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Abstract
Aim: The aim of this study to evaluate the correlation of duration of diabetes mellitus,
microalbuminuria, hyperlipidemia with severity of diabetic retinopathy. Methods: The
prospective cross-sectional study which was carried in the Department of Ophthalmology, Nalanda
Medical College and Hospital, Patna, Bihar, India from July 2017 to July 2018. Total 220 patients
were included in this study. For the study, type II DM is defined as a fasting plasma glucose of
more than or equal to 126 mg/dl or 2-hour post glucose load plasma glucose of more than or equal
to 200 mg/dl or a random plasma glucose of more than or equal to 200 mg/dl in the presence of
symptoms of hyperglycemia. All the biochemical assessments were done using an Auto analyzer.
Results: A total of 220 subjects of either gender were included in our study, out of which 125
(56.82%) were females and rest were males 95; 43.18%). On ophthalmologic examination we
found that only 112 out of 220 diabetics suffered from diabetic retinopathy and the rest
108(49.09%) did not show any signs of diabetic changes in the fundus. Out of 112 patients in the
retinopathic group, 57 (25.91%) of them suffered from very mild to moderate NPDR, 32 (14.55%)
patients showed signs of severe to very severe NPDR and only 23 (10.45%) had proliferative
diabetic retinopathy. statistically significant association was found between the severity of
retinopathy and duration of diabetes (p < 0.001). Majority of patients (85%) of Grade 0
microalbuminuria (< 2.5 mg/mmol) had no Retinopathy. A statistically significant association
between microalbuminuria grade and severity of retinopathy was observed (p < 0.001). Out Of
220 patients of diabetes, total cholesterol was found to be desirable (< 200 mg/dl) in only 70
(31.82%) patients. Out of these 70 patients with desirable cholesterol majority (60%) had no
retinopathy (Group I), 21.43% had very mild to moderate retinopathy (Group IIA), 12.86% had
severe to very severe retinopathy (Group IIB) and 5.71% had proliferative diabetic retinopathy
(Group IC). In microalbuminuria grade l, prevalence of retinopathy in patients having desirable
cholesterol levels was lower as compared to those having borderline or high cholesterol levels and
this difference was found to be statistically significant (p = 009). Conclusion: Duration of diabetes
Bhardwaj et al.

International Journal of Toxicological and Pharmacological Research
80

International Journal of Toxicological and Pharmacological Research

ISSN: 0975-5160

____________________________________________________________________________________________________________________________________________

and microalbuminuria have been found to be the independent risk factors for diabetic retinopathy,
but serum cholesterol levels did not show an independent role in our study.
Keywords: Diabetes Mellitus, Diabetic Retinopathy, Microalbuminuria, Hyperlipidaemia.
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Introduction
It is estimated that diabetes mellitus affects 4
percent of the world’s population, almost half
of whom have some degree of diabetic
retinopathy at any given time[1,2]. Diabetic
retinopathy is a very common, potentially
preventable,
long-term,
microvascular
complication of Diabetes Mellitus and a
leading cause of visual disability and
blindness[3]. It is considered the hallmark of
generalized microangiopathy occurring in a
diabetic patient. In India the prevalence of
diabetic retinopathy in general population is
3.5%, and the prevalence of diabetic
retinopathy in the population with diabetes
mellitus was 18.0%6. In a population-based
study in South India, diabetic retinopathy was
detected in 1.78% of the diabetic patients
screened[4,5]. While there are multiple risk
factors which have been associated with the
development and progression of diabetic
retinopathy, the duration of the disease and the
age of the patient are said to be the strongest
predictors. Other risk factors like hypertension,
pregnancy, blood glucose level control and
presence of nephropathy are shown to have a
strong
association.
Dyslipidemia,
microalbuminuria, BMI and smoking are some
of the factors whose role as predictors of
diabetic retinopathy is not well established[67]. Diabetic retinopathy is frequently
accompanied by lipid exudation[9]. Elevated
serum lipid levels are associated with an
increased risk of retinal hard exudate in
persons with diabetic retinopathy. Although
retinal hard exudate usually accompanies
diabetic macular edema, increasing amounts of
exudate appear to be independently associated
Bhardwaj et al.

with an increased risk of visual
impairment[10]. The elevated lipid levels are
also associated with endothelial dysfunction,
which appears to play an important role in the
pathogenesis
of
diabetic
retinopathy,
particularly in relation to the breakdown of
blood-retinal barrier.
The association between serum lipid levels and
diabetic retinopathy has been investigated in
few studies. Some studies show a positive
relationship between serum cholesterol and
low-density lipoprotein levels and retinal hard
exudation. Other studies show serum
triglyceride levels as being important in the
progression of retinopathy. Certain other
studies show no relationship between serum
lipid levels and diabetic retinopathy[11].
Material and methods
The prospective cross-sectional study which
was carried in the Department of
Ophthalmology, Nalanda Medical College and
Hospital, Patna, Bihar, India from July 2017 to
July 2018.after taking the approval of the
protocol review committee and institutional
ethics committee.
Methodology
Total 220 patients were included in this study.
For the study, type II DM is defined as a fasting
plasma glucose of more than or equal to 126
mg/dl or 2-hour post glucose load plasma
glucose of more than or equal to 200 mg/dl or
a random plasma glucose of more than or equal
to 200 mg/dl in the presence of symptoms of
hyperglycemia. All the Patients with acute or
chronic renal failure, Opaque/hazy ocular
media preventing fundus visualization, Co-
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existing ocular disorders likely to mask the
findings of diabetic retinopathy, Patients with
presence of any of the confounding factors,
like fever, active systemic infections, exercise,
high protein intake, accelerated hypertension,
congestive heart failure, patients not willing to
participate in the study were excluded from the
study.

Thorough ocular evaluation was done on all
selected patients both clinically as well as with
the help of diagnostic instruments. Both
Uncorrected and best corrected visual acuity
was recorded using a Snellen’s chart. Anterior
segment evaluation was done using slit lamp
examination to look for any other ocular
disease or ocular surgery. Amsler Grid
Examination was also performed. The
intraocular pressure was measured using an
applanation tonometer.

25mg/mmol for men and Grade 0: <
3.5mg/mmol; Grade I: 3.5-12.5mg/mmol;
Grade II: > 12.5-25mg/mmol and Grade III: >
25mg/mmol for women[13].
Lipid profile was also sub graded as- Desirable
(< 200); Border line high (200-239); High
(≥240)[14].
Statistical analysis
The data was analyzed using SPSS software
version 20. Categorical data chi-square test
was used whereas continuous data was
analyzed using ANOVA and student “t-test”.
Multivariate assessment was done using
logistic regression. The confidence level of the
study was kept at 95% and hence a “p” value
of less than 0.05 indicated a statically
significant association.
Results

Fundus examination was performed by Direct
Ophthalmoscopy, Indirect Ophthalmoscopy
and +90D lenses. Optical coherence
tomography was performed using Cirrus 500
machine manufactured by Carl-Zeiss,
Germany to measure the macular thickness,
and Fundus Fluorescein Angiography by using
Carl Zeiss fundus camera. Diabetic retinopathy
was graded as per the ETDRS guidelines.

A total of 220 subjects of either gender were
included in our study, out of which 125
(56.82%) were females and rest were males 95;
43.18%). The male to female ratio was 1.31:1.
Majority of the patients lied in the age group of
40-60 years (53.64%) followed by 60-80 years
(29.10%) and below 40 years (15.90%), while
only 3(1.36%) patients were aged above 80
years (Table 1).

The biochemical evaluation was done by
obtaining 2 ml of blood sample from the
patient in a sterile vial and sent to the
Department of Biochemistry. All the
biochemical assessments were done using an
Auto analyzer. All the patients were advised to
undergo biochemical investigations for Blood
sugar (fasting/pp), HbA1c taken as HbA1c:
Good Control: = 7.0%: grade1, Fair control:
7.1-8.5%: grade 2; poor control: > 8.5%:
grade3[12]. Urinary albumin to creatinine ratio
in a random spot collection of urine and Lipid
profile.

On ophthalmologic examination we found that
only 112 out of 220 diabetics suffered from
diabetic retinopathy and the rest 108(49.09%)
did not show any signs of diabetic changes in
the fundus. Out of 112 patients in the
retinopathic group, 57 (25.91%) of them
suffered from very mild to moderate NPDR, 32
(14.55%) patients showed signs of severe to
very severe NPDR and only 23 (10.45%) had
proliferative diabetic retinopathy.

For the purpose of this study microalbuminuria
was further sub graded as-Grade 0: <
2.5mg/mmol; Grade I: 2.5-12.5mg/mmol;
Grade II: > 12.5-25mg/mmol and Grade III: >
Bhardwaj et al.

A statistically significant association with
severity of retinopathy and the age of the
patients was observed. None of the 3 patients
aged above 80 was suffering from retinopathy.
Proportion of Group I (No retinopathy) was
higher in younger patients i.e. below 40
(68.57%) and 40-60 (48.31%) as compared to
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elderly cases i.e. 60-80 (37.5%) and this
difference was found to be statistically
significant (p < 0.001).(Table 2).

Parameter
Gender
Male
Female
Age group (years)
Below 40
40-60
60-80
Above 80

Table 1: Sex and Age distribution.
No. of Cases
Percentage
95
125

43.18
56.82

35
118
64
3

15.90
53.64
29.10
1.36

Table 2: Correlation of severity of retinopathy with age
Group I (No Group Iia (Very Group
Iib Group
Iic
Retinopahy)
Mild
to (Severe to very (Proliferative
(n=108,
Moderate) (n = Severe) (n = 32, Diabetic
49.09%)
57, 25.91%)
14.55%)
Retinopathy) (n = 23,
10.45%)
NO. %
NO.
%
NO.
%
NO.
%
Below 40 24
68.57
5
14.29
6
17.14
0
0
(n=35)
40-60
57
48.31
36
30.51
13
11.02
12
10.17
(n=118)
60-80
24
37.5
16
25
13
20.31
11
17.19
(n=64)
Above 80 3
100
0
0
0
0
0
0
(n=3)
Age
Group
(In
Years)

Another statistically significant association
was found between the severity of retinopathy
and duration of diabetes (p < 0.001). It was
found that proportion of Group I (nonretinopathy) patients was higher in patients
with duration of diabetes < 10 years (67.78%)
as compared to patients with duration 10-20
years (52%), 20-40 years (8.57%) and > 40
years (25%). Majority of patients with duration
of diabetes 20-40 years and > 40 years
belonged to Group IIA. (Very mild to
moderate retinopathy) (Table 3).

Bhardwaj et al.

Majority of patients (85%) of Grade 0
microalbuminuria (< 2.5 mg/mmol) had no
Retinopathy. It was found that higher the level
of microalbuminuria more is the severity of
retinopathy. Proportion of Severe to very
severe retinopathy and proliferative diabetic
retinopathy were higher in higher grade of
microalbuminuria (Grade II and Grade III). A
statistically significant association between
microalbuminuria grade and severity of
retinopathy was observed (p < 0.001) (Table
4).
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Table 3: Correlation of severity of retinopathy and duration of diabetes mellitus.
Duration Of Group I (No Group Iia (Very Group
Iib Group
Iic
Diabetes
Retinopathy)
Mild
to (Severe to very (Proliferative
(Years)
(n = 108)
Moderate) (n = Severe) (n = 32) Diabetic
57)
Retinopathy) (n =
23)
NO.
%
NO.
%
NO.
%
NO.
%
<10
years 61
67.78
14
15.56
10
0.90
5
5.56
(n= 90)
10-20 years 39
52
13
17.33
12
16
11
14.67
(n= 75)
20-40 years 3
8.57
15
42.86
10
28.57
7
20
(n=35)
>40
years 5
25
15
75
0
0
0
0
(n=20)

Table 4: Correlation of Retinopathy and Microalbuminuria.
Group I (No Group
IIA Group
IIB Group
IIC
Retinopathy)
(Very mild to (Severe
To (Proliferative
moderate)
Very Severe) Diabetic
(n=108)
(n=57)
(n=32)
Retinopathy)
(n=23)
No.
%
No.
%
No.
%
No.
%
Grade 0(n=80)
68
85
10
12.5
2
2.5
0
0
Grade I(n=70) 35
50
27
38.57
8
11.43
0
0
(2.5-12.5
mg/mmol)
Grade II (n=45) 5
11.11
19
42.22
10
22.22
11
14.44
(>12.5-25
mg/mmol)
Grade III (n=25) 0
0
1
4
12
48
12
48
(>25 mg/mmol)
MicroAlbuminuria
Grade

Out Of 220 patients of diabetes, total
cholesterol was found to be desirable (< 200
mg/dl) in only 70 (31.82%) patients. Out of
these 70 patients with desirable cholesterol
majority (60%) had no retinopathy (Group I),
21.43% had very mild to moderate retinopathy
(Group IIA), 12.86% had severe to very severe
retinopathy (Group IIB) and 5.71% had
proliferative diabetic retinopathy (Group IC).
A total of 117 (53.18%) patients had borderline
total cholesterol level and of these 117
patients. 55 (47 %) had no retinopathy (Group
Bhardwaj et al.

I). 31 (26.49%) had very mild to moderate
retinopathy (Group IIA). 17 (14.53%) had
severe to very severe retinopathy and 14
(11.97%) had proliferative retinopathy.
Total cholesterol was found to be high (240
mg/dl) in 33 (15%) patients. Prevalence of
retinopathy was 60%, in patients having high
total cholesterol levels. Proportional difference
in severity of retinopathy in patients with
different total cholesterol levels was found to
be statistically significant (p = 0.001) (Table
5).
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Table 5: Correlation of Severity of Retinopathy and Total cholesterol.
Total
Group I (No Group
IIA Group
IIB Group
IIC
cholesterol
Retinopathy)
(Very mild to (severe
to (Proliferative
Level
(n=108)
moderate)
Very-severe)
Diabetic
(n=57)
(n=32)
Retinopathy)
(n=23)
NO
%
No
%
No
%
NO
%
Desirable
42
60
15
21.43
9
12.86
4
5.71
(<200)(n=70)
Borderline high 55
47.0
31
26.49
17
14.53
14
11.97
(200-239)
(n=117)
High (>=240) 11
33.33
11
33.33
6
18.18
5
15.15
(n=33)

On doing a trivariate analysis between severity
of retinopathy, microalbuminuria and serum
cholesterol levels, it was observed that in
microalbuminuria grade 0, difference in
prevalence of retinopathy in patients with
different serum cholesterol levels was not
found to be statistically significant (p = 0.663).
In microalbuminuria grade l, prevalence of
retinopathy in patients having desirable
cholesterol levels was lower as compared to
those having borderline or high cholesterol
levels and this difference was found to be
statistically significant (p = 009).
In microalbuminuria grade II, proportional
differences in grades of retinopathy and serum
cholesterol levels were observed and these

differences were found to be statistically
significant (p = 0.026).
In microalbuminuria grade Ill. majority of
patients were suffering from very mildmoderate retinopathy and no statistically
significant association between retinopathy
and serum cholesterol levels was found (p =
0.63) (Table 6).
Multivariate analysis revealed a statistically
significant association of Diabetic retinopathy
with
HbA1c
values.
High
grade
Microalbuminuria (Grade II and III Duration
of diabetes >20 years). Association between
retinopathy and high total cholesterol levels
(Borderline high and high) was not found (p =
0.204) (Table 7).

Table 6: Trivariate analysis of severity of Retinopathy, Microalbuminuria and S.
Cholesterol
S.Chol. level
No
Very mild- Severe-very
Proliferative Statistically
Retinopathy moderate severeNDPR Diabetic
significant
(N=108)
(N=57)
(N=32)
Retinopathy
(N=23)
No %
No %
No %
No %
X2
P
Microalbuminuria Grade 0 (n=80)
Desirable
23
76.67
5
16.67 2
6.67
0
0
2.87 0.663
(n=30)
Borderline High 32
80
7
17.5
1
2.5
0
0
(n=40)
High (n=10)
10
100
0
0
0
0
0
0
Bhardwaj et al.
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Microalbuminuria Grade 1 (N=70)
Desirable(n=20) 13
65
5
Borderline High 17
43.24
20
(n=40)
High (n=10)
5
50
4
Microalbuminuria Grade II (N=45)
Desirable(n=20) 5
25
6
Borderline High 3
20
5
(n=15)
High (n=10)
0
0
5
Microalbuminuria Grade III (N=25)
Desirable(n=8) 0
0
0
Borderline High 0
0
0
(n=11)
High (n=6)
0
0
0

25
50

2
3

10
7.5

0
0

0
0

40

1

10

0

0

30
33.33

6
3

30
20

3
4

15
26.67

50

2

20

3

30

0
0

3
6

37.5
54.55

5
5

62.5
45.45

0

3

50

3

50

Table 7: Multivariate analysis for retinopathy.
B
S.E.
Wald
Duration of diabetes (>20 years)
3.872 0.434 75.698
Microalbuminuria
2.688 0.492 40.76
HbA1c
2.46
0.354 47.268
Total Cholesterol (High or Borderline high)
0.392 0.349 1.336
Constant
-2.561 0.375 68.212
(B= β constant, SE= standard error, df= Degree of Freedom)
Discussion
It is believed that the Indian population
generally has an unusually efficient glucose
metabolism. But with westernisation and the
associated weight increase and sedentary
lifestyle, the former advantage is lost, and
incidence of diabetes has increased. Paralleling
this high prevalence of diabetes is a concern
that the complications of diabetes, mainly
diabetic retinopathy is increasing[15].
Microalbuminuria is a nephrotic disorder
which if remains untreated progresses to
proteinuria and overt diabetic nephropathy. It
has been reported that as many as 7% of
patients with type 2 diabetes already have
microalbuminuria at the time they are
diagnosed
with
diabetes[16].
Thus,
microalbuminuria
is
a
microvascular
complication that is often accompanied with
Bhardwaj et al.

12.87 0.009

df
1
1
1
1
1

15.72 0.026

0.323 0.63

Sig.
<0.001
<0.001
<0.001
0.204
<0.001

Exp(B)
35.631
21.23
10.613
1.36
0.05

the diagnosis of type 2 diabetes and in effect
may have a crucial role in determining the
future course of disease and per se
complications associated with it.
A total of 220 subjects of either gender were
included in our study, out of which 125
(56.82%) were females and rest were males 95;
43.18%). The male to female ratio was 1.31:1.
Majority of the patients lied in the age group of
40-60 years (53.64%)[17]. Contrary to the
profile of patients in present series, Chung et
al.[18] (2011) had majority of male patients
(54%) with a mean age of 64.9 ± 10.8 years in
the study population, thus, showing the
patients in their series to be older than in
present study. Similarly a study done on Indian
population by us in 2016 showed that
prevalence of diabetic retinopathy is
significantly higher in men (68.5%) than in
women and in those who were 50-70years of

International Journal of Toxicological and Pharmacological Research
86

International Journal of Toxicological and Pharmacological Research

ISSN: 0975-5160

____________________________________________________________________________________________________________________________________________

age (75.5%)[19]. Manaviat et al.[20] (2004)
had majority of females (58.64%) and mean
age of patients comparable to that in present
study (54.9 +/- 10.2 years). He et
al.[21] (2012) had majority of male patients
(57%) with mean age of 59.69+/-12.28 years.
These findings indicate that gender and age of
patients with diabetes and microalbuminuria
might vary and is a study characteristic rather
than being a population characteristic.
Fundus examination findings positive for
retinopathy were observed in 198 (44.59%)
cases. Thus, prevalence of diabetic retinopathy
in type II diabetic cases with microalbuminuria
as observed in present study was 44.59%[17].
In the present study, out of 112 patients in the
retinopathic group, 57 (25.91%) of them
suffered from very mild to moderate NPDR, 32
(14.55%) patients showed signs of severe to
very severe NPDR and only 23 (10.45%) had
proliferative diabetic retinopathy. In different
cross- Sectional studies, prevalence of
different grades of retinopathy have been
shown to be of similar order with prevalence
of lower grades of retinopathy being higher as
compared to higher grades or proliferative
retinopathy[15,17,22-25].
Retinopathy, a progressive disorder, assumes
greater severity if remains undiagnosed and
untreated[26,27] hence late stages (i.e. severe
to very severe NPDR and proliferative diabetic
retinopathy) are diagnosed at advanced stages
of diabetes. The findings in most of the
studies[22-25] support the rate of proliferative
diabetic retinopathy to be lower as compared
to non-proliferative diabetic retinopathy.

We also investigated the role of duration of
diabetes on causation of diabetic retinopathy
among microalbuminuria patients and found
that this logical relationship was working
perfectly. It was observed that in general,
prevalence as well as severity of diabetic
retinopathy increased significantly with
increasing duration of diabetes. This finding
eventually correlates well with the
Bhardwaj et al.

observations of other clinical studies[16,2830] as well as population studies[31] which
have laid emphasis that early onset of diabetes
(≈ longer duration of diabetes) poses increased
risk for diabetic retinopathy in general and that
in patients with microalbuminuria in
particular. We also conducted a study in past in
which we found that albuminuria was
significantly higher in our patients with
diabetic retinopathy than in those without
retinopathy[32].
Owing
to
sustained
hyperglycemia in diabetic patients, longer
duration of diabetes causes microvascular
complications
that
include
diabetic
retinopathy. Hyperglycemia leads to no
enzymatic formation of advanced glycosylated
end products (AGEs). In experimental studies,
AGES have been found to be associated with
formation of microaneurysms and pericyte
loss[33]. Longer duration of diabetes might
have a role in promoting AGEs production and
hence could result in increased risk of
microvascular complications in general and
diabetic retinopathy in particular.
Present study shows a significant association
between total cholesterol levels and severity as
well as prevalence of diabetic retinopathy (p <
0.001). Hyperlipidemia is regarded as one of
the major factors responsible for diabetic
retinopathy apart from hyperglycemia and
hypertension[14].
Conclusion
Duration of diabetes and microalbuminuria
have been found to be the independent risk
factors for diabetic retinopathy, but serum
cholesterol levels did not show an independent
role in our study. The findings in present study
endorsed the view that microalbuminuria poses
a risk for diabetic retinopathy which is affected
by duration of diabetes, level of glycemic
control and lipid levels.
Reference
1. Aiello LP, Gardner TW, King GL,
Blankenship G, Cavallerano JD, Ferris FL

International Journal of Toxicological and Pharmacological Research
87

International Journal of Toxicological and Pharmacological Research

ISSN: 0975-5160

____________________________________________________________________________________________________________________________________________

3rd, et al. Diabetic retinopathy. Diabetes
Care 1998; 21: 143-56.
2. Wild S, Roglic G, Green A, Sicree R, King
H. Global prevelance of Diabetes.
Estimates for the year 2000 and projections
for 2030. Diabetes Care 2000; 27: 10471053.
3. Miljanovic B, Glynn RJ, David M, Nathan,
Joann E, Manson, Debra A et al.
Prospective Study of Serum Lipids and
Risk of Diabetic Macular Edema in Type1
Diabetes. Diabetes 2003 Nov; 53: 2883 2902.
4. Dandona R, Dandona L, Naduvilath TJ,
McCarty A, Rao GN. Population based
assessment of diabetic retinopathy in an
urban population in southern India. Br. J.
Ophthalmol. 1999; 83: 937- 940.
5. Sharma RA. Diabetic eye disease in
southern India. J Comm Eye Health 1996;
09(20): 56-58.
6. Stephen Ryan. RETINA. 4th ed. Vol. II.
Chapter 66. In: Etiologic mechanisms in
Diabetic retinopathy, Robert N. Frank, eds.
Philadelphia PA: Elsevier; 2006: 1241 1265
7. Muawyah D Al-Bdour, Maha I Al-Till,
Khawla M Abu Samra. Risk factors for
diabetic retinopathy among Jordanian
diabetics. Middle East African Journal of
Ophthalmology 2008; 15: 77-80.
8. Hamilton AMP, Ulbig MW, Polkinghorne
P. Management of diabetic retinopathy.
BMJ Publishing group, London, 1996.
9. Chowdhury TA, Hopkins D, Dodson PM,
Vafidis DF. The role of serum lipids in
exudative diabetic maculopathy: is there a
place for lipid lowering therapy? Eye 2002
(16): 689-693.
10. Reanita, Bardosono S, Victor AA.
Relationship between plasma lipid profile
and the severity of diabetic retinopathy in
type 2 diabetes patients. Med J Indones
2008; 17: 221-225.
11. D H W Su, K T Yeo. Diabetic Retinopathy
and Serum Lipids. Singapore Med J 2000;
41(6): 295-297.
Bhardwaj et al.

12. American Diabetes Association (ADA).
Diagnosis and Classification of Diabetes
Mellitus: Position Statement.Diabetes Care
2010; 33(1): 562-569
13. Rossing P, Hougaard P, Parving H: Risk
factors for development of incipient and
overt diabetic nephropathy in type 1
diabetic nephropathy in type 1 diabetic
patients:
A
10-Year
prospective
observational study. Diabetes Care 2002
25: 859-864.
14. Reddy SC, Kihn YM, Ramil A.
Retinopathy in type 2 diabetic patients with
microalbuminuria. Nepal J Ophthalmol.
2013 Jan; 5(9): 69-74.23584650.
15. Epidemiologic
Study
of
Diabetic
Retinopathy (WESDR), XIII: relationship
between serum cholesterol to retinopathy
and hard exudate. Ophthalmology 1991;
98: 1261-5.
16. Fowler
MJ.
Microvascular
and
Macrovascular Complications of Diabetes.
Clinical Diabetes 2008; 26(2): 77-82.
17. Garg P, Misra S, Yadav S, Singh L.
Correlative Study of Diabetic Retinopathy
with HbA1c and Microalbuminuria. Int. J.
Ophthalmic Res 2018 August; 4: 282-286
18. Chung M-S, Lee J-J, Lee C-T, Shen F-C,
Kuo H-K, Huang S-T, Chiou TT-Y, Sun CK, Yang KD, Liu R-T. Prevalence and risk
factors of Taiwanese microalbuminuric
type 2 diabetic mellitus with and without
diabetic retinopathy. Acta Nephrologica
2011; 25(2): 43-49.
19. Garg P, Ahmad L. Prevalence of various
stages of Diabetic Retinopathy in patients
of Diabetes Mellitus-2; Journal of Medical
Science and Clinical Research. 2016 Dec;
4(12): 14903-14908.
20. Manaviat MR, Afkhami A, Shoja MR.
Retinopathy and microalbuminuria in type
II diabetic patients. BMC Ophthalmology
2004, 4: 9
21. Singh DK, Winocour P, Farrington K.
Mechanisms of disease: the hypoxic
tubular
hypothesis
of
diabetic

International Journal of Toxicological and Pharmacological Research
88

International Journal of Toxicological and Pharmacological Research

ISSN: 0975-5160

____________________________________________________________________________________________________________________________________________

nephropathy. Nat Clin Pract Nephrol 2008;
4: 216-226
22. He B-B, Wei L, Gu Y-J, Han J-F, Han J-F,
Li M, Liu Y-X, Bao Y-Q, Jia W-P. Factors
Associated with Diabetic Retinopathy in
Chinese Patients with Type 2 Diabetes
Mellitus.
International
Journal
of
Endocrinology Volume 2012 (2012),
Article ID 157940, 8 pages.
23. Ichinose K, Kawasaki E., Eguchi K.
Recent advancement of understanding
pathogenesis of type 1 diabetes and
potential
relevance
to
diabetic
nephropathy. Am J Nephrol 2007; 27: 554564.
24. Singh DK, Winocour P, Farrington K.
Mechanisms of disease: the hypoxic
tubular
hypothesis
of
diabetic
nephropathy. Nat Clin Pract Nephrol 2008;
4: 216-226
25. The Microalbuminuria Collaborative
Study Group. Predictors of the
development of microalbuminuria in
patients with Type I diabetes mellitus: a
seven-year prospective study. Diabet Med.
1999 Nov; 16(11): 918-25.
26. Wong TY, Mwamburi M, Klein R, Larsen
M. Flynn H, Hernandez-Medina M,
Ranganathan G, Wirostko B, Pleil A,
Mitchell P. Rates of Progression in
Diabetic Retinopathy During Different
Time Periods: A systematic review and
meta-analysis. Diabetes Care. Dec 2009;
32(12): 2307-2313.
27. Ellis JD, Zvandasara T, Leese G,
McAlpine R, Macewen CJ, Baines PS,
Crombie I, Morris AD. Clues to duration of
undiagnosed disease from retinopathy and

Bhardwaj et al.

maculopathy at diagnosis in type 2
diabetes: a cross-sectional study. Br J
Ophthalmol. 2011 Sep; 95(9): 1229-33.
28. Singh DK, Winocour P, Farrington K.
Mechanism of disease: the hypoxic tubular
hypothesis of diabetic nephropathy. Nat
Clin Pract Nephrol 2008; 4: 216-226.
29. He B-B, WeiL,Gu Y-J, Han J-F, Li M, Liu
Y-X, Bao Y-Q, Jia W-P. Factors
Associated with Diabetic Retinopathy in
Chinese Patients with Type 2 Diabetes
Mellitus.
International
Journal
of
Endocrinology Volume 2012 (2012),
Article ID 157940.
30. Chung M-S, Lee J-J, Lee C-T, Shen F-C,
Kuo H-K, huang S-T, Chiou TT-Y,Sun CK, YANG KD,Liu R-T.Prevalence and risk
factors of Taiwanese microalbuminuric
type 2 diabetic mellitus with and without
diabetic retinopathy. Acta Nephrologica
2011; 25(2): 43-49.
31. Cruickshanks KJ, Klein,Ritter LL, Klein
R, Moss SE. The association of
microalbuminaria
with
Diabetic
Retinopathy.
The
Wisconsin
Epidemiologic
Study
of
Diabetic
Retinopathy.
Ophthalmology.
1993;
100(6): 862-7
32. Karoli R, Fatima J, Shukla V, Garg P, Ali
A. Predictors of Diabetic Retinopathy in
Patients with Type 2 Diabetes Who Have
Normoal buminuria. Annals of Medical
and Health Sciences Research. 2013; 3(4):
536-540
33. Fong DS, Aiello LP, FL 3rd, Klein R:
Diabetic Retinopathy. Diabetes care 2004:
27: 2540-2553.

International Journal of Toxicological and Pharmacological Research
89

