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Abstract
Background

Gestational diabetes mellitus (GDM) is associated with microvascular complications that may manifest
even in the absence of clinical retinopathy. Optical coherence tomography angiography (OCTA) enables
non-invasive assessment of retinal microvascular structure; however, the relationship between retinal
vascular density and clinical-metabolic parameters in GDM remains insufficiently characterized. This
study aimed to evaluate the independent predictors of retinal vascular density changes in pregnant
women with GDM using OCTA.

Methods

This prospective study included 44 pregnant women diagnosed with GDM between 24 and 28
gestational weeks via a 75-gram oral glucose tolerance test at Bagaksehir Cam and Sakura City Hospital.
Macular microvascular parameters were assessed using swept-source OCTA (Topcon DRI OCT Triton) at
30-34 gestational weeks, concurrently with HbA1c measurement. Glycemic control status was
determined by adherence to home blood glucose monitoring (fasting < 95 mg/dL, 1-hour postprandial <
140 mg/dL; 280% compliance defined as controlled). Physical activity and dietary adherence were also
recorded. Hierarchical linear regression analysis with 1000-iteration bootstrap resampling was
performed to identify independent predictors of superficial and deep foveal and parafoveal vascular
density.

Results

Mean age was 33.1 + 5.0 years, and median BMI was 30.63 [5.86] kg/m2. Twenty-nine patients (65.9%)
were glycemically controlled. Controlled patients demonstrated significantly higher vascular density
across all retinal regions compared to uncontrolled patients (superficial foveal VD: 20.41 vs. 15.84%, p =
0.001; deep foveal VD: 15.66 vs. 13.11%, p = 0.006; superficial parafoveal VD: 44.64 vs. 41.44%, p = 0.001;
deep parafoveal VD: 45.54 vs. 43.44%, p = 0.001). Hierarchical regression revealed that the addition of
glycemic control, physical activity, and dietary adherence significantly improved the model's explanatory
power (AR? = 0.342, p =0.001). Glycemic control was an independent predictor across all retinal regions.
Physical activity emerged as the strongest independent predictor in the deep foveal capillary plexus (B =
0.452,95% Cl: 1.534-5.896, p = 0.001); whereas dietary adherence showed no independent effect in any
region.

Conclusion
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Retinal microvascular density in GDM is independently associated with glycemic control and physical
activity, with the deep capillary plexus demonstrating the greatest metabolic sensitivity. These findings
suggest that OCTA may serve as a valuable tool for detecting subclinical microvascular changes in GDM,
and that lifestyle factors — particularly physical activity — play a role beyond glycemic regulation alone.

Introduction

Gestational diabetes mellitus represents glucose intolerance that arises or is first diagnosed during
pregnancy, constituting a prevalent health concern with substantial short- and long-term impacts on both
mother and offspring [1]. Characterized by progressive insulin resistance and pancreatic beta-cell
dysfunction, GDM is increasingly recognized as a clinically significant risk factor for early-onset
microvascular injury [2].

Retinopathy is seen as among the earliest and most clinically relevant complications resulting from
diabetes mellitus in terms of microvascular diseases. OCTA allows the imaging of microvasculature
structure in the retina with very high resolution. It has become an important tool to detect preclinical
changes in the vascular system before retinopathy|[3].

Despite growing clinical interest, studies evaluating retinal microvascular changes specifically in GDM
remain scarce, and the relationship between OCTA-derived parameters and key metabolic determinants
of the condition has yet to be adequately characterized. Glycemic control, dietary adherence, physical
activity compliance, and HbA1c levels constitute the primary monitoring parameters in the clinical
follow-up of GDM [4]. However, whether these variables independently influence retinal microvascular
density has not been established.

The present study, therefore, aimed to evaluate the independent predictors of retinal vascular density
changes in pregnant women with GDM, using OCTA-based quantification of both the superficial and
deep capillary plexuses.

Methods
Ethics Approval and Study Design

This prospective study was conducted at Basaksehir Cam and Sakura City Hospital. The study protocol
was approved by the institutional ethics committee (Ethics Committee No. 275-2025) and conducted in
accordance with the principles of the Declaration of Helsinki. Written informed consent was obtained
from all participants before enroliment.

Participant Selection and Exclusion Criteria

Pregnant women who attended the internal medicine outpatient clinic on at least two occasions at two-
week intervals and who performed regular home blood glucose monitoring for a minimum of five days —
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including fasting and one-hour postprandial measurements — were eligible for inclusion. To ensure the
reliability of the study and the accuracy of OCTA measurements, patients meeting any of the following
criteria were excluded:

» Systemic hypertension or albuminuria [5],

e Cataract or other ocular media opacities capable of reducing image quality or interfering with OCTA
acquisition [6],

e Anemia is defined as a hemoglobin level below 10 g/dL, as it can confound retinal oxygenation and
vascular density measurements [7].

» A confirmed diagnosis of diabetes mellitus before pregnancy [5].

GDM Diagnosis and Clinical Follow-up

The diagnosis of GDM was established by a 75-gram oral glucose tolerance test administered between
24 and 28 weeks of gestation [1]. Following diagnosis, all patients received dietary counseling in
accordance with the medical nutrition therapy protocols recommended by Cheong et al. [8]. Adherence
to the prescribed food groups and meal pattern was assessed at each outpatient visit, and patients were
classified as adherent or non-adherent accordingly.

With respect to physical activity, short postprandial walks of 10-15 minutes following main meals were
recommended to all patients, primarily to attenuate postprandial glucose excursions. Patients who
completed at least 10—15 minutes of postprandial walking on a minimum of five days per week were
classified as physically active [9]. Glycemic control was assessed based on home blood glucose
monitoring data. Target thresholds were defined as a fasting glucose level below 95 mg/dL and a one-
hour postprandial glucose level below 140 mg/dL [4,10]. Patients who met these targets on more than
80% of recorded measurements were classified as having controlled glycemia [10,11].

Laboratory and Ophthalmic Measurements

HbA1c measurements, reflecting each patient's metabolic control status, and OCTA imaging to assess
retinal microvascular structure were performed between 30 and 34 weeks of gestation concurrently.
Macular microvascular parameters were evaluated using a swept-source optical coherence tomography
angiography device (Topcon DRI OCT Triton; Topcon Corporation, Tokyo, Japan). A fovea-centered 3 x 3
mm scanning protocol was applied in all participants. The analysis included only images with a signal
strength index=7 and free of motion or segmentation artifacts.

Segmentation of the superficial capillary plexus was performed using the device's automated
segmentation software, whereas boundaries for the deep capillary plexus were defined manually by the
investigators. To assess the reliability of deep capillary plexus segmentation, two investigators
independently re-analyzed 15 randomly selected images; interobserver agreement was found to be good
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(ICC = 0.81)[12]. Deep capillary plexus boundaries were delineated within a depth range of 70-150 pm
from the retinal surface, using the internal limiting membrane as the reference plane.

Vascular density values for both the superficial and deep capillary plexuses were calculated within the
foveal and parafoveal regions as defined by the Early Treatment Diabetic Retinopathy Study grid [13].

Statistical Analysis

Statistical analyses were performed using SPSS (version 26.0; IBM Corp., Armonk, NY, USA). Sample size
was determined a priori using G*Power software (version 3.1.9.7). Power analysis indicated that a
minimum sample of 43 participants was required to detect a large effect size (f2 = 0.35) in a multiple
linear regression model with five predictors, at a significance level of a = 0.05 and a power of 1 -3 =
0.80. The enrollment of 44 patients exceeded this threshold, confirming adequate statistical power for
the planned analyses.

Normality of continuous variables was assessed using the Shapiro-Wilk test, along with visual inspection
of histograms and Q-Q plots. Normally distributed variables are presented as mean + standard deviation
(Mean + SD), while non-normally distributed variables are reported as median and interquartile range
(Median [IQRY]). Categorical variables are expressed as frequencies and percentages (n, %).

Between-group comparisons of continuous variables were performed using the Mann-Whitney U test,
given the non-normal distribution of the data. To identify independent predictors of retinal vascular
density in patients with GDM and to determine the contribution of metabolic parameters beyond
demographic covariates, hierarchical linear regression analysis was conducted using the enter method.
Multicollinearity was assessed by inspecting variance inflation factor (VIF) values, with all values
remaining below the accepted threshold of 10 [5,14]. To evaluate the internal validity and stability of the
regression coefficients, 1000-iteration bootstrap resampling was applied, and bias-corrected and
accelerated (BCa) 95% confidence intervals were computed. Statistical significance was set at p < 0.05
throughout.

Results

Of the 55 pregnant women enrolled in the study, 11 were excluded due to unsatisfactory OCTA images or
lack of home blood glucose control; thus, 44 pregnant women with GDM were included in the analysis.
Since it was not expected to be possible to exclude the effects of inter-eye correlation, a random
selection of one eye from each woman was made.

The average age in the sample studied was 33.1 *+ 5.0 years, and the median BMI was 30.63 [5.86]
kg/m?2. The median HbA1c level in pregnant women was 5.5% [0.67]. 37 patients (84.1%) used insulin,
whereas other patients did not use any medications. Using home blood glucose monitoring, 29 (65.9%)
patients had adequate glycometabolic control, whereas 15 (34.1%) were uncontrolled. Regarding
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lifestyle adherence, 36 patients (81.8%) adhered to dietary recommendations, but only 13 patients
(29.5%) had sufficient physical activity.

Regarding OCTA findings, the mean superficial foveal vascular density was 19.3 + 4.6%, and the mean
deep foveal vascular density was 15.1 + 3.8%. The mean superficial parafoveal vascular density was
43.6 £+ 1.9%, and the mean deep parafoveal vascular density was 44.6 + 2.2%.

Statistically significant differences were observed between glycemically controlled and uncontrolled
GDM groups across all retinal vascular density parameters, including superficial foveal, deep foveal,
superficial parafoveal, and deep parafoveal vascular density (Table 1).

Table 1: Baseline characteristics and OCTA metrics according to glycemic control status in patients with
gestational diabetes

Variables Controlled Group (n=29) Uncontrolled Group (n=15) p-
Median [IQR] Median [IQR] value
Age (years) 34 [6] 311[9] 0.243
BMI (ka/m) 32.18 [6.80] 30.17 [5.29] 0.366
HbA1c (%) 5.4[0.3] 6.1[1.0] 0.001
OCTA Parameters
(So/u)perﬁcial Foveal VD 20.41 [5.93] 15.84 [4.16] 0.001
Superficial Parafoveal 44.64 [2.38] 41.4412.70] 0.001
VD (%)
Deep Foveal VD (%) 15.66 [5.29] 13.11[5.74] 0.006
g/e)ep Parafoveal VD 4554 [2.16] 43.44 [3.48] 0.001

BMI: Body Mass Index; GDM: Gestational Diabetes Mellitus; HbA1c: Glycated Hemoglobin; IQR: Interquartile
Range; OCTA: Optical Coherence Tomography Angiography; VD: Vascular Density. Data are presented as
median [IQR]. Group comparisons were performed using the Mann—Whitney U test. Statistically significant
p-values (p < 0.05) are shown in bold.

Comparison of retinal vascular density parameters according to insulin treatment status revealed no
statistically significant differences between groups. Superficial foveal, superficial parafoveal, deep
foveal, and deep parafoveal vascular density values were similar between patients receiving insulin
therapy and those not receiving insulin (p = 0.343, p = 0.228, p = 1.000, and p = 0.053, respectively).

Patients adherent to the specialized diet demonstrated significantly higher superficial foveal vascular
density (p = 0.014) and deep parafoveal vascular density (p = 0.045) compared to non-adherent patients,
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while differences in deep foveal (p = 0.055) and superficial parafoveal vascular density (p = 0.092) did
not reach statistical significance (Figure 1).

Physically active patients exhibited significantly higher vascular density in the superficial foveal (p =
0.014), superficial parafoveal (p = 0.002), and deep parafoveal (p = 0.038) regions compared to inactive
patients, whereas the difference in deep foveal vascular density did not reach statistical significance (p =
0.055) (Figure 2).

Analysis of Predictors of Retinal Vascular Density

Hierarchical linear regression was used to assess factors contributing to changes in the
microvasculature of the retina through a two-step process based on the enter approach. At the first step,
the covariates included were the age of mothers and their BMIs. Neither of the covariates had any
significant effect on vessel density. Also, the model predicted just 3% of the variance (p = 0.536).

At the next stage, when added to the existing model, the variables of glycemic control status, physical
activity, and dieting significantly improved the explanatory value of the model (AR? = 0.342, p < 0.001).

The results obtained from layer-specific analysis showed that each layer displayed unique predictive
models. For instance, the regression model formulated for the deep foveal capillary plexus was found to
have the best predictive performance, which was evidenced by an R-squared value of 0.438. This layer
was found to be the most metabolically responsive, while physical activity was shown to be the most
influential predictor variable (8 = 0.452; 95% CI: 1.534-5.896, p = 0.001).

Conversely, glycemia became the critical factor in the determination of capillary density in the superficial
parafoveal capillary network (p = 0.001) with no significant independent impact of exercise in this
particular retinal area. Adherence to diet was not a significant predictor of vascular density in any of the
four retinal areas considered, implying that the effect of dietary compliance on microvascular structure
in the retina occurs indirectly via glycemic control (Table 2).

Table 2. Comprehensive summary of independent predictors of retinal vascular density across capillary
layers in patients with gestational diabetes mellitus.

Region Layer Glycemic Control Physical Activity  Diet Intervention 3  Model
B (p) B (p) (p) R2

Fovea Superficial  0.461 (0.003) 0.307 (0.033) 0.030 (0.842) 0.372

Deep 0.437 (0.003) 0.452 (0.001) 0.055 (0.697) 0.438

Parafovea Superficial 0.534 (0.001) 0.212(0.131) 0.039 (0.792) 0.384

Deep 0.418 (0.008) 0.284 (0.056) 0.021 (0.894) 0.322
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B: standardized regression coefficient; R coefficient of determination; VD: Vascular Density. All models
were adjusted for maternal age and body mass index in the first step of hierarchical regression analysis.
Bootstrap resampling (1000 iterations) was applied to assess model stability; bias-corrected and
accelerated (BCa) 95% confidence intervals for glycemic control and physical activity excluded zero across
all significant models. Statistically significant p-values (p < 0.05) are shown in bold.

There was no presence of multicollinearity in the regression model, as the variance inflation factor for
each variable remained less than 1.350. Bootstrapping indicated that the results of the study are reliable,
as physical activity and glycemic control were statistically significant with their 95% confidence interval
not including zero.

As a further measure to test the reliability of the model, a sensitivity analysis was performed wherein age
and body mass index were left out of the regression model. The model continued to be statistically
significant and demonstrated almost similar explanatory power (R2 = 0.348, adjusted R2 = 0.300, p <
0.001).

Discussion

This study investigated the association between the microvascular architecture of the retina and
metabolic status/clinical features in women with GDM by OCTA, indicating that glycemic regulation
plays an important role in influencing regional variations in retinal microvascular density. Taken together,
our observations indicate that GDM can lead to microvascular changes even in the early stages, which
may be more than a simple metabolic disorder.

The patients with good glycemic control had significantly increased vascular density in both superficial
and deep capillary plexuses, highlighting the susceptibility of retinal microvascular architecture to the
effects of metabolism. Our results coincide with previous studies using optical coherence tomography
angiography demonstrating a decreased vascular density and microvascular perfusion in women with
GDM [5,14,15], Therefore, we can conclude that even short-term exposure of retinal vessels to
hyperglycemia due to GDM exerts its detrimental effect on retinal microcirculation. In addition, our
results are in accordance with the literature data on subclinical changes of microvasculature visualized
by OCTA before the clinical diagnosis of diabetes [16].

The influence of glycemic control on retinal microvascular structure may be attributed to hyperglycemia-
induced endothelial dysfunction, increased oxidative stress, and impaired capillary perfusion[17]. These
mechanisms, well-established in the pathogenesis of diabetic retinopathy, are thought to be activated at
an early stage even in shorter-duration metabolic disturbances such as GDM. The reduction in retinal
vascular density has been proposed to correlate with disease progression, and OCTA has been
suggested as a potential early biomarker for monitoring microvascular deterioration [18,19]. In this
context, the present study provides further support for the notion that microvascular changes in GDM are
detectable at an early stage, preceding the onset of clinically evident retinopathy.
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Even though there was a significant prevalence rate of the usage of insulin among the participants of the
research, no statistical relationship could be established between the two. This indicates that the
changes observed in the retinal microvessels have nothing to do with the method of treatment chosen
but rather with metabolic conditions. [14].

One interesting outcome of the study is the conclusion about physical activity being an independent
determinant of vessel density of the deep foveal capillary plexus. This is because physical activity not
only affects metabolism but seems to have direct effects on microvasculature health. Physical activity
has been associated with improvements in endothelial functions, increase in nitric oxide bioavailability,
and increased microvascular perfusion [20]. The restriction of this relationship to the deep capillary
plexus follows suit since the deep capillary plexus is more metabolically sensitive than the superficial
capillary plexus. Thus, the importance of physical activity in the management of GDM becomes more
important than previously thought, as physical activity does not only help in controlling GDM but also in
maintaining microvasculature integrity. Additionally, the consistent results of the study following the
sensitivity analysis conducted without taking age and BMI into consideration confirm that the main
outcomes are reliable and valid.

In the absence of an independent association between dietary adherence and retinal vascular density, it
can be concluded that diet-induced effects operate through glycaemic regulation, not microvasculature.
This conclusion is supported by strong scientific evidence regarding the relationship between diet and
glycaemia in patients suffering from GDM [10]. In terms of clinical significance, it may be concluded that
the impact of diet on retinal microvascularity is indirect, and glycaemic control serves as the main
mediator.

Differential sensitivity between retinal layers is yet another clinically significant finding of the current
study. Increased sensitivity of the deep capillary plexus to disturbances in metabolism can be explained
by its increased rate of oxygen utilization and reduced ability for autoregulation compared with the
superficial plexus [21,22]. This finding corroborates the extensive literature data on the role of the deep
capillary plexus as the location of early pathological lesions in patients with diabetic retinopathy [23]. In
this regard, OCTA examination of each retinal layer is a highly clinically relevant finding in identifying
early microvascular damage preceding retinopath

Among the important clinical aspects of the current study, it should be noted that the changes in
microvasculature in GDM patients occur not only because of glycemic status but may also depend on
various lifestyles [24,25]. Given the non-invasive nature of OCTA, it can serve as a convenient method to
investigate the emergence of microvascular changes in this type of patients. It will also allow for further
research into the connection between GDM and cardiometabolic risks in the future.

Limitations of the current study need to be considered. To begin with, the relatively small sample size as
well as the single center design of this study might limit the generalizability of the results obtained. Next,
the measurement of capillary blood glucose levels, although feasible in the outpatient population, is
known to have certain limitations when it comes to the identification of all forms of fluctuations in
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glycemia during pregnancy. Continuous glucose monitoring devices would provide a more detailed
description of glycaemic load experienced. In addition, physical activity data were derived solely from
patient self-report, introducing the potential for recall bias and social desirability bias. Lastly, the cross-
sectional nature of the study limits its ability to draw causality relationships between the identified risk
factors and microvascular retinal density changes.

Conclusion

The present investigation shows that the retinal microvascular density of pregnant women with GDM is
independently related to both glycemic regulation and physical exercise, with deep capillary plexus
density being particularly sensitive to changes in metabolism. The regional and layer-specific
association suggests the ability of OCTA to serve as an effective, non-invasive diagnostic tool for early
detection of microvascular changes in GDM patients prior to clinical signs of retinopathy. Independent
impact of physical exercise on deep foveal capillary density implies that lifestyle has a direct influence
on microvasculature beyond that caused by glycemic regulation. Large prospective investigations are
needed to confirm this effect and to determine whether lifestyle improvement will lead to beneficial
changes in retinal microvasculature in this cohort of patients.

Declarations

Competing interests
The authors declare that they have no competing interests.

Al-Assisted Writing Disclosure

During the preparation of this manuscript, the authors used an artificial intelligence-based language tool
(Claude, Anthropic) to assist with English language editing, phrasing, and academic writing style. All
scientific content, data interpretation, and conclusions were generated solely by the authors. The authors
take full responsibility for the integrity and accuracy of the published work.

Funding

The authors declare that no funds, grants, or other support were received during the preparation of this
manuscript.

Consent to publish
Not applicable.
Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki, and approved by the
institutional ethics committee of Basaksehir Cam and Sakura City Hospital (Ethics Committee No. 275-

Page 10/15



2025). Written informed consent was obtained from all participants before enroliment.
Author contributions

A.D.K. C.G., and M.O.T. contributed to the conception and design of the study. A.D.K.,, S.E., and K.D. were
responsible for data collection and patient follow-up. C.G. and H.O. performed the statistical analyses
and contributed to data interpretation. M.0.T. and S.A.O. conducted the literature review. A.D.K. and C.G.
drafted the manuscript. All authors critically revised the manuscript, provided intellectual input, and
approved the final version.

Data availability

The datasets generated and/or analysed during the current study are not publicly available due to patient
privacy and ethical restrictions but are available from the corresponding author on reasonable request.

References

1. Buchanan TA, Xiang AH, Page KA. Gestational diabetes mellitus: risks and management during and
after pregnancy. Nature Reviews Endocrinology 2012;8:639.
https://doi.org/10.1038/nrendo.2012.96 .

2. Saravanan P, Magee LA, Banerjee A, Coleman MA, Dadelszen P von, Denison FC, et al. Gestational
diabetes: opportunities for improving maternal and child health. The Lancet Diabetes &
Endocrinology 2020;8:793. https://doi.org/10.1016/s2213-8587(20)30161-3 .

3. Carlo TE de, Romano A, Waheed NK, Duker JS. A review of optical coherence tomography
angiography (OCTA). International Journal of Retina and Vitreous 2015;1.
https://doi.org/10.1186/s40942-015-0005-8 .

4. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. 15. Management of
Diabetes in Pregnancy:Standards of Care in Diabetes—2023. Diabetes Care 2022;46.
https://doi.org/10.2337/dc23-s015 .

5. Liu G, Wang F. Macular vascular changes in pregnant women with gestational diabetes mellitus by
optical coherence tomography angiography. BMC Ophthalmology 2021;21.
https://doi.org/10.1186/s12886-021-01927-1 .

6. Zhang Y, Qin Y, Wang S, Liu Y, Li X, Sun X. Higher choroidal thickness and lower choriocapillaris
blood flow signal density based on optical coherence tomography angiography in diabetics.
Scientific Reports 2021;11. https://doi.org/10.1038/s41598-021-85065-0 .

7. Guduru A, Martz TG, Waters A, Kshirsagar AV, Garg S. Oxygen Saturation of Retinal Vessels in All
Stages of Diabetic Retinopathy and Correlation to Ultra-Wide Field Fluorescein Angiography.
Investigative Ophthalmology & Visual Science 2016;57:5278. https://doi.org/10.1167/iovs.16-20190

Page 11/15



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Cheong L, Law LS, Tan LYL, Amal AA, Khoo CM, Eng PC. Medical Nutrition Therapy for Women with

Gestational Diabetes: Current Practice and Future Perspectives. Nutrients 2025;17:1210.
https://doi.org/10.3390/nu17071210 .

. Ehrlich SF, Maples JM, Barroso CS, Brown KC, Bassett DR, Zite NB, et al. Using a consumer-based

wearable activity tracker for physical activity goal setting and measuring steps in pregnant women
with gestational diabetes mellitus: exploring acceptance and validity. BMC Pregnancy and Childbirth
2021;21. https://doi.org/10.1186/s12884-021-03900-8 .

Gadgil M, Ehrlich SF, Zhu Y, Brown SD, Hedderson MM, Crites Y, et al. Dietary Quality and Glycemic
Control Among Women with Gestational Diabetes Mellitus. Journal of Women s Health 2018;28:178.
https://doi.org/10.1089/jwh.2017.6788 .

Chehab RF, Ferrara A, Greenberg M, Ngo AL, Feng J, Zhu Y. Glycemic Control Trajectories and Risk of
Perinatal Complications Among Individuals With Gestational Diabetes. JAMA Network Open 2022;5.
https://doi.org/10.1001/jamanetworkopen.2022.33955 .

Coscas F, Sellam A, Glacet—-Bernard A, Jung C, Goudot M, Miere A, et al. Normative Data for
Vascular Density in Superficial and Deep Capillary Plexuses of Healthy Adults Assessed by Optical
Coherence Tomography Angiography. Investigative Ophthalmology & Visual Science 2016;57.
https://doi.org/10.1167/iovs.15-18793 .

Photocoagulation for diabetic macular edema. Early Treatment Diabetic Retinopathy Study report
number 1. Early Treatment Diabetic Retinopathy Study research group. PubMed 1985;103:1796.

Ciftci MD, Afrashi F, Degirmenci C, Saritas DG, Akercan F. Evaluation of macular microvascular
changes in gestational diabetes mellitus. Photodiagnosis and Photodynamic Therapy 2025.
https://doi.org/10.1016/j.pdpdt.2025.104770 .

Pota CE, Dogan ME, Blilbil GA, Sanhal CY, Pota A. Optical Coherence Tomography Angiography
Evaluation of Retinochoroidal Microvascular Circulation Differences in Pregnant Women with
Pregestational and Gestational Diabetes Mellitus. Experimental and Clinical Endocrinology &
Diabetes 2024;132:522. https://doi.org/10.1055/a-2316-3903 .

Alibhai AY, Moult EM, Shahzad R, Rebhun CB, Neto CAM, McGowan M, et al. Quantifying
Microvascular Changes Using OCT Angiography in Diabetic Eyes without Clinical Evidence of
Retinopathy. Ophthalmology Retina 2017;2:418. https://doi.org/10.1016/j.oret.2017.09.011 .

Gui F, You Z, Fu S, Wu H, Zhang Y. Endothelial Dysfunction in Diabetic Retinopathy. Frontiers in
Endocrinology 2020;11:591. https://doi.org/10.3389/fendo.2020.00591 .

Kakihara S, Zhuang K, Abdelsalam M, Yamaguchi TC, Fawzi AA. The Importance of Matching Optical
Coherence Tomography Angiography Metrics to Diabetic Retinopathy Severity for Detecting
Progression. Investigative Ophthalmology & Visual Science 2025;66:49.
https://doi.org/10.1167/iovs.66.11.49 .

Marques |, Alves D, Santos T, Mendes L, Lobo C, Santos AR, et al. Characterization of Disease
Progression in the Initial Stages of Retinopathy in Type 2 Diabetes: A 2-Year Longitudinal Study.
Investigative Ophthalmology & Visual Science 2020;61:20. https://doi.org/10.1167/iovs.61.3.20 .

Page 12/15



20. Qiu S, Cai X, Yin H, Sun Z, Ziigel M, Steinacker JM, et al. Exercise training and endothelial function in
patients with type 2 diabetes: a meta-analysis. Cardiovascular Diabetology 2018;17.
https://doi.org/10.1186/s12933-018-0711-2 .

21. Yu D, Mehnert A, Balaratnasingam C, Yu PK, Hein M, An D, et al. An assessment of microvascular
hemodynamics in human macula. Scientific Reports 2023;13. https://doi.org/10.1038/s41598-023-
33490-8 .

22. Kwan CC, Lee HE, Schwartz GW, Fawzi AA. Acute Hyperglycemia Reverses Neurovascular Coupling
During Dark to Light Adaptation in Healthy Subjects on Optical Coherence Tomography Angiography.
Investigative Ophthalmology & Visual Science 2020;61:38. https://doi.org/10.1167/iovs.61.4.38 .

23. Kaizu Y, Nakao S, Arima M, Wada |, Yamaguchi M, Sekiryu H, et al. Capillary dropout is dominant in
deep capillary plexus in early diabetic retinopathy in optical coherence tomography angiography.
Acta Ophthalmologica 2019;97. https://doi.org/10.1111/a0s.14041 .

24. Choi W, Waheed NK, Moult EM, Adhi M, Lee B, Carlo TE de, et al. ULTRAHIGH SPEED SWEPT SOURCE
OPTICAL COHERENCE TOMOGRAPHY ANGIOGRAPHY OF RETINAL AND CHORIOCAPILLARIS
ALTERATIONS IN DIABETIC PATIENTS WITH AND WITHOUT RETINOPATHY. Retina 2016;37:11.
https://doi.org/10.1097/iae.0000000000001250 .

25. Yang J, Zhang B, Wang E, Xia S, Chen Y. Ultra-wide field swept-source optical coherence tomography
angiography in patients with diabetes without clinically detectable retinopathy. BMC Ophthalmology
2021;21. https://doi.org/10.1186/s12886-021-01933-3 .

Figures

Page 13/15



A p=0.014 000 B p=0.055

20.00 ‘
10.007 10.00— |

.00

30.00-]

20.00— ]

Deep Foveal VD (%)

Superficial Foveal VD (%)

00

No 'diel SPECIEIIIZEG diet
Dietary intervention Dietary intervention

T T
No diet Specialized dist

55.00 C p=0 092 55.00- D p=0.045

| | | |

50.00 50.004

45.00— 45.00 I

40.00- 40.00-

Deep Parafoveal VD (%)

Superficial Parafoveal VD (%)

35.00

35.00°

T T T T
No diet Specialized diet No diet Specialized diet
Dietary intervention Dietary intervention

Figure 1

Comparison of retinal vascular density according to dietary intervention status in patients with
gestational diabetes mellitus. Box plots illustrating the distribution of (A) superficial foveal vascular
density, (B) deep foveal vascular density, (C) superficial parafoveal vascular density, and (D) deep
parafoveal vascular density between patients with no dietary adherence and those following a
specialized diet. Boxes represent the interquartile range (IQR); horizontal lines within boxes indicate the
median; whiskers extend to the minimum and maximum values within 1.5 x IQR; open circles denote
outliers. Group comparisons were performed using the Mann—Whitney U test. VD: Vascular Density.
Statistically significant differences (p < 0.05) are indicated in bold italic.
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Figure 2

Comparison of retinal vascular density according to physical activity level in patients with gestational
diabetes mellitus. Box plots illustrating the distribution of (A) superficial foveal vascular density, (B)
deep foveal vascular density, (C) superficial parafoveal vascular density, and (D) deep parafoveal
vascular density between physically inactive and active patients. Physical activity was defined as a
minimum of 10—15 minutes of postprandial walking at least five days per week. Boxes represent the
interquartile range (IQR); horizontal lines within boxes indicate the median; whiskers extend to the
minimum and maximum values within 1.5 x IQR. Group comparisons were performed using the Mann—
Whitney U test. VD: Vascular Density. Statistically significant differences (p < 0.05) are indicated in bold
italic.
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