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ARTICLE INFO ABSTRACT

Keywords: Purpose: To assess the difference in microvascular changes between males and females with diabetes mellitus
Gender (DM) without diabetic retinopathy (NoDR) and with mild-to-moderate non-proliferative diabetic retinopathy
Diabetes

(NPDR) using Optical Coherence Tomography Angiography (OCT-A).

Design: Retrospective cross-sectional study.

Methods: 267 DM patients, 133 females (49.81 %), 111 with NoDR (41.57 %) and 156 NPDR (58.43 %) were
included. Foveal-centered 3 x 3 mm OCT-A images corresponding to the superficial (SCP), intermediate (ICP)
and deep capillary plexus (DCP), and full retinal (RET) slab were used for analysis. For each slab, FAZ area,
perimeter, and circularity index (CI) were determined, following manual delineation of the FAZ; perfusion (PD)
and vessel density (VD), fractal dimension (FD), vessel length density (VLD), geometric perfusion deficits (GPD)
were also computed. Flow voids (FV) were determined in the choriocapillaris plexus; and perfused capillary
density (PCD) in the RET slab.

Results: Females showed larger FAZ CI in SCP and greater FAZ area and perimeter than males in NPDR group.
Males had higher central macular thickness than females in NPDR group. All density metrics at the level of ICP
and DCP were affected in the NPDR group with no gender differences. Of note, the same significant findings were
found in type 1 DM patients, and not in type 2 DM patients.

Conclusions: Our OCT-A findings suggest significant microvascular changes in females with NPDR compared to
males, but no such differences in patients without DR. Therefore, gender-related vascular alterations might be
present in early stages of DR with potential role.

Diabetic retinopathy
OCT angiography

1. Introduction

Precision medicine approaches and multimodal retinal imaging have
advanced our understanding of the pathophysiological processes
involved in diabetic retinopathy (DR) that could serve in the develop-
ment of novel targeted therapies over the last decade.’

In contrast to fluorescein angiography (FA), the traditional dye-

based technique of imaging retinal vasculature in clinical practice,
OCT-angiography (OCT-A) is a non-invasive imaging modality that
provides depth-resolved images of retinal microvasculature by detecting
motion contrast.” OCT-A enables separate, high-resolution visualization
of the three retinal capillary plexuses within the macular area, known as
the superficial (SCP), intermediate (ICP), and deep capillary plexuses
(DCP), and the choriocapillaris (CC). It can also image the foveal
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avascular zone (FAZ), in more detail and with greater resolution than
FA.? Thus, early microvascular pathological features associated with
DR, such as capillary dropout, perifoveal capillary loss, irregularity and
enlargement of the FAZ can be imaged in vivo and more accurately
classified with OCT-A.%* This, coupled with the availability of software-
based image processing provides a range of possibilities for the quanti-
tative and qualitative analysis of DR, and important insights into its
pathophysiology.’

Although retinal vascular manifestations of DR have been described
using OCT-A, there have not been investigations on gender- and sex-
based differences in retinal imaging findings in DR so far. The term
“sex” is used to describe the biological status as female, or male
depending on their sex chromosomes (XX versus XY), reproductive or-
gans and other physical characteristics. Even though gender is assigned
at birth according to biological sex, the term “gender” refers to socio-
cultural roles, behaviors and identities. An increasing amount of evi-
dence suggests that both sex and gender can impact the development,
progression and treatment outcomes of various diseases.” In this paper,
the two terms can be interchangeably used.

Epidemiological studies have found sex differences in microvascular
disease burden in patients with DM, with males having a higher inci-
dence of DR and higher risk for disease progression than females.® °
However, other studies suggested that females might have a higher
prevalence of DR than males.'

Thus, the question of whether the risk for microvascular alteration in
DR is higher in females as compared with males and whether gender
differences may play a role in disease progression are under debate. In
this scenario, it may be useful to determine whether these differences
could impact the detection, the severity and early progression of
microvascular abnormalities in the macula of patients with diabetes
mellitus (DM) using OCT-A. Such advances are key to optimizing
healthcare utilization and guiding personalized approaches toward the
development of ocular biomarkers for early detection and monitoring of
DR.

In the present study, we investigated macular vascular changes in
patients with DM type 1 (T1DM) and 2 DM (T2DM) at early stages of DR
using OCT-A and compared quantitative metrics differences between
males and females with DM without DR (NoDR) and with mild-to-
moderate non-proliferative DR (NPDR).

2. Methods
2.1. Study participants

This observational cross-sectional retrospective study was performed
at the Retina & Imaging Unit, IRCCS MultiMedica in Milan, and at the
Medical Retina Research Unit, IRCCS Fondazione Bietti in Rome be-
tween March 2022 and December 2022. The study adhered to the tenets
of the Declaration of Helsinki and each subject gave informed consent
for the use of the images from DR institutional registry after approval by
the Institutional Ethics Committee.

Patients with T1IDM and T2DM were included in the study.

Diagnosis of DR was determined through comprehensive chart re-
view and diagnostic multimodal retinal imaging. DR stage was graded'”
by two retina specialists (S.V. and M.P.) in either absent DR (NoDR) and
mild-to-moderate NPDR. All included patients needed to have a well-
documented BCVA at 4 m using standard Early Treatment Diabetic
Retinopathy Study (ETDRS) charts, dilated fundus examination, ultra-
widefield color fundus photography (UWEF-CFP) (Optos California,
Optos plc, UK), OCT and OCT-A with HRA + OCT device (Spectralis,
Heidelberg Engineering, Germany). A detailed recorded medical history
for each subject was available.

In all patients, a single eye was selected at random for inclusion in
the study if both eyes had the same grade of DR, or the eye with more
severe grade of DR was chosen.

The inclusion criteria were: 1) DM type 1 or 2 and diagnosis of NoDR
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or mild-to-moderate NPDR, 2) best corrected visual acuity (BCVA) of >
0.3 logarithm of the minimum angle of resolution (LogMAR), 3) good
quality CFP, OCT and OCT-A images. The exclusion criteria included: 1)
presence of any other retinal or macular disease, 2) severe NPDR or
proliferative DR, 3) presence of diabetic macular edema, 4) refractive
error > +2 diopters, 5) previous vitreoretinal surgery, 6) significant
media opacities that precluded good quality fundus imaging.

The entire cohort of patients with DM was then divided into two
groups according to gender: i) male and female and ii) in NoDR and
NPDR according to DR severity.

2.2. OCT and OCT-A scans

A single 10°x10° scan (512 B-scans at 6 pm spacing; automatic real-
time 5) centered at the fovea, was acquired from each study participant.
Following image acquisition, SCP, ICP and DCP slabs were generated by
the Spectralis OCT-A module. For image processing, TIFF images with a
resolution of 320 x 320 pixels were imported into ImageJ (ImageJ
1.53v; National Institutes of Health, Bethesda, Maryland, USA). The first
step involved manual contouring of the FAZ on the full vascular slab and
the three individual vascular plexuses. Then FAZ area, perimeter, and
circularity index (CI) were calculated. Retinal thickness was measured
as central macular thickness (CMT).

2.3. Image analysis

The automatic OCT-A image analysis was performed through the
Matlab image processing toolbox and custom scripts (version 2020a,
MathWorks, Natick, MA).

Following parameters have been evaluated on en-face OCT-A
images:

— Perfusion Density (PD), Vessel Density (VD) and Fractal Dimension
(FD) for the SCP, ICP, DCP images;

— Flow Voids (FV) in the choriocapillaris plexus;

— Vessel length density (VLD) and Geometric Perfusion Deficits (GPD)
in (RET, full retina slab, SCP, ICP, DCP);

— Perfused Capillary Density (PCD) in the full retinal slab (RET).

Details of the OCT-A image analysis are included in the Supplemental
Methods.** %

2.4. Statistical analysis

For statistical testing, SPSS Statistic (Version 25.0; Armonk, NY: IBM
Corp.) was used. Only one randomly selected eye from each subject was
included for data analysis and image processing to avoid interocular
correlation. All results were expressed as the mean + SD or frequencies,
as appropriate. The data distribution was tested through the one-sample
Kolmogorov-Smirnov test. The quantitative demographic differences
between genders were investigated by using the independent sample t-
test or the Mann-Whitney test; and for studying the relationship be-
tween gender and the qualitative clinical patients’ parameters the chi-
square or the Fisher’s test were used. Pearson correlation was used to
explore the relationship between CMT and OCTA vascular parameters.

Analysis of one-way variance (ANOVA) and Kruskal-Wallis (KW)
tests were used to assess differences among the four study groups and
further in the stratified groups, by type of DM and age intervals (32-66;
67-76; 77-95). All post hoc comparisons were performed with Bonfer-
roni correction for multiple tests. A p<0.05 was considered statistically
significant.
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3. Results
3.1. Clinical features of patients with DR

A total of 267 eyes of 267 patients with DM were included in the
study. The study population consisted of 87 (32.58 %) patients with
T1DM and 180 (67.42 %) with T2DM, with a mean duration of disease of
16.83 + 0.85 years and a mean HbAlc level of 7.31 % +1.43 %. In the
whole cohort, 133 were females (49.81 %) and 134 were males (50.18
%); the mean age was 60.90 + 21.34 years. Regarding DR severity
across the whole cohort, we found that NoDR was more prevalent among
female patients (n = 65, 58.55 %) (p = 0.016) while NPDR among males
(n = 88, 56.41 %) (p = 0.016) (Table 1); these differences were lost in
the subgroup analysis of TIDM and T2DM patients.

Patient demographics, visual acuity, and systemic comorbidities are
summarized in Table 1.

3.2. Comparison between patients stratified for DR severity and type of
DM in both females and males

3.2.1. Overall population (T1DM and T2DM)

Females with NPDR showed significantly higher values of the
following parameters than females with NoDR: FAZ perimeter in ICP (p
= 0.032), GPD% in ICP (p = 0.014) and DCP (p < 0.001). For the male
group, the analysis showed similar results to the females (NPDR>NoDR)
only for GPD% in DCP (p = 0.006). On the other hand, the females with
NoDR had the following higher values than NPDR: FAZ CI in the RET (p
= 0.048), FD in the SCP (p = 0.020), VLD (p = 0.014), PD% (p = 0.007),
VD% (p = 0.018) and FD (p < 0.001) in ICP and VLD, PD%, VD% and FD
in DCP (all p < 0.001). These differences were also found in males in
which the FAZ CI in the RET (p = 0.005), FD in SCP (p = 0.004), FAZ CI,
PD and FD in ICP (p = 0.032, p = 0.013 and p < 0.001) and VLD, PD%,
VD% and FD in DCP (all p < 0.001) were higher in NoDR than NPDR. All
data are extensively reported in Table 2.

In the supplementary material, the analysis of T1DM group

Table 1
demographic and clinical patients’ characteristics.
Overall population M F p-
(n = 267) (n=134) (n=133) value
Age, years 60.90 + 21.34 62.03 + 58.25 + 0.125
m + SD 17.83 22.06
Disease duration, 16.83 + 0.85 17.39 + 16.35 + 0.477
years 11.44 10.22
m + SD
HbAlc, % 7.31 £1.43 7.00 £ 7.28 + 0.280
m + SD 1.56 1.27
BCVA, logMAR 0.07 £+ 0.08 0.02 + 0.81 + 0.239
m + SD 0.11 7.78
Type of DM, n (%)
T1DM 87 (32.58) 38 (43.67) 49 (56.32) 0.139
T2DM 180 (67.42) 96 (53.33) 84 (46.66)
DR severity, n (%)
NPDR 156 (58.43) 88 (56.41) 68 (43.59) 0.016*
NoDR 111 (41.57) 46 (41.44) 65 (58.55)
Stroke History, n
% 3 X .
8 I o B
No (96.63) (48.44) (49.61)
Cardiopathy, n (%)
Yes 85 (31.83) 48 (56.5) 37 (43.52) 0.147
No 177 (66.29) 83 (46.89) 94 (53.10)
Nephropathy, n
(%) 27 (10.11) 15 (55.55) 12 (44.44)
Yes 235 (88.01 116 119 0.542
No (88.01) (49.36) (50.63)

M = male; F = female; m = mean; SD = standard deviation; BCVA = best cor-
rected visual acuity; DM = diabetes mellitus; DR = diabetic retinopathy; NPDR
= non proliferative diabetic retinopathy; NoDR = no signs of DR.
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(Table 1s) and of T2DM group (Table 2s) is reported and then stratified
for T2DM ages’ groups: 32-66 (Table 3s); 67-76 (Table 4s) and 77-95
years (Table 5s). Considering the amount of data collected and analyzed,
only the significant results were discussed in the text.

3.2.2. T1DM subgroup

The subgroup analysis of patients with TIDM showed significantly
higher value of GPD - RET in females with NPDR vs NoDR and higher
values of GPD of all layers in NPDR males vs NoDR. The T1DM subgroup
also showed these significant differences, stratified for disease severity:
VLD, PD%, VD% and FD at the ICP and DCP in patients with NoDR were
higher than NPDR for both males and females; VLD in RET, VLD, PD%
and VD% at the SCP in NoDR were found higher than NPDR only in the
male group (Table 1s, supplemental material).

3.2.3. T2DM subgroup

In addition, the subgroup T2DM and gender analysis showed that
males with mild-to-moderate NPDR had significantly higher CMT
compared to females (M: 281.79 + 28.29 F: 263.60 + 24.41 ym p =
0.001). Greater FAZ area (0.51 £ 0.18 vs 0.39 + 0.16, p = 0.002) in DCP
was found in females than in males in mild-to-moderate NPDR.

After stratification by age, in the T2DM subgroup with a range age
67-76 years the following measurements were significantly higher in
females than in males with NPDR: greater FAZ area (0.47 £ 0.17 vs 0.32
+ 0.12, p = 0.011) and perimeter (3.26 + 0.61 vs 2.60 + 0.56, p =
0.007) in ICP, greater FAZ area (0.58 + 0.22 vs 0.40 + 0.17, p = 0.012)
in DCP. In the same subgroup patients with NoDR, higher GPD% values
in ICP were found in males vs females (25.71 + 14.82 vs 10.94 + 10.19,
p = 0.032) (Table 2s, supplemental material).

3.3. Comparison between females and males with NoDR and NPDR

The analysis of CMT showed lower values in female than in male
patients (as reported in the Table 2), and this difference reached the
statistical significance in NPDR group (F 265.03 + 23.27 vs M 281.90 +
28.19 um, p = 0.000).

The following OCT-A measurements were significantly higher in fe-
males than in males in NPDR: higher FAZ CI in SCP (p = 0.017), greater
FAZ area (p = 0.006) and perimeter in DCP (p = 0.030). No other OCT-A
parameter showed any significant difference between the groups
(Table 2). A significant negative relationship was found between CMT
and FAZ area mm? and perimeter in females in SCP (r = —0.663 p <
0.001, r = —0.520 p < 0.001), ICP (r = —0.663 p < 0.001,r = —0.525 p
< 0.001), DCP (r = —0.584 p < 0.001, r = —0.529 p < 0.001). By
differentiating with DR severity, the same relationship was confirmed
but the Pearson correlation reaches higher value in NoDR female group
(in SCPr=-0.708 p < 0.001, r = —0.553 p < 0.001), ICP (r = —0.737 p
<0.001,r=—-0.592 p < 0.001), DCP (r = —0.637 p < 0.001, r = —0.625
p < 0.001) in comparison with NPDR female group (in SCP r = —0.641 p
< 0.001,r=-0.502 p < 0.001), ICP (r = —0.640 p < 0.001, r = —0.515
p < 0.001), DCP (r = —0.560 p < 0.001, r = —0.475 p < 0.001).

3.4. Correlation between gender and systemic conditions

In the present study, we have explored three systemic variables,
namely stroke history, cardiopathy and nephropathy, and their rela-
tionship with gender, finding no differences between genders. No dif-
ferences have been found when considering patients with T2DM, also
stratified for age (32-66; 67-76 and 77-95 years). Nevertheless, the
subgroup analysis of TIDM patients showed that 88.9 % of patients with
T1DM with cardiopathy were males (p = 0.009); no significant differ-
ences were found for stroke history and nephropathy in the same
subgroup.
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Table 2
OCT and OCT-A parameters comparison between male and female, NoDR and NPDR groups in the overall population (T1DM and T2DM).
OCT and OCT-A parameters Male Female ANOVA/KW Post-hoc
NoDR (n = 46) NPDR (n = 88) NoDR (n = 65) NPDR (n = 68) p-value NoDR F vs NoDR M NPDR F vs
NPDR M
CMT (microns) 273.52 £+ 22.48 281.90 + 28.19 263.95 + 19.20 265.03 £ 23.27 0.000* 0.000*
FV CC % 46.70 + 2.97 47.59 + 3.65 47.52 + 3.41 48.34 + 3.65 0.018*
FAZ Area, mm2 (RET) 0.33 £0.11 0.36 £ 0.15 0.35 £ 0.14 0.39 £ 0.15 0.042*
FAZ Perimeter mm (RET) 2.64 + 0.46 2.89 +0.77 2.63 £+ 0.59 2.91 £+ 0.62 0.004*
FAZ CI (RET) 0.58 + 0.08 (0.005™) 0.53 £ 0.10 0.61 + 0.08 (0.048") 0.57 £ 0.07 0.000*
VLD (RET) 0.11 £ 0.03 0.11 £+ 0.02 0.12 £ 0.03 0.12 £ 0.02 0.276
GPD % (RET) 27.08 + 20.69 26.36 + 19.78 26.69 + 23.58 26.44 + 19.59 0.357
PCD %(RET) 32.69 + 6.54 33.02 +£5.31 33.82 +6.10 34.42 £ 5.01 0.209
FAZ Area, mm2 (SCP) 0.43 £0.15 0.45 £ 0.23 0.47 £0.14 0.50 £ 0.17 0.063
FAZ Perimeter mm(SCP) 3.01 £ 0.58 3.18 £ 1.14 3.12 £ 0.53 3.19 £ 0.59 0.387
FAZ CI (SCP) 0.59 £+ 0.09 0.56 = 0.10 0.60 £+ 0.07 0.61 £+ 0.08 0.012* 0.017*
VLD (SCP) 0.11 £ 0.03 0.11 £+ 0.03 0.11 £ 0.03 0.11 £ 0.02 0.462
GPD % (SCP) 27.34 + 20.18 26.06 + 19.51 23.75 + 18.89 24.11 £ 15.14 0.204
PD % (SCP) 37.39 £ 3.71 35.69 + 4.09 36.90 + 3.54 36.14 + 3.74 0.037*
VD %(SCP) 11.22 + 3.44 11.00 + 2.69 11.63 £ 3.02 11.15 £+ 2.33 0.400
FD (SCP) 1.52 + 0.04 (0.004™) 1.49 £ 0.03 1.51 + 0.03 (0.020%) 1.49 + 0.03 0.000*
FAZ Area, mm2 (ICP) 0.31 £0.12 0.33 £ 0.15 0.33 £0.13 0.39 £ 0.15 0.016*
FAZ Perimeter mm (ICP) 2.55 + 0.47 2.69 = 0.74 2.58 + 0.60 (0.032%) 2.87 £ 0.61 0.004*
FAZ CI (ICP) 0.60 + 0.08 (0.0327) 0.55 £ 0.10 0.61 £+ 0.09 0.58 £ 0.10 0.001*
VLD (ICP) 0.12 £ 0.04 0.12 £+ 0.03 0.13 + 0.03 (0.014") 0.12 £ 0.03 0.000*
GPD % (ICP) 15.34 + 13.16 15.03 + 12.80 12.25 + 11.92 (0.014%) 13.46 £+ 10.96 0.001*
PD % (ICP) 36.29 + 3.02 (0.0137) 34.53 + 3.05 37.00 + 2.54 (0.007) 35.42 + 2.62 0.000*
VD %(ICP) 12.64 + 3.80 12.13 + 2.60 13.43 + 3.38 (0.018") 12.58 + 2.52 0.000*
FD (ICP) 1.53 + 0.03 (0.0007) 1.51 +£0.03 1.53 + 0.02 (0.000") 1.51 + 0.02 0.000*
FAZ Area, mm2 (DCP) 0.40 £ 0.12 0.40 £ 0.18 0.45 £ 0.14 0.48 £0.17 0.001* 0.006*
FAZ Perimeter mm (DCP) 2.84 £ 0.46 2.86 +£ 0.74 2.99 £+ 0.54 3.13 £ 0.60 0.009* 0.030*
FAZ CI (DCP) 0.61 + 0.07 0.59 + 0.09 0.62 + 0.06 0.61 £+ 0.07 0.219
VLD (DCP) 0.15 + 0.02 (0.0007) 0.13 £ 0.01 0.15 £ 0.02 (0.000") 0.13 £ 0.02 0.000*
GPD % (DCP) 9.10 + 3.08 (0.006") 11.82 + 4.83 9.21 + 3.33 (0.000%) 12.50 + 4.67 0.000*
PD % (DCP) 38.48 £ 2.67 (0.0007) 36.06 + 2.53 38.42 + 3.05 (0.000") 36.24 + 3.03 0.000*
VD %(DCP) 15.12 + 1.94 (0.0007) 13.59 +1.48 15.21 + 1.70 (0.000%) 13.68 + 1.56 0.000*
FD (DCP) 1.52 + 0.02 (0.0007) 1.51 £+ 0.02 1.52 + 0.02 (0.000%) 1.51 + 0.02 0.000*

CMT: central macular thickness, FV CC: Flow Voids in the choriocapillaris, FAZ: foveal avascular zone, CI: circularity index, PD: Perfusion Density, VD: Vessel Density,
FD: Fractal Dimension, VLD: Vessel length density, GPD: Geometric Perfusion Deficits, PCD: Perfused Capillary Density, RET: full retinal projection; SCP: superficial
capillary plexus, ICP: intermedia capillary plexus, DCP deep capillary plexus.

“ Asterisk shows a statistically significant difference (p < 0.05).

# Statistically significant difference between male NoDR vs male NPDR (NoDR value > NPDR value).

§ Statistically significant difference between female NoDR vs female NPDR (NoDR value > NPDR value).

¥ Statistically significant difference between male NoDR vs male NPDR (NPDR value > NoDR value).

€ Statistically significant difference between female NoDR vs female NPDR (NPDR value > NoDR value).

Fig. 1. Optical Coherence Tomography (OCT) B-scan, corresponding OCT-Angiography images of the macula and Ultra-Wide Field Color Fundus Photography (UWF-
CFP) of female patient with NoDR. A) OCT B-scan; B) UWF-CFP; C) Superficial capillary plexus with highlighted Foveal Avascular Zone; D) Intermediate Capillary
Plexus; E) Deep Capillary Plexus.
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4. Discussion

Recent studies using OCT-A have reported on macular microvascular
alterations and morphological changes of FAZ in DM patients with or
without DR, 2° however, there is a lack of quantitative data describing
whether females exhibit differences as compared with their male
counterparts which limits our understanding on early gender-related
changes in DM and DR.

This study confirmed the impairment of microvascular metrics
within different retinal plexuses and the alterations of FAZ character-
istics in DCP layer in presence of mild-to moderate NPDR compared to
NoDR. A similar trend was observed in male and female patients (Fig. 1).

In our present study, the overall analysis revealed greater FAZ met-
rics within SCP and DCP among females compared to males in eyes
affected by NPDR.

Multiple studies have investigated the correlation between vascular
changes on OCT-A and DR severity regardless the gender, finding similar
results. In particular, OCT-A studies have shown that the size of the FAZ
tends to enlarge with increasing severity of DR,'®?’ aligning with
findings from studies using FA conducted decades earlier.”° It has also
been documented that vessel and perfusion densities decrease in the
different retinal layers®' 2% and the pattern of vessels in DCP is altered
with increasing DR severity.25

The observed decrease in VD and increase in FAZ area as DR severity
progresses can be attributed to capillary loss and reduced blood flow
within existing vessels.” Overall, these changes on OCT-A could serve as
useful biomarkers for assessing the severity of DR. Our data showed that
all density metrics at the level of ICP and DCP were affected in the
presence of signs of DR with no gender differences. Interestingly, the
same significant results were found in TIDM sub-analysis and not so
expressed in T2DM patients. This result could also suggest the evalua-
tion of OCTA parameters in TIDM as useful biomarkers for diabetic
retinal microvascular changes.

The present study documented that in both females and males, DCP
GPD% was significantly higher in eyes with mild-to-moderate NPDR
than in eyes with NoDR. GPD is an OCT-A metric recently proposed by
Chen et al.? that is related to the underlying physiology of oxygen
diffusion and ischemia and is computed using microvascular geometry.
The authors showed that for all en-face projections, DR eyes had
significantly higher GPD percentages than normal eyes and significantly
lower vessel density percentages in all but DCP projection.”” Also, a
strong negative correlation between the GPD and vessel density per-
centages was reported. Therefore, they suggested that GPD based on
oxygen diffusion could be used to quantitatively identify focal perfusion
deficits occurring during DR progression, serving as a useful OCT-A
biomarker for detecting and monitoring DR. In line with this study,
we documented and reported a similar trend, at the DCP level, but in the
subgroup analysis of T2DM patients aged between 67 and 76 years old
(Table 4s, supplemental materials), we also found higher value of GPD%
at the ICP in NoDR male compared with NPDR male patients and in male
vs female comparison; we did not find the same results in the female
T2DM population (67-76 years old). Furthermore, the meaning of this
interesting finding strengthens the already known reduction of vascular
density metrics (VLD, PD, VD and FD) found in NPDR compared with
NoDR at the level of DCP and ICP, regardless of the gender.

While vascular changes with DR progression using OCT-A have
become more common in the medical literature, gender-related in-
fluences on these quantitative data remain unclear given the lack of
comparison. So far, to our knowledge, this study is the first to analyze
gender-related changes in macular microvasculature and FAZ parame-
ters across initial stages of DR.

Investigating gender-related differences in patients with mild-to-
moderate NPDR using OCT-A, the key observations were that multiple
FAZ metrics in different retinal plexuses were significantly increased in
female compared to male patients. More specifically, our results showed
that significant differences occurred more often within the SCP and DCP
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parameters of the FAZ in females. We found that females with mild-to-
moderate NPDR exhibited a greater increase in SCP CI, and a greater
FAZ area and perimeter in DCP. In addition, among T2DM patients aged
between 67 and 76 years old, females with mild-to-moderate NPDR
exhibited a greater FAZ area in ICP and DCP and perimeter in ICP than
females with NoDR.

These findings could suggest that ICP may be affected more pro-
foundly by sex-based differences in T2DM patients, suggesting that
variations related to gender could lead to notable differences in how this
microvascular network is affected by DM. Yet, the existing literature is
still limited on this topic, highlighting the need for further research to
better understand the extent and implications of these findings.

It is interesting to consider the open question of whether these
changes could be induced by sex-related hormonal variations, where
insulin, estrogen or other substances may have either an adverse or
protective role.”®?* However, inflammatory protein biomarker con-
centrations have been shown to be higher in males with DM’ and for
males with DM and without DR, neuroretinal function appears to be
comparatively more abnormal than in females.®! Furthermore, in the
present study a significant association between the presence of cardi-
opathy in males with TIDM was found in comparison with females.
Other possible explanations for these disparities could be in relation to
behavioral, cultural and economic differences, different treatments for
DM, or associated comorbidities between sexes. Future studies may
clarify the role of these factors on the foveal microvascular gender-
related disparities we found.

Notably, OCT-A findings from the present study have documented
only a few statistically significant differences for comparisons of FAZ
metrics or microvascular density and morphology between males and
females with NoDR.

Several authors have reported that the increase in FAZ size is more
significant in the later stages of retinopathy when compared to mild or
no retinopathy. This may be attributed to the interindividual variability
in the size of the FAZ among no DR patients and healthy individu-
als.'”?* In the general population, FAZ has been shown to be larger in
females than in males®” however other studies have failed to find
consistent differences related to gender in macular vasculature, in terms
of vascular density or FAZ area.'?*

The major limits of the study include the retrospective nature of the
study limited the data to those found in the charts and routinely
assessed. Second, as we excluded patients with known confounding
ocular factors such as refractive errors than >2 diopters, diabetic mac-
ular edema, uncontrolled hypertension, glaucoma, age-related macular
degeneration, and other vitreoretinal diseases, our findings may not be
generalizable to individuals with these comorbidities.

Third, although the larger FAZ areas could be related to an earlier
and more advanced perifoveal capillary dropout in females once the DR
is present, individual differences in baseline FAZ size need to be
considered. These differences can affect the extent to which changes in
FAZ are indicative of disease progression. Future studies should account
for this variability and adjust the analysis for baseline FAZ size when
comparing individuals or groups.

Overall, although the findings from the present study suggested that
patient gender was not associated with retinal microvasculature modi-
fication differences in patients with DM with no DR using OCT-A im-
aging, we demonstrated a greater impact of macular structural changes
in female compared with male patients in the early stages of DR. This
suggests that there could be a significant difference in the way retinal
microvasculature changes in DR affects males and females, contributing
to the mounting body of evidence on sex- and gender-based epidemio-
logical variations in diabetes.>%® 12

This could have crucial implications in clinical practice, highlighting
the need for further research to explore the possibility of establishing
separate threshold cutoffs based on gender to better categorize observed
retinal vascular changes in the future.

The variety of metrics that could be applied to en-face OCT-A images,
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together with the high-resolution and non-invasiveness support OCT-A
as a well-suited modality for better studying gender-related vascular
alterations in the pathophysiology of DR.

In conclusion, our results support the role of a noninvasive evalua-
tion of the retinal microvasculature of DM patients by means of OCTA
particularly in the early phases of the disease to detect the presence of
early signs of DR and to modify the glycometabolic control accordingly.
Specifically, we were able to highlight the differences in OCTA metrics
between males and females showing a greater impairment of the peri-
foveal microvasculature in females in NPDR eyes.

The detection of this kind of gender difference is becoming more
important as we are going toward a precision medicine approach and
more precisely a gender-specific medicine to better clarify different
disease progression, different responses to treatment and personalized
follow-up.

Prospective investigations on microvascular DR could potentially
derive an advantage from incorporating considerations of gender-
associated differences, since they may act as confounding factors. To
gain a better understanding of the pathophysiology that underlies sex
and gender-based microvascular alterations in the retina of diabetic
patients, further studies are needed to elucidate the contributions of
specific environment and genetic factors and the link with retinal im-
aging biomarkers.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jdiacomp.2024.108852.
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ANOVA Analysis of one-way variance

BCVA  best corrected visual acuity

cC choriocapillaris

CI circularity index

CFP color fundus photography

CMT central macular thickness

DCP deep capillary plexus

DM diabetes mellitus

DR diabetic retinopathy

ETDRS Early Treatment Diabetic Retinopathy Study
FA fluorescein angiography

FAZ foveal avascular zone

FD fractal dimension

FV Flow voids

GPD geometric perfusion deficits

ICP intermediate capillary plexus

Kw Kruskal-Wallis

NoDR  without diabetic retinopathy

NPDR  non-proliferative diabetic retinopathy

OCT Optical Coherence Tomography
OCT-A  Optical Coherence Tomography Angiography
PCD perfused capillary density

PD perfusion density

RET full retinal slab

SCP superficial capillary plexus
TIDM  type 1 diabetes mellitus

T2DM  type 2 diabetes mellitus

UWF-CFP ultra-widefield color fundus photography
VD vessel density

VLD vessel length density
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