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Abstract
● AIM: To observe the changes in corneal subepithelial 
nerve fibers (CNFs) and Langerhans cells (LCs) in 
patients with type 2 diabetes using corneal laser confocal 
microscopy (CLCM). 
● METHODS: A total of 60 patients (64 eyes), including 
40 patients with type 2 diabetes (DM group) and 20 
subjects without diabetes (control group) were included 
with CLCM. Neuron J plugin of Image J software were used 
for quantitative analysis of CNF length (CNFL), CNF density 
(CNFD), corneal nerve branch fiber density (CNBD), main 
branch length density, branch length density, corneal nerve 
fiber tortuosity (NT) score, and LCs density. An independent 
samples t-test to analyze the variability between the two 
groups was performed, and Pearson correlation analysis 
was used to analyze the relationships between CNF and 
multiple biochemical indicators in the DM group. The 
predictive power of CNF for type 2 diabetes was assessed 
using the receiver operating characteristic (ROC) curve. 
● RESULTS: There were significant differences in the 
CNFL, CNFD, and main branch length density between two 
groups. The results of Pearson correlation analysis showed 
a significant negative correlation between CNFD and the 
duration of diabetes as well as triglyceride levels and total 
cholesterol, and a significant positive correlation between 
CNFD and serum albumin. In addition, the NT score 
showed a positive correlation and urea nitrogen, similar to 
the positive correlation observed between LC density and 
glycosylated hemoglobin (HbA1c) levels. CNFD showed 
the highest area under the curve (AUC of ROC) value, 
followed by main branch length density and CNFL. The AUC 
of the ROC curve under the logistic regression model also 
demonstrated good predictive values. The cut-off values of 

CNFD, CNFL, and main branch length density for diabetes 
showed 31.25, 18.85, and 12.56, respectively. 
● CONCLUSION: In patients with type 2 diabetes, 
there is a notable reduction in both CNFL and CNFD. 
These measurements can be influenced by various blood 
biochemical factors. However, the compromised nerve fibers 
can serve as valuable indicators for predicting the onset 
of type 2 diabetes and also as biomarkers for detecting 
diabetic neuropathy and its related complications.
● KEYWORDS: corneal subepithelial nerve; diabetes; 
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INTRODUCTION

A ccording to the statistics from the International Diabetes 
Federation (IDF) in 2017, the global prevalence of 

diabetes in the age group of 20 to 79 was 8.8%, with an 
estimated over 640 million people worldwide affected by 
diabetes by 2040[1-2]. Diabetes, as a systemic disease with 
multi-organ involvement, not only delays corneal wound 
healing, increases the risk of infection, and causes diabetic 
retinopathy in the retina, but also raises concerns regarding 
corneal nerve damage. In recent years, studies have found 
that corneal nerve alterations in diabetes can serve as a new 
potential indicator for early detection of diabetic neuropathy. 
Corneal laser confocal microscopy (CLCM) plays a crucial role 
in assisting the diagnosis of various corneal conditions such 
as fungal keratitis[3], acanthamoeba keratitis[4], keratoconus[5] 
and endothelial dystrophy[6]. It has also gained increasing 
importance in the evaluation of corneal nerve and dry eye 
disease. In this study, we observed corneal subepithelial nerve 
fibers (CNFs) and Langerhans cells (LCs) in patients with 
type 2 diabetes. The Pearson correlation between subepithelial 
nerve fibers and biochemical indicators was conducted. We 
further emphasized the strong correlation between corneal 
nerve fibers and type 2 diabetes by utilizing receiver operating 
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characteristic (ROC) curves. We validated the potential role of 
corneal nerve fibers as biomarkers for diabetic neuropathy.
SUBJECTS AND METHODS
Ethical Approval  The study was approved by the Ethics 
Committee of the Chinese PLA General Hospital (Approval 
No.S2023-199-01). All image data is carefully evaluated 
anonymously to ensure the protection of patients’ personal 
privacy.
Subjects  This study included 60 age-related cataract patients 
(64 eyes) scheduled for phacoemulsification cataract surgery at 
the ophthalmology outpatient clinic of our hospital from May 
2023 to July 2023.
Inclusion criteria: All patients in the diabetes group met the 
diagnostic criteria for type 2 diabetes[7], and all patients had 
good cognitive ability and compliance. Exclusion criteria: 
1) glaucoma, corneal inflammation, conjunctivitis, scleritis, 
blepharitis; 2) uveitis, history of ocular trauma; 3) lacrimal 
duct disease, lacrimal gland diseases; 4) high myopia, history 
of corneal contact lens wear; 5) long-term oral steroid use, 
systemic connective tissue disease, immune-related diseases; 
6) history of diabetic retinopathy laser treatment; 7) diseases of 
the entire nervous system, such as stroke, Parkinson’s disease, 
multiple system atrophy, etc.; 8) malignant tumors, nephritis, 
or other secondary renal failure.
Observation Indicators  A venous blood sample of 2 mL was 
collected from all patients to assess the levels of biochemical 
indicators, including fasting blood glucose, glycosylated 
hemoglobin (HbA1c), triglycerides, total cholesterol, renal 
function (creatinine, blood urea nitrogen), uric acid and serum 
albumin (ALB).
All patients underwent CLCM using the HRT III confocal 
microscope (Heidelberg, Germany) with a laser wavelength 
of 670 nm. The examination included imaging of the entire 
corneal depth with an average magnification of 800 times and 
a theoretical resolution of 1 μm. A clear and high-resolution 
image of a 400 μm×400 μm area was successfully obtained. 
Before the examination, 0.4% oxybuprocaine hydrochloride 
eye drops (Sanxin Pharmaceutical, Japan) were instilled 
twice to ensure effective surface anesthesia of the eye being 
examined. Next, 0.2% Carbomer eye drops (Bausch & Lomb, 
Germany) was applied to the corneal microscope surface, 
followed by placing a sterile corneal contact cap. The patient’s 
lower jaw and forehead were fixed on a holder, and they were 
instructed to fixate on a target light. The laser scanning camera 
position was adjusted to align the laser beam with the corneal 
pupil area. The camera was gradually advanced, maintaining 
a distance of approximately 5-10 mm from the contact cap. 
It was then carefully fine-tuned to align the central cornea 
cap with the reflected laser beam spot in the pupil area. The 
camera was gently advanced until it made slight contact with 

the cap. The focal plane was set to 0 for the contact between 
the cap and the cornea, and the focal plane was precisely 
adjusted by turning the laser scanning camera adjustment 
ring, allowing for the acquisition of corneal images at various 
depths. Over 100 images were captured for each patient and 
securely stored. Three high-quality images of the subepithelial 
corneal nerve fibers were successfully obtained for each 
eye, and all procedures were performed by the same skilled 
and experienced ophthalmic technician. At the same time, 
the grouping information of all participants has been kept 
confidential from the technician.
Image Analysis  Three clear images of the CNF layer were 
selected for each eye. Neuron J plugin of Image J software 
were used to trace the nerve fiber morphology (Add tracings) 
and calculate the total length of all main and branch fibers 
(Measure tracings). CNF length (CNFL), CNF density 
(CNFD), corneal nerve branch fiber density (CNBD), nerve 
fiber tortuosity (NT), and the number of LCs were observed 
and analyzed. The above operations were repeated for three 
images, and the results were averaged. CNFL (mm/mm2) 
represents the total length of nerve fiber trunks and branches 
within a unit area. CNFD (n/mm2) represents the number 
of nerve fiber trunks within a unit area. CNBD (n/mm2) 
represents the number of nerve fiber branches within a unit 
area. NT score: 0 points indicate nerve fibers that are mostly 
straight; 1 point indicates slightly curved nerve fibers; 2 
points indicate moderately curved nerve fibers with frequent 
directional changes, but all changes are small; 3 points indicate 
significantly curved nerve fibers with larger changes in fiber 
direction; 4 points indicate highly curved nerve fibers with 
sudden and frequent changes in fiber direction. LCs: the 
number of dendritic cells was counted in each image.
Statistical Methods  Statistical analysis was conducted 
using the SPSS AU online software (https://spssau.com). 
The data are presented as mean±standard deviation (SD). 
After testing for normality, independent sample t-tests were 
used for comparisons between the two groups. Pearson’s 
correlation analysis was performed to assess the correlation 
between corneal subepithelial nerve parameters with various 
biochemical indicators in patients with diabetes and a 
correlation heatmap corresponding was plotted. The predictive 
power of corneal nerve fiber parameters for type 2 diabetes 
was evaluated using the ROC curves analysis. A P-value <0.05 
was considered statistically significant.
RESULTS 
A total of 60 patients (64 eyes), with 40 patients (43 eyes) in 
the type 2 diabetes group (DM group) including 22 males and 
18 females, with an age range of 44 to 85 years (mean age 
67.28±9.84y), and 20 patients (21 eyes) in the non-diabetic 
(control group) including 7 males and 13 females, with an 
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age range of 50 to 82 years (mean age 68.33±8.61y). Among 
the diabetic patients included in the study, 7 diabetic patients 
controlled their blood sugar through exercise and dietary 
therapy, 20 patients took only oral hypoglycemic drugs, 3 
patients received only subcutaneous insulin injections, and 8 
patients took both oral hypoglycemic drugs and subcutaneous 
insulin injections. All patients had stable blood sugar control in 
1mo before the surgery. There were no statistically significant 
differences in terms of age (t=-0.85, P=0.40) or gender (χ2=0.78, 
P=0.38) between the DM group and the control group.
When comparing various parameters of nerve fibers between 
the DM group and the control group, the DM group showed 
a series of significant declines in CNFL (16.60±5.14 mm/mm2) 
compared to the control group (19.65±3.32 mm/mm2; t=-2.48, 
P=0.016), CNFD (34.01±10.14 n/mm2) compared to the 
control group (44.05±10.91 n/mm2; t=-3.63, P=0.001), and 
main branch length density (11.92±3.45 n/mm2) compared to 
the control group (15.00±3.33 n/mm2; t=-3.39, P=0.001; Figure 
1 and Table 1). There was no statistically significant difference 
in CNBD, branch length density, NT score and LCs density 
between the two groups.
Pearson correlation analysis revealed a significant correlation 
between CNFD with the duration of diabetes, triglyceride levels, 
total cholesterol, and serum ALB (r=-0.31, P=0.043; r=-0.42, 
P=0.005; r=-0.31, P=0.041; r=0.31 P=0.04). Additionally, 
NT scores are positively correlated with urea nitrogen levels 
(r=0.34, P=0.026), while HbA1c showed a positive correlation 
with LCs density (r=0.30, P=0.048; Table 2 and Figure 2). 
Among all the 5 corneal nerve indices, CNFD exhibited 
the highest predictive value of area under the curve (AUC) 
for type 2 diabetes (AUC=0.758). The AUC values of main 
branch length density, CNFL, CNBD, and branch length 
density were respectively 0.726, 0.715, 0.592, and 0.533 
(Figure 3A and Table 3), the former two predicted better 
diagnosis performance. The AUC of the ROC curve under a 
logistic regression model is 0.788, suggesting a relatively high 
predictive value for diagnosing type 2 diabetes (Figure 3B). 
The cut-off values of CNFD, CNFL, and main branch length 
density were respectively 31.25, 18.85, and 12.56 (Table 3).

DISCUSSION
Diabetes not only poses risks to blood vessels and nerves, but 
it can also have detrimental effects on the eyes. In addition to 
diabetic retinopathy, diabetes can also cause damage to the 
corneal nerves, leading to decreased corneal sensitivity, dry 
eye syndrome, and even neurotrophic keratitis[8-9]. Consistent 

Table 1 Comparison of corneal nerve fiber parameters between the DM group and the control group                                                            mean±SD

Parameters Diabetes group (n=43) Control group (n=21) t P
CNFL (mm/mm²) 16.60±5.14 19.65±3.32 -2.48 0.016a

CNFD (n/mm²) 34.01±10.14 44.05±10.91 -3.63 0.001b

CNBD (n/mm²) 34.88±22.04 38.39±18.68 -0.63 0.533
Main branch length density (mm/mm²) 11.92±3.45 15.00±3.33 -3.39 0.001b

Branch length density (mm/mm²) 4.68±3.00 4.65±1.78 0.04 0.966
NT score 1.77±0.90 1.76±1.04 0.022 0.983
LCs density (n/frame) 2.95±3.02 1.67±1.59 1.83 0.07

aP<0.05; bP<0.01. SD: Standard deviation; CNFL: Corneal nerve fiber length; CNFD: Corneal nerve fiber density; CNBD: Corneal nerve branch 

fiber density; NT: Nerve fiber tortuosity; LC: Langerhans cell; DM: Diabetes mellitus.

Figure 1 CNF images of patients in the DM group and the control 

group observed under CLCM and traced using Neuron J plugin 

of Image J software A: CNF images of patients in the DM group 

observed under CLCM showed lower CNF density, irregular and 

tortuous morphology, and abundant LC cells (the red arrow pointing 

to the increased and matured LCs under corneal epithelium in 

diabetes). B: Analysis and tracing of CNF in patients from the DM 

group observed under CLCM using Neuron J plugin. C: CNF images of 

patients in the control group observed under CLCM showed higher 

CNF density, straighter morphology, and fewer LC cells. D: Analysis 

and tracing of CNF in patients from the control group observed under 

CLCM using Neuron J plugin (Purple lines indicate the automatically 

recognized fiber morphology by Neuron). CNF: Corneal nerve fiber; 

DM: Diabetes mellitus; CLCM: Corneal laser confocal microscopy; LC: 

Langerhans cell.
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with other studies[10-13], our experiment demonstrated 
significant reductions in various parameters of corneal nerve 
fibers among patients with diabetes, these included nerve fiber 
length, nerve fiber density, and main branch length density. 
Diabetic patients often exhibit adverse associations between 
corneal nerve parameters and both the duration of diabetes 
and HbA1c levels[14-15]. Long-term blood glucose control，as 
reflected by HbA1c levels, can have a detrimental impact on 
the cornea, leading to the activation of the corneal sub-basal 
LCs and an increase in nerve tortuosity scores[16]. Our analysis 
revealed a significant negative correlation between the duration 
of diabetes and CNFD, as well as a positive correlation 
between HbA1c levels[17] and LCs[10,16,18-19] (Table 2), which is 
consistent with previous research findings. Importantly, our 
study revealed that corneal nerve fibers have shown promising 
predictive value for type 2 diabetes in the ROC curve analysis. 
In summary, subepithelial nerve fibers in the cornea play a 
crucial role in facilitating early diagnosis and monitoring of 
complications in type 2 diabetes. Therefore, we believe that 
corneal nerve fiber parameters hold significant potential as a 
biomarker for diabetic neuropathy. 
Furthermore, total cholesterol, low-density lipoprotein cholesterol, 
triglycerides[1,20-22] and renal function impairment[23-24] have 
been identified as risk factors for corneal nerve fibers, which 
is consistent with our findings. Recently, some scholars have 
proposed that targeting hypertriglyceridemia could be a 
potential strategy for treating nerve damage[21,25], as elevated 

triglycerides can induce oxidative and nitrosative stress, 
leading to nerve damage[26]. What is particularly noteworthy 
is that we have identified a novel blood marker, serum ALB, 
exhibits a positive correlation with CNFD. ALB, a small 
molecule weight, non-glycosylated serum protein, serves as an 
indicator of the body’s nutritional status and plays a vital role 
in maintaining plasma osmotic pressure, substance binding 
and transformation, antioxidant functions, and neuroprotective 
effects[27-28]. Previous research has indicated that ALB plays a 
beneficial role in preserving frozen nerves and the addition of 
ALB in the calcein-AM and 4’,6-diamidino-2-phenylindole  
(CAM-DAPI) staining has been found to significantly enhance 
the vitality of Schwann cells[12], which are known for protective 
and nourishing effects on neurons. The potential mechanisms 
underlying this association may align with our findings and 
require further exploration.

Figure 2 Correlation heatmap between corneal nerve parameters 
and biochemical indicators in diabetes (red represents a positive 
correlation between two indicators and blue represents a negative 
correlation)  DM: Diabetes mellitus; HbA1c: Glycated hemoglobin; 
TCHO: Total cholesterol; Crea: Creatinine; Alb: Albumin; TG: Triglycerides.

Figure 3 The ROC curves of corneal nerve parameters for type 2 

diabetes  A: The ROC curves of CNFD, CNBD, CNFL, main branch 

length density, and branch length density for type 2 diabetes; B: 

The ROC curve under a logistic regression model for type 2 diabetes 

(the ROC curve for CNFD showed the highest AUC value, followed 

by main branch length density and CNFL). ROC: Receiver operating 

characteristic; CNFD: Corneal nerve fiber density; CNBD: Corneal 

nerve fiber branch density; CNFL: Corneal nerve fiber length; AUC: 

Area under the curve.
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Recently, in the research of corneal nerve evaluation of 
diabetes neuropathy, scholars combine functional evaluation 
with structural evaluation[29]. Researchers from different studies 
emphasized that distal peripheral neuropathy in diabetes 
patients showed decreased corneal sensitivity and corneal 
neuropathy[30]. The corneal nerve plays an important role in 
providing corneal protection by regulating tear production and 
eyelid closure, stimulating corneal collagen expression, and 
protecting epithelial cell function[31]. Patients with diabetes 
corneal neuropathy usually have corneal hypoesthesia, eye 
irritation or pain[32], and reduced corneal nerve density and 
corneal sensitivity can lead to defects in the healing process 
of corneal epithelial wounds and lead to persistent epithelial 
defects[33]. In our study, we have emphasized the comparison 
of differences in CNFs between diabetic and non-diabetic 
patients. This result not only highlights the damage of 
corneal nerve fibers by diabetes through objective data but 
also underscores the promoting effect of diabetes on corneal 
lesions. Certainly, we also aim to conduct a more in-depth and 
specific analysis of the clinical signs and manifestations of 
corneal lesions in diabetic patients in the future.
In conclusion, corneal nerve damage and LC activation 
in patients with diabetes can be identified by CLCM[34-35], 
representing early keratopathy and neuropathy in diabetes. 
Subepithelial nerve fibers in the cornea have the potential 

to be valuable biomarkers for diabetic neuropathy, offering 
a new avenue for early diagnosis and treatment of diabetic 
keratopathies, such as reduced corneal sensation, ocular surface 
irritation, dry eye syndrome, and delayed corneal epithelial 
healing. However, it is important to note that this study has 
certain limitations, which may have contributed to the absence 
of significant findings. The sample size of our study was 
predominantly composed of older individuals, which may limit 
the generalizability of our findings to the broader population. 
Meanwhile, early research has already reported a potential 
link between corneal nerve damage in elderly individuals 
and dementia[36-37]. Therefore, it would be more remarkable 
clinical and research value to explore this branch of the study 
with a larger more defined research, stratifying patients by age 
and duration of diabetes. In any case, we are well aware of 
the negative impact of diabetes on the cornea. Corneal nerve 
fibers can serve as early predictors of diabetic keratopathy 
and also as biomarkers for diabetic neuropathy. They play a 
crucial role in the early diagnosis and treatment of diabetic 
keratopathy and diabetic neuropathy, providing important 
auxiliary value. Predicting corneal and nerve damage through 
corneal nerve fibers, can improve the early diagnosis rate of 
diabetic complications and assist in early clinical intervention 
and treatment. This can also provide valuable guidance for 
diabetic patients to understand their blood sugar control status 

Table 2 Pearson correlation analysis between corneal nerve parameters and biochemical indicators in the diabetes group

Parameters CNFD
 (n/mm²)

CNBD 
(n/mm²)

Main branch length 
density (mm/mm²)

Branch length 
density (mm/mm²)

CNFL 
(mm/mm²) NT score LCs density

DM duration -0.310a -0.255 -0.199 -0.268 -0.291 0.022 0.195
Glucose -0.099 0.012 0.003 -0.218 -0.126 -0.047 0.166
HbA1c -0.115 -0.036 0.032 -0.119 -0.048 -0.103 0.304a

TG -0.423b -0.165 -0.279 -0.076 -0.232 0.099 -0.128
TCHO -0.313a -0.244 -0.155 -0.101 -0.163 0.288 -0.086
Crea -0.122 0.025 -0.157 -0.072 -0.147 0.148 0.112
Urea nitrogen -0.222 0.054 -0.101 0.089 -0.016 0.340a 0.09
Alb 0.314a 0.147 0.181 0.042 0.146 0.016 0.073
Uric acid -0.106 -0.143 0.053 0.065 0.073 0.154 0.017

aP<0.05; bP<0.01. CNFD: Corneal nerve fiber density; CNBD: Corneal nerve branch fiber density; CNFL: Corneal nerve fiber length; NT: Nerve 

fiber tortuosity; LC: Langerhans cell; DM: Diabetes mellitus; HbA1c: Glycated hemoglobin; TG: Triglyceride; TCHO: Total cholesterol; Crea: 

Creatinine; Alb: Albumin.

Table 3 The optimal threshold for the ROC curves

Parameters AUC (95%CI) Optimal threshold Sensitivity Specificity Cut-off

CNFD (n/mm²) 0.758 (0.634-0.882) 0.368 0.810 0.558 31.250

CNBD (n/mm²) 0.592 (0.443-0.741) 0.151 0.476 0.674 37.500

CNFL (mm/mm²) 0.715 (0.589-0.841) 0.388 0.667 0.721 18.850

Main branch length density (mm/mm²) 0.726 (0.599-0.854) 0.414 0.810 0.605 12.560

Branch length density (mm/mm²) 0.533 (0.391-0.675) 0.202 0.667 0.535 4.060

ROC: Receiver operating characteristic; AUC: Area under the curve; CNFD: Corneal nerve fiber density; CNBD: Corneal nerve fiber branch 

density; CNFL: Corneal nerve fiber length; CI: Confidence interval.

Corneal nerve fibers in type 2 diabetes
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and improve blood sugar control targets. By timely adjusting 
hypoglycemic treatment plans in the endocrinology department 
and providing nutritional repair of the cornea through local 
medications in the ophthalmology clinic, it can ultimately 
enhance the overall quality of life and prognosis for diabetic 
patients.
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