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Purpose of the study: a cross-sectional study was conducted to compare the central corneal epithelial thickness (CCET) between
patients with diabetes mellitus (DM) and age and gender matched controls. We also explored correlation between CCET and duration of DM,
DM control and severity of diabetic retinopathy (DR). Material and methods. The study included 111 diabetics aged 57.62 = 11.02 years
and 111 controls of comparable age — 53.74 £ 15.98 years who underwent a comprehensive ophthalmology evaluation. Optical coherence
tomography of anterior segment was performed on all participants to measure the central corneal thickness (CCT) and CCET. Demographic
data and data on duration of DM and blood sugar control were recorded. Results. The mean CCT was significantly higher in diabetics
(Mean = 514.8 = 31.15 um) compared to controls (Mean = 500.87 = 32.34 um; p-value = 0.001 with 95% CI 5.527 to 22.33). The mean
CCET was lower in cases (Mean = 50.15 = 4.49 um) compared to controls (Mean = 50.6 = 5.67 um, p-value = 0.513) however, it was
not statistically significant. A significant difference in CCT was observed between controls and patients with severe nonproliferative DR and
proliferative DR (p = 0.034), but no significant difference in CCET was found between any subgroups of degree of DR (p > 0.05). There was
no correlation between CCET and Hb 4, levels and duration of DM. Conclusion. CCET showed no significant difference between diabetics
and controls. There is no correlation between CCET and blood sugar control and duration of DM. Hence, corneal epithelial thickness may
not be a contributory factor for diabetic keratopathy.
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IleHTpanbHas TOJIIMHA 3MUTEINS POTOBUILIBI
y MaIIMEHTOB C CaXapHbIM JUA0ETOM: MTOIIEPEYHOE
Hiccae10OBaHUE

Cawmpbsra [lertn, Tanymka I. Ipagun™, Jlaxapu Benuseniu, ApyH bxartu

MegaunupnHckuii konnepox Pamaiin, YHMBepcuTeT npuknagHeix Hayk Pamaiin, Banranop, 560054, NHans

Ileab pabomvr — cpasHenue yeHmpanrvHol moawunsl Inumenus poeosuust (LTI P) y nayuenmos c caxapuvim ouabemom (CJ) u
8 KOHMPOAbHOIL 2pYynne, CONOCMAsUMOLl N0 803pACMY U NOAY, a Makice ouyeHka Koppeasuuu mexcdy LITOP u dnumenvnocmoro CJI, konm-
poaem CI u maxcecmoro duabemuueckoii pemunonamuu (/[P). Mamepuaa u memooot. B ucciedosanue exaouenst 111 nayuenmos ¢ CJ[
6 6o3pacme 57,62 = 11,02 200a u 111 uenogex KkonmpoavHoil epynnvt conocmasumoo eo3pacma — 53,74 = 15,98 eoda, komopwvie npouinu
KomniaeKcHoe oghmansmonoeuueckoe oocaedosanue. Kpome moeo, cem yuacmnukam nposedeHa onmu4ecKds K02epeHmHas momoepagpus
nepeoHeeo ceeMeHmMa 2nasa 0As usmepeHus yeHmpanvrHoi moawurst poeosuyst (L[TP) u I[TOP. Pecucmpuposanuce demoepagpuueckue
dannuble, a makwice danuvle o daumenvHocmu CJl u yposre caxapa 6 kposu. Pesyavmamot. Cpeonss L[ TP 6vira 3nauumensto eolue y dua-
bemukoe (514,8 = 31,15 mxm), uem 6 konmponvhoii epynne (500,87 £ 32,34 mxm; p = 0,001 ¢ 95%-Hvim dosepumenvhbim UHMeEPEaAIOM
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om 5,527 do 22,33). Cpeonuiit CCET 6bin Husxce y 6oavrbix ¢ CH (50,15 = 4,49 mkm), uem 6 konmponvroii epynne (50,6 £ 5,67 mxm;
p =0,513), 00nako smo pazauuue He 66110 cmamucmuyecku 3Ha4umvim. Boisenena snauumenvnas pasnuya 6 L[ TP mexncdy KoHmpoavbHoll
2PYNNOIL U NayUeHmMamu ¢ maxicenoll Henpoaugepamusroii u npoaugepamuenoit JIP (p = 0,034), oonako snauumoii pazuuyst 6 LI TH P mencdy
nodepynnamu ¢ pazuvimu eudamu /P o6napycero ne ovia0 (p > 0,05). Koppeasyuu mexncdy LITOP, yposuamu HbAIc u daumensHocmoio
C/I He ebisieaero. 3axarouenue. L[TOP ne pazauuanracy y ouabemuros u 6 koumponvHoii epynne. Koppeasyuu mexcoy LITOP u yposrem
caxapa 6 kpoeu, a makice daumenvrocmoio CI ne o6Hapyicero. CredosamenbHo, MOAWUHA INUMENUsL POLOBUbL, B03MOICHO, HE ABAAEMCS
@dakmopom, cnocoocmayruum pazeumuro ouadbemuuecKoll Kepamonamuu.

KioueBbie ciioBa: caxapHbIi Z[I/Ia6€T; HCHTpaJbHas TOJIIWHA SITUTCJINA POTOBUILIBI, nuraberryeckast peTuHOIIaTuA; JJINTCIbHOCTb

nrabeTa; HeHTpalbHAs TOJIIMHA POTOBUIIBI
KondmkT uHTEpPECOB: OTCYTCTBYET.

Hpospaqﬂocu d)HHaHCOBOﬁ JeATEJbHOCTH: HUKTO U3 aBTOPOB HE UMECT d)I/IHaHCOBOﬁ 3aUHTCPECOBAHHOCTU B NPEACTABJICHHBIX

MaTepuajiax ujinm MeTtoaax.
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Diabetes mellitus (DM) is a growing health concern and
according to International diabetes Federation (IDF) 2021
there are currently 537 million diabetics worldwide and India
has the second highest number of cases with 90 million which is
projected to increase to nearly 152 million by 2045 [1]. DM affects
all the ocular structures from lid margin, tear film, ocular surface,
trabecular meshwork, lens and retina. While much of the focus has
been on retinal complications, diabetic keratopathy — a condition
affecting 46—64% of diabetic patients — has gained recognition as
a significant complication [2].

Diabetes can affect all layers of the cornea, involving
the epithelium, corneal nerves, stroma and endothelium.
Clinical presentations can be delayed epithelialization after
surgery or trauma, punctate keratitis, reduced corneal sensations,
neurotrophic ulcers or corneal oedema [2]. There have been
various studies on the epithelial basement membrane, corneal
nerve density, lacrimal functional unit dysfunction, corneal
endothelial count and corneal thickness [3], however fewer studies
have focussed on corneal epithelial thickness in diabetes mellitus
and its relation with duration of diabetes and blood glucose levels.
Recent interest in corneal epithelial health in diabetic patients has
led to hypotheses linking reduced epithelial thickness to dry eye,
corneal neuropathy, and retinal photocoagulation [4].

This study aimed to assess the central corneal epithelial
thickness (CCET) in diabetic patients and compare them with
healthy controls and evaluate possible correlations between CCET
and blood sugar control, duration of DM and severity of diabetic
retinopathy.

METHODOLOGY

We conducted a cross- sectional observational study at
a tertiary care hospital between August 2023 to April 2024. A total
of 111 diabetic patient were compared with 111 age and gender
matched nondiabetic controls. The study received institutional
ethics committee approval (No: MSRMC/EC/AP-07/06-2023),
and informed consent was obtained from all participants.

The PURPOSE and objectives of the study were:
1) to compare CCET and central corneal thickness (CCT) in
patients with and without DM; 2) to determine the correlation
between the CCET and the duration of DM, the grading of diabetic
retinopathy (DR) and Hb,, level.

The cases included all diabetics with age > 18 years and
age and gender matched non diabetic controls were included.
Any patient with history of ocular trauma, any ocular surgeries
in the past three months, prior refractive surgery, long term
use of eye drops or systemic hormonal therapy, dry eye, any

corneal pathologies like dystrophy, degeneration or opacity,
contact lens users, retinopathy other than DR, glaucoma and
retinal photocoagulation in the past three months were excluded
from the study.

The study was conducted in the department of Ophthalmology
ofatertiary hospital. After obtaining informed consent, information
on demographic characteristics (age, gender), the duration of DM,
and Hb,, level of diabetic patients were collected. All participants
underwent a detailed ophthalmic examination including visual
acuity assessment, anterior segment, dilated fundus examination,
dry eye evaluation and intraocular pressure (IOP) measurement.
DR was classified according to early treatment diabetes retinopathy
study (ETDRS) group. Optical coherence tomography (OCT)
of the anterior segment (ASOCT) was performed using the SD-
OCT (TOPCON 3D OCT-1 MAESTRO). CCT and CCET
were measured in the right eye; if right eye could not be assessed
due to exclusion criteria, the left eye was evaluated. The average
CCT was recorded by the machine and the CCET was recorded
by single investigator to minimise errors and bias. The epithelial
thickness was recorded in the central cornea using digital calipers
on the OCT image (Figure).

Sample size calculation and statistical methods. Sample size
calculation was based on a study by E. Yusufoglu et al., which
reported average CCT values of 544.33 + 31.20 um for diabetic
patients and 533.77 + 24.45 um for controls. With a confidence
level of 95% and a power of 80%, a minimum of 111 participants
per group was required [4]. Data were analysed using Statistical
Package for Social Sciences (SPSS) for Windows, version 16.0
(SPSS Inc., Chicago, IL, USA). Descriptive statistics were
summarized as means and standard deviations (SD). Independent
t-tests were used to compare CCT and CCET between groups, and
Pearson correlation analysis was conducted to assess relationships
between CCT, CCET, and DR severity.

RESULTS

Weincluded 111 diabetespatientsand 111 controls. The mean
age of the diabetic group was 57.62 £11.02 yrs comparable with
the mean age in controls of 53.74 £ 15.98 yrs (p-value = 0.535).
Among the diabetic patients, 66 (59.5%) were male, and 45
(40.5%) were female, compared to 49 (44.11%) males and 62
(55.9%) females in the control group. Other demographics
data and anterior segment findings in both groups are shown
in Table 1.

Significant differences were observed in IOP between
the groups, with diabetic patients showing higher IOP
(15.01 £ 2.6 mm Hg) compared to controls (14.14 £2.23 mm Hg,
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p=0.012). The CCT and CCET between the two groups is shown

in Table 2. The mean CCT was significantly higher in diabetics
compared to controls (p-value = 0.001 with 95% CI — 5.527 to
22.33). The mean CCET was lower in cases compared to controls
with a p-value = 0.513; 95% CI — 1.806 to 0.905, but it was not

statistically significant.

The diabetic group was further stratified based on severity of

DR as: no DR, mild to moderate DR, severe and very severe non
proliferative DR (NPDR) and proliferative diabetic retinopathy
(PDR). The CCT and CCET in these groups have been shown in
Table 3. A significant difference in CCT was observed between

controls and patients with severe and very severe NPDR and PDR

Figure. CCT and CCET measurement using digital calipers
PucyHok. Vamepenne UTP n LT3OP ¢ nomouwbio LMdpOoBOro WTaHreHUnpKyns

Table 1. Demographic data and anterior segment findings
Tabmmua 1. [lemorpacduyeckue TaHHbIC U pe3yIbTaThl 00CIeIOBaHKS ePeIHEr0 CErMeHTa I1a3a

(p=0.034), but no significant difference in
CCET was found between any subgroups
(p > 0.05).

We compared CCT and CCET
among different subgroups which is
depicted in Table 4. A significant difference
in CCT was observed between controls
and patients with severe NPDR and PDR
(p=0.034), but no significant difference in
CCET was found between any subgroups
(p > 0.05).

We did a subgroup analysis to look
forany correlation between degree of blood
sugar control or duration of DM and CCT
or CCET asshown in Table 5. The duration
of DM was divided as less than or more
than Syears while Hb,,. was compared to
less than or greater than 8. We found no
correlation between blood sugar control or
duration of DM and CCT or CCET.

DISCUSSION
Ocular surface complications of
DM have been attributed to diabetic

Variable Cases Control p-value
[TokazaTenb Ciyyan KonTposb
Age, yrs Mean = 57.62 Mean = 53.74 0.535
Bospacr, et SD=11.02 SD=15.98
Sex Male = 66 (59.5%) Male =49 (44.11%)
IMon Female = 45 (40.5%) Female = 62 (55.9%)
BCVA >6/18:85(76.6%) >6/18:82(73.9%)
MKO3 6/24—6/60: 20 (18%) 6/24—6/60: 21 (18.9%)
<6/60:6 (5.4%) <6/60-8 (7.2%)
0OD/OS for recording of ASOCT and diabetic OD — 87 (78.4%) RE — 84 (75.7%)
retinopathy 0OS — 24 (21.6%) LE — 27 (24.3%)
OKT I1Oor
IOP, mm Hg Mean = 15.01 SD =2.6 Mean = 14.14 SD =2.23 0.012
BT, mm pT. CT.

Note. BCVA — best corrected visual acuity, ASOCT — anterior segment optical coherence tomography.
IIpumevanne. MKO3 — makcumanbHasi koppuruposanHas octpota 3perusi, OKT MO — onrtuueckast korepeHTHast ToMorpadust mepeiHeTro

OTaeca riasa.

Table 2. The central corneal thickness (CCT) and central corneal epithelial thickness (CCET) in cases and controls
Tabmmua 2. LlentpanbHas ToanmHa porosulibl (LITP) u nenTpanbHast TonmuHa snuteaus poropuilsl (LITOP) y maunenTos ¢ C/1 u B

KOHTPOJILHOI TpyTIIe

Variable Cases Controls p-value, t test for equality of means 95%, confidence interval of
ITokazaresb Cl KoHTpoib the difference (CI)
t-KpUTEPUIi paBEHCTBA CPEIHUX 3HAYECHMI 95%-HbI
JIOBepUTEIbHbIN MHTepBas pasauuust (CI)
CCT, pm Mean =514.8 Mean = 500.87 p-value = 0.001, CI [5.527, 22.328]
LUTP, Mmxm SD =31.15 SD=132.34
CCET, pm Mean = 50.15, Mean = 50.6 p-value = 0.513, CI [-1.806, 0.905]
HTDP, Mxm SD=4.49 SD =5.67

Note. Mean — average value, SD — standard deviation.

ITpumevanne. Mean — cpeHee 3HaueHue, SD — cTaHIAPTHOE OTKIOHEHHUE.

1 32 LleHTpanbHasi ToNLMHA SUTENNs POroByLbl Y MaLMEHTOB C caxapHbIM

IMabeToM: NonepeyHoe NCCienoBaHne
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Table 3. Central corneal thickness (CCT) and central corneal epithelial thickness (CCET) comparison in varying degree of diabetic retinopathy (DR)
Tao6mua 3. CpaBHeHMe LeHTPaIbHOU TOMIIMHBI porouilsl (LITP) u nenTpanbHoi TonMmuHbL 3ntuteus porosuibl (LITOP) mpu pasnuaHbix

cTraausix nuadetnyeckoit peruHonaruu ([ P)

Sub-groups in DR CCT, um CCET, um
IMonrpymmest ¢ 1P LTP, Mmxm LUTOP, Mmxm
No DR Mean 522.24 50.57
Bes 1P n 37 37

SD 36.565 4.413
Mild NPDR Mean 508.70 49.80
Cnabas crenens HITP n 20 20

SD 32.076 5.095
Moderate NPDR Mean 509.00 51.71
Cpennsist crenienb HITIP n 14 14

SD 27.321 4.410
Severe and very severe NPDR Mean 514.10 48.90
Tsxenast unu oyeHb Tsxkenas creneHb HITP n 20 20

SD 26.222 4.745
PDR Mean 511.90 49.90
[ap n 20 20

SD 26.034 3.810
Total Mean 514.80 50.15
Beero n 111 111

SD 31.155 4.499

Note. NPDR — non proliferative diabetic retinopathy, PDR — proliferative diabetic retinopathy, n — number of eyes, Mean — average value, SD —

standard deviation.

IIpumeuanue. HITIP — nenponudeparusnas auadernyeckust peruHonatus, [1J1P — nponudeparusHas nnadetnyeckust peTHHONnaTusi, n —
KOJMYECTBO a3, Mean — cpeaHee 3HaueHue, SD — cTaHAapTHOE OTKJIIOHEHUE.

keratopathy or lacrimal functional unit
dysfunction. Diabetic keratopathy has
been recognised as manifestations such
as decreased corneal sensitivity, delayed

Table 4. Central corneal thickness (CCT) and central corneal epithelial thickness (CCET)
comparison between different subgroups of diabetic retinopathy (DR)

Ta6auna 4. CpaBHeHUe LIEHTPaTbHOMN TOMIMHBI poroBulibl (LITP) 1 eHTpasbHOM TOMIIMHBI
snurteaus poroBuilbl (LITOP) B moarpynmax maluneHToB ¢ AuabeTndyeckoit petnuHomnatueit (J1P)

epithelialization, basement membrane Subgroups CCT, pm CCET, pm

abnormality, corneal neuropathy and | Hoarpynmbi LTP, Mk HTIP, mkm

endothelial decompensation [3]. Many | Controls Mean = 514.8, Mean = 50.15,

reasons have been hypothesised for diabetic Kiﬁﬁ’loﬂb SD =31.15 SD =4.49

keratopathy but it still remains enigmatic nM'ld NPDR 10 PDR STL08SD =27.59 29955D =456

: : 1 (o] . = . . = 4.

thus warranting further studies. . CraGast HITLP ut T1JIP p=0.023 b= 0.406
There have been many studies n=74

correlating an increased CCN in diabetics  ['yriiynd Moderate NPDR to PDR 508.82 SD = 32.34 50.59 SD = 4.85

compared to healthy cqntrolls but some | Cpennas HITAP u [P p=0.504 p=0.652

studies have failed establish a link between n=234

degree of DM and CCT [5, 6]. Anincrease | Severe NPDR and PDR 513.00 SD = 32.34 49.40 SD =4.27

in CCT in diabetics has been established Tsxenas nin odeHb Tsokenas HITIP u TIIP p=0.034 p=0.366

in Indian patients by studies done by n=40

S. Daigavane, V. Mallareddy [7] and S.
Pandey et al. [8]. Endothelial dysfunction
leading to increased CCT has been
established and poor blood sugar control
and duration of DM have been correlated
with progressive reduction in endothelial
cell count and coefficient of variation. In our study too we found
that the CCT was increased in diabetics compared to controls and
when severe NPDR and PDR were compared to controls it showed
statistical significance substantiating that endothelial dysfunction
increases with DM and also correlates with severity of DR.

It has been shown that ultrastructural abnormalities of
corneal layers precede the onset of clinical kerato-eptheliopathy
and hence identification of these change play an important role
in diagnosing and preventing this condition. Changes have been
identified in all sublayers of the cornea. Q. Zhou et al. proposed
that diabetic keratopathy results from accumulation of advanced

Note. PD — proliferative diabetic retinopathy, NPDR — non proliferative diabetic retinopathy,
n — number of eyes, Mean — average, SD — standard deviation.

IIpumeuanne. [1[I1P — npomudepatuBnas nuabernyeckas peruHonarusi, HITAP —
HenposindepaTuBHas 11abeTUIecKast pPeTUHOIIATHSI, N — KOJIMYECTBO I1a3; M — cpenHee
3HaueHue, SD — craHaapTHOE OTKJIOHEHUE.

glycation products and imbalance of growth factors and signalling
pathway [9]. K. Naik et al. attributed keratopathy to dry eye
and found that there was a statistically significant difference
between severity of dry eye and corneal staining in DM > 10 years
duration [10]. K. Shih et al. in their systematic review propose that
corneal epithelium is the first layer of the eye subjected to wear
and tear and diabetics and result in impaired wound healing of
the epithelium [11].

Recent studies have shown conflicting results on DM and
corneal epithelial thickness with L. D’Andrea et al showing
a thicker epithelium (55.48 & 3.67 um) in diabetics as compared
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to controls (51.80 + 4.67 um) [12] while
E. Yusufoglu et al. showed that the
epithelium is thinner in diabetics compared

to healthy controls (52.5 £ 3.61 pm vs e nnocrsio CJT

Table 5. Central corneal thickness (CCT) and central corneal epithelial thickness (CCET)
correlation between Hb,,, levels and duration of DM

Tabauna 5. Koppensiuuys nueHTpaibHO# ToaMHbI poroBulibl (LITP) u ieHTpanbHO# TONMIIMHBL
snutenust porouilsl (LITOP) ¢ ypoBHem rmukosunupoBaHHoro remorioouHa (Hb,, ) n

53.95 £ 3.05 um) [4]. H. Elmekawey et

al. [13] and M. Gunay et al. [14] found IIziabetic co&ltrol and duration C_lgl;l“, um CFE:;SI;F, um
no difference in CCET between diabetics 33%2;‘;‘;2;14 ;fl W TIPOTIOIEKUTEILHOCTE HTP, rxe OTOP, mxm
and non-diabetics. M. Rosenberg et al. -y, "7 g SI11.75 + 32.82 49.79 £ 5.00
used Tandem confocal scanning and found — - i
a reduced epithelial thickness in patient | HPae” 8, n= 63 517'1313': 0 2397'877 5(1))'4:30—4%39
with diabetic neuropathy (p = 0.017) but : -
Lo . Duration < 5 years 510.87 £26.87 50.04 £ 4.64
ggulljldt no redulgtl()tp in a;r;y other systemic TIpOOKUTENBHOCTD < 5 JIeT
1abe Ilc Comi’ lga IOI}[ };i the CCET Duration > 5 years 517.48 + 33.701 50.23 +4.43
nourstudy we loun c was IIpomoKUTEeTbHOCTD > 5 JIeT p=0.274 p=20.835

reduced in patients with DM (50.15 um +)
as compared to controls (50.90 um %) but
this was not statistically significant (p = 0.513, 95% CI [-1.806,
0.905]). We did not find any corelation between duration of DM,
Hb A1C or the degree of DR.

Limitations of the study: The study had a relatively small
sample size in each subgroup, limiting the ability to draw definitive
conclusions. Further research with larger sample sizes is needed to
explore potential correlations between corneal epithelial thickness
and DM and the degree of DR.

CONCLUSION

In this study, CCET did not differ significantly between
diabetic and non-diabetic patients. Additionally, there was no
correlation between CCET and glycemic control, DM duration,
orseverity of DR. These findings suggest that diabetic keratopathy
may involve factors beyond epithelial thickness, warranting
further investigation into corneal layer changes and denervation
in diabetic patients.
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