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ABSTRACT

Background: The multifactorial condition known as dry eye disease (DED) has the ability to harm the conjunctival and
corneal epithelium through its effects on tears and the ocular surface. Instability of the tear film, increased tear
osmolarity, abnormalities of the lacrimal gland and meibomian glands, and a multitude of inflammatory processes in
the epithelial surface cells are all causes of dry eye disease.

Objective: The aim of the current study was to assess correlations between corneal epithelial thickness and dry eye
symptoms among Egyptian sample patients.

Patients and methods: A cross-sectional study was conducted on 80 dry eye patients and 30 healthy people at the
Ophthalmology Department, Menoufia University Hospital, from April 2021 to October 2022.

Results: The dry eye group's superior corneal epithelial thickness (50.85 + 8.35) was considerably lower than that of
the normal eye group (52.26 + 2.98), with a P-value of 0.001. The mean of inferior and central corneal epithelial
thicknesses, however, did not differ significantly between dry eyes and normal eyes (P>0.05), measuring 37.08 (SD
12.88) mm, 57.90 (SD 13.85) mm, and 52.67 (SD 2.59) mm, 55.32 (SD 6.84) mm, respectively.

Conclusion: Corneal epithelium of dry eyes has a thinner upper part than that of normal eyes. In individuals with more
severe dry eye disease, the superior and minimum epithelium was significantly thinner and had a broader range of map
standard deviation.
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INTRODUCTION thickness, an anatomical parameter, in patients with dry
The multifactorial ocular disease known as "dry eye [, A variety of studies were carried out to map the
eye disease" (DED) affects people all over the world thickness of corneal epithelium in order to determine
and is regularly seen in routine ophthalmology practise. epithelium injury's morphological signs 1. Traditional
Ophthalmologists have discovered that DED is quite methods for measuring epithelial thickness include
prevalent and has a considerable influence on patients' ultrasonography 1. However, these techniques demand
quality of life, making it a prominent topic of research that the instruments make direct or indirect touch with
[ However, the multifaceted etiology of the disease the patient's ocular surface .
makes it difficult to accurately and statistically diagnose Furthermore, because the majority of them only
DED and track therapy response in DED patients, which pay attention to the central epithelial thickness, none of
poses a significant barrier to raising the standard of care them can accurately assess the epithelial thickness of
for these patients @1, the entire cornea (CET) 1,

Depending on which study is cited, how the illness However, both studies do, concur that the corneas
is diagnosed, and which group is questioned, according of DED patients have more thickness variation overall
to research done during the last 20 years, the prevalence than controls do. Regarding the impact of DED on
of DED ranges from 5% to more than 30% at different epithelial thickness, two earlier investigations produced
ages B, contradictory findings, either indicating a thinning in

According to epidemiological studies on DED, its the superior cornea or a thickening in the middle cornea
frequency varies from 5 to 50% depending on the (101 Francoz et al. ¥ used in vivo spectral-domain
diagnosis of symptoms with or without signs, and it Optical coherence tomography (OCT) to measure the
reaches 75% when only signs are taken into account [, thickness of the corneal, limbal, and bulbar conjunctival
The damaged corneal epithelium may be what caused epithelial layers in healthy eyes.
the clinical signs of DED in the eyes, such as pain in the Li et al. ®% employed Fourier-domain OCT to
eyes, photosensitivity, and shifting vision [, measure the corneal epithelial thickness in keratoconus

Ocular surface staining, tear breakup time eyes. Keratoconus is characterized by apical epithelial
(TBUT), the Schirmer's test, and symptom thinning. The Fourier-domain OCT was shown to be
guestionnaires are among the diagnostic methods useful in determining the epithelial thickness in post-
currently used in routine clinical practice. Other LASIK eyes by Ma et al. 2, Few studies, meanwhile,
methods, such as tear osmolarity measurement, tear film have discussed about the features of people with dry
interferometry and examination of tear biomarkers are eyes' corneal epithelial thickness ©1.
rapidly being included into patient treatment I, The aim of the current study was to assess

Recent studies have used epithelial maps produced correlations between corneal epithelial thickness and
by optical coherence tomography to evaluate epithelial dry eye symptoms among Egyptian sample patients.
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PATIENTS AND METHODS

A cross-sectional study was conducted on 80 dry eye
patients and 30 healthy people to assess correlations of
corneal epithelial thickness with dry eye symptoms at
the Ophthalmology Department, Menoufia University
Hospital, from April 2021 to October 2022.

Inclusion criteria: Patients with DED, healthy adults,
both sexes, and participants older than 18.

Exclusion criteria: Sjogren syndrome, Stevens-
Johnson syndrome, glaucoma, allergic illnesses, ocular
trauma, ophthalmic surgery, or any other ocular or
systemic ailment that could affect the corneal
epithelium participants. Individuals who had recently
used eye drops or contact lenses during the three months
previous to the study.

The following was DED diagnosis: (1) the
presence of dry eye symptoms (OSDI score Q 20) and
(2) the existence of qualitative or quantitative disruption
of the tear film (TBUT G 5 sec, S1t G 5 mm/5 min, or
fluorescein staining Q 3 points) 231,

The patients' medical records were used to gather
demographic data and medical history. The Ocular
Surface Disease Index (OSDI) questionnaire was used
to quantify each subject's ocular surface complaints
(range: 0-100). After that, the participants underwent
ocular surface examinations in the following order:
Schirmer test without anesthesia, TBUT measurement,
corneal and conjunctival fluorescein staining, tear film
lipid layer analysis, and tear film lipid layer analysis.
Fluorescein was injected into the inferior cul-de-sac,
and the average of three successive break-up times was
calculated to estimate the TBUT.

The Oxford scale and fluorescein injection were
used to assess corneal and conjunctival stains under a
yellow filter. Interferometry (DR-1, Kowa, Tokyo,
Japan) was used to analyze the tear film's lipid layer,
and scores ranged from 1 to 5 (Grade 5 being the most
severe). The Schirmer, | test was carried out on the
patient for five minutes while keeping their eyes closed.
The SD-OCT system from Optovue Corporation,
Fremont, California, USA, was used. After
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administering fluorescein and using an Oxford scale and
yellow filter, corneal and conjunctival stains were
assessed. The axial scan rate for this SD-OCT is 26,000
scans per second. Its optical resolution in the axial and
transverse directions was 5 um and 15 um, respectively.

To assess the thickness of the epithelium and the
regional architecture of the cornea and conjunctiva, an
addon lens (CAM-L mode: 6.0-2.0 mm) was employed.
Since SD-OCT testing is a noncontact procedure, it was
done before ophthalmological exams to prevent
possible epithelial changes.

Ethical Consideration:

This study was ethically approved by the
Institutional Review Board of the Faculty of
Medicine, Menoufia University. Written informed
consent was obtained from all participants. This
study was executed according to the code of ethics of
the World Medica37/41 Association (Declaration of
Helsinki) for studies on humans.

Statistical Analysis

The collected data were introduced and
statistically analyzed by utilizing the Statistical Package
for Social Sciences (SPSS Inc., Chicago, IL, USA)
version 21 for windows. Qualitative data were defined
as numbers and percentages.

Chi-Square test and Fisher’s exact test were used
for comparison between categorical variables as
appropriate. Quantitative data were tested for normality
by Kolmogorov-Smirnov test. Normal distribution of
variables was described as mean and standard deviation
(SD), and independent sample t-test and ANOVA (F)
test were used for comparison between groups. P value
<0.05 was considered to be statistically significant.

RESULTS

Figure 1 shows a CONSORT flow chart of the
study population. Of the 123 patients who attended to
Ophthalmology Department, Menoufia University
Hospital, Shebin EI-Kom. A total 13 patients were
excluded from the study (5 patients declined consent
and 8 patients did not meet the inclusion criteria, 110
patients were willing to participate in the study and
consented for participation. Thus, 80 dry eye patients
and 30 healthy.
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Figure (1): Flowchart of the studied patients.
Table 1 summarizes and compares the sociodemographic data of the studied group.

Table (1): Socio-demographic data among dry eye and normal eye studied groups (N=110).

Variables Dry eye (n=80) Normal eye (n=30) | Total (n=110) t-test P-value
Age
Mean = SD 27.16 +5.53 30.57 £5.99 28.87 +5.76
Range 20 -39 21-37 20-39 2.711 0.059
Median (IQR) 27 (7) 34 (9) 29.12 (8)
Sex No. % No. % No. %
Male 53 66.25 15 50 68 61.81 | X22.441 0.118
Female 27 33.75 15 50 42 38.18

t: independent t-test. X2: Chi-square test. *: Significant.

Results in Table 2 indicated that, inferior corneal epithelial thickness was significantly thinner among dry eye group
than normal eye group (P<0.001). While, the mean of superior and central corneal epithelial thickness was 37.08 um,
57.90 um in dry eyes and 52.67 um, 55.32 um in normal eyes, respectively, with no significant differences (P>0.05).

Table (2): Corneal epithelial thickness among dry eye and normal eye studied groups (N=110).

Variables [();Zgg)e No(r;zglo;a e t-test P-value Low:rS% L(J:pl)per
:ﬂfg&;}oegg?;ﬁf'azg:‘i"g'[) 5085+ 835 | 5226+298 | 10.289 | <0.001* | -18.60 | -12.58
?ﬁgﬁﬂgsgiﬁmfall\neer:ﬂegg 37.08+9.10 | 5267+259 | 1297 | 0.198 -1.36 6.52
&fgi;ae's‘;‘zmﬁ?' opithelia 57.00+13.85 | 5532+6.84 | 1302 | 0196 | -354 | 0.73

t: independent t-test. X2: Chi-square test. *: Significant. Cl: Confidence interval for Mean.
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Regarding, visual acuity (6/6) was the most common among dry eye group (40%) while, visual acuity (6/9) was the
most common among normal eye group (40%), with a significant difference (P=0.002), (Table 3). Also, Grade 1 of
DED was the most common among dry eye group (33.75%) followed by grade 2 (28.75%) followed by grade 4 (22.5%)
then grade 3 (15%) (Figure 1).

Table (3): Visual acuity and grades of DED among dry eye and normal eye studied groups (N=110).

Dry eye Normal eye Total
Variables (n=80) (n=30) (n=110) X2 P-value
No. % No. % No. %
VA
6/9 7 8.75 12 40 19 17.27
6/12 23 28.75 5 16.66 28 25.45
6/36 7 8.75 0 0.0 7 636 | 168 0.002
6/18 11 13.75 4 13.33 15 13.63
6/6 32 40 9 30 41 37.27
VA: Visual acuity. X2: Chi-square test. *: Significant.
Grades distribution of DED
M Grade 1
m Grade 2
Grade 3
Grade 4

Figure (2): Grades distribution of DED among dry eye and normal eye studied groups (N=110).

In our study, dry eye patients were divided into four subgroups according to the severity of DED: In grade 1 (24
men and 3 women; mean age, 25.78 years; range, 20 to 39 years, In grade 2 (17 men and 6 women; mean age, 29.30
years; range, 20 to 39 years), In grade 3 (4 men and 8 women; mean age, 26.42 years; range, 24 to 30 years) and In
grade 4 (8 men and 10 women; mean age, 27.00 years; range, 24 to 30 years), with no statistical difference in age (F =
1.851, P = 0.145) and statistical difference in sex (X?= 16.436, P<0.001) among these subgroups (Table 4).

Table (4): Relation between socio demographic data and grades of DED (N=80).

Variables Grade 1 Grade 2 Grade 3 Grade 4 Total = P_value
(n=27) (n=23) (n=12) (n=18) (n=80)

Agelyear
Mean+SD | 25.78+5.45 | 29.3+6.96 | 26.42+5.04 27+2.79 27.13+5.06 | 1.851 | 0.145
Range 20.00-39.00 20-39 20-39 24 -30 20-39

Sex No. % No. % No. % No. % No. % X2
Male 24 | 88.88 | 17 | 73.91 4 | 3333 | 8 | 4444 | 53 66.25 16.436 <0.001*
Female 3 | 1111 | 6 | 26.08 8 66.67 | 10 | 5555 | 27 33.75 '

DED: Dry eye disease. F: ANOVA F test. X?: Chi-square test. *: Significant.
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Also, in dry eye patients, a significant relation found between corneal epithelial thickness and grades of DED. Mean
of superior, central and inferior corneal epithelial thickness was 40.44, 71.56 and 59.30 among grade 1. In grade 2, mean
of superior, central, and inferior corneal epithelial thickness was 40, 62.78 and 53.48. In grade 3, mean of superior,
central, and inferior corneal epithelial thickness was 33.33, 44.33 and 42.75. In grade 4, mean of superior, central, and
inferior corneal epithelial thickness was 30.78, 40.22 and 40.22, with significant association (Table 5).

Table (5): Relation between corneal epithelial thickness and grades of DED (N=80).

Variables Gradel | Grade2 | Grade3 | Grade4 E | pvalue 95% ClI
(n=27) (n=23) (n=12) (n=18) Lower | Upper
Superior corneal
epithelial 40.44 40.00 + 33.33 30.78 + *
thickness (m) 9.70 7.92 4.68 0.81 2.99 | 0.036* | 3421 ) 3994
Mean + SD
Central corneal
epithelial 7156 62.78 £ 44.33 £ 40.22 = * 60.98
thickness (um) 5.42 2.70 8.56 0.43 | 19598 <0.001% ) 54.82
Mean + SD
Inferior corneal
epithelial 59.30 £ 53.48 £ 42.75 40.22 = *
thickness(um) 288 233 4.88 043 | 20687 | <0.001* | 4899 | 52.71
Mean £ SD

DED: Dry eye disease. F: ANOVA F test*: Significant. Cl: Confidence interval for Mean.

Additionally, each visual acuity (6/12) and (6/6) were 37.03% among grade 1. Visual acuity (6/6) was the most
common among grade 2 (47.82%). Visual acuity (6/18) was the most common among grade 3 (58.00%). Visual acuity
(6/6) was the most common among grade 4 (44.44%), with a significant relation (P<0.001) (Table 6).

Table (6): Relation between visual acuity and grades of DED (N=80).

Grade 1 Grade 2 Grade 3 Grade 4 Total
Variables (n=27) (n=23) (12) (n=18) (n=80) X2 P-value
No. % No. % No. % No. % No. %
VA
6/9 1 3.7 5 2173 | 1 8.3 0 0.0 7 8.75
6/12 10 37.03 6 26.08 | 1 8.3 6 33.33 | 23 | 28.75
6/36 6 | 2222 | 1 | 43| 0| 00 | 0o |00 | 7 | 87 | %44 | <000
6/18 0 0.0 0 0.0 7 | 58.33 4 2222 | 11 | 13.75
6/6 10 37.03 11 | 4782 | 3 25 8 4444 | 32 40

VA: Visual acuity. DED: Dry eye disease. X?: Chi-square test. *: Significant.

Regarding correlation coefficient, there were significant positive correlations between superior with central and
inferior corneal epithelial thickness (P<0.001) and negative correlation with grades of DED (P<0.001). Also, central
corneal epithelial thickness was significant positive correlation with superior and inferior corneal epithelial thickness
(P<0.001) and negative correlation with grads of DED (P<0.001). Also, grads of DED were significant negative
correlation with superior, central, and inferior corneal epithelial thickness (P<0.001) (Table 7).

Table (7): Correlation between superior, Central, inferior corneal epithelial thickness and grads of DED.

Corneal epithelial thickness (um)
Variables Superior Central Inferior
r P value r P value r P value
Superior corneal epithelial thickness (um) 1.000 0.575** | <0.001* | 0.485** | <0.001*
Central corneal epithelial thickness (um) | 0.575** | <0.001* | 1.000 0.983** | <0.001*
Inferior corneal epithelial thickness(um) 0.485** | <0.001* | 0.983** | <0.001* 1.000
Grads of DED -0.577" | <0.001* | -0.905™ | <0.001* | -0.903™ | <0.001*
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OCT 15° (8.3 mm) ART (10) Q: 34 [HS

51 50 ul

Figure (3): A control eye patient, superior epithelial thickness of 51 micrometres, middle epithelial
thickness of 50 micrometres, and inferior epithelial thickness of 47 micrometres.

Figure (4): A dry eye patient, superior corneal epithelial thickness of 58 microns, central epithelial
thickness of 70, and inferior epithelial thickness of 51.
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DISCUSSION

DED, a multifactorial condition, has the
ability to impair the conjunctival and corneal epithelium
through influencing tears and the ocular surface. Some
of the reasons of DED include the instability of the tear
film, increased tear osmolarity, abnormalities in the
meibomian and lacrimal glands, and a string of
inflammatory processes in the epithelial surface cells.
Clinically noticeable ocular symptoms of DED, such as
eye pain, photosensitivity, and fluctuating vision, may
have been brought on by the damaged corneal
epithelium 041,

Several studies were carried out to map CET
in order to determine the morphological evidence of
epithelial damage. Traditional methods for measuring
epithelial thickness include brush cytology, impression
cytology, ultrasonography, and in vivo confocal
microscopy. However, the techniques used in these
procedures must come into direct or indirect touch with
the patient's ocular surface. Furthermore, because the
majority of them only pay attention to CET, none of
them can accurately assess the epithelial thickness of
the entire cornea %1, So, evaluation of the relationships
between CET and dry eye symptoms among Egyptian
sample patients was the main goal of this study.

According to the current study, the normal
eye group included 15 (50%) patients who were males
and 15 (50%) patients who were females, with no
discernible difference in age or sex between the two
groups. The dry eye group included 53 (66.25%)
patients who were males and 27 (33.75%) patients who
were females. On the other hand, studies on the
relationship between dry eye and age consistently
demonstrates that older people are more likely to
experience dry eye [16-18],

This discrepancy between our findings and
those of other research could be attributed to the limited
sample size, the demographic differences between our
Egyptian patients and those in other studies, as well as
the retrospective nature of the earlier investigations.
Future long-term studies will be necessary to confirm
this debate.

The present study showed that, inferior
corneal epithelial thickness was substantially lower in
the dry eye group than in the normal eye group
(P<0.001). However, the mean of superior and central
corneal epithelial thicknesses did not differ significantly
between dry eyes and normal eyes.

Similar to this, Cui et al. ' found that DED
patients' superior corneal epithelium was thinner than
that of normal participants’, with a difference of less
than 2 m, even less than the standard deviation of
epithelial thickness assessments. OCT has a rough
resolution of 5 um, and corneal epithelium is thinner
than normal (typical thickness is 50 um around), thus it

2376

makes sense that the difference was as little as 2 um, as
Li et al. ™ discovered in their study.

Some authors discovered a decrease in the
CET of DED patients, while others showed no change
or even a rise in comparison to the control group #1019,
The diverse illness onset times and severity levels, the
wide age range of DED patients, and the various CET
measurement methods make it challenging to compare
research. After 7 days, Fabiani et al. [l constructed a
mouse model of dry eye and discovered that the average
CET in dry eye mice thickened substantially more than
in control mice. These findings showed that the average
CET in the early stages of DED was significantly
impacted by inflammatory processes and epithelial
growth.

It is possible to use increased epithelial
thickness as a clinically reliable indicator of dry eye,
according to researches by Chen et al. 9 and
Kanellopoulos and Asimellis I,

On the other hand, as a result of the death
near the limbus of stem cells, Erdélyi et al. ?* and
Villani et al. 2 also proved that DED patients' CET
tends to be thinner. According to the study of Liang et
al. (21, DED patients' CET did not differ significantly
from that of the control groupm, which was in line with
their earlier findings %1, and the findings of Tuominen
et al. 24,

To understand why the superior epithelium
was thinner in dry eyes, it is important to first look at
the spatial variation of epithelial thickness in normal
eyes. It has been demonstrated that in healthy eyes, the
superior and inferior areas of the corneal epithelium are
significantly thinner 1221, Although not systematically
researched, it was proposed that the friction caused by
mechanical dynamics in blinking was what caused the
inhomogeneous thickness profile 26, More of the ocular
surface is rubbed by the upper lid's wider-ranging
movement and vertical traversal. The superior
epithelium thins as a result of the mechanical damage
caused by friction to epithelial cells.

Also, the mechanical hypothesis is
supported by Cui et al. % discovery that there is a
relationship between a thinner superior corneal
epithelium and a lower S1t. Patients with dry eyes often
do not produce enough tears to serve as lubrication; they
claim that the increased mechanical friction weakened
the superior epithelium and hastened epithelial
degradation.  Blinking typically happens more
frequently in dry eyes to make up for the lack of tears
27, They hypothesized that because blinking occurs
more frequently, the mechanical friction would be
accentuated, leading to even thinner superior
epithelium. Numerous studies have shown that the
inflammatory process that is triggered by DED's
hyperosmolar tears and unstable tear films could be the
cause of the epithelial thickness change 28291,
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In the current study, Grade 1 of DED was
found to be the most prevalent among dry eye patients
(33.75%), followed by Grade 2 (28.75%), Grade 4
(22.5%), and Grade 3 (15.00%).

Despite the fact that normal visual acuity has
been demonstrated using accepted testing procedures,
dry eye has a detrimental impact on a number of
elements of visual function %, In a trial by Szczotka-
Flynn et al. BY, their findings support the finding that
decreased visual acuity is associated with worse scores
on the OSDI vision-related complaints subscale in dry
eye patients, even among those with reasonably
excellent visual acuity (20/50 or better). But, none of
the dry eye signs we looked at in the study had a
detrimental impact on visual acuity. Tiny changes in
visual acuity could be detected based on differences in
tear film debris and tear break-up time; however, the
mean changes were minimal (2 letters), and not in the
way one might expect 2,

It's important to mention that multiple
studies have shown that dry eye disturbances in the tear
film increase higher-order aberrations compared to
normal eyes, impairing optical quality and vision 1323,

CONCLUSION

Dry eyes' superior CET map was thinner than that of
normal eyes. Patients with more severe cases of DED
had superiors that were considerably thinner and had a
wider range of map standard deviation.
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