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Background The corneal endothelium is essential for maintaining corneal transpar-
ency and fluid regulation, and its dysfunction can lead to corneal edema and decreased
visual acuity. Corneal specular microscopy is used to detect corneal disorders early.
Aim This study aimed to evaluate morphological changes in the corneal endothelium
of patients with type 2 diabetes mellitus (DM) using specular microscopy.

Methods This study enrolled 50 individuals with type 2 diabetes and 50 nondiabetic
individuals as control subjects. Patients with certain ocular and systemic conditions
were excluded. The collected data included demographic information, medical history,
recent hemoglobin A1c (HbA1c) values, visual acuity, ophthalmological examination,
and diabetic retinopathy (DR) staging. The corneal endothelial morphology was
evaluated using a noncontact specular microscope, which measured corneal endothe-
lial cell density (ECD), central corneal thickness (CCT), coefficient of variation of cell size
(CV), and hexagonality. The data were analyzed using SPSS software, and the results
were presented as mean =+ standard deviation, numbers, and percentages. An unpaired
t-test was used to compare different means, and a p-value less than 0.05 was
considered statistically significant.

Results A majority of diabetic patients (62%) had diabetes for more than 10 years, and
58% of them had higher than 7.5% HbA1c levels. In terms of DR severity, 46% of patients
had mild nonproliferative diabetic retinopathy (NPDR), 36% had moderate NPDR, and
10% had severe NPDR. There were significant differences between diabetic and
nondiabetic groups in corneal ECD (2480+223 cellsymm? for DM group vs.
2652 +234 cells/mm? for non-DM), hexagonality (39.6+2.8% for DM group vs.
47 +2.1% for non-DM), CV (42 £2.9% for DM group vs. 35.5+2.3% for non-DM),
and CCT (550 + 14.8 um for DM group vs. 530 4 9.6 uym for non-DM). Patients who had
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diabetes for more than 10 years had significantly lower ECD (2356 cells/mm? vs. 2689
cellsymm?), lower hexagonality (39 vs. 41%), and higher CV (43 vs. 41%) and higher CCT
(553.94+4.6 vs. 545.5 +4.0) than those with less than 10 years of diabetes. As the
severity of DR increased, there was a significant decrease in ECD (from 2641 + 194
cellsy/mm? for mild NPDR to 2310 +82 cells/mm2 for severe PDR), a decrease in
hexagonality (from 40.9 +3.2% for mild PDR to 37.4+4+1.1% for severe PDR), an
increase in CV (from 40.1 £+ 2.3% for mild PDR to 44 +2.9% for severe PDR), and an
increase in CCT (from 543.7 & 13.8 for mild PDR 563.8 + 2.9 for severe PDR).
Conclusion This study revealed that type 2 diabetes is associated with significant
reductions in ECD and hexagonality, as well as an increase in CV and CCT. The severity of
DR and the duration of diabetes were correlated with changes in these parameters.
These findings underscore the need for a comprehensive evaluation of corneal health in
diabetic patients.
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Corneal Endothelial Morphology in Type 2 Diabetes

Introduction

The corneal endothelium plays a crucial role in maintaining
the clarity of the cornea by constantly pumping water to keep
it in a relatively dehydrated state.? Cellular size and shape
are correlated with pump function, with increased size
(polymegethism) and shape variation (pleomorphism) cor-
related with reduced capacity for dehydration.? Eyes exhib-
iting an endothelial cell count below 500 cells per mm? are
susceptible to the development of corneal edema.* Corneal
specular microscopy is used for assessing corneal endothelial
health that aids in diagnosis, treatment, and surgical plan-
ning.>® It analyzes cell size, shape, and population, detecting
early dysfunction.”® In addition, corneal specular microsco-
py is utilized in scientific investigations to examine the
various factors that may influence endothelial cells.>"!
Type 2 diabetes mellitus (T2DM) is a chronic metabolic
condition characterized by increased levels of blood glucose
that result from both insulin resistance and deficiency.'?
Globally, the prevalence of individuals affected by this
condition is on a trajectory of significant growth and is
expected to continue increasing substantially in the coming
decades with higher rates in low- and middle-income coun-
tries.'> T2DM involves a complicated interaction of several
mechanisms, such as oxidative stress, inflammatory
responses, and impaired mitochondrial activity; these inter-
related processes ultimately contribute to the dysfunction of
the cells.'® Diabetes causes vision-impairing ocular compli-
cations such as diabetic retinopathy (DR), glaucoma, cata-
racts, and keratopathy.'® Additionally, it also affects corneal
endothelial cells, thickness, and sensitivity, due to vascular
and neuropathy complications. Diabetic keratopathy exhib-
its a significant incidence in individuals with diabetes,
affecting around 50% of diagnosed cases.'® The end-products
of advanced glycation may accelerate ocular endothelial cell
damage from oxidative stress and inflammation.'’ Diabetes-
induced endothelial dysfunction results in corneal compli-
cations such as edema, bullous keratopathy, and cell loss,
necessitating possible corneal transplants.'® Several studies
have indicated that individuals with DM have elevated
central corneal thickness (CCT) values when compared to
individuals without the condition.'® Previous studies have
identified a relationship between CCT and the duration of
DM.2 Others did not establish a significant association
between DM duration, glycated hemoglobin Alc (HbAlc)
levels, and CCT.?" A recent study indicated a higher coeffi-
cient of variation (CV) and reduced cell hexagonality in
patients with type I and I DM, but found no differences in
endothelial cell density (ECD).?2 A few studies have been
undertaken to examine the association between alterations
in corneal endothelial parameters and the various stages of
DR. Although some studies did not observe significant
changes in these variables in relation to the stages of DR or
the duration of DM,23 other studies have demonstrated
significant correlations between corneal parameters, dura-
tion of DM, and severity of DR.?*° It is essential to thor-
oughly evaluate corneal health, especially when planning
surgical interventions such as cataract surgery. Therefore,
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preoperative corneal evaluation may be necessary, especially
in the Libyan population, where the prevalence of DM has
been increasing in recent years, with estimates ranging from
7.2 to 15.3%.%°

Aim of the Study

The aim of this research is to evaluate the morphological
alteration in the corneal endothelium parameters of patients
with T2DM using a corneal specular microscope. This study
seeks to determine the impact of diabetes duration, glycemic
control (HbAlc levels), and DR severity on the corneal
endothelium.

Methods

This is an observational case-control study conducted at
Benghazi Teaching Eye Hospital, from January 2023 to
June 2023. This study included 50 patients (30 males and
20 females, totaling 50 eyes) with T2DM and 50 control
subjects (nondiabetics) (50 eyes, 25 males and 25 females).

Inclusion Criteria

Patients of both genders aged 50 years or older diagnosed
with T2DM were examined. T2DM diagnosis was confirmed
by the endocrinology department at the Benghazi Diabetes
Diagnostic and Treatment Center. The control group con-
sisted of patients aged 50 years or older without diabetes.

Exclusion Criteria

This study excluded individuals who had current or past eye
infections or inflammations, as well as those with conditions
that affect tear production. People who used certain eye
drops or medications that can disrupt tear production were
also excluded, along with those who had previous ocular
surgery, trauma, laser treatment, or underlying corneal
diseases like keratoconus. Additionally, people with glauco-
ma, pterygium, lid diseases, or who wore contact lenses were
not included. Individuals who were unable to provide in-
formed consent were also excluded from this study.

Data Collection

Data collected included demographic parameters (age, sex,
and medical history), diabetes duration, most recent HbAlc
value, clinical features (visual acuity and comprehensive
ophthalmic examination, including slit-lamp biomicroscope
and fundus examination), and pupillary dilation using tro-
picamide eye drops and a noncontact lens (+90 D). Intraoc-
ular pressure was measured using compressed air. Based on
fundus examination findings and following the Early Treat-
ment Diabetic Retinopathy Study Criteria, patients with DR
were categorized into four groups: mild nonproliferative
diabetic retinopathy (NPDR), moderate NPDR, severe
NPDR, and PDR. A noncontact specular microscope (SP-1P
Topcon) was used to evaluate corneal endothelial cell count,
cell density, CV of cell size, and hexagonality. All measure-
ments were taken by the researcher at the Benghazi Eye
Hospital. The computer software automatically evaluated,
calculated, and displayed the mean cell density (cells/mm?),
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CV in cell size, and percentage of hexagonal cells. The CV%
was used as an index of cell size variation (polymegethism),
while the hexagonality was used as an index of cell shape
variation (pleomorphism). The mean of each variable from
the three best images of the central cornea was used for
studying ECD, CV, and hexagonality. CCT was obtained for all
subjects using Topcon Aladdin at the same time.

Ethical Considerations

This study received approval from the Ethics Research Com-
mittee of Benghazi Teaching Eye Hospital and adhered to the
principles of the Declaration of Helsinki. Before being includ-
ed in this study written consent was obtained from all
participants. Each patient has explained the nature of this
study, its purpose, procedures, duration, potential risks, and
benefits involved, as well as any discomfort it might cause.
Each patient was informed that participation was voluntary,
they could withdraw from this study at any time without
giving explanations, and their decision to withdraw would
not affect their medical treatment or their relationship with
the treating physician.

Statistical Analysis

Data from this study were analyzed using SPSS version 23
software for Windows. Descriptive statistics were used to
express the results as mean + standard deviation, numbers,
and percentages. An unpaired t-test was used to calculate the
significance of differences between two groups. A p-value
less than 0.05 was determined to be statistically significant.

Results

The diabetic group’s age range was 50 to 86 years, with a
mean age of 65.86 + 10.9 years, while the control group’s age
range was 50 to 81 years, with a mean age of 63.6 +10.4
years. The mean duration of diabetes was 14.88 + 7.44 years,
with 38% of patients having a diabetes duration for less than
10 years and 62% of patients having a duration of more than
10 years. The mean HbA1c level was 7.8 4 0.88%, with 42% of
patients having an HbA1lc level less than 7.5% and 58% of
patients having a level higher than 7.5%. Regarding the DR
status, 46% of patients had mild NPDR, 36% had moderate
NPDR, 10% had severe NPDR, and 8% had PDR (see ~Table 1).

~Table 2 presents the effects of T2DM on endothelium
parameters. The diabetic group had significantly lower ECD
(2480.7 £223.6 vs. 26523 +234.2) and hexagonality

Geilani et al.

Table 1 Details of the duration of DM, HbA1c, and DR status in
the DM group

Variable DM group, n (%)
Mean duration (years) +SD 14.88 +7.44
<10 years 19 (38%)

> 10 years 31 (62%)
HbA1c in (%) mean £SD 7.8+0.88
<75 21 (42%)
>75 29 (58%)

DR status (n, %)

No DR 0

Mild NPDR 23 (46%)
Moderate NPDR 18 (36%)
Severe NPDR 5 (10%)

PDR 4 (8%)

Abbreviations: HbA1c, hemoglobin Alc; DM, diabetes mellitus; DR,
diabetic retinopathy; NPDR, nonproliferative diabetic retinopathy; PDR,
proliferative diabetic retinopathy; SD, standard deviation.

(39.64+2.8 vs. 47.044+2.1) compared to the nondiabetic
group. Conversely, CV in cell size and CCT were significantly
higher in the diabetic group (42 +2.9 vs. 35.54+2.3) and
(550.5 +14.8 vs. 530.4 +9.6), respectively.

=Table 3 shows the impact of the three variables studied on
the endothelium parameters of patients with T2DM. Specifical-
ly, individuals who had DM for more than 10 years when
compared to those who had DM for less than 10 years had
statistically significantly lower values for both ECD (2360 + 56.7
vs. 2685 4 65.5) and hexagonality (38.9 +-0.7 vs. 40.8 + 1.3), but
higher values for CCT (553.9+4.6 vs. 545.5+4.0) and CV%
(43.1£0.73 vs. 40.8 +0.8). Similar patterns were seen with
HbAT1c levels, where patients with HbA1c levels more than 7.5%
had statistically significantly lower values for both ECD
(2383+75 vs. 2561 +87) and hexagonality (38.9+0.7 vs.
40.8+1.0), but higher values for CCT (553.9+4.7 vs.
545.8 +£2.6) and CV% (43.1+0.73 vs. 40.8+0.8), when com-
pared to those with HbA1c levels less than 7.5%. The severity of
DR has a similar impact, where increasing severity of PDR had
resulted in a gradual decrease in ECD (from 2641+ 194.8 to
2310+ 82.4) and hexagonality (from 40.94+3.2 to 37.44+1.1)
and anincrease in CV (from 40.1 4- 2.3 t0 44 4- 2.9) and CCT (from
543.7+13.8 to 563.8 +£2.9).

Table 2 Comparison of endothelium parameters in DM versus non-DM groups

Endothelium parameters (mean + SD) DM group Non-DM group p-Value®
ECD (cells/mm?) 2480.7 +£223.6 2652.3+234.2 <0.001
CV in cell size (%) 42+2.9 35.5+2.3 <0.001
Hexagonality (%) 39.6+2.8 47.04+2.1 <0.001
CCT (um) 550.5+14.8 530.4+9.6 <0.001

Abbreviations: CCT, central corneal thickness; CV, coefficient of variation; DM, diabetes mellitus; ECD, endothelial cell density; SD, standard

deviation.
3Statistically significant using unpaired t-test.
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Table 3 Associations of glycemic control, disease duration, and diabetic retinopathy severity with endothelium parameters

Variable ECD (cells/mm?) CV (%) CCT (um) Hexagonality (%)
Duration < 10 years 2685 +£65.5 40.8+0.8 545.5+4.0 40.8+1.3
(years) n=19
> 10 years 2360+56.7° 43.14£0.732 553.9 £ 4.6° 38.9+0.7°
n=31
HbA1c <7.5% 2561 £ 87 40.85+0.79 545.8 +2.64 4041.05
n=21
> 7.5 2383.54+75° 43+0.99° 553.94+4.7° 38.940.74°
n=29
DR status Mild NPDR 2641+194.8 40.1£2.3 543.7+13.8 40.9+3.2
(n =23)
Moderate NPDR 2382.8£150.4° 434+2.2b 549.9 +11.1° 39.2+1.4°
(n=18)
Severe NPDR 2310 +£82.4° 44 +2.9° 563.8 +2.9° 37.44+1.1°
(n=5)
PDR 2211+41.1° 46.24+1.2° 575.2+2.8" 36.2+0.9°
n=4

Abbreviations: CCT, central corneal thickness; CV, coefficient of variation; ECD, endothelial cell density; DR, diabetic retinopathy; NPDR,
nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.
JStatistically significant using unpaired t-test from the corresponding group.

bStatistically significant using unpaired t-test from mild NPDR group.

Discussion

T2DM can cause several metabolic and physiological abnor-
malities in different parts of the body, including the retina.
The endothelial cells lining the blood vessels in the eye can be
affected by T2DM, which can result in changes in various
parameters such as CCT, ECD, and corneal hexagonality.
These changes can ultimately impact vision and increase
the risk of developing eye diseases such as glaucoma and DR.

This study aimed to investigate the impact of T2DM on
various corneal endothelial parameters in Benghazi, Libya,
using specular microscopy. The findings of this study indicate
a significant (6.47%) reduction in the mean ECD among
diabetic patients compared to healthy individuals. The dia-
betic group also showed a notable decrease in hexagonality
percentage and an increase in polymegethism (CV) com-
pared to the healthy group. Similar findings of reductions in
ECD and increases in CV% among diabetic patients compared
to healthy controls were reported.?>?” However, other
studies?®2° reported no significant differences in ECD,
Hexagonality (HEX), or CV between diabetic and nondiabetic
groups. On the other hand, another report3° found a signifi-
cantly reduced ECD in diabetes patients compared to healthy
controls, but no significant difference in CV or hexagonality
between the two groups.

Our study also found a significant increase in CCT in the
diabetic group compared to the healthy control group. These
results are consistent with other results®'3? who also ob-
served a significant increase in CCT in diabetic patients
compared to healthy controls but did not observe a signifi-
cant difference in ECD between the two groups.

When we looked for the factors that will affect corneal
endothelial parameters in our patients, we found that pro-
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longed duration of DM (>10 years) and poor glycemic control
(HbA1c > 7.5%) was associated with a significant reduction in
ECD and hexagonality compared to those with a duration of
less than 10 years and HbA1c less than 7.5%. On the other
hand, there was a significant increase in the CV in cell size
and CCT among patients who had a disease duration of more
than 10 years and HbA1c more than 7.5%. Similar results
were reported by Jha et al?’ that increasing duration and
poor glycemic control showed a significant reduction in ECD
and hexagonality, and an increase in CCT and CV. However,
Choo et al?" and El-Agamy et al®® did not find significant
changes in the cornea associated with an increase in the
duration of DM or high HbA1c levels. Altay et al** docu-
mented significantly higher CCT in hyperglycemic groups
without significant changes in other parameters.

Regarding the comparison of mean values of CCT, ECD, CV,
and hexagonality among the four diabetic groups based on
their DR status, our study indicates that as the severity of DR
increased from mild NPDR to PDR, there was a significant
gradual decrease in ECD, hexagonality, and a significant
increase in CV and CCT, indicating a strong association
between DR and corneal endothelial parameters changes.
Similar findings were reported by Jha et al,?” while El-Agamy
et al®> and Sudhir et al** did not find significant differences
between eyes with and without DR. A study conducted by
Durukan?” reported that there was a correlation between
reduced ECD and hexagonality in eyes with more severe
stages of DR; however, no significant alterations were
observed in CV and CCT.

Explaining the variations in the literature regarding the
impact of T2DM on endothelial parameters is challenging.
However, the most plausible explanation is that the reports
included patients from different ethnicities, and research has

Vol. 8 No. 2/2023 © 2023. The Author(s).
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shown that genetic factors may have a significant influence
on the regulation of retinal endothelial function and the
development of DR.® It is worth noting that all of our
patients had some degree of DR, with over 54% experiencing
moderate-to-severe DR, which likely contributed to the
observed changes in endothelial parameters. This suggestion
is supported by many research that T2DM can have several
negative effects on endothelial parameters by reducing nitric
oxide bioavailability therefore impairing vasodilation,?” and
increasing the production of reactive oxygen species, leading
to oxidative stress.'”

Given the high prevalence of diabetes and DR, our study
underlines the need for comprehensive corneal health eval-
uation in all diabetic patients at any stage of DR to facilitate
better surgical outcomes and reduce the likelihood of corneal
complications. As a result, preoperative corneal evaluations
become essential, particularly in the Libyan population
where a considerable number of cataract surgeries are
performed annually.

Conclusion

This study found significant reductions in corneal ECD and
hexagonality, as well as increased cell size variability and CCT
inindividuals with type 2 diabetes. The severity and duration
of diabetes, as well as the severity of DR, were found to be
correlated with these changes. Therefore, it is crucial for
diabetic patients to undergo comprehensive corneal health
evaluations to improve surgical outcomes and minimize DM
complications in the eye.

Limitation of Our Study

This study’s limitations include a small sample size, poten-
tially limiting the generalizability of findings to a larger
population. The exclusion of patients undergoing pan-retinal
photocoagulation might have affected the sample size and its
representation of DR patients. Being hospital-based, it may
not fully reflect the broader population with T2DM. This
study’s relatively short duration may not capture long-term
effects on corneal health. Finally, the lack of ethnic diversity
might limit the findings’ applicability to diverse populations
affected by T2DM.
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