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Abstract:

Background: Central corneal thickness (CCT) refers to the thickness of the central part of the
cornea. This ocular parameter significantly influences corneal rigidity, which in turn affects the
precision of intraocular pressure (IOP) measurements. Thinner corneas are often associated to
more advanced stages of glaucomatous optic neuropathy and CCT varies among different ethnic
groups. Therefore, considering both CCT and ethnic factors is crucial for effective glaucoma
management

Objective: To determine the central corneal thickness and assess the associated factors among
adults in Menellik 11 Referral Hospital Addis Abeba, Ethiopia, from April to May 2024.
Methodology: A Hospital based cross sectional study was conducted among 334 adult
outpatients who attended Menelik Il Referral Hospital from April to May 2024. Data was
collected by PI using structured questionnaire then exported to SPSS version 26 for analysis. The
descriptive statistics summarized and presented using summary statistics such as frequency
tables and graphs. Variables having p-values of less than 0.05 is considered as statistically
significant. The final result of the analysis was presented by tables and graphs.

Result: A total of 334 adults participated in the study with a response rate of 93.3%. The median
(£1QR) age of study respondents was 60(+12) years and 53.3% were males. Mean CCT for
overall patient population was 519+ 33.19(Range 421-630) microns in the right eye and 520
+34.31 (420-665) in the left eye. There was no statistically significant difference in CCT between
the right and left eyes (P>0.05) and no statistically significant mean CCT difference between
males (520 £34) and females (517+32) p value 0.56. The mean CCT of the participants decreases
significantly as age goes up as 40-50 (528+33),51-60 (522+31),61-70(516£32),>71 (504+31) p
value < 0.05. A weak negative correlation between CCT and age was statistically significant (r
= -0.235, p < 0.05). Additionally, a weak positive correlation between CCT and IOP was found
(r =0.138, p < 0.05).
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Conclusion: The average central corneal thickness (CCT) in the patient population was 519 + 33.19
microns for the right eye, with a range of 421 to 630 microns, and 520 £ 34.31 microns for the left
eye, ranging from 420 to 665 microns. There was no statistically significant difference in mean CCT
between males and females, nor between the right and left eyes .Notably, CCT tends to decrease with
age, leading to thinner corneas in older individuals. This thinning of the cornea with advancing age
is accompanied by a positive correlation between CCT and intraocular pressure (IOP), and a negative
correlation between CCT and age, indicating that as individual’s age increases, their corneal
thickness decreases potentially influencing IOP measurements , our decision on diagnosis and
managing glaucoma patients.

Key words CCT, Glaucoma, IOP, Ethiopia.

CCT. i, CENTRAL CORNEAL THICKNESS
GAT......o GOLDMAN APPLANATION TONOMETRY
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INTRODUCTION AND PURPOSE
BACKGROUND

Central corneal thickness (CCT) measures the thickness of the central portion of the cornea. This parameter
significantly influences corneal rigidity, which in turn affects the precision of intraocular pressure (10P)

measurements obtained through Goldman applanation tonometry (GAT) (1).

Research has shown that individuals with glaucoma, as well as those suspected of having the disease,
generally have thinner corneas compared to healthy individuals. Moreover, CCT tends to decrease with age
(2) An increase in CCT is associated with a rise in 10P, while corneal thickness has been found to be

inversely related to age, with IOP showing a positive correlation with age.(3)
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Thinner corneas in glaucomatous eyes are often associated to more advanced stages of glaucomatous optic
neuropathy. Therefore, considering both CCT and ethnic factors is crucial for effective glaucoma

management (4)

STATEMENT OF THE PROBLEM

Central corneal thickness (CCT) not only influences the precision of intraocular pressure (IOP)
measurements(1) but also reveals that individuals with thin corneas, including glaucoma suspects and
glaucoma patients are at a higher risk of disease progression(2). Conversely, a thicker cornea can lead to

elevated IOP readings, which can impact decision-making in managing glaucoma patients(3).

Additionally, research indicates that CCT tends to decrease with age, and since the prevalence of glaucoma
increases as we grow older, assessing CCT is crucial in managing both glaucoma suspects and glaucoma

patients(5).

By providing specific data on central corneal thickness of Ethiopian patients, it will contribute to more

accurate diagnostics, better-informed treatment decisions, and ultimately improved patient care.

RATIONALE OF THE STUDY

Central corneal thickness (CCT) is a crucial ocular parameter, playing a significant role in the assessment
of different eye diseases including glaucoma. Central corneal thickness can affect intraocular pressure (10P)

measurements which consequently influences our decision on diagnosis and management of glaucoma.

CCT varies among different ethnic groups in the world. African populations often have thinner CCT
measurements compared to European or Asian populations. Understanding these differences is important
for developing management protocols targeting to the specific needs of Ethiopian patients .It is also known
that the prevalence of glaucoma is higher and it tends to be more aggressive in African populations and
thin CCT is a well known risk factor for glaucoma; therefore, determining the average CCT of Ethiopian
patients may has significant impact on early detection and treatment of Ethiopian patients. This study aims
in narrowing the gap in ophthalmic researches by focusing on Ethiopian population for improved patient

care.
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METHODS AND MATERIALS
Study Area

Menelik Il Referral Hospital is located in Addis Ababa, the capital city of Ethiopia .It is one of the oldest
hospitals in the country ,established and named after Emperor Menelik 11 in the late 19" century.it is tertiary
eye care hospital . Moreover, Menelik 11 Referral Hospital is a peculiar institution in Ethiopia eye health
care system, contributing tremendously in training residents and fellowship programs , research and eye

care . The study has conducted among adult outpatient attending at this hospital.
Study design and period

Hospital based cross sectional study was conducted to determine the CCT and associated factors among
adult outpatients visiting Minilik-11 Referral Hospital Addis Abeba, Ethiopia from April to May 2024

Source and study population

Source of Population : All patients visiting outpatient department of Menelik Il Referral Hospital during
the study period

Study population: All adult patients (age >40) who visit ophthalmology department of Menelik Il Referral
Hospital during the study period were included

Study unit: Consecutive patients age 40 and above visiting ophthalmology department of Menelik 11

Referral Hospital ophthalmology during the study period

Eligibility criteria

Inclusion criteria: All adult patients age above 40 were included
Exclusion criteria: Patients with corneal opacity or corneal ulcer
Sample size and sampling technique

All consecutive patients who came during the study period were included
Study variables

Dependent variable: Central corneal thickness
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Independent variable
Ocular parameters

Age, Sex, IOP, disc evaluation

Data processing and analysis
Data collection tools and procedures

After getting written informed consent a structured questionnaire was used and administered to collect
demographic, lifestyle, and systemic health information. All participants were new patients taken from
triage clinic. All ophthalmic examination was done by first investigator. Intraocular pressure measurement
was done with Zeiss Visuplan 500( Air puff tonometer), and visual acuity was assessed using illuminated
snellens chart. Ophthalmic examinations, including slit-lamp biomicroscopy and hand held ultrasound
pachymetry(Keeler PachPen ) was performed after applying topical tetracaine to measure central corneal
thickness. Posterior segment was assessed with VVolk lens 90 D after pupillary dilation with 1% tropicamide

Data quality assurance

At the end of each day, all of the collected data was reviewed and checked for completeness and entered

into a prepared data analysis software using SPSS Version 26 by the first investigator
Data processing and analysis

» Data was entered, coded and analyzed using SPSS Version 26. Variables were compared using the

appropriate statistical tests. P Values <0.05 was considered statistically significant.

» Data was analyzed for frequency, range, mean and standard deviation of the different

sociodemographic characteristics.

» Any association of ocular parametrs with CCT was analyzed
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RESULT
1. Socio-demographic Characteristics of Study Participants

This study consisted of 334 adults who are age of 40 and above, which represents 93.3% response rate and
178 of them were males and 156 were females. The mean and median age of participants was 60+11.89
and 60 respectively. The majority of the study participants were Orthodox (66.8%) followed by Muslim
(21.3%), Protestant (9.9%) and Other (2.1%).

Table 1: Scio-demographic characteristics of the study participants in Menelik Il Referral Hospital,
Addis Ababa, Ethiopia 2024

Variable Frequency Percentage (%)
Age(years)
40-50 87 26.0
51-60 96 28.7
61-70 89 26.6
>70 62 18.6
Sex
Male 178 53.3
Female 156 46.7
Residence
Rural 99 29.6
Urban 235 70.4
Religion
Orthodox 223 66.8
Muslim 71 21.25
Protestant 33 9.9
Other 7 2.1
Educational level
Unable to read and write 106 31.7
Only able to read and write 73 219
Primary education 51 15.3
Secondary education 46 13.8
College/University 58 17.4
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2. Ocular Characteristics of Study Participants

Ultrasound pachymetry with topical ansthesia was done for all patients and the result show as follows: Mean
CCT for overall patient population was 519+ 33.19(Range 421-630) microns in the right eye 520 +34.31 (420-

665) in the left eye.
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Figure 1: Histogram of OD Central Corneal Thickness
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Figure 2: Histogram of OS Central Corneal Thickness

The study found no statistically significant difference in central corneal thickness (CCT) between the eyes
(P >0.05), leading to the selection of the right eye for further analysis. Additionally, there was no significant
difference in mean CCT between males (520 + 34 microns) and females (517 + 32 microns), with a p-value
of 0.56. However, a one-way ANOVA with post hoc analysis revealed that mean CCT significantly
decreases with age, with values of 528 + 33 microns for ages 40-50, 522 + 31 microns for ages 51-60, 516

+ 32 microns for ages 61-70, and 504 + 31 microns for those over 71 years old, with a p-value of < 0.05.

The bar chart displays the mean central corneal thickness (CCT) across different age groups.
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Figure 3: Mean CCT difference between Age groups

Table 2: One way ANOVA with post hoc analysis of CCT of the right eye of the study participants in
Menelik 11 Referral Hospital, Addis Ababa, Ethiopia 2024

One way ANOVA with post hoc analysis showing Multiple Comparisons in the right eye
(D age | () age | Mean Std. Sig. 95% Confidence Interval
cat cat Difference (I- | Error Lower Upper
)] Bound Bound
40-50 51-60 5.76365 4.78491 .624 -6.5918 18.1191
61-70 12.30040 4.87355 .058 -.2839 24.8847
>=71 23.57749" 5.37256 .000 9.7046 37.4504
51-60 40-50 -5.76365 4.78491 .624 -18.1191 6.5918
61-70 6.53675 4.75663 .516 -5.7457 18.8192
>=71 17.81384" 5.26673 .004 4.2143 31.4134
61-70 40-50 -12.30040 4.87355 .058 -24.8847 .2839
51-60 -6.53675 4.75663 .516 -18.8192 5.7457
>=71 11.27709 5.34738 152 -2.5308 25.0849
>=71 40-50 -23.57749" 5.37256 .000 -37.4504 -9.7046
51-60 -17.81384" 5.26673 .004 -31.4134 -4.2143
61-70 -11.27709 5.34738 152 -25.0849 2.5308

There was statistically significant mean CCT difference between those>71 and 40 -50(p value 0.000) and
50-60 (p value 0.04) on the right eye.
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Fig 4: Line graph representing OD Mean of CCT with respect to age

Table 3: One way ANOVA with post hoc analysis of CCT of the left eye of the study participants in
Menelik 11 Referral Hospital, Addis Ababa, Ethiopia 2024

One way ANOVA with post hoc analysis showing Multiple Comparisons in the left eye

(I) age | (J) age | Mean Difference | Std.Error | Sig. 95% Confidence Interval

cat cat I-n Lower Upper Bound

Bound

40-50 51-60 4.38901 492766 .810 -8.3350 17.1131
61-70 15.09699" 5.01894 .015 2.1372 28.0567
>=71 24.07416" 5.53284 .000 9.7874 38.3609

51-60 40-50 -4.38901 4.92766 .810 -17.1131 8.3350
61-70 10.70798 4.89853 129 -1.9408 23.3568
>=71 19.68515" 5.42385 .002 5.6799 33.6904

61-70 40-50 -15.09699° 5.01894 .015 -28.0567 -2.1372
51-60 -10.70798 4.89853 129 -23.3568 1.9408
>=71 8.97717 5.50691 .363 -5.2426 23.1969

>=71 40-50 -24.07416" 5.53284 .000 -38.3609 -9.7874
51-60 -19.68515" 5.42385 .002 -33.6904 -5.6799
61-70 -8.97717 5.50691 .363 -23.1969 5.2426

o The mean difference is significant at the 0.05 level.

Similarly there was statistically significant mean CCT difference between those>71 and 40 -50(p value
0.00) and 50-60 (p value 0.02 ) on the left eye.
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Fig 5: Line graph representing OS Mean CCT with respect to age

The factors influencing central corneal thickness (CCT) are outlined below (table 4):

* CCT shows a negative correlation with age and a positive correlation with intraocular pressure (IOP), with
p-values less than 0.005.

* The vertical cup-to-disc ratio (VCD) shows a positive correlation with both age and IOP, with p-values
less than 0.005.

There was no significant statistical difference in the mean VCD between the right eye (0.45 + 0.25) and the
left eye (0.45 £ 0.24). A weak negative correlation between CCT and age was statistically significant (r = -
0.235, p < 0.05). Additionally, a weak positive correlation between CCT and 10P was found (r = 0.138, p
< 0.05). No significant correlation was observed between CCT and VCD (r = -0.046, p = 0.440). However,
VCD showed a positive correlation with age (r = 0.131, p = 0.027) and IOP (r = 0.422, p < 0.000).
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Table 4: Linear Regression Showing the factors associated with Central Corneal Thickness

Correlations
OD CCT Age in completed | IOP OD OD-disc
year evaluation
0D CCT Pearson 1 -.235™ .138° -.046
Correlation
Sig. (2-tailed) .000 .011 440
N 334 334 334 286
age in completed | Pearson -235" 1 -.010 1317
year Correlation
Sig. (2-tailed) .000 .853 .027
N 334 334 334 286
IOP OD Pearson 138" -.010 1 422™
Correlation
Sig. (2-tailed) 011 .853 .000
N 334 334 334 286
0D disc evaluation Pearson -.046 1317 4227 1
Correlation
Sig. (2-tailed) 440 .027 .000
N 286 286 286 286
e Correlation is significant at the 0.01 level (2-tailed).
Correlation is significant at the 0.05 level (2-tailed).

An independent t-test was conducted to compare the average central corneal thickness (CCT) between
glaucoma and non-glaucoma patients. The results indicated that the mean CCT in glaucoma patients (516
* 34) was thinner compared to that of non-glaucoma patients (519 * 32), though this difference was not
statistically significant.

Table 5: Central Corneal Thickness Mean among glaucomatous and non-glaucomatous patients

Glaucoma N Mean Std. Std. Error P-value
Deviation Mean
OD CCT No 261 519.7816 32.73275 2.02611
Yes 73 516.4658 34.91899 4.08696 0.451
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DISCUSSION

Central corneal thickness (CCT) has recently been identified as a crucial element in diagnosing
glaucoma.(1) Besides influencing intraocular pressure (IOP) measurements, CCT has been recognized as
an independent risk factor for the glaucoma(12). CCT values vary across different racial groups with
individuals of African descent having the thinnest CCT (7, 13)

In our study mean CCT of patients which is found to be 519+ 33.19 um is comparable to African Americans
(right eye 531.0+36.3 um; left eye, 530.0+34.6 um) (7) and Egyptian population( 530.06 £ 38.03 um)(8)
Additionally non glaucoma patients from Menelik hospital in Ethiopia had shown similar findings
(516.2+£23.4um)(11) However mean CCT of our patients is thinner than Caucasian (including those with
and without glaucoma) (right eye, 558.0 £ 34.5 um; left eye, 557.6 £ 34.5 um) patients (7) which further

strengthen that African American have thin central corneal thickness.

In contrast mean CCT of study participants was thicker than the normal tension glaucoma patients in
Menelik 11 hospital ,Ethiopia (488.0+32.4 um) (11)and Indian glaucoma patients (503.91 + 11.31 um) (14)

which emphasizes normal tension glaucoma patients have thin CCT and are at risk of progression.

Some of the previous studies show that CCT correlates significantly with sex while others do not. We found
no statistically significant difference between males ( 520 £34 pum) and females(517+32 pum) p value 0.56

similar to studies done in Lithuanian patients (5) , Nepalese population(15) and Korean population(16)

We observed A statistically significant weak negative correlation between CCT and age (r=-0.235 P <0.05)
and CCT significantly decreases as age goes up 40-50 ( 528 £33 pum),51-60 (522+31 um),61-70(516+32
um),>71 (504+31 um) p value < 0.05 similar to studies done in Egypt(8) Luthanian(5) , Jimma, south west
Ethiopia (10) and Nigerian population(17)Reduced central corneal thickness on older people might be due

to a reduction in keratocyte density and corneal dehydration over years.

Our study also showed statistically significant weak positive correlation between CCT and IOP (r =0.138
p <0.05) similar to researches done in Egypt (8) ,Jimma ,south west Ethiopia (10) and Pakistani

population,2010(18) indicating that thick cornea results in high 10P readings.

We observed also mean CCT among glaucoma patients was thinner (261 +32 pum) than non-glaucomatous
patients (516+ 34 pm) but not statistically significant similar to researches done in Jimma ,south west
Ethiopia ,2015 (9) , Menelik hospital ,2014(11) ,Korean patients ,2002 (19),and Nepalese

patients,2014(20)referring to thin cornea might be an independent risk factor for glaucoma.
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CONCLUSION

The average central corneal thickness (CCT) in the patient population was 519 + 33.19 microns for the right
eye, with a range of 421 to 630 microns, and 520 = 34.31 microns for the left eye, ranging from 420 to 665
microns. There was no statistically significant difference in mean CCT between males and females, nor
between the right and left eyes .Notably, CCT tends to decrease with age, leading to thinner corneas in older
individuals. This thinning of the cornea with advancing age is accompanied by a positive correlation
between CCT and intraocular pressure (IOP), and a negative correlation between CCT and age, indicating
that as individual’s age increases, their corneal thickness decreases potentially influencing 10P

measurements , our decision on diagnosis and managing glaucoma patients.

RECOMMENDATION

Longitudinal studies to track changes in central corneal thickness over years and to possibly evaluate the
impact of environmental factors on cornea is recommended.. Additionally, it is advisable to routinely

practice pachymetry for all patients attending glaucoma clinics.
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