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Abstract
BACKGROUND 
Retinal microcirculation alterations are early indicators of diabetic microvascular 
complications. Optical coherence tomography angiography (OCTA) is a nonin-
vasive method to assess these changes. This study analyzes changes in retinal 
microcirculation in prediabetic patients during short-term increases in blood 
glucose using OCTA.

AIM 
To investigate the changes in retinal microcirculation in prediabetic patients 
experiencing short-term increases in blood glucose levels using OCTA.
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METHODS 
Fifty volunteers were divided into three groups: Group 1 [impaired fasting glucose (IFG) or impaired glucose 
tolerance (IGT)], Group 2 (both IFG and IGT), and a control group. Retinal microcirculation parameters, including 
vessel density (VD), perfusion density (PD), and foveal avascular zone (FAZ) metrics, were measured using OCTA. 
Correlations between these parameters and blood glucose levels were analyzed in both the fasting and 
postprandial states.

RESULTS 
One hour after glucose intake, the central VD (P = 0.023), central PD (P = 0.026), and parafoveal PD (P < 0.001) were 
significantly greater in the control group than in the fasting group. In Group 1, parafoveal PD (P < 0.001) and FAZ 
circularity (P = 0.023) also increased one hour after glucose intake. However, no significant changes were observed 
in the retinal microcirculation parameters of Group 2 before or after glucose intake (P > 0.05). Compared with the 
control group, Group 1 had a larger FAZ area (P = 0.032) and perimeter (P = 0.018), whereas Group 2 had no 
significant differences in retinal microcirculation parameters compared with the control group (P > 0.05). 
Compared with Group 1, Group 2 had greater central VD (P = 0.013) and PD (P = 0.008) and a smaller FAZ area (P 
= 0.012) and perimeter (P = 0.010). One hour after glucose intake, Group 1 had a larger FAZ area (P = 0.044) and 
perimeter (P = 0.038) than did the control group, whereas Group 2 showed no significant differences in retinal 
microcirculation parameters compared with the control group (P > 0.05). Group 2 had greater central VD (P = 
0.042) and PD (P = 0.022) and a smaller FAZ area (P = 0.015) and perimeter (P = 0.016) than Group 1. At fasting, 
central PD was significantly positively correlated with blood glucose levels (P = 0.044), whereas no significant 
correlations were found between blood glucose levels and OCTA parameters one hour after glucose intake.

CONCLUSION 
A short-term increase in blood glucose has a more pronounced effect on retinal microcirculation in prediabetic 
patients with either IFG or IGT.

Key Words: Prediabetes; Blood glucose; Optical coherence tomography angiography; Retinal microcirculation; Central vessel 
density; Impaired fasting glucose; Impaired glucose tolerance

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Explore prediabetes-related retinal microcirculation changes with Optical coherence tomography angiography. 
Categorizing volunteers into Impaired fasting glucose (IFG), impaired glucose tolerance (IGT), and controls, our study 
reveals postprandial shifts in vessel density, perfusion density (PD), and foveal avascular zone (FAZ) metrics. Noteworthy 
findings include increased FAZ circularity in IFG/IGT, larger FAZ area/perimeter in IFG, and positive correlation of fasting 
PD with blood glucose. This novel analysis provides insights into the nuanced impact of short-term blood glucose elevation 
on retinal microcirculation in prediabetes. Clinicians and researchers, stay tuned for potential clinical implications!

Citation: Lv BJ, Zuo HJ, Li QF, Huang FF, Zhang T, Huang RX, Zheng SJ, Wan WJ, Hu K. Retinal microcirculation changes in 
prediabetic patients with short-term increased blood glucose using optical coherence tomography angiography. World J Radiol 2024; 
16(9): 407-417
URL: https://www.wjgnet.com/1949-8470/full/v16/i9/407.htm
DOI: https://dx.doi.org/10.4329/wjr.v16.i9.407

INTRODUCTION
Diabetes is a common chronic metabolic disease, and its incidence continues to rise with improvements in living 
standards and changes in eating habits[1,2]. The disease mainly manifests clinically as typical symptoms such as 
polydipsia, polyuria, polydipsia, and weight loss, which have a serious impact on health[3,4]. The main complications of 
diabetes include diabetic retinopathy (DR), nephropathy, and neuropathy[5]. Among these, DR involves pathological 
changes in the retinal microcirculation and is the leading cause of blindness in most developing countries[6]. During the 
transition from the high-risk stage to the diagnosis of diabetes, patients experience the prediabetes stage, which is charac-
terized by impaired fasting glucose (IFG) and impaired glucose tolerance (IGT), as determined through oral glucose 
tolerance tests (OGTTs). IFG is defined as a fasting blood glucose level greater than 5.6 mmol/L, with a blood glucose 
level of less than 7.8 mmol/L two hours after the administration of an oral glucose solution; the other is IGT, which is 
defined as a level of blood glucose greater than 7.8 mmol/L but less than 11.1 mmol/L two hours after the administration 
of an oral glucose solution[7,8]. A short-term increase in blood sugar may cause insulin resistance[9]. In patients with 
prediabetes, it is necessary to observe changes in the retinal microcirculation for early diagnosis, intervention and 
prevention of DR and other complications of diabetes.

https://www.wjgnet.com/1949-8470/full/v16/i9/407.htm
https://dx.doi.org/10.4329/wjr.v16.i9.407
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Optical coherence tomography angiography (OCTA) has emerged as a novel, noninvasive imaging technology that 
visualizes the microvascular structures of the retina and choroid[10-12]. This method provides detailed images of the 
retinal and choroidal vasculature without the need for dye injections, making it a safer and more convenient alternative to 
traditional angiographic techniques[13]. In recent years, as an auxiliary examination, OCTA has been widely used in 
systemic diseases that cause pathological manifestations in the eyes[14,15]. It can be employed to quantify relevant 
indicators of the fundus, including vessel density (VD), perfusion density (PD), and the area, perimeter and circularity of 
the foveal avascular zone (FAZ). Studies have suggested that OCTA can diagnose a significant proportion of diabetic 
patients with fundus microvascular abnormalities overlooked by other ocular tests, indicating its importance in the early 
diagnosis of diabetes[16]. However, most research has focused on patients with type 2 diabetes, whose retinal microcircu-
lation are affected by factors such as age, hypertension, and coronary heart disease[17,18]. Additionally, older diabetic 
patients may face issues such as unclear refractive media, poor examination coordination, and susceptibility to OCTA 
motion artifacts, which can affect measurement accuracy[19,20].

Prediabetic patients, primarily those who are young or middle-aged, generally exhibit greater examination tolerance 
and fewer ocular and systemic diseases, leading to more reliable OCTA results. However, the literature on retinal 
microcirculation changes in prediabetic patients remains limited[21-23]. This study aimed to explore the effects of short-
term blood glucose increases on retinal microcirculation in the macular area of prediabetic patients, emphasizing the 
importance of early detection and intervention.

MATERIALS AND METHODS
Basic information
In this prospective study, 50 patients underwent OGTTs at the Laboratory of the Endocrinology Department of the First 
Affiliated Hospital of Chongqing Medical University. All participants were informed, and their consent was obtained. 
The experimental data were collected from September 1 to November 30, 2020, and patients were divided into a control 
group (22 patients, 22 eyes), a group with either IFG or IGT (14 patients, 14 eyes, Group 1), and a group with both IFG 
and IGT (13 patients, 13 eyes, Group 2). After the subjects signed the informed consent form, their basic information, 
including sex, age, history of systemic diseases, and best corrected visual acuity, was collected. Then, OGTTs were 
performed after fasting blood glucose levels were recorded. To conduct the OGTTs, we dissolved 75 g of glucose powder 
in 200 mL of warm water, mixed it well, and instructed the patients to take it within 5 minutes, after which their blood 
sugar levels were recorded 1 and 2 hours after oral intake of the glucose solution. This study was approved by the Ethics 
Committee of The First Affiliated Hospital of Chongqing Medical University, with approval No. 2021-648 and an 
approval date of December 30, 2024.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) Aged 20-60 years; (2) Best-corrected visual acuity of 0.8 or above; (3) The 
refractive media of both eyes is transparent under slit lamp examination; (4) Normal intraocular pressure; and (5) No 
history of ocular trauma or surgery.

The exclusion criteria were as follows: (1) The subject was diagnosed with other ophthalmological diseases, such as 
glaucoma, high myopia (≥ -6.0 DS), uveitis, hypertensive retinopathy, etc.; (2) The signal strength of OCTA image 
scanning was less than 6 (total signal strength was 10); (3) The patient poorly cooperated, and the OCTA image had 
obvious artifacts; or (4) The patient had been diagnosed with diabetes, had recently used glucose-controlling drugs, or 
had been diagnosed with malignant tumors, autoimmune system diseases, or blood system diseases.

Image acquisition
All images were collected independently by two experienced ophthalmologists from the entire study group, and the 
average of their results was used as statistical data. All images were collected using the Zeiss OCTA (Cirrus HD-OCT, 
5000, Germany) in angiography 3 mm × 3 mm mode. Each region was scanned three times to ensure data validity, and 
images with a signal strength greater than 6 were selected. The built-in Forum software automatically identified and 
displayed indicators of the superficial retina in the macular area. The OCTA images revealed four layers: The choroidal, 
choriocapillaris and retinal nerve epithelium layers and the vitreoretinal interface. We analyzed data from the avascular 
layer, deep retinal layer, superficial retinal layer, and color depth encoding map. This study focused on the superficial 
retinal layer, with the scanning area divided on the basis of ETDRS standards into concentric circles centered on the fovea 
(1 mm and 3 mm in diameter). The retina was segmented into a 1 mm circular area, a 1 mm to 3 mm annular area, and a 3 
mm circular area. The VD and PD were calculated for each area. The quantitative parameters included the VD, PD, and 
the area, perimeter, and circularity index of the FAZ. VD was the ratio of vessel length to area[24], PD was the ratio of 
vascular coverage to area, and the FAZ circularity index ranged from 0 (no circularity) to 1 (perfect circle), indicating the 
impact of disease on FAZ morphology. We collected data from the same eye (left eye) for each subject, as a literature 
review indicated that most OCTA measurements analyze data from the same eye for consistency[25,26]. Each subject 
underwent measurements at two time points: Fasting and one hour after oral glucose solution intake. Each time, three 
measurements were taken, and the average of these measurements was used for statistical analysis.
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Statistical analysis
SPSS 23.0 software was used for statistical analysis and processing. Fisher’s exact test was used for the statistical analysis 
of categorical data. Normality and homogeneity of variance tests were used on continuous data. According to the results, 
a one-way analysis of variance or the Kruskal-Wallis H test was performed for group comparisons, and Bonferroni 
correction was used for pairwise comparisons. The data are expressed as the means and standard deviations. The 
comparison between patients before and after the OGTT was performed via paired t tests; otherwise, the paired Wilcoxon 
signed-rank test was used. According to the normality of the data, Pearson’s or Spearman’s correlation analysis between 
blood glucose and OCTA indicators was used. A P value < 0.05 indicated that the difference was statistically significant.

RESULTS
General information
The average ages of the normal control group (CN), Group 1 and Group 2 were 29.57 ± 3.92, 30.79 ± 6.92 and 34.15 ± 8.53 
years, respectively. The male-to-female ratios of these three groups were 2:21, 1:13 and 2:11, respectively (Table 1). There 
were no statistically significant differences in age (P = 0.248) or sex (P = 0.707) between the control group, Group 1 and 
Group 2.

Comparison of OCTA indices in the superficial retina between fasting conditions and after one hour of OGTT
In the control group, the central VD and PD increased one hour after the subjects consumed the glucose solution (P = 
0.023, P = 0.026). One hour after the oral intake of the glucose solution in Group 1, the FAZ circularity was greater than 
that in the fasting condition (P = 0.023). In Group 2, there were no significant changes in the retinal microcirculation one 
hour before or after the OGTT (P > 0.05; Table 2). Detailed data on the vascular density, perfusion density, and FAZ 
under fasting conditions and after one hour of glucose intake can be found in Supplementary Table 1.

Comparison of OCTA indices in the superficial retinal layer among the three groups during fasting
The FAZ area and perimeter were greater in Group 1 than in the control group (P = 0.032, P = 0.018). There was no 
significant difference in the retinal microcirculation indices between the control group and Group 2 (P > 0.05). The central 
VD and PD of Group 2 were greater (P = 0.013, P = 0.008) than those of Group 1, while the FAZ area and perimeter were 
smaller (P = 0.012, P = 0.010; Table 3).

Comparison of OCTA indices in the superficial retinal layer among the three groups after one hour of OGTT
One hour after oral intake of the glucose solution, the FAZ area and perimeter of Group 1 were greater than those of the 
control group (P = 0.044, P = 0.038), whereas there was no significant difference between the retinal microcirculation 
indices of the control group and those of Group 2 (P > 0.05). The center VD and PD of Group 2 were greater (P = 0.042, P 
= 0.022) than those of Group 1, while the FAZ area and perimeter were lower (P = 0.015, P = 0.016; Table 4). Typical 
examples of VD and PD changes in a 30-year-old female from the control group, a 23-year-old female from Group 1 and a 
33-year-old female from Group 2 under fasting conditions and one hour after the OGTT are shown in Figure 1.

Correlations between blood glucose levels and OCTA indices in the superficial retina
Under fasting conditions, the central PD and blood glucose of the three groups were significantly positively correlated (r 
= 0.286, P = 0.044), while the other OCTA indices were not significantly correlated with blood glucose (all P > 0.05). There 
was no significant correlation between the blood glucose level one hour after the OGTT and the OCTA metrics (all P > 
0.05; Table 5).

DISCUSSION
This study aimed to investigate the changes in retinal microcirculation in prediabetic patients during short-term blood 
glucose elevation. Our study subjects were divided into three groups: The CN, the group with IFG or IGT (Group 1), and 
the group with both IFG and IGT (Group 2).

In the control group, the blood glucose level peaked one hour after the OGTT. Therefore, we examined blood glucose 
levels and performed OCTA examinations at this time point for all participants. One hour after the administration of the 
glucose solution, the central VD and PD in the macular area of the retina in the control group were significantly greater 
than those in the fasting group. This increase may be attributed to the relatively stable and normal function of the 
vascular endothelial cells in the control group. These cells can respond to short-term changes in blood glucose levels by 
increasing microvascular blood flow and oxygen-carrying capacity, demonstrating a stress response to glycemic variation
[26,27]. When blood glucose levels rise, as observed one hour after glucose intake, these endothelial cells can respond 
promptly and efficiently. The increased central VD and PD in the CN are likely due to the ability of these endothelial cells 
to produce nitric oxide (NO) and other vasodilatory substances in response to elevated glucose levels, thereby increasing 
blood flow and perfusion in the retinal microcirculation. This response helps ensure adequate oxygen and nutrient 
delivery to retinal tissues during short-term glucose fluctuations. In Group 1, which was characterized by prediabetes 
with either IFG or IGT, FAZ circularity was greater one hour after the OGTT than during fasting. This could be due to the 

https://f6publishing.blob.core.windows.net/cc098956-be89-4c53-96c3-ce176d19a19e/92597-supplementary-material.zip
https://f6publishing.blob.core.windows.net/cc098956-be89-4c53-96c3-ce176d19a19e/92597-supplementary-material.zip
https://f6publishing.blob.core.windows.net/cc098956-be89-4c53-96c3-ce176d19a19e/92597-supplementary-material.zip
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Table 1 The average ages and male-to-female ratios of the control group, group 1, and group 2 were not significantly different (P > 0.05)

Group Control (CN) Group 1 (IFG or IGT) Group 2 (IFG and IGT) P value

Average age (years) 29.57 ± 3.92 30.79 ± 6.92 34.15 ± 8.53 0.248

Male to female ratio 2:21 1:13 2:11 0.707

CN: Control group; IFG: Impaired fasting glucose; IGT: Impaired glucose tolerance.

Table 2 Correlations between blood glucose levels and optical coherence tomography angiography indicators in the superficial retinal 
layer of the three groups

Fasting After OGTT
Index

Coefficient P value Coefficient P value

Central VD 0.264 0.064 -0.145 0.314

Lateral VD 0.093 0.520 0.020 0.891

Full VD 0.148 0.306 -0.038 0.793

Central PD 0.286 0.044 -0.137 0.344

Lateral PD 0.127 0.379 0.038 0.792

Full PD 0.231 0.106 -0.016 0.915

FAZ area -0.190 0.187 0.147 0.308

FAZ perimeter -0.216 0.131 0.162 0.261

FAZ circularity 0.049 0.734 -0.079 0.5861

1Correlations between blood glucose level and optical coherence tomography angiography metrics via Spearman’s correlation analysis; the others were 
evaluated via Pearson’s correlation analysis.
OGTT: Oral glucose tolerance test; VD: Vessel density; PD: Perfusion density; FAZ: Foveal avascular zone.

Table 3 Comparison of optical coherence tomography angiography indices in the superficial retina between fasting conditions and one 
hour after the oral glucose tolerance test

CN (n = 23) Group 1 (n = 14) Group 2 (n = 13)
Index

Fasting Postprandial
P value

Fasting Postprandial
P value

Fasting Postprandial
P value

Central VD 9.21 ± 2.35 9.74 ± 2.61 0.023 7.58 ± 2.82 7.81 ± 2.96 0.464 10.49 ± 2.50 10.37 ± 2.15 0.733

Lateral VD 21.44 ± 1.07 21.71 ± 1.29 0.268 21.35 ± 1.16 21.75 ± 1.03 0.321 21.44 ± 1.70 21.90 ± 1.21 0.7221

Full VD 20.06 ± 1.02 20.38 ± 1.28 0.186 19.79 ± 1.17 20.15 ± 1.12 0.347 20.21 ± 1.65 20.59 ± 1.14 0.8071

Central PD 0.15 ± 0.04 0.16 ± 0.04 0.026 0.13 ± 0.05 0.13 ± 0.05 0.662 0.18 ± 0.04 0.18 ± 0.04 0.616

Lateral PD 0.38 ± 0.02 0.38 ± 0.02 0.270 0.38 ± 0.02 0.39 ± 0.02 0.306 0.38 ± 0.03 0.39 ± 0.02 0.6491

Full PD 0.35 ± 0.02 0.36 ± 0.02 0.231 0.35 ± 0.02 0.36 ± 0.02 0.741 0.36 ± 0.03 0.36 ± 0.02 0.8341

FAZ area 0.31 ± 0.11 0.32 ± 0.11 0.207 0.41 ± 0.13 0.41 ± 0.13 0.716 0.28 ± 0.09 0.29 ± 0.09 0.357

FAZ perimeter 2.35 ± 0.38 2.34 ± 0.38 0.5811 2.73 ± 0.44 2.69 ± 0.45 0.232 2.26 ± 0.38 2.25 ± 0.36 0.509

FAZ 
circularity

0.70 ± 0.08 0.71 ± 0.07 0.602 0.69 ± 0.06 0.72 ± 0.05 0.023 0.69 ± 0.06 0.71 ± 0.08 0.162

1Comparison between fasting conditions and one hour after the oral glucose tolerance test via the paired Wilcoxon signed-rank test; the other tests were 
paired t tests.
Group 1 comprised patients with either impaired fasting glucose (IFG) or impaired glucose tolerance (IGT); Group 2 comprised patients with both IFG and 
IGT. CN: Control group; VD: Vessel density; PD: Perfusion density; FAZ: Foveal avascular zone.
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Table 4 Comparison of optical coherence tomography angiography indicators in the superficial retinal layer among the three groups 
during fasting

Index CN (n = 23) Group 1 (n = 
14)

Group 2 (n = 
13) Statistics value P value P1 P2 P3

Central VD 9.21 ± 2.35 7.58 ± 2.82 10.49 ± 2.50 4.525 0.0161 0.188 0.455 0.013

Lateral VD 21.44 ± 1.07 21.35 ± 1.16 21.44 ± 1.70 0.026 0.9741

Full VD 20.06 ± 1.02 19.79 ± 1.17 20.21 ± 1.65 2.652 0.2662

Central PD 0.15 ± 0.04 0.13 ± 0.05 0.18 ± 0.04 4.999 0.0111 0.280 0.218 0.008

Lateral PD 0.38 ± 0.02 0.38 ± 0.02 0.38 ± 0.03 0.775 0.6792

Full PD 0.35 ± 0.02 0.35 ± 0.02 0.36 ± 0.03 2.078 0.3542

FAZ area 0.31 ± 0.11 0.41 ± 0.13 0.28 ± 0.09 5.312 0.0081 0.032 1.000 0.012

FAZ perimeter 2.35 ± 0.38 2.73 ± 0.44 2.26 ± 0.38 5.804 0.0061 0.018 1.000 0.010

FAZ circularity 0.70 ± 0.08 0.69 ± 0.06 0.69 ± 0.06 0.257 0.7751

1Comparisons among groups were performed via one-way analysis of variance.
2Comparisons among groups were performed via the Kruskal-Wallis H test.
P1: Comparisons between the control group (CN) and group 1; P2: Comparisons between the CN and group 2; P3: Comparisons between group 1 and 
group 2. All P values were adjusted with the Bonferroni correction. Group 1 comprised patients with either impaired fasting glucose (IFG) or impaired 
glucose tolerance (IGT); Group 2 comprised patients with both IFG and IGT. CN: Control group; VD: Vessel density; PD: Perfusion density; FAZ: Foveal 
avascular zone.

Table 5 Comparison of oral glucose tolerance test indicators in the superficial retinal layer among the three groups after one hour of 
oral glucose tolerance test

Index CN (n = 23) Group 1 (n = 
14)

Group 2 (n = 
13) Statistics value P value P1 P2 P3

Central VD 9.74 ± 2.61 7.81 ± 2.96 10.37 ± 2.15 3.706 0.032 0.101 1.000 0.042

Lateral VD 21.71 ± 1.29 21.75 ± 1.03 21.90 ± 1.21 0.106 0.899

Full VD 20.38 ± 1.28 20.15 ± 1.12 20.59 ± 1.14 0.449 0.641

Central PD 0.16 ± 0.04 0.13 ± 0.05 0.18 ± 0.04 4.271 0.020 0.092 1.000 0.022

Lateral PD 0.38 ± 0.02 0.39 ± 0.02 0.39 ± 0.02 0.093 0.911

Full PD 0.36 ± 0.02 0.36 ± 0.02 0.36 ± 0.02 0.241 0.787

FAZ area 0.32 ± 0.11 0.41 ± 0.13 0.29 ± 0.09 4.963 0.011 0.044 1.000 0.015

FAZ perimeter 2.34 ± 0.38 2.69 ± 0.45 2.25 ± 0.36 4.967 0.011 0.038 1.000 0.016

FAZ circularity 0.71 ± 0.07 0.72 ± 0.05 0.71 ± 0.08 0.115 0.891

P1: Comparisons between the control group (CN) and Group 1; P2: Comparisons between the CN and Group 2; P3: Comparison between Group 1 and 
Group 2. All P values were adjusted with the Bonferroni correction. Group 1 comprised patients with either impaired fasting glucose (IFG) or impaired 
glucose tolerance (IGT); Group 2 comprised patients with both IFG and IGT. P: Comparisons among groups were performed via one-way analysis of 
variance. CN: Control group; VD: Vessel density; PD: Perfusion density; FAZ: Foveal avascular zone.

partial insulin resistance present in these individuals. Although insulin efficiency in promoting glucose uptake and 
utilization is reduced, the body compensates by secreting more insulin[28,29]. This compensatory mechanism may still 
allow some level of glucose regulation, enabling a stress response to short-term glucose changes, thereby maintaining a 
more regular FAZ shape. Conversely, in Group 2, which included individuals with both IFG and IGT, no significant 
changes were observed in retinal microcirculation indicators one hour after glucose intake. This lack of response may be 
attributed to severe and persistent insulin resistance in these patients. Specifically, insulin resistance impairs the ability of 
endothelial cells to produce NO and other vasodilatory substances in response to elevated glucose levels[30]. 
Additionally, chronic hyperglycemia can cause endothelial dysfunction through increased oxidative stress and inflam-
mation, further compromising the ability of retinal blood vessels to adapt to short-term changes in blood glucose[31]. 
Consequently, the microvasculature in the retina becomes less responsive to acute fluctuations in blood glucose. This 
diminished capacity for vascular adaptation may lead to a consistent state of poor blood flow regulation and reduced 
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Figure 1 Comparison of central vessel density in fasting state and one hour after oral glucose solution intake across different glycemic 
groups. A: The central vessel density (VD) in the fasting state of the normal control group; B: The central VD in the fasting state of the impaired fasting glucose or 
impaired glucose tolerance group; C: The central VD in the fasting state of the group with both impaired fasting glucose and impaired glucose tolerance; D: The 
central perfusion density (PD) in the fasting state of the normal control group; E: The central PD in the fasting state of the impaired fasting glucose or impaired 
glucose tolerance group; F: The central PD in the fasting state of the group with both impaired fasting glucose and impaired glucose tolerance; G: The central VD one 
hour after oral glucose solution intake in the normal control group; H: The central VD one hour after oral glucose solution intake in the impaired fasting glucose or 
impaired glucose tolerance group; I: The central VD one hour after oral glucose solution intake in the group with both impaired fasting glucose and impaired glucose 
tolerance; J: The central PD one hour after oral glucose administration in the normal control group; K: The central PD one hour after oral glucose administration in the 
impaired fasting glucose or impaired glucose tolerance group; L: The central PD one hour after oral glucose administration in the group with both impaired fasting 
glucose and impaired glucose tolerance.

nutrient and oxygen delivery to retinal tissues.
Both under fasting conditions and one hour after the oral intake of the glucose solution, the FAZ area and perimeter of 

Group 1 were larger than those of the control group. Al-Sheikh et al[32] reported that during the nonproliferative DR 
period, the VD of the superficial blood vessels of the affected eye was lower than that of the control eye, and the FAZ area 
of the superficial capillary plexus in the early stage of DR was larger than that of the deep capillary plexus[32]. Moreover, 
macular ischemia is a typical feature of DR. In patients who have not been diagnosed with diabetes but tend to develop 
the disease, the FAZ area can be used as a sensitive indicator of microcirculation changes. Relevant studies have 
confirmed that the area of the FAZ expands as the condition of diabetic patients worsens[33,34], which is consistent with 
our experimental results. However, compared with those of Group 1, the central VD and PD of Group 2 were greater, and 
the FAZ area and perimeter were smaller. This may be due to severe insulin resistance in patients with both IFG and 
abnormal glucose tolerance, which entails an insignificant response to blood sugar fluctuations. Given the effect of 
diabetes on fundus microcirculation, increased expression of adhesion molecules such as intercellular adhesion molecule-
1 and vascular cell adhesion molecule-1 in the retina occurs when blood sugar levels are elevated. These molecules play 
crucial roles in mediating leukocyte adhesion and infiltration, contributing to local inflammation. This inflammatory 
response can lead to blood-retinal barrier damage and microvascular endothelial cell injury, causing stenosis, occlusion, 
and atrophy or degeneration of the capillary lumen. The chronic increase in glucose levels can activate several signaling 
pathways, including the NF-kB pathway, further amplifying the expression of these adhesion molecules and exacerbating 
retinal vascular pathology[32]. The inflammatory response under elevated blood sugar conditions causes monocytes and 
granulocytes to block retinal capillaries[35], which also affects the formation of capillaries. In addition, increases in blood 
sugar may also destroy the neurovascular self-regulatory mechanism, resulting in a decrease in retinal VD[36]. In fasting 
patients, the blood glucose level was significantly positively correlated with central PD, indicating that PD may be more 
sensitive to changes in blood glucose than the VD- and FAZ-associated metrics.

In OCTA imaging, the scan size of the image is inversely proportional to its resolution, implying that the image 
resolution in the scope of 3 mm × 3 mm is the highest; thus, it was chosen as the scanning scope of this study[37]. Kim et 
al[23] reported that the superficial capillary plexus of the retina was less prone to delamination errors than the deep 
capillary plexus, the blood VD of the superficial capillary plexus was a sensitive vascular indicator for early DR, and the 
superficial retinal blood vessels were thicker than the deep ones were[24]. Considering that microvascular changes in 
early diabetic patients may first appear in the superficial retina[24,38], this study measured the data through OCTA of the 
superficial capillary plexus of the retina.

This study has the following limitations: (1) The sample size is small, which may affect the representativeness and 
reliability of the results. Future studies should consider increasing the sample size for more robust data and conclusions; 
(2) The study was only conducted in the 3 mm × 3 mm area of the superficial retina in the macular region. While this area 
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is significant for visual function, this limitation may restrict the applicability of the results to larger areas and deeper 
retinal microcirculation; and (3) Blood glucose levels and microcirculation indices (through OCTA) were measured before 
and one hour after the OGTT. However, there was no long-term follow-up of the fundus condition of the patients, which 
may reveal chronic or cumulative changes in microcirculation rather than just immediate responses.

This study demonstrated that a short-term increase in blood glucose had a more significant effect on central retinal 
microcirculation in patients with either IFG or IGT. Specifically, we found that in the control group, central VD and PD 
increased significantly one hour after glucose intake. In Group 1, the circularity of the FAZ increased, whereas no 
significant changes were observed in Group 2. Additionally, under fasting conditions, the FAZ area and perimeter of 
Group 1 were greater than those of the control group, and Group 2 presented greater central VD and PD and a smaller 
FAZ area and perimeter than Group 1. These findings suggest that OCTA can be a valuable tool for monitoring retinal 
microcirculation changes in the macular area of prediabetic patients. This study provides insights into the early 
alterations in the retinal microvasculature associated with prediabetes, which could help in the early detection, inter-
vention, and prevention of diabetes and DR. Future research should focus on larger sample sizes and long-term follow-up 
to validate these findings and further explore the utility of OCTA in predicting and managing the progression of diabetes 
and its complications.

CONCLUSION
This study demonstrated that a short-term increase in blood glucose had a more significant effect on central retinal 
microcirculation in patients with either IFG or IGT. Specifically, we found that in the control group, central VD and PD 
increased significantly one hour after glucose intake. In Group 1, the circularity of the FAZ increased, whereas no 
significant changes were observed in Group 2. Additionally, under fasting conditions, the FAZ area and perimeter of 
Group 1 were greater than those of the control group, and Group 2 presented greater central VD and PD and a smaller 
FAZ area and perimeter than Group 1. These findings suggest that OCTA can be a valuable tool for monitoring retinal 
microcirculation changes in the macular area of prediabetic patients. This study provides insights into the early 
alterations in the retinal microvasculature associated with prediabetes, which could help in the early detection, inter-
vention, and prevention of diabetes and DR. Future research should focus on larger sample sizes and long-term follow-up 
to validate these findings and further explore the utility of OCTA in predicting and managing the progression of diabetes 
and its complications.
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