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Background: Central corneal thickness (CCT) can be used to assess the corneal physiological 

condition as well as the pathological changes associated with ocular diseases. It has an influence 

on the measurement of intraocular pressure and is being used as a screening tool for refractive 

surgery candidates. The aim of this study was to determine the median CCT among normal 

Pakistani population and to correlate CCT with age, sex, and refractive errors.

Methods: We conducted a retrospective analysis of 5,171 healthy eyes in 2,598 patients who 

came to Hashmanis Hospital, Karachi, Pakistan. The age of the patients ranged from 6 to 

70 years. The refractive error was gauged by an auto-refractometer, and CCT was measured 

using Oculus Pentacam®.

Results: The median CCT of our study was 541.0 μm with an interquartile range (IQR) of 

44.0 μm. The median age was 26.0 years (IQR: 8.0). Median spherical equivalent (SE) of the 

patients was −4.3 D (IQR: 3.3) with the median sphere value as −4.0 D (IQR: 3.8). Lastly, 

the median cylinder was −1.0 D (IQR: 1.3). Age has a weak negative correlation with CCT 

(r=−0.058) and shows statistical significance (P,0.001). Additionally, males had thinner CCT 

readings than females (P=0.001). The cylinder values, on the other hand, had a significant 

(P=0.004) and positive correlation (r=0.154). Three values showed no significant correlation: 

sphere (P=0.100), SE (P=0.782), and the left or right eye (P=0.151).

Conclusion: Among the Pakistani population, CCT was significantly affected by three variables: sex, 

age, and cylinder. No relationship of CCT was observed with the left or right eye, sphere, and SE.
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Introduction
Central corneal thickness (CCT) is a key indicator of corneal health status and helps 

to assess corneal diseases. The normal corneal thickness is about 540 μm and mainly 

consists of the stroma, which is estimated at 450 μm in the center. The stroma provides 

vital structural integrity and plays a key role in helping maintain transparency.1 It has 

been reported, however, that CCT follows a diurnal pattern being 10 μm thicker in the 

morning due to reduced evaporation of water from underneath the closed eyelids.1,2

Usually, CCT is measured using a device known as the ultrasonic pachymeter. 

With recent advances, however, it is possible to measure this value using Oculus 

Pentacam® (Pentacam HR; Oculus, Wetzlar, Germany), which maps the entire surface 

of the cornea. Additionally, it has been reported that CCT aids in estimating corneal 

barrier and endothelial pump function.3

CCT is a measure of corneal rigidity and has an impact on the accuracy of intraocular 

pressure (IOP) measurement by applanation tonometry. A greater resistance is offered 

by thicker corneas to the applanation tonometer, resulting in an artificially higher 

IOP reading.3–5 In addition, many studies have demonstrated that CCT is greater in 
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patients with ocular hypertension as compared to the general 

population.6–8 Furthermore, CCT is important in assessing 

eligibility in refractive surgery candidates where it is used 

to exclude those in danger of postoperative ectasia.9

CCT in the general population is associated with many 

demographic and ocular factors. Recent studies have shown 

that sex, race and/or ethnicity, and age may influence CCT. 

Specifically, it is found to be thinner in older individuals, 

Mongolians, and African-Americans than in whites.10–12 

It was found that CCT of normotensive Nigerian adults 

reduces with increasing age and is not influenced by sex, 

corneal curvature, and corneal diameter.13 A German research 

showed a positive correlation with IOP, sex (men had thicker 

corneas), and spherical equivalent (SE),14 whereas an Iraqi 

research showed negative correlation between CCT and age, 

but it was not affected by sex.15

So far, two studies have already been conducted in 

Pakistan that examined the effect of age and ethnicity on CCT; 

however, these were limited in their sample size with 10016 

and 1,000 patients,17 respectively. Additionally, the latter 

study only included adults and excluded those with refractive 

errors. We, therefore, wanted to study the effect of age, sex, 

and SE on CCT in a larger sample size of 5,171 eyes in the 

Pakistani population presenting to Hashmanis Hospital.

Methods
Study design
This was a retrospective analysis of 5,171 eyes in 2,598 

patients who came to Hashmanis Hospital, Karachi, Pakistan. 

The study period lasted from January 2014 to December 

2016. The study was approved by the Ethics Committee of 

Hashmanis Hospital, and informed consent was obtained 

for both inclusion in the study and for administration of 

the procedure.

Inclusion and exclusion criteria
All our patients underwent the routine eye examination: 

uncorrected visual acuity, best spectacle-corrected visual 

acuity, both cycloplegic and subjective refractive error, slit 

lamp examination, dilated retinal exam, keratometry, and 

Oculus Pentacam measurement.

Those with significant corneal pathology, such as scar-

ring, edema, or dystrophy, were excluded. Additionally, those 

with a history of recent contact lens wear, ocular surgery, 

ocular trauma, glaucoma, or an IOP of greater than 22 mmHg 

were excluded. Lastly, patients who had evidence of systemic 

disease or pregnancy were also excluded.

Refraction
We measured refraction using an auto-refractometer 

(KR-800; Topcon Medical Systems, Inc., Fukuoka, Japan). 

Each refraction measurement was in diopters (D) and had 

three values: sphere, cylinder, and SE. The SE was defined as 

the sum of the sphere value and half of the cylinder. Addition-

ally, refractive outcomes were available in 4,915 eyes.

Oculus Pentacam
All patients underwent Oculus Pentacam measurement for 

the assessment of CCT. Every patient followed the same 

protocol during the scan. Their chin was positioned on the 

chin rest and, at the same time, their forehead was rested on 

the provided forehead strap. The patient was asked to stare 

at the blue fixation ring, while the examiner adjusted the 

focus and alignment of the machine. The machine marked 

the pupil at three points: the pupil edge, center, and corneal 

apex. Additionally, all patients were awake at least 1 hour 

prior to administration of the test. All scans were conducted 

between 10:00 AM and 4:00 PM.

This Pentacam system utilizes the blue light-emitting 

diode and a rotating Scheimpflug camera to take pictures 

of the anterior segment of the eye. At the time of study, the 

machine used Pentacam Software V1.20r87. We used the 

pachy apex value for CCT.

Classifications
First of all, we classified eyes into age groups by decades: 

11–20, 21–30, 31–40, and 41–50 years. We had two differ-

ent classifications for refractive outcomes. First, we divided 

each into a broad range of myopia (SE ,−0.25 D), emmetro-

pia (SE −0.25 to 0.25 D), and hyperopia (SE .0.25 D). 

Subsequently, we divided the myopic eyes into mild 

(SE .-3 D), moderate (SE −3 to −6 D), and severe myopia 

(SE ,−6 D). Likewise, we divided the hypermetropic eyes 

into mild (SE 0.25 to 3 D) and moderate hypermetropia 

(SE .3 D).

Statistical analysis
We used AppSheet software to collect data into Google 

sheets, which were then imported into the Statistical Pack-

age for the Social Sciences v23 software. All subsequent 

analyses were carried out using the program. We used 

descriptive statistics to calculate the median and inter-

quartile ranges (IQR) all values; median values were used 

as the data were not normally distributed, as indicated by 

Shapiro-Wilk test.
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Subsequently, Mann-Whitney U test was used to test for 

statistical significance between sexes and eyes. For all other 

variables, Pearson product-moment correlation was used. 

Lastly, the linear regression model was used for values that 

were statistically significant.

Results
General characteristics
We retrospectively analyzed the data for 5,171 eyes (2,573 

left; 2,598 right) in 2,598 patients (1,596 males; 1,002 

females) who came to Hashmanis Hospital for refractive 

surgery. The median CCT for this study was 541.0 μm 

with an IQR of 44.0 μm. The median age was 26.0 years 

(IQR: 44.0). Median SE of the patients was −4.3 D  

(IQR: 3.3) with the median sphere value as -4.0 D (IQR: 

3.8). Lastly, the median cylinder was −1.0 D (IQR: 

1.3 D). This is shown in Table 1 along with the P-values 

and r-values.

Correlation with age
When analyzing the relationship of age with CCT, we divided 

our sample into four age groups: 11–20, 21–30, 31–40, 

and, 41–50 years. The median CCTs of these groups were 

found to be progressively falling, being 547.0 μm (IQR: 49), 

540.0 μm (IQR: 45), 537.0 μm (IQR: 42), and 535.0 μm 

(IQR: 39), respectively (P-value =0.001). Other age groups 

were excluded due to low sample size. This is shown in 

Table 2. Additionally, it can be seen that age is weakly but 

negatively correlated with CCT with an r-value of −0.058. 

This relationship is shown in Figure 1.

Association with sex
The median CCT in male individuals was 538.0 μm (IQR: 

45), whereas in females it was 542.0 μm (IQR: 44). Males had 

statistically significant thinner CCT readings than females 

(P=0.001). This is shown in Table 3.

Correlation with spherical equivalent
We found no statistical significance when correlating all 

refractive errors with CCT (P=0.782). The median CCT 

was 541.0 μm (IQR: 44), 540.0 μm (IQR: 50), and 542.0 μm 

(IQR 43) in myopic, emmetropic, and hyperopic patients, 

respectively. We ran a separate analysis for these major 

classifications and found no significance among the three 

(P=0.587, P=0.906, P=0.606, respectively).

When further sub-classified, those with severe myopia 

had a median CCT of 541 μm (IQR: 47), those with moderate 

myopia had a median CCT of 541 μm (IQR: 42), and those 

with mild myopia had a median CCT of 539 μm (IQR: 49). 

Additionally, patients with mild hypermetropia had a median 

CCT of 542 μm (IQR: 47) and those with severe hypermetro-

pia had a median CCT of 544 μm (IQR: 39). The relation-

ship between SE and CCT had a weakly positive correlation 

(r=0.004) but did not reach statistical significance (P=0.782). 

These data are shown in Table 3.

Correlation with astigmatism
The cylinder values had a positive correlation with CCT, 

with an r-value of 0.154, and were found to be statisti-

cally significant (P#0.001). This relationship is shown in 

Figure 2.

Discussion
The median CCT found in our study was 541.0 μm with 

IQR of 44.0 μm. Our results are similar when compared 

to the study performed by Channa et al, who found a mean 

CCT of 531.08 μm.16 However, another study performed in 

the country by Tayyab et al reported a significantly thinner 

mean CCT of 503.96 μm.17 The first study, like ours, was 

conducted in Karachi, which is at a far lower elevation when 

compared to Islamabad, which is the location of the latter 

study. This may explain the difference between the studies 

as it has been theorized that CCT is thinner in those who are 

Table 1 General characteristics

Characteristic Total (median) IQR Min Max P-value r-value

Central corneal thickness, μm 541.0 44.0 357.0 660.0
Sex (M; F), n 1,596; 1,002 0.001 N/A
Eye (L; R), n 2,573; 2,598 0.151 N/A
Age, years 26.0 8.0 6.0 70.0 ,0.001 −0.058

Spherical equivalent, D −4.3 3.3 −12.0 6.0 0.782 0.004

Sphere, D −4.0 3.8 −12.0 7.3 0.100 −0.024
Cylinder, D −1.0 1.3 −9.3 5.0 ,0.001 0.154

Abbreviations: IQR, interquartile range; Min, minimum; Max, maximum; M, male; F, female; N/A, not applicable; L, left; R, right.
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at a higher altitude; however, the mechanism of this effect is 

yet to be understood.18

Age is an important factor that affects corneal measure-

ments. In our sample, age had a statistically significant and 

weak negative correlation with the median CCT reading 

(P,0.001, r=−0.058). Tayyab et al agree with our finding and 

found a decrease of 0.12 μm in CCT per year.17 Other studies 

around the globe had similar results. For example, a research 

in Tehran concluded that volunteers younger than 20 years 

had thicker corneas when compared to those who were 

older.19 The sub-Saharan study also showed that CCT values 

decreased significantly with older age (P=0.002).20 However, 

not all studies agree, with one study in a large population in 

the USA showing no association of CCT with age.21

In our study, we showed that men had significantly thinner 

corneas than females (P=0.001) with a median CCT of 538 μm 

and 542 μm, respectively. Another study carried out in Kara-

chi16 did not find a significant relationship of CCT with vari-

ables like age, sex, or presence of comorbidity. Conversely, in 

Japanese, African, and Chinese studies, it was found that men 

had thicker CCTs.20,22,23 CCT has been said to have a diurnal 

variation in thickness.24 Additionally, CCT in females has 

been linked to additional variables such as oral contraceptive 

pill (OCP) use25 and menstrual cycle.26 Perhaps, these factors 

could explain the discrepancy between our data and that of the 

global community, as we did not account for these.

We found astigmatism to have a significant positive 

correlation with CCT (P,0.001, r=0.154). A few papers 

have looked at this relationship previously. For example, 

one paper found a thicker CCT in patients with against the 

rule astigmatism.27 Another study tried to find the relation-

ship between CCT and surgically induced astigmatism. The 

study found a negative correlation postoperatively that was 

lost after 2 months.28 We recommend further investigation 

into this relationship.

The SE in our research did not seem to have a significant 

correlation with CCT (P=0.782). Also, there was a negative 

but insignificant correlation between sphere component and 

CCT (P=0.100, r=-0.024). A similar research was conducted 

in China and no relationship was found between the SE and 

the CCT, as in our study.29 Conversely, a study in Iraqi people 

found a statistically significant positive correlation with the 

same variables.15 As shown in Table 4, the thickest corneas 

appear at the end of the two refractive spectrums:  severe 

Table 2 Central corneal thickness by age groups

Age group 
(years)

N Median IQR Min Max

11–20 801 547.0 49.0 370.0 643.0
21–30 3,101 540.0 45.0 357.0 660.0
31–40 998 537.0 42.0 361.0 650.0
41–50 212 535.0 39.0 376.0 613.0

Note: Other age groups were excluded due to low sample size.
Abbreviations: IQR, interquartile range; Min, minimum; Max, maximum.

Table 3 Central corneal thickness by sex

Sex N Median IQR Min Max

Male# 3,188 538.0 45.0 361.0 660.0
Female# 1,983 542.0 44.0 357.0 650.0

Note: #Number of eyes.
Abbreviations: IQR, interquartile range; Min, minimum; Max, maximum.

Figure 1 Correlation of central corneal thickness with age. Figure 2 Correlation of central corneal thickness with cylinder.
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myopia and moderate hypermetropia. We, therefore, sus-

pected that a separate analysis of the three classifications 

would yield a significant correlation. However, this was not 

found to be the case.

Several limitations must be kept in mind while reading this 

paper. Firstly, this is a retrospective study and, therefore, all 

associated limitations must be considered. Secondly, since this 

study was conducted in a single city, the effects of the environ-

ment could not be assessed. Lastly, factors affecting the female 

CCT, like the menstrual cycle and OCP use, were not known.

Conclusion
The median CCT in Pakistani population was 541.0 μm. 

CCT was significantly affected by three variables: sex, age, 

and cylinder. No relationship of CCT was seen with the left 

or right eye, sphere, and SE.
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