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Abstract

BACKGROUND

Dry eye syndrome (DES) is a common disease with various clinical manifestations. DES
had a significant association with diabetes. Blink reflex (BR) is also known as trigeminal
nerve facial reflex. The stimulation of corneal nerves is one of the origins of BR
stimulation. The parasympathetic fibers sent out through the facial nerve are the outlet
of tear reflexes. BR can be used to assess the function of the corneal nerve closed-loop;

however, whether the BR changes in these patients is unclear.

AIM
This study aimed to understand the morphology and function of the corneal nerve in

patients with dry eyes having diabetes or not.

METHODS

This study enrolled 131 patients who visited the inpatient and outpatient services of
ophthalmology and endocrinology departments between January 2019 to August 2020
with subjective symptoms of dry eyes and non-dry eye reasons, as well as volunteers
such as colleagues. The patients were divided into four groups: DEwDM, with dry eyes

having type 2 diabetes mellitus (T2DM); DMnDE, with T2DM not having dry eyes;




DEnDM, with dry eyes not having diabetes; and nDMnDE, with neither dry eyes nor
diabetes. The tear film break-up time, Schirmer I test, in vivo confocal microscopy, and

BR were performed.

RESULTS

The DEwDM, DMnDE, DEnDM, and nDMnDE groups included 56, 22, 33, and 20
patients, respectively. Sex and age were not statistically different among the four
groups. The nerve fiber length (NFL) of patients in the DEwDM, DEnDM, and DMnDE
groups redu (P < 0.001, P = 0.014, and P = 0.001, respectively). No significant
difference in corneal nerve fiber density (NFD) (P = 0.083) and corneal nerve branch
density (NBD) (P = 0.195) was found among four groups. The R1 Latency of blink
reflexes increased only in the DEwDM group (P = 0.008, P = 0.001, P < 0.001, compared
with the DMnDE, DEnDM, and nDMnDE groups, respectively). The NBD and R1
Latency were different between DEwDM and DEnDM groups in patients with

moderate and severe dry eyes.

CONCLUSION

The corneal nerve morphology changed in patients with dry eyes or diabetes, or with
both, while the function of corneal nerve closed-loop reduced only in those with dry

eyes and diabetes.

INTRODUCTION

Dry eye syndrome (DES) is a common disease with various clinical manifestations!!!
that decreases the quality of lifel2 3. The prevalence of DES in China and other parts of
the world increases with multiple complicationsl+¢l.

The corneal nerves regulate corneal sensitivity, blink reflex, tear production, and

epithelial regeneration!Z9l. The relationship between corneal sensation and subbasal




nerve morphology depends on the pathophysiological mechanism of ocular surface
diseasell0l.

DES had a significant association with higher blood glucose and higher glycosylated
hemoglobin Alc (HbAlc)[lL 12l Although the exact mechanisms underlying dry eyes are
unclear in diabetes, corneal nerve dysfunction may be a possible mechanism!!3l. Some
studies showed different reports about the morphology of corneal nerves in patients
with diabetes or neuropathyl4-18l. In this study, the relationship between morphological
abnormalities of corneal nerves and dry eye disease in patients with type 2 diabetes
mellitus (T2DM) was observed.

Blink reflex (BR) is also known as trigeminal nerve facial reflex. Blinks are vital in the
diffusion, mixing, and renewal of tears and stimulate the release of lipids from the
meibomian glands. This blink nerve function can indirectly determine whether corneal
sensory afferent nerve and facial parasympathetic outflow function abnormally!2?- 20,
The stimulation of corneal nerves is one of the origins of BR stimulation. It passes
through the trigeminal nerve to the trigeminal nucleus of the brainstem. It then
transmits nerve impulses to the facial nucleus. The motor fibers of the facial nerve
dominate the orbicularis. The parasympathetic fibers sent out through the facial nerve
are the outlet of tear reflexes(2l 22, Thus, BR can be used to assess the function of the
corneal nerve closed loop, which may occur in patients with dry eyes and diabetes;
however, whether the BR changes in these patients is unclear.

In this study, the corneal subbasal nerve plexus morphology was observed by in vivo
confocal microscopy (IVCM)[L3l. The BR was also measured, which is an examination of
the nerve conduction to observe the sensory function of the trigeminal nerve and the
motor function of the facial nerve. This cross-sectional study was performed to
investigate whether corneal nerve fibers and corneal nerve closed loop function are

impaired in patients with dry eyes having or not having T2DM.

MATERIALS AND METHODS

Patients




This cross-sectional study was conducted on patients visiting the outpatient and
inpatient services of the departments of ophthalmology and endocrinology in Xuanwu
Hospital of Capital Medical University between January 2019 and August 2020.
Inclusion criteria

Patients aged 18-70 years with subjective symptoms of dry eyes, such as dryness,
burning, stinging, and discomfort, and willingness to cooperate with the examination,
were included in the study. A signed informed consent form was collected from all
included patients, and this study was approved by the ethics committee of the hospital.
Grouping criteria

Patients selected based on the inclusion criteria were divided into four groups: (1)
DEwDM group: patients with dry eyes having T2DM; (2) DEnDM group: patients with
dry eyes not having diabetes; (3) DMnDE group: patients with T2DM not having dry
eyes; and (4) nDMnDE group: control patients who visited the ophthalmology
department for non-dry eye reasons such as cataracts and myopia, and some patients
complained of dry eyes but did not diagnose with dry eyes after examination, as well as
volunteers such as colleagues.

Dry eye disease was diagnosed according to the diagnostic criteria of dry eyes in the
“2013 Chinese Clinical Diagnosis and Treatment Experts Consensus of Dry Eye”[23l.
These were: (1) patients with one of the subjective symptoms such as dryness, burning,
stinging, ocular fatigue, discomfort, vision fluctuation, and tear film break-up time
(BUT) <5 s or Schirmer I test <5 mm/5 min. (2) patients with one of the subjective dry
eye symptoms and 5 s < BUT <10 s or 5 mm/5 min < Schirmer I test < 10 mm/5 min
and the conjunctiva was fluorescein-stained positive. Grouping for diabetes depended
on whether the patients were ever diagnosed with T2DM in the endocrinology
department of the hospitall24l.

Exclusion criteria

The exclusion criteria were as follows: a history of wearing contact lens, laser corneal
surgery or other eye surgery, eye trauma, with Sjogren's syndrome, rheumatoid

arthritis (RA), Steven-Johnson syndrome (SJS), conjunctiva pemphigoid, conjunctival




scarring, or other diseases that affect tear production, corneal disease, high intraocular
pressure, pigment membrane inflammation, trigeminal neuropathy, facial paralysis, or
other confirmed nerve-related ophthalmopathy, or type 1 diabetes mellitus (TIDM). In
the non-diabetic group, diabetic retinopathy and diabetic optic neuropathy were
excluded. A few patients in the diabetic group had diabetic fundus disease. However,
the degree of fundus disease is not included in the data analysis.

Examinations

Clinical and ophthalmic assessment

All patients answered the Ocular Surface Disease Index (OSDI) questionnaire, and
ophthalmological examinations were performed in the right eye of each participant. The
slit lamp was used to examine the anterior segment to exclude ocular surface
inflammation, corneal disease, pigment membranitis, and other abnormalities. The BUT
was assessed using a 77000 keratograph D type comprehensive corneal topography
examination instrument (OCULUS, Germany). After three blinks, the system
automatically detected the time of the first noninvasive tear film BUT. The corneal
fluorescein staining was performed using a wet fluorescein stain paper (Tianjin
Jingming New Technology Development Co., Ltd., China) and observed through a slit
lamp with a cobalt blue filter. The Schirmer I test was performed in a quiet and dark
environment. The Schirmer paper strip was folded and placed at the temporal one-third
of the lower-lid margin. The patients were asked to look down or close their eyes
gently. After 5 min, the score was measured as the length of the wetted area on the
Schirmer paper strip. Fasting or postprandial venous blood glucose test was performed
on patients with diabetes using a Hitachi 7600 automatic biochemical analyzer (Hitachi,
Japan). HbAlc was tested using a Bio-Rad Variant II HbAlc analyzer (Bio-Rad,
Montreal, Quebec, Canada). The blood glucose of fingertip was measured by dry
chemical method (ACCU-CHEK Performa, Roche Diabetes Care GmbH, Germany) in
patients without diabetes history. If the tests came back normal, we did not think he
was diabetic.

IVCM imaging and analysis




Heidelberg Retina Tomograph III with the Rostock Cornea Module (Heidelberg
Engineering GmbH, Germany) was used to perform the IVCM imaging on the central
subbasal corneal nerve fibers. After local anesthesia, an image of 400 x 400 pm? of the
central subbasal nerve fibers was acquired according to operation routine by a single
examiner (HQY), with scanning depth of 50 + 5 pm. Images with constant scanning,
good contrast, most nerve fibers, and without folds or motion were selected for storage.
The curve measurement function in Image] 32 software was used to trace and measure
the central subbasal corneal nerve fibers in the images/2>28l. Then, a pixel to millimeter
conversion was performed using the software. The NFL (total length of corneal nerves,
mm/mm?), NFD (the number of nerve fibers/mm?2), and NBD (the number of branch
points on the nerves/mm?) were measured by two different researchers (WF and FL)IZZl.
As corneal tissue of 400 x 400 pm2 could be seen in each IVCM image, the
corresponding pixel in Image] 32 software was 384 x 384 pixels. The conversion formula
was the total length of nerve fibers in each picture (pm) = the tracing result/0.96.

Blink reflex

Nicolet EDX electromyograph (Thermo Nicolet Corporation, USA) was used to measure
the BRIZI. The patient lay flat on the bed with eyes slightly opened or closed. The
surface recording electrode was placed in the middle of the bilateral lower eyelid to
record bilateral orbicularis signals. The reference electrode was placed outside the
lateral canthus. The surface-stimulating electrodes were placed on the supraorbital
incisure to stimulate the supraorbital nerve.

A 0.2-ms square-wave pulse was used to stimulate the BR. As the stimulus intensity
sufficient to induce response differed among patients, the stimulus was set at 0 mA at
the beginning for each patient. It was increased until the response was induced, which
only increased the reaction extraction rate without affecting the amplitude and latency.
Moreover, the intensity inducing the first response was used for further stimulation and
analysis of each patient. The interval between each stimulation was 5 s. The mean

intensity that induced the response was 13.6 mA (range: 10-16 mA).




For BR analysis, bilateral signals were recorded at a one-side stimulus, repeated four
times, and the average R1 and R2 Latency and amplitude were calculated. The normal
values of the latency were as follows: R1 < 11.8 ms, bilateral difference <2 ms; R2 <34.4
ms, bilateral difference < 3.6 ms; and R2' < 34.6 ms, bilateral difference < 4.0 ms (data
from Union Medical College Hospital)2?. The R2 wave involved multiple bilateral
intracranial structures with a long conduction path and was affected by intracranial
lesions. The absolute value of the amplitude was not significant enough for diagnosis,
and primarily the R1 Latency was presented in this study32.

Schirmer I score among short- and long-duration of diabetes.

Comparing the Schirmer I score between patients with diabetes for short and long
duration in the DEwDM group (<10 years 5.89 * 4.68 mm; >10 years 3.23 + 3.39 mm)
and patients with different durations of diabetes in the DMnDE group (<10 years 18.38
+ 593 mm; >10 years 10.93 £ 6.17 mm). The significant differences were observed
(DEwDM: P = 0.018; DMnDE: P = 0.012); and such differences were not found in BUT
between the DEwDM or DMnDE groups with different durations of diabetes (DEwDM:
P =0.586; DMnDE: P = 0.601) (Table 4).

Statistical analysis

Statistical analysis was performed using SPSS Statistics 16.0 (SPSS Inc., IL, USA). All
data from measurements were expressed as mean + standard deviation unless stated.
Kolmogorov-Smirnov D-test was conducted to test the normality of data distribution.
The chi-square test was performed on the sex of each group. For other data, the
Kruskal-Wallis test and analysis of variance (ANOVA) were performed to compare the
four groups. This was followed by the post-hoc multiple-comparison Tukey (with
homogeneity of variance) or Tamhane test (with the heterogeneity of variance) when P
was less than 0.05 in Kruskal-Wallis test and ANOVA. Two independent-samples t-
tests were conducted for statistical comparison between two subgroups. Correlations
between the corneal nerve morphological parameters (NFL, NFD, and NBD) or R1
Latency and ocular surface parameters (BUT, Schirmer I test) or duration of diabetes

were analyzed by Spearman correlation. A P value < 0.05 indicated a statistically




significant difference. Additionally, Bland-Altman analysis in SPSS16.0 statistical
software was used to analyze the consistency of data from the two researchers. If the

data were consistent, the mean value of the two was taken as the inspection result.

RESULTS

Clinical and demographics data

In this study, 131 participants were included. Of these, 56 participants were in the
DEwDM group (56.9 + 7.8 years; 39.3% women), 33 participants were in the DEnDM
group (52.3 £ 11.1 years; 57.6% women), 22 participants were in the DMnDE group (55.0
+ 7.2 years; 45.5% women), and 20 participants were in the nDMnDE (52.2 + 9.4 years;
60% women) group. Sex and age were not statistically different among the four groups
(sex, P = 0.248; age, P = 0.071). Table 1 presents the characteristics of the study
population. The DMnDE group had significantly lower OSDI scores than the other
three groups. No significant difference was found between DEwDM and DMnDE
groups. A significant difference (P < 0.001) in the Schirmer I test score and BUT were
found among the four groups. In contrast, no significant difference was observed
between the DEwDM and DEnDM groups.

Nerve fiber morphology and BR

Representative IVCM images of central corneal subbasal nerves from different groups
are shown in Figure 1. The corneal NFL of each group had a statistically significant
difference (P < 0.001). NFL was significantly shorter in the DEwDM (16.688 + 4.782
mm/mm?), DMnDE (17.555 + 5.236 mm/mm?), and DEnDM (16.894 + 4.855 mm/mm?)
groups (P < 0.001, P = 0.014, and P = 0.001, respectively; Table 2) compared with the
nDMnDE group (22.017 £ 3.369 mm/mm?2). However, no significant variation in the
NFL value was found between the groups with dry eyes having or not having diabetes
(Table 2). No significant difference in corneal NFD (P = 0.083) and corneal NBD (P =
0.195) was found among the four groups (Table 2).

The R1 Latency was 12.0 £ 0.8 ms in the DEwDM, 11.2 + 1.1 ms in the DMnDE, 11.2 +
0.8 ms in the DEnDM, and 10.5 £ 1.0 ms in the nDMnDE groups. The differences in R1




Latency among the four groups were statistically significant (P < 0.001), but only R1
Latency in the DEwDM group showed a significant difference compared with the other
three groups (P = 0.008, P = 0.001, P < 0.001, compared with the DMnDE, DEnDM, and
nDMnDE groups, respectively).

Corneal nerve morphology and BR with different dry eye severities

Patients in the DEwDM and DEnDM groups were divided into two subgroups
according to the severity of dry eyes (moderate or severe: Schirmer < 5 mm; mild:
Schirmer >5 mm; Table 3). NBD was significantly higher (P = 0.031) in the DEnDM
group compared with the DEwDM group with moderate or severe dry eyes. NFD was
significantly lower (P = 0.039) in the DEwDM group compared with the DEnDM group
with mild dry eyes. NBD was significantly higher in patients in the DEnDM group with
moderate or severe dry eyes than those in the DEnDM group with mild dry eyes (P =
0.019).

The difference of R1 Latency between patients in the DEwDM and DEnDM groups with
moderate or severe dry eyes was statistically significant (P < 0.001, Table 3). However,
such a difference was not observed between patients with mild dry eyes (P = 0.215). No
difference in R1 Latency was observed between DEwDM (P = 0.406) and DEnDM (P =
0.288) groups with different degrees of dry eye severity.

Corneal nerve morphology and BR with different durations of diabetes

In the DMnDE group, the R1 Latency of patients with diabetes for a short duration (< 10
years) was statistically different (P = 0.001) from those with diabetes for a long duration
(> 10 years). In contrast, no difference (P = 0.083) in R1 Latency was observed between
patients with different durations of diabetes in the DEwDM group (Table 4). The
difference in R1 Latency was observed between patients with diabetes for a short
duration in the DEwDM and DMnDE groups (P < 0.001), but not between patients with
diabetes for a long duration in the DEwDM and DMnDE groups (P = 0.183).

No significant difference in the morphology of the central subbasal corneal nerve fibers
was observed between patients with different durations of diabetes in the DEwDM

group and patients with diabetes for a short or long duration in the DEwDM and




DMnDE groups (Table 4). No differences in NBD and NFD were observed between
patients with different durations of diabetes in the DMnDE group. In contrast, the NFL
of patients with diabetes for a short duration was significantly longer (P = 0.047) than
that of patients with diabetes for a long duration in the DMnDE group.

Correlation analysis

Correlations between age, duration of diabetes, corneal nerve morphology, R1 Latency,
Schirmer I score, and BUT were assessed. The Schirmer I score negatively correlated
with R1 Latency (r = -0.448, P < 0.001; Schirmer = 42.511 - 3.010 x R1; Figure 2A). The
Schirmer I score positively correlated with NBD (r = 0.272, P = 0.016; Schirmer = 3.316 +
0.069 x NBD; Figure 2B). The BUT negatively correlated with age (r =-0.271, P < 0.001;
BUT =14.488 - 0.154 x age; Figure 2C); however, it showed no correlation with corneal
nerve mthology and R1 Latency. The statistical analysis on all diabetic patients,
including dry eye and non-dry eye, dry eye-diabetes group, and diabetic non-dry eye
group, revealed that the three HbAlc were normal distributions. No correlation was

found with each observation index (Table 5).

DISCUSSION

Dry eye has become a common which has a significant association with diabetes. It
affects people’s quality of life by causing eye discomfort, decrease in vision, and tear
film instability, relating to ocular surface inflammation3ll. Therefore, in this study, we
explored the morphology of the corneal subbasal nerve plexus by IVCM and measuring
BR. This study revealed that among four groups, the NFL was reduced in three groups,
and R1 Latency of BR increased in one group. This suggests that corneal nerve
morphology changed in patients with dry eyes and/or diabetes. However, the closed-
loop reduction is only in those with dry eyes and diabetes.

Diabetes is a risk factor for dry eyesl18l. This study also found that the Schirmer I score
was lower in the group with longer diabetes duration regardless of whether they had
dry eyes (Table 4). The corneal subbasal nerve plexus is an essential observation in

patients with diabetes having a dry eye condition. A study showed that the number of




fibers, beadings, and branching pattern of fibers significantly decreased in patients with
diabetes with a significant increase in nerve tortuosity, indicating the progression of
corneal neuropathy with peripheral diabetic neuropathy3. Corneal nerve density was
significantly lower in patients with TIDM with cardiac autonomic neuropathy than in
those without32l. Standardizing corneal NFL for tortuosity enhanced the ability to
differentiate patients with diabetes and with or without neuropathy!®. Corneal NFL,
NBD, and NBL showed a progressive and significant reduction in patients with diabetic
autonomic neuropathy24. In this study, the corneal NFL was lower in the DEwDM and
DMnDE groups than in the normal control group, indicating that diabetes could cause a
decrease in the corneal NFL, which was similar to what was found in patients with
T1DM. In this study, NFL was also associated with diabetes duration (Figure 2).
Also, the corneal NFD was lower in the DEnDM group than in the normal control
group. This meant that neuromorphic corneal damage existed in patients with dry eyes
t having diabetes, probably due to other disease factors. Studies indicated that
corneal sensitivity significantly decreased in patients with dry eyes and glaucoma
compared with controls. The density and number of subbasal corneal nerves also
significantly decreased in these patients/®l. This indicated that dry eye symptoms
coming from other factors might also be associated with corneal nerve fiber damages or
other related issues.
A studhon patients with TIDM indicated a reduction in long nerve fiber bundles per
image in patients with mild-to-moderate neuropathy. However, corneal mechanical
sensitivity decreased only in patients with severe neuropathyll?l. However, in this
study, no significant variation was found in NFL or NBD between the patients with a
severe or mild dry eye condition, irrespective of whether the patients had T2DM. The
sensory nerve functions are regulated by morphology changes and the expression of
different proteins (e.g.,, TRPA1, NCS, AISC, and CaBP/calneuron) serving as sensors,
such as mechanosensitive channels expressed on corneal nervesl®l. In this study, the

measurement of expression of mechanosensitive channels could not be performed.




The trigeminal and facial nerve function in dry eyes and diabetes was unclear earlier. A
case report showed bilateral trigeminal dysfunction using BR measurement in a 68-
year-old male patient with dry eyes3%. However, in this study, a statistically significant
longer R1 Latency was observed in patients with diabetes having dry eyes compared
with those with diabetes not having dry eyes, those with dry eyes not having diabetes,
and controls (Table 2). These suggest that this abnormality might occur after
morphological changes regarding the NFL changes in patients with dry eye or/and
T2DM. Meanwhile, the correlation analysis showed that R1 Latency correlated with the
Schirmer I score and diabetes duration time (Fig.2).

Further analysis showed that among patients with severe dry eye, the R1 Latency of
patients with diabetes was longer than that of patients without diabetes (Table 3). Also,
in patients without a dry eye, the R1 Latency was longer in the group with a longer
diabetes course than in a shorter diabetes course group. In patients with diabetes course
less than ten years, the R1 Latency was longer in the patients with the dry eye than in
those without a dry eye (Table 4). These results suggested that BR function changes
were related to T2DM and dry eyes. However, the role of BR changes in dry eye disease
with or without T2DM needs further research.

Interestingly, NBD was significantly higher in patients without diabetes having mild
dry eye symptoms than in those without diabetes having severe DES symptoms and
those with diabetes having similar DES severity (Table 3). Studies reported that the
corneal nerve fibers in Sjogren's syndrome had growth cones and might have nerve
regeneration?7l. Therefore, it was hypothesized that neurogenesis existed in patients
with mild DES symptoms and that diabetes might inhibit this process, the mechanism
of which needs to be further explored.

This observational study also had several limitations. (i) Some of the selected patients
with diabetes did not have diabetic peripheral neuropathy simultaneously, and it might
have impacted the results. (ii) As this study was a cross-sectional study, the causal
relationship or long-term correlation among diabetes mellitus, corneal nerve injury, and

dry eye could not be analyzed. (iii) A large difference in the sample size was observed




between some subgroups, which might have affected the statistical results. This was
because this observation involved ophthalmology, neurology, and laboratory
examinations, which could not be completed at one time. The number of patients with
non-dry eyes was relatively small. It required patients to come to the hospital multiple
times to perform various examinations separately. (iv) The patients in the DEwDM
group had the core complaint of dry eyes, but it was not clear whether the corneal nerve
morphology and function had changed. (v) We understand that the American diabetes
association (ADA) recommended the oral glucose tolerance test (OGTT) or HBA1C as
the gold standard test. However, we used fingertip glucose tests for the diagnostic test
in this current study. Thus, we plan to use the OGTT or HBA1C in future studies on this

topic.

CONCLUSION

In conclusion, we analyzed several groups of patients with diabetes and dry eye in this
study. We observed that patients with type 2 diabetes and dry eye had impaired corneal
neuromorphology and function. In contrast, patients with diabetes alone or dry eye
only had abnormal corneal neuromorphology and no impaired neurological function.
Further research is needed on corneal morphology and neurological function in patients
with dry eye and diabetes in order to provide better treatment. Perhaps in patients with
diabetes or dry eyes, the corneal nerve function has been damaged. However, the blink
reflex does not detect its subtle changes, and more sophisticated instruments and

detection methods are needed to find out.

ARTICLE HIGHLIGHTS

Research background

DES decreases the quality of life and is associated with T2DM. The prevalence of DES
increases with multiple complications worldwide. BR can be used to assess the corneal
nerve closed-loop morphology, but it is unclear whether it could be used in DES. This

study helps understand more about corneal nerve morphology in patients with DES.




Research motivation

DES was significantly associated with T2DM, thus with the HBA1c level. However, the
underlying mechanism of DES in T2DM is still unclear. This study will help determine
the relationship between corneal nerves morphology and DES abnormalities in patients

with T2DM.

Research objectives
The BR changes the corneal nerve morphology in patients with DES having T2DM is
unclear. Thus, the objective of this study is to investigate corneal nerve fibers, and

corneal nerve closed loop function in patients with DES having T2DM or not.

Research methods

In this study, a total of 131 patients were enrolled from the ophthalmology and
endocrinology OPD with or without dry eye complaints. The tear film break-up time,
Schirmer I test, in vivo confocal microscopy, and BR have performed accordingly after
grouping. Data were presented as mean + SD, and statistical analysis was performed
using SPSS Statistics 16.0. This cross-sectional study is one of the primary studies to

uncover the BR changes in these patients.

Research results

The findings of this study revealed that among this four DEwDM (n = 56), DMnDE (n =
22), DEnDM (n = 33), and nDMnDE (n = 20) groups, the NFL was reduced in three
groups. The R1 Latency of BR increased in one group, suggesting changes in the corneal
nerve morphology in DES patients with or without T2DM. The role of BR changes in

DES with or without T2DM needs further assessment through future studies.

Research conclusions




Further research is needed on the corneal morphology and neurological function in DES
patients having T2DM in the future to provide clinical benefits to these patients.
Moreover, OGTT or HBA1c as the diagnostic test should be used in future studies. The

number of patients with DES needs to be increased in future studies.

Research perspectives

This study observed that T2DM and DES had abnormal corneal morphology and
function, whereas T2DM or DES alone had only abnormal corneal morphology.
Therefore, future research should focus specifically on T2DM patients and DES and

their morphological and functional improvements of corneal nerve.
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