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Abstract

Objective To analyse the central corneal thickness, endothelial cell density and morphology in patients with diabetes
mellitus (DM).

Methods We analysed corneal endothelium, i.e. central corneal thickness (CCT), endothelial cell density (ECD), coefficient
of variation in cell size (CV), and hexagonality (Hex) with specular microscopy in patients with type 2 DM and compared
with age-matched controls. The influence of diabetic retinopathy (DR) severity, duration of DM, and level of glycosylated
haemoglobin (HbAlc) was also analysed.

Results The study cohort included 592 eyes of 592 diabetic patients and 596 eyes of 596 control subjects. A significant
difference was found in CCT (522.1 £36.6 um in DM, 514.9 £ 37.1 um in controls; P =0.001), ECD (2484.5 £299.5 cells/
mm? in DM, 2555.9 +258.2 cells/mm? in controls; P =0.017), CV (40.3 +£6.1 in DM, 37.2 £ 6.1 in controls; P <0.001) and
Hex (39.9+5.2 in DM, 44.6 £6.0 in controls; P <0.001). The longer duration of DM (> 10 years) and poor glycaemic
control (HbAlc > 7.5%) were associated with similar results. A significantly reduced ECD (P < 0.001) and Hex (P = 0.001)
and higher CV (P =0.007) and CCT (P =0.01) was noted when assessed against various stages of DR. Multivariate
analysis showed that increasing age was significantly associated with lower ECD (P <0.001), Hex (P <0.001), and CCT
(P =0.004); and a higher CV (P <0.001).

Conclusions DM has deleterious effects on corneal endothelium and thickness. The presence of DR may further warrant a
thorough corneal evaluation, especially when planning intraocular surgery.

Diabetes mellitus is a major health hazard reaching epi-
demic proportions worldwide [1]. With an estimated 134
million people affected by this systemic disease, India is
expected to top the list by the year 2045 [1, 2]. Being a
metabolic disease, DM affects every part of the body and
the eye is not an exception [3, 4]. It is a major cause of
visual loss in the working-age population worldwide [4].
Even though retinopathy is the most common sequel and
most widely studied association of DM, other structures of

< Aditya Verma
dradi27 @gmail.com

Consultant and classified specialist, Department of
Ophthalmology, Military Hospital, Gaya, Bihar, India

Senior consultant, Shri Bhagwan Mahavir Vitreoretinal Services,
Sankara Nethralaya, Chennai, India

Consultant, Department of Ophthalmology, Faculty of Medicine,
Tanta University, Tanta, Egypt

SPRINGER NATURE

the eye are not immune and get affected in various stages of
the disease [4-6].

The most recognised corneal complication in DM (both
type I and type II) is keratopathy [5] resulting from impaired
epithelial basement membrane (BM), epithelial wound
healing, epithelial-stromal interactions, endothelial func-
tion, and corneal nerve functions [7]. The resultant mor-
phological and functional alterations impart an increased
susceptibility of the cornea to pathologies like recurrent
corneal erosions, superficial keratitis, punctate epithelial
keratopathy, persistent epithelial defects leading to recurrent
ulceration, impaired corneal sensitivity, and slowed healing
capacity following trauma or surgical insult [6—13]. These
complications, especially after cataract or vitreoretinal sur-
geries, are a major concern due to possible corneal
decompensation.

Considering the indispensable role of corneal endo-
thelium in maintaining corneal clarity, several researchers
have investigated the possible alterations that take place
in endothelium in patients with DM. A damaged
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endothelium results in corneal oedema, and increased
central corneal thickness (CCT), among other causative
factors. This increase has been documented in patients
with DM as compared with healthy controls in a large
number of studies [14—19]. Some studies have shown a
significant correlation of CCT to the duration of DM [19],
whereas a study conducted by Choo et al showed no
correlation of the duration of DM, glycosylated hae-
moglobin (HBAIlc) level, and severity of diabetic reti-
nopathy (DR) with any of the corneal morphological
parameters [18]. The other parameters like coefficient of
variation (CV), endothelial cell density (ECD), and hex-
agonality of cells (Hex) have also been a focus of interest
in many studies, but the results have been inconsistent. A
study by Schultz et al showed a higher CV and a reduced
Hex in patients with type I and IT DM, with no difference
in ECD as compared with non-diabetics [20]. Similar
results were published by Larsson et al. [21] and Hugod
et al. [22] and it was postulated that these changes
resembled those of aging cornea and could not be dif-
ferentiated from the older population of patients with type
2 DM. A study by Keoleian et al. showed no significant
changes observed in CT and ECD, although a higher CV
and a reduced Hex were noted similar to other studies
[23]. The variability of these morphological changes is
evident from the recent study by Paulsen et al who
showed a significant increase in CCT in patients with
DM, with no significant changes noted in ECD CV or Hex
[16]. As the duration of DM was not taken into account in
this study, it is extremely difficult to extrapolate these
results.

Interestingly, very few studies have analysed the
association of the severity of DR [18, 21] and the duration
of DM [19] with the altered corneal endothelial para-
meters. A recent study by El-Agami et al found no sig-
nificant changes in these parameters with the severity of
DR, and no correlation with duration of DM, HbA1c, and
DR severity [24], whereas a study by Elsobky et al.
showed that the corneal parameters were significantly
correlated with the duration and DR severity [25]. They
divided the DR into no DR, non-proliferative DR and
proliferative DR. As of date, there is no conclusive evi-
dence in the literature about the association of DR severity
on these parameters. It is possible that the severity of DR
may not directly impact corneal health. This may signify
an effect of factors like duration, severity of DM and, age,
etc. which has been proven in the past. However,
assessment of the corneal health takes precedence when a
surgical intervention like cataract surgery is planned. The
presence of DR and its severity may warrant a thorough
pre-operative corneal assessment, especially in the Indian
population with a large number of cataract surgeries being
performed every year.

Methods
Study population

The study cohort consisted of 1188 corneas of 1188 sub-
jects in this prospective, observational, institutional review
board (Military Hospital, Jammu, India) approved study.
These were further divided into a group with type 2 diabetes
mellitus (N = 592), and healthy controls (N = 596). All the
subjects were recruited from the clinic at Military Hospital,
Jammu, India, and signed written informed consent prior to
enrolment. This study adhered to the tenets of the
Declaration of Helsinki.

The patients in the DM group were identified based on
the history, fasting blood sugar (2126 mg/dL) and post-
prandial (2200 mg/dL); and glycosylated haemoglobin
(HbAlc>26.5%) [26]. The healthy control subjects were
recruited randomly among the patients who presented to our
hospital. The data about the duration of DM and the pre-
sence and/or severity of diabetic retinopathy (DR) was also
acquired in the DM group as detailed later.

Major exclusion criteria

Conditions affecting or altering the health of corneal
endothelium like corneal endothelial dystrophies, prior
ophthalmic surgeries, severe ocular trauma, prolonged
contact lens use, raised intraocular pressure, high myopia,
pterygium, previous retinal photocoagulation or intravitreal
injection, present or past uveitis, known tear-interfering
systemic drugs (such as anti-histaminic or hormone repla-
cement therapy), a systemic illness known to impair tear
function such as rheumatoid arthritis and systemic lupus
erythematosus were excluded.

Grading protocol for corneal parameters

Following a comprehensive ophthalmic evaluation includ-
ing visual acuity assessment by Snellen’s chart, anterior
segment examination by slit-lamp biomicroscopy, intrao-
cular pressure measurements by applanation tonometer,
dilated fundus evaluation by indirect ophthalmoscopy, the
study eyes underwent corneal endothelial evaluation by
non-contact specular microscopy (EM 3000 Tomey Nishi-
Ku, Nagoya, Aichi, Japan).

The corneal endothelial parameters i.e. central corneal
thickness (CCT; pum), endothelial cell density (ECD; cells/
mmz), coefficient of variation in cell size (CV; %), and
hexagonality (Hex; %) were recorded using the specular
microscope with an auto-tracking system. Software inte-
grated into the system, ImageNet, computes the endothelial
cell layer with high precision. The right eyes for all patients
were chosen for analysis purposes. Three corneal images
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were captured by the masked technician at the time of
image acquisition, and an average was recorded for sub-
sequent analysis.

Grading of diabetic retinopathy

The DM group was assessed for the duration of DM as well
as glycaemic control by analysing the HbAlc values at
presentation to the clinic. They were also further classified
into various grades of diabetic retinopathy based on the
ICDR grading system as no apparent retinopathy, mild,
moderate, severe non-proliferative DR (NPDR), and pro-
liferative DR (PDR) for sub-group analysis [27]. All the
patients had treatment naive DR. The corneal analysis was
done prior to any treatment given for DR.

Sample size calculation

The sample size was calculated after considering an effect
size of clinical interest (d), that is difference in means of
endothelial ECD as 95 cells/mmz; combined standard
deviation (SD) as 296 (after pilot survey); Z alpha (Za) as
1.96 (corresponding to type I error of 5%, i.e. 0.05) and Z
beta (Zb) as 0.84 (corresponding to power of 80%). The
number of eyes in each group was calculated as follows: by
considering the combined SD of CV for DM and Non-DM
patients, we calculated the sample size by using following
formula

n=2x%(ZaxZy_p) *SD?
d2

n = sample size (for BWT comparison);

Z, = Standard normal variate for a = 0.05 (95% CI) = 1.96;
Z; _ = Standard normal variate for 1 — = 0.80 (80%) =
0.84;

Combined SD =9.72;

Effective size =d = 1.75;

Minimum required sample size per group was 484.

Statistical analysis

Data analysis was done by using SPSS (Statistical Package
for Social Sciences) version V.25.0. Quantitative data
variables were expressed in mean + standard deviation (for
normally distributed data) and median with inter-quartile
range (IQR) for the rest. Mann—Whitney U test was used to
compare the difference of corneal parameters in both
groups. Kruskal-Wallis test was used to assess the differ-
ence of corneal parameters between different groups of
diabetic retinopathy severity; post-hoc analysis was per-
formed to further investigate the difference between the
specific group pairs. Multivariate regression analysis was
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performed to analyse the effect of independent variables
like age, DM duration, HBAlc and DR severity, on the
study parameters. Spearman’s correlation analysis was
performed to evaluate the relationship between corneal
parameters and the duration of diabetes, HbAlc level, and
grades of DR. Probability value, P <0.05 was considered
statistically significant.

Results

The study cohort comprised of 1188 eyes of 1188 subjects.
The groups were matched for age and gender. The mean age
of subjects in the DM and the control groups was 62.17 +
9.49 years (range, 46-90 years) and 63.03 +11.04 years
(range, 44-88 years), respectively (P =0.152). As men-
tioned before, all eyes were phakic. The distribution of
subjects according to the duration, HbAlc level, and DR
status is shown in Table 1.

On comparing the corneal parameters between the cor-
neas of DM and healthy subjects (Table 2), a significantly
increased CCT (522.1 £36.6 um in DM, 514.9 +37.1 um in
controls; P =0.001) and CV (40.3+£6.1 in DM, 37.2+6.1
in controls; P<0.001); and a significantly lower ECD
(2484.5 £299.5 cells/mm?> in DM, 2555.9 +258.2 cells/
mm? in controls; P =0.017) and Hex (39.9+5.2 in DM,
44.6 £6.0 in controls; P <0.001) were noted. Similar sig-
nificant results were obtained with age-wise stratification of
the subjects, except the ECD in the 40—49 years age group
and the CCT in 60-69 years and >70 years age groups
which were not significantly different between the two
groups. Within the DM group (Table 3), longer duration of
DM (> 10 years), and higher HbAlc (>7.5%) levels were

Table 1 Details of the duration of DM; HbAlc and DR status in
DM group.

Variable DM group, N (%)

Duration [years] (mean + SD) 8.1x£55

<10 years 376 (63.5%)
>10 years 216 (36.5%)
HbAlc in [%] (mean + SD) 7.5+1.7
<7.5% 322 (54.4%)
>7.5% 270 (45.6%)
DR status (N, %)
No DR 299 (50.5%)
Mild NPDR 81 (13.7%)
Moderate NPDR 67 (23.8%)

Severe NPDR 74 (12.5%)
PDR 71 (12.0%)

DR diabetic retinopathy, NPDR non-proliferative DR, PDR prolif-
erative DR, N number, DM diabetes mellitus, SD standard deviation,
HbAIc glycosylated haemoglobin.
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Table 2 Age-wise comparison of outcome measures in DM versus non-DM group.
Outcome variables Age group DM group Non-DM group P value
Endothelial cell density [cells/mm?] (mean + SD) Total 2484.5 +299.5 2555.9+258.2 0.017
40-49 years 2666.1 £235.1 2667.29 £ 335.63 0.116
50-59 years 2549.4 £247 2538.0 £248.7 0.012
60-69 years 2433.9+311.8 2534.8 £241.5 <0.001
>70 years 2401.8 £317.7 2533.5+£2234 <0.001
CV [%] (mean + SD) Total 40.3+6.1 37.2x6.1 <0.001
40-49 years 38.5+55 349+5.6 <0.001
50-59 years 39.6+6.9 37754 0.005
60-69 years 40.5+5.6 38.0+6.3 <0.001
>70 years 41.7+6.1 37.4+6.0 <0.001
Hexagonality [%] (mean +SD) Total 399+5.2 44.6 £6.0 <0.001
40-49 years 433+6.5 46.7+5.6 <0.001
50-59 years 41.2+4.7 46.1£5.5 <0.001
60-69 years 39.5+4.8 445+6.3 <0.001
270 years 37.7+5.0 43.1£55 <0.001
Central corneal thickness [um] (mean + SD) Total 522.1 £36.6 514.9+37.1 0.001
40-49 years 531.2+43.1 5143+37.3 0.021
50-59 years 525.5+384 507.7+38.2 <0.001
60-69 years 519.6+£33.2 514.6+£39.7 0.116
270 years 517.9+359 518.5+33.2 0.893

CV coefficient of variation of cell area, DM diabetes mellitus, N number, SD standard deviation.

also associated with significantly higher CCT and CV; and
lower ECD and Hex as compared to those with shorter
duration and lower HbAlc value.

When compared between no DR and various grades of
DR with post-hoc analysis to compare between each group,
similar results were obtained (Table 4) with statistically
reduced ECD (P <0.001) and Hex (P =0.001); and higher
CV (P=0.007) and CCT (P =0.01).

Spearman correlation between duration, HbA1C and DR
status, and the corneal parameters showed a significant
negative correlation for ECD and Hex, and a significant
positive correlation for CCT and CV, respectively (Table 5).

Multivariate regression analysis showed that increasing
age was significantly associated with lower ECD (P<
0.001), Hex (P <0.001), and CCT (P = 0.004); and a higher
CV (P<0.001). Also, increasing HbAlc was associated
with significantly lower ECD (P <0.001) and a higher CV
(P=0.002). DM duration and DR severity did not show
any significant association with the study parameters.

Discussion

The results of this study showed that diabetic patients had
significantly thicker corneas as well as an altered mor-
phology i.e. increased CV of the cell area (polymegathism),
and decreased cell density and  hexagonality

(pleomorphism) when compared with healthy controls. We
also found similar results in both groups after stratification
for age. In fact, increasing age was seen to be independently
associated with such changes in multivariate regression
analysis and poor glycaemic control, as indicated by higher
HbAIc, was associated with a lower ECD and a higher CV.
In the diabetic group, the duration of >10 years and HbAlc
of >7.5% was associated with thicker corneas as well as
increased polymegathism and pleomorphism. Our results
were comparable to the study conducted by Lee et al. in
2006 who, in addition, noted a significant correlation of the
duration of DM of >10 years with increased CCT and
increased CV of cell size [19]. The resultant cornea with
altered morphology and functionality is known to be more
susceptible to pathologies like recurrent corneal erosions,
and impaired corneal sensitivity following trauma or sur-
gical insult leading to recurrent ulceration with impaired
healing [6-13].

Most of these results have been published in the literature
in past but without any uniform consistency. Although
Choo et al. in 2010 showed similar results to our study in
terms of thickness and endothelial morphology between
diabetic and healthy eyes, their study did not show any
correlation to the duration of DM, HBAIc level, and
severity of DR [18]. A study by Schultz et al in
1984 showed a higher CV and a reduced Hex in patients
with type I and II DM, with no difference in ECD as
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Table 3 Comparison of corneal endothelial parameters with duration
of diabetes and glycosylated haemoglobin in the DM group.

Table 5 Correlation between corneal changes and the duration of DM,
glycosylated haemoglobin and DR status in DM group.

Corneal endothelial Duration Median P value
parameter (years) (Q1-Q3)
Endothelial cell <10 years 2547 (2371-2718) <0.001
density [cells/mm?] (N =376)
>10 years 2433 (2240-2648)
(N=216)
CV [%] <10 years 39 (36-42) <0.001
>10 years 41 (38-44)
Central corneal <10 years 517 (497-547) 0.007
thickness [pm] >10 years 526 (505-549)
Hexagonality [%] <10 years 41 (37-43) 0.008
>10 years 40 (37-42)
HbAlc (%)
Endothelial cell <7.5% 2547 (2383-2732) <0.001
density [cells/mm?] (n=322)
>7.5% 2457 (2253-2648)
(n=270)
CV of cell area [%] <7.5% 39 (36-42) 0.001
>7.5% 40 (37-44)
Central corneal <7.5% 517 (496-542) <0.001
thickness [um] >7.5% 526 (504-551)
Hexagonality [%] <7.5% 41 (38-43) 0.004
>7.5% 39 (37-42)

CV coefficient of variation of cell area, DM diabetes mellitus, N number,
Q1-03 inter-quartile range, HbAIc glycosylated haemoglobin.

Table 4 Association of endothelial parameters with DR status in the
DM group.

DR status ECD (cells/ CV (%) Hex (%) CCT (w
mm?) (Mean+ (Mean+ (Meanx (Mean+
SD) SD) SD) SD)

No DR 2525.8+295.6 39.6+5.6 40.7+5.6 517.9+36.2

(N=299)

Mild NPDR 2509.9+299.2 40.8+8.5 39.8+4.0 526.6+35.4

(N=281)

Moderate NPDR 2437.9£252.1 39.7+4.3 39.0+5.3 525.4+33.5
(N=67)

Severe NPDR ~ 2483.5+289.5 41.0+6.0 38.8+4.8 521.6+35.0

(N=174)

PDR 2326.3+3164 423+6.4 393+52 532.1+41.8
(N=T1)

P value <0.001 0.007 0.001 0.01

CCT central corneal thickness, CV coefficient of variation of cell area,
DM diabetes mellitus, DR diabetic retinopathy, ECD endothelial cell
density, HbAlIc glycosylated haemoglobin, NPDR non-proliferative
DR, PDR proliferative DR, SD standard deviation.

compared with non-diabetics [20]. Similar results were pub-
lished by Larsson et al. [21] in 1996 and Hugod et al. [22] in
2011 and it was postulated that these changes resembled those
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Factors in DM group ECD (cellssmm?) CV (%) Hex (%) CCT (D)

Duration of DM (years)

R value —0.181 0.182 —-0.159 0.141
P value <0.001 <0.001 <0.001 0.001
HbAlc (%)

R value —0.202 0.147 -0.170 0.125
P value <0.001 <0.001 <0.001 0.002
DR status

R value —0.189 0.137 —-0.166 0.133
P value <0.001 0.001 <0.001 0.001

CCT central corneal thickness, CV coefficient of variation of cell area,
DM diabetes mellitus, DR diabetic retinopathy, ECD endothelial cell
density, HbAlc glycosylated haemoglobin.

of aging cornea and could not be differentiated from the older
population of patients with type 2 DM. This was indeed the
case in our study when we analysed the corneal morphology
in the DM group and healthy eyes individually and found that
these changes showed significant results with increasing age
[28, 29]. The variability of these morphological changes is
further evident from the recent study by Paulsen et al. in 2014
who showed a significant increase in CCT, with no significant
changes noted in ECD, CV or Hex in patients with DM [16],
and El-Agamy et al. in 2017 who showed a decreased ECD
and increased CV in diabetic eyes, but no significant changes
in Hex and CCT [24].

Certain changes in diabetic corneas have been noted
which are thought to cause changes noted above. Tight
apical junctions on the endothelial cells function as physical
barriers; and the ion pumps in the endothelial cells are
mainly responsible for the movement of water from the
corneal stroma into the anterior chamber [30-32]. Diabetic
cornea with high glucose can lead to increased sorbitol
inside the cells due to increased activity of aldose reductase,
which acts as an osmotic agent with subsequent cellular
swelling. A reduced Na™/K™ ATPase activity in the endo-
thelial cells in these eyes also results in altered permeability
and ultimate destruction of these cells. Furthermore,
defective endothelial pump function due to decreased ATP
production has also been noted in diabetic corneas
[18, 33, 34].

Increased duration (>10 years) of DM and poor glycaemic
control (HbAlc>7.5%) showed significantly reduced ECD
and Hex and higher CCT and CV in this study. Also, uni-
variate analysis in the DM group showed a statistically sig-
nificant association of HbAlc with ECD (P =0.002), CV
(P =0.002), and CCT (P =0.030); whereas the duration of
DM showed a statistically significant association with ECD
(P=0.03) and CV (P =0.04). Hex was not associated with
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either the duration or the HbAlc. The study by Storr-paulsen
et al. in 2013 showed that a higher HbAlc was associated
with significantly lower endothelial cell counts [16]. Con-
versely, Choo et al. in 2010 did not find significant changes
taking place in the cornea with increased duration or Hb1Ac
[18], and Lee et al. in 2006 showed a higher CCT and CV in
patients with a duration of DM > 10 years [19]. In fact, a
significant correlation of HbAlc to CCT has been evaluated
in studies by Lee et al. in 2006 and Su et al. in 2008 [35]. We
believe that a larger cohort tested in our study exposed this
association of corneal changes with longer duration and poor
glycaemic control.

Our study also established for the first time that as the
DR grade worsens, the CCT and the CV increase, whereas
the ECD and Hex decrease significantly. Very few studies
in the past have analysed these changes with DR severity
and found no significant difference between the eyes with
DR and with no DR [12, 18, 24]. Shenoy et al. showed that
ECD was significantly lower in eyes with higher DR grades
[36]. Recently Durukan in 2019 confirmed the association
of reduced ECD and Hex in eyes with higher grades of DR
[11]. Correlation analysis between the duration, HbAlc and
DR status and the corneal parameters showed a significantly
negative correlation for ECD and Hex (pleomorphism), and
a significant positive correlation for CV (polymegathism)
and CCT, respectively.

As India harbours a large population of patients with
diabetes and DR especially in rural areas [37], it becomes
imperative that any patient with uncontrolled DM or any
level of DR may be subjected to stringent corneal evalua-
tion to analyse the endothelial health. Any surgical inter-
vention would thus result in better visual outcomes and a
lesser rate of corneal complications, as these patients with
DM are already at a higher risk of losing vision due to
corneal decompensation [38]. It may transpire to be an
important biomarker for endothelial dysfunction in patients
with any level of DR for a careful follow-up and manage-
ment of these patients.

Our study has many strengths. The study cohort is large
with strict exclusion criteria to exclude any factors
impacting corneal endothelial parameters and CCT. This
study also showed a uniform impact of diabetes on
increasing thickness and altered corneal morphology
resulting in polymegathism and pleomorphism. Also, this
is the first study showing conclusive evidence of the
changes seen in corneal parameters with various grades of
DR. This study is also not without limitations. All the
limitations of a cross-sectional design apply to our study as
well. The study cohort was limited to Asian ethnicity of
Indian origin, and therefore, generalisation of these results
in other populations is cautioned by the authors. Also,
genetic studies in diabetics can reveal additional pheno-
types altering corneal morphology ad functionality.

Longitudinal studies with a long-term follow up and in
different ethnicities are required to analyse the corneal
changes in these eyes.

Conclusion

Long-term poor glycaemic control in patients with diabetes
may be associated with corneal morphological and func-
tional changes, which can be detrimental to the ultimate
health of cornea over long-term, in health, injuries, and
surgeries like cataract extraction. These may be exaggerated
with associated retinopathy and must be monitored closely.

Summary
What was known before

e Inconsistent association between various corneal
endothelial parameters and Diabetes Extreme paucity
of studies relating the severity of diabetic retinopathy
with corneal changes.

What this study adds

e Increasing severity of diabetic retinopathy is associated
with corneal endothelial changes.
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