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Purpose: To compare the corneal epithelial thickness (CET), the density and number of central corneal subbasal nerve plexus (CSNP) 
between controls and different types of diabetic retinopathy in type 2 diabetics.
Methods: This cross-sectional study included participants who underwent a comprehensive evaluation comprising anterior segment 
optical coherence tomography, Keratograph 5M, fluorescein tear break-up time, and in vivo confocal corneal microscopy. Based on the 
Early Treatment Diabetic Retinopathy Study classification, patients with diabetes were categorized into no diabetic retinopathy (NDR) 
group, non-proliferative diabetic retinopathy (NPDR) group, and proliferative diabetic retinopathy (PDR) group.
Results: A total of 75 eyes were examined— 20 eyes from 20 control subjects and 55 eyes from 55 patients with diabetes (20 NDR, 
14 NPDR, 21 PDR). Compared to controls, diabetic eyes exhibited significant increases in corneal thickness (CT) in each region (all 
P < 0.05), as well as a decrease in CSNP density (15.18 ± 2.60 vs 11.77 ± 3.77, P = 0.040) and number (39.27 ± 6.87 vs 28.67 ± 9.71, 
P < 0.001). In the PDR group, CET in all areas (except at 6 mm) was significantly thinner (all P < 0.05). Univariate analysis indicated 
that central CET and CET measured 2 mm from the center were associated with age, CSNP density, and superior meibomian gland 
dropout. Multivariate analysis identified CSNP density as the only significant factor associated with CET (P < 0.05).
Conclusion: Diabetic eyes exhibit a reduction in CSNP density and number and an increase in CT. CET is significantly thinner in 
patients with PDR. Furthermore, CET correlates with CSNP density.
Keywords: central corneal subbasal nerve, corneal epithelial thickness, ocular surface parameter, diabetes mellitus, corneal thickness

Introduction
Diabetes mellitus (DM) is a complex metabolic disease characterized by chronic hyperglycemia.1 In 2017, the global 
prevalence of diabetes was approximately 476 million, and it is estimated that this number will rise to 642 million by 
2040. Among individuals with diabetes, an estimated 46–64% develop diabetic epithelial keratopathy (DEK).2 DEK 
encompasses a spectrum of corneal epithelial abnormalities, including persistent epithelial defects, superficial punctate 
keratopathy, delayed epithelial regeneration, and reduced corneal sensitivity, representing a significant component of 
diabetic ocular surface disease.3

The corneal epithelium plays a crucial role in protecting the ocular surface from environmental factors, 
maintaining the integrity and optical clarity of the eye. In clinical practice, fluorescein staining is commonly 
used to detect epithelial defects. Emerging evidence suggests that diabetes induces notable changes in corneal 
epithelial thickness (CET), which are linked to the pathogenesis of diabetic eye complications, including dry eye 
syndrome, recurrent corneal erosion, and delayed wound healing.3 CET has been assessed using in vivo confocal 
microscopy (IVCM), which provides detailed imaging of corneal microstructure. However, its semi-invasive nature 
limits large-scale clinical use.3 Previous IVCM study reported decreased density, increased cell area, and widened 
intercellular spaces in the corneal epithelial basal cells of patients with type 2 diabetes.4 Recently, anterior 
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segment optical coherence tomography (AS-OCT) has served as a non-invasive and rapid method for assessing 
CET. Yusufogluet al5 used AS-OCT to show that CET in diabetic patients is thinner than in healthy controls. 
However, there are few related studies. Furthermore, there is no research on CET changes at various stages of 
diabetic retinopathy.

IVCM has become a standard tool for evaluating living cornea.6 This instrument exhibits good repeatability and 
reproducibility in assessing corneal nerves in both healthy controls and patients with DM.7,8 Studies using IVCM showed 
that central corneal subbasal nerve plexus (CSNP) decreased with the progression of diabetes.9 Is the thinning of CET 
associated with the decline in CSNP? There is a lack of research addressing this relationship. Furthermore, investigating 
changes in CET and their correlation with ocular surface parameters may provide insights into mitigating epithelial 
lesions in these patients.

Therefore, the purpose of this study was to compare CET, as well as the density and number of CSNP, between 
control subjects and patients with type 2 diabetes (no diabetic retinopathy (NDR) group, non-proliferative diabetic 
retinopathy (NPDR) group, and proliferative diabetic retinopathy (PDR) group). Furthermore, to investigate the correla
tion between CET, CSNP density, and ocular surface parameters.

Materials and Methods
Diabetic patients were enrolled from the diabetes clinic of the Joint Shantou International Eye Center (JSIEC). Each 
patient was informed about the study’s purpose and procedures. The study protocol was approved by the Ethics 
Committee of JSIEC of Shantou University and the Chinese University of Hong Kong (Shantou City, China) 
(EC20210803(6)-P02). The study followed the tenets of the Declaration of Helsinki. Written informed consent was 
obtained from all patients. According to the Early Treatment Diabetic Retinopathy Study, patients were divided into NDR 
group, NPDR group and PDR group.10 The healthy control group was retrospectively selected from individuals who had 
previously visited JSIEC for examinations and met the inclusion criteria. Due to the retrospective nature of their 
inclusion, informed consent from the healthy controls was waived. Given that CET was the primary parameter of 
interest, the required sample size of diabetic and control groups was calculated based on CET data. The formula 
used was:

where n is the total sample size, α represents the probability of a type I error, and β represents the probability of a type 
II error (for α = 0.05, β = 0.1, power = 0.9). Based on previous reference5 (δ = 3.68, σ = 3.67), and assuming the diabetic 
group size was twice that of the control group (Q1 = 1/3, Q2 = 2/3), the calculation yielded n = 48, with n1 = 16 controls 
and n2 = 32 patients with diabetes.

This cross-sectional study included all participants who underwent comprehensive ophthalmic examinations, com
prising measurements of intraocular pressure (IOP) measurement, best-corrected visual acuity (BCVA), fluorescein tear 
break-up time (FBUT), Schirmer 1 test, Keratograph 5M, IVCM and AS-OCT examination. The examination sequence 
was as follows: AS-OCT, Keratograph 5M (except infrared meibography), FBUT, Schirmer 1 test, infrared meibography 
and IVCM. Then the pupils were dilated for fundus examination to determine the stage of retinopathy in all diabetic 
patients.

Diabetic patients were required to have a diagnosis of type 2 diabetes mellitus. In cases where both eyes met the 
inclusion criteria, only the right eye was selected for evaluation. The inclusion criteria of healthy eyes were as 
follows: 1. age: > 18 years old. 2. intraocular pressure ≤ 21mmHg. 3. normal anterior chamber, open-angle and 
normal fundus in clinical examination. Exclusion criteria for all participants included: 1) history of ocular laser or 
intraocular surgery, history of ocular trauma, use of contact lenses, presence of retinopathy other than diabetic 
retinopathy, uveitis, glaucoma, or any systemic diseases (such as Sjögren’s syndrome or Stevens–Johnson syndrome) 
that could impact corneal health; 2) inability to cooperate during examinations; 3) ≥6.0 D (sphere) or 3.0 
D (cylinder).
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Anterior Segment Optical Coherence Tomography System
The corneal thickness (CT) and CET were evaluated using the scanning mode of an anterior segment in an OCT device 
(Shiwei Medical Technology Co., Ltd.; China; Machine Model: VG2001). Average values of CT and CET were 
calculated at the central cornea and at distances of 2 mm, 4 mm, and 6 mm from the center (Figure 1).

In vivo Confocal Microscopy
The details of IVCM (Heidelberg Retinal Tomograph II with Rostock Corneal Module; Heidelberg Engineering GmbH, 
Heidelberg, Germany) have been described before.11 The scanning area targeted the CSNP within the pupillary region, 
with a scanning depth of approximately 40 to 60μm.12 To measure CSNP density, three representative images were 
selected from different positions, ensuring less than 20% overlap between them. All visible nerve fibers in each image 
were tracked, and their density was calculated using NeuronJ software, a semi-automated plug-in for ImageJ software 
(National Institutes of Health, Bethesda, MD).13 CSNP density is defined as the total length of nerves visible in a frame 
(expressed in mm/ mm2), while the number of CSNP is defined as the sum of long nerve fiber bundles observed in 
a frame (expressed in number/mm2).14 All measurements in this study were conducted by an independent masked 
observer (YM), and the average value of the three IVCM images was calculated.

Ocular Surface Parameter Assessments
Tear meniscus height, first non-invasive tear film break-up time (NIBUT-first), and average non-invasive tear film break- 
up time (NIBUT-average) were measured using the Keratograph 5M (K5M; Oculus, Optikgeräte, Germany), as 
previously reported.15 Additionally, FBUT and the Schirmer 1 test were conducted. The superior and inferior eyelids 

Figure 1 Anterior segment optical coherence tomography images of the corneal epithelial thickness in the right eye of (A) healthy eye, (B) type 2 diabetes mellitus (DM) eye 
without diabetic retinopathy (NDR), (C) type 2 DM eye with non-proliferative diabetic retinopathy (NPDR), (D) type 2 DM eye with proliferative diabetic retinopathy (PDR).
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were everted in succession to perform infrared meibography using the Keratograph 5M. Images were analyzed using 
semi-automated ImageJ software to calculate the percentage of meibomian gland (MG) dropout.16,17 For the FBUT test, 
a 2% fluorescein dye was applied to the eyes. The time from the last blink to the appearance of the first dry spot was 
recorded, and this process was repeated three times to obtain an average value for analysis.

Statistical Analyses
Statistical analyses were conducted using SPSS software (version 22.0; SPSS Inc, Chicago, IL). The Shapiro–Wilk test 
was performed to evaluate the normal distribution of continuous variables. Comparisons between diabetic eyes and 
healthy controls were made using independent t-tests, the nonparametric Mann–Whitney test, and chi-square tests. One- 
way analysis of variance (ANOVA) was employed to compare parameters among the three groups (NDR, NPDR, and 
PDR), with post hoc pairwise comparisons conducted using Tukey’s honest significant difference (HSD) test. Univariate 
and multivariate regression analyses were performed to identify clinical factors associated with CET and CSNP in 
diabetic eyes. A p value of < 0.05 was considered to be statistically significant.

Results
In this study, 20 eyes of 20 normal controls and 55 eyes of 55 diabetic patients were enrolled (20 NDR, 14 NPDR and 21 
PDR). Compared to the control group, there was a significant increase in superior MG dropout in diabetic patients (17.4 ± 
6.7 vs 27.9 ± 11.4, P < 0.001), as well as aggravated inferior MG dropout (17.6 ± 5.5 vs 27.7 ± 10.9, P < 0.001). 
Additionally, both the density (15.18 ± 2.60 vs 11.77 ± 3.77, P = 0.040) and number of CSNP decreased (39.27 ± 6.87 vs 
28.67 ± 9.71, P < 0.001). The CT, measured at the center and distances of 2 mm, 4 mm, and 6 mm from the center, 
increased in diabetic patients (all P < 0.05). There were no statistically significant differences in age, sex, FBUT, NIBUT- 
first, NIBUT-average, Schirmer 1 test, tear meniscus height, or CET (including measurements at the center and at 2 mm, 
4 mm, and 6 mm from the center) between the DM group and the control group (all P > 0.05) (Table 1).

Table 2 presents the comparison of demographic and clinical indices among the three groups of diabetic patients. As 
retinopathy progressed, both CSNP density and number decreased. However, pairwise comparisons revealed statistical 

Table 1 Demographic and Clinical Characteristics in Control and Diabetic Groups

Control Group (20) Diabetic Group (55) P Value

Age (years) 68.4±7.3 62.2±9.8 0.116

Sex ratio (male/female) 10:10 25:30 0.727b

FBUT (s) 5.5±4.5 4.8±2.7 0.861a

NIBUT-first (s) 7.6±6.6 8.9±6.6 0.247a

NIBUT-average (s) 10.8±6.4 12.0±6.9 0.545a

Schmer1 test (mm) 10.57±9.63 7.82±5.26 0.838a

TMH (μm) 0.29±0.19 0.25±0.19 0.340a

Superior MG dropout (%) 17.4±6.7 27.9±11.4 <0.001a

Inferior MG dropout (%) 17.6±5.5 27.7±10.9 <0.001a

Density of CSNP (mm/mm2) 15.18±2.60 11.77±3.77 0.040

Number of CSNP (/mm2) 39.27±6.87 28.67±9.71 <0.001a

(Continued)
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Table 1 (Continued). 

Control Group (20) Diabetic Group (55) P Value

CT (μm)

Centre 535.8±16.9 538.6±30.2 0.011

2mm 541.3±16.9 545.9±30.4 0.011

4mm 559.1±17.7 569.6±31.4 0.012

6mm 595.1±20.8 611.3±32.6 0.023

CET (μm)

Centre 58.1±3.9 55.3±4.8 0.281

2mm 57.7±3.1 54.9±3.9 0.169

4mm 57.2±2.3 54.9±2.7 0.317

6mm 58.1±2.5 56.1±2.7 0.212

Notes: aThe comparison was made by using Mann–Whitney test; bThe comparison was performed using the χ2 
test; Unless otherwise indicated, comparisons were made using the independent t-test. 
Abbreviations: FBUT, fluorescein tear film break-up time; NIBUT, non-invasive tear film break-up time; TMH, 
tear meniscus height; MG, meibomian gland; CSNP, corneal subbasal nerve plexus; CT, corneal thickness; CET, 
corneal epithelial thickness.

Table 2 Demographic and Clinical Characteristics Among the Three Groups of Diabetic Patients

NDR 
(n=20)

NPDR 
(n=14)

PDR 
(n=21)

P value

Among 3 
Groups

NDR versus 
NPDR

NDR versus 
PDR

NPDR versus 
PDR

Age (years) 64.5±11.2 64.3±5.6 58.5±9.6 0.088

HbA1c 8.5±1.5 8.3±1.4 9.0±2.1 0.531

FBUT (s) 5.3±2.6 6.0±3.8 3.5±1.2 0.016 0.716 0.079 0.020

NIBUT-first (s) 9.8±8.2 6.6±4.5 9.7±6.1 0.321

NIBUT-average (s) 12.3±8.6 9.7±5.5 13.3±6.0 0.331

Schmer1 test (mm) 9.5±6.2 7.5±4.5 6.5±4.5 0.190

TMH (μm) 0.30±0.27 0.24±0.12 0.21±0.11 0.268

Superior MG dropout (%) 24.3±8.7 19.6±7.1 36.8±10 <0.001 0.289 <0.001 <0.001

Inferior MG dropout (%) 24.8±7.7 18.8±8.4 35.8±10.1 <0.001 0.256 0.001 <0.001

Density of CSNP (mm/mm2) 13.40±3.43 11.68±4.35 10.27±3.15 0.026 0.360 0.019 0.493

Number of CSNP (/mm2) 32.60±10.43 29.17±9.77 24.60±7.50 0.027 0.538 0.021 0.332

CT (μm)

Centre 537.6±31.4 545.4±31.4 535.1±29.0 0.615

2mm 544.2±33.1 552.3±31.1 543.2±28.1 0.664

4mm 565.8±36.2 574.4±31.6 569.7±27.2 0.725

6mm 606.2±37.8 615.2±33.9 613.5±26.9 0.683

(Continued)
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significance only between the PDR and NDR groups (P < 0.05). Representative images of the corneal CSNP at various 
stages are illustrated in Figure 2. Additionally, compared to the NPDR group, PDR patients exhibited decreased FBUT, 
thinning of CET in all areas (except at 6 mm from the center), and more severe dropout of both superior and inferior MGs 
(all P < 0.05). Furthermore, compared to the NDR group, the CET at the center and 2 mm from the center in the PDR 
group decreased, accompanied by increased dropout of both superior and inferior MGs (all P < 0.05).

Factors Related to Central Corneal Epithelial Thickness, Epithelial Thickness 2mm 
from Center and Central Corneal Subbasal Nerve Plexus in Diabetic Patients
In diabetic patients, the relationships between the central CET and CET 2mm from the center, and various clinical factors 
were evaluated by univariate and multivariate regression analysis (Table 3). Univariate analysis indicated that both 
central CET and CET 2 mm from the center were associated with age, CSNP density, and superior MG dropout. 
However, multivariate analysis revealed that these thickness measures were only significantly positively related to CSNP 
density (all P < 0.05). Furthermore, the relationship between CSNP and various clinical factors in diabetic patients was 
examined through univariate analysis (Table 4). It was found that CSNP density was significantly associated only with 
the results of the Schirmer 1 test (P = 0.014).

Table 2 (Continued). 

NDR 
(n=20)

NPDR 
(n=14)

PDR 
(n=21)

P value

Among 3 
Groups

NDR versus 
NPDR

NDR versus 
PDR

NPDR versus 
PDR

CET (μm)

Centre 56.5±5.2 57.7±4.5 52.5±3.1 0.001 0.700 0.012 0.003

2mm 56.0±4.0 56.8±3.8 52.7±2.6 0.001 0.762 0.010 0.003

4mm 55.5±2.9 55.9±2.8 53.7±2.1 0.028 0.851 0.086 0.040

6mm 56.3±2.9 56.9±2.8 55.3±2.1 0.152

Abbreviations: NDR, no diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; HbA1c, Hemoglobin A1c; FBUT, 
fluorescein tear film break-up time; NIBUT, non-invasive tear film break-up time; TMH, tear meniscus height; MG, meibomian gland; CSNP, corneal subbasal nerve plexus; 
CT, corneal thickness; CET, corneal epithelial thickness.

Figure 2 In vivo confocal microscopy images of the central corneal subbasal nerve plexus (CSNP) in (A) healthy eye, (B) diabetes mellitus (DM) eye without diabetic 
retinopathy (DR), (C) DM eye with non-proliferative DR (NPDR), (D) DM eye with proliferative DR (PDR).
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Discussion
Diabetic patients are at an increased risk of epithelial lesions, particularly following intraocular surgery.3 Evaluating CET 
and its influencing factors in diabetic patients may aid in reducing the incidence of these lesions. Our study revealed that, 
compared to the control eyes, there was an aggravated dropout of the MG, a reduction in both the density and number of 

Table 3 Univariate and Multivariate Regression Analyses to Identify Clinical Factors Associated with Corneal Epithelial Thickness

Central CET CET 2 mm from the Center

Univariate Multivariate (R2 = 0.23) Univariate Multivariate (R2 = 0.257)

Coefficient (95% CI) p Coefficient (95% CI) p Coefficient (95% CI) p Coefficient (95% CI) p

Age 0.065 (0.011; 0.270) 0.034 0.107 (−0.016; 0.231) 0.087 0.117 (0.012; 0.221) 0.03 0.092 (−0.007; 0.19) 0.068

HbA1c −0.168 (−0.934; 0.597) 0.661 −0.151 (−0.771; 0.469) 0.627

FBUT 0.375 (−0.098; 0.848) 0.118 0.374 (−0.059; 0.706) 0.095

NIBUT-first −0.025 (−0.224; 0.174) 0.805 0.008 (−0.153; 0.170) 0.919

NIBUT-average −0.092 (−0.281; 0.096) 0.330 −0.043 (−0.197; 0.110) 0.575

Schmer1 test 0.151 (−0.097; 0.399) 0.228 0.103 (−0.099; 0.305) 0.310

TMH 3.638 (−3.206; 10.482) 0.291 4.321 (−1.157; 9.799) 0.120

Density of CSNP 0.411 (0.080; 0.743) 0.016 0.337 (0.019; 0.656) 0.038 0.384 (0.120; 0.647) 0.005 0.330 (0.075; 0.584) 0.012

Superior MG dropout −14.58 (−25.49; −3.677) 0.010 −10.48 (−21.29; 0.320) 0.057 −11.138 (−20.046; −2.229) 0.015 −7.381 (−16.011; 1.248) 0.092

Inferior MG dropout −7.88 (−19.74; 3.98) 0.188 −6.045 (−15.674; −3.584) 0.213

Abbreviations: CET, corneal epithelial thickness; HbA1c, Hemoglobin A1c; FBUT, fluorescein tear film break-up time; NIBUT, non-invasive tear film break-up time; TMH, 
tear meniscus height; CSNP, corneal subbasal nerve plexus; MG, meibomian gland.

Table 4 Univariate Regression Analyses to Identify 
Clinical Factors Associated with Corneal Subbasal 
Nerve Plexus

Density of CSNP

Univariate

Coefficient (95% CI) p

Age 0.020 (−0.086; 0.126) 0.712

HbA1c −0.227 (−0.827; 0.373) 0.451

FBUT 0.226 (−0.149; 0.602) 0.233

NIBUT-first 0.004 (−0.153; 0.161) 0.959

NIBUT-average −0.059 (−0.208; 0.090) 0.429

Schmer1 test 0.236 (0.050; 0.423) 0.014

TMH 8.581 (3.683; 13.478) 0.052

Superior MG dropout −6.265 (−15.241; 2.710) 0.167

Inferior MG dropout −2.426 (−11.883; 7.030) 0.609

Abbreviations: CSNP, corneal subbasal nerve plexus; HbA1c, 
Hemoglobin A1c; FBUT, fluorescein tear film break-up time; NIBUT, 
non-invasive tear film break-up time; TMH, tear meniscus height; MG, 
meibomian gland.
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CSNP, and a thickening of CT in diabetic eyes. As retinopathy worsened, the density and number of CSNP decreased. 
Additionally, CET was found to be related to CSNP density, which was also associated with Schirmer I test results. This 
study is the first to investigate the correlation between CET, as measured by AS-OCT, and CSNP in diabetic patients.

Our findings support previous research indicating that, with the progression of diabetic retinopathy, both the density 
and number of CSNP decrease.9,18–20 Akkul et al9 studied 84 diabetic patients and found that the length and density of 
CSNP, along with corneal nerve branch density, diminished as diabetic retinopathy progressed. Bitirgen et al18 studied 
132 eyes of 132 patients with type 2 DM and 32 eyes of 32 healthy controls, finding that compared to control subjects, 
patients in NDR group had reduced CSNP density, corneal nerve branch density, and corneal nerve fiber length, all of 
which deteriorated with increasing severity of retinopathy.

No significant difference in CET was observed between the diabetic group and the control group. However, subgroup 
analysis of diabetic patients revealed that patients in the PDR group had significantly thinner CET. Similarly, Yusufoglu 
et al5 utilized AS-OCT to study 72 diabetic patients and reported that CET was thinner in the PDR group. Our study also 
demonstrated a correlation between CET and the density of CSNP. A possible explanation for this relationship is that the 
metabolism of corneal epithelial cells relies on corneal nerves, which supply essential nutrients, such as calcitonin gene- 
related peptide, to these cells.21 The reduction in CSNP density may diminish nutrient supply, potentially leading to 
dysfunction and loss of basal epithelial cells, ultimately resulting in a thinner CET. Our findings suggest that in the later 
stages of diabetic disease, the corneal epithelium is significantly thinned following severe nerve injury. Conversely, the 
decreased nerve density may initially prolong the healing time of the corneal epithelium due to the dysfunction of basal 
epithelial cells. Qu et al22 found that patients with corneal punctate epitheliopathy in type 2 DM had significantly lower 
corneal nerve density compared to those without diabetes, and these patients also experienced longer healing times.

This study found that CT in the diabetic group was thicker than that in the control group, with no significant 
differences observed among the three diabetic subgroups. This finding is consistent with previous studies.5,23 Andrea 
et al23 studied 60 eyes of 30 diabetic patients and 60 eyes of 30 healthy individuals using AS-OCT, reporting that CT 
increased in various areas of diabetic eyes. Similarly, Yusufoglu et al5 demonstrated that CT in diabetic patients was 
thicker than in healthy individuals, with no differences noted between the PDR and NPDR groups. The thickening of CT 
may be attributed to proteins or lipids that undergo glycosylation upon exposure to elevated sugar levels, forming 
advanced glycation end products. These products can induce non-enzymatic crosslinking between collagen and proteo
glycan molecules in the corneal stroma, thereby increasing corneal thickness.3,24

Our study found no statistical differences in FBUT, NIBUT-first, NIBUT-average, Schmer1 test, or tear meniscus 
height between the diabetic group and the control group, which was inconsistent with some previous studies.5,25,26 

Yusufoglu et al5 showed that the Schmer 2 test and FBUT in diabetic group were lower. Some previous studies have 
shown that dry eye has a significant correlation with the course of DM, and dry eye is more common in diabetic 
retinopathy patients, particularly in those with PDR.25,26 Some studies are similar to our findings.23,27 Lyu et al27 studied 
87 eyes of 87 diabetic patients and 49 eyes of 49 healthy subjects, reporting no significant differences in Schirmer 1 test 
results, FBUT, or tear meniscus height between the two groups. Our study also found CSNP density was associated with 
the Schirmer 1 test results. This may suggest that tear secretion relies on the coordination of lacrimal gland nerves; thus, 
a decrease in CSNP density could indicate damage to the lacrimal gland nerves, resulting in reduced tear secretion. 
Further research is needed to confirm this relationship.

Our study has several limitations. First, as a cross-sectional study, it has inherent constraints, and further longitudinal 
studies are necessary to observe the changes in the relationship between CET and CSNP over time. Second, this study did 
not include assessments of tear composition. Evaluating tear components, such as the measurement of neurotrophic 
factors, could provide additional insights into the mechanisms underlying the relationship between the corneal epithelium 
and corneal nerves. Third, the relatively small sample size within the three diabetic subgroups may have reduced 
statistical power and the robustness of subgroup comparisons. Finally, because some patients were unable to accurately 
recall the onset of diabetes, we could not analyze the impact of disease duration on CET and nerve parameters.
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Conclusion
In conclusion, compared to the control subjects, patients with DM exhibited aggravated MG dropout, reduced density and 
number of CSNP, and increased CT. In patients with PDR, CET was notably thinner, CSNP density decreased, and MG 
dropout was more pronounced. CET was found to be related to CSNP density, which in turn correlated with Schirmer 
I test results. Additionally, improving the ocular surface in these patients may help reduce the incidence of corneal 
epithelial lesions.
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