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ABS TRACT  
 

 

BACKGROUND 

Diabetic retinopathy is one of the commonest causes of preventable blindness. 

Anaemia develops earlier in diabetes patients and can hasten the development and 

progression of both microvascular and macrovascular complications of diabetes 

mellitus. The objective of the study was to identify and estimate the prevalence of 

anaemia in patients with diabetic retinopathy and its correlation with the 

progression of retinopathy, development of complications and the prognosis of 

vision. 

 

METHODS 

This was a retrospective study on 250 patients conducted over a period of 3 years. 

Comprehensive physical examination, ophthalmic evaluation using slit-lamp 

biomicroscopy, indirect ophthalmoscopy, fundus photography, ancillary fundus 

fluorescein angiography and optical coherence tomography (OCT) were performed. 

Blood investigations consisted of fasting blood sugar, glycosylated HbA1C, lipid 

profile and haemoglobin levels were estimated. 

 

RESULTS 

The prevalence of anaemia in patients with DM was 69 %. The prevalence of 

anaemia was higher in women and the age group most commonly affected was 45 to 

55 years. Diabetic retinopathy was more common in men, but the severity of 

retinopathy was more in women. A significant association was seen between the 

duration of diabetes (longer than 5 years), the severity of anaemia, control of 

hypertension and hyperlipidaemia. The type of retinopathy most commonly 

associated with anaemia was moderate non-proliferative diabetic retinopathy with 

clinically significant macular oedema. Visual loss occurred in 16 patients. 

 

CONCLUSIONS 

Identification and treatment of anaemia can prevent the progression of retinopathy. 

Our study suggests that the evaluation and treatment of anaemia should be a part of 

initial and follow-up visits in all diabetic patients with ophthalmic features as there 

is a definite association between visual loss and anaemia in diabetes mellitus. 
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BACK GRO UND  
 

 

 

Diabetes mellitus is the most prevalent endocrine disorder 

worldwide with numerous complications. Diabetic 

retinopathy is a major microvascular complication of 

diabetes mellitus leading to visual impairment in both type 1 

and type 2 diabetes mellitus. The prevalence of diabetic 

retinopathy significantly correlates with the duration of 

diabetes and glycemic control. The hallmark pathogenesis of 

diabetic retinopathy is microvascular occlusion and 

microvascular leakage.1 The systemic risk factors like 

anaemia, cardiovascular disease and renal failure are also 

involved in the pathogenesis of diabetic retinopathy. Other 

factors like age of onset of diabetes mellitus, gender, oral 

hypoglycemic agents, and insulin treatment also relate to the 

development and progression of diabetic retinopathy. 

Anaemia decreases tissue perfusion leading to hypoxic organ 

damage which stimulates the release of inflammatory 

mediators and vasoproliferative factors resulting in increased 

vascular permeability in the form of oedema and retinal 

vascular occlusive disease.2 

Under normal conditions, retinal capillaries have mural 

cells, known as pericytes, which are responsible for the 

regulation of vascular caliber and control of the retinal 

microcirculation. These cells are found to be important in 

disease development since they are lost in the early stages of 

diabetic retinopathy.3 Endothelial damage, thickening of 

capillary basement membrane and loss of pericyte caused by 

the hyperglycemic trigger is the primary event in the 

development of retinopathy. Further hypoxic changes and 

neovascularisation lead to proliferative diabetic retinopathy. 

Vision loss can occur at the stage of proliferative diabetic 

retinopathy due to haemorrhage from fragile vessels or 

tractional retinal detachment as the neovascular membranes 

organize and contract. In certain cases, the anterior segment 

of the eye can also be affected with neovascularization across 

the angle structures leading to neovascular glaucoma.4 

Diabetic macular oedema is the most common cause of visual 

loss secondary to diabetic retinopathy, which results in 

thickening of the retina and can be seen at any stage of 

diabetic retinopathy. 

Anaemia develops early in patients with renal 

impairment and diabetes mellitus is the commonest cause of 

end-stage renal disease. Hence it is necessary to study the 

systemic risk factors required to delay the onset and 

progression of diabetic retinopathy and improving the 

outcome by timely intervention. Diabetic retinopathy is one 

of the commonest microvascular complications, others being 

nephropathy, neuropathy and cardiovascular disease. As of 

now glycosylated haemoglobin, high levels of blood sugar, 

elevated blood pressure are all recognized as significant risk 

factors. However, the association of anaemia as a risk factor 

in patients with type 1 and type 2 diabetes mellitus have not 

been studied in terms of ischemia and visual loss. The 

objective of the study was to identify and estimate the 

prevalence of anaemia in patients with diabetic retinopathy 

and its correlation with the progression of retinopathy, 

development of complications and the prognosis of vision. 

Our study was the first to identify the stages of retinopathy 

with a correlation to the levels of haemoglobin and the 

severity of anaemia. 
 

 

 

ME TH OD S  
 

 

This is a retrospective, observational study performed on 

patients with diabetes mellitus visiting a tertiary care centre 

in Chennai, South India. The hospital has a well-equipped 

ophthalmology department and a diabetic clinic. The study 

was conducted over 3 years from 2018 to 2021, after 

obtaining institutional ethics approval (REF: CSP - MED / 21 / 

APR / 68 / 65). Informed consent was obtained from each 

patient before enrolling them in this study. The patients were 

reviewed every 2 - 4 weeks and more frequently based on the 

presentation and severity. Follow up for all the patients was 

done for atleast 6 months and improvement / deterioration 

of vision were assessed during each visit. 

All diabetic patients with anaemia were evaluated in the 

Ophthalmology department. Both types 1 and 2 were 

included in our study. Grading of diabetic retinopathy was 

done using early treatment diabetic retinopathy study 

(ETDRS). According to ETDRS, patients were categorized as 

non- proliferative diabetic retinopathy (very mild, mild, 

moderate, severe and very severe) and proliferative diabetic 

retinopathy (mild-moderate, high risk and advanced diabetic 

eye disease).5 We excluded severely ill patients, patients who 

had known ocular morbidities associated with other systemic 

conditions. We noted down the duration of the condition, 

associated other system involvement with referrals to 

nephrology, cardiology and neurology, treatment for the 

disease and any family history of diabetes mellitus. The 

ophthalmic evaluation consisted of the assessment of 

extraocular movements, best corrected visual acuity for 

distance and near vision, refraction, colour vision testing, slit 

lamp examination, ophthalmoscopy and intraocular pressure 

assessment by Goldmann’s applanation tonometer. Fundus 

examination was done with indirect ophthalmoscopy and slit-

lamp biomicroscopy using +78D lens and + 90D lens. Optical 

coherence tomography was carried out for selected patients. 

All data were collected and analysed to calculate the 

prevalence of DR in anaemic patients. The presence and type 

of macular oedema were noted. Visual acuity was tested 

during each visit using Snellen’s chart and refraction was 

performed. During the follow-up visit, the patients were also 

reviewed by the physician and endocrinologist to assess 

improvement in the systemic illness. 

Haemoglobin estimation was done by a calorimetric 

method. The presence of microalbuminuria was done by 24 - 

hour urine collection. Anaemia was defined as a haemoglobin 

concentration of less than 13 gms / dl in men and 12 gms / dl 

in women. Serum lipid profile was done using fasting 

samples. 

 

 

S ta ti s ti cal  An aly si s  

All the data was collected and analysed using IBM SPSS 

statistics software version 23.0. In descriptive statistics, 

frequency analysis for data distribution and percentage 

analysis was done for categorical variables. Mean and 

standard deviation were analysed using continuous variables. 

Kappa coefficient was used for the correlation of test values. 

Statistical significance in categorical data was done using the 

chi-square test. A probability value of P < 0.05 was 

considered statistically significant. 
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RES ULT S  
 

 

 

A retrospective cohort study performed on 250 patients with 

an established diagnosis of DM showed anaemia in 69 %. 

Among 173 patients with anaemia and DR, type 1 DM 

accounted for 78 patients (45 %) and type 2 for 95 patients 

(55 %). Males were affected in 50 patients (29 %) and 

females in 123 patients (71 %) and this was found to be 

statistically significant with P = 0.02. The age group affected 

was most frequently between 45 and 55 years (median age 

47 years). Bilateral diabetic retinopathy occurred in 152 

patients (88 %) with anaemia and was statistically significant 

with P = 0.01. Table 1 shows the epidemiological distribution 

of the study participants. The most common symptoms were 

blurred vision and floaters in both eyes. Fundus photographs 

of all patients were obtained, and diabetic retinopathy was 

based on ETDRS classification. 

 
Patient Characteristics Variables No of Patients Percentage 

Gender 
Male 50 29 % 

Female 123 71 % 

Types of DM 
Type 1 DM 78 45 % 
Type 2 DM 95 55 % 

Laterality 
Unilateral 21 12 % 
Bilateral 152 88 % 

Table 1. Epidemiological Distribution 
DM-Diabetes Mellitus 

 

Stages No of Patients Percentage 
Mild NPDR 60 35 % 

Moderate NPDR 52 30 % 

Severe NPDR 35 20 % 

PDR 26 15 % 

CSME 57 33 % 

Ischemic maculopathy 15 9 % 

Table 2. Severity of Retinopathy 
NPDR-Non Proliferative Diabetic Retinopathy; PDR-Proliferative Diabetic 
Retinopathy; CSME-Clinically Significant Macular Oedema 

 

Sight threatening retinopathy was present in 62 out of 

173 patients (36 %) and this was seen clinically as severe 

non-proliferative diabetic retinopathy, proliferative diabetic 

retinopathy or maculopathy (CSME and ischemic). Ischemic 

maculopathy was seen in 15 patients (9 %) and clinically 

significant macular oedema in 57 patients (33 %). Visual loss 

in diabetic retinopathy with anaemia occurred both during 

the active stages and with complications such as vitreous 

haemorrhage in 20 patients (12 %) and tractional bands and 

detachment in 8 patients (5 %). Figure 1 shows proliferative 

diabetic retinopathy with vitreous haemorrhage. 

 

 
Figure 1. Proliferative Diabetic Retinopathy  

with Vitreous Haemorrhage 
 

 
Figure 2. Severe Non-Proliferative Diabetic Retinopathy  

with Clinically Significant Macular Oedema 
 

 
Figure 3. OCT Image of Clinically Significant Macular Oedema 

 

The distribution of retinopathy was seen as mild NPDR in 

60 patients (35 %), moderate NPDR in 52 patients (30 %), 

severe NPDR in 35 patients (20 %) and PDR in 26 patients 

(15 %) which is depicted in table 2. The patients with 

retinopathy and anaemia were younger than patients with 

normal haemoglobin levels with DR. Figure 2 shows severe 

non-proliferative diabetic retinopathy with clinically 

significant macular oedema. 

Calculation of the association of severity of diabetic 

retinopathy and diabetic macular oedema with 

haematological parameters showed anaemia as a significant 

risk factor. The levels of haemoglobin were at least 12 gms in 

39 % and less than 12 gms in 61 % of patients. An associated 

raised blood pressure, triglyceride level, microalbuminuria 

were associated with retinopathy in varying combinations. 

In terms of peripheral capillary non-perfusion, clinical 

changes were seen in 73 % of those with anaemia. This 

showed a statistically significant association as capillary 

dropout was seen in more patients with diabetic retinopathy 

and anaemia. Several of these patients were on insulin 

treatment, had a longer duration of diabetes mellitus and 

associated comorbidities such as hypertension and 

hyperlipidaemia. In CSME, high LDL levels were noted in 42 

%. 

Lower levels of haemoglobin had a significant association 

with retinal ischemia and a positive correlation with the 

severity of retinopathy. In terms of the progression of 

diabetic retinopathy and management, a rapid increase in 

signs is seen and required pan-retinal photocoagulation in 38 

% and intravitreal anti-VEGF in 9 %. Another important 
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feature was that we noted a marked resolution of retinal 

signs and an improvement in vision in our patients after strict 

glycaemic control in association with laser and intravitreal 

injections. 

Our study showed a statistical significance in the 

correlation of retinopathy with blood sugar levels, 

haemoglobin levels, HbA1C (P < 0.05). Among all this 

anaemia was the most consistent feature as a risk factor of 

progression of ischemia. 

The macular thickness measured by optical coherence 

tomography showed an increase among those with diabetic 

retinopathy with anaemia as compared with those who had 

diabetic retinopathy without anaemia. The increased central 

subfoveal thickness was associated with decreased vision in 

93 % (P < 0.04). Figure 3 shows an OCT picture of clinically 

significant macular oedema. 

In our study patients, haemoglobin levels and the 

prevalence of anaemia at different stages of diabetic 

retinopathy were found to differ at different stages of diabetic 

retinopathy (mild, moderate, severe NPDR and PDR). 

Haemoglobin levels showed a mean range of 12.1, 12.3, 11, 

10 g / dl from mild NPDR to PDR. 

Apart from retinopathy, ophthalmic features present 

were seen as snowflake cataract in 64 %, rubeosis iridis in 6 

%, neovascular glaucoma in 2 %, non-dilating pupil in 70 % 

and diabetic papillopathy in 1 %. 

At the end of 3 years of follow up, the visual loss occurred 

in 16 patients. Resolution of clinical signs and recovery of 

vision were noted in 63 % of patients. 

 

 
 

 

DI SCU S SI ON  
 

 

This study was performed on a cohort of patients with 

diabetic retinopathy. Based on our study, we found that 

diabetic retinopathy had a significant association with low 

haemoglobin levels. An overload of iron in the retinal tissue 

can result in cell death due to the generation of free oxygen 

radicals and pro-inflammatory cytokines. Diabetic 

retinopathy affects the microcirculation in the retina and is 

aggravated by hyperglycaemia. Other associated risk factors 

such as increased duration, poor control of HbA1C, renal 

disease with proteinuria, hyperlipidaemia and hypertension 

can worsen the retinopathy. A study by Soliman et al. had 

proposed that low iron levels contributed to an increase in 

gluconeogenic enzymes and serum glucose levels and glucose 

dysregulation.6 A rapid progression from background DR 

from a mild - to - moderate grade to a severe proliferative 

phase, after the development of severe iron deficiency 

anaemia has been reported by Chen et al.7 Balance of iron 

homeostasis may be of an important role in the progression 

of diabetic retinopathy. The maintenance of oxygen supply is 

of critical importance for the continuation of normal retinal 

function.8 Several reports have substantiated that a long 

duration of hypoxia which can be caused by hyperglycaemia 

or low haemoglobin leads to retinopathy. Iron is incorporated 

into heme for the transport of oxygen in the blood. Nagababu 

et al. reported that low iron levels enhanced red blood cell 

oxidative stress.9 The crucial role of oxidative stress in the 

development of diabetic retinopathy, wherein excessive 

superoxide leads to acceleration of the production of 

advanced glycation end-product, expression of AGE receptor, 

activation of protein kinase C isoforms, and overactivity of 

the hexosamine pathway have been studied extensively.10 

Anaemia can accelerate the progression of retinal ischemia in 

patients with diabetic retinopathy. Previous studies 

suggested that diabetic patients have deformed erythrocytes 

and increased aggregation at the capillary level that could 

make them more fragile and susceptible to breakage, which 

would lower the haemoglobin levels.11 Andrews et al. showed 

that patients with DM and anaemia exhibited an increased 

expression of IL - 6 and C-reactive protein when compared to 

diabetic patients without anaemia.12 These inflammatory 

mediators cause further insult to vascular permeability and 

impaired normal function. Chronic inflammation can cause 

changes at the biochemical and molecular levels ending in 

retinopathy and vision loss in these patients.13 A 

predominant risk factor associated with the early onset of 

anaemia among diabetic patients is reduced GFR or elevated 

albuminuria levels due to destruction of interstitial 

fibroblasts with impaired production of erythropoietin.14 

Vision threatening retinopathy is significantly increased in 

patients with anaemia, which is thought to be due to retinal 

hypoxia leading to up-regulation of growth factors such as 

vascular endothelial growth factor and other genes involved 

in neoangiogenesis, capillary permeability and apoptosis.15 

Macular oedema may appear at any stage of diabetic 

retinopathy and is the main cause of central vision loss in 

diabetic patients. An evaluation of serum ferritin levels would 

further confirm the association between diabetic retinopathy 

and anaemia. 

 

 
 

 

CONC LU S ION S  
 

 

 

The study investigated the relationship between 

haemoglobin levels and anaemia and the occurrence of 

diabetic retinopathy. Our study suggests that the evaluation 

and treatment of anaemia should be a part of initial and 

follow-up visits in all diabetic patients with ophthalmic 

features as there is a definite association between visual loss 

and anaemia in diabetes mellitus. 
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