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Purpose: The purpose of this study was to evaluate retinal and choroidal vascularization parameters in patients with type 2 diabetes
mellitus (DM), without diabetic retinopathy (DR), and to compare them to healthy controls.

Patients and methods: Seventy-four eyes from 74 patients (40 eyes in the DM group and 34 eyes in the control group) were
included in the study. Optical coherence tomography angiography RTVue XR Avanti was used to obtain 3x3mm scans of the macula.
The choroidal vascularity index (CVI), superficial and deep capillary plexus vascular densities (SCP and DCP, respectively), and
choroidal thickness (CT) were measured.

Results: In the diabetic group, SCP was lower in the superior and nasal segments (48.68 vs 50.62, p=0.02; 45.50 vs 48.82, p=0.02,
respectively). The DCP did not differ between the groups. CVI was significantly lower in the study group in all measured segments,
including central and parafoveal (31.73 vs 48.86 and 50.32 vs 59.58, p<0.001, respectively). CT was larger in the study group only at
the center of the macula (281.89um vs 268.37um p<0.001) and in the inferior segment (337.47um vs 329.40um, p<0.001). In the
multivariate regression, clinical and vascularization parameters affecting CVI and CT were analyzed after adjusting for age and sex.
Decreased central CVI was associated with the presence of DM, lower central SCP, and bigger foveal avascular zone area (b=—0.68,
b=0.47, b=—0.21). Parafoveal CVI was also negatively affected by DM (b= —0.46) and positively by parafoveal SCP (b= 0.44).
Increased central CT was found to be positively associated with higher central SCP (b=0.48) and male sex (b=0.20).

Conclusion: The results of our study confirmed a reduction of SCP and CVI in diabetic patients without DR. DM and SCP are age
and sex independent parameters affecting CVI. Central CT is affected by SCP and sex, rather than the presence of diabetes.
Keywords: choroidal vascularity index, choroidal thickness, OCTA, diabetes

Introduction

Diabetic retinopathy (DR) is the primary cause of blindness among working-age adults globally, as it affects up to 35% of
patients with diabetes.! Hyperglycemia and its resulting complications, including oxidative stress and inflammation, lead
to damage to the vascular endothelium and pericytes that form the retinal vasculature.” Although most diabetes-related
vision loss is caused by damage to the retina, choroidal circulation also appears to play an important role in the
pathophysiology of diabetic eye disease.” This is particularly important because the choroid is responsible for nourishing
the outer layer of the retina, primarily the fovea.*

Previous studies have shown impaired vascularization of the retinal plexuses in patients with diabetes. Parameters
representing these, such as superficial capillary plexus density (SCP), deep capillary plexus density (DCP), and foveal
avascular zone area (FAZ), are correlated with the severity of diabetic retinopathy.>® However, the relationship between
choroidal parameters and diabetes has not been clearly defined. One of the first parameters developed to describe the state
of the choroid was choroidal thickness (CT). Some researchers report thicker choroid in patients with diabetes without
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DR, while others report a decrease from the early stages of the disease.” ' Additionally, CT has been found to be
depended on factors such as age and axial length.'""'? In the search for a parameter that can accurately determine the state
of the choroid, in 2016 Agrawal et al proposed the choroidal vascularity index (CVI). Since CVI was developed, it has
been shown to be reduced in diabetic patients and to correlate with DR progression.”'*~'” However, some studies do not
confirm the difference in CVI between healthy population and diabetic patients without DR.'®'® As the current state of
knowledge is inconclusive, there is a need to assess retinal and choroidal vascularization parameters in patients with
diabetes to fully understand how diabetes affects the vascular bed of the eye, before diabetic retinopathy lesions appear.

The purpose of our study was to compare choroidal and retinal vascularization parameters, CVI, CT, SCP, DCP, and
FAZ, in patients with type 2 diabetes without diabetic retinopathy to a healthy control group. Additionally, we aimed to
evaluate the clinical and vascular factors that affect CT and CVI values. Understanding these relationships is crucial for
fully comprehending the pathophysiology of DR.

Materials and Methods

This observational study included patients diagnosed with type 2 diabetes without diabetic retinopathy and healthy
controls. The exclusion criteria were age < 18 years, ocular diseases that may influence retinal and choroidal circulation
(age-related macular degeneration, glaucoma, macular edema, central serous chorioretinopathy, uveitis), type 1 diabetes,
intraocular pressure > 21 mmHg, and previous ocular treatment. HbA1C and hypertension history data were collected.
Systolic and diastolic blood pressure were measured using an automatic arm blood pressure monitor. Patients underwent
a complete ophthalmological examination, including best-corrected visual acuity on a Snellen chart (upper limit of 1.0),
slit-lamp anterior segment and fundus examination, air-puff intraocular pressure measurement (TRK-2p, Topcon, Japan),
and axial length measurement (ARGOS biometer, Alcon, Switzerland). RTVue XR Avanti (Optovue Inc., Fremont, CA,
USA) spectral domain optical coherence tomography (SD-OCT) was used to obtain 3x3 mm OCT scans of the macula.
Angio-OCT, visualizing the SCP and DCP, was performed, and their densities were calculated using built-in software
(Figure 1). All the measurements were performed under the same room lighting conditions in the evening.

Figure | Superficial (a) and deep (b) capillary plexus densities.
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Raw OCT files, including the 3%3 mm area centered on the fovea, were analyzed using MATLAB (R2018a, MathsWorks,
Inc., Natick, MA, USA). The FAZ area was calculated using an active contour method and a low-pass filter, as described in
more detail in a study by one of the co-authors.® Choroidal thickness was calculated as the distance between Bruch’s
membrane and the border of the choroid-scleral interface called the choroidoscleral junction (CSJ), using the automated
method of CSJ-type evaluation and visibility of ciliary vessels. Artificial intelligence and machine learning libraries of CSJ
types, visibility, and location characteristics of ciliary vessels were used to enable good reproducibility of the CSJ line. Each
scan was used to create a 3D model of the choroidal space with a centration on the macula, and the ETDRS chart was plotted
over the choroid. The central region was defined as a 1.0 mm diameter circle around the center of the fovea. The parafoveal
area, extending 2.0 mm around the central region, was divided into four quadrants (superior, nasal, inferior, and temporal).
OCT scans were converted from grayscale to binary images. The binarization method was used to calculate the luminal area
(LA), defined as the area of dark pixels, and the total choroidal area (TCA). The choroidal vascularity index was calculated
using the formula CVI = LA/TCA, as described by Agraval et al.*' During the regression analysis of macular parameters, the
values for SCP, DCP, CVI, and CT within the parafoveal quadrants were averaged and presented as a single combined
parameter. For each participant, only one eye with a better image quality was selected for analysis.

Statistical Analysis

Statistical analysis was conducted using Statistica Software version 13.3 (TIBCO Statistica 1984-2017 TIBCO Software
Inc). Normality of the distribution was assessed using the Lilliefors test. Intergroup comparisons were performed using
the Mann—Whitney U-test for continuous variables without a normal distribution and the Student’s #-test for variables
with a normal distribution. The equality of variance was assessed using Levene’s test. Univariate linear regression was
performed with central CT, parafoveal CT, central CVI, and parafoveal CVI as dependent variables, and clinical and
vascularization parameters as independent variables. Subsequently, multivariate linear regression was conducted, incor-
porating all parameters that were statistically significant in the univariate regression along with age and sex, regardless of
their significance in the univariate analysis. Data in tables is presented as means.

Results
The characteristics of the study population are summarized in Table 1. A total of 74 eyes of 74 patients were included in
the study, with 40 eyes in the DM group and 34 eyes in the control group. The study group was not statistically

Table | Clinical Characteristics

Parameter DM SD Control SD p Total SD
Age (years) 57.59 11.36 | 52.74 12.74 | 0.09 | 55.33 12.18
Female sex (%) 18 (45) - 23 (67.65) | — 0.05 | 41 (5541) | -
Scan quality 8.15 .14 | 824 0.82 | 091 | 8.19 1.00
Best corrected visual acuity 0.94 0.11 0.97 0.09 | 042 | 0.95 0.10
Intraocular pressure (mmHg) | 16.73 3.02 16.38 282 | 076 | 16,57 291
Spherical equivalent (D) 0.63 1.59 | 0.44 2.13 | 043 | 055 1.84
Axial length (mm) 23.42 0.88 | 23.35 099 | 0.76 | 23.39 0.92
Systolic BP (mmHg) 133.62 20.96 | 134.94 21.81 | 0.64 | 13425 21.23
Diastolic BP (mmHg) 83.47 11.83 | 87.82 11.06 | 0.12 | 85.49 11.60
Hypertension (%) 23 (57.5) | - 18 (52.94) | - 0.69 | 41 (5541) | -
Diabetes duration (years) 6.38 5.84 - - - - -
HbAIC (%) 7.19 1.48 - - - - -

Abbreviations: DM, diabetes mellitus type 2; SD, standard deviation; D, dioptre; BP, blood pressure.
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significantly older (mean age 57.59 years vs 52.74 years, p=0.09), but it had fewer women compared to the control group
(45% vs 67.65%, p=0.05). The groups did not differ in terms of systolic and diastolic blood pressure, or presence of
hypertension and ocular features including visual acuity, intraocular pressure, axial length and spherical equivalent of
refractive error. The image quality was also similar in both the groups.

Choroidal thickness was greater in the study group only at the center of the macula (281.89 um vs 268.37 um
p<0.001) and in the inferior segment (337.47 um vs 329.40 um p<0.001). In the diabetic group, FAZ was larger (0.40
mm? vs 0.33 mm?, p=0.01), and the SCP was lower in the superior and nasal segments (48.68 vs 50.62, p=0.02; 45.50 vs
48.82, p=0.02, respectively). The DCP did not differ between the groups. The choroidal vascularity index was
significantly lower in the study group than in the control group for all the segments (Table 2). Considering the potential

Table 2 Comparison of Vascularization Parameters

Parameter DM SD Control | SD p Total | SD
SCP superior 48.68 | 3.93 | 50.62 296 | 0.02% 49.61 3.6l
SCP nasal 4550 | 6.10 | 48.82 2.74 | 0.02% 47.00 | 5.13
SCP inferior 4728 | 6.26 | 50.09 334 | 0.08 4855 | 531
SCP temporal 45.10 | 425 | 4697 343 | 0.07 4593 | 3.99
SCP central 1925 | 5.58 19.55 595 | 0.83 19.38 | 5.71
SCP parafoveal 46.33 | 533 | 4879 3.14 | 0.05 4744 | 462
DCP superior 5156 | 4.06 | 53.50 320 | 0.05 5243 | 3.79
DCP nasal 5252 | 403 | 53.68 341 0.15 53.04 | 3.77
DCP inferior 5207 | 430 | 52.86 3.68 | 0.57 5243 | 4.01
DCP temporal 5293 | 328 | 5371 327 | 023 5327 | 327
DCP central 34.18 | 6.19 | 3473 859 | 0.79 3442 | 7.27
DCP parafoveal 5227 | 3.71 52.83 4.18 | 027 52.52 | 3.90
CT superior (um) 306.96 | 13.67 | 306.37 12.78 | 0.88 306.69 | 13.18
CT nasal (um) 312.78 | 13.03 | 310.00 14.39 | 0.28 31149 | 13.65
CT inferior (um) 337.47 | 14.09 | 329.40 I1.46 | <0.001* | 333.66 | 13.46
CT temporal (um) | 312.09 | 12.76 | 310.11 11.74 | 0.29 31115 | 12.24
CT central (um) 281.89 | 18.64 | 26837 20.37 | <0.001* | 275.50 | 20.50
CT parafoveal (um) | 316.73 | 1228 | 313.97 11.82 | 0.15 31543 | 12.06
CVI superior 50.54 | 487 | 59.82 349 | <0.001* | 54.81 6.31
CVI nasal 50.33 | 4.54 | 59.23 3.83 | <0.001* | 54.41 6.13
CVI inferior 51.08 | 542 | 61.08 332 | <0.001* | 55.60 | 6.77
CVI temporal 49.87 | 452 | 58.16 3.8l <0.001* | 53.62 | 5.90
CVI central 31.73 | 7.53 | 48.86 7.32 | <0.001* | 39.60 11.33
CVI parafoveal 50.32 | 4.96 59.58 3.39 <0.001* | 54.51 6.32
FAZ (mm?) 0.40 0.11 0.33 0.09 | 0.01%* 0.37 0.11

Note: *Statistically significant (p<0.05).

Abbreviations: DM, diabetes mellitus type 2; SD, standard deviation; SCP, superficial capillary plexus vascular
density; DCP, deep capillary plexus vascular density; CT, choroidal thickness; CVI, choroidal vascularity index;
FAZ, foveal avascular zone area.
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effect of sex on choroidal parameters, a subgroup analysis with an age and sex matched data was performed. As in the
main analysis, the diabetic group showed an increase in CT in the central and inferior segments and a decrease in CVI in
every segment (Supplementary Tables 1 and 2).

Choroidal Thickness

In the univariate linear regression analysis, central CT was found to be significantly associated with several clinical
characteristics and vascularization parameters (Table 3). Specifically, an increase in central CT was associated with male
sex (b = 047, p <0.001), presence of DM (b = 0.33, p <0.001), and longer AXL (b = 0.37, p <0.001). Regarding
vascularization parameters, greater central CT was associated with higher central SCP (b = 0.63, p <0.001) and central DCP
(b =0.72, p <0.001). In contrast, an increase in central CT was negatively associated with bigger FAZ area (b = —0.50,
p <0.001) and greater parafoveal CVI (b = —0.32, p = 0.01). In the multivariate analysis, after adjusting for age and sex,
central CT was found to be increasing with higher central SCP (b = 0.48, p <0.001) and male sex (b = 0.20, p = 0.03). As
central SCP showed collinearity with central DCP, therefore central DCP was not included in the multivariate model. In the
univariate analysis, none of the parameters significantly affected the parafoveal CT parameter (data not shown).

Choroidal Vascularity Index
In the univariate linear regression analysis, increase in parafoveal CVI was associated with the presence of DM
(b = 0.08, p < 0.001), higher systolic (b = 0.24, p = 0.04) and diastolic blood pressure (b = 0.31, p = 0.01),

Table 3 Univariate and Multivariate Linear Regression Results, Systemic and Ocular Factors
Associated with Central CT

Univariate Multivariate
Parameter b ) CI 95% b p Cl 95%
Age 0.16 0.17 (-0.07, 0.40) 0.0l 0.87 (-0.15,0.18)
Male sex 0.47 * <0.001 * | (0.26, 0.68) * 0.20 * | 0.03 * (0.03, 0.38) *
DM 0.33 * <0.001 * | (0.11, 0.56) * 0.19 0.14 (-0.07, 0.44)
Intraocular pressure | 0.05 0.65 (-0.18, 0.29) - - -
Axial length 0.37 * <0.001 * | (0.13, 0.60) * 0.04 0.63 (-0.14, 0.23)
Systolic BP —0.05 0.69 (-0.29, 0.19) - - -
Diastolic BP —0.04 0.76 (-0.28, 0.21) - - -
Hypertension 0.16 0.17 (—0.07, 0.40) - - -
Diabetes duration 0.14 0.44 (-0.23, 0.52) - - -
HbAIC —0.02 0.91 (-0.31, 0.28) - - -
SCP central 0.63 * <0.001 * | (0.45, 0.82) * 0.48* | <0.001 * | (0.23, 0.72) *
SCP parafoveal —0.20 0.10 (—0.43, 0.04) - - -
DCP central 0.72 * <0.001 * | (0.51,0.92) * - - -
DCP parafoveal —0.23 0.12 (—0.52, 0.06) - - -
CVI central 0.13 0.29 (=0.11, 0.36) - - -
CVI parafoveal -0.32*% | 0.01 * (-0.55, —0.09) * | 0.12 0.08 (-0.47, 0.02)
FAZ —-0.50 * | <0.001 * | (-0.71,-0.29) * | —0.21 | 0.09 (-0.45, 0.03)

Note: *Statistically significant (p<0.05).
Abbreviations: Cl, confidence interval; DM, diabetes mellitus type 2; BP, blood pressure; SCP, superficial capillary plexus
vascular density; DCP, deep capillary plexus vascular density; CVI, choroidal vascularity index; FAZ, foveal avascular zone area.
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increased parafoveal SCP (b = 0.67, p < 0.001), and DCP (b = 0.46, p < 0.001). Conversely, parafoveal CVI was
decreased with greater age (b = —0.31, p = 0.01), male sex (b = —0.31, p = 0.01), higher HbAIC levels (b =
—0.46, p < 0.001), and higher central CT (b = —0.32, p = 0.01). In the multivariate analysis, after adjusting for
age and sex, parafoveal CVI was lower with the presence of DM (b = —0.46, p < 0.001) and higher with
increased parafoveal SCP density (b = 0.44, p < 0.001) (Table 4). As systolic blood pressure showed collinearity
with diastolic blood pressure, the latter was not included into multivariate model. Similarly, parafoveal SCP
showed collinearity with parafoveal DCP, therefore parafoveal DCP was not included into multivariate model. In
the univariate linear regression analysis, central CVI was increased with greater central SCP (b = 0.56, p = <
0.001), parafoveal SCP (b = 0.34, p = < 0.001), and central DCP (b = 0.57, p < 0.001). On the other hand,
central CVI was decreased with the presence of DM (b = —0.76, p < 0.001), higher HbA1C (b = —0.42, p <
0.001), and bigger FAZ area (b = —0.65, p < 0.001). In the multivariate analysis, after adjusting for age and sex,
central CVI was lower with the presence of DM (b = —0.68, p < 0.001) and bigger FAZ area (b = —0.21, p =
0.03) and it was higher with greater central SCP (b = 0.47, p = < 0.001) (Table 5). As central SCP showed
collinearity with central DCP, central DCP was not included in the multivariate model.

Table 4 Univariate and Multivariate Linear Regression Results, Systemic and Ocular Factors
Associated with Parafoveal CVI

Univariate Multivariate
Parameter b p CI 95% b p Cl 95%
Age -0.31* | 001 * (-0.54, —0.08) * | —0.05 | 0.50 (-0.21, 0.10)
Male sex -0.31* ] 001 * (-0.54, —0.09) * | —0.05 | 0.6l (-0.23, 0.14)
DM 0.08 * <0.001 * | (—0.89, —0.57) * | —0.46* | <0.001 * | (—0.66, —0.26) *
Intraocular pressure | 0.05 0.67 (=0.18, 0.29) - - -
Axial length 0.03 0.8l (-0.22, 0.28) - - -
Systolic BP 0.24* | 0.04* (0.01, 0.48) * 0.12 0.14 (-0.04, 0.29)
Diastolic BP 031 * | 00I* (0.08,0.54) * - - -
Hypertension —0.02 0.87 (-0.26, 0.22) - - -
Diabetes duration —0.26 0.14 (—0.62, 0.09) - - -
HbAIC -0.46 * | <0.001 * | (-0.72, -0.21) * | —0.12 | 0.2 (-0.31, 0.07)
SCP central 0.14 0.25 (-0.10, 0.37) - - -
SCP parafoveal 0.67 * <0.001 * | (0.50, 0.85) * 0.44* <0.001 * | (0.24, 0.63) *
DCP central 0.15 0.30 (-0.14, 0.44) - - -
DCP parafoveal 0.46 * <0.001 * | (0.20, 0.72) * - - -
CT central —0.32*% | 0.01 * (-0.55, -0.09) * | —0.12 | 0.30 (-0.36, 0.11)
CT parafoveal -0.05 0.66 (-0.29, 0.19) - - -
FAZ -0.18 0.14 (-0.41, 0.06) - - -

Note: *Statistically significant (p<0.05).
Abbreviations: Cl, confidence interval; DM, diabetes mellitus type 2; BP, blood pressure; SCP, superficial capillary plexus
vascular density; DCP, deep capillary plexus vascular density; CT, choroidal thickness; FAZ, foveal avascular zone area.
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Table 5 Univariate and Multivariate Linear Regression Results, Systemic and
Associated with Central CVI

Ocular Factors

Univariate Multivariate
Parameter b P Cl 95% b P Cl 95%
Age —0.16 0.18 (-0.39, 0.07) 0.03 0.64 (-0.10, 0.16)
Male sex —0.04 0.75 (-0.27, 0.20) —0.02 0.75 (-0.17, 0.12)
DM —0.76 * | <0.001 * | (—0.91,-0.61) * | —0.68 * | <0.00| * | (—0.82, —0.53) *
Intraocular pressure | 0.10 0.41 (-0.14, 0.33) - - -
Axial length 0.20 0.11 (—0.04, 0.44) - - -
Systolic BP 0.13 0.27 (-0.11, 0.37) - - -
Diastolic BP 0.22 0.06 (-0.01, 0.46) - - -
Hypertension 0.07 0.54 (—0.16, 0.31) - - -
Diabetes duration —0.06 0.74 (—0.43, 0.31) - - -
HbAIC —0.42 * | <0.001 * | (—0.68, —0.16) * | 0.0l 0.92 (-0.14, 0.16)
SCP central 0.56 * <0.001 * | (0.36, 0.75) * 0.47 * | <0.001 * | (0.30, 0.63) *
SCP parafoveal 0.34 * <0.001 * | (0.12, 0.57) * 0.11 0.12 (-0.03, 0.24)
DCP central 0.57 * <0.001 * | (0.34, 0.81) * - - -
DCP parafoveal 0.04 0.79 (—0.25, 0.33) - - -
CT central 0.13 0.29 (-0.11, 0.36) - - -
CT parafoveal —0.04 0.76 (—0.27, 0.20) - - -
FAZ —0.65 * | <0.001 * | (-0.83,-0.47) * | —0.21 * | 0.03 * (-0.38, —0.02) *

Note: *Statistically significant (p<0.05).
Abbreviations: Cl, confidence interval; DM, diabetes mellitus type 2; BP, blood pressure; SCP, superficial capillary plexus
vascular density; DCP, deep capillary plexus vascular density; CT, choroidal thickness; FAZ, foveal avascular zone area.

Table 6 Summary of Key Findings on the Different Vascularization Parameters in Type 2 Diabetes Patients Without Diabetic
Retinopathy, Compared to Healthy Controls

Vascularisation

parameter

Finding

Superficial capillary plexus

Vascular density is reduced

Deep capillary plexus

Vascular density is reduced, however did not reach statistical significance

Choroidal thickness

No significant differences were found, probably more influenced by other clinical characteristics including sex

Choroidal vascularity index

Is reduced and influenced positively by other vascularization parameters: positively by SCP and negatively by the

FAZ size

Abbreviations: SCP, superficial capillary plexus vascular density; FAZ, foveal avascular zone.

Discussion

We have demonstrated that CVI and SCP were significantly decreased in diabetic patients. Additionally, we found that

CVI and central CT were positively associated with SCP. The key findings are included in Table 6.
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Choroidal Thickness

The choroid was thicker in the DM group, than in the control group, but only in the central and inferior fields. However,

in the regression analysis, we found that central CT was influenced by sex and central SCP but not by DM.

In our studied populations, the central CT was 281.89 um for the DM group and 268.37 pm for the control group. CT
values vary considerably between studies, which is also due to the use of different types of OCT.** Adhi et al using SD-
OCT showed a sub foveal choroidal thickness of 276.4 um in the healthy control group and 252.9 um in the non-
proliferative diabetic retinopathy group.”® In another study, authors reported CT of 327.1 um in the control group and
307 um in the DM no DR group.** Kim et al using SS-OCT showed a subfoveal CT of 320 pm in the healthy group and
258.13 um in DM no DR group.9

In the Beijing Eye Study, subfoveal choroidal thickness was significantly associated with the presence of diabetes mellitus,
being slightly thicker in DM patients.'® Wang et al calculated CT In patients with different stages of DR, non-DR group and
healthy control. The average CT was highest in the non-DR DM group and lowest in the proliferative DR group.? In patients
with diabetes, CT seem to decrease when ischemic lesions and signs of retinopathy appear. Many studies have reported
reduced CT in patients with diabetes, stating ischemia as a potential cause. Indeed, hyperglycemia has been shown to reduce
vascular blood flow, potentially contributing to thinner choroidal layers.>® Kim et al suggested that eyes of diabetic patients
exhibit lower CT compared to healthy controls due to factors such as choroidal hypoxia, choriocapillary loss, or vascular
constriction.” Similarly, Temel et al showed decreased CT in patients with DR, compared to controls. While CT was also
decreased in DM patients without DR, the reduction was not statistically significant.>” Additionally, Obada et al found no
difference in sub foveal choroidal thickness between DM group without DR and healthy controls.?®

This variability in findings highlights the complexity of the factors influencing CT, making it difficult to use CT as
a reliable marker for assessing the risk of DR. In our regression model, after adjusting for age and sex, CT was not
affected by the presence of DM. The severity of DR is likely to affect CT, but other parameters such as sex and type of
OCT device should be taken into account in its assessment and comparisons.

Superficial and Deep Capillary Plexus

SCP was significantly lower in patients with diabetes in the superior and nasal segments and borderline lower in the
inferior and temporal segments, compared to the control group. Although DCP levels were also lower in diabetic
patients, this difference did not reach statistical significance.

The results of our study are consistent with a study by Kolkedi et al, who found that patients with DM had
a significant decrease in retinal vessel density in the superior, temporal, and nasal quadrants of the SCP compared to
healthy controls. Only the superior vascular density in DM patients showed a significant decrease in DCP.*° Similarly,
Eid et al found lower SCP, but not DCP in diabetic patients, compared to healthy controls.*

In contrast, several studies have reported a decrease in both SCP and DCP in diabetic patients. Zeng et al found lower
SCP in diabetic patients without DR, however, in their study, DCP was also reduced, a finding further supported by
Dimitrova et al*'**? It is possible that DCP analysis is more challenging because of its deeper location and artifacts from
overlying vessels. Another explanation could be that changes in the SCP precede DCP changes. Falavarjani et al
analyzed capillary nonperfusion areas (CNP) in patients with diabetic retinopathy. They showed that the CNP in SCP
were significantly larger than in DCP and, in addition, were not spatially co-localized, as it is typically observed in
vascular obstructions.”' This finding is in line with our results, showing changes in SCP preceding DCP. It is worth
noting, however, that while the DCP in our study was lower in the DM group, it did not reach statistical significance.
A larger study group could increase the relevance of these changes.

Alterations in the SCP may also involve the peripapillary area, as previous studies have shown decreased SCP density in this
region in diabetic patients. This is an area of increased RNFL thickness, a marker that is reduced in the course of diabetes. RNFL
axons are embedded within the SCP, so the decreased SCP density in this region may be also related to the thinner RNFL present
in diabetes.*® One of the proposed ways of correcting this is to remove the contribution of retinal blood vessels.**

Our study confirms the reduced SCP in diabetic eyes. We have also found a decrease in DCP, although this reduction
did not reach statistical significance, reinforcing the notion that SCP changes might occur earlier and be more
pronounced in the progression of diabetes-related retinal changes.
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Choroidal Vascularity Index

CVI values were significantly lower in all segments in the DM group. In the multivariate regression analysis, after
adjusting for sex and age, CVI showed a positive relationship with the corresponding central or parafoveal SCP and
a negative relationship with the presence of diabetes. Additionally, central CVI was negatively associated
with FAZ.

Our results are consistent with previous studies that have also observed a decrease in CVI in patients with diabetes
both with and without DR.>'*'"%% Compared with CT, CVI seems to be a more precise parameter in assessing DR
complications, as clinical factors such as age, sex, and axial length did not significantly affect CVI, which aligns with the
results of our study.'*?!

While both CVI and SCP were reduced in all segments, SCP reached statistical significance only in the superior and
nasal segments. This finding suggests that choroidal changes in diabetes may develop earlier than those in the retinal
vessels. Indeed, it has been suggested that primary damage in diabetic eye disease may occur in the choroidal
vasculature.®® Large choriocapillaris flow deficits, were noted before in diabetics patients.®’

Our study also indicates a link between CVI and SCP, as SCP showed a positive association with CVI in the
multivariate regression analysis. This finding aligns with Oh et al who evaluated the relationship between retinal and
choroidal vascularization in a healthy population. Similar to our findings, after adjusting for age, CVI was negatively
associated with FAZ.*® However, unlike our study, they did not find a relationship between CVI and SCP, possibly due to
differences in methodology, as they did not separate CVI and SCP into corresponding size and location segments. This
difference in parameter measurement could explain the discrepancies between the studies.

The choroid delivers nutrients and oxygen to the outer retinal layers, whereas the retinal capillary plexuses supply the
inner retinal layers. Any alteration in the choroidal vascular structure and function may influence the metabolic demands
of the outer retina, potentially affecting the density and function of the retinal capillary plexus. Furthermore, there might
be shared regulatory pathways that influence the development and maintenance of both the choroidal and retinal
vasculature. Factors like vascular endothelial growth factor (VEGF) play crucial roles in angiogenesis and vascular
maintenance in both regions.***!

Our findings reinforce the role of CVI as a new marker for choroidal function. CVI values are reduced in diabetic
patients, and this relationship is independent of sex and age. This marker is also indicative of the condition of the retinal
vasculature, as it is positively associated with SCP.

Limitations

Our study has several limitations. First, the groups were not gender-balanced, with more women in the control group than
in the study group. Second, the angio-OCT SCP and DCP values were obtained directly from the device and not
recalculated considering the magnification effect. However, the groups did not differ in AXL or SE.

Conclusion

The results of our study confirm a significant reduction in retinal and choroidal vascularization parameters, SCP and CVI,
in diabetic patients without visible ophthalmoscopic changes of diabetic retinopathy. These parameters are related, as
SCP is an age and sex independent parameter positively affecting CVI. In addition, we showed that CT may not be
significantly changed in this group, and is probably more influenced by other clinical characteristics including sex.
Understanding the mechanisms underlying the development of diabetic vascular changes in the retina and choroid is
crucial for further progress in the treatment and prevention of diabetic eye disease.
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