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ABSTRACT… Objectives: The aim of this study was to evaluate the major determinants of 
diabetic retinopathy. Study Design: Cross sectional, case control study. Setting: Department 
of Biochemistry, Basic Medical Sciences Institute, Jinnah Post Graduate Medical Centre, 
Karachi. Period: March 2015 to April 2016. Material & Methods: Ethical approval was taken 
from the Institutional Review Board of JPMC. A total of 208 people including type 2 diabetic 
patients and healthy control subjects; of male gender, aged between ≥30 years and ≤ 60 years 
were recruited and assigned to four study groups. Each group comprise of 52 individuals, 
depending on the ophthalmoscopy findings, i.e. healthy controls, diabetic without retinopathy 
(NDR), diabetic with non-proliferative diabetic retinopathy (NPDR) and diabetic with proliferative 
diabetic retinopathy (PDR). Fasting blood sugar was estimated using GOD-PAP method, while 
HbA1c was estimated by HPLC method. Data was analyzed on SPSS software version 16. 
Results: Diabetics with Diabetic Retinopathy had a poor glycemic control as compare to 
Diabetics without Diabetic Retinopathy (FBS; 109.12 ± 13.81 vs. 184.29 ± 40.07 vs. 188.6 ± 
47.68 vs. 217.06 ± 62.33; p-value = 0.001) (HbA1c; 6.73 ± 0.56 vs. 8.40 ± 1.77 vs. 9.71 ± 
1.85 vs. 14.91 ± 3.87; p-value = 0.001). For Diabetic Retinopathy the odds ratio of glycemic 
control i.e. FBS was observed as 1.019 & HbA1c was recorded as 1.561; which was statistically 
significant. Conclusion: Glycemic indicators; including FBS and HbA1c, are found to be the 
major determinants of Diabetic Retinopathy in our study.
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INTRODUCTION
Diabetes mellitus is a cluster of metabolic 
illnesses patented by hyperglycemia resulting 
from deficiencies in either insulin secretion or 
resistance to its peripheral action, or both.1 
Evidently; diabetes complications are the 
profound contributors of its morbidity as well 
as mortality. Though there is a whole range of 
metabolic complications of diabetes as well yet the 
vascular versions of diabetes complications are 
sub-classified into macro-vascular complications; 
comprising of coronary artery disease, peripheral 
arterial disease and stroke and microvascular 
complications including diabetic nephropathy, 
neuropathy and retinopathy.2,3,4 Glycaemia and 
diabetes are an escalating global hazard with an 
estimated 347 million people already suffering 
worldwide and by the end of next decade the 
estimated number is expected to have risen 

to half a billion.5 It would be worth mentioning 
here that diabetic mortality is strongly and closely 
associated with the socio-economic parameters 
of the region specifically 4 out of 5 diabetic deaths 
occur in low- and middle-income countries.6 In the 
developing countries, the majority of people with 
diabetes belong to the age bracket of 45 to 64 
years.7 Pakistan is also confronting a threatening 
growth in the incidence and prevalence of diabetes 
which is reaching epidemic proportions, with 
already more than 7 million people with diabetes; 
and more so it is expected to rise to 11.4 million 
by the end of next decade.8 Global data on visual 
impairment in the year 2002 assessed the number 
of people with legal blindness to 37 million and 
diabetic retinopathy contributes approximately 
4.8% in the overall disease burden.9 However, in 
2010; globally, the number of people of all ages 
visually impaired is apprised to be 285 million, of 
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whom 39 million are considered blind.10 Without 
extra interventions, the global number of blind 
individuals would increment up to 76 million in 
2020.11, 12 

Diabetic retinopathy is the major most contributor 
in the causes of new cases of blindness among 
adults aged 20-74 years.13 A phenomenal 25 fold 
massive increase in the relative risk of blindness 
has been documented in diabetics as against 
their non-diabetic counter parts.14 

The prevalence of diabetic retinopathy is 
documented 17.6% in India during CURES 
eye study.15 A global inclusive estimation of 
prevalence of diabetic retinopathy revealed that 
one third of the diabetics were having some sort 
of retinopathy, moreover approximately 10% of 
them were shown to have the proliferative type 
which may lead to blindness eventually.16,17 

Diabetic prevalence in Asian-Americans was 
found to be highest in South Asian ethnic 
group.18,19 Even in Europe it has been reported 
that the prevalence of type 2 diabetes mellitus 
is more in the ethnic minorities as against the 
indigenous population.20 More over in China 
a surge of two folds has been observed in the 
prevalence of type 2 diabetes mellitus over the 
time period of two decades.21 

While the case in Pakistan is no different as 
the prevalence of diabetic retinopathy here, 
in community based clinics were found to be 
15.7%.22 In fact recently the data generated locally 
indicates a prevalence of diabetic retinopathy 
as high as 26%.23 Diabetic retinopathy is 
characterized by loss of capillary cells leading 
to increased vaso-permeability, ischemia and 
hypoxia that trigger the excessive formation of 
new blood vessels in the retina; possibly leading 
to vitreous hemorrhage and eventually retinal 
detachment.24 In this context; current research 
work, is an attempt to probe into the major 
determinants of diabetic retinopathy; especially 
focusing its proliferative type.

MATERIAL & METHODS
This proposed research was perceived and 

executed as a hospital based, cross sectional, 
case control study. The time frame from 
perception to execution of this study protocol 
was one year i.e. from March 2015 to April 2016. 
The study was accomplished in the Department 
of Biochemistry, Basic Medical Sciences Institute, 
Jinnah Post Graduate Medical Centre, Karachi, 
in collaboration with the affiliated tertiary care 
hospital (Jinnah Postgraduate Medical Centre). 

Our study population comprised of males; who 
were already diagnosed patients of type 2 diabetes 
mellitus, irrespective of their glycemic control. 
In addition, demographically matched, healthy 
male subjects were also recruited in the study; 
as control. Ethical approval of this research was 
sought from the IRB of JPMC. An informed written 
consent was also obtained from all the subjects, 
before recruiting them in the study. Sample size 
was calculated using open epi calculator, taking 
Jamal et al 2006 as the reference study, and it 
was determined to be 208. All the recruited study 
subjects were divided into four study groups, 
based on the ophthalmoscopy findings as well as 
glycemic indicators; i.e. Control Group A, Healthy 
non-diabetic subjects. 

Case Group B, Patients with type 2 diabetes 
mellitus without diabetic retinopathy. Case Group 
C, Patients with type 2 diabetes mellitus along 
with non-proliferative diabetic retinopathy. Case 
Group D, Patients with type 2 diabetes mellitus 
along with proliferative diabetic retinopathy. 
Fasting Blood Glucose (mg/dl) was measured 
by enzymatic colorimetric method.25 HBA1c (%) 
was determined by HPLC method.26 Ophthalmic 
examination of all the recruited study subjects as 
well as patients were conducted in the out patients 
department of JPMC; by an ophthalmologist. After 
observing complete pupil dilatation, funduscopic 
examination of each eye was done in dark room 
with Keeler’s Ophthalmoscope.27 Presence or 
absence of signs of retinopathy in each eye was 
recorded accordingly. An ophthalmologist graded 
these signs according to the Diabetic Retinopathy 
Disease Severity Scale as catalogued by 
American Academy of Ophthalmology. The data 
was entered in the Microsoft excel sheet which 
was exported into the statistical software SPSS 
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Version 16. The continuous data was entered 
as mean + SD and comparison between more 
than two variables was done by ANOVA. Group 
comparisons were done by applying ANOVA. 
Binary logistic regression was also performed to 
find out the association of predictor variables with 
diabetic retinopathy. The statistical tests were 
considered significant at the p values of < 5%.

RESULTS
Comparison of glycemic control (FBS& HbA1c) 
among the four groups was observed as 
statistically significant at 95% confidence interval. 
The post hoc analysis showed that the mean 
FBS significantly differs between Controls and 
Diabetic patients without Retinopathy (109.12 
± 13.81 vs. 184.29 ± 40.07; p-value = 0.001); 
Controls and Patients with Non Proliferative 
Diabetic Retinopathy (109.12 ± 13.82 vs. 188.6 ± 
47.68; p-value = 0.001); Control and Proliferative 
Diabetic Retinopathy (109.12 ± 13.83 vs. 217.06 
± 62.23; p-value = 0.001); Diabetic patients 
without Retinopathy and patients with Proliferative 
Diabetic Retinopathy (184.29 ± 40.07 vs. 217.06 
± 62.24; p-value = 0.003); Patients with Non 
Proliferative Diabetic Retinopathy and Patients 
with Proliferative Diabetic Retinopathy (188.6 
± 47.68 vs. 217.06 ± 62.25; p-value = 0.016) 
(Figuere-1).

The post hoc analysis also showed that the mean 
HbA1c significantly differs between Controls 
and Diabetic patients without Retinopathy 
(6.73 ± 0.56 vs. 8.4 ± 1.77; p-value = 0.005); 

Controls and Patients with Non Proliferative 
Diabetic Retinopathy (6.73 ± 0.56 vs. 9.71 ± 
1.85; p-value = 0.001); Control and Proliferative 
Diabetic Retinopathy (6.73 ± 0.56 vs. 14.91 ± 
3.87; p-value = 0.001); Diabetic patients without 
Retinopathy and patients with Non Proliferative 
Diabetic Retinopathy (8.4 ± 1.77 vs. 9.71 ± 
1.85; p-value = 0.045); Diabetic patients without 
Retinopathy and patients with Proliferative Diabetic 
Retinopathy (8.4 ± 1.77 vs. 14.91 ± 3.87; p-value 
= 0.001); Patients with Non Proliferative Diabetic 
Retinopathy and Patients with Proliferative 
Diabetic Retinopathy (9.71 ± 1.85 vs. 14.91 ± 
3.87; p-value = 0.001) (Figure-2).

To identify the risk factors for Diabetic 
Retinopathy Regression analysis was performed. 
The outcome variable of interest was Diabetic 
retinopathy (Yes/ No). Since the outcome variable 
was binary the regression analysis of choice was 
Binary Logistic Regression. The binary logistic 
regression revealed that FBS & HbA1c were 
significant predictors of Diabetic Retinopathy, 
The Odds ratio (at 95% confidence interval) for 
Fasting Blood Sugar was 1.019 (1.006 - 1.031) 
with p-value = 0.004. The Odds ratio (at 95% 
confidence interval) for glycosylated hemoglobin 
was 1.561 (1.157 - 2.107) with p-value = 0.004 
(Table-I).

Figure-1. Comparison of fasting blood sugar (mg/dl) 
among the study groups.

Figure-2. Comparison of HbA1c (%) among the study 
groups.
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The odd ratio of significant predictors of Diabetic 
Retinopathy at 95% confidence interval showed 
that the increase in the FBS and HbA1c increases 
the odds of developing Diabetic Retinopathy. 

DISCUSSION
Predictors and determinants of diabetic retino-
pathy are under constant probing in order to 
counter this preventable cause of visual impairment 
and blindness. In this regard; along with the 
duration of diabetes mellitus and hypertension, 
poor glycemic control is documented as a major 
determinant of diabetic retinopathy.28 In fact 
on its own, the poor glycemic control has been 
demonstrated as a major determinant of diabetic 
retinopathy even when the duration of diabetes is 
relatively short.29

Moreover it has also been observed that blood 
sugar level indicates transitory glycemic control 
while in contrast glycosylated hemoglobin 
(HbA1c) reflects a more sustained glycemic 
control as well as patient compliance.30 Especially; 
in our study; HbA1c was observed to predict the 
Diabetic Retinopathy outcome more profoundly; 
approximately 56% increase risk of Diabetic 
Retinopathy per percent increase in HbA1c. 

In concurrence to the findings in our study it was 
also established that baseline glycemic level of 
HbA1c were more profound in predicting diabetic 
retinopathy as an outcome variable as against the 
follow up levels; something which is credited to 
the metabolic memory.31

Furthermore same trend was also observed in 
the CURES eye study32, where a linear affinity 
between the prevalence of retinopathy with the 
increase in quartiles of HbA1c was observed; 
specifically for every 2% elevation of HbA1c, the 

risk for diabetic retinopathy increased by a factor 
of 1.7. 

Similar observations were reported in earlier 
research established facts that despite the 
threefold risk of hypoglycemia; intense glycemic 
control decreased the mean risk of developing 
retinopathy by up to 76 percent.33 Also 
comparable findings were observed in UKPDS 
Group; specifically for every percent decrease in 
HbA1c there was 35% reduction in the diabetic 
retinopathy risk. Moreover the overall risk of 
microvasculature complication reduced by 25% 
in patients receiving intense glycemic control 
therapy.34

Though the cross sectional design of our study 
was a major limitation and it would have been 
more convincing to documents the factual 
findings on a more temporal basis. Yet as these 
findings are in scientific alignment with the 
credible published data, we can safely assume 
that stringent and intensive glycemic control can 
not only prevent but also delay the progression of 
diabetic retinopathy.35 

CONCLUSION
Glycemic indicators; including fasting blood 
glucose (FBS) and glycosylated hemoglobin 
(HbA1c) are establish as the major predictors of 
diabetic retinopathy in our study. This conclusion 
reflects that in order to prevent diabetic retinopathy 
we actually need to be more aggressive about 
the glycemic control even when hypoglycemia is 
a limiting factor for the intervention. 
Copyright© 25 Oct, 2019.

 df Sig. Exp (B)
95% C .for EXP(B)

Lower Upper
FBS 1 .004* 1.019 1.006 1.031
HbA1C 1 .004* 1.561 1.157 2.107
Constant 1 0.000 0.000

Table-I. Binary logistic regression of diabetic retinopathy with glycemic control indicators.
Values were expressed as mean ± SD.

* Statistically significant <0.05.
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