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Abstract:
Objective: This scoping review aims to identify the biomarkers of optical coherence tomography (OCT) and OCT 

angiography (OCTA) for the assessment of diabetic retinopathy (DR) in type 2 diabetes mellitus (T2DM) patients.

Material and Methods: A search was conducted on multiple databases, including Scopus, ScienceDirect, WOS, and 

PubMed, spanning from 2015 to 2023. The criteria were selected based on the PRISMA guidelines. The search focuses 

on the macular OCT and OCTA biomarkers.

Results: The search identified 114 studies, and 20 were included in the final review. OCT findings demonstrated a reduction 

in the thickness of retinal layers, mainly the ganglion cell layer (GCL) and inner plexiform layer (IPL), correlating inversely 

with the diabetes duration. OCTA enables precise assessment of retinal vascular changes, such as the foveal avascular 

zone (FAZ) area and vessel density (VD), indicating DR severity. Increased FAZ area was observed in proliferative DR 

(PDR), and decreased VD impacted visual acuity. Other parameters (FAZ shape, circularity index, paracentral interpapillary 

area, fractal dimension, vessel length density, and perfusion density) are also altered in diabetic eyes. OCTA of the 

choriocapillaris studies reveals increased flow voids in PDR patients.

Conclusion: The scoping review underscores the potential application of OCT and OCTA in deciphering DR pathophysiology 

and highlights novel biomarkers for its detection and diagnosis. Nevertheless, longitudinal studies are warranted to 
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Introduction
Diabetic retinopathy (DR) is the most common 

complication of diabetes mellitus (DM) and is considered one 
of the main causes of blindness worldwide. The prevalence 
of diabetes among adults was estimated at 8.4% in 2017, 
and the percentage is likely to increase by 9.9% in 20451. 

DR is expected to remain high, especially in Western Pacific 

countries; hence, visual impairment linked to DR may grow 

in the years ahead globally2. DR can be broadly classified 

into two main groups: non-proliferative diabetic retinopathy 

(NPDR) and proliferative diabetic retinopathy (PDR). 

Some studies have further classified sight-threatening DR 

based on the presence of neovascularization and diabetic 

maculopathy/diabetic macula edema3. These will impact 

visual functions such as blurred vision, loss of visual field, 

and reduced contrast sensitivity, commonly associated 

with DR3. 

The gold standard for DR screening involves the use 
of non-mydriatic fundus cameras4. However, in the early 
stages of DR, subtle vascular changes and abnormalities 

are not visualized on the fundus image. They may not be 

a comprehensive representation of the actual DR level. 
Since fundus cameras only detect changes in the superficial 
vessels, the deep capillary inside the retina is not visible. 

This could affect the monitoring, follow-up and management 

of patients. With the seven-fields technique that gives a 
two-dimensional image of the retina, fundus photos can 
detect microaneurysms and flame-like haemorrhages. Other 

imaging techniques, such as fluorescein angiography, may 

provide a more sensitive examination of the retina; however, 

the downside of the method includes being invasive, costly, 
time-consuming, and associated with side effects5.

Ocular coherence tomography (OCT) and OCT 
angiography (OCTA) are non-invasive imaging tools 
that provide high-resolution, well-defined images of the 
retinal microstructure and microvasculature. OCTA utilizes 

motion contrast instead of dye, enabling the detection of 

microvasculature in the superficial and deep capillary plexus, 

providing crucial insights into the intricate vascular network 

of the eye. These techniques have been widely used in 

clinical and research settings for screening or staging 

DR and other retinal diseases6. The common biomarkers 

reported in OCT studies are the retinal ganglion cell layer 

(GCL) and inner plexiform layer (IPL). The OCTA, on the 

other hand, is more diverse in assessing the microvascular 

alterations in different regions of the retina, including 

foveal avascular zone (FAZ) area, fractal dimension (FD), 
vessel length density (VLD) and perfusio-n density (PD)5. 

These OCTA parameters enable the visualization of the 

capillary plexuses at different layers, namely the superficial, 
intermediate and deep retinal layers5. Given this, the present 
review summarises the biomarkers reported in detecting 
DR using OCT and OCTA. The present review will also 

address the association between these biomarkers and DM 

and their appearance in different stages of DR.

Material and Methods
The scoping review was conducted in accordance 

with the PRISMASCR guideline7, using a framework outlined 
by Arksey and O’Malley8, as shown in Figure 1. There are 

five stages involved in the scoping review: (1) identifying 

validate its clinical utility. This review emphasizes the importance of advancing OCT/OCTA technology to enhance DR 
assessment, and ultimately improve patient care.

Keywords: foveal avascular zone, ganglion cell layer, OCT angiography (OCTA), optical coherence tomography (OCT),  

vessel density
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the research question, (2) identifying the relevant studies, 
(3) study selection, (4) charting the data, and (5) collating, 
summarizing, and reporting the results.

Identification of research question

The research question addressed in this review 
is: “What are the features of retinal microstructural and 
microvascular alterations observed by OCT and OCTA in 
patients with diabetic retinopathy?”

Identification of relevant studies

Two investigators (AN and NHS) conducted the 
review through four electronic databases (Web of Science, 

Scopus, Science Direct, and PubMed). Keywords “diabetic 

retinopathy, biomarkers, OCT, OCTA and adults” were 

used, and 106 manuscripts were obtained and screened. 

Duplicate records (n=8) were removed using reference 
management software (Mendeley).

Selection of the studies

The inclusion criteria of the review are: (1) patients 
diagnosed with DR (all stages) or prediabetic retinopathy, 
(2) The articles were written in the English language 
only, (3) Adults of more than 18 years old, (4) The study 
participants were only diagnosed with type 2 DM (T2DM). 
Any records of patients with mixed diagnoses who could 
not obtain full-text articles, systematic reviews, audits, 
book reviews, opinion pieces, case studies, editorials, 
letters to the editor, or study protocol were excluded from 

this review. Following a thorough selection to satisfy the 

review criteria, 20 articles were selected. The flowchart of 

the study selection is illustrated in Figure 1.

Figure 1 PRISMA flow chart for the study
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Charting the data

Table 1 tabulates the selected studies’ data, including 

authors, year of publication, study design, study aims, 

device and software used for the image analysis, OCT and 

OCTA image sizes, study population, sample size, country, 

and summary of findings. Tables 2 and 3 tabulate the OCT 

and OCTA parameters investigated.

Collating, summarizing, and reporting the 

results

A narrative summary of the findings is provided to 

condense the gathered information. The authors carried 

out the analysis, with the results delineated in alignment 

with the research questions posed in this scoping review 

to ensure clarity. The study specifically concentrated on 

the biomarkers of OCT and OCTA that could be used in 

detecting and staging the DR among T2DM patients.

Results
A total of 20 articles were reviewed, including 

eight retrospective studies, eight prospective studies, and 

five cross-sectional studies. All articles investigated the 

application of OCT and/or OCTA in patients with DR or 

patients with DM without DR. The included studies were 

published between 2015 and 2023 and conducted in 

different countries, mostly in the United States of America 

(n=9), followed by China (n=3), Japan (n=2), and other 

countries, including South Korea, Egypt, India, Portugal, 

Switzerland and France.

Tables 2 and 3 show the overall OCT and 

OCTA biomarkers investigated, respectively. The most 

investigated OCT biomarkers were GCL and IPL; one 

study included the outer plexiform layer (OPL). The OCTA 

biomarkers were divided into two categories according 

to the location examined: the superficial capillary plexus 

(SCP) and the deep capillary plexus (DCP). The SCP 

includes the microvasculature from GCL to IPL, while 

the DCP consists of the inner nuclear (INL) and (OPL)9. 

The data reported in both SCP and DCP include the FAZ 

parameters (area, shape, perimeter, and diameters) and 

blood vessel parameters (vessel density, fractal dimension, 

vessel length density, vessel skeletal density, perfusion 

density, nonperfusion area, peripapillary vessel density, 

and macrophage-like cells density) in the retina for each 

segment mentioned above. In addition, the choroidal non-

flow area and flow deficit percentage were also gathered 

in the present review.

The most used device was the Avanti RTVue 

(Optovue, Fremont, California) for OCT and OCTA imaging 

(9 out of 20 studies), followed by Zeiss Cirrus (Carl Zeiss 

Meditec, Dublin, CA, USA) (3 out of 20 studies). Different 

types of image analysis were reported across the 20 studies; 

however, the open-source software ImageJ (National 

Institutes of Health, Bethesda, MD, USA) recorded the 

highest utilization for image analysis (10 out of 20 studies).

OCT biomarkers 

A few studies reported the thinning of GCL and 

IPL in patients with NPDR and DM without DR compared 

to healthy subjects. These two neural layers positively 

correlated with VD in SCP and DCP10,11. Al-Nashar et al.12 

discovered that a reduction in GCL and IPL thicknesses 

was significantly associated with an increase in FAZ area. 

A similar correlation trend was also reported between OPL 

and FAZ area13.

OCTA biomarkers 

FAZ area is defined as the foveal area that is 

void of blood vessels measured per millimetre square. 

Enlargement of this area in SCP and DCP was evident 

in patients with DM compared to healthy individuals12,14–18. 

Samara et al.18 and Garg et al.19 reported an increase in FAZ 

area in PDR compared to controls, negatively correlated 

with best-corrected visual acuity. Gozlan et al.9, on the 
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Table 2 OCT biomarkers taken from the microstructural layers of the retina

Types of microstructure alteration

Region Category Measurements Layers Reviewed articles

Macula Neural layers Thickness-- Ganglion cell layer (GCL) Marques el al.10(2021), Shin el al.11(2019), 
Al-Nashar&Al-Bialy12(2022), Li et al.13(2017)

Inner plexiform layer (IPL) Marques el al.10(2021), Shin el al.11(2019), 
Al-Nashar&Al-Bialy12(2022), Li et al.13(2017)

Outer plexiform layer (OPL) Li et al.13(2017)

Table 3 OCTA biomarkers taken from the ocular microvasculature

Types of microvascular alterations

Zone Region Sub-category Parameters Reviewed articles

Superficial 
capillary plexus 
(SCP)

Macular
GCL-IPL

Foveal avascular 
zone (FAZ)

FAZ area Gozlan et al.9(2017), Al-Nashar&Al-Bialy12(2022), 
Takase el al.14(2015), Salz el al.15(2016), 
Bhanushali el al.16(2016), Garg et al.19(2022)

FAZ shape Gozlan et al.9(2017), Marques el al.10(2021), 
Garg et al.19(2022), Freiberg et al.20(2016)

FAZ perimeter Gozlan et al.9(2017)
FAZ diameter Freiberg et al.20(2016)

Blood Vessels Vessel density (VD) 
and 

Marques el al.10(2021), Al-Sheikh et al.17(2016), 
Samara el al.18(2017), Garg et al.19(2022), 
Kim et al.21(2016), Wang et al.22(2023)

Vessel length density Garg et al.19(2022), Kim et al.21(2016), 
Hirano et al.23(2019)

Fractal dimension (FD) Kim et al.21(2016), Hirano et al.23(2019), 
Bhardwaj et al.24(2018)

Perfusion density (PD) Marques el al.10(2021), Hirano et al.23(2019), 
Agemy et al.26(2015)

Nonperfusion area 
(NPA)

Gozlan et al.9(2017), Garg et al.19(2022)

Deep capillary 
Plexus (DCP)

Macular
INL-OPL

Foveal avascular 
zone (FAZ)

FAZ Area Gozlan et al.9(2017), Al-Nashar&Al-Bialy12(2022), 
Takase et al.14(2015), Salz et al.15(2016), 
Bhanushali et al.16(2016), Al-Sheikh et al.17(2016), 
Samara el al.18(2017), Garg et al.19(2022), 

FAZ shape Gozlan et al.9(2017), Freiberg et al.20(2016)
FAZ perimeter Gozlan et al.9(2017)
FAZ diameter Freiberg et al.20(2016)

Blood vessels Vessel density (VD) 
and 

Marques el al.10(2021), Samara el al.18(2017), 
Garg et al.19(2022), Kim et al.21(2016), 
Wang et al.22(2023)

Vessel length density Garg et al.19(2022), Hirano et al.23(2019)
Fractal dimension (FD) Kim et al.21(2016), Hirano et al.23(2019), 

Bhardwaj et al.24(2018)
Macrophage-like 
cell layer

5 to 10 μm above 
the ILM

Macrophage-like 
cells (MLCs) 

MLCs density Wang et al.22(2023), Ong et al.28(2021)

Choroid and 
choriocapillaris

from 31 to 40 
μm posterior to 
the RPE-Bruch 
membrane complex

Blood vessels Flow void Dodo et al.29(2017) Chen et al.30(2023),
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other hand, reported an enlargement of the FAZ area with 

the progression of NPDR, which positively correlated with 

glycated haemoglobin (HbA1c) readings.

FAZ shape: This parameter is a quantitative measure 

of the circularity index, mainly the FAZ uniformity, which can 

have values from 0 to 1, in which 1 is a perfect circle, and 

0 is an irregular shape9. FAZ shape in SCP was found to 

be decreased in diabetic eyes, and this worsened with the 

progression of DR as compared to healthy individuals10,19. 

Alternatively, FAZ shape was also reported using qualitative 

grading of the ETDRS grading system from 0 to 4, where 

an increase in grade indicates the enlargement of the FAZ 

area9. Gozlan et al. showed that increasing severity of 

DR was associated with higher FAZ grade, higher HbA1c, 

and reduced best-corrected visual acuity9,19. Freiberg et 

al.20 reported that the circularity index of FAZ in DR eyes 

is asymmetrical with gaps and holes. At the same time, 

healthy individuals acquired more like an oval-shaped FAZ 

without gaps or holes in SCP and DCP.

FAZ perimeter and diameter: These parameters were 

recorded in SCP and DCP. An increase in the FAZ perimeter 

was correlated with increased severity of DR and positively 

correlated with HbA1c9. Meanwhile, the FAZ diameter (the 

maximum measurement in mm within the FAZ area) was 

reported to be larger in DR patients compared to healthy 

controls and correlated with reduced visual acuity20.

Vessel density (VD): VD is defined as the overall 

area of blood vessels adequately supplied with blood per 

unit area within a specific measurement of region19. A few 

reports found that a decrease in VD in the whole retina 

layers correlates with the severity of DR compared to 

control18,19,21. A significant reduction in VD was also found in 

DCP22 and SCP10,17 layers. Furthermore, there were reports 

of a substantial decrease in VD of DCP and SCP with DR 

progression10,18,19,21,22.

Vessel length density (VLD): VLD is defined as 

vessel length per unit area based on a skeletonized image; 

VLD can be evaluated by dividing the summation of the 

pixels occupied by the vessel length in the skeletonized 

image by all the pixels in the image squared21. VLD was 

greater in healthy eyes than in DR eyes in both SCP and 

DCP and decreased by the severity of DR19,23. The same 

results were found in SCP only with Hirano et al.23

Fractal dimension (FD): FD is defined as the 

complexity of vascular branching on binarized images21. FD 

was found to be decreased in DR patients compared to 

healthy individuals in SCP, DCP, and full retinal plexus21,23,24. 

A decrease in FD between DR groups was found in SCP 

and full retina between mild NPDR, severe NPDR and 

PDR21,23,34. However, a significant difference between NPDR 

stages was found only in DCP21,24.

Perfusion Density (PD): PD is the proportion of 

space occupied by blood vessels compared to the entire 

area of the image25. A significant reduction of PD in SCP 

was reported among mild DR patients compared to healthy 

individuals10,23,26.

Nonperfusion area (NPA): NPA refers to insufficient 

perfusion of the retinal blood flow, which is considered a 

sign of ischemia27. The NPA increases as the severity of DR 

progresses19. Another report investigated the nonperfusion 

index (NPI), which can be calculated by taking the ratio 

between the cumulative area of pixels with low brightness 

to the total area of the picture, and again, a similar trend 

was reported9. These findings, however, were only reported 

in SCP. Besides that, a positive correlation was recorded 

between NPI and the duration of DM, HbA1c levels, and 

reduction in visual performance9.

Macrophage-like cell density (MLC): MLC is defined 

as the number of cells (presumably inflammatory cells) per 

unit area. Only two studies have investigated this parameter, 

and both found higher MLC counts in PDR compared to 

NPDR22,28. ONG et al. found MLC in PDR around 3.5 times 

higher than in healthy people.
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Flow Void (FV): FV is the proportion of the area 

where flow falls below a set threshold relative to the total 

area of the scanned region and appears like dark regions 

in the image29. The flow void in the choriocapillaris segment 

was higher in severe NPDR and PDR than in healthy eyes29 

and increased gradually with the severity of DR30.

Peripapillary OCTA: Shin et al.11 observed changes in 

peripapillary microvasculature, with the overall peripapillary 

area larger in healthy eyes compared to DM eyes. In 

addition, the peripapillary microvasculature in the inferior 

segments was reported to be significantly decreased in DM 

eyes compared to healthy eyes.

Discussion
This scoping review discussed the potential 

application of OCT and OCTA at different stages of DR. 

The information acquired from the 20 studies in this review 

may be a springboard for a more robust study design to 

support the current literature.     

OCT provides three-dimensional images showing 

the thickness of retinal layers, including both neural and 

non-neural layers. Information about the microstructure of 

the retinal layers helps us understand the pathophysiology 

of DR30. Measurements such as retinal layer thickness, FAZ 

area, and VD can be useful for determining the severity 

of DR by staging and monitoring the disease progression. 

For instance, in an animal study, reduction in the retinal 

nerve fibre layer and GCL was used to determine the type 

of treatment, such as nerve growth factor treatment31.

In general, novel biomarkers are important because 

they could be linked to how a disease progresses and reacts 

to treatments30.  OCT has been proposed as an additional 

biomarker for assessing the severity of DR, particularly in 

detecting edema and fundus cameras30. However, it has not 

yet been conclusive for other types of retinal complications 

in DR. The present review found a significant reduction 

in the thickness of the subfoveal retina and the neural 

retinal layers (GCL and IPL) in patients with DR10-13. This 

trend was noted across all types of DR severity32. Pires 

et al. showed a thickening in the retinal layers, which was 

suggested to occur due to fluid buildup in the retina33. 

The contradictions may be explained by the type of DR 

patients investigated, where Pires et al.33 examined mild 

NPDR patients, suggesting the fluid influx might occur at 

the early stage of DR. 

GCL and IPL may enhance the understanding of 

microstructural changes and their association with other 

risk factors. Furthermore, they could be the focus of 

therapeutic targets aimed at preventing the progression of 

neurodegenerative changes related to DR. The theory of 

retinal neurodegeneration in diabetic patients is supported 

by the gradual diminution of retinal thicknesses, primarily in 

the GCL and IPL, resulting from inner retinal tissue loss34. 

This neurodegeneration process is believed to develop 

before the commencement of diabetic microvascular 

alterations, which are observable using OCT34.

Regarding OCTA, the present review defines SCP 

as the region extending from 3μm below the inner limiting 

membrane to 15μm below the IPL. The deep capillary plexus 

(DCP) is the region in the retina that starts from the end 

of SCP to 70μm below IPL, including the INL and OPL. 

Hence, both terms are adopted in the present review to 

represent the respective retinal macular regions.

DR can be visualized and, more precisely, 

identified through the alterations of the microvascular 

perfusion. These alterations are observable at different 

retina layers, more commonly at the SCP and DCP6. 

The present review found that FAZ and VD are the most 

widely investigated parameters in DR using OCTA. Other 

biomarkers investigated include FD, PD, NPA, and MLC. 

Seven out of eight articles investigated the FAZ. They found 

an increase in the area at SCP and DCP in diabetic eyes 

compared to healthy individuals, noting the largest FAZ 

area recorded in PDR patients12,14–19. Between DR stages, 
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the FAZ area shows an increment trend as the DR severity 

progresses9,18,19. One potential reason could be the capillary 

closure or abnormalities in capillary endothelium attributed 

to the hyperglycemia35. Further understanding is still being 

sought for the mechanisms related to these changes in 

OCTA and its associations with systemic risk factors and 

progression. It is proposed that FAZ enlargement could 

serve as a biomarker linked to macula ischaemia, which 

has a predictive value in the visual outcomes of patients.

Besides FAZ area, FAZ shape is a common 

biomarker investigated in DR studies by measuring the 

horizontal and vertical FAZ diameters10,19,20. One study 

reported that DR patients exhibit an irregular FAZ shape 

compared to a regular shape observed in healthy controls20. 

This relates to the circularity index, which has been shown 

to be reduced with the progression of DR10,19, indicating 

a good biomarker for the detection and staging of DR36.

VD has also been a matter of discussion for DR in 

OCTA studies. Four out of seven articles found a significant 

reduction in VD in T2DM patients in the whole retina 

layers17–19,21 and worsened as the DR severity progresses36. 

One potential reason could be that hyperglycemia induces 

reduced retinal blood flow, increasing inflammatory cell 

adherence to retinal blood vessels and causing capillary 

obstruction. The impact of these complications may then 

lead to a decrease in VD35. Despite that, one study found 

the reduction was only evident in the DCP, suggesting this 

layer may play a major role in assessing DR severity18. Other 

studies reported similar outcomes on vessel length density 

(VLD). They suggested it should also be considered one 

of the biomarkers in evaluating DR severity19,21,23. A study 

reported that peripapillary VD and VLD were significantly 

reduced in the later stage of DR11. These changes may 

be attributed to the alteration of the papillary retinal nerve 

fibre layer, suggesting the neurodegeneration around the 

optic nerve area occurs before the microvascular changes11.

Three studies reported a reduction of FD in DR 

patients compared to healthy controls21,23,24. However, the 

study’s sample size could have been more homogenous 

between the two groups. Hence, robust research is 

warranted to confirm the findings. Future studies using 

a larger sample size for DR and control groups with 

longitudinal follow-up before the development of DR and 

following the presence of various stages of DR may enhance 

the understanding of these OCTA biomarkers and their 

relationship with the progression of DR.

On the other hand, PD was found to be reduced in 

T2DM, particularly at the SCP10,23,26, contrary to prediabetic 

patients, which showed an increased trend compared to 

control37. The explanation behind this discrepancy needs to 

be better understood. However, the impact of hyperglycemia 

on retinal perfusion is more apparent in T2DM patients than 

in prediabetic patients. 

Nonperfusion area (NPA) is another OCTA biomarker 

that is shown to be directly proportional to DR severity19. 

One study using the respective ultra-wide field OCTA 

(12mm x 12mm) and ultra-widefield fundus angiography 

found that the earliest changes in NPA were detected at 

the mid-peripheral and peripheral regions of the retina38. 

This mimics the typical sign of an ischemic retina, which 

commonly presents like a cotton wool spot sign from retinal 

vascular endothelial dysfunction due to hyperglycemia.     

MLCs were reported to increase as DR progresses22,28. 

The trend was reported in the later stage of DR, including 

PDR and diabetic macular edema. Another sign is the uneven 

distribution of MLCs among DR patients. Wang et al.22 found a 

negative correlation between MLCs and VD in DCP, which 

was proposed to be directly related to the DR progression. 

This trend was also supported by a previous animal study39. 

One potential reason could be DR induces endothelial 

injury and pericyte depletion, impairing the blood-retinal 

barrier, consequently causing these MLCs to originate from 
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monocyte-derived macrophages within the compromised 

vasculature39. 

Evaluation of choroidal blood flow is crucial for 

understanding the development of diabetic eye diseases. 

However, measuring its blood flow is challenging. OCTA 

allows the visualization of the blood flow in choriocapillaris 

(CC) using flow voids (FV) to analyze CC perfusion. 

This technique is better at detecting abnormalities in the 

choroidal vessels than measuring the vascular density 

due to its dense and small interpapillary distance of the 

OCTA resolution40. FV at the choriocapillaris segment was 

reported to be positively correlated with DR severity37,38. 

This observation explains that flow defects in the choroidal 

capillaries may serve as an additional biomarker in response 

to systemic inflammatory diseases like DM38.  

Limitations

The current scoping review excludes articles written 

in languages other than English. Therefore, some findings 

could not be included, although the number of such articles 

is minimal. Furthermore, the present review did not include 

diabetic macular edema as being of interest due to its 

complexity and multifactorial nature.

Conclusion
This review presents insights into retinal biomarkers 

for assessing DR using OCT and OCTA. Most articles 

discussed in this review primarily used a cross-sectional 

approach comparing the DR groups and controls, providing 

promising indicators of DR biomarkers. This approach takes 

little time, like prospective studies, and does not rely on 

previous data that may exist or not, like retrospective studies. 

OCT reveals reductions in the thickness of retinal layers 

correlating with disease duration, while OCTA enhances 

visualization of vascular alterations. Key parameters such as 

FAZ area and VD may be the main biomarkers for assessing 

and monitoring DR severity. Other parameters, including 

FAZ shape, circularity index, and morphologic vascular 

features, may offer additional insights. Despite the limitations 

of heterogeneous methodologies and small sample sizes, 

these findings underscore the importance of future research 

and improved clinical protocols. Future studies may 

investigate the microstructural and microvascular alterations 

in DM patients with no clinically apparent DR. It is important 

for these two assessments to be carried out early as DR is 

irreversible. Ultimately, the advancement in OCT and OCTA 

technology is beneficial and worthy in aiding DR diagnosis 

and enhancing patient care.
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