.16
552.4±44.08
9.842**
GPx (mg/dl)
68.44±2.26
45.56±1.20
7.902**
Vitamin E (mg/dl)
24.82±0.56
18.69±2.32
3.364**
* Significant at P<0.01, ** significant at P<0.001
Table-1: Comparison of laboratory abnormalities between Healthy Control and Type-2 Diabetic Retinopathy.
r
P
FBS
0.784
P<0.001
HbA1c
0.765
P<0.001
Total Cholesterol
0.545
P<0.001
Triglyceride
0.658
P<0.001
HDL
-0.194
P<0.05
SOD
-0.542
P<0.001
GPx
-0.464
P<0.001
Vitamin E
-0.334
P<0.001
Table-2: Correlation studied of oxidative marker MDA with the
other biochemical parameters in Type-2 Diabetic Retinopathy
groups.

were considered significant (0.05 and 0.001 level). Correlation
coefficient analysis was performed for risk factors of diabetic
retinopathy of type-2 diabetic patients. P-value less than 0.05
and 0.001 were considered statistically significant.

RESULTS
The study was included 75 patients of diabetic retinopathy
of type-2 diabetic and 50 were non diabetic healthy controls.
The mean age of the patients was 52 ± 6 years (Ranging
from 34 to 75). Comparison of means of serum biochemical
markers between diabetic retinopathy of type-2 diabetic and
healthy groups is presented in Table-1. The values of all these
biochemical parameters except HDL, antioxidant- SOD, GPx
and vitamin E were elevated in diabetic retinopathy patients as
compared to healthy subjects and the differences were found to
be statistically significant (P value <0.01 and <0.001). Oxidative
stress marker MDA and Antioxidant markers – (SOD, GPx and
vitamin E) and HDL were negatively correlated with diabetic
retinopathy. MDA and other serum biochemical parameters
such as FBS, HbA1c, Total Cholesterol, Triglyceride, LDL, and
VLDL etc were positively correlated with diabetic retinopathy.

DISCUSSION
The prevalence of retinopathy is high in conditions associated
with type-2 diabetes mellitus. The presence of DR correlates
significantly with Glycosylated hemoglobin (HbA1c) and
antioxidant markers - SOD, GPx and vitamin E. In our study
systolic blood pressure was found higher in DR patients
166.85±3.89 mm/Hg as compared with healthy control subjects
104.6±2.28 mm/Hg. Our study showed FBS levels in type-2
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diabetic retinopathy subjects group (mean 188.0±37.7) were
higher than healthy control group (mean 86.42±12.46), which
confirmed the obvious dysglycemia in these patients (P value
<0.001). Significantly increased amounts of glucose amplify the
physiological process of non-enzymatic protein glycosylation
(glycation). For example, glycated hemoglobin (HbA1c) is
a recognized indicator of time-integrated glycemia.11 We also
found that increased HbA1c levels (mean 11.2±3.26) in DR
group as compared to control healthy group (4.7±2.24) and the
results were statistically significant (P value <0.001). HbA1c is
a useful indicator of how the blood glucose level has been kept
in check in the recent past. The indication of glycemic control
is better provided by HbA1c than blood or urinary glucose
determinations. Studies have already shown that poor long term
glycemic control can contribute to complications like diabetic
retinopathy in subjects.12
In this study we found that lipid profile- serum total cholesterol,
triglyceride and LDL were higher in diabetic retinopathy
patients and whereas HDL lower in these diabetic patients than
healthy control and the results were statistically relevant (P
value <0.001). Similar results were reported by others studies.13
Early treatment diabetic retinopathy study and the Wisconsin
epidemiologic Study of diabetic retinopathy (WESDR) pointed
out a significant association between elevated serum lipid levels
and increased risk of retinal hard exudates.14 The severity of
retinopathy was positively associated with triglycerides as well
as with VLDL-cholesterol and negatively associated with HDLcholesterol.15
The present study showed that the erythrocyte antioxidant
defense enzymes SOD, GPx and vitamin E levels were
significantly lower in diabetic retinopathy patient as compared
to healthy control group. In diabetes, the activities of
antioxidant defense enzymes responsible for scavenging free
radicals and maintaining redox homeostasis such as SOD,
glutathione reductase, glutathione peroxidase, and catalase are
diminished in the retina.16,17 Antioxidants are substances that
counteract free radicals or their actions. Each cell has its own
appropriate protective mechanisms against any harmful effects
of free radicals. SOD and glutathione peroxidase (GPx) are
buffering systems in every cell. Also, vitamin E is also part of
the protecting mechanism as it is an essential antioxidant which
prevents the propagation of free radical reactions in all cell
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membranes in the human body by acting as a chain breaker.18
Results of this study indicate that oxidative stress are increasing
over the time course of the disease and might lead to the
development of diabetic retinopathy. The increased oxidation
stress may or may not be effectively compensated by the
present antioxidants. This may be a reason for divergent results
obtained in various studies. Further research is needed to find
a definitive association between intake of antioxidant nutrients
and reduction in the development of diabetic retinopathy.

CONCLUSION
This study concludes, relatively high levels of diabetic
retinopathy in all ethnic groups in Indian, including asymptomatic
subjects with diabetes diagnosed during screening. Independent
risk factors identified were duration of diabetes, systolic
blood pressure, fasting plasma glucose, HbA1c (Glycosylated
hemoglobin), lipid profile, oxidative stress marker- MDA,
Antioxidant markers- SOD, GPx and Vitamin E level. As in
other populations of the developing world with high rates of
type-2 diabetes mellitus, effective primary prevention, early
detection of diabetes, and quality clinical care and education,
focusing particularly on blood pressure glycemic and oxidative
stress control, provide the key to averting an epidemic of
blindness and other diabetic complications.
Within the near future, pharmacologic treatment will probably
be available for treating and preventing the progression of
diabetic retinopathy. Antioxidant administration may help to
reduce the oxidative stress from diabetes and hyperglycemia,
but further studies are needed to determine whether retinopathy
progression can be reduced. Further, more studies are needed
to determine whether retinopathy progression can be reduced.
The increasing use of medical therapies such as pharmacologic
agents will also require greater communication between
ophthalmologists, diabetologists and primary care physicians.

ACKNOWLEDGEMENT
The authors are grateful to the Principal, Director (M.D.Eye
Hospital) and Head of Department of Ophthalmology and
Biochemistry as well as Librarian Mr. K. P. Singh who has
given prompt and proper reference services for this study and
whole M.L.N. Medical College, Allahabad (U.P.) for providing
facilities for research.

Oxidative Stress and Antioxidant in Diabetic Retinopathy

7.

8.

9.
10.
11.

12.

13.
14.
15.

16.

17.

18.

Du Y, Miller CM, Kern TS: Hyperglycemia increases
mitochondrial superoxide in retina and retinal cells. Free
Radic Biol Med. 2003;35:1491–1499.
Xiao C, He M, Nan Y, Zhang D, Chen B, et al. Physiological
Effects of Superoxide Dismutase on Altered Visual
Function of Retinal Ganglion Cells in db/db Mice. PLoS
ONE. 2012;7:e30343.
Giacco and Brownlee: Oxidative Stress and Diabetic
Complications Circ Res. 2010;107:1058-1070.
Young IS and Woodside JV: Antioxidants in health and
disease. J.Clin. Pathol. 2001;54;176-186.
Fong DS, Aiello L, Gardner TW, King GL, Blankenship G,
Cavallerano JD, Ferris FL 3rd, Klein R. American diabetes
association. Retinopathy in diabetes. Diabetes care. 2004;
27(suppl 1): s84- s87.
Jin J, Chen LH, Liu XL, Jin GS, Lou SX, Fang FN. Tear
film function in non insulin dependent diabetics. Zhonghua
Yan Ke Za Zhi. 2003;39:10–3.
Abou-SeifMA: Evaluation of some biochemical changes
in diabetic patients. Clin Chim Acta. 2004;16;346:161-70.
Giusti c. Retinopathy in juvenile diabetes: a 10- year (19902000) review. Pediatr diabetes. 2001;2:83-93.
Lyons tj, jenkins aj, zheng d, lackland dt, mcgee d, garvey
wt, klein rl. Diabetic Retinopathy and serum lipoprotein
subclasses in the dcct/edic cohort. Invest ophthalmol vis
sci. 2004;45:910-918.
R. A. Kowluru, J. Tang, and T. S. Kern. Abnormalities
of retinal metabolism in diabetes and experimental
galactosemia. VII. Effect of long-term administration of
antioxidants on the development of retinopathy. Diabetes.
2001;50:1938–1942.
K. Haskins, B. Bradley, K. Powers, et al. Oxidative stress
in type 1 diabetes. Annals of the New York Academy of
Sciences. 2003;1005:43–54.
Gupta MM and Chari S: Lipid peroxidation and antioxidant
status in patients with diabetic retinopathy. Indian J Physiol
Pharmacol. 2005;49:187-192.

Source of Support: Nil; Conflict of Interest: None
Submitted: 01-10-2016; Published online: 14-11-2016

REFERENCES
1.

2.
3.

4.

5.

6.

Gardner TW, Antonetti DA, Barber AJ, Lanoue KF,
Levison SW. Diabetic retinopathy: more than Meets the
eye. Surv ophthalmol. 2002;47:s253-s262.
Aiello LP. Perspectives on diabetic retinopathy. Am j
ophthalmol. 2003;136:122-135.
fong ds, aiello l, gardner tw, king gl, blankenship g,
cavallerano jd, ferris fl 3rd, klein r. American diabetes
association. Retinopathy in diabetes. Diabetes care. 2004;
27(suppl 1):s84- s87.
Zimmet P, Dowse G, Finch C, et al. The epidemiology and
natural history of niddm—lessons from the south pacific.
Diabetes metab rev. 1990;6:91-124.
Scultz RO, Horn DLV, Peters MA, Klewin KM, Schutten
WH. Diabetic keratopathy. Trans Am Ophthalmol Soc.
1981;79:180–199.
Baynes JW et al, Role of oxidative stress in development
of complications in diabetes. Diabetes. 1991;40:405–412.

International Journal of Contemporary Medical Research
ISSN (Online): 2393-915X; (Print): 2454-7379 | ICV (2015): 77.83 |

Volume 3 | Issue 11 | November 2016

3169

