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Abstract
BACKGROUND 
Dry eye, also known as keratoconjunctival dryness, refers to a group of conditions 
that lead to eye discomfort and visual dysfunction. Being one of the most common 
complications of diabetes, it can lead to vision loss and, in severe cases, blindness 
in patients with diabetes.

AIM 
To investigate ocular dryness manifestations, assess corneal neuropathy, and 
identify associated influencing factors in patients with type 2 diabetes (T2D) 
complicated with comorbid dry eye syndrome (DES).

METHODS 
Data from 81 patients with T2D admitted to Xianyang First People’s Hospital 
between January 2022 and June 2023 (18 months) were retrospectively reviewed. 
Patients were divided into the DES and non-DES groups. Additionally, 50 indi-
viduals who concurrently underwent medical examinations served as the control 
group. Standardized assessments were conducted, including evaluations using 
the standard patient evaluation of eye dryness (SPEED) tool, noninvasive tear film 
breakup time (NIBUT) analysis, and Schirmer I test (SIt) determination of wetting 
length. Under a corneal confocal microscope, subbasal corneal neuropathy eva-
luations were conducted to determine the density, length, number, and tortuosity 
of the main nerves. Associations among SPEED scores, NIBUT, SIt results, and 
subbasal corneal neuropathy parameters in the DES group were examined. The 
DES and non-DES groups were further analyzed for differences in baseline 
characteristics, and potential risk factors for DES in patients with T2D were 
identified by multivariate logistic regression modeling.
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RESULTS 
The T2D + DES group showed an increase in the SPEED score, along with a decrease in the NIBUT and SIt wetting 
length, compared with the non-DES and control groups (P < 0.05); however, no marked inter-group differences 
were noted for fluorescein staining test scores between T2D + DES group and DES group. Compared with the non-
DES groups, the DES group exhibited reductions in density, length, and number of the main nerves, as well as an 
increase in nerve tortuosity (all P < 0.05), and all these changes were more pronounced in the non-DES group than 
in the DES group (all P < 0.05). In the DES group, the SPEED score demonstrated a significant negative correlation 
with nerve density and the length and number of the main nerves but a positive correlation with nerve tortuosity. 
Conversely, both the NIBUT and SIt wetting length showed a positive association with the density and number of 
the main nerves; however, the SIt wetting length demonstrated an inverse correlation with nerve tortuosity. 
Multivariate modeling identified several independent risk factors for DES in T2D, such as age, diabetes duration, 
lacrimal gland dysfunction, and insufficient insulin secretion, as well as fasting blood glucose and glycated 
hemoglobin.

CONCLUSION 
Patients with T2D are more susceptible to DES. The T2D + DES group exhibited significant reductions in the 
density, length, and count, along with increased tortuosity, of the main nerve. These corneal nerve changes are also 
intimately linked to the severity of DES.
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Core Tip: Patients with diabetes are more likely to have dry eyes, experience a burning sensation and foreign body sensation, 
exhibit corneal epithelial changes, and have a significantly higher incidence of dry eye than those without diabetes. In this 
study, dry eye and corneal neuropathy symptoms were observed in patients with both dry eye and type 2 diabetes, and the 
correlation between the two was analyzed. This study also actively explored and summarized relevant factors influencing the 
occurrence of dry eye in patients with diabetes to provide effective preventive treatment and improve patients’ quality of life.
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INTRODUCTION
Dry eye syndrome (DES), or keratoconjunctivitis sicca, is a multifactorial ocular condition characterized by tear film 
instability and/or ocular surface damage caused by abnormalities in the quantity, quality, or fluid dynamics of tears, 
resulting in ocular discomfort and visual impairment[1]. This syndrome is clinically characterized by symptoms such as 
ocular itching, dryness, a persistent foreign body sensation, and a burning feeling, accompanied by increased sensitivity 
to external stimuli[2]. Insufficient basal tear production and severe ocular dryness can trigger reflex tearing, leading to 
intermittent episodes of excessive tearing[3]. Multiple factors affect DES development, such as environmental influences, 
individual lifestyle factors, and presence of localized or systemic comorbidities[4,5].

Diabetes is a chronic metabolic condition marked by hyperglycemia and has a multifactorial etiology. It can result in 
neuropathic, nephropathic, and microvascular complications, significantly impairing patients’ life quality and survival[6]. 
With the increasing prevalence of diabetes, associated ocular complications have attracted growing clinical attention, 
making diabetes-related ocular surface disorders a priority in ophthalmology research[7,8]. In particular, DES is one of 
the most prevalent complications among patients with diabetes. It leads not only to visual deterioration but may, in 
severe cases, result in blindness, leading to considerable deterioration of the quality of life among patients[9].

In 2007, the International Dry Eye Workshop redefined DES as a multifactorial ocular surface disorder that featured 
compromised tear film stability, high tear osmolarity, ocular surface injury with inflammation, ocular discomfort, and 
deterioration of visual function. With an intricate etiology, DES relates closely to the patient’s sex, age, endocrine 
conditions, autoimmune diseases, etc.[10,11]. With in-depth research and extensive discussion on the etiology and 
pathological mechanisms of DES, studies have revealed that patients with diabetes are particularly susceptible to 
symptoms such as dry eyes, burning/foreign body sensations, and corneal epithelium alterations. Notably, the 
prevalence of DES among patients with diabetes is 1.15-fold among those without diabetes[12]. DES disrupts film 
stability and causes ocular surface inflammation, leading to corneal neuropathy characterized by corneal nerve length/
density reductions and morphological abnormalities such as heightened tortuosity. Corneal nerve damage, particularly 
decreased nerve density, severely affects the subjective visual quality of patients with DES[13]. A study indicated that 
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15%-33% of patients with diabetes aged ≥ 65 years have DES, affecting 50% more women than men[14]. In patients with 
diabetes, reduced corneal sensitivity and poor reflex tear production may also contribute to DES development[15]. Both 
inflammation and immunity are implicated in the pathogenesis of DES. Hyperglycemia triggers an inflammatory cascade 
in the functional units of the tear duct, subsequently triggering innate and adaptive immune responses[16]. The inflam-
matory component of diabetic complications is associated with alterations in corneal immune cells. Furthermore, it leads 
to quantitative and qualitative abnormalities in tear production, reduced corneal sensitivity, and poor adhesion of 
regenerating epithelial cells[17]. Additionally, diabetes-induced oxidative stress contributes to the development of DES, 
and this relationship was examined previously[18].

Therefore, actively exploring and summarizing DES-associated factors in patients with diabetes for prompt delivery of 
effective preventive and therapeutic measures is essential to safeguarding patients’ quality of life. In this study, DES and 
corneal neuropathy symptoms were primarily observed in patients with type 2 diabetes (T2D), and their correlations 
were analyzed. Moreover, a comprehensive analysis of patients’ clinical data was conducted to identify factors con-
tributing to DES development in patients with T2D.

MATERIALS AND METHODS
Research participants
Data from 81 patients with T2D admitted to Xianyang First People’s Hospital between January 2022 and June 2023 
(18 months) were retrospectively reviewed. Twenty-seven of them were definitively diagnosed with DES. Based on the 
occurrence of DES, patients were divided into the DES and non-DES groups.

Inclusion criteria: (1) All patients satisfied the T2D diagnostic criteria; (2) The DES group met the corresponding 
diagnostic standards; (3) Age was between 18 and 65 years; (4) No evidence of active ocular inflammation, local 
application of eye drops, and history of contact lens wear were observed in the preceding 3 months; (5) Patients had no 
prior history of eye surgery or trauma; and (6) Clinical records were complete.

Exclusion criteria: (1) Other forms of diabetes, such as type 1 diabetes and gestational diabetes; (2) Use of medications 
that could potentially affect DES development; (3) Presence of ocular surface infections, such as conjunctivitis and 
keratitis, or other intraocular inflammatory diseases, like glaucoma, cataracts, and retinopathy; (4) A history of eye 
trauma or having undergone eye surgery within the past 3 months; (5) Recent (within 3 months) contact lens wear; (6) 
Best-corrected visual acuity < 20/20; (7) History of autoimmune disorders, severe hepatic and renal dysfunction, or 
malignant neoplasms; and (8) Incomplete clinical data.

Additionally, a control group was employed, which included 50 volunteers who concurrently underwent physical 
examinations at our hospital. The general characteristics of the groups were not significantly different, ensuring compar-
ability.

T2D diagnostic criteria: Random blood glucose level ≥ 11.1 mmol/L, or fasting blood glucose (FBG) level ≥ 7.0 mmol/L, 
or 2-hour postprandial blood glucose level ≥ 11.1 mmol/L, or glycated hemoglobin (HbA1c) level ≥ 6.5%.

DES diagnostic criteria: Patients must report subjective symptoms, such as dryness, foreign body sensation, burning 
sensation, eye fatigue, discomfort, eye redness, and fluctuating vision, and meet one of the following objective criteria: 
Noninvasive tear film breakup time (NIBUT) ≤ 5 seconds, or Schirmer I test (SIt) (without topical anesthesia) ≤ 5 mm/5 
minutes, or if subjective symptoms are present: 5 seconds < NIBUT ≤ 10 seconds, and 5 mm/5 minutes < SIt ≤ 10 mm/5 
minutes, and positive corneal and conjunctival fluorescein staining.

Patient data collection
General information: Based on electronic medical records, patients’ general information, such as age, sex, body mass 
index, and diabetes duration, was gathered.

Biochemical data: FBG and HbA1c levels were measured. From each participant, venous blood samples were collected 
early in the morning on an empty stomach. HbA1c was determined by high-performance liquid chromatography, and 
FBG levels were measured using the glucose hexokinase method.

DES-related examination indicators: These included dry eye symptom evaluation results, NIBUT, SIt (tear secretion 
test), corneal fluorescence staining results, and corneal neuropathy assessment results.

DES-related examination methods
Standard patient evaluation of eye dryness questionnaire: This questionnaire mainly assesses the following four groups 
of symptoms: Dry eyes, foreign body sensation, pain or irritation, and burning sensation or tearing. Participants were 
asked about the presence of these symptoms during activities, such as reading, using electronic screens, and nighttime 
driving, and exposure to arid or sandy environments. Each symptom is graded on a scale of 0-3 based on the frequency of 
occurrence: 0, never; 1, occasionally; 2, frequently; and 3, constantly. Severity is also rated on a 4-point scale: 0, none or 
mild discomfort; 1, discomfort without affecting daily life; 2, discomfort affecting quality of life; and 3, intolerable 
discomfort preventing normal activities. The maximum cumulative score of the questionnaire is 24 points.



Han WT et al. T2D complicated by dry eye syndrome

WJD https://www.wjgnet.com 4 October 15, 2025 Volume 16 Issue 10

NIBUT: The rounded tip of a premoistened fluorescein sodium ophthalmic test strip was gently inserted into the lower 
palpebral conjunctiva. Then, the patient was instructed to blink slowly 3-4 times to ensure the uniform distribution of 
fluorescein across the ocular surface. Subsequently, the patient was asked to maintain a forward-gazing position. Using 
the cobalt-blue illumination of a slit lamp, the duration between the final blink and initial appearance of tear film dark 
spots was precisely quantified.

SIt: The folded leading edge of a Schirmer test strip was carefully applied to the outer one-third of the lower palpebral 
conjunctiva. The patient was instructed to close both eyes gently. As the tears were secreted, the fluorescein on the strip 
gradually diffused downward. After 5 minutes, the distance of diffusion was measured, and the reading represented the 
tear secretion value.

Corneal fluorescein staining test: After NIBUT measurement, corneal epithelial staining was observed. A score of 2 
points was assigned if ≥ 8 stained spots were observed, indicating a positive result. A score > 5 points was considered 
strongly positive.

Corneal neuropathy evaluation: The assessment involved corneal confocal microscopy. The patient was seated in an 
upright position. First, to anesthetize the eye under examination, 0.5% tetracaine hydrochloride was instilled onto the 
ocular surface. Then, carbomer gel (Bausch & Lomb, Germany) was evenly applied to the lens surface, and a disposable 
corneal contact cap was properly installed. The patient was then instructed to firmly fix the forehead and chin on the 
forehead rest and chin support, respectively. Subsequently, the lens position and focus were precisely adjusted to capture 
clear images. During imaging, the patient was required to remain completely still. For each eye, 30-40 images were 
captured, starting from the superficial epithelium at the corneal center and extending to the endothelium. Images were 
selectively obtained from the basal layer, which lies between the corneal basal epithelium and Bowman’s membrane and 
is parallel to the corneal surface. Images with noticeable artifacts were excluded. The Image J semiautomatic image-
processing software, in combination with the Neuron J plug-in, was utilized to trace the density of the subbasement 
membrane nerve. Specifically, the density (number/mm2) and length of the main nerve and the straight-line distance 
between the start and end points of the main nerves were measured. The tortuosity of the main nerves was calculated as 
the ratio of their length to the straight-line distance between the start and end points. Two attending physicians from the 
ophthalmology department of our hospital performed the abovementioned measurement tasks independently. If the 
error between their two results exceeded 10%, an associate chief physician would be involved in the analysis, and the 
average value of the two most closely matched results would be adopted.

Statistical analysis
This study employed IBM SPSS Statistics for Windows version 25.0 for statistical analyses. Normally distributed 
continuous variables (mean ± SD) were analyzed by one-way analysis of variance for multigroup comparisons and 
independent-sample t-tests for between-group comparisons. Categorical variables, expressed as the case number and 
corresponding percentage [n (%)], were comparatively assessed by χ2 tests. Pearson correlation analysis explored 
relationships among variables. Logistic regression analysis was conducted to identify factors contributing to DES in 
patients with diabetes. All statistical tests rely on a P < 0.05 significance level.

RESULTS
Comparison of DES incidence and scores
Among the 81 patients with diabetes, 27 had DES, resulting in an incidence rate of 33.3%. A comprehensive comparison 
was conducted across three groups regarding the standard patient evaluation of eye dryness (SPEED) scores, NIBUT, SIt 
wetting length, and fluorescein staining test (FLS) scores. Compared with the control group, the DES and non-DES 
diabetic groups exhibited a significant increase in SPEED and FLS scores and a significant reduction in NIBUT and SIt 
values (P < 0.05). The DES group demonstrated higher SPEED scores but lower NIBUT and SIt values than the non-DES 
group (P < 0.05); however, no marked intergroup differences were noted for FLS scores (P > 0.05), as shown in Table 1.

Blood glucose level comparison among the three groups
FBG and HbA1c levels in the DES and non-DES groups were markedly increased compared with those in the control 
group (P < 0.05), with their levels being even higher in the DES group than in the non-DES group (P < 0.05), as presented 
in Table 2.

Corneal neuropathy parameters in patients with diabetes
Compared with the non-DES group, the DES group demonstrated a significant decrease in density, length, and number of 
the main nerves, as well as an evident augmentation in main nerve tortuosity (P < 0.05), as detailed in Table 3.

Correlation between DES indexes and corneal neuropathy parameters
In the DES group, the SPEED score showed a negative correlation with the density, length, and number of the main 
nerves (r = -0.447, -0.467, and -0.382, respectively, all P < 0.05), and a positive correlation with main nerve tortuosity (r = 
0.511, P < 0.05). The NIBUT score showed a positive correlation with the density, length, and number of the main nerves 
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Table 1 Comparison of dry eye syndrome-related index scores

SPEED score NIBUT (second) SIt (mm) FLS score

DES group (n = 27) 14.19 ± 2.75a,b 6.70 ± 1.46a,b 7.63 ± 1.45a,b 1.93 ± 0.78a

Non-DES group (n = 54) 5.22 ± 1.13a 10.20 ± 1.84a 10.67 ± 1.53a 1.89 ± 1.11a

Control group (n = 50) 4.32 ± 1.19 12.04 ± 1.48 12.16 ± 1.30 0.42 ± 0.50

F 368.6 91.56 103.5 46.51

P value < 0.0001 < 0.0001 < 0.0001 < 0.0001

aP < 0.05 vs control group.
bP < 0.05 vs non-dry eye syndrome group.
One-way analysis of variance (ANOVA) for multi-group comparisons and independent-sample t-tests for between-group comparisons. DES: Dry eye 
syndrome; SPEED: Standard patient evaluation of eye dryness; NIBUT: Non-invasive tear film breakup time; SIt: Schirmer I test; FLS: Fluorescein staining 
test.

Table 2 Blood glucose levels of three groups

FBG (mmol/L) HbA1c (%)

DES group (n = 27) 9.06 ± 2.06a,b 7.11 ± 0.74a,b

Non-DES group (n = 54) 7.77 ± 1.29a 6.72 ± 0.59a

Control group (n = 50) 5.02 ± 0.55 5.11 ± 0.57

F 103.0 126.4

P value < 0.0001 < 0.0001

aP < 0.05 vs control group.
bP < 0.05 vs non-dry eye syndrome group.
One-way analysis of variance (ANOVA) for multi-group comparisons and independent-sample t-tests for between-group comparisons. DES: Dry eye 
syndrome; FBG: Fasting blood glucose; HbA1c: Glycated hemoglobin.

Table 3 Comparison of corneal neuropathy parameters

Nerve density (μm/mm2) Main nerve length (μm) Number of main nerves (pieces) Main nerve tortuosity (%)

DES group (n = 27) 884.23 ± 25.09 565.41 ± 36.08 2.11 ± 0.42 1.17 ± 0.04

Non-DES group (n = 54) 7944.76 ± 231.55 1388.74 ± 55.89 5.94 ± 1.52 1.11 ± 0.05

t value 157.5 69.53 12.80 5.544

P value < 0.0001 < 0.0001 < 0.0001 < 0.0001

Independent-sample t-tests for between-group comparisons. DES: Dry eye syndrome.

(r = 0.533, 0.424, and 0.428, respectively, all P < 0.05) and a negative correlation with main nerve tortuosity (r = -0.417, P < 
0.05). The SIt was positively correlated with the density, length, and number of the main nerves (r = 0.532, 0.410, and 
0.447, respectively, all P < 0.05) and inversely linked to main nerve tortuosity (r = -0.684, P < 0.05). See Figure 1 for details.

Univariate analysis of DES-associated risk factors in patients with T2D
The analysis revealed significant differences between the DES and non-DES groups regarding age, diabetes duration, 
lacrimal gland dysfunction, insufficient insulin secretion, disease awareness level, and medication adherence (all P < 
0.05). See Table 4 for details.

Multivariate analysis of risk factors for DES in patients with T2D
Multivariate logistic regression was performed, with DES occurrence in patients with T2D as the dependent variable (0, 
without DES; 1, with DES) and the significant indicators from Tables 2 and 4 as independent variables. Assignments are 
detailed in Table 5. Age, diabetes duration, lacrimal gland dysfunction, insufficient insulin secretion, FBG, and HbA1c 
independently influenced the development of DES in T2D. See Table 5 for details.
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Table 4 Univariate analysis of risk factors for dry eye syndrome, n (%)

DES group (n = 27) Non-DES group (n = 54) χ2/t P value

Sex 0.225 0.635

    Male 13 (48.1) 23 (42.6)

    Female 14 (51.9) 31 (57.4)

Age (years) 59.59 ± 3.49 5.80 ± 3.01 3.739 0.0003

Duration of diabetes (year) 7.74 ± 2.18 5.29 ± 1.64 5.641 < 0.0001

Hypertension 0.105 0.747

    Yes 11 (40.7) 20 (37.0)

    No 16 (59.3) 34 (63.0)

Lacrimal gland dysfunction 12.501 0.0004

    Yes 18 (66.7) 14 (25.9)

    No 9 (33.3) 40 (74.1)

Insufficient insulin secretion 6.488 0.011

    Yes 21 (77.8) 26 (48.1)

    No 6 (22.2) 28 (51.9)

Disease awareness level 4.365 0.037

    Low 15 (55.6) 17 (31.5)

    High 12 (44.4) 37 (68.5)

Medication compliance 5.625 0.018

    Good 10 (37.0) 35 (64.8)

    Poor 17 (63.0) 19 (35.2)

Independent-sample t-tests and χ2 test for between-group comparisons. DES: Dry eye syndrome.

Table 5 Multivariate analysis of risk factors for dry eye syndrome in type 2 diabetes patients

Variable Assignment β SE Wald P value HR 95%CI

Age Continuous variable 0.347 0.152 5.192 0.023 1.415 1.050-1.907

Duration of diabetes Continuous variable 0.721 0.298 5.859 0.015 2.057 1.147-3.689

Lacrimal gland dysfunction 0 = no, 1 = yes 2.134 1.027 4.317 0.038 8.450 1.129-63.262

Insufficient insulin secretion 0 = no, 1 = yes 2.269 1.123 4.086 0.043 9.673 1.072-87.319

Disease awareness level 0 = high, 1 = low 0.720 1.010 0.509 0.476 2.005 0.284-14.864

Medication compliance 0 = good, 1 = poor. 0.397 0.911 0.190 0.663 1.487 0.249-8.874

FBG Continuous variable 0.815 0.298 7.482 0.006 2.259 1.260-4.049

HbA1c Continuous variable 1.396 0.698 4.006 0.045 4.041 1.029-15.862

Constant - -45.302 13.712 10.916 0.001 0.000 -

Binary logistic analysis was used. FBG: Fasting blood glucose; HbA1c: Glycated hemoglobin.

DISCUSSION
In recent years, with the continuous improvement of the living environment and transformation of lifestyle patterns, the 
prevalence of diabetes in clinical settings has shown a conspicuous upward trajectory. Diabetes, a chronic endo-
crinopathy, is characterized by increased blood glucose levels and aberrant metabolic processes. As it progresses, patients 
often experience a gradual decline in physical constitution and immune function, which may, in turn, precipitate a 
spectrum of systemic complications[19]. Current research postulates that in patients with diabetes, the pathological 
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Figure 1 Correlation between dry eye syndrome indicators and corneal neuropathy parameters in the dry eye syndrome group (n = 27). A: 
Correlation between standard patient evaluation of eye dryness (SPEED) score and nerve density; B: Correlation between SPEED score and main nerve length; C: 
Correlation between non-invasive tear film breakup time (NIBUT) and nerve density; D: Correlation between NIBUT and main nerve length; E: Correlation between 
Schirmer I test (Sit) and nerve density; F: Correlation between SIt and main nerve length. DES: Dry eye syndrome; SPEED: Standard patient evaluation of eye 
dryness; NIBUT: Non-invasive tear film breakup time; SIt: Schirmer I test.

alterations in blood vessels and nerve endings, coupled with the abnormal release of inflammatory cytokines, disrupt the 
normal functionality of the ocular surface. This disruption can lead to reduced tear secretion or abnormal tear-film 
function, thereby contributing to the development of DES. Among the factors associated with DES onset in patients with 
diabetes, diabetes duration, diabetic peripheral neuropathy, diabetic retinopathy, and insulin levels were identified as 
significant risk determinants[20]. Against this backdrop, a comprehensive assessment of DES determinants in patients 
with diabetes was conducted to provide valuable insights for clinical prevention and treatment strategies.

In this study, among the 81 patients with diabetes, 27 had DES, resulting in an incidence rate of 33.3%. In a retr-
ospective, population-based cohort study, 10029 of 152520 patients with diabetes had DES, with an incidence rate of 6.6%
[21]. However, in a hospital-based cross-sectional study, DES was found in 311 of patients with T2D (72.3%)[22]. We 
believe that the difference in DES prevalence stems from the sample size of the study. Subsequently, DES-associated 
indicators were initially measured. The findings revealed that among patients with diabetes, the SPEED and FLS scores 
were significantly high, whereas the NIBUT and SIt values were significantly reduced. Moreover, distinct differences 
were observed between the DES and non-DES groups. Previous research has demonstrated that a considerable number of 
patients with diabetes meet the diagnostic criteria for DES yet exhibit no obvious dry eye symptoms. This phenomenon 
likely stems from concurrent peripheral sensory neuropathy in patients with diabetes, which leads to a high sensory 
threshold and low corneal sensitivity. Consequently, despite structural and functional abnormalities of the ocular surface 
tear film, symptoms may not be immediately apparent. However, as the disease progresses, the deterioration worsens, 
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and symptoms gradually become more pronounced. This explains the observed increase in SPEED scores among patients 
with diabetes over time. Under normal physiological conditions, the human lacrimal glands are uniformly distributed in 
the conjunctival sac. Basal tear secretion is sustained by the accessory lacrimal glands, which generate a colloidal-like tear 
film on the ocular surface. Ocular surface mucin is a crucial tear film component and serves to stabilize and bind the tear 
film, ensuring its proper adherence to the conjunctival and corneal surfaces[23]. Nevertheless, patients with diabetes 
endure a prolonged state of hyperglycemia. This hyperglycemic condition exerts a profound inhibitory effect on corneal 
nerve conduction and conjunctival goblet cell proliferation, resulting in the suppression of tear secretion and substantial 
reduction in the corresponding mucin secretion[24]. Consequently, the stability of the tear-film components is 
compromised, and the tear film can rupture rapidly. Additionally, high-glucose environments render cells susceptible to 
edema, causing alterations in the structure and functioning of the accessory lacrimal glands and consequently diminished 
tear secretion. Notably, the likelihood of corneal fluorescein staining in patients with diabetes is significantly higher than 
in those without diabetes[25]. Subsequently, an in-depth observation of corneal neuropathy in patients with diabetes was 
conducted. Compared with the control group, the DES group demonstrated a notable decrease in the nerve density 
beneath the corneal basement membrane and the length and number of the main nerves. These results clearly indicate 
that DES in patients with T2D can precipitate a decreased corneal nerve count, reduced nerve density, nerve shortening, 
and altered nerve morphology. The pathophysiological mechanisms underlying these phenomena are as follows: Long-
term hyperglycemia facilitates the accumulation of advanced glycation end-products (AGEs) in the corneal epithelial 
basement membrane. This deposition disrupts normal corneal adhesion and migration, thereby impeding corneal 
epithelial healing. Additionally, the interaction between AGEs and their receptor accelerates the generation of 
intracellular reactive oxygen species (ROS). This ROS overproduction induces oxidative stress, which in turn triggers the 
apoptosis of corneal nerve cells[26]. In light of the abovementioned evidence, T2D may induce substantial damage to 
corneal nerves, a vital pathological process that facilitates DES initiation and progression.

Finally, a comprehensive analysis was conducted on DES drivers in patients with T2D. The outcomes revealed that age, 
diabetes duration, lacrimal gland dysfunction, insufficient insulin secretion, FBG levels, and HbA1c were all independent 
determinants of DES development in patients with T2D. Evidently, DES susceptibility progressively increased with 
longer diabetic duration and worsening glycemic control. Lacrimal gland dysfunction occurs owing to the influence of 
neuropathy, metabolic disorders, or inflammation. Under these circumstances, the lacrimal gland may fail to maintain 
normal tear volume, or the tear composition may be altered. Consequently, the tears can no longer effectively lubricate 
and protect the eyeball surface, thus leading to sensations of dryness and irritation[27]. Insulin serves as a pivotal 
hormone in the regulation of blood glucose homeostasis. Accordingly, inadequate insulin secretion inevitably causes an 
increase in blood glucose levels. The ensuing hyperglycemic state may inflict damage upon blood vessels and nerves, 
particularly those responsible for supplying the ocular region and lacrimal glands[28]. Notably, Rocha et al[29] detected 
the presence of insulin in human tears and the existence of insulin-like growth factor receptors in both the human cornea 
and conjunctiva. Insulin is also vital in maintaining tear film stability and the ocular surface microenvironment. 
Compared with healthy individuals, patients with diabetes exhibit notably lower insulin content in their tears. This 
deficiency directly contributes to compromised tear film stability and a suboptimal ocular surface environment in 
patients with diabetes. The importance of glucose for the proper functioning of corneal cells is well known. In the eye, 
glucose uptake is independent of insulin; it is mediated by active glucose transporter 1[30]. Since the first description of 
the use of topical insulin in the treatment of corneal ulcers, topical insulin has been found to improve tear film stability
[31,32]. Furthermore, high FBG and HbA1c levels are reliable markers of ineffective blood glucose management in 
patients with T2D. Extended periods of hyperglycemia can damage the microvasculature and disrupt the normal blood 
circulation of the eyes, potentially causing substantial harm to various ocular tissues such as the lacrimal glands[33]. 
Moreover, hyperglycemia may trigger an inflammatory response in the eyes, further exacerbating DES symptoms.

This study has some limitations. First, small sample sizes may affect the results, and a significant correlation between 
dry eye and diabetes duration must be observed in further studies with larger sample sizes. Second, this was a 
retrospective study; thus, information on diabetes-related clinical parameters was deficient. For example, the presence or 
absence of peripheral neuropathy in patients could be a confounder that affects the results, which must be confirmed in 
future studies.

CONCLUSION
In this study, a tangible correlation has been established between patients with T2D and DES, with these patients concur-
rently presenting corneal neuropathy of diverse severity levels. For patients with T2D characterized by a protracted 
disease duration and suboptimal glycemic control, regular funduscopic examinations and taking into full consideration 
the potential ocular surface disorders that might be triggered are necessary. This comprehensive approach is pivotal for 
ensuring the timely detection and prompt intervention of DES in patients with diabetes, thereby optimizing their ocular 
health management and overall prognosis.
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