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Abstract 
Background: Studies conducted previously indicated that gradual vascular 
changes in diabetic retinopathy (DR) include reduction in retinal vascular den-
sity and choroidal thickness. One device that can be used to detect these early 
changes is optical coherence tomographic angiography (OCTA). Objective: 
To detect the pre and early diabetic retinal and choroidal microvascular changes 
in patients with type 2 diabetes mellitus using OCTA. Methods: A total of 188 
eyes were included in the study that was conducted at Zhongnan Hospital of 
Wuhan University Ophthalmology Department. Participants were divided into 
three groups: controls (90 eyes), pre-DR (70 eyes) and early-DR (28 eyes). We 
evaluated the changes in vascular density of deep capillary plexus (DCP), in-
termediate capillary plexus (ICP), superficial vascular complex (SVP), cho-
roidal thickness (CT) and choroidal vascular index (CVI). Results: Vessel den-
sity (VD) of deep capillary plexus (DCP) and intermediate capillary plexus 
(ICP) at 3 × 3 mm was not significant. However, superficial vascular plexus 
(SVP), was significant in superior quadrant, p = 0.033. In DCP layer at 6 × 6 
mm, significant difference was noted superiorly, p = 0.023 and ANOVA p = 
0.033. However, ICP layer showed significant changes temporaly and inferi-
orly in 1 - 3 mm and 1 - 6 mm retinal rings, p < 0.05. The SVP layer showed a 
similar result to ICP with significant difference in temporal region, p < 0.005. 
Choroidal thickness (CT) and choroidal vascular index (CVI) at 15 × 12 mm, 
showed significant difference peripherally in the superior, temporal and infe-
rior regions, p < 0.005. Conclusion: Our results reveal that although there 
were no clinical manifestations in the control group and the pre-DR group, 
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changes in retinal and choroidal blood flow density had already occurred in 
the pre-DR group through OCTA detection, suggesting that early detection of 
the lesions provides an objective basis to prevent further retinal microvascular 
damage. Using OCTA parameters at 3 × 3 mm, 6 × 6 mm and 15 × 12 mm 
scan radius at different layers of the retina and choroid, we are able to detect 
early retinal microvascular and choroidal changes in patients with pre-DR and 
early-DR thereby saving the costs of dealing with advanced diabetic eye dis-
ease. OCTA therefore becomes a fundamental tool for the non-invasive diag-
nosis and prognosis of DR. 
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1. Introduction 

Diabetes mellitus, particularly type 2 diabetes mellitus (T2DM) is a chronic con-
dition that poses significant public health challenges globally [1]. One of the most 
severe complications associated with T2DM is diabetic retinopathy (DR), a mi-
crovascular complication that can lead to severe visual impairment and eventually 
blindness if left untreated. Early retinal and choroidal changes associated with DR 
may precede its clinical presentation [2]. What is most unfortunate is that these 
subtle changes in DR are often not detectable using traditional screening methods 
such as fundus photography or clinical examination such that by the time DR is 
visible through these methods, significant damage to the retinal and choroidal mi-
crovasculature may have already occurred, leading to more aggressive and expen-
sive treatment approaches and an increased risk of irreversible visual impairment. 
This underscores the need for more advanced diagnostic techniques capable of 
detecting early preclinical retinal and choroidal changes in diabetic patients, po-
tentially altering the disease course through early intervention [3]. 

Optical coherence tomography angiography (OCTA) is a relatively invention and 
non-invasive imaging modality that has the potential to revolutionize the early de-
tection of retinal changes in T2DM patients [4]. OCTA enables detailed visualization 
of the retinal and choroidal microvasculature without the need for contrast agents, 
unlike traditional fluorescein angiography. It provides high-resolution, cross-sec-
tional images of the retina by detecting changes in blood flow, making it highly sen-
sitive to subtle vascular abnormalities that may be missed by other imaging tech-
niques. Additionally, OCTA allows for quantitative analysis of key retinal features 
such as capillary density, perfusion and foveal avascular zone (FAZ) size, offering 
valuable insights into the microvascular health of the retina and choroid [5]. 

Several studies have demonstrated that OCTA can detect preclinical changes in 
the retinal microvasculature of diabetic patients, even in the absence of visible DR. 
For example, OCTA can identify early reductions in capillary density and alterations 
in retinal blood flow which are early indicators of diabetic retinal damage [6]. This 
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makes OCTA an ideal tool for monitoring disease progression and identifying pa-
tients at higher risk of developing DR, long before the onset of clinical symptoms. 
The ability to detect these early changes is crucial, as early intervention has been 
shown to significantly slow the progression of DR and reduce the risk of severe vi-
sion loss [7]. While OCTA provides valuable qualitative and quantitative infor-
mation, standardizing its use in the detection of early retinal changes in diabetic 
patients will require consensus on which parameters are most predictive of DR de-
velopment and progression. Additionally, the cost and availability of OCTA tech-
nology may present barriers to its widespread adoption, particularly in under-re-
sourced settings where the burden of diabetes is often highest [8]. 

In this study, we aim to explore the utilization of OCTA in detecting preclinical 
and early retinal as well as choroidal changes in patients with T2DM. Specifically, 
we seek to identify which retinal layers and quadrants are most affected in pre-
clinical and early stages of DR as we evaluate the potential of OCTA for integra-
tion into diabetic eye care protocols. Our investigation is particularly relevant in 
light of the increasing prevalence of diabetes and its complications in working-age 
adults. Early detection and timely intervention are key to reducing the global bur-
den of diabetes-related vision loss. The use of OCTA to detect preclinical changes 
offers a promising solution to this challenge, and potentially transforms the way 
diabetic retinopathy is diagnosed and managed. 

2. Methods 

The study was approved by the institutional review board of Zhongnan Hospital 
of Wuhan University Ophthalmology Department (Wuhan, China; approval no. 
20240985) in accordance with Helsinki Declaration. It included 188 eyes. Among 
them, 90 health control eyes without history of diabetes, 70 pre-DR eyes and 28 
early-DR eyes. The following diagnostic criteria were used. Pre-DR: patients with 
type 2 diabetes mellitus but do not have fundus clinical signs of diabetic retinopa-
thy; Early-DR: patients with type 2 diabetes mellitus and have atleast one micro-
aneurysm seen on fundus examination, without diabetic proliferation and visual 
acuity is well preserved. The technical road map for the study selection processs 
is illustrated in Figure 1. 

2.1. Inclusion and Exclusion Criteria for Participants 

The inclusion criteria were as follows: 1) Subjects with a definitive diagnosis of 
Type 2 DM; 2) Subjects aged over 18; 3) SS-OCTA imaging quality index ≥ 8. The 
exclusion criteria were: 1) Ocular media opacity; 2) Subjects with serious systemic 
diseases (tumor, stroke, dementia, etc.); 3) History of ocular trauma and other 
vitreo-retinal surgery; 4) Use of medications that may have an impact on the ret-
inal microvasculature; 5) Unable to cooperate with the examination due to nys-
tagmus or other reasons; 6) Subjects with serious NPDR, PDR and DME; 7) Sub-
jects with glaucoma, high myopia (spherical equivalent ≥ −6.00D), and other oc-
ular conditions that may affect the retinal capillaries.  
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Figure 1. The study selection process. 

2.2. Routine Baseline Parameters 

We investigated patients and collected data for routine baseline parameters such 
as random blood glucose level, glycated haemoglobin, cholesterol level for low 
density lipoprotein, renal function tests, high blood pressure, body mass index 
and duration of diabetes mellitus. Participants received a comprehensive ophthal-
mic routine examination including best corrected visual acuity (BCVA), intra-oc-
ular pressure, macular/optic nerve OCT and Opel fundus photography. 

2.3. Instruments and Scanning Conditions 

Vascular imaging was performed using Shiwei (VG200; Shiwei Imaging, Henan, 
China) Swept-source optical coherence tomography angiography (SS-OCTA). The 
system is equipped with a scan source which has a wavelength of approximately 
1050 nm and a scan rate of 200,000 scans per second laser generated. The resolution 
is 5um in the axial direction, 15 um in the lateral direction, the scanning depth is 3 
mm and each scan centered on the fovea of the eye. The scan radius from the cen-
tral fovea in the OCTA machine were set at 15 × 12 mm, 6 × 6 mm and 3 × 3 mm 
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in measuring retinal vessel density (VD), choroidal thickness and choroidal vascu-
lar index (Figure 2). The system includes an integrated confocal scanning laser 
detection, and an eye-tracking tool that removes eye movement artifacts. 
 

 

Figure 2. Measurements of retinal and choroidal blood flow zones in different layers and 
quadrants. 

2.4. Statistical Analysis 

The data obtained were statistically analyzed by SPSS version 26.0 software. Our 
data included the basic demographic information of the subjects, and the vascular 
complex of the superficial, intermediate and deep retina in the 3 × 3 mm, 6 × 6 
mm and 15 × 12 mm radii. The choroidal vascular index (CVI) and choroidal 
thickness (CT) was also analysed at 15 × 12 mm radius. We used the independent 
samples t-test and one-way ANOVA to analyse the data. The analysed data was 
expressed as mean ± standard deviation. Results with p < 0.05 were considered a 
statistically significant difference. 

3. Results 

3.1. Characteristics of Participants 

In this study, we analyzed 188 patients’ eyes which included 90 control, 70 pre-
DR and 28 early-stage DR. There was no significance difference in gender with p 
= 0.991. Also, there was no significant difference across the groups with age range 
mean ± standard deviation (control = 18 - 45 years, 44.84 ± 13.87, pre-DR = 25 - 
58 years, 56.13 ± 10.39, early-DR = 26 - 65 years, 61.94 ± 8.78, p = 0.056). The 
BCVA of health control group was 0.89 ± 0.12 logMAR. The BCVA of pre-DR 
group was 0.87 ± 0.07 and the BCVA of early-DR group was 0.89 ± 0.11. There 
was no significant difference in BCVA across the groups with p = 0.06. There was 
no significant difference in intraocular pressure (IOP) between control, pre-DR 
and early-DR with mean ± standard deviation 15.58 ± 2.01, 15.423 ± 1.89 and 
15.21 ± 1.62 respectively, p = 0.373. There was no significant difference in the 
HbA1c level and random blood sugar (RBS) between the pre-DR and early-DR 
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groups with p = 0.891 and p = 0.982 respectively. There was a higher percentage 
of patients with underlying comorbidities such as hypertension and high choles-
terol level in the early-DR group compared to the pre-DR group with 56% hyper-
tension and 70% high cholesterol level respectively (Table 1). There was no sig-
nificant difference in the body mass index (BMI) across all groups p = 0.793.  

3.2. Retinal Vascular Complexes 

We compared the mean vessel density (VD) of vascular complexes in different 
quadrants of the retinal layers. The deep capillary plexus (DCP) layer at 3 ± 3 mm 
did not show any significant change in all the four quadrants (Table 2, Figure 3). 
Just like the DCP layer quadrants, the intermediate capillary plexus (ICP) did not 
show any significant change in all four quadrants. In the superficial vascular 
plexus (SVP), there was a significant difference that was noted in the superior 
quadrant between pre-DR and early-DR groups, p = 0.033. The data in this vas-
cular complex also suggests that most vascular damage in type 2 diabetes mellitus 
begins superficially in the upper retina especially when examined using a smaller 
scan radius like 3 ± 3. This could be because Diabetic retinopathy progresses from 
mild to severe over time. As the disease progresses, these alterations can spread to 
the central retina. The higher metabolic activity renders the upper retina less tol-
erant to ischemia than other retinal quadrants. As a result, vascular injury may 
first appear in the upper retina before reaching other parts. 
 

Table 1. Clinical characteristics of participants. 

Characteristics Controls Pre-DR Early-DR 
p-Value 

 n = 90 n = 70 n = 28 

Age, years, (Mean ± SD) 44.84 ± 13.87 56.13 ± 10.39 61.94 ± 8.78 0.056 

Male/Female (n) 38/52 40/30 17/11 0.991 

Eyes, Right/Left (n) 47/43 45/25 15/13 0.827 

Intra-Ocular Pressure, mmHg (Mean ± SD) 15.58 ± 2.01 15.423 ± 1.89 15.21 ± 1.62 0.373 

Best-Corrected Visual Acuity, logMAR (Mean ± SD) 0.89 ± 0.12 0.87 ± 0.07 0.89 ± 0.11 0.06 

Duration of Diabetes, Years (Mean ± SD) N/A 6.90 ± 6.35 19.34 ± 7.65 0.000 

Diabettes Treatment:     

No Drug Therapy, n (%) N/A 8 (11%) 3 (11%)  

Oral Hypoglycemic Agents, n (%) N/A 38 (54%) 7 (26%)  

Insulin, n (%) N/A 10 (14%) 11 (37%)  

Insulin and Oral Hypoglycemic Agents, n (%) N/A 14 (21%) 7 (26%)  

Random Blood Sugar, mmol/L (Mean ± SD) N/A 6.75 ± 1.74 6.76 ± 2.01 0.982 

HbA1c (Mean ± SD) N/A 7.42 ± 1.24 7.44 ± 1.35 0.891 

Renal Disease NIL NIL NIL N/A 

Hypertension, YES/NO (%) 39 (43%)/51 (57%) 13 (12%)/57 (88%) 16 (56%)/12 (44%) N/A 

High-Low Density Lipoprotein, YES/NO (%) 27 (30%)/63 (70%) 23 (27%)/47 (73%) 20 (70%)/8 (30%) N/A 

Body Mass Index (BMI), Kg/m2 (Mean + SD) 23.91 ± 3.35 23.83 ± 3.43 24.24 ± 2.95 0.793 
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Table 2. SS-OCTA evaluated quadrants vessel density indices at 3 × 3 mm radius. 

Deep capillary plexus (DCP) 

Variable Radii Controls Pre-DR Early-DR 
Controls vs  

Pre-DR 
Controls vs  
Early-DR 

Pre-DR vs  
Early-DR 

ANOVA 

  n = 90 n = 70 n = 28 p-Value p-Value p-Value p-Value 
SUPERIOR 1 - 3 mm 13.89 ± 5.98 15.37 ± 6.76 15.51 ± 7.89 0.145 0.252 0.932 0.245 

TEMPORAL 1 - 3 mm 14.32 ± 6.306 15.56 ± 6.31 16.57 ± 8.28 0.22 0.194 0.514 0.385 
INFERIOR 1 - 3 mm 13.30 ± 6.51 14.37 ± 6.83 15.26 ± 8.57 0.315 0.2 0.588 0.38 

NASAL 1 - 3 mm 12.56 ± 6.56 13.76 ± 6.37 13.53 ± 7.20 0.248 0.506 0.877 0.291 
Intermediate Capillary Plexus (ICP) 

Variable Radii Controls Pre-DR Early-DR 
Controls vs  

Pre-DR 
Controls vs  
Early-DR 

Pre-DR vs  
Early-DR 

ANOVA 

  n = 90 n = 70 n = 28 p-Value p-Value p-Value p-Value 
SUPERIOR 1 - 3 mm 32.69 ± 5.55 32.86 ± 6.34 31.33 ± 6.52 0.855 0.283 0.289 0.401 

TEMPORAL 1 - 3 mm 30.98 ± 6.20 32.29 ± 6.14  30.57 ± 6.95 0.186 0.769 0.232 0.373 
INFERIOR 1 - 3 mm 31.25 ± 5.84 32.51 ± 6.98 31.80 ± 7.52 0.215 0.684 0.658 0.212 

NASAL 1 - 3 mm 31.01 ± 5.46 32.49 ± 6.02 31.05 ± 7.11 0.106 0.977 0.313 0.164 
Superficial Vascular Plexus (SVP) 

Variable Radii Controls Pre-DR Early-DR 
Controls vs  

Pre-DR 
Controls vs  
Early-DR 

Pre-DR vs  
Early-DR 

ANOVA 

  n = 90 n = 70 n = 28 p-Value p-Value p-Value p-Value 
SUPERIOR 1 - 3 mm 48.53 ± 5.32 48.91 ± 5.96 45.72 ± 7.95 0.672 0.089 0.033 0.562 

TEMPORAL 1 - 3 mm 38.84 ± 5.17 40.29 ± 5.96 38.72 ± 6.72 0.103 0.921 0.26 0.194 
INFERIOR 1 - 3 mm 48.75 ± 4.96 48.77 ± 7.38 47.45 ± 7.92 0.982 0.417 0.433 0.921 

NASAL 1 - 3 mm 42.01 ± 5.32 43.16 ± 6.05 41.14 ± 9.60 0.203 0.652 0.309 0.515 
 

 

Figure 3. Swept source-optical coherence tomography angiography of retina and choroid at different scan radii. 
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In the DCP layer quadrants at 6 ± 6 mm scan radius, significant difference was 
noted in the superior quadrant with p = 0.023 and ANOVA p = 0.033. Other quad-
rants did not show any remarkable differences (Table 3, Figure 3). In the ICP 
layer quadrants at 6 ± 6, significant change was seen in temporal and inferior 
quadrants between pre-DR and early-DR subjects in 1 - 3 mm and 1 - 6 mm retinal  
 

Table 3. SS-OCTA evaluated quadrants vessel density indices at 6 × 6 mm radius. 

Deep capillary plexus (DCP) 

Variable Radii Controls Pre-DR Early-DR 
Controls  

vs Pre-DR 
Controls  

vs Early-DR 
Pre-DR  

vs Early-DR 
ANOVA 

  n = 90 n = 70 n = 28 p-Value p-Value p-Value p-Value 

SUPERIOR 

1 - 3 mm 6.72 ± 5.31 8.70 ± 5.500 8.42 ± 5.62 0.023 0.148 0.819 0.033 

1 - 6 mm 13.66 ± 6.11 14.15 ± 5.300 12.81 ± 4.74 0.593 0.502 0.247 0.67 

3 - 6 mm 15.72 ± 6.80 15.77 ± 5.65 14.12 ± 5.44 0.955 0.261 0.191 0.483 

TEMPORAL 

1 - 3 mm 8.721 ± 5.71 9.80 ± 5.98 9.66 ± 6.59 0.244 0.464 0.916 0.501 

1 - 6 mm 18.27 ± 7.12 19.02 ± 6.49 17.62 ± 7.48 0.496 0.676 0.36 0.503 

3 - 6 mm 21.13 ± 8.19 21.79 ± 7.14 20.01 ± 8.32 0.592 0.532 0.291 0.426 

INFERIOR 

1 - 3 mm 6.90 ± 5.28 7.70 ± 6.19 7.34 ± 6.64 0.38 0.722 0.797 0.671 

1 - 6 mm 11.96 ± 5.91 13.42 ± 5.78 11.55 ± 6.17 0.121 0.748 0.159 0.325 

3 - 6 mm 13.50 ± 6.65 15.15 ± 6.26 12.83 ± 7.08 0.111 0.648 0.114 0.245 

NASAL 

1 - 3 mm 6.88 ± 5.49 8.41 ± 5.89 8.75 ± 6.48 0.094 0.135 0.8 0.11 

1 - 6 mm 8.94 ± 6.15 10.23 ± 6.28 10.12 ± 6.13 0.197 0.38 0.937 0.31 

3 - 6 mm 9.56 ± 6.82 10.77 ± 6.71 10.52 ± 6.81 0.266 0.518 0.869 0.401 

Intermediate capillary plexus (ICP) 

Variable Radii Controls Pre-DR Early-DR 
Controls  

vs Pre-DR 
Controls  

vs Early-DR 
Pre-DR  

vs Early-DR 
ANOVA 

  n = 90 n = 70 n = 28 p-Value p-Value p-Value p-Value 

SUPERIOR 

1 - 3 mm 31.84 ± 7.22 32.70 ± 6.88 30.56 ± 6.27 0.45 0.402 0.159 0.28 

1 - 6 mm 28.26 ± 6.60 29.33 ± 4.48 27.72 ± 5.08 0.225 0.694 0.126 0.348 

3 - 6 mm 27.19 ± 6.96 28.33 ± 4.44 26.87 ± 5.39 0.212 0.823 0.172 0.423 

TEMPORAL 

1 - 3 mm 33.32 ± 5.46 34.26 ± 6.31 30.49 ± 6.95 0.314 0.027 0.011 0.022 

1 - 6 mm 32.28 ± 6.10 33.74 ± 5.65 31.02 ± 7.30 0.123 0.365 0.051 0.127 

3 - 6 mm 31.97 ± 6.91 33.58 ± 5.98 31.19 ± 7.79 0.123 0.614 0.106 0.243 

INFERIOR 

1 - 3 mm 31.24 ± 7.15 31.50 ± 6.93 29.12 ± 6.94 0.815 0.172 0.128 0.229 

1 - 6 mm 25.64 ± 7.40 27.00 ± 5.73 24.41 ± 5.16 0.205 0.415 0.04 0.071 

3 - 6 mm 23.94 ± 8.15 25.64 ± 5.85 22.97 ± 5.56 0.127 0.559 0.042 0.083 

NASAL 

1 - 3 mm 32.72 ± 6.57 33.13 ± 6.43 30.43 ± 8.39 0.697 0.135 0.09 0.338 

1 - 6 mm 27.79 ± 7.64 28.20 ± 6.84 26.41 ± 7.04 0.724 0.397 0.248 0.456 

3 - 6 mm 26.32 ± 8.53 26.73 ± 7.61 25.21 ± 7.53 0.752 0.537 0.372 0.533 
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Continued 

Superficial vascular plexus (SVP) 

Variable Radii Controls Pre-DR Early-DR 
Controls  

vs Pre-DR 
Controls  

vs Early-DR 
Pre-DR  

vs Early-DR 
ANOVA 

  n = 90 n = 70 n = 28 p-Value p-Value p-Value p-Value 

SUPERIOR 

1 - 3 mm 50.55 ± 5.42 51.09 ± 6.87 47.81 ± 7.78 0.581 0.039 0.043 0.237 

1 - 6 mm 45.62 ± 5.41 47.12 ± 4.87 46.23 ± 5.82 0.072 0.61 0.443 0.232 

3 - 6 mm 44.15 ± 6.22 45.94 ± 5.28 45.75 ± 5.98 0.056 0.233 0.876 0.097 

TEMPORAL 

1 - 3 mm 42.30 ± 4.65 44.22 ± 6.06 41.03 ± 6.26 0.03 0.25 0.022 0.017 

1 - 6 mm 36.63 ± 4.92 38.96 ± 5.35 36.79 ± 5.06 0.005 0.877 0.07 0.012 

3 - 6 mm 34.93 ± 5.53 37.37 ± 5.65 35.52 ± 5.44 0.007 0.62 0.144 0.028 

INFERIOR 

1 - 3 mm 5.65 ± 6.41 51.30 ± 6.96 47.14 ± 8.38 0.579 0.019 0.025 0.103 

1 - 6 mm 42.50 ± 6.524 43.46 ± 4.85 41.03 ± 5.40 0.304 0.281 0.033 0.255 

3 - 6 mm 40.00 ± 7.23 41.08 ± 5.09 39.17 ± 5.31 0.289 0.574 0.1 0.497 

NASAL 

1 - 3 mm 46.05 ± 5.20 46.74 ± 6.80 43.89 ± 8.99 0.481 0.235 0.092 0.497 

1 - 6 mm 48.86 ± 5.06 48.94 ± 4.78 48.02 ± 5.59 0.913 0.458 0.414 0.758 

3 - 6 mm 49.70 ± 5.56 49.60 ± 4.85 49.26 ± 5.32 0.913 0.715 0.758 0.906 

 

rings, p < 0.05. A difference was also seen between controls vs early-DR with p = 
0.027 and ANOVA p = 0.022. Vascular damage in the temporal quadrant of the 
intermediate capillary plexus layer of the retina in situations such as diabetic ret-
inopathy is probably affected by a mixture of structural, hemodynamic, metabolic, 
and mechanical elements. 

Just like the ICP layer, the SVP quadrants showed more significant differences 
in the temporal region, p < 0.005. But also, differences were seen in the 1 - 3 mm 
retinal rings of the superior and inferior quadrants, p = 0.039 and p = 0.019 re-
spectively. The diabetic changes are more prominent around the central retina. 
The reason is that the central retina, including the macula, has a higher metabolic 
demand as a result of its central visual function. The higher metabolic activity 
renders the central retina less tolerant to ischemia than the peripheral retina. 

3.3. Choroidal Thickness 

In the choroidal thickness quadrants at 15 × 12 scan radius, significant differences 
were seen more peripherally (6 - 9 mm retinal rings) in the superior, temporal and 
inferior regions with p < 0.05 (Table 4, Figure 3). The inferior quadrant did not 
show any significant difference between the groups. 

3.4. Choroidal Vascular Index 

In the choroidal vascular index quadrants at 15 × 12 mm scan radius, significant 
differences were noted in all the regions and retinal rings with p < 0.005 (Table 5, 
Figure 3). The exception was the controls and pre-DR group which did not show 
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any differences. This is because prolonged hyperglycemia and the resultant mi-
crovascular anomalies cause diminished blood flow and ischemia in the choroid. 
This ischemia insult affects the choroidal arteries, reducing their ability to provide 
oxygen and nutrients to the outer retina. 
 

Table 4. SS-OCTA evaluated choroidal thickness quadrants at 15 × 12 mm. 

Variable Radii Controls Pre-DR Early-DR 
Controls vs  

Pre-DR 
Controls vs  
Early-DR 

Pre-DR vs  
Early-DR 

ANOVA 

  n = 90 n = 70 n = 28 p-Value p-Value p-Value p-Value 

SUPERIOR 

1 - 3 mm 349.98 ± 116.67 339.66 ± 104.92 331.10 ± 109.59 0.563 0.450 0.719 0.864 

3 - 6 mm 349.38 ± 102.43 326.36 ± 87.69 319.95 ± 95.55 0.135 0.180 0.751 0.284 

6 - 9 mm 342.31 ± 94.93 312.49 ± 76.47 304.55 ± 81.62 0.034 0.060 0.650 0.049 

TEMPORAL 

1 - 3 mm 360.42 ± 120.95 341.16 ± 104.36 343.13 ± 107.75 0.291 0.500 0.933 0.635 

3 - 6 mm 351.19 ± 110.31 319.80 ± 94.70 333.87 ± 105.11 0.060 0.465 0.521 0.200 

6 - 9 mm 328.99 ± 93.02 289.03 ± 80.72 307.85 ± 90.74 0.005 0.293 0.317 0.015 

INFERIOR 

1 - 3 mm 345.91 ± 121.01 335.17 ± 105.23 347.33 ± 120.06 0.557 0.957 0.621 0.786 

3 - 6 mm 329.22 ± 109.23 307.27 ± 85.72 316.49 ± 110.67 0.156 0.592 0.660 0.528 

6 - 9 mm 294.06 ± 94.36 266.18 ± 64.09 266.86 ± 80.85 0.028 0.172 0.965 0.296 

NASAL 

1 - 3 mm 333.14 ± 120.46 327.29 ± 109.39 323.82 ± 113.96 0.751 0.718 0.889 0.955 

3 - 6 mm 285.43 ± 111.26 277.97 ± 97.89 275.32 ± 101.95 0.658 0.670 0.905 0.966 

6 - 9 mm 222.08 ± 105.71 202.64 ± 70.31 202.20 ± 68.49 0.187 0.352 0.978 0.617 

 
Table 5. SS-OCTA evaluated choroidal vascular index (CVI) quadrants at 15 × 12 mm. 

Variable Radii Controls Pre-DR Early-DR 
Controls  

vs Pre-DR 
Controls vs  
Early-DR 

Pre-DR vs  
Early-DR 

ANOVA 

  n = 90 n = 70 n = 28 p-Value p-Value p-Value p-Value 

SUPERIOR 

1 - 3 mm 0.38 ± 0.04 0.39 ± 0.04 0.35 ± .05 0.348 0.010 0.002 0.019 

3 - 6 mm 0.36 ± 0.03 0.36 ± 0.03 0.33 ± 0.04 0.722 0.000 0.000 0.001 

6 - 9 mm 0.35 ± 0.02 0.35 ± 0.03 0.32 ± 0.04 0.598 0.002 0.000 0.003 

TEMPORAL 

1 - 3 mm 0.35 ± 0.03 0.35 ± 0.04 0.33 ± 0.04 0.963 0.041 0.099 0.101 

3 - 6 mm 0.34 ± 0.03 0.33 ± 0.03 0.31 ± 0.03 0.028 0.000 0.035 0.000 

6 - 9 mm 0.34 ± 0.03 0.33 ± 0.03 0.31 ± 0.04 0.131 0.000 0.015 0.009 

INFERIOR 

1 - 3 mm 0.38 ± 0.05 0.39 ± 0.04 0.36 ± 0.04 0.484 0.020 0.002 0.029 

3 - 6 mm 0.36 ± 0.03 0.36 ± 0.03 0.33 ± 0.04 0.852 0.002 0.002 0.032 

6 - 9 mm 0.36 ± 0.02 0.36 ± 0.03 0.33 ± 0.04 0.923 0.005 0.003 0.019 

NASAL 

1 - 3 mm 0.37 ± 0.04 0.38 ± 0.05 0.34 ± 0.04 0.288 0.003 0.001 0.004 

3 - 6 mm 0.36 ± 0.05 0.36 ± 0.04 0.33 ± 0.06 0.313 0.014 0.002 0.013 

6 - 9 mm 0.30 ± 0.04 0.30 ± 0.04 0.29 ± 0.04 0.447 0.073 0.232 0.188 
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4. Discussion 

In this study, we performed a cross-sectional analysis of OCTA-derived parame-
ters in two groups of patients with T2DM (pre-DR and early-DR) and one group 
of control participants. 

We compared the mean vessel density (VD) of vascular complexes in different 
quadrants of the retinal layers. It was found that the deep capillary plexus (DCP) 
and intermediate capillary plexus (ICP) layer at 3 × 3 mm did not show any signif-
icant change in all four quadrants. However, in the superficial vascular plexus 
(SVP), there was a significant difference that was noted in the superior quadrant 
between pre-DR and early-DR groups with p = 0.033 (Table 2, Figure 3). These 
findings mean that when detecting for diabetic retinopathy at this scan radius, eye 
experts need to focus more on the superficial layer and specifically in the superior 
quadrant because that is where some significant change is most likely to be noted. 
A study conducted by Wang et al. (2022) [9] on detecting diabetic retinopathy us-
ing OCTA reported a significant difference in retinal microvasculature which was 
noted at 3mm scan radius. However, their study did not analyse the different quad-
rants of the three retinal layers. Our study is peculiar in a way that we analysed 
different retinal quadrants which is able to guide us clinically with regard to the 
retinal quadrants that get affected first at this scan radius. This is helpful and time 
saving to eye health practitioners as they will know which quadrant to concentrate 
on when looking for diabetic retinopathy pathologies. The data in this vascular 
complex suggests that most vascular damage in type 2 diabetes mellitus begins su-
perficially in the upper retina. This is also in line with Xu et al.’s study (2022) [10], 
where they compared the retinal findings in pre and early-DR patients with the 
control participants and found that there was a decrease in vascular density of di-
abetic patients in superficial layer of the retina. However, in their study, it was not 
specified which quadrants revealed significant change as compared to our study 
which pointed out the superior quadrant to have a significant change. Further-
more, the higher metabolic activity renders the upper retina less tolerant to ische-
mia than other quadrants. As a result, vascular injury may first appear in the upper 
retina before spreading to other parts [11] [12]. 

In the DCP layer quadrants at 6 × 6 mm scan radius, significant difference was 
noted in the superior quadrant with p = 0.023 and ANOVA p = 0.033. However, 
ICP layer quadrant showed a rather different picture where significant change was 
seen in temporal and inferior quadrants between pre-DR and early-DR subjects 
in 1 - 3 mm retinal ring, p < 0.05 (Table 3, Figure 3). In a similar manner, Liu et 
al. (2022) [13] in their study which involved 103 participants reported a significant 
difference that was observed between control and diabetic groups in the DCP and 
ICP layer. The difference is that their study included a PDR group as well, and 
they did not analyse each quadrant like the case of our study. Nevertheless, the 
results showed similar findings in the DCP and ICP at 6 mm radius. Our study 
went further to analyse each quadrant in the three layers (DCP, SCP, SVP) which 
gives a more comprehensive understanding of which layer and quadrant is mostly 
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affected to give a precise guidance in clinical management of early diabetic reti-
nopathy. What makes our study different further is that we did not include pa-
tients with proliferative diabetic retinopathy because our aim was to look for the 
very early retinal changes in diabetic patients. This is very important because the 
findings will help us come up with a well-tailored clinical management of patients 
with pre-diabetic retinopathy thereby preventing progression to advanced dia-
betic eye disease. Vascular damage in the temporal quadrant of the intermediate 
capillary plexus layer of the retina in situations such as diabetic retinopathy is 
probably affected by a mixture of structural, hemodynamic, metabolic, and me-
chanical elements [14]. The SVP layer quadrant showed almost a similar result 
like the ICP with significant change in the temporal region. Anatomical distinc-
tions between different layers of the retina may make the ICP more susceptible to 
ischemia according to some researchers [15]-[17]. This is because ICP descends 
into the superficial venules via vertical anastomoses, and therefore, both ICP and 
SVP reveal a significant difference in our results. Previous studies, for example 
Qian et al. (2022) [18] found that there was a decrease in the Retinal vessel density 
(VD) of diabetic patients compared to normal individuals at 6mm scan radius and 
the rate of decrease is dependent on a number of factors such as the duration of 
diabetes, whether patient on medication or not and other retinal vascular comor-
bidities. However, their study did not specify which retinal rings where mostly 
affected in the early stages of diabetic retinopathy which is different from our 
findings which reveal that the vessels in the inner retinal ring are mostly affected 
than the ones in outer ring at 6 mm radius. 

Zeng et al. (2023) [19] also in the same vein noted that vessel density changes 
in diabetic retinopathy are more prominent to retinal rings around the central 
retina due to the reason that the central retina, including the macula, has a higher 
metabolic demand as a result of its central visual function. The higher metabolic 
activity renders the central retina less tolerant to ischemia than the peripheral ret-
ina. This is evidenced in our results which show that most VD changes are con-
certrated around the retinal rings near the macular area as they spread out to fur-
ther retinal rings in different quadrants. Research using optical coherence tomog-
raphy angiography (OCTA) has demonstrated that in comparison to the nasal 
quadrant, the temporal quadrant of the macula typically has a greater capillary 
density. For this reason, the temporal quadrant is more vulnerable to the micro-
vascular alterations linked to diabetic retinopathy [20]-[22]. This is because reti-
nal acidosis in the early stages of diabetic retinopathy happens in this region. And 
in addition, most small vessels are very distant from large arterioles in this same 
region as well [23]-[25]. Our study revealed that at 6 mm scan radius, there is 
more involvement of temporal quadrant retinal vessels in both ICP and SVP layers 
than other quadrants.  

In the choroidal thickness at 15 × 12 mm scan radius, our results showed a 
significant difference more peripherally (6 - 9 mm retinal rings) in the superior, 
temporal and inferior regions with p < 0.05. Our findings in the choroid provide 
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clues to suggest that choroid alterations play a role in the pathogenesis of DR. 
Similarly, a study conducted by Wang et al. (2020) [26] also reported a decrease 
in choroidal thickness in patients with diabetic retinopathy as the disease pro-
gressed. However, different from our study, theirs also included patients with pro-
liferative diabetic retinopathy. The choroid is one of the most metabolically active 
tissues in the human body and abnormal choroidal thickness has been implicated 
in many retinal diseases, but results for DR have been controversial in different 
previous studies conducted. Our results reveal that there was a decrease in the 
choroidal thickness of DR patients compared to control subjects and we can pre-
sume that it would decrease further as the disease progresses. Our study also re-
veals that the choroid becomes thinner from the peripheral aspects of the retina 
going towards the central part as the diabetic retinopathy progresses from early to 
severe form of the disease (Table 4, Figure 3). Examination of the choroidal vas-
cular index (CVI) revealed significant differences in all the regions and retinal 
rings with p < 0.005 (Table 5, Figure 3). This result indicates that CVI is a sensi-
tive biomarker in OCTA choroidal changes for patients with diabetic retinopathy, 
and therefore, it can be relied upon to check for progression of diabetic retinopa-
thy and patient monitoring as well as follow-ups during treatment. Sidorczuk et 
al. (2021) [27] defined CVI as the ratio of the luminal area (LA) to the total cho-
roidal area (TCA). Compared with choroidal thickness, this parameter appears to 
be less dependent on various confounding factors. CVI has proven to be useful in 
the early diagnosis of various retinal and choroidal diseases including diabetic ret-
inopathy induced choroidal pathologies. Although Sidorczuk et al.’s study focused 
on comparing FAZ and choroidal vessel findings between controls and diabetic 
patient’s only, they noted that there was a significant decrease in the CVI of dia-
betic group compared to control group which agrees with our study. Different 
from previous published literature, the sample size was bigger in this current study 
and only included patients with pre-DR and early-DR so that the findings could 
help us prevent progression of the disease to proliferative diabetic retinopathy by 
detecting the changes early enough. This sensitivity of CVI to diabetic retinopathy 
is due to the fact that the choroidal vessels are fenestrated and therefore allow for 
the exchange of nutrients and waste products. This makes them more susceptible 
to changes in blood sugar levels and inflammation which are common in diabetes 
[28]-[30]. 

There were a few limitations to our study. First, this was a cross-sectional ob-
servational study. A longitudinal study should be performed to explain the rela-
tionship between the retinal and choroidal microvascular changes and disease 
progression in pre-DR and early-DR stages. Secondly, precise fundus examina-
tions such as fluorescence fundus angiography were not used in pre-DR and early-
DR patients to compare the findings with OCTA. Lastly, OCTA image artifacts 
can interfere with accurate assessment of the actual status of the retinal microvas-
culature; for example, projection artifacts might interrupt visualization of the deep 
layer. 
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5. Conclusion 

Our results reveal that although there were no clinical manifestations in the con-
trol group and the pre-DR group, changes in retinal and choroidal blood flow 
density had already occurred in the pre-DR group through OCTA detection, sug-
gesting that early detection of the lesions provides an objective basis to prevent 
further retinal microvascular damage. By analysing at an early stage, the retinal 
vessel density and choroidal thickness as well as vascular index of diabetic patients 
in different layers of the retina and in different quadrants at different scan radius 
of OCTA, we can easily identify which layer and quadrant of the retina is affected 
early in diabetic retinopathy and to what extent depends on the retinal rings in-
volved. This quantitative evaluation of retinal and choroidal plexuses using OCTA 
impacts more on early intervention of diabetic retinopathy thereby preventing it 
from progressing to advanced diabetic eye disease. OCTA therefore becomes a 
fundamental tool for the non-invasive diagnosis and prognosis of DR. 
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