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Abstract
● AIM: To evaluate alterations in conjunctival vascular 
density (CVD) and macular capillary density (MCD) in 
female patients with type 2 diabetes mellitus (T2DM) and 
gestational diabetes mellitus (GDM) using optical coherence 
tomography angiography (OCTA).
● METHODS: A total of 60 female participants were 
recruited, comprising 20 patients with T2DM, 20 patients 
with GDM, and 20 healthy age-matched controls (HCs). 

OCTA was used to assess superficial and deep retinal and 
conjunctival capillary plexuses. Subsequently, changes in 
MCD were analyzed using a circular segmentation method 
(C1-C6), a hemispheric quadrant segmentation method 
[superior right (SR), superior left (SL), inferior left (IL), 
and inferior right (IR)], and the early treatment diabetic 
retinopathy study (ETDRS) segmentation method (S, I, R, L).  
● RESULTS: OCTA unequivocally demonstrated that the 
variations in CVD among HCs, T2DM, and GDM groups 
were statistically significant (P<0.001). In the superficial 
retinal capillary plexus (sRCP), significant differences were 
observed in the densities of total microvascular (TMI), 
microvasculature (MIR), and macrovascular (MAR) between 
patients with T2DM and HCs (P<0.05). Furthermore, the 
GDM group exhibited a more substantial reduction in MIR 
density compared to the T2DM group (P<0.01). In the deep 
retinal capillary plexus (dRCP), significant differences in the 
densities of TMI and MIR were identified between the T2DM 
group and HCs (P<0.05), with a notable difference in TMI 
density also observed between the GDM and T2DM groups 
(P<0.01). In the receiver operating characteristic (ROC) 
curve analysis, the area under the ROC curve (AUC) for TMI 
in sRCP between the T2DM group and HCs was 0.975, with 
a 95% confidence interval (CI) of 0.941–1. The AUC for 
MIR was highest in dRCP, with an AUC value of 0.914 and a 
95%CI ranging from 0.847 to 0.981. In comparing the GDM 
and T2DM groups, the AUC for I region was maximized in 
sRCP, achieving a value of 0.978 with a 95%CI of 0.953–1. 
Additionally, the AUC for R region was maximized in dRCP, 
reaching a value of 0.99 with a 95%CI of 0.975 to 1.
● CONCLUSION: The sRCP and dRCP densities show 
higher diagnostic sensitivity for T2DM and GDM. OCTA holds 
potential as a significant instrument for the early diagnosis 
and differentiation of T2DM and GDM.
● KEYWORDS: diabetes; optical coherence tomography 
angiography; superficial retinal capillary plexus; deep retinal 
capillary plexus; retinal region segmentation method
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INTRODUCTION

D iabetes mellitus encompasses a spectrum of metabolic 
disorders marked by hyperglycemia, which arises 

predominantly from inadequate insulin secretion, defective 
insulin action, or a combination thereof[1]. Prolonged 
hyperglycemia may result in chronic damage and dysfunction 
across various systemic organs[2]. Clinically, diabetes is 
typically categorized into four primary types: type 1 diabetes 
mellitus, type 2 diabetes mellitus (T2DM), gestational diabetes 
mellitus (GDM), and other specific forms of diabetes[1]. Type 1 
Diabetes Mellitus and other specific forms of diabetes are 
relatively less common in adult female[3-4].
T2DM is predominantly observed in adults and represents the 
most common form of diabetes, comprising 90%-95% of all 
diabetes cases[5]. The prevalence of T2DM is intricately linked 
to factors such as urbanization, an aging population, dietary 
changes, sedentary lifestyles, and the obesity epidemic[5]. 
The global incidence of T2DM is escalating, with a marked 
increase particularly evident in low- and middle-income 
countries[5]. Recent years have witnessed a significant rise in 
the prevalence of T2DM across various regions, including 
Asia, the Middle East, and North Africa[5].
GDM can manifest during pregnancy, with its incidence 
varying among different populations and generally affecting 
approximately 14% of all pregnancies[6]. The potential risk 
factors for GDM include obesity, advanced maternal age, a 
history of gestational diabetes, polycystic ovary syndrome, and 
a familial genetic predisposition to diabetes[7]. The prevalence 
of GDM is notably higher in Asia and the Middle East, which 
can be attributed in part to the elevated rates of pre-pregnancy 
and pregnancy-related obesity in these regions[8].
Clinical methods for blood glucose testing primarily include 
fasting plasma glucose (FPG) tests, oral glucose tolerance test 
(OGTT), glycated hemoglobin A1c (HbA1c) measurements, 
and random plasma glucose tests[9]. In these tests, OGTT offers 
a dynamic assessment of the body’s response to a glucose 
load, uncovering insulin resistance and impairments in glucose 
metabolism, making it particularly suitable for detecting 
early impaired glucose tolerance and GDM[10]. Additionally, 
HbA1c reflects the average blood glucose levels over the past 
2-3mo, providing stable information on glucose control, and 
is appropriate for the diagnosis and monitoring of T2DM[10]. 
Optical coherence tomography angiography (OCTA) is an 
advanced, non-invasive imaging modality that  acquires 

blood flow data by tracking the motion of red blood cells[11-12]. 
Compared to optical coherence tomography, fluorescein fundus 
angiography, and indocyanine green angiography, OCTA 
offers a safer, more precise, and faster approach for delineating 
the vascular structures and internal blood flow dynamics at 
multiple layers of the choroid and retina[13-14]. Additionally, 
OCTA enables targeted quantitative analysis of the blood flow 
signals[15]. Regular OCTA assessments can effectively evaluate 
the effects of various diseases on retinal microcirculation, 
facilitating early detection and long-term management of these 
conditions[16-18].
Both T2DM and GDM can significantly affect ocular vessels, 
predominantly presenting as diabetic retinopathy (DR)[19-20]. 
DR is a prevalent microvascular complication in diabetic 
patients, which, if not addressed promptly, may result in 
vision impairment or blindness. OCTA is capable of detecting 
reductions in vascular density and regions of capillary non-
perfusion prior to the onset of clinical symptoms of DR[21]. 
Research indicates that even in T2DM patients without clinical 
manifestations of retinopathy, there may be a reduction 
in retinal microvascular blood flow density[22]. For GDM, 
OCTA serves as a valuable tool for monitoring the effects 
of blood glucose fluctuations on retinal microcirculation 
during pregnancy. Even in the absence of overt retinopathy in 
GDM patients, OCTA is capable of detecting subtle vascular 
alterations[23]. This capability is instrumental in elucidating the 
potential long-term impacts of GDM on retinal health.
Currently, a substantial body of OCTA research focuses on 
changes in retinal vascular density in T2DM, whereas studies 
examining retinal vascular density alterations in GDM are 
comparatively scarce. Furthermore, limited research has 
addressed the variations in retinal vascular density between 
GDM and T2DM. Consequently, this study seeks to employ 
OCTA to assess macular capillary density (MCD) and 
conjunctival capillary density in female patients with T2DM 
and GDM. The objective is to determine whether significant 
differences in vascular density exist between these two 
cohorts and to compare these findings with those of healthy 
adult women. Through the application of OCTA for the non-
invasive, quantitative evaluation of conjunctival and retinal 
capillary density in female individuals with T2DM and GDM, 
this study explores its effectiveness for early detection of 
alterations in conjunctival and retinal circulation among these 
patients.
PARTICIPANTS AND METHODS
Ethical Approval  This study rigorously complies with the 
ethical standards delineated in the Declaration of Helsinki and 
has obtained formal approval from the Ethics Committee of 
the First Affiliated Hospital of Nanchang University (approval 
number: 2021039). Prior to their participation, all participants 
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were comprehensively informed about the study’s objectives, 
methodologies, and potential risks, and written informed 
consent was obtained from each participant.
Participants  This cross-sectional study, conducted in 2023 
at the Ophthalmology Clinic of the First Affiliated Hospital 
of Nanchang University, included female participants from a 
uniform age cohort. All Participants were recruited from both 
the Endocrinology Clinic and the Clinical Research Center 
for Eye Diseases. Every patient diagnosed for the first time. 
Participants in healthy age-matched controls (HCs) group were 
in good health, and their ocular health was evaluated through 
clinical examinations and OCTA imaging by ophthalmologists 
at the medical center to ensure the absence of abnormalities. 
All examinations were independently conducted by the same 
physician.
Inclusion and Exclusion Criteria  The inclusion criteria were 
as follows: 1) females aged 18 years or older; 2) T2DM: FPG 
≥7.0 mmol/L (126 mg/dL), 2-h plasma glucose ≥11.1 mmol/L
(200 mg/dL) during an OGTT, HbA1c ≥6.5% (48 mmol/L), or 
a random plasma glucose ≥11.1 mmol/L (200 mg/dL); GDM: 
75 g OGTT [fasting ≥5.1 mmol/L (92 mg/dL)], 1-h plasma 
glucose ≥10.0 mmol/L (180 mg/dL), 2-h plasma glucose 
≥8.5 mmol/L (153 mg/dL)[9]; 3) no prior administration of 
medications such as interferon or other drugs that could affect 
ocular health; 4) all participants were right-handed.
Additionally, the exclusion criteria were defined as follows: 
1) individuals who smoke; 2) individuals undergoing long-
term treatment for depression or anxiety; 3) individuals with 
systemic diseases other than T2DM and GDM; 4) individuals 
with a history of pupil dilation or intolerance to local anesthetic 
treatment within the past six months; 5) individuals with ocular 
diseases; 6) individuals with a history of ophthalmic surgery; 
7) individuals with refractive errors.
As illustrated in Figure 1, the study initially screened 238 
female participants and subsequently recruited a total of 60 
female participants, categorized into three groups: 20 healthy 
adult women, 20 women with T2DM, and 20 women with GDM.
Clinical and Ophthalmological Examinations  The 
comprehensive examination protocol incorporated a 
multifaceted assessment, which included the scoring of the 
Hospital Anxiety and Depression Scale (HADS), measurement 
of blood pressure (systolic blood pressure, SBP; diastolic blood 
pressure, DBP), evaluation of visual acuity (VA), measurement 
of intraocular pressure (IOP), and an extensive assessment of 
dry eye symptoms (tear break-up time, tBUT; tear meniscus 
height, TMH; Schirmer’s test, SIT).
For the fundus retinal OCTA examinations, all participants 
underwent scanning conducted by a single examiner 
utilizing the Angio OCT Optovue RTVue Avanti XR system, 
manufactured by Optovue Inc., USA. All parameter settings 

are consistent with those of Shi et al[18] and Wu et al[24]. And 
ultimately obtained 3×3 mm OCTA images. In the acquired 
OCTA images, we performed a comprehensive analysis of 
the densities of the macrovascular (MAR), microvasculature 
(MIR), and total microvascular (TMI) within both the 
superficial and deep retinal layers (Figures 2A, 3A). OCTA 
images were subsequently processed and examined using 
three distinct segmentation methods: the central circular 
segmentation method, the hemispheric quadrant segmentation 
method, and the early treatment diabetic retinopathy study 
(ETDRS) segmentation method (Figures 2B, 3B). Among 
them, the central circular segmentation method can delineate 
the changes in vascular density from the macular center to the 
periphery; the hemispheric quadrant segmentation method aids 
in identifying regional differences and asymmetries in vascular 
density; the ETDRS segmentation method is a standardized 
approach that provides a comprehensive assessment of vascular 
density in both the central and peripheral regions. Meanwhile, 
OCTA images of the right eye from all participants were 
directly analyzed for vascular density (Figure 2). In contrast, 
OCTA images of the left eye required a mirror reversal prior to 
data analysis (Figure 3).
During the acquisition of conjunctival microvascular images, 
the parameters were configured in accordance with previously 
established protocols. Participants were instructed to maintain 
a natural seated posture, with their forehead and chin securely 
positioned against the respective rests. They were directed 
to gaze nasally, refrain from blinking, and keep their eyes 
stationary. The examiner then adjusted the position of the lens 
adapter and the instrument's focus to achieve a clear image. All 
scans were conducted at the same time in the afternoon for all 
subjects to mitigate potential diurnal variations.

Figure 1 Participant recruitment flowchart.
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Statistical Analysis  In this study, data processing and 
visualization were performed using SPSS version 26.0 (IBM 
Corporation, Armonk, NY, USA) and GraphPad Prism version 
8.0.2 (GraphPad Software, La Jolla, CA, USA). The results are 
expressed as mean±standard deviation. Comparative analyses 
among the GDM, T2DM, and HC groups were conducted 
using one-way analysis of variance (ANOVA), the Kruskal-
Wallis H-test, and the Kruskal-Wallis one-way analysis of 
variance by ranks. Statistical significance was defined as a 
P-value of less than 0.05. Furthermore, a receiver operating 
characteristic (ROC) analysis was conducted on the OCTA 
parameters across the three groups to calculate the area under 
the ROC curve (AUC) and to identify the critical thresholds 
for each parameter.
RESULTS
General Information  The study included a total of 20 female 
patients with T2DM (40 eyes), 20 with GDM (40 eyes), and 
20 HCs (40 eyes). No statistically significant differences were 
observed in age and DBP among the three groups (Table 1). 
As illustrated in Table 2 and Figure 4A, in comparison to 
the HCs and T2DM group, SBP was significantly reduced in 
GDM group. Additionally, the HADS score was significantly 
elevated in the T2DM group compared to the HCs, while a 

higher HADS score observed in GDM group compared to the 
T2DM group (Table 2, Figure 4B).
Moreover, the subjects in the T2DM and GDM group 
exhibited significant dry eye symptoms, characterized by 
accelerated tBUT, decreased TMH, and reduced SIT values 
(Table 2, Figure 4E–4G). Actually, no statistically significant 
differences were observed between the T2DM and HCs groups 
in terms of VA and IOP (Table 2, Figure 4C and 4D). However, 
in comparison to the T2DM group, the GDM group exhibited 
significantly lower VA and IOP values (Table 2, Figure 4C, 4D).
Comparison of Macular Superficial Retinal Capillary 
Density Among the Three Groups  The comparison of 
vascular density in the macular superficial retinal capillary 
plexus (sRCP) among the three groups of subjects is presented 
in Tables 3 and 4. When comparing superficial retinal capillary 
density (SRCD) in the sRCP, it was observed that the densities 
of the STMI, SMIR, and SMAR in the T2DM group were 
significantly lower than those in the HCs group (Table 4, 
Figures 5A and 6A). Additionally, the SMIR density in the 
GDM group was significantly lower than that in the T2DM 
group (Table 4, Figures 5A and 6A). 
In this study, no statistically significant differences were 
observed in the SRCD among the three groups within the C5 

Figure 2 OCTA images 3×3 mm2 of the macular retina in the right eye and schematic diagrams of the three segmentation methods  A: OCTA 

images 3×3 mm2 of the macular retina in the right eye; B: Schematic diagrams of the three segmentation methods. sRCP: Superficial retinal 

capillary plexus; dRCP: Deep retinal capillary plexus; RE: Right eye; TMI: Total microvascular; MAR: Macrovascular; MIR: Microvasculature; ETDRS: 

Early treatment diabetic retinopathy study; S: Superior; I: Inferior; L: Left; R: Right; SR: Superior right; SL: Superior left; IL: Inferior left; IR: Inferior right.

Figure 3 OCTA images 3×3 mm2 of the macular retina in the left eye and schematic diagrams of the three segmentation methods  A: OCTA 

images 3×3 mm2 of the macular retina in the left eye; B: Schematic diagrams of the three segmentation methods. sRCP: Superficial retinal 

capillary plexus; dRCP: Deep retinal capillary plexus; LE: Left eye; TMI: Total microvascular; MAR: Macrovascular; MIR: Microvasculature; ETDRS: 

Early treatment diabetic retinopathy study; S: Superior; I: Inferior; L: Left; R: Right; SR: Superior right; SL: Superior left; IL: Inferior left; IR: Inferior right.

Retinal capillary density in T2DM and gestational diabetes
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and C6 regions (Table 3). These regions come from the central 
circular segmentation method, which partitioned the circular 
region, with a diameter ranging from 0.6 to 2.5 mm, into six 
concentric rings with a bandwidth of 0.16 mm, designated as 
C1–C6, after excluding the avascular zone with a diameter 
of 0.6 mm in the fovea. In the central circular segmentation 
method, the SRCD in the T2DM group was significantly lower 
than that in the HCs group in the C1, C2, and C3 regions 
(Table 4, Figures 5B and 6D). Additionally, the SRCD in the 
GDM group was significantly lower than that in the T2DM 
group in the C3 and C4 regions (Table 4, Figures 5B and 6D).
In our study, the hemispheric quadrant segmentation method 
partitioned the image into four quadrants—superior right 
(SR), superior left (SL), inferior left (IL), and inferior right 
(IR)—using horizontal and vertical lines. Upon conducting a 

Table 1 Demographic and clinical characteristics of the three study 

groups
Parameters HCs T2DM GDM P
Age (y) 28.6±2.66 28.6±2.62 28.4±3.07 0.966a

SBP (mm Hg) 127.5±13.25 128.45±6.48 120.2±2.67 <0.001b

DBP (mm Hg) 82.5±5.81 81.6±9.58 76.15±9.17 0.078b

HADS 2.6±1.14 6.6±1.1 9.1±1.94 <0.001b

VA 0.8±0.21 0.71±0.21 0.57±0.15 <0.001b

IOP (mm Hg) 15.44±1.61 15.66±1.27 14.82±1.73 0.013b

tBUT (s) 11.68±3.62 4.97±1 5±0.93 <0.001b

TMH (mm) 0.48±0.2 0.16±0.05 0.16±0.05 <0.001b

SIT (mm) 12.95±1.26 3.25±1.21 3.2±0.72 <0.001b

aOne-way analysis of variance; bKruskal-Wallis H-test. HCs: Healthy 

controls; T2DM: Type 2 diabetes mellitus; GDM: Gestational diabetes 

mellitus; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; 

HADS: Hospital anxiety and depression scale; VA: Visual acuity; IOP: 

Intraocular pressure; tBUT: Tear break-up time; TMH: Tear meniscus 

height; SIT: Schirmer’s test.

Table 3 Comparison of macular superficial retinal capillary density 

among the three groups 

Parameters HCs T2DM GDM P

STMI 1.87±0.02 1.73±0.08 1.7±0.05 <0.001

SMIR 1.78±0.02 1.7±0.06 1.61±0.11 <0.001

SMAR 1.12±0.03 1.09±0.04 1.07±0.08 <0.001

SR 1.68±0.02 1.61±0.05 1.55±0.08 <0.001

SL 1.68±0.02 1.67±0.07 1.6±0.06 <0.001

IL 1.69±0.02 1.57±0.05 1.53±0.06 <0.001

IR 1.65±0.04 1.6±0.05 1.49±0.05 <0.001

S 1.68±0.01 1.66±0.05 1.57±0.05 <0.001

I 1.67±0.02 1.63±0.04 1.48±0.05 <0.001

R 1.73±0.03 1.63±0.06 1.59±0.06 <0.001

L 1.67±0.03 1.65±0.06 1.61±0.07 <0.001

C1 1.53±0.05 1.44±0.03 1.41±0.26 <0.001

C2 1.57±0.03 1.51±0.06 1.47±0.23 <0.001

C3 1.53±0.03 1.5±0.05 1.32±0.21 <0.001

C4 1.51±0.03 1.5±0.03 1.42±0.14 <0.001

C5 1.5±0.04 1.49±0.04 1.47±0.13 0.776

C6 1.52±0.04 1.5±0.06 1.5±0.15 0.108

Kruskal-Wallis H-test. HCs: Healthy controls; T2DM: Type 2 diabetes 

mellitus; GDM: Gestational diabetes mellitus; STMI: Superficial total 

microvascular; SMIR: Superficial microvasculature; SMAR: Superficial 

macrovascular; SR: Superior right; SL: Superior left; IL: Inferior left; IR: 

Inferior right; S: Superior; I: Inferior; R: Right; L: Left.

Table 4 Multiple comparisons of parameters with statistically 

significant differences among the three groups in Table 3

Parameters
HCs-T2DM HCs-GDM T2DM-GDM

P Pa P Pa P Pa

STMI <0.001 <0.001 <0.001 <0.001 0.067 0.202

SMIR <0.001 <0.001 <0.001 <0.001 <0.001 0.001

SMAR 0.003 0.008 <0.001 <0.001 0.033 0.098

SR <0.001 <0.001 <0.001 <0.001 0.003 0.009

SL 0.204 0.611 <0.001 <0.001 <0.001 <0.001

IL <0.001 <0.001 <0.001 <0.001 0.063 0.189

IR 0.001 0.002 <0.001 <0.001 <0.001 <0.001

S 0.011 0.032 <0.001 <0.001 <0.001 <0.001

I 0.001 0.003 <0.001 <0.001 <0.001 <0.001

R <0.001 <0.001 <0.001 <0.001 0.026 0.079

L <0.001 0.001 <0.001 <0.001 0.667 1

C1 <0.001 <0.001 0.001 0.003 0.224 0.671

C2 <0.001 <0.001 <0.001 <0.001 0.956 1

C3 0.01 0.03 <0.001 <0.001 0.001 0.002

C4 0.122 0.366 <0.001 <0.001 0.006 0.018

Kruskal-Wallis one-way analysis of variance by ranks. aP-values 

have been adjusted for multiple comparisons using the Bonferroni 

correction method. HCs: Healthy controls; T2DM: Type 2 diabetes 

mellitus; GDM: Gestational diabetes mellitus; STMI: Superficial total 

microvascular; SMIR: Superficial microvasculature; SMAR: Superficial 

macrovascular; SR: Superior right; SL: Superior left; IL: Inferior left; IR: 

Inferior right; S: Superior; I: Inferior; R: Right; L: Left.

Table 2 Multiple comparisons of parameters with statistically 

significant differences between the three groups in Table 1

Parameters
HCs-T2DM HCs-GDM T2DM-GDM

P Pa P Pa P Pa

SBP (mm Hg) 0.164 0.493 0.001 0.003 <0.001 <0.001

HADS <0.001 <0.001 <0.001 <0.001 0.014 0.043

VA 0.033 0.099 <0.001 <0.001 0.005 0.016

IOP (mm Hg) 0.529 1 0.029 0.088 0.005 0.015

tBUT (s) <0.001 <0.001 <0.001 <0.001 0.975 1

TMH (mm) <0.001 <0.001 <0.001 <0.001 0.73 1

SIT (mm) <0.001 <0.001 <0.001 <0.001 0.519 1

Kruskal-Wallis one-way analysis of variance by ranks. aP-values 

have been adjusted for multiple comparisons using the Bonferroni 

correction method. HCs: Healthy controls; T2DM: Type 2 diabetes 

mellitus; GDM: Gestational diabetes mellitus; SBP: Systolic blood 

pressure; DBP: Diastolic blood pressure; HADS: Hospital anxiety and 

depression scale; VA: Visual acuity; IOP: Intraocular pressure; tBUT: 

Tear break-up time; TMH: Tear meniscus height; SIT: Schirmer’s test.
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comprehensive analysis employing the hemispheric quadrant 
segmentation method, it was observed that the SRCD in the 
SR, IR, and IL regions of the T2DM cohort was markedly 
reduced in comparison to the HCs (Table 4, Figures 5B 

and 6B). Additionally, the SRCD in the GDM group was 
significantly lower than that in the T2DM group in the SR, SL, 
and IR regions (Table 4, Figures 5B and 6B).
In this research, the ETDRS segmentation method divided the 

Figure 4 Heat maps of the parameters with statistically significant differences among the three groups in Table 2  A: Heat map for multiple 

comparisons of SBP among the three groups; B: Heat map for multiple comparisons of HADS scores among the three groups; C: Heat map for 

multiple comparisons of VA among the three groups; D: Heat map for multiple comparisons of IOP among the three groups; E: Heat map for 

multiple comparisons of tBUT among the three groups; F: Heat map for multiple comparisons of TMH among the three groups; G: Heat map 

for multiple comparisons of SIT among the three groups. HCs: Healthy controls; T2DM: Type 2 diabetes mellitus; GDM: Gestational diabetes 

mellitus; SBP: Systolic blood pressure; HADS: Hospital anxiety and depression scale; VA: Visual acuity; IOP: Intraocular pressure; tBUT: Tear 

break-up time; TMH: Tear meniscus height; SIT: Schirmer’s test; ns: Not significant. aP<0.05; bP<0.01; cP<0.001.

Figure 5 OCTA images 3×3 mm2 of the macular superficial retina and schematic diagrams of the three segmentation methods for the three 

groups of subjects  A: OCTA images of the macular retinal sRCP, STMI, SMAR, and SMIR in the HCs, T2DM, and GDM groups; B: Schematic 

diagrams representing the shallow retinal capillary density using the three segmentation methods for the HCs, T2DM, and GDM groups. The 

colored areas in the T2DM group represent statistically significant differences compared to the HCs; the colored areas in the GDM group 

represent statistically significant differences compared to the T2DM; and the colored areas in the merged figure represent overlapping regions 

with statistically significant differences identified by the three segmentation methods. sRCP: Superficial retinal capillary plexus; STMI: Superficial 

total microvascular; SMAR: Superficial macrovascular; SMIR: Superficial microvasculature; HCs: Healthy controls; T2DM: Type 2 diabetes 

mellitus; GDM: Gestational diabetes mellitus; ETDRS: Early treatment diabetic retinopathy study; S: Superior; I: Inferior; L: Left; R: Right; SR: 

Superior right; SL: Superior left; IL: Inferior left; IR: Inferior right.

Retinal capillary density in T2DM and gestational diabetes
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image into four quadrants—superior (S), inferior (I), left (L), 
and right (R)—along two diagonals intersecting at 90 degrees. 
Employing the ETDRS segmentation method, we observed 
that, compared to the HCs, the SRCD in T2DM patients was 
significantly reduced in the S, I, R, and L regions (Table 4, 
Figures 5B and 6C). Furthermore, compared to the T2DM 
group, the SRCD in GDM patients was significantly reduced 
in the S and I regions (Table 4, Figures 5B and 6C). 
Comparison of Macular Deep Retinal Capillary Density 
Among the Three Groups  In patients with DR, the density 
of deep retinal capillaries typically decreases, which caused 
by an increase in microvascular occlusions and the expansion 
of non-perfused areas. In the macular deep retinal capillary 
plexus (dRCP) of this study, the vascular density comparisons 
among the three subject groups are presented in Tables 5 and 6. The 
study revealed no statistically significant differences in deep 
retinal capillary density (DRCD) among the three groups 
within the DMAR, SL, S, L, C5, and C6 regions. However, 
when examining the DRCD in other regions of the dRCP, 
the densities of DTMI and DMIR in the T2DM group were 
found to be significantly lower than those in the HCs group. 
Additionally, the DTMI density in the GDM group was 
significantly lower than that in the T2DM group (Table 6, 
Figures 7A and 8A).
Upon conducting a comprehensive analysis employing the 
hemispheric quadrant segmentation method, it was observed 
that the DRCD in the SR, IL, and IR regions of the T2DM 
cohort was markedly reduced in comparison to the HCs 
(Table 6, Figures 7B and 8B). 
Employing the ETDRS segmentation method, we observed 
that the DRCD in T2DM patients was significantly reduced in 
the I and R regions compared to HCs. Furthermore, the DRCD in 
GDM patients was significantly lower in the R region compared 
to T2DM patients (P<0.001; Table 6, Figures 7B and 8C).

In the central circular segmentation method, it was observed 
that the DRCD in the T2DM group was significantly lower 
than that in the HCs group in the C1, C2, and C3 regions. 
Additionally, the DRCD in the GDM group was significantly 
lower than that in the T2DM group in the C3 and C4 regions 
(Table 6, Figures 7B and 8D).
Comparison of Temporal Conjunctival Vascular Density 
Among the Three Groups  Changes in conjunctival vessels 
not only reflect the ocular status but may also indicate 
alterations in systemic microvascular function. The variation 

Table 5 Comparison of macular deep retinal capillary density among 

the three groups of subjects

Parameters HCs T2DM GDM P
DTMI 1.81±0.05 1.73±0.07 1.67±0.06 <0.001
DMIR 1.67±0.06 1.56±0.06 1.49±0.11 <0.001
DMAR 1±0.05 1±0.07 0.98±0.07 0.288
SR 1.64±0.05 1.56±0.04 1.48±0.11 <0.001
SL 1.61±0.05 1.59±0.06 1.58±0.09 0.261
IL 1.63±0.05 1.51±0.19 1.49±0.14 0.001
IR 1.6±0.09 1.53±0.09 1.52±0.22 0.008
S 1.61±0.05 1.59±0.05 1.54±0.13 0.074
I 1.62±0.08 1.51±0.12 1.48±0.13 <0.001
R 1.68±0.06 1.62±0.06 1.36±0.1 <0.001
L 1.59±0.07 1.59±0.09 1.62±0.09 0.069
C1 1.27±0.11 1.21±0.05 1.15±0.16 <0.001
C2 1.45±0.07 1.35±0.08 1.31±0.15 <0.001
C3 1.49±0.07 1.41±0.06 1.25±0.12 <0.001
C4 1.46±0.06 1.45±0.07 1.29±0.15 <0.001
C5 1.47±0.06 1.46±0.07 1.44±0.1 0.213
C6 1.48±0.06 1.47±0.06 1.45±0.15 0.138

Kruskal-Wallis H-test. HCs: Healthy controls; T2DM: Type 2 diabetes 

mellitus; GDM: Gestational diabetes mellitus; DTMI: Deep total 

microvascular; DMIR: Deep microvasculature; DMAR: Deep 

macrovascular; SR: Superior right; SL: Superior left; IL: Inferior left; IR: 

Inferior right; S: Superior; I: Inferior; R: Right; L: Left.

Figure 6 Bar charts of macular superficial retinal capillary density with statistically significant differences among the three groups of 

subjects  A: Bar charts of STMI, SMIR, and SMAR densities for the three groups of subjects; B: Bar charts of superficial retinal vascular density 

using the hemispheric quadrant segmentation method for the three groups of subjects; C: Bar charts of superficial retinal vascular density 

using the ETDRS segmentation method for the three groups of subjects; D: Bar charts of superficial retinal vascular density using the central 

circular segmentation method for the three groups of subjects. STMI: Superficial total microvascular; SMAR: Superficial macrovascular; 

SMIR: Superficial microvasculature; HCs: Healthy controls; T2DM: Type 2 diabetes mellitus; GDM: Gestational diabetes mellitus; ETDRS: Early 

treatment diabetic retinopathy study; S: Superior; I: Inferior; L: Left; R: Right; SR: Superior right; SL: Superior left; IL: Inferior left; IR: Inferior 

right; ns: Not significant. aP<0.05; bP<0.01; cP<0.001.
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in vascular density is correlated with the severity of diabetic 
retinopathy and can serve as a crucial marker for monitoring 
the progression of the disease. Consequently, we employed 
OCTA to measure the changes in temporal conjunctival 
vascular density (CVD) among the three groups of participants. 
In this study, temporal CVD demonstrated statistically 
significant differences among the HCs, T2DM, and GDM 
groups (Table 7). Following multiple comparisons, it was 
determined that the temporal CVD in the T2DM group was 
significantly lower than that in the HCs group. Additionally, 
the temporal CVD in the GDM group was significantly lower 

than that in the T2DM group (Table 8, Figure 9A). In the ROC 
curve analysis, the AUC for temporal CVD between T2DM 
and HCs was higher than that between GDM and T2DM 
(Figure 9B).
ROC Curve Analysis  The retinal capillary density, as 
assessed by OCTA, demonstrated high specificity and 
sensitivity in differentiating T2DM patients from HCs and 
GDM patients from T2DM patients (Figures 10 and 11). ROC 
curve analysis was conducted separately for the comparisons 
of T2DM versus HCs and GDM versus T2DM. The areas 
exhibiting significant differences in retinal capillary density 

Figure 7 Three-group subject macular deep retinal 3×3 mm2 OCTA images and schematic diagrams of the three segmentation methods  A: OCTA 

images of the macular retinal dRCP, DTMI, DMAR, and DMIR for the HCs, T2DM, and GDM groups; B: Schematic diagrams representing deep retinal 

capillary density using the three segmentation methods for the HCs, T2DM, and GDM groups. The colored areas in the T2DM group represent 

statistically significant differences compared to the HCs; the colored areas in the GDM group represent statistically significant differences compared 

to the T2DM; and the colored areas in the merged figure represent overlapping regions with statistically significant differences identified by the 

three segmentation methods. dRCP: Deep retinal capillary plexus; DTMI: Deep total microvascular; DMAR: Deep macrovascular; DMIR: Deep 

microvasculature; HCs: Healthy controls; T2DM: Type 2 diabetes mellitus; GDM: Gestational diabetes mellitus; ETDRS: Early treatment diabetic 

retinopathy study; S: Superior; I: Inferior; L: Left; R: Right; SR: Superior right; SL: Superior left; IL: Inferior left; IR: Inferior right.

Figure 8 Bar charts of macular deep retinal capillary density with statistically significant differences among the three groups of subjects  A: 

Bar charts of DTMI and DMIR densities for the three groups of subjects; B: Bar charts of deep retinal vascular density using the hemispheric 

quadrant segmentation method for the three groups of subjects; C: Bar charts of deep retinal vascular density using the ETDRS segmentation 

method for the three groups of subjects; D: Bar charts of deep retinal vascular density using the central circular segmentation method for 

the three groups of subjects. HCs: Healthy controls; T2DM: Type 2 diabetes mellitus; GDM: Gestational diabetes mellitus; DTMI: Deep total 

microvascular; DMIR: Deep microvasculature; I: Inferior; R: Right; SR: Superior right; IL: Inferior left; IR: Inferior right; ns: Not significant. aP<0.05; 
bP<0.01; cP<0.001.
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were subsequently plotted on the ROC curves. As illustrated 
in Figure 10, the vascular density in the superficial retina 
exhibited statistically significant differences between the 
T2DM group and the HCs group across the STMI, SMIR, 
SMAR, SR, IL, IR, S, I, R, L, C1, C2, C3, C4, and C6 regions, 
as determined by ROC curve analysis. In the deep retina, 
the T2DM group demonstrated significantly lower vascular 
density in the DTMI, DMIR, SR, IL, IR, I, R, C1, C2, and C3 
regions compared to the HCs group. Among these, the AUC 
for vascular density in the IL region and the STMI region 
between T2DM and HCs groups were the highest and the 
second highest, respectively. In the deep retina, the region with 
the largest AUC was the DMIR.

As depicted in Figure 11, in the superficial retina, the vascular 
density in the STMI, SMIR, SMAR, SR, SL, IL, IR, S, I, 
R, C3, and C4 regions of the GDM group showed statistical 
significance compared to the T2DM group in the ROC curve 
analysis. In the deep retina, the vascular density in the DTMI, 
DMIR, SR, R, L, C1, C3, and C4 regions of the GDM group 
was significantly lower than that in the T2DM group. Among 
the regions analyzed, the area with the highest AUC in the 
superficial retina when comparing the GDM and T2DM groups 
was region I. In the deep retina, the region with the highest 
AUC was region R.
DISCUSSION
OCTA demonstrates high sensitivity in the diagnosis of DR, 
making it a powerful tool for identifying early-stage retinal 
pathology[25]. In a prospective study, researchers used OCTA to 
screen diabetic patients[26]. OCTA detected early signs of retinal 
microvascular pathology, allowing for treatment initiation 
before significant visual impairment occurred. In another 
study, compared to ultra-widefield color fundus photography 
and ultra-widefield fluorescein angiography, OCTA exhibits 
greater efficacy in identifying retinal neovascularization and 
intraretinal microvascular abnormalities in patients with 
DR[27]. 
In this study, we employed OCTA to examine alterations 
in conjunctival and retinal capillary density among female 
patients diagnosed with T2DM and GDM. Relative to HCs, 
T2DM patients demonstrated a significant reduction in both 
conjunctival and retinal capillary density. Notably, GDM 
patients exhibited an even more pronounced decrease in 
conjunctival and MCD compared to T2DM patients, with the 
most substantial changes observed in the deep retinal region.
T2DM impacts more than 25% of individuals over the age 
of 50, with a notable prevalence among postmenopausal 

Figure 9 Heat maps and ROC curves of temporal CVD among the 

three groups of subjects  A: Heat maps of temporal CVD among the 

three groups of subjects; B: ROC curves of temporal CVD among the 

three groups of subjects. CVD: Conjunctival vascular density; HCs: 

Healthy controls; T2DM: Type 2 diabetes mellitus; GDM: Gestational 

diabetes mellitus; ROC: Receiver operating characteristic; AUC: Area 

under the ROC curve. aP<0.05; bP<0.01; cP<0.001.

Table 7 Comparison of temporal conjunctival vascular density 

among the three groups

Parameters HCs T2DM GDM P
Temporal conjunctival 
vascular density 1.61±0.05 1.57±0.04 1.53±0.07 <0.001

Kruskal-Wallis h-test. HCs: Healthy controls; T2DM: Type 2 diabetes 

mellitus; GDM: Gestational diabetes mellitus.

Table 8 Multiple comparisons of temporal conjunctival vascular 

density among the three groups 

Parameters
HCs-T2DM HCs-GDM T2DM-GDM

P Pa P Pa P Pa

Temporal conjunctival 
vascular density 0.002 0.006 <0.001 <0.001 0.01 0.029

Kruskal-Wallis one-way analysis of variance by ranks. aP-values 

have been adjusted for multiple comparisons using the Bonferroni 

correction method. HCs: Healthy controls; T2DM: Type 2 diabetes 

mellitus; GDM: Gestational diabetes mellitus.

Table 6 Multiple comparisons of parameters with statistically 

significant differences among the three groups in Table 5

Parameters
HCs-T2DM HCs-GDM T2DM-GDM

P Pa P Pa P Pa

DTMI <0.001 <0.001 <0.001 <0.001 0.002 0.005

DMIR <0.001 <0.001 <0.001 <0.001 0.059 0.177

SR <0.001 <0.001 <0.001 <0.001 0.003 0.008

IL 0.012 0.037 <0.001 0.001 0.314 0.943

IR 0.002 0.006 0.253 0.759 0.054 0.161

I <0.001 <0.001 <0.001 <0.001 0.501 1

R 0.007 0.021 <0.001 <0.001 <0.001 <0.001

C1 0.013 0.04 <0.001 <0.001 0.135 0.405

C2 <0.001 <0.001 <0.001 <0.001 0.773 1

C3 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

C4 0.569 1 <0.001 <0.001 <0.001 <0.001

Kruskal-Wallis one-way analysis of variance by ranks. aP-values 

have been adjusted for multiple comparisons using the Bonferroni 

correction method. HCs: Healthy controls; T2DM: Type 2 diabetes 

mellitus; GDM: Gestational diabetes mellitus; DTMI: Deep total 

microvascular; DMIR: Deep microvasculature; SR: Superior right; IL: 

Inferior left; IR: Inferior right; I: Inferior; R: Right.
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Figure 11 ROC curves of macular capillary density in the superficial and deep layers for the GDM versus T2DM groups  A: ROC curves for 

STMI, SMIR, and SMAR densities in the macular retina of the GDM versus T2DM groups; B: ROC curves for superficial retinal capillary density 

in the regions formed by the three segmentation methods for the GDM versus T2DM groups; C: ROC curves for DTMI, DMIR densities in 

the macular retina of the GDM versus T2DM groups; D: ROC curves for deep retinal capillary density in the regions formed by the three 

segmentation methods for the GDM versus T2DM groups. GDM: Gestational diabetes mellitus; T2DM: Type 2 diabetes mellitus; ROC: Receiver 

operating characteristic; AUC: Area under the ROC curve; STMI: Superficial total microvascular; SMAR: Superficial macrovascular; SMIR: 

Superficial microvasculature; DTMI: Deep total microvascular; DMIR: Deep microvasculature; SR: Superior right; SL: Superior left; IL: Inferior 

left; IR: Inferior right; S: Superior; I: Inferior; R: Right; L: Left.

Figure 10 ROC curves of macular capillary density in the superficial and deep layers for the T2DM versus HCs groups  A: ROC curves for STMI, 

SMIR, and SMAR densities in the macular retina of the T2DM versus HCs groups; B: ROC curves for superficial retinal capillary density in the 

regions formed by the three segmentation methods for the T2DM versus HCs groups; C: ROC curves for DTMI, DMIR, and DMAR densities in the 

macular retina of the T2DM versus HCs groups; D: ROC curves for deep retinal capillary density in the regions formed by the three segmentation 

methods for the T2DM versus HCs groups. HCs: Healthy controls; T2DM: Type 2 diabetes mellitus; ROC: Receiver operating characteristic; AUC: 

Area under the ROC curve; STMI: Superficial total microvascular; SMAR: Superficial macrovascular; SMIR: Superficial microvasculature; DTMI: 

Deep total microvascular; DMIR: Deep microvasculature; SR: Superior right; IL: Inferior left; IR: Inferior right; S: Superior; I: Inferior; R: Right; L: 

Left.

Retinal capillary density in T2DM and gestational diabetes
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women[28]. Nonetheless, recent lifestyle modifications, 
including unhealthy dietary habits, physical inactivity, and 
rising obesity rates, have led to a growing incidence of T2DM 
among younger women, including adolescents[29]. GDM 
is characterized by hyperglycemia first identified during 
pregnancy and predominantly occurs in women of reproductive 
age. Screening for GDM is typically performed between the 
24th and 28th weeks of gestation[30]. In this study, the mean age 
of female patients diagnosed with T2DM was 28.6y while the 
mean age of patients with GDM was 28.4y.
Mental health screening is crucial for patients with diabetes, 
primarily because psychological issues such as stress, 
depression, and anxiety can affect insulin sensitivity 
and treatment compliance, thereby increasing the risk of 
complications[31]. Early identification and intervention can 
enhance the quality of life and the effectiveness of disease 
management, as well as improve overall health management 
capabilities. Moreover, regular mental health assessments 
contribute to a comprehensive and effective management of 
diabetes. In this study, we employed the HADS scoring system 
to assess the levels of anxiety and depression in patients with 
T2DM and GDM. The research findings indicated that the 
HADS scores in the T2DM group were significantly higher 
compared to the HCs, suggesting potential psychological 
issues within this population. Additionally, the HADS scores in 
the GDM cohort were even higher than those observed in the 
T2DM group. This may be ascribed to a variety of pregnancy-
specific psychological and physiological factors. These include 
the inherent stress and anxiety associated with pregnancy, 
concerns regarding fetal health, the effects of hormonal 
fluctuations, and lifestyle modifications[32]. For patients 
with diabetes who have high HADS scores, comprehensive 
intervention measures include psychological intervention, 
pharmacological intervention, and lifestyle modification[33]. 
Psychological interventions mainly encompass counseling, 
cognitive-behavioral therapy, and stress management. 
Pharmacological treatment requires close monitoring of 
potential effects on blood glucose levels and pregnancy. 
Lifestyle interventions primarily involve healthy eating and 
regular physical exercise. Additionally, involvement of family 
members for patients are also crucial.
The results of this study demonstrate that there was no 
statistically significant difference in blood pressure levels 
between female patients with T2DM and HCs. Conversely, 
the SBP of patients with GDM was significantly lower 
compared to those with T2DM. The absence of a statistical 
difference in blood pressure between female T2DM patients 
and HCs may be attributable to factors such as age and disease 
duration. Specifically, the female T2DM subjects included in 
this study were younger individuals with a first diagnosis, and 

their disease had not yet advanced to a stage where it would 
impact blood pressure. Secondly, female patients generally 
exhibit superior cardiovascular health, healthier body mass 
index, and more favorable lifestyle habits compared to male 
patients, which may contribute to maintaining their blood 
pressure within the normal range[34]. The observed lower SBP 
in patients with GDM compared to those with T2DM may 
be attributable to hormonal influences. Specifically, during 
pregnancy, prostaglandin E2 produced by the placenta induces 
vasodilation, thereby reducing blood pressure[35].
Prolonged hyperglycemia can lead to DR, characterized by 
blurred vision, field defects, or the presence of dark shadows[36]. 
Severe retinopathy can result in the growth of abnormal 
blood vessels, which may increase intraocular pressure and 
impair vision[37]. In our study, the T2DM and GDM groups 
consisted of patients in the early stages of diagnosis without 
DR, hence there were no statistically significant differences 
in VA and IOP when compared to the HCs group.  However, 
our findings indicate that the VA and IOP in patients with 
GDM were significantly lower than those in T2DM patients. 
This discrepancy may be explained by physiological ocular 
changes during pregnancy[38]. For instance, increases in 
corneal thickness, corneal curvature, and lens curvature during 
pregnancy may lead to alterations in IOP and VA.
Dry eye syndrome is notably more frequent among individuals 
suffering from diabetes[39]. Hyperglycemia can result in reduced 
tear production and decreased tear quality[40]. Additionally, 
diabetic neuropathy may also affect corneal sensitivity, leading 
to ocular discomfort[41]. Our study corroborated the presence 
of the same degree of dry eye syndrome in female patients 
with T2DM and GDM, which causes patients to experience 
increased ocular discomfort and diminishes their quality of 
life. Thus, individuals with diabetes require regular ophthalmic 
examinations, which aid in the early detection and management 
of dry eye syndrome and other ocular complications in diabetic 
patients, thereby enhancing their quality of life.
Alterations in the ocular fundus vasculature in patients with 
T2DM and GDM predominantly manifest as DR, a diabetes-
induced condition that results in damage to the small retinal 
vessels[19]. OCTA is capable of detecting microvascular 
changes in the early stages of DR by quantifying retinal 
vascular density and the perfusion index, thereby facilitating 
the grading of DR[21]. A study using SS-OCTA reported that a 
reduction in the peripheral vascular density of the retinal sRCP 
was associated with the 2-year incidence of DR in patients 
with T2DM[42]. In another study, OCTA findings revealed 
that changes in the retinal capillaries of patients with T2DM 
precede the onset of DR[22]. In our study, OCTA findings 
revealed that the CVD was significantly reduced in the T2DM 
group compared to the HCs group. Furthermore, the GDM 
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group exhibited an even greater reduction in CVD compared 
to the T2DM group. Additionally, the vascular density in the 
superficial retina regions, specifically STMI, SMIR, SMAR, 
SR, IL, IR, S, I, R, L, C1, C2, and C3, was markedly lower 
in T2DM patients relative to the HCs group. In the GDM 
group, the vascular density in the regions of SMIR, SR, SL, 
IR, S, I, C3, and C4 was further diminished compared to the 
T2DM group. In the deep retina, the vascular density in the 
DTMI, DMIR, SR, IL, IR, I, R, C1, C2, and C3 regions of 
patients with T2DM was significantly lower compared to the 
HCs group. Furthermore, the vascular density in the DTMI, 
SR, R, C3, and C4 regions of the deep retina in patients with 
GDM was further reduced in comparison to the T2DM group. 
This reduction in vascular density is attributed to long-term 
hyperglycemia, which induces endothelial cell damage and 
results in microvascular lesions[43]. 
In an OCTA study comparing pregnant women with healthy 
controls, researchers observed a significant increase in retinal 
vessel density in the macular area of the pregnant group[44]. 
In another OCTA study, the expansion of the retinal central 
foveal non-perfusion area in postmenopausal women was 
reported, and it was indicated that this phenomenon may be 
related to the decrease in estrogen levels[45]. Additionally, 
studies have reported that patients with GDM exhibit higher 
lipid levels compared to healthy women[46]. Hyperlipidemia 
can result in retinal vascular narrowing, occlusion, and 
microcirculatory disturbances[47], thereby reducing vascular 
density and impacting visual acuity and ocular health. This 
might explain why the reduction in ocular vascular density 
was more pronounced in the GDM group compared to the 
T2DM group in our study. Although estrogen and progesterone 
levels are elevated in GDM patients, the adverse effects of 
hyperglycemia and hyperlipidemia may predominate in GDM. 
Additionally, we performed a ROC curve analysis to compare 
regions exhibiting statistically significant differences in 
macular superficial and deep retinal vascular density among 
the three subject groups. This analysis aimed to evaluate the 
sensitivity and specificity of these regions in differentiating 
T2DM from GDM. The findings revealed that, within the 
superficial retinal layer, the region with the highest AUC was 
the IL region when comparing the T2DM group to the HCs 
group, and the I region when comparing the GDM group to 
the T2DM group. The 95%CI for the retinal superficial IL 
area in the T2DM group and HCs group was 1-1, likely due to 
the relatively small sample size. Therefore, we assert that the 
second largest AUC region, STMI, exhibits superior sensitivity 
and specificity in distinguishing between T2DM and HCs. In 
terms of vascular density in the deep retinal layer, the MIR 
region demonstrated the highest AUC when comparing the 

T2DM group to the HC group, while the R region exhibited 
the highest AUC when comparing the GDM group to the 
T2DM group. The findings underscore the precision of OCTA 
in delineating the initial retinal microvascular alterations in 
patients with GDM and T2DM.
Certainly, our study has certain limitations. First, the sample 
size was relatively small, which may affect the precision of 
our results. Second, we did not further investigate the impact 
of blood glucose control levels in T2DM and GDM on 
conjunctival and retinal vascular density. Future studies should 
conduct additional time-series analyses to address this issue.
In conclusion, in female patients with T2DM, OCTA results 
demonstrated a significant reduction in CVD and MCD 
compared to HCs. ROC curve analysis indicated that the 
densities of retinal TMI and MIR exhibited higher diagnostic 
sensitivity for T2DM in the sRCP and dRCP, respectively. 
This implies that a reduction in TMI density within the sRCP 
and MIR density within the dRCP can be effectively utilized 
for the clinical diagnosis of T2DM. In patients with GDM, 
OCTA results revealed a further decline in CVD and MCD 
compared to those with T2DM. ROC curve analysis identified 
that the vascular densities in the retinal superficial I and deep R 
regions had higher specificity and sensitivity in differentiating 
GDM from T2DM. In clinical practice, early identification 
of GDM can aid in the development of a detailed postpartum 
follow-up plan, allowing for close monitoring of blood glucose 
and metabolic status, thereby reducing the risk of long-term 
complications. Moreover, early intervention can decrease the 
risk of retinal damage from hyperglycemia during pregnancy 
and the postpartum period.
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