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Aim: To assess and compare subclinical alterations in superficial capillary plexus vessel density (SCPVD) and retinal layers thickness
in the macular region between individuals with type 2 diabetes mellitus (DM) and healthy controls.

Methods: Swept-source OCT images were obtained from 29 control subjects and 24 diabetic subjects. Macular thickness (MT),
retinal nerve fiber layer (RNFL) thickness, and ganglion cell layer (GCL) thickness were measured in the central macula and four
quadrants of macular region using a 6.0 X 6.0 mm radial macular scan centered on the fovea. OCTA acquisition included a 3.0 x
3.0 mm macular scan for the foveal avascular zone (FAZ) and a 4.5 X 4.5 mm macular scan for SCPVD. The FAZ was manually
mapped at the SCP on OCTA images.

Results: In diabetic subjects, the superficial capillary plexus vessel density (SCPVD) was significantly lower in both the central (P =
0.04) and inferior (P = 0.01) regions compared to the control group. Additionally, diabetic patients showed a significant reduction in
temporal macular thickness (MT) and thinning of the ganglion cell layer (GCL) in all three quadrants except in the central and inferior
macula (P < 0.05). There was also significant thinning of the superior macular retinal nerve fiber layer (RNFL) in diabetics compared
to controls (P = 0.02). While the foveal avascular zone (FAZ) was larger in diabetic subjects, this difference was not statistically
significant (P = 0.78). Duration of diabetes has shown a significantly high positive correlation (r = 0.77, P < 0.01) with superior
macular VD.

Conclusion: The findings of this study suggest that the diabetic macula experiences significant ganglion cell layer (GCL) thinning
and reduced superficial capillary plexus (SCP) vascular density even before the onset of clinical retinopathy. Swept-source OCT
proves to be an essential tool for detecting these early changes in diabetic patients.
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Introduction

Type 2 Diabetes Mellitus (DM) is a chronic disease characterized by impaired glucose metabolism due to reduced insulin
production in the pancreas.' > DM affects the vascular and neural systems that include eyes causing diabetic retinopathy
(DR).*7 Prevalence of DR increases significantly every year, and it is one of the leading causes of blindness in the
world.®? Progression of the DR leads to blindness, and it can be prevented with early detection and intervention.'
Advance imaging techniques such as OCT (Optical Coherence Tomography) and OCTA (Optical Coherence
Tomography Angiography) are of current interest to detect the vascular and neural biomarkers in the retina for the
early detection of DR."" Preclinical retinopathy can be detected by high resolution OCTA by, for example, detecting
changes in the foveal avascular zone, changes in vessel density, and changes in retinal thickness.'>'® Recent advance-
ment in OCT technology such as swept source OCT has drawn a lot of attention due to its efficiency and scanning speed

in achieving high resolution in retinal imaging using long wavelength light.'*!3

16,17

Swept source OCT A parameters such as FAZ area and Vessel density measurements across various DR stages

have demonstrated their utility in characterizing DR progression.'®*° Despite these advancements, there are limited
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quantitative data comparing vessel density in healthy eyes versus eyes with diabetes but without clinical signs of DR
using swept-source OCT-A.>'?* Such comparisons are crucial for identifying preclinical vascular changes that could
serve as early markers for DR diagnosis. Therefore, this study utilized swept-source OCT-A to evaluate vascular and
retinal tissue alterations in individuals with diabetes but no DR, comparing them to healthy controls to explore potential
early indicators of DR.

Methods

In the current cross-sectional study, healthy and diabetic subjects were recruited from Qassim University’s medical
clinics. The study’s inclusion criteria were as follows: i) individuals over the age of eighteen who were diagnosed with
type 2 diabetes mellitus (DM) by their physician and managing the condition with medication or insulin. ii) subjects that
did not exhibit any signs of diabetic retinopathy (DR) after comprehensive eye examination conducted by an expert
ophthalmologist; iii) healthy (control) subjects were those with no history of diabetes or any other systemic disease on
annual routine checkup comprehensive eye examination showed no abnormalities.

Exclusion criteria of the Subjects are as follows: 1) clinically evident diabetic retinopathy, ii) prior ocular surgery, iii)
refractive error greater than = 3.00D, iv) history of any ocular disease such as glaucoma, hypertensive retinopathy or
ocular hypertension, v) uncontrolled systemic blood pressure, vi) OCTA image of poor quality due to media opacity or
poor cooperation.

All the study subjects underwent comprehensive eye examination that included objective and subjective refraction,
IOP (intraocular pressure) evaluation, anterior segment evaluation, fundus examination using indirect ophthalmoscopy
prior to OCT data collection.

This study followed the ethical guidelines and approved by the Institutional Review Board of Qassim University and
adhered to the Declaration of Helsinki, 2013. Written informed consent was obtained from all participants. Demographic
data was collected from all the study participants that included age, ocular history, recent fasting blood glucose levels if
available.

A swept source OCT (DRI Triton, Topcon, Tokyo, Japan) that uses infrared light with a wavelength of 1050 nm and
a scanning speed of 1,00,000 A-scans per second was used to acquire the OCT and OCTA imaging for every subject. Full
retinal thickness, GCL thickness at the central, superior, inferior, temporal, and nasal quadrants of the macula were
measured using an ETDRS grid using a 6.0 X 6.0 mm radial scan that was centered on the fovea (Figure 1). RNFL
thicknesses were measured automatically by the device using the same 6.0 X 6.0 mm macular radial scan in superior,
inferior, nasal and temporal quadrants of the macular region. The Topcon Advanced Boundary Software (TABS™)

6mm

Figure | ETDRS (early treatment diabetic retinopathy study) grid used to define five quadrants of the macula.
Abbreviations: C, Central; S, Superior; N, Nasal; |, Inferior; T, Temporal.
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automatically segments retinal tissue layers, allowing for the measurement of overall retinal thickness and its sub-layers.
Full retina thickness is measured as the distance between Internal limiting membrane (ILM) to retinal pigment epithelium
(RPE). GCL thickness is measured as the distance between the inner boundary of RNFL and outer boundary of GCL+IPL
(inner plexiform layer) complex, and RNFL thickness is measured as the distance between ILM and the outer boundary
of the RNFL.

The 3.0 x 3.0 mm scan for FAZ measurement and the 4.5 x 4.5 mm scan for superficial capillary plexus (SCP)
vascular density (VD) were included in the OCTA acquisition. The extent of the Foveal Avascular Zone (FAZ) was
manually outlined along the innermost capillaries on OCTA images at the SCP utilizing quantitative measurement of the
FAZ area using the 3 x 3 mm scan. In the 4.5 x 4.5 mm scan, the apparatus quantitatively assessed the retinal vascular
density map at the SCP automatically. The OCT device automatically recognizes and detects superficial plexus, which is
located 2.6 um below the internal limiting membrane to 15.6 um below the junction between the inner plexiform and
inner nuclear layers (IPL/INL). This is achieved by the inbuilt auto segmentation of the instrument.

Statistical Analysis

Data was first entered into Excel, then transferred to SPSS (IBM, version 27.0) for additional analysis. The mean,
standard deviation, and 95% confidence intervals were provided for descriptive data such age, refractive error, and
duration of diabetes. To examine the association between SCPVD, age, and the duration of diabetes, the Pearson
correlation coefficient was employed.

For parameters that were normally distributed, an independent #-test was used to compare the mean values of
variables between the control and diabetic group. For parameters that were not normally distributed non-parametric
test ie, Mann—Whitney U-test was used to compare the variables between the two groups. P-values less than 0.05 were
reported as statistically significant.

Results

A total of 54 subjects were included in the study, of whom 29 subjects were controls and 24 subjects were having DM.
Among the control group 26 subjects were males and 3 were females. Among the DM group 18 subjects were males and
6 were females. Descriptive data such as age, Refractive error and duration of DM were presented in Table 1. There was
no significant difference (P = 0.78) in the age groups of control and diabetic subjects.

Mean FAZ values between control and diabetic subjects were shown as bar graphs (Figure 2). There was no
significant difference (P = 0.78) in mean FAZ between the two groups. Box plots illustrating the SCPVD in the central
macula and across the four quadrants of macular region for both control and diabetic subjects were shown in Figure 3
with the corresponding mean values provided in Table 2. SCP VD was significantly lower in central (P = 0.04) and
Inferior (P = 0.01) macular regions of diabetic subjects compared to controls.

Box plots illustrating the macular thickness in central region and across four quadrants of macular region for both control
and diabetic subjects were shown in Figure 4 with the corresponding mean values provided in Table 3. There was
a significant mean temporal macular thinning (P = 0.01) among diabetic subjects compared to controls.

RNFL thickness across four quadrants of macula for both control and diabetic subjects were illustrated as box plots in
Figure 5 with the corresponding mean values provided in Table 4. There was a significant mean superior macular RNFL
thinning (P = 0.01) among diabetic subjects compared to controls.

Table | Descriptive Data of Healthy and Diabetic Subjects of the Study. SE- Spherical
Equivalent, DM- Diabetes Meletus

Parameter Healthy Subjects | DM Without DR | P value
Number of subjects 29 26 -
Age (years) 43.97 £ 6.67 4748 £ 7.75 0.08
Refractive error (SE_diopters) —1.38 £ 0.67 —0.70 = 1.04 0.14
Duration of DM (years) - 5.56 £ 5.75 -
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Figure 2 Box plots show the FAZ area of control (Group 1) and diabetes (Group 2) subjects.
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Figure 3 Vessel density across the Quadrants in two groups of subjects. Error bar represents 95% confidence intervals. Thick line in the Box plots represent the mean value.
Group | is control subjects. Group 2 is Diabetic subjects.
Abbreviations: VD, Vessel density; C, Central; S, Superior; N, Nasal; |, Inferior; T, Temporal.

GCL thickness in central macular region and across four quadrants of macula for both control and diabetic subjects
were illustrated as box plots in Figure 6 with the corresponding mean values provided in Table 5. There was a significant
GCL thinning across superior (P = 0.02), nasal (P=0.04) and temporal (P < 0.01) quadrants of macular region among
diabetic subjects compared to controls.

Effect of DM Duration and Age on OCTA and OCT Parameters
There was high significant positive correlation between the duration of DM and superior macular VD (r =0.77, P <0.01).
However, there was no significant correlation between the duration of DM and other parameters.
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Table 2 FAZ and SCPVD Mean Values Between the Two Groups

Parameter Group | (Control) Group 2 (Diabetic) P value

FAZ (u meter) | 290153.14 +77,380.89 | 301,032.32 + 99,419.48 | 0.78

VD_Central 26.27 + 6.60 21.69 + 9.141 0.04*
VD_Superior 46.20 + 2.61 45.17 £ 3.175 0.20
VD_lInferior 46.19 +£3.08 42.78 + 4.94 <0.01*
VD_Nasal 43.74 + 3.03 4391 + 4.48 0.87
VD_Temporal | 45.82 + 2.28 4522 + 3.23 0.42

Note: xlIndicates P less than 0.05.

Age has shown significant moderate correlation with superior macular thickness (r = —0.33, P = 0.01), Inferior
macular thickness (r = —0.31, P = 0.02), Nasal macular thickness (r = - 0.28, P=0.04), superior RNFL thickness (r =
—0.30, P = 0.02), superior GCL thickness (r = —0.30, P = 0.02), and inferior GCL thickness (r = —0.27, P = 0.04) in the

macular region.

Discussion

The current study has shown changes in OCTA and OCT parameters in the macular region of diabetic subjects without
clinical retinopathy in comparison to control subjects using swept source OCT. Results showed that the changes in
localized SCPVD, MT, RNFL and GCL layers in diabetic subjects compared to controls.

Numerous studies'*'*!>*273% have examined changes in VD between healthy individuals and those with diabetes
who did not exhibit clinical retinopathy, yielding inconsistent results. While some studies have identified that significant
lower SCP VD in comparison to healthy individuals, other studies have shown that SCP VD does not change
significantly in DM. Only a limited number of studies have directly compared local variations in SCPVD in the macular
region between individuals with diabetes and healthy controls. Saif et al'> found a significant decrease in vessel density
in the superior, inferior, and nasal regions of the macula among diabetic subjects compared to controls. Likewise,

Clustered Boxplot of Macular_Thickness by Quadrant by Group
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Figure 4 Full retinal thickness at all macular regions in control (Group |) and Diabetic (Group 2) subjects.
Abbreviations: VD, Vessel density; C, Central; S, Superior; N, Nasal; |, Inferior; T, Temporal.
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Table 3 Mean MT Values Between the Two Groups

Parameter Group | (Control) | Group 2 (Diabetic) | P value
MT_Central 242.96 + 24.64 237.20 + 23.59 0.39
MT_Superior | 315.93 £ 17.05 306.96x 19.20 0.08
MT_lInferior 315.69 + 14.76 306.24 + 19.99 0.06
MT_Nasal 317.55 + 15.20 307.56 + 21.21 0.06
MT_Temporal | 303.59 + 13.75 292.80 + 15.88 0.01*

Note: glindicates P less than 0.05.

Escobar-Villado et al*® reported a significant reduction in vessel density in the superior and nasal quadrants. In our study,
we discovered that SCPVD was significantly lower in the central (P = 0.04) and inferior (P = 0.01) regions of the macula
in diabetic subjects compared to controls. Several factors could explain the variations in studies showing reduced vessel
density in different regions of macula among individuals with DM compared to controls. Some possible reasons include
i) Differences in the study populations, particularly in terms of ethnicity and geographic location. ii) Variations in the
instruments and techniques used for measurement.

Studies on the foveal avascular zone (FAZ) in diabetic patients without retinopathy have produced inconsistent
findings. Some research reports a significant increase in the FAZ area in diabetic individuals compared to controls,'**' 3
while others find no notable difference between two groups.'**** Despite the statistical variation, DM subjects tend to
exhibit a larger FAZ area than non-diabetics. In our study, we also observed an increase in the mean FAZ area in diabetic
participants compared to controls, though this difference was not statistically significant. Additionally, our findings

showed considerable heterogeneity in the FAZ area among healthy controls, consistent with previous studies,*®® with

significant overlap between the diabetic and control groups.*®*
Recent studies have examined the differences in macular thickness between healthy individuals and diabetic patients

1*° and Ferreira et al*' found no significant differences in the thickness of the
142

without clinical retinopathy. Afarid et a
central or surrounding macular areas between diabetic patients and healthy controls. In contrast, Ezhilvendan et a

reported notable thinning of the macula in all quadrants for diabetic patients. Additionally, Chai et al* identified
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Figure 5 RNFL thickness at all macular regions in control (Group 1) and Diabetic (Group 2) subjects.
Abbreviations: VD, Vessel density; C, Central; S, Superior; N, Nasal; |, Inferior; T, Temporal.
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Table 4 Mean RNFL Values Between the Two Groups

Parameter Group | (Control) Group 2 (Diabetic) P value
RNFL_Superior 29.86 + 2.40 28.04 + 2.74 0.01*
RNFL_Inferior 30.62 £ 2.16 30.16 +2.93 0.51
RNFL_Nasal 25.27 £ 241 25.04 + 2.79 0.88
RNFL_Temporal | 21.90 £ 1.74 21.04 £ 1.59 0.10

Note: xIndicates P less than 0.05.

a significant difference in the thickness of the nasal macula between diabetic subjects and controls. Current study found
that diabetic patients had significant thinning in the temporal (outer side) area of the macula compared to healthy
individuals. The differences in the studies do not highlight a specific region of macular thickness that would be helpful
for the early detection of diabetic retinopathy.

The current study found a significant reduction in the superior RNFL thickness in diabetic subjects compared to
healthy controls. This aligns with previous studies that have reported differences in RNFL thickness between healthy

1** found significant differences

individuals and diabetic patients, with or without diabetic retinopathy (DR). Borooah et a
in superior, inferior and temporal macular RNFL between diabetes and control subjects. Bhaskaran et al** observed
notable differences in superior and inferior macular RNFL thickness between these groups, while Carpineto et al*’ and

1*” and Demir et al*® specifically noted superior

Mehboob et al*® found significant differences in all quadrants. Shi et a
RNFL thinning, like our findings. However, Ambiya et al*’ and Chablani et al** reported no significant changes in RNFL
thickness across all quadrants in diabetic patients without DR. Our study suggests that superior RNFL thinning could
serve as an early marker for diabetic retinopathy, emphasizing the need for quadrant-specific RNFL assessments to
improve early detection and monitoring of the diabetic retinopathy.

Recent research has explored how diabetes affects the thickness of the ganglion cell layer-inner plexiform layer
(GCL-IPL), which may serve as an early sign of retinal damage in people with diabetes. These studies focus on
comparing GCL-IPL thickness in diabetic individuals and healthy controls, aiming to better understand how diabetes

contributes to changes in the retina. According to Borooah et al*’ diabetic patients and healthy controls differ
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Figure 6 GCL thickness at all macular regions in control (Group 1) and Diabetic (Group 2) subjects.
Abbreviations: VD, Vessel density; C, Central; S, Superior; N, Nasal; |, Inferior; T, Temporal.
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Table 5 Mean GCL Values in All Regions of Macula Between the Two

Groups
Parameter Group | (Control) | Group 2 (Diabetic) | P value
GCL_Central 50.28 £10.42 48.56 = 10.99 0.56
GCL_Superior | 124.28 + 8.03 118.60 + 10.02 0.02%
GCL_lInferior 125.17 £ 9.22 121.64 + 10.70 0.88
GCL_Nasal 121.00 + 7.21 11576 + 11.29 0.04*
GCL_Temporal | 113.72 + 6.64 107.56 + 9.37 <0.01*

Note: glIndicates P less than 0.05.

significantly in the thickness of the ganglion cell layer-inner plexiform layer (GCL-IPL), especially in the superior,

1*? found that diabetes individuals and controls differed

151 152

inferior, and temporal quadrants. Similarly, Ezhilvendan et a
significantly in GCL thickness across all quadrants. However, according to Afef et al”" and Somilleda-Ventura et a
there were no discernible variations in GCL thickness between the diabetic and control groups, and the present study has
shown reduced GCL thickness in diabetic subjects compared to controls in agreement with the previous findings of GCL-
IPL variance in certain locations among diabetic patients.

While current study offers useful insights into changes in vascular parameters and retinal thickness changes in the
diabetic macula before signs of retinopathy appear, it has some limitations. First, we did not examine the relationship
between blood glucose (HbAlc levels) and vascular changes, as participants were selected based on their self-reported
diabetes status, and not everyone had recent diabetes reports. Second, there were significantly fewer female participants
than male participants, so we could not analyze differences by gender, which might create a potential bias. Finally, we did
not analyze the deep capillary plexus vessel density (DCPVD) an important early marker for diabetes because our
equipment did not have this feature. Due to reduced vessel density in diabetic subjects, a corresponding decrease in
vessel volume is expected, offering another perspective for evaluating changes in these individuals. However, the OCT
instrument used in the current study lacks the capability to measure vessel volume, so this data was not reported. Few
other limitations include that this is a single center study hence multi center trails are required to confirm the findings of
the current study.

Conclusion

The result from the current study in Saudi adults suggests that the diabetic macula experiences significant ganglion cell
layer (GCL) thinning, Superior macular RNFL thinning, and reduced superficial capillary plexus (SCP) VD in central
and inferior macular regions even before the onset of clinical retinopathy. Swept-source OCT proves to be very useful
tool for detecting these early changes in diabetic patients. In the future, large cohort randomized control trails with
diverse groups of people are needed to confirm these findings, as results can vary among different races.

Disclosure
The authors report no conflicts of interest in this work.
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