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Introduction
Diabetic Retinopathy (DR) is a microvascular complication of Diabetes Mellitus 

(DM) that affects the retina. It is the leading cause of blindness among the working-

age population in developed countries.1-6 The International Diabetes Federation 

predicts that DM will affect 700 million people worldwide by 2045.7 In South Africa, 

DM has a similar prevalence as the global average (around 8%), and studies have 

found that DR affects between 26-39% of diabetics in the country.8-9 The high 

prevalence of DR in South Africa presents a significant burden on the healthcare 

system and the workforce.8


Diabetes mellitus (DM) affects the microcirculation of the retina, which consists of 

two distinct layers: the superficial and deep plexuses. The superficial plexus is lo-

cated in the innermost nerve fibre layer of the retina, while the deep plexus is found 

in the inner nuclear layer. In addition, the choriocapillaris provides a third blood 

supply to the retina.3 The foveal region, which lacks blood vessels, is known as the 

foveal avascular zone (FAZ). DM causes visual impairment through three primary 

mechanisms: macular oedema, macular ischaemia (DMI), and complications of 

retinal neovascularization.2-4 DMI can cause significant visual impairment including 

central visual loss and difficulty reading due to reduced blood flow to the macula but 

it may not be readily apparent during clinical examination.10,11 It is characterized by 

the enlargement of the FAZ, with irregularities of its margin.2-6


DR is typically classified according to the modified Airlie House Classification of the 

Early Treatment of Diabetic Retinopathy Study (ETDRS) (Table 1).12 Ophthal-

moscopy or colour fundus photography is usually employed to perform the 

staging.13 The gold standard for visualizing the retinal microcirculation is fluorescein 

angiography (FA) which involves dye injection intravenously.6 This technique has 

good resolution and can highlight structural abnormalities such as filling defects of 

the capillaries and areas of leakage.4 However, FA has several limitations, such as 

invasiveness, being time consuming, potential complications ranging from nausea 

to fatal anaphylaxis, and the inability to differentiate the retinal circulation into super-

ficial and deep plexuses. In addition, FA may not accurately assess the FAZ in cas-

es of macular oedema where dye leakage can obscure the borders of the FAZ.2,6
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Table 1: The ETDRS Classification of Diabetic Retinopathy12


	 	 1 Diabetic Retinopathy, 2 Non-proliferative diabetic retinopathy, 3 Proliferative retinopathy

Optical Coherence Tomography Angiography (OCTA) is a novel technology that 

eliminates the need for invasive dye injection, providing an advantage over FA.2 It is 

a non-invasive three-dimensional imaging technique based on Optical Coherence 

Tomography that enables high-resolution imaging of the retinal vasculature by de-

tecting the movement of the red blood cells in the capillary network.14 OCTA can de-

tect areas of capillary dropout and non-perfusion with higher resolution than FA, 

and it also allows for the separation of the image into the superficial, deep, and 

choroidal vasculature.1,3-5


Prior studies investigating DR have found that microvascular changes are more 

readily detected by OCTA at all stages of retinopathy, sometimes before they are 

clinically visible, as well as in patients that are pre-diabetic.15,16 Several have de-

fined quantitative metrics using OCTA such as the foveal avascular zone and peri-

foveal vessel density and shown that these are associated with the severity of the 

DR. Multiple studies have found that the FAZ is enlarged in patients with DM com-

pared with normal controls with some studies going further and detecting early FAZ 
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Grade Features

No DR1

Non-Proliferative DR

Very Mild NPDR2 Microaneurysms only

Mild NPDR Microaneurysms, retinal haemorhages, hard exudates, cotton wool spots. 
No intra-retinal microvascular anomalies or significant beading

Moderate NPDR Severe retinal haemorrhages. Significant venous beading. Cotton wool 
spots

Severe NPDR One of the following: Severe hemorrhages in all quadrants. Significant 
venous beading in 2 quadrants. Intra-retinal microvascular anomalies

Very Severe NPDR Two or more criteria for severe NPDR

Proliferative DR

Mild-Moderate PDR3 New vessel formation at disc (NVD) or new vessel formation elsewhere 
(NVE)

High risk PDR Any NVD greater than a third of the disc area. NVD with vitreous 
haemorrhage. NVE greater than half the disc area.

Advanced Diabetic 
Eye Disease

Tractional retinal detachment. Significant persistent vitreous 
haemorrhages. Neovascular glaucoma.



enlargement in the deep capillary layers but not yet in the superficial layers. 4,5,17,18 

This suggests that these metrics may be used as biomarkers in patients without 

clinical detectable DR. Furthermore, since enlargement of the FAZ is a feature of 

sight-threatening diabetic macular ischaemia, it is important to detect early.


The aim of this study is to evaluate the FAZ using OCTA in diabetic patients with 

various stages of DR compared to healthy controls. We also examined whether 

OCTA metrics are related to HbA1C as well as urea and creatinine levels in diabet-

ics.


Methods
The study is a cross-sectional study of diabetic patients compared to normal con-

trols who presented to the Ophthalmology Clinic at Lenasia South Community 

Healthcare Clinic (LSCHC) during the study period of February 2020 to February 

2023. Ethical clearance was obtained from the Human Research Ethics Committee, 

University of the Witwatersrand (M180814).


Inclusion criteria were (i) Age > 18 years, (ii) Patients with Type I or Type II Dia-

betes, (iii) clear view of the fundus. The inclusion criteria for the control group were 

(i) Age > 18 years (ii) Fundus clearly visible, iii) Random blood glucose < 8 mmol/l


The exclusion criteria for both groups are (i) Presence of media opacities that will 

prevent adequate fundus visualisation/photography, (ii) History of glaucoma, (iii) his-

tory of intravitreal injections or laser to the eye, (iv) retinal diseases other than DR, 

(v) history of vitreo-retinal surgery, (vi) poor quality or un-gradable OCT/OCTA im-

ages, or colour fundus images , vii) Patients unable to provide informed consent 

e.g. due to mental disability.


Estimation of the sample size was based on the comparison of mean FAZ area be-

tween the four study groups. The calculation was based on data from Nesper et al 

using the means of 0.269mm2 , 0.309 mm2 , 0.356 mm2 and 0.493 mm2 for the con-

trols, diabetic patients with no DR, patients with non-proliferative DR and severe 

DR.1 Using the largest SD of the four groups of 0.24, an effect size of 0.35 was cal-

culated.  Assuming balanced groups, the detection of such an effect size with 80% 

power at the 5% significance level requires a sample size of 96 (with 24 per group). 
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Sample size calculations were carried out in G*Power.19 Control patients were se-

lected once the study group had been finalised and were of the same age range as 

the study group with a same ratio of male and female participants.


Consecutive diabetic patients who fulfilled the inclusion criteria were invited to par-

ticipate in the study on the day of their visit. A comprehensive ophthalmological ex-

amination was performed, and relevant patient data was collected using a data col-

lection sheet that included age, co-morbidities, duration of diabetes, smoking histo-

ry, and previous ocular surgery. The right eye of each participant was enrolled, and 

if it was not feasible, the left eye was used. Uncorrected distance visual acuity (VA) 

and pinhole VA were measured in decimal notation. The examination included slit 

lamp biomicroscopy, dilated fundoscopy, and color fundus photography using a 

handheld fundus camera. Blood samples were collected to determine glycated he-

moglobin (HBA1C) and renal function (urea and creatinine), which are predictors of 

clinical outcomes and the course of diabetes. The patient's blood pressure was also 

checked. Non-diabetic control patients underwent a finger prick blood glucose test 

and a blood pressure measurement using a standard adult blood pressure cuff. All 

participants underwent OCT and OCTA imaging using the Revo NX device (Op-

topol, Norway). OCTA images were captured over a 3 x 3 mm area centered around 

the macula, which is known to have the best resolution in numerous studies. Built-in 

software was used to separate the images into superficial and deep layers.


The fundus photographs were analysed by a retinal specialist to grade the severity 

of DR according to the modified Airlie House classification. The OCTA images were 

analyzed using the built-in software to define the avascular zone. The software pro-

vided quantitative measurements of the foveal avascular zone (FAZ) area and 

perimeter.


Statistical analysis was conducted using STATISTICA v14.0 (TIBCO Software Inc). 

A significance level of 5% was applied. Continuous variables were summarized us-

ing descriptive statistics such as means, medians, and standard deviations, while 

categorical variables were summarized using frequency distributions and percent-

ages. The one-way Analysis of Variance (ANOVA) was employed to compare con-

tinuous variables between study groups, while the chi-squared test was used for 

categorical variables.
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Results
During the study period, 79 eyes of diabetic patients who met the eligibility criteria 

were enrolled, along with 16 control patients. Twenty-nine patients were excluded 

from the study due to various reasons, such as diabetic macular edema (16), poor 

imaging quality (9), previous treatment for proliferative diabetic retinopathy (2), and 

vitreomacular traction (2).


The median age of the study group was 61 years (range 33-89), with 55 females 

(69.6%) and 24 males (30.4%). This group was categorized into those without DR 

(n=50, 63.3%), mild DR (n=20, 25.3%), and moderate to severe DR (n=9, 11.4%). 

The control group (n=16) had a median age of 58 years (range 34-73), with 10 fe-

males (62.5%) and 6 males (37.5%).


       Figure 1: Decimal Visual Acuity of participants in each group


Visual acuity was significantly lower in patients with DM compared to controls, with 

a worsening trend observed with increasing severity of DR (Figure 1). 


The OCTA images were separated into SCP and DCP however due to poor resolu-

tion of the DCP with the Revo Nx resulting in inability to delineate an avascular 

zone, the SCP measurements exclusively were used for measurement of the FAZ 

area and perimeter. The overall test for differences in mean foveal avascular zone 

(FAZ) area in the SCP between the groups was statistically significant (p=0.021), 

but pairwise differences between each of the groups were not significant in the post 

hoc tests. This could be attributed to the unbalanced groups. Measurements of FAZ 

perimeter showed overall significant differences between all groups (p=0.015) and 
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specifically between the control group and the moderate/severe DR group 

(p=0.032).


There was no significant relationship found between HbA1c levels and FAZ area or 

perimeter (p=0.21 and p=0.099), and no significant correlation was observed be-

tween urea and creatinine levels and FAZ area (p=0.37 and p=0.39) or perimeter 

(p=0.92 and p=0.16).





Figure 2: Mean FAZ perimeter comparison between groups (error bars denote 

95% confidence interval for mean)


Discussion
Diabetic macular ischaemia represents a significant global health concern, empha-

sizing the need for annual screening and prompt intervention to prevent associated 

morbidity. The management of diabetic retinopathy focuses on glycemic control and 

subsequent targeted treatments for macular oedema and proliferative disease. Giv-

en the significant morbidity associated with this condition, it is crucial to identify ear-

ly markers of disease progression to facilitate timely interventions and prevent mor-

bidity.11


This study investigated the relationship between the enlargement of the foveal 

avascular zone (FAZ) and different stages of diabetic retinopathy. Study results in-

dicate that this enlargement is present in diabetic patients even without clinically ev-

ident diabetic retinopathy and increases as the disease progresses. The FAZ differ-

ences between the groups however, were not found to be statistically significant 
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Table 2: Demographic information and measured data for all participants


1 Diabetic retinopathy, 2 Hypertension, 3 Retroviral disease (HIV), 4 Cerebrovascular accident (stroke), 5 Foveal Avascular  Zone


during the post hoc analysis. This can be attributed to the unbalanced patient num-

bers between the groups. Although a large number of patients were screened for 

inclusion into the study, patients with moderate or severe diabetic retinopathy were 

often excluded from the study. These patients have a higher risk of significant 
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Characteristic
Category Control No DR1 Mild DR

Moderate/ 
severe DR

p-value 
(between-
group test)

n % n % n % n %

n 16 50 20 9

Age (years) mean (SD)
57.9 

(11.6)
60.6 

(10.0)
61.4 

(13.7) 59.1 (9.6) 0.78

Sex

Male 6 38 18 37 3 15 2 22
0.28

Female 10 63 31 63 17 85 7 78

Comorbidities

HPT2 9 56 41 82 15 75 9 100 0.058

Other 3 19 13 26 5 25 2 22 0.95

Other  
comorbidities

Cholesterol 4 1

Renal 1 1

RVD 3 2

Asthma 1 1

CVA4 1

Arthritis 1

Not 
specified 3 2 3 1

Smoker Yes 1 6 4 8 1 5 1 11 0.94

HbA1c mean (SD) 8.4 (2.2) 8.1 (1.5) 10.1 (1.3) 0.089

Urea

Normal 42 84 16 94 9 100
0.46

Abnormal 8 16 1 6

Creatinine

Normal 32 65 12 71 6 67
0.98

Abnormal 17 35 5 29 3 33

FAZ5 (mm2) mean (SD)
386 

(122) 398 (148)
435 

(165) 554 (61) 0.021

FAZ Perimeter 
(mm) mean (SD)

2903 
(531)

3035 
(571)

3110 
(628) 3658 (521) 0.015



cataracts, diabetic macular oedema, glaucoma and proliferative retinopathy (all ex-

clusion criteria), leading to the unbalanced groups. Even though not statistically sig-

nificant, these findings suggest that the enlargement of the FAZ may serve as an 

early marker for diabetic macular ischaemia, even in the absence of clinically evi-

dent diabetic retinopathy.


This study’s finding of a significantly larger FAZ area in patients with moderate to 

severe DR is consistent with previous studies that reported an enlargement of the 

FAZ area in diabetic patients. The present study used the same means to estimate 

the sample size as the study by Nesper et al and the results were consistent with 

that study as well as several other studies.1,3,4,15-18,20,21 The most significant en-
largements were seen in those groups with moderate and severe retinopathy com-
pared to the control group as well as the no DR and mild DR groups. This study did 
not find a significant difference between the FAZ area of patients with no DR and 
the control patients as has been reported by some studies.15  Similar to what was 
described by Mastropasqua et al, this may be related to the range of variation of 
the FAZ area in the no-DR group as in normal control patients. 20


This study focused solely on measuring the FAZ in the SCP and did not include the 

DCP . Although some research suggests that early enlargement of the FAZ occurs 

in the DCP before the SCP,18 other studies indicate that separate measurement of 

the DCP may not be essential.5,16,22 Due to limitations in the OCTA machine used in 

the current study, the FAZ in the DCP layers could not be measured reliably. None-

theless, our results still revealed differences in the SCP measurement, which could 

be more practical for real-world applications.


The study observed a significant increase in the perimeter of the foveal avascular 

zone (FAZ) between the groups, with the most prominent differences observed be-

tween the control group and the moderate to severe diabetic retinopathy groups. 

The statistical significance of these differences was confirmed by post hoc tests, 

despite the unbalanced group sizes. This finding is also consistent with previous 

studies, for instance, a study by Dimitrova et al. reported that patients with diabetes 

had significantly larger FAZ perimeter than normal controls.22 The perimeter of the 

FAZ is correlated with its area but may also indicate increasing irregularity or circu-

larity of this zone which has been suggested as another biomarker and an addition-
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al metric for evaluating its enlargement.21,23 These findings reinforce the notion that 

the enlargement of the FAZ can serve as a valuable clinical marker for the progres-

sion of diabetic retinopathy.


Prior investigations have not established a direct correlation between the size of the 

foveal avascular zone (FAZ) or its perimeter and glycemic control, as measured by 

HbA1c levels.24 HbA1c is reflective of more recent glucose control and not indica-

tive of previous levels, while FAZ enlargement is indicative of chronic, long-term 

changes. Although our study observed a trend towards higher HbA1c levels among 

individuals in the moderate/severe DR group, this difference was not statistically 

significant (p=0.089) and did not correspond to larger FAZ measurements, even af-

ter controlling for age and sex. These findings suggest that glycemic control, as 

measured by HbA1c, may not be directly associated with the size of the FAZ in dia-

betic retinopathy and it is not possible to draw conclusions about the the retinal mi-

crocirculation using a current HbA1c level.24


Previous studies have revealed a significant correlation between the severity of dia-

betic retinopathy and impaired kidney function.16,25 However, there is currently no 

evidence demonstrating a direct association between kidney dysfunction, as deter-

mined by serum urea and creatinine levels, and the size of the foveal avascular 

zone (FAZ). In this study, we found no significant relationship between serum urea 

or creatinine levels and the enlargement of the FAZ.


Limitations
This study had several limitations. The sample size was relatively small and study 

groups unbalanced due to many patients being excluded especially as those with 

more severe retinopathy were more likely to have exclusion factors. Recruitment for 

the study was also impacted by the Covid-19 pandemic and closure of clinics for a 

large portion of the collection period. This resulted in smaller numbers across all 

groups. Another limitation was the inability of the Revo Nx to provide high resolution 

images of both the DCP and SCP.
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Conclusion
The present study is a cross-sectional study that aimed to investigate the differ-

ences in the foveal avascular zone (FAZ) area and perimeter as measured by 

OCTA in diabetic patients compared to normal controls. The results showed that the 

mean FAZ area was larger in patients with diabetes compared to controls and in-

creased with increasing severity of retinopathy with the overall test for differences in 

mean FAZ area between the groups being statistically significant. Measurements of 

FAZ perimeter also showed overall significant differences between control groups 

and those with DM. These measurements have the potential to be used as bio-

markers of diabetic macular ischaemia, especially in those with no clinically dis-

cernible diabetic retinopathy. Blood tests such as HbA1C and renal function, whilst 

an important part of the monitoring of diabetic patients, are not directly correlated 

with DMI and an enlarging FAZ.


We recommend further larger scale studies to fully ascertain the differences in the 

FAZ with worsening retinopathy. Studies are further needed to look more closely at 

the relationship between the enlarging FAZ and on other aspects of VA such as 

contrast sensitivity and whether such relationships may provide tools for screening.
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