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Introduction

Diabetes mellitus is one of the fastest growing diseases in our 
country and has become major public health concern in recent 
times. Micro‑vascular disease is a common complication of 
type 2 diabetes and diabetic retinopathy (DR) and nephropathy 
represent one of the leading causes of visual impairment[1] 
and end‑stage renal disease respectively in adults of both 

developed and developing world.[2] Numerous studies have 
shown various risk‑factors for DR that include poor glycemic 
control, hypertension, dyslipidemia, age of the patient, duration 
of diabetes, microalbuminuria, and cigarette smoking.[3‑5] 
Persistence and progression of microalbuminuria in patients with 
diabetes is not only a marker of nephropathy and cardiovascular 
risk but also of severe ocular morbidity.[6‑8] Its presence has 
been well correlated with presence of DR in patients with 
type 1 diabetes,[9] the concordance rate between these two 
micro‑vascular complications seems lower in type 2 diabetes.[10‑11] 
This indicates that patients with type 2 diabetes may have DR 
without microalbuminuria. This has been supported by several 
studies that reported 10‑30% prevalence of DR in patients with 
type 2 diabetes who have normoalbuminuria.[12‑16]

Taking into account, this fact that microalbuminuria is an 
independent predictor of retinopathy, presence of DR in 
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patients with type 2 diabetes who have normoalbuminuria 
may be overlooked because absence of microalbuminuria may 
tend clinician not to screen for DR. The aim of our study was 
to estimate prevalence of DR in patients with type 2 diabetes 
who have normoalbuminuria and to study predictors for DR, 
which can identify these high‑risk individuals.

Subjects and Methods

Study population
This was a prospective cross‑sectional study. The present study 
included patients with type 2 DM and normoalbuminuria, who 
presented to the Department of Medicine and were referred 
to Ophthalmology at Era’s Lucknow Medical College and 
Hospital between July 2010 and December 2011 for screening 
of DR. They all underwent a dilated fundus examination and 
fundus photographic evaluation Type 2 DM was diagnosed if 
the patients had a fasting plasma glucose level ≥ 126 mg/dl 
or a 2 h post‑glucose level after a 75 g oral glucose tolerance 
test ≥ 200 mg/dl[17] or random plasma glucose ≥ 200 mg/dl 
with osmotic symptoms. Normoalbuminuria was defined as 
a urinary albumin excretion rate (UAER) < 20 μg/min in 2 
out of 3 consecutive tests taken within 2‑3 months.[18] The 
exclusion criteria, included (1) an age < 18 years or > 80 years, 
(2) accelerated hypertension (3) pregnancy, (4) malignancies, (5) 
patients with end organ diseases such as hepatic failure or 
heart failure, (6) acute systemic infection, (7) patients with 
acute complications of diabetes and (8) patients with h/o non 
diabetic kidney disease. The study protocol was approved by the 
Institutional ethical committee, and this study was conducted 
according to the principles of the Declaration of Helsinki. 
A written informed consent was taken from all the participants.

The collected data included age, gender, duration of diabetes 
and history of medication, anthropometric parameters, (which 
included weight, height, body mass index (BMI), and waist/
hip ratio), systolic and diastolic blood pressures, serum 
creatinine, hemoglobin and albumin levels, total cholesterol and 
high‑density lipoprotein (HDL) cholesterol levels, triglyceride 
and serum uric acid levels, the UAER. Fasting venous blood 
samples were taken for the determination of the serum level 
of total cholesterol, HDL cholesterol, and triglyceride. The 
UAER was assessed via 24 h urine collection and measured 
by immunoturbidimetric assay using MODULAR automated 
clinical chemistry analyzers (Roche Diagnostic, Mannheim, 
Germany). The BMI was calculated as weight (kg)/height (m2). 
The blood pressure was measured twice, 5 min apart, using a 
random zero sphygmomanometer with the patient seated after 
10 min of rest. Hypertension was defined as a blood pressure 
measurement of above 140/90 mmHg in the right upper limb 
supine position or when the patient was on anti‑hypertensive 
medication. The estimated GFR (glomerular filtration rate).
It was calculated using the Modification of Diet in Renal 
Disease four‑variable equation at the time of CT scanning: 
EGFR = 186 × serum creatinine‑1.154 × age‑0.203 × 1.212 (if black) × 
0.742 (if female).[19]

Each participant underwent a comprehensive ophthalmic 
examination that included automated refraction (RK‑F1, 
Canon), and stereoscopic fundus examination using an indirect 
ophthalmoscope, after pupil dilatation with 1.0% tropicamide. 
Fundus photographs (45°) were taken from both eyes of each 
participant using a digital fundus camera (TRC‑NW 100 camera; 
Nikon Japan). The photographs were taken in 1‑field per eye, 
centered on the macula. Diagnosis of DR was made by a trained 
ophthalmologist by an indirect ophthalmoscopic examination 
based on the presence of clinical features in the fundus of both 
eyes following the International Clinical DR guidelines, and 
classified as (i) no apparent retinopathy, (ii) mild non‑proliferative 
diabetic retinopathy (NPDR), (iii) moderate NPDR, (iv) severe 
NPDR, or (iv) proliferative diabetic retinopathy (PDR).[20]

Statistical analysis
The statistical analyses were performed using Statistical 
Package for the Social Sciences 15.0 version software (Chicago, 
IL, USA).The data for continuous variable is expressed 
as means (SD). The Student’s t‑test or Mann–Whitney 
test were used, as appropriate, to determine differences in 
continuous variables. Categorical variables are presented as 
percentage. The Pearson’s Chi‑square test or Fisher’s exact 
test, as appropriate, was used to determine the differences in 
categorical variables. Both univariate and multivariate logistic 
regression analyses were performed to determine the various 
risk‑factors for the presence of DR. From the univariate 
analysis, variables with P < 0.05 and those, which were already 
established as risk‑factors were included in the multivariate 
logistic regression analysis. P values < 0.05 were considered 
statistically significant.

Results

A total of 226 patients were enrolled in this study. The mean 
age of enrolled patients was 56 (12) years. This study included 
110 males (48.6%) and 116 females (51.4%) Mean (SD) 
duration of diabetes was 8.2 (5.6) years. The prevalence of DR 
was assessed according to the DR staging system presented by 
the International Clinical DR guidelines. DR of any grade was 
present in 49/226 (22%) patients. Of the patients with DR of 
any grade, 31/49 (63%) had mild NPDR 10/49 had moderate 
to severe NPDR and 8/49 (15%) had PDR. Comparisons of 
clinical characteristics between the patients with DR and 
without DR are shown in Table 1. The patients with DR were 
older than those without DR and DR was more prevalent in 
females than in males. The patients with DR had lower BMI, 
higher systolic blood pressure, longer duration of diabetes, 
lower hemoglobin levels, higher serum LDL cholesterol levels, 
lower estimated GFR, higher UAER, and less use of renin‑
angiotensin system (RAS) inhibitors compared with those 
without DR. In univariate logistic regression analysis [Table 2] 
with the presence of DR as dependent variable, age, gender, 
BMI, systolic blood pressure, duration of diabetes, hemoglobin 
levels, and higher tertile of UAER were significantly associated 
with the presence of DR. Multivariate logistic regression 
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analysis [Table 3] was done to determine the predictors of DR 
in normoabuminuric people with type 2 DM. Data revealed 
that the duration of diabetes (OR 1.01, 95% CI, 0.86‑2.2, 

P = 0.04), higher systolic blood pressure (OR 2.2, 95% CI, 
1.6‑4.5, P = 0.01), low hemoglobin (OR 1.4, 95% CI, 0.45‑2.9, 
P = 0.01), and a higher tertile of UAER (OR 4.12, 95% CI, 
1.92‑7.57, P = 0.001) had independently significant association 
with DR.

Discussion

DR is a highly specific vascular complication and a 
sight‑threatening problem related to diabetes. DR is 
characterized by gradually progressive alterations in the 
retinal microvasculature, leading to retinal hypo perfusion, 
increased vascular permeability, and pathologically intraocular 
proliferation of retinal vessels. Both DR and nephropathy are 
micro‑vascular complications of diabetes. With the retina 
and glomerulus, diabetes‑specific micro‑vascular disease is 
characterized by similar pathophysiologic features. Chronic 
hyperglycemia is the central initiating factor for all types of 
diabetic micro‑vascular disease.

Previous studies have provided evidence to support the 
suggestion that DR and DN progress in a parallel manner; 
thus, the presence of one is believed to predict the development 
of the other.[11,21] In our study, the duration of diabetes was 
found to be significantly higher in patients with DR than in 
those without DR. The duration of diabetes is regarded as a 
marker for long‑term exposure to hyperglycemia. Previously 
published studies also identified duration of diabetes to be an 
independent risk‑factor for retinopathy.[22,23]

Higher systolic blood pressure was found to be an independent 
risk‑factor for DR. In our study, presence of hypertension and 
higher systolic blood pressure was reported in patients with 
DR than those without DR. The UK Prospective Diabetes 
Study (UKPDS) also found higher relative risk for incidence 
of retinopathy with higher systolic blood pressure.[24] It is 
known that DR can be affected by the hemodynamic changes 
induced by hypertension, such as impaired auto regulation 
and hyperperfusion.[25] In addition, hypertension independent 
of hyperglycemia is known to up‑regulate the expression of 
vascular endothelial growth factor in retinal endothelial cells 
and ocular fluids, which can promote DR.[26]

Anemia was found to be another risk‑factor of DR in our 
study. Individuals with anemia were more likely to develop 
DR than individuals without anemia, perhaps because 
of anemia‑induced retinal hypoxia. Hypoxia may alter 
angiogenesis, capillary permeability, vasomotor response, and 
cell survival,[27] These results are consistent with those reported 
in the ETDRS, in which low hematocrit was identified as an 
independent risk‑factor for the development of high‑risk PDR 
and visual impairment.[28] Another large cross‑sectional study 
showed that the odds ratio of having any retinopathy and also 
risk of severe retinopathy were higher for individuals with 
an hemoglobin level of  < 12 g/dl, as compared with those 
level ≥ 12 g/dl. In addition, DR patients with low hemoglobin 

Table 1: Clinical and biochemical characteristics of 
patients with and without diabetic retinopathy

Variable No DR 
(n=177)

DR 
(n=49)

P value

Age (years) 52 (13) 60 (12) 0.01
Female, n (%) 82 (46.3) 33 (67.2) 0.02
BMI, kg/m2 25.6 (2.8) 23.7 (3.0) 0.01
Systolic blood pressure, mmHg 122 (16) 136 (16) 0.13
Diastolic blood pressure, mmHg 82 (12) 82 (14) 0.07
Duration of diabetes, (years) 6.6 (4.7) 8.6 (5.2) 0.01
Hemoglobin, g/dl 12 (1.7) 9.4 (1.6) 0.04
Serum LDL cholesterol, mg/dl 108 (26) 112 (30) 0.56
Serum triglyceride, mg/dl 170 (126) 182 (134) 0.12
Serum HDL, mg/dl 52 (12) 50 (12)
Urinary albumin excretion, μg/min 6.8 (3.6) 9.6 (4.8) 0.01
Estimated GFR ml/min/1.73 m2 95 (26) 82 (24) 0.04
HbA1C 8.6 (2.12) 8.8 (2.0) 0.07
Presence of hypertension (%) 30 56 0.01
Presence of anemia (%) 22 48 0.26
Use of RAS inhibitors, (%) 27 53 0.01
Values are expressed as mean (SD), or (%), RAS: Renin‑angiotensin system, DR: Diabetic 
retinopathy, BMI: Body mass index, LDL: Low density lipoprotein, HDL: High‑density lipoprotein, 
SD: Standard deviation, GFR: Glomerular filtration rate, HbA1C: Glycosylated  hemoglobin

Table 2: Univariate logistic regression analysis 
with diabetic retinopathy as a dependent variable in 
normoalbuminuric people with type 2 diabetes mellitus

Variables OR 95% CI P value
Age (years) 1.2 1.08‑1.56 0.01
Female (%) 2.42 1.7‑5.2 <0.01
BMI, kg/m2 1.03 0.8‑1.78 0.03
Systolic blood pressure, mmHg 2.2 1.6‑4.32 0.01
Duration of diabetes, (years) 1.01 0.86‑2.2 0.04
Hemoglobin, g/dl 1.6 0.8‑2.32 0.01
Estimated GFR ml/min/1.73 m2 1.02 0.72‑1.8 0.02
Urinary albumin excretion 
tertiles, μg/min

I (<6.38) 1 ‑ ‑
II (6.38‑10.72) 1.4 0.56‑2.12 0.5
III (>10.72) 4.2 2.4‑7.8 0.001
Use of RAS inhibitors 2.3 1.68‑4.9 0.01

OR: Odds ratio, CI: Confidence interval, GFR: Glomerular filtration rate, BMI: Body mass 
index, RAS: Renin‑angiotensin system

Table 3: Multivariate logistic regression analysis to 
determine the predictor of diabetic retinopathy in 
normoalbuminuric people with type 2 diabetes mellitus

Variable OR 95% CI P value
Systolic blood pressure 2.2 1.6‑4.32 0.01
Duration of diabetes 1.01 0.86‑2.2 0.04
Hemoglobin 1.4 0.65‑2.9 0.01
Urinary albumin excretion 
tertiles, μg/min

III (>10.72) 4.12 1.92‑7.57 0.001
OR: Odds ratio, CI: Confidence interval
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levels had over fivefold increased risk of severe retinopathy, 
as compared to those with higher hemoglobin levels.[29] These 
results suggested that subjects with low hemoglobin levels 
tended to have an increased risk of retinopathy, especially 
that of the severe form. Other studies have corroborated this 
finding and have also found evidence of improvement in the 
DR status following correction of anemia.[30,31]

Albuminuria was significantly higher in our patients with DR 
than in those without DR, and estimated GFR was negatively 
correlated to DR. Further analysis showed that highest tertile of 
albuminuria was observed to be an independent risk factor for 
the development of DR and the severity of DR in patients with 
T2DM appeared to be aggravated with an increasing severity 
of albuminuria even if it was in the normal range.

There are studies that show risk of development of DR in 
patients who have normoalbuminuria.[12‑16] Normoalbuminuria 
does not always imply normal renal function. In type 2 
diabetes, concordance between reduced glomerular filtration 
rate and albuminuria is much lower than in type 1 diabetes. 
Of patients with type 2 diabetes from the UKPDS, 67% were 
normoalbuminuric at the time they developed chronic kidney 
disease; of these 51% remained normoalbuminuric, whereas 
16% developed albuminuria thereafter.[32] Therefore, it should 
be remembered that many patients with type 2 diabetes may 
have reduced GFR, which is a risk‑factor for DR without 
significant albuminuria primarily or secondary to the use of 
RAS inhibitors. The increasing use of blockers of the RAS 
also has been claimed to explain the weaker association of 
the nonalbuminuric CKD phenotype with DR. RAS blockers 
are more effective than other antihypertensives in slowing 
nephropathy progression in proteinuric diabetic patients and 
can decrease proteinuria in diabetes.[33] These agents were 
also shown to be effective in preventing DR in individuals 
with diabetes who have proteinuria.[34]

There were several limitations to the present study that are 
noteworthy, as they may affect the generalization of our 
findings. Being a cross‑sectional study, the results do not 
provide definite information on a cause‑and‑effect relationship. 
In addition, because our study population was hospital based, 
composed solely of patients from a single center, majority from 
rural background, there was unavoidable bias of selection, 
information, and confounding variables. Prospective and larger 
studies are required to overcome these limitations and to draw 
more robust conclusions.

Conclusion

The risk of DR exists in patients with type 2 diabetes even in 
normoalbuminuric individuals. Absence of microalbuminuria 
should not be the criteria to defer for screening for DR. Close 
monitoring is particularly needed if patients have longer 
duration of diabetes, hypertension, anemia or high normal 
albuminuria.
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