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Age-related changes in central corneal  
thickness in normal eyes among the adult 
lithuanian population

Background: The purpose of this study was to estimate mean central corneal thickness (CCT) 

and determine whether there are any correlations between CCT, age, and sex in the adult 

 Lithuanian population.

Methods: A total of 1,650 Caucasians of Lithuanian origin (aged 18–89 years) comprising 

688 (41.7%) men and 962 (58.3%) women were examined. Subjects were stratified by age into 

seven groups. CCT was measured using ultrasonic pachymetry. Correlations between CCT, 

age, and sex were sought.

Results: Mean (± standard deviation) CCT for both eyes was 544.6±30.5 µm. Mean CCT was 

545.2±30.5 µm in the left eye and 544.6±30.5 µm in the right eye, and was 545.0±25.6 µm in 

men and 544.4±33.5 µm in women. Mean CCT was 550.8±35.7 µm in subjects aged 18–29 years, 

557.5±27.6 µm in those aged 30–39 years, 551.3±31.4 µm in those aged 50–59 years, 544.0±31.4 µm 

in those aged 50–59 years, 544.2±31.6 µm in those aged 60–79 years, 535.1±27.8 µm in those 

aged 70–79 years, and 530.1±16.8 µm in those aged 80–89 years. No statistically significant 

difference in CCT was found between the sexes (P0.05). However, there was a significant 

difference in subjects aged 18–29 years; men had higher CCT than women (P0.05). A statisti-

cally significant negative correlation was found between CCT and age (r=-0.263, P0.05) that 

was stronger in men (r=-0.406, P0.05) than in women (r=-0.118, P0.05).  

Conclusion: The mean CCT in adult Lithuanians was 544.6±30.5  µm, of the left eye 

545.2±30.5 µm and of the right – 544.6±30.5 µm. CCT of the right eye was equal to the CCT 

of both eyes. Mean CCT was 545.0±25.6 µm in men and 544.4±33.5 µm in women. Young men 

tended to have higher CCT than women. CCT decreases over the lifetime, meaning that older 

people have thinner corneas. CCT’s dependence on age is stronger in men. 

Keywords: central corneal thickness, age, gender, percentile

Introduction
The cornea is part of the optical system of the eye, and its condition is directly related to 

the quality of eyesight. Measurement of central corneal thickness (CCT) and endothelial 

cell parameters is important when undertaking a functional and morphologic evaluation 

of the cornea for diagnostic purposes or before various surgical interventions. 

Due to the increasing popularity of correction of refractive defects by excimer laser, 

CCT has come to have higher prognostic significance for determination of the success 

of surgery and probable post-surgical complications. CCT is always measured before 

such procedures. Surgery in the case of a cornea that is too thin may result in a very 

serious postoperative complication, ie, corneal ectasia. It has been assumed that the 

optimal CCT for refractive surgery is more than 500 µm; however, opinions regard-

ing the impact of CCT in anticipating treatment of refractive defects (ie, which CCT 
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value is too low to perform surgery safely) are not consistent 

and studies of patients with relatively thin CCT indicate no 

excess risk for postoperative complications.1,2

It should be remembered that intraocular pressure 

depends on corneal thickness; a thick cornea may explain a 

falsely elevated intraocular pressure reading and, conversely, 

falsely low intraocular pressure is measured in eyes with thin 

corneas.3–5 This should be taken into consideration in order to 

avoid both overdiagnosis and underdiagnosis of glaucoma and 

ocular hypertension. Factors thought to affect CCT include 

race, age, sex, anthropometric parameters, drugs, time of day, 

blink rate, and type of measuring equipment used. It has also 

been established that CCT varies according to ethnicity. How-

ever, none of these factors alone is able to predict CCT. 

Standards must be established in order to compare results 

obtained in different population groups. Since CCT varies 

in these populations, it is very important to verify the results 

and determine the limits of normal values.6–8 Further, corneal 

parameters differ according to patient age.6–13 Awareness of 

these ethnicity-related and age-related physiologic changes 

enables us to assess the influence of disease and surgical 

procedures more accurately.  The purpose of this study was 

to estimate the mean CCT in the Lithuanian population and 

compare CCT between subjects according to age group and 

identify correlations between CCT, age, and sex. 

Materials and methods 
This was a prospective study performed between March 2009 

and December 2010, and enrolled Lithuanian citizens visit-

ing primary health care institutions in the cities and regions 

of Vilnius, Kaunas, Klaipėda, Šiauliai, Panevėžys, Telšiai, 

Tauragė, Utena, Alytus, and Marijampolė. All measurements 

were taken by the same examiner, who visited the above-

mentioned health care institutions during the study period.

After obtaining informed consent, 1,650 adult Caucasians 

comprising 688 (41.7%) men and 962 (58.3%) women of 

Lithuanian origin were examined. Participants had a stan-

dardized interview about any previous or current ocular 

disease, previous eye trauma or surgery, wearing of contact 

lenses, and comorbidity, eg, diabetes or other chronic dis-

ease that may influence CCT. CCT was measured using an 

ultrasound contact pachymeter (Quantel Medical, France), 

applying one drop of 0.5% proxymetacaine (Alcon-Couvreur, 

Puurs, Belgium) for local anesthesia. The pachymeter auto-

matically recorded five CCT measurements and the mean 

value was taken as the result of the test. Participants were 

seated during the examination. 

Subject age and sex were recorded. Exclusion criteria 

were history of corneal degeneration or ulceration, anterior 

segment surgical procedures, glaucoma, diabetes mellitus, 

current conjunctivitis, or wearing of contact lenses. Subject 

age ranged from 18 to 89 years. The subjects were stratified 

into seven groups on the basis of age as follows: 18–29 years, 

30–39  years, 40–49  years, 50–59  years, 60–69  years, 

70–79 years, and 80–89 years (Table 1). The sex distribu-

tion of the participants was similar; however, there were 

more women in the age groups of 18–29, 40–49, 50–59, and 

60–69 years. Mean CCT was calculated and the results were 

compared between the groups. Correlations between CCT, 

age, and sex were found. The study protocol followed the 

guidelines of the Declaration of Helsinki and was approved 

by the local ethics committee. 

statistical analysis
Statistical Package for the Social Sciences version 17.0 soft-

ware (SPSS Inc., Chicago, IL, USA) was used for the sta-

tistical analysis. Continuous variables were evaluated using 

the mean and standard deviation. When the distribution was 

normal, the mean differences between independent samples 

for the two groups were assessed using the Student’s two-

sided t-test, and the paired Student’s t-test was used to com-

pare means of dependent samples. Means of more than two 

groups were compared using one-way analysis of variance. 

A P-value less than 0.05 was considered to be statistically 

significant. The Pearson correlation coefficient was used to 

establish correlations. 

Results  
The average age of the study population was 55.4±19.2 years 

(53.6±18.8  years for women and 57.3±19.5  years for 

men). Mean CCT for the overall patient population was 

544.6±30.5 (range 654–449) µm in the right eye (Figure 1),  

545.2±30.5 (range 650–451) µm in the left eye (Figure 2),  

and 544.6±30.5  µm in both eyes. The average CCT for 

both eyes was 545.0±26.4 µm in men and 544.4±33.2 µm 

in women. There was no statistically significant difference 

Table 1 Distribution of subjects by age and sex

Age (years) sex

Male Female Total

% n % n % n

18–29 8.0% 56 11.3% 110 10.0% 166
30–39 14.4% 99 10.8% 104 12.3% 203
40–49 14.4% 99 22.7% 218 19.2% 317
50–59 15.7% 108 18.3% 176 17.2% 284
60–69 14.7% 101 13.5% 130 14.0% 231
70–79 15.6% 107 11.3% 108 13.1% 215
80–89 17.2% 118 12.1% 116 14.2% 234
In total 100.0% 688 100.0% 962 100.0% 1.650
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in CCT between the eyes (P0.05), so the right eye was 

selected for further investigation. The average CCT for the 

right eye in men was 545.0±25.6 (range 468–645) µm and 

for women was 544.4±33.5 (range 449–654) µm. No statis-

tically significant difference was found between the sexes 

(P0.05); however, there was a significant sex difference 

in one age group, ie, men aged 18–29 years had higher CCT 

than women (P0.05). The average CCT (µm) according to 

age group is shown in Table 2.

A statistically significant weak negative correlation 

was found between CCT and age (r=-0.263, P0.05). 

This relationship was stronger in men (a moderate nega-

tive correlation; r=-0.406, P0.05) than in women (a 

weak negative correlation; r=-0.118, P0.05). Taken 

overall, CCT decreases over the lifetime in both sexes 

(Figures 3–5), but the age-dependence of CCT is stronger 

in men. Percentiles were calculated for CCT  according 

to subject age group (40  years, 40–60  years, and 

60 years, see Table 3). Corneas were thinner in people 

over 60 years of age when compared with the other age 

groups (P0.05). 

Mean CCT values were classified into percentiles as follows:  

489  µm (percentile 3, extremely thin cornea); 489–

510  µm (percentile 3–10, moderately thin cornea); 510–

524 µm (percentile 10–25, mildly thin cornea); 524–564 µm 

(percentile 25–75, average corneal thickness); 564–586 µm 

(percentile 75–90, mildly thick cornea); 586–609 µm (per-

centile 90–97, moderately thick cornea); and 609  µm 

(percentile 97, extremely thick cornea). More details on 

percentiles for CCT are shown in Table 3.

Discussion 
The purpose of this study was to estimate mean CCT in 

adult Lithuanians and identify any correlations between 

Figure 1 histogram of CCT (µm) in the right eye. 
Abbreviation: CCT, central corneal thickness.
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Figure 2 histogram of CCT (µm) in the left eye. 
Abbreviation: CCT, central corneal thickness.
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Table 2 Mean central corneal thickness (µm) in each age group

Age, years Men Women Total

Mean Minimum Maximum SD Mean Minimum Maximum SD Mean Minimum Maximum SD

18–29 559.4 492 626 33.9 546.5 451 629 35.9 550.8 451 629 35.7
30–39 560.3 506 645 24.3 554.8 470 628 30.3 557.5 470 645 27.6
40–49 553.5 493 625 25.0 550.3 449 654 33.9 551.3 449 654 31.4
50–59 544.8 468 603 25.7 543.4 466 650 34.5 544.0 466 650 31.4
60–69 541.2 479 607 24.8 546.5 467 654 35.9 544.2 467 654 31.6
70–79 534.7 490 623 19.4 535.5 449 616 34.3 535.1 449 623 27.8
80+ 530.9 490 566 15.2 529.2 475 599 18.3 530.1 475 599 16.8

Abbreviation: sD, standard deviation.
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CCT, age, and sex. Studies have investigated mean val-

ues for CCT among different populations throughout the 

world. There are reasonable data showing differences in 

CCT between various ethnic groups.14,15  The mean CCT 

in our study (544.6 µm) was similar to that of 545.2 µm 

reported for the Caucasian population by Nemesure et al and 

within the limits for mean CCT reported by other studies, 

ie, 520–579  µm.6,16–18  The corneas of African Americans 

have been reported to be thinner and those of Caucasians 

and Mongoloids as thicker.6,9,14,15,19–23  Thin corneas were 

identified in Mongoloids residing in Mongolia (504.5 µm) 

and India (520.7 µm), whereas Mongoloids living in Singa-

pore and the People’s Republic of China had CCT values 

similar to those of Caucasians (541.2  µm and 556.2  µm, 

respectively).9,14,15,19

Some of the available data show that CCT correlates sig-

nificantly with sex while others do not. We found no statisti-

cally significant difference between sex and CCT (P0.05). 

However, a statistically significant difference was found 

between young men and women aged 18–29 years, with CCT 

being higher in men. Leskul et al did not find any correlation 

between these parameters in their study in Thailand, in which 

467 subjects aged 12–60 years were examined.24 Hashemi et al  

examined 800 eyes and also did not find any relationship 

between CCT and sex.25 Eballe et al examined 970 eyes in 

their study and reported finding no statistically significant 

difference in CCT between men and women.8 Findings of 

other studies indicate that corneas are thicker in men than in 

women. In the Beijing Eye Study conducted in 2008 in the 

People’s Republic of China, Xu et al examined 3,251 par-

ticipants and found that corneas were thicker in men than in 

women.26 Suzuki et al examined 2,848 men and 4,465 women 

and came to the same conclusion (finding a mean CCT of 

521 µm in men and 514 µm in women).27 Similar results 

have been published elsewhere.28–30

There is no clear answer as to why women have thinner 

corneas than men. It is possible that hormonal changes in 

women may account for this difference. It has been shown 

established that CCT is lowest in women at the beginning 

of the menstrual cycle and highest at the end and during 

ovulation.31 Further, Keskin et al determined that CCT was 

significantly decreased in postmenopausal women compared 

with their premenopausal counterparts.32 
We observed a weak correlation between CCT and age. 

However, opinions as to the relevance of these two factors are 

mixed. Some authors did not define any dependence between 

these parameters; others, however, refer to a decrease in 

CCT with age.7,9,33 Kamiya et al examined 204 eyes from 

204 healthy subjects, and reported that biomechanical data 

for the cornea change during the course of the lifetime, but 

could not identify significant changes in age-related CCT or 

intraocular pressure.34 Mercieca et al reported that the cornea 

becomes thinner with age and mean CCT is lower in women 

than in men.10 The Reikjavik Eye study published in 2002, 

in which 925 healthy people aged 50 years and older were 

examined, showed that CCT does not depend on age.4 Prasad 

et al reached the same conclusion after measuring corneal 

parameters in 5,158 subjects.35

Thinning of the cornea at a rate of 3–7 µm per decade has 

been observed in older age in some ethnic groups. A study in 

1998 with 1,242 participants aged 10–87 years showed that 

Figure 3 Change in central corneal thickness across age groups.
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Figure 4 Change in central corneal thickness across age groups in men.
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Figure 5 Change in central corneal thickness across age groups in women.
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CCT decreased by 5–6 µm for each decade of life.9 Eballe et al  

reported that CCT decreases by 4.2 µm for each 10 years 

of life, with the thickest corneas found in subjects younger 

than 20 years.8 Aghaian et al indicated that CCT decreased 

by 3 µm over a decade, and Brandt et al reported a 6.3 µm 

decrease over the same period.14,36 Our data show that CCT 

is decreasing at a rate of 2–8 µm per decade in Lithuanians 

over 40 years of age. Leskul et al examined 467 subjects 

aged 12–60 years of age and found that young people had 

higher CCT.24  A similar conclusion was reached in the 

Liwan Eye Study reported by Wang et al.11 Wangsupadilok 

et al also identified corneal thinning over the lifetime after 

examining subjects aged 18–96 years.37 Pfeiffer et al, who 

reported the European Glaucoma Prevention Study, found 

that younger persons had thicker corneas.12 Narayanaswamy 

et al who examined 1,132  individuals, reported that bio-

mechanical features of the cornea change with the age, ie, 

there is a reduction in corneal resistance factor and corneal 

hysteresis.13 
The impact of age on corneal thickness can explained 

in a number of different ways. Referring to theory based on 

histologic studies, the corneas of older people are thinner 

because of a reduction in keratocyte density and possible 

destruction of collagen fibers, and senior individuals are 

exposed to environmental factors for a longer period of time, 

which might influence corneal structure.38 Hasemian et al 

demonstrated that corneal endothelial cell density decreases 

in persons until 60 years of age; however, the volume of 

these cells increases.39 As yet there is no consensus among 

scientists as to whether the corneal endothelium and CCT 

are interdependent.40,41

It has been established that CCT is lower in children of 

African American origin (same as in adults) in comparison 

with Caucasian children.42,43 It has also been demonstrated that 

CCT is lower in children born prematurely than in those born at 

term.42,44 Lim et al examined 271 children of various ages and 

did not found any interdependence between CCT and the axial 

length of the eye or refractive defects.45 Hikoya et al exam-

ined 169 children aged 1–18 years and established that CCT 

in Japanese children is lower than in Caucasian children, but 

higher than in children of African American origin.46 Osmera 

et al who examined 124 subjects from 7 to 17 years of age, 

reported that CCT and intraocular pressure values in Czech 

children and adults are very similar to those in adults.47 In 

a study involving 106 children younger than 18 years, Dai 

et al determined that corneas in children of African American 

origin were thinner than in Caucasians.48 Further, a survey 

conducted in Singapore showed that Chinese children had  

thicker corneas than Malay or Indian children.49

Classification of CCT according to our nomogram could 

be used in clinical practice to evaluate a patient’s CCT in con-

text of the rest of the population, ie, percentile 3, severely 

thin cornea; percentile 3–10, moderately thin; percentile 

10–25, mildly thin; percentile 25–75  average thickness; 

percentile 75–90, mildly thick; percentile 90–97, moderately 

thick; and percentile 97, severely thick cornea.

Conclusion
Our study shows that the mean CCT of the adult Lithuanian 

population is similar to the corneal thicknesses reported for 

other Caucasian populations, and was within the limits of the 

mean CCT defined in similar studies. A difference in CCT 

between the sexes was observed only in the youngest age 

group, indicating that young men have a higher CCT than 

women. A weak negative relationship between CCT and age 

was observed, indicating that older people have thinner corneas. 

This age dependence was stronger in men (a moderate negative 

correlation) than in women (a weak negative correlation). A 

nomogram for CCT in the Lithuanian population was compiled 

based on this study. These data will help to evaluate CCT in 

our patients in a more practical and accurate manner. 

Disclosure
The authors report no conflicts of interest in this work.

Table 3 Percentiles of central corneal thickness (µm)

Men and women Men Women 40 years 40–60 years 60+ years
Pe

rc
en

til
e

3 489 500 486 493 489 489
5 499 508 493 506 499 495
10 510 514 506 516 510 508
25 524 528 523 535 528 522
50 542 544 541 553 545 533
75 564 562 565 574 569 548
90 586 580 590 599 589 566
95 599 590 604 611 600 586
97 609 601 612 618 609 596
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