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Abstract

e AIM: To investigate morphological changes in the cornea
and meibomian glands using in vivo confocal microscopy
(IVCM) in patients with type 2 diabetes (T2DM) and to
analyze the correlation of these changes with disease
duration (DD).

e METHODS: Patients with T2DM who visited the
ophthalmology and endocrinology departments of our
hospital from May 2023 to December 2023 were selected.
According to DD, they were divided into the short-DD (<10y)
and long-DD (>10y) groups. The control group consisted of
age-matched non-diabetes patients. All underwent Ocular
Surface Disease Index (OSDI), tear break-up time (TBUT),
Schirmer | test (SIT), and IVCM imaging. Corneal nerve
parameters, including corneal nerve fiber density (CNFD),
corneal nerve branch density (CNBD), corneal nerve fiber
length (CNFL), and meibomian gland metrics, including
density of meibomian gland acinar units (MGAUD), the
longest diameter of the meibomian gland acini (MGALD),
the shortest diameter of meibomian gland acini (MGASD),
the area of meibomian gland acinar units (MGAUA), were
analyzed using ImageJ and ACCMetrics.

e RESULTS: A total of 130 patients with T2DM were
included in this study, among which 68 were male (52.3%,
age 30-76y) and 62 were female (47.7%, age 30-76y), the
average age of the group was 55.54+11.65y. Significant
differences (P<0.001) were observed in OSDI, TBUT, SIT,
CNFD, CNBD, CNFL, MGALD, MGASD, MGAUD, and MGAUA
between diabetes groups and controls. DD positively
correlated with OSDI, MGALD, and MGASD (P<0.05), and

negatively correlated with TBUT, SIT, CNFD, and CNFL
(P<0.05). No correlation was found between DD and CNBD,
MGAUD, or MGAUA (P>0.05).

o CONCLUSION: T2DM patients exhibit greater corneal
nerve and meibomian gland damage than age 30-76y non-
type 2 diabetes patients. Prolonged DD exacerbates these
morphological changes.

o KEYWORDS: diabetes; corneal nerves; meibomian
glands; in vivo confocal microscopy; ocular surface
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INTRODUCTION

ype 2 diabetes comprises more than 90 percent of all

diabetic cases and is commonly linked to the traits of
metabolic syndrome, such as abdominal obesity, hypertension,
insulin resistance, and dyslipidemia. Although this form
of diabetes has long been associated with microvascular
complications including retinopathy, nephropathy, and
peripheral neuropathy, emerging evidence continues to
underline its extensive systemic implicationst'"’. The prevalence
of type 2 diabetes is steadily increasing, with an increase of
200 million cases projected by 2040. By 2045, the global
number of cases is estimated to reach 783 million™. Medical
personnel’s understanding of the ocular complications of type 2
diabetes should not be limited to diabetic retinopathy, macular
edema, metabolic cataracts, and neovascular glaucoma; entire
ocular surface disorders similarly affect individuals’ quality of
life and can seriously threaten vision. Common ocular surface
disorders such as meibomian gland dysfunction (MGD), dry
eye, and keratopathy have been shown in studies to affect
as many as 70% of patients with type 2 diabetes"’, with the
incidence of dry eye ranging between 27.7% and 54.3%".
With the advancements in ophthalmic examination equipment
in recent years, more and more scholars have discovered that
in vivo confocal microscopy (IVCM) plays a crucial role in

diagnosing corneal and meibomian gland diseases. Beyond
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ocular diseases, IVCM functions as a surrogate biomarker
for systemic diseases by assessing the density, length, and
branch density of corneal nerve fibers. [IVCM is a noninvasive
scanning modality that provides detailed information on the
corneal nerve plexus and has become a valuable tool and the
gold standard for ophthalmologists to evaluate the status of
>l This study utilizes IVCM to explore
the abnormalities in the morphology of corneal and meibomian

corneal nerve fibers!

gland tissues in patients with type 2 diabetes and analyzes their
correlation with the duration of diabetes, providing guidance
for the early diagnosis and treatment of diabetic superficial eye
diseases.

PARTICTPANTS AND METHODS

Ethical Approval This study followed the Declaration of
Helsinki and was reviewed and approved by the Medical
Ethics Committee of Hebei General Hospital. Informed
consent was obtained from all participants. Ethics review
number: (2024) (094).

Participants This study selected a total of 130 patients with type
2 diabetes who visited the ophthalmology and endocrinology
departments of Hebei Provincial People’s Hospital from
May 2023 to December 2023. According to the duration of
diabetes”, they were divided into a short-duration group
(diabetes duration <10y) with 67 cases, and a long-duration
group (diabetes duration >10y) with 63 cases. The control
group consisted of 20 non-type 2 diabetes patients who visited
the same ophthalmology department during the same period.
Inclusion Criteria Diabetes group: 1) age >18y, gender
unspecified; 2) patients diagnosed with type 2 diabetes by
the Endocrinology Department of Hebei Provincial People’s
Hospital; 3) with mild non-proliferative diabetic retinopathy
or without any diabetic retinopathy. Healthy control group: 1)
age >18y, regardless of gender; 2) patients without diabetes; 3)
no MGD, according to the criteria by Bron et al™®, diagnosis of
MGD included one or more of the following: absent, viscous,
or waxy white secretion on digital expression, presence of
greater than two lid margin telangiectases, and plugging of
greater than two gland orifices; 4) voluntarily participating in
this study.

Exclusion Criteria 1) age <18y; 2) conjunctival diseases;
3) history of ocular laser treatment, surgery, and trauma; 4)
recent history of local ophthalmic medication; 5) history of
ocular infections within the last 6mo; 6) recent wearers of
contact lenses; 7) eyelid abnormalities; 8) patients diagnosed
with rheumatic immune-related diseases, systemic immune
system diseases, connective tissue diseases, or malignancies,
such as Sjogren’s syndrome, rheumatoid arthritis, Sicca
syndrome, and lupus, etc.; 9) diseases or diagnoses affecting
the central or peripheral nervous systems or other forms of
neuropathy; 10) participants taking certain medications, such
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as antihistamines, tricyclic antidepressants, oral contraceptives,
and antihypertensive drugs including diuretics were also
excluded. Additionally, individuals with vitamin A deficiency
and pregnant women were excluded; 11) individuals unable to
cooperate in completing the examination.

Grouping Control Group: 20 cases without a history of
diabetes; short duration group: diabetes duration <10y, 67
cases; long duration group: duration of diabetes >10y, 63
cases.

Research Methods All subjects were assessed by the Eye
Table Disease Index Questionnaire (Ocular Surface Disease
Index, OSDI). The severity of ocular surface symptoms was
assessed according to the OSDI score grade proposed in
literature: 0-12 normal, 13-22 mild, 23—-32 moderate and 33-
100 severe”.

The examination methods for dry eye-related indicators have
been standardized and will not be repeated in this article.
IVCM Examination Using the German Heidelberg laser
confocal microscope (HRT-3, Hidelberg Engineering GmbH,
Dossenheim, Germany) RCM module to observe the cornea
and meibomian glands. The 10-30 clear images were selected
for each eye from the center, upper, lower, nasal, and temporal
sides, and ACCMetrics (University of Manchester, UK)
fully automated analysis software was applied to measure
the subepithelial nerves of the cornea, with all measurement
results averaged. The nasal side, central, and temporal side
of the lower eyelid meibomian gland near the eyelid margin
were observed, 3 images from each area (a total of 9 images)
were randomly selected, and ImageJ semi-automatic analysis
software was applied to measure the meibomian gland-related
indicators, with all measurement results averaged.

Statistical Analysis Data statistical analysis was performed
using SPSS 27.0. The health control group and diabetes group
measurements were tested for normality using the Shapiro-
Wilk test. For indicators that were normally distributed, results
are presented as meantstandard deviation (SD), the counting
data were analyzed by Pearson Chi-square test; for those that
were not normally distributed, results are presented as median
and interquartile range [M (Q1, Q3)]. The Kruskal-Wallis H
test was used for non-normally distributed data comparisons
among multiple groups, analyzing the distribution between
different groups, with pairwise comparison results adjusted
using Bonferroni correction. Spearman rank correlation
analysis was used to analyze the correlations between
indicators. P<0.05 was considered statistically significant.
RESULTS

General Characteristics A total of 130 patients with type 2
diabetes were included in this study, among which 68 were
male (52.3%) and 62 were female (47.7%), with an age range
of 30 to 76y and an average age of (55.54+11.65)y. The control
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group consisted of 20 cases, including 11 females (55.0%)
and 9 males (45.0%), with an age range of 32 to 77y and an
average age of (57.07+10.87)y.

Compared to the control group, there were no statistically
significant differences in gender (¥*=0.968, P=0.616) and
age (H=5.226, P=0.073) among the three groups of subjects
(Tables 1, 2).

OSDI Statistically significant differences in OSDI were
found among the three groups (H=25.044, P<0.001). There
was no significant difference between the control group and
short-duration group (P=0.064), but there was a significant
difference between the control and long-duration group and
between the short-duration and long-duration group (P<0.001,
P=0.001; Table 3).

BUT The differences of break-up time (BUT) between
the three groups were statistically significant (H=23.962,
P<0.001), and pairwise comparisons between the three groups
showed statistically significant differences (P=0.007, P<0.001,
P=0.015; Table 3).

SIT Significant differences in Schirmer I test (SIT) were
observed among the three groups (H=24.704, P<0.001), and
pairwise comparisons among the three groups also showed
statistically significant differences (P=0.013, P<0.001,
P=0.006; Table 3).

Corneal Nerve Fiber Density Using live-cell confocal
microscopy, corneal nerve morphology was observed (Figure
1). Corneal nerves were analyzed using ACCMetrics, where
red represents the main nerve trunk, blue represents branch
nerves, and green represents nerve branching nodes.

The comparison of corneal nerve fiber density (CNFD)
differences across the three groups were statistical significance
(H=29.906, P<0.001), with the differences between the control
group and the short disease duration, and between the control
group and the long disease duration group, being statistically
significant (P<0.001, P<0.001); however, there was no obvious
statistical significance in the comparison between the short
disease duration and long disease duration groups (P=0.070;
Table 4).

Corneal Nerve Branch Density The comparison of corneal
nerve branch density (CNBD) differences among the three
groups was statistically significant (H=28.569, P<0.001).
Specifically, the differences between the control group and
the short and long disease duration groups were statistically
significant (both P<0.001); however, there was no statistically
significant difference between short and long disease duration
groups (P=1.000; Table 4).

Corneal Nerve Fiber Length The differences in corneal
nerve fiber length (CNFL) among the three groups were
statistically significant (H=35.820, P<0.001), with significant
differences between the control group and the short duration

Table 1 Gender distribution n
Groups Female Male Total
Control group 11 9 20
Short duration DM 34 33 67
Long duration DM 28 35 63
Total 73 77 150

According to Pearson Chi-square test, x’=0.968, P=0.616. DM:

Diabetes mellitus.

Table 2 Age distribution

Groups Numbers Age,y

Control group 20 [57.00 (54.0, 60.0)]
Short duration DM 67 [53.00 (47.5, 58.5)]
Long duration DM 63 [60.00 (53.5, 66.5)]

According to the Kruskal-Wallis H test, H=5.226, P=0.073. DM:

Diabetes mellitus.

Table 3 Results of OSDI, TBUT, and SIT median (IQR)
Groups OSDI TBUT SIT
Control group 4.0(3.75,5.25) 8.0(5.0,8.25)*° 20.0(17.0,29.0)"
Short duration DM 8.0 (4.0,12.0)  4.0(3.0,6.0°  12.0(9.0,23.0)"
Long duration DM 12.0(8.0,16.0)°  3.0(2.0,5.0)  9.0(5.0.0, 15.0)
H 25.044 23.962 24.704
P <0.001 <0.001 <0.001

°P<0.001 vs control; °P=0.001 vs short duration DM; P=0.007 vs
short duration DM; “P<0.001 vs long duration DM; °P=0.015 vs
long duration DM; fP=0.013 vs short duration DM; 8P<0.001 vs long
duration DM; "P=0.006 vs long duration DM. All comparisons were
corrected using Bonferroni. OSDI: Ocular Surface Disease Index;
TBUT: Tear break-up time; SIT: Schirmer | test; IQR: Interquartile
range; DM: DM: Diabetes mellitus.

group (P<0.001) and between the control group and the long
duration group (P<0.001); the difference between the short
duration and long duration groups was statistically significant
as well P=0.005 (Table 4).

Diameters of Meibomian Gland Acini The morphology of
meibomian gland acini was observed using [IVCM (Figure 2).
The comparison of the longest diameter of the meibomian
gland acini (MGALD) differences across the three groups were
statistical significance (H=22.826, P<0.001), with statistically
significant differences between the control group and both the
short duration and long duration groups (P=0.001, P<0.001);
however, the difference between the short duration and long
duration groups was not statistically significant (P=0.144).

The comparison of the shortest diameter of meibomian gland
acini (MGASD) differences across the three groups were
statistical significance (H=23.188, P<0.001), with statistically
significant differences between long duration group and both
the control and the short duration groups (P=0.001, P<0.001);
however, the difference between control group and the short
duration group was not statistically significant (P=0.630;
Table 5).
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Figure 2 Acinar morphology of meibomian gland A: Control group; B: Short duration DM; C: Long duration DM. DM: Diabetes mellitus.

Table 4 Corneal nerve fiber related parameters

median (IQR)

Groups CNFD

CNBD CNFL

25.42 (22.50, 27.66)*"
18.88 (16.32, 21.49)
Long duration DM 16.90 (14.77, 19.66)

H 29.906

P <0.001

Control group
Short duration DM

18.17 (15.45, 20.40)*"
13.09 (11.69, 14.52)°
11.55 (9.83, 13.55)
35.820
<0.001

46.36 (40.04, 48.28)~"
29.68 (22.49, 33.44)
28.12 (21.87, 33.29)

28.569
<0.001

°P<0.001 vs short duration DM; °P<0.001 vs long duration DM; °P<0.001 vs short duration DM; “P<0.001 vs long duration DM; *P<0.001 vs short

duration DM; 'P<0.001 vs long duration DM; #P=0.005 vs long duration DM, all comparisons use Bonferroni correction. CNFD: Corneal nerve

fiber density; CNBD: Corneal nerve branch density; CNFL: Corneal nerve fiber length; DM: Diabetes mellitus; IQR: Interquartile range.

Table 5 Meibomian gland-related parameters

median (IQR)

Groups MGALD

MGASD

MGAUD MGAUA

99.28 (85.17, 107.93)™"
114.32 (106.27, 123.31)
Long duration DM 122.41 (108.32, 131.76)
H 22.826
P <0.001

Control group
Short duration DM

15.15 (14.52, 17.25)°

16.88 (14.15, 19.66)"

20.13 (16.79, 16.87)
23.188
<0.001

1775.15 (1501.47, 1993.18)'
2427.88 (1892.00, 3013.75)
2563.75 (2135.18, 2897.42)
16.188
<0.001

117 (105, 129.75)°
106 (98, 119.00)
103 (97, 110.00)

8.856
<0.001

2P=0.001 vs short duration DM; °P<0.001 vs long duration DM; “P=0.001 vs long duration DM; 4p<0.001 vs long duration DM; °P=0.011 vs long
duration DM; P=0.002 vs short duration DM; P<0.001 vs long duration DM, all comparisons were performed with Bonferroni correction. IQR:

Interquartile range; MGALD: The longest diameter of the meibomian gland acini; MGASD: The shortest diameter of meibomian gland acini;

MGAUD: Density of meibomian gland acinar units; MGAUA: The area of meibomian gland acinar units; DM: Diabetes mellitus.

Density and Area of Meibomian Gland Acini The
comparison of density of meibomian gland acinar units
(MGAUD) differences across the three groups were statistical
significance (H=8.856, P=0.012), where there was no obvious
statistical significance between the control group and the short
duration group, and between the short duration group and the
long duration group (P=0.137, P=0.375); however, there was
a statistically significant difference between the control group
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and the long duration group (P=0.011; Table 5).

The comparison of the area of meibomian gland acinar units
(MGAUA) differences among the three groups was statistically
significant (H=16.188, P<0.001), with significant differences
between the control group and the short disease duration
and long disease duration (P=0.002, P<0.001); there was no
statistical significance between the short disease duration and
long disease duration (P=0.994; Table 5).
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Correlation of Corneal Nerve and Meibomian Gland
Indices with Disease Duration In the diabetes group, CNFD
and CNFL were negatively correlated with the duration of
diabetes (P<0.05); CNBD had no correlation with the duration
of diabetes (P>0.05; Tables 6-7, Figures 3-5).

In the diabetes group, MGALD and MGASD were positively
correlated with the duration of diabetes (P<0.05); whereas
MGAUD and MGAUA were not correlated (P>0.05; Tables
8-9, Figures 6-9).

The relationship between gender, age, duration of diabetes,
and ocular surface parameters in patients with type 2 diabetes
was shown in Table 10. Specifically, the correlations between
the duration of diabetes and the parameters related to corneal
nerves were statistically significant. The duration of diabetes
was significantly negatively correlated with CNFD, CNBD,
and CNFL, indicating that as the duration of diabetes
increased, corneal nerve damage occurred in diabetic patients;
the density and length of corneal nerves decreased. The
duration of diabetes was significantly positively correlated
with MGALD and MGASD, indicating that as the duration
of diabetes increases, the alveoli of the meibomian glands
in diabetic patients partially dilate, with both the longest
and shortest diameters increasing. However, no significant
correlation was found with MGAUD and MGAUA, suggesting
that the relationship between the duration of diabetes and
MGAUD and MGAUA may be non-linear.

DISCUSSION

As the incidence of type 2 diabetes increases among common
chronic diseases in our country, more and more people are
paying attention to the ocular surface complications of type
2 diabetes, including decreased corneal sensitivity, MGD,
dry eye, and conjunctival damage. This study focuses on the
relevant effects of different disease durations on the corneal
nerves and meibomian gland structures. We will analyze the
similarities and differences by comparing our results with the
conclusions of scholars both domestically and internationally.
In this study, there was a statistically significant difference in
OSDI scores between the control group and different disease
duration groups of diabetes, indicating that the discomfort
of the ocular surface in patients with type 2 diabetes is more
pronounced than in healthy individuals, making symptoms
such as dry eye, stinging, foreign body sensation, and
blurred vision more likely to occur. This is consistent with
some previous studies!'"'"). The difference in OSDI scores
among groups with different disease durations is statistically
significant, suggesting that an extended duration of diabetes
exacerbates ocular surface discomfort symptoms, which
is consistent with the conclusion by Yu'"” that OSDI is
significantly positively correlated with the duration of diabetes.
In this study, the difference in TBUT and SIT between

Table 6 Correlation between corneal nerve fibers and disease

progression

Parameters CNFD CNBD CNFL
r -0.197 -0.139 -0.334
P 0.025 0.115 <0.001

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

density; CNFL: Corneal nerve fiber length.

Table 7 Quadratic fitting of the correlation between corneal nerve

fibers and disease progression

Parameters CNFD CNBD CNFL
R’ 0.103 0.015 0.137
Significance 0.001 0.387 <0.001

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

density; CNFL: Corneal nerve fiber length.

Table 8 Correlation between meibomian glands and disease

duration
Parameters MGALD MGASD MGAUD MGAUA
r 0.180 0.401 -0.154 0.027
P 0.040 <0.001 0.080 0.764

MGALD: The longest diameter of the meibomian gland acini; MGASD:
The shortest diameter of meibomian gland acini; MGAUD: Density
of meibomian gland acinar units; MGAUA: The area of meibomian

gland acinar units.

Table 9 Quadratic fitting of the correlation between meibomian

glands and disease duration

Parameters MGALD MGASD MGAUD MGAUA
R’ 0.047 0.252 0.030 0.002
Significance 0.046 <0.001 0.144 0.857

MGALD: The longest diameter of the meibomian gland acini; MGASD:
The shortest diameter of meibomian gland acini; MGAUD: Density
of meibomian gland acinar units; MGAUA: The area of meibomian

gland acinar units.

the control group and the diabetic group was statistically
significant, indicating that patients with type 2 diabetes have
poorer tear film stability and tear secretion function compared
to normal individuals. This is consistent with previous
studies'” ', Because diabetes, as a systemic metabolic
disease, is closely related to lipid metabolism, it can lead to
the disruption of lipid homeostasis in the meibomian glands,
subsequently affecting the synthesis of the lipid layer of the
tear film, which is an important factor in maintaining tear film
stability. Abnormalities in meibomian lipids or quantity can
affect tear film stability'"”.

As the duration of diabetes extends, the stability of the tear
film shows a downward trend, and the secretion of tears
gradually decreases. The reasons for this may be that the
hyperglycemia environment activates the inflammation-related
INK-IKK-NF«xB signaling pathway, leading to an increase
in the expression of inflammatory factors; the hyperglycemia
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Figure 3 Scatter plot showing diabetes duration and corneal nerve
fiber density (CNFD).
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Figure 4 Scatter plot showing diabetes duration and corneal nerve
branch density (CNBD).
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Figure 5 Scatter plot showing diabetes duration and corneal nerve
fiber length (CNFL).

environment can also cause cell osmotic edema through the
polyol pathway, while the production and accumulation of
advanced glycation end products affect cell proliferation and
differentiation, resulting in damage to the lacrimal glands and
cornea, ultimately leading to reduced tear secretion and poor
tear film stability!*"".

Corneal nerves radially penetrate the cornea via the stroma,

undergo bifurcation, and extend toward the epithelium,
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Figure 8 Scatter plot showing diabetes duration and the area of

meibomian gland acinar units (MGAUA).

presenting as long nerve bundles, delicate branches, and nerve
terminals. In this study, the CNFD, CNBD, and CNFL of the
diabetic group significantly decreased compared to the healthy
control group, indicating that patients with type 2 diabetes
developed corneal nerve damage, with reduced corneal nerve
density and length, consistent with previous studies' ",
Research® pointed out that the decrease in CNFD, CNBD,

and CNFL is symmetrical in both eyes and closely related to
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Table 10 Multiple linear regression analysis: standardized coefficients for factors associated with ocular surface parameters p(P)
Independent variable CNFD CNBD CNFL MGALD MGASD MGAUD MGAUA
Gender -0.623 (0.439) -4.254(0.119) 0.089 (0.886) -2.191(0.391) -0.035(0.972) 4.563(0.138) 4.702 (0.982)
Age,y -0.145 (0.037) -0.004 (0.982) 0.002 (0.957) -0.183(0.151) -0.021(0.684) -0.164 (0.300) 5.215(0.634)
Disease duration, y -0.313 (<0.001) -0.507 (0.005) -0.175 (<0.001) 0.403 (0.005) 0.381(<0.001) -0.268 (0.146) -0.477 (0.970)

CNFD: Corneal nerve fiber density; CNBD: Corneal nerve branch density; CNFL: Corneal nerve fiber length; MGALD: The longest diameter of the

meibomian gland acini; MGASD: The shortest diameter of meibomian gland acini; MGAUD: Density of meibomian gland acinar units; MGAUA:

The area of meibomian gland acinar units.
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Figure 9 Scatter plot showing diabetes duration and density of

meibomian gland acinar units (MGAUD).

the duration of diabetes. Although there was no statistically
significant difference in CNFD and CNBD between the short-
duration and long-duration groups in this study, Spearman
correlation analysis showed a negative correlation between
CNFD, CNFL, and duration, while CNBD showed no
correlation with duration. This suggests that with the gradual
extension of duration, there is a decreasing trend in CNFD
and CNFL, but the change in the number of CNBD is not
significant, indicating that the main corneal trunk nerves may
undergo atrophy, leading to a general decrease in nerve density,
and the extent of corneal nerve damage is worsening. This is
consistent with previous studies'>>".

The mechanisms that may contribute to this change include:
sustained hyperglycemia leading to the accumulation of
advanced glycation end products, enhanced activity of the
polyol pathway, increased oxidase, and the protease K pathway
resulting in demyelination of neurons and impairment of
corneal nerve innervation™. Research” has confirmed that
poly (ADP-ribose) polymerase may trigger oxidative stress
mechanisms, resulting in increased production of reactive
oxygen species, thereby causing mitochondrial damage.

Yagihashi ez al””

indicated that mitochondrial damage in nerve
fibers may lead to demyelination and conduction dysfunction.
Additionally, literature points out that mechanisms leading
to decreased corneal nerve density may include changes

in extracellular matrix components such as collagen,

proteoglycans, and fibronectin in the corneal stroma, which are
upregulated in diabetes and may disrupt the process of nerve

B52]. there may also be changes in basement membrane

growth
thickness and molecular composition, increasing the resistance
of stromal nerve branches to penetrate the epithelium, resulting
in decreased corneal nerve density and length in diabetic
patients””. Research indicates that the levels of insulin-like
growth factor binding protein-3 in the tears of diabetic patients
are elevated 3.5 times and are highly correlated with corneal
nerve fiber length and branching density, showing a significant
correlation with corneal nerve loss'*.

Among the morphologically related parameters of meibomian
gland acini, MGALD and MGASD reflect the overall size
of the acini, MGAUD reflects the density of acini within a
unit area, and MGAUA reflects the average area per acinus
within a unit area. In this study, there were statistically
significant differences in MGAUD, MGALD, MGASD,
and MGAUA between the healthy control group and groups
with varying durations of diabetes. In diabetic patients,
MGALD and MGASD are higher than normal, MGAUD
is lower than normal, and MGAUA is higher than normal.
In the linear correlation analysis, the duration of diabetes
was significantly positively correlated with MGALD and
MGASD. Moreover, after quadratic fitting, it was indicated
that with increasing diabetes duration, the alveoli of the
meibomian glands in diabetic patients partially dilated, and
both the longest and shortest diameters increased. There
was no significant correlation between diabetes duration
and MGAUD and MGAUA, and the correlation remained
insignificant after quadratic fitting. This indicates that there
is a non-linear correlation and no curve correlation between
diabetes duration and MGAUD and MGAUA. However,
Spearman rank correlation analysis showed that MGAUA was
positively correlated with the duration of the disease. MGAUD
is negatively correlated with the duration of the disease,
indicating that as the duration of diabetes increases, MGAUA
shows a monotonically increasing trend and MGAUD shows
a monotonically decreasing trend, but the pattern of change
is irregular. The reason for this relationship may be due to the
different proportions of atrophy and dilation of meibomian
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gland follicles in patients. Overall, it can be understood that
as the disease progresses, the overall volume of the acinar
glands shows an increasing trend, while the density shows
a decreasing trend. This is inconsistent with the results of
previous studies'’?”. The study'” suggests that MGASD
increases with the prolongation of the disease duration,
MGALD shows no significant change with the prolongation
of the disease duration, MGAUD gradually decreases with the
prolongation of the disease duration, and MGAUA varies with
the disease duration.

The analysis of the structural morphological effects of
diabetes on the meibomian glands may have several reasons:
first, a high glucose environment induces a large number of
inflammatory cytokines, and oxidative stress leads to cellular
tissue damage; second, hyperkeratosis of the meibomian gland
cells causes duct blockage; third, diabetes affects systemic
lipid metabolism, resulting in abnormal lipid secretion from
the meibomian glands; fourth, the abnormal hormone levels
in diabetic patients, especially the decrease in estrogen levels,
exacerbate apoptosis of the meibomian gland epithelial cells,
leading to gland atrophy and loss””. Patients with MGD due to
diabetes may experience glandular acinar dilation or atrophy,
with acinar dilation being particularly evident near the eyelid
margin and a notable increase in acinar diameter, while acini
near the dome area mostly present in a state of atrophy with
significantly reduced acinar diameter”™”.

In summary, we can see that patients with type 2 diabetes
are more prone to experience damage to the corneal nerves
and meibomian glands, with symptoms of ocular surface
discomfort being more pronounced than in healthy individuals,
and worsening as the duration of diabetes increases. Changes
in the morphology and structure of the cornea and meibomian
glands become more evident over time. This study is the first
to use IVCM to simultaneously observe the morphological
changes of corneal nerves and meibomian glands in patients
with type 2 diabetes, analyze their correlation with the duration
of diabetes, and explore the mechanism behind the structural
abnormalities on the ocular surface in type 2 diabetes patients,
which aids in the diagnosis of diabetic ocular surface diseases
and facilitates the early detection of diabetic peripheral
neuropathy. In addition, IVCM, characterized by its non-
invasive and high-resolution nature, allows for real-time,
dynamic observation of the ultrastructural changes of corneal
nerves and meibomian glands, yielding more refined results
compared to traditional methods such as slit-lamp examination
and LipiView. In contrast to the evaluation of intraecpidermal
nerve fiber density through skin biopsy, the same corneal
region can be analyzed repeatedly, which is valuable for
longitudinal investigations to monitor disease progression and
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evaluate therapeutic efficacy”'’. Corneal confocal microscopy
can differentiate painful diabetic peripheral neuropathy (20%-
30% of cases) from painless diabetic peripheral neuropathy
by detecting more severe nerve loss, thus facilitating clinical
phenotype stratification””. Future advancements in artificial
intelligence integration and wider accessibility may contribute
to better prognosis for neurological and ophthalmological
disorders.
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