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Purpose: To determine the influence of age on central corneal thickness (CCT), endothelial cell 

density (ECD), average cell size, coefficient of variation in cell size, and percentage of regular 

hexagonal cells; and to estimate the average ECD and CCT in seven age groups.

Materials and methods: After obtaining informed consent, 211 Caucasian patients (358 eyes) 

were examined using a noncontact specular microscope at the Center of Eye Diseases in Vilnius 

University Hospital Santariskiu Clinic. The main corneal parameters were: ECD, average 

cell size, coefficient of variation in cell size, percentage of regular hexagonal cells, and CCT. 

Subjects (20–89 years) were stratified by age into seven groups. Correlations between CCT, 

endothelial parameters (ECD, percentage of regular hexagonal cells, average, coefficient of 

variation), and age were found. Student’s t-test and Pearson’s correlation coefficient (r) values 

were calculated.

Results: A total of 114 (54.03%) women and 97 (45.97%) men participated in the study. Average 

ECD (cell/mm2) ranged from 2,931 (±371) in 20–29 year olds to 2,222 (±182) in 80–89 year 

olds; CCT (µm) ranged from 563 (±44) in 20–29 year olds to 540 (±35) in 80–89 year olds. 

A strong inverse correlation was observed between age and corneal ECD (r=−0.650, P,0.01) 

and a weak inverse correlation was observed between age and CCT (r=−0.156, P,0.01). ECD 

and CCT correlated directly (r=0.232, P,0.01). The average size of corneal endothelial cells 

directly correlated with age (r=0.586, P,0.01). There was no correlation between age and the 

coefficient of variation in cell size nor the percentage of regular hexagonal cells (P.0.05).

Conclusion: Young people have higher ECD. CCT also decreases, but its dependence on age is 

weaker. A lower cell density indicates a thinner cornea. The variation in cell size and percentage 

of regular hexagonal cells are not dependent on age.

Keywords: cornea, endothelium, age-related changes

Introduction
The measurement of central corneal thickness (CCT) and endothelial cell density 

(ECD) is important for evaluating endothelial function for diagnostic purposes or 

before various surgical interventions.

The endothelium is one of the five layers of the cornea and it covers the pos-

terior surface. These metabolically active cells are responsible for regulating fluid 

and solute transport between the aqueous and corneal stromal compartments. Only 

adequately hydrated stroma maintains corneal transparency. Knowing the function 

of corneal endothelium allows assessment of the donor corneas, and the risk and 

effect of intraocular and corneal procedures in clinical practice. Like every tissue of 

the human body, the cornea undergoes age-associated changes. Corneal endothelial 
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cells’ repair capacity is very limited.1 The lack of cell 

proliferation determinates age-related reduction of ECD. 

As the endothelial cell count decreases, the remaining cells 

enlarge and cover the gaps.2 As a result of aging, endothelial 

pump function deteriorates, wound healing slows down, and 

the results of refractive surgery become poor.3 It should be 

remembered that the value of intraocular pressure depends 

on corneal thickness: a thick cornea is a reason for falsely 

high measurements of intraocular pressure and, conversely, 

falsely low measurements of intraocular pressure occurs 

in thin corneas.4 This should be taken into consideration, 

especially when examining the elderly, which is the main 

group of glaucoma patients.

Standards must be established in order to compare the 

results of different groups. Endothelial parameters and CCT 

vary in each population.5–7 Therefore, it is very important 

to verify the results and determine the limits of normal 

values. Furthermore, corneal parameters differ between 

subjects grouped by age.5,7–16 Understanding these ethnic- 

and age-related physiological changes in human tissues 

enables assessment of the influence of diseases and surgical 

procedures.

The purpose of this study was to compare CCT and 

endothelial cell parameters between subjects in different age 

groups and identify correlations between them.

Materials and methods
After obtaining informed consent, 211 patients (358 eyes) were 

examined using a noncontact specular microscope (Konan 

Noncon Specularmicroscope V, SP-9000; Konan Medical 

Inc., Hyogo, Japan) at the Center of Eye Diseases in Vilnius 

University Hospital Santariskiu Clinic from 4–6 PM. The 

main corneal parameters were: ECD, mean size of cells (Ave), 

coefficient of variation in average cell size (CV), percentage of 

regular hexagonal cells (A6), and CCT. Patients’ age and sex 

were also noted. All the patients were Caucasians of Lithuanian 

origin. Exclusion criteria were: glaucoma, diabetes mellitus, 

corneal degeneration, keratitis, conjunctivitis, ulcers, traumatic 

lesions, corneal transplantation, and other anterior segment 

surgical procedures. The age of all subjects ranged from 20–89 

years, and subjects were allocated into seven groups stratified 

by age. Each group included a 10-year  interval: 20–29 years 

(55 eyes, 28 patients), 30–39 years (45 eyes, 26 patients), 40–49 

years (45 eyes, 29 patients), 50–59 years (55 eyes, 31 patients), 

60–69 years (55 eyes, 34 patients), 70–79 years (55 eyes, 33 

patients), and 80–89 years (48 eyes, 30 patients). The number 

of men and women in each group was nearly equal. The aver-

age ECD and CCT were calculated and results were compared 

between the groups. Correlations between CCT, endothelial 

parameters (ECD, A6, Ave, and CV), and age were found. 

IBM SPSS® 20.0 (IBM Corporation, Armonk, NY, USA) and 

Microsoft Excel® 2007 (Microsoft Corporation, Redmond, 

WA, USA) were used for statistical analysis. Student’s t-test 

and  Pearson’s correlation coefficient (r) values were calculated. 

Data were considered statistically significant when P,0.05.

Results
A total of 114 (54.03%) women and 97 (45.97%) men 

participated in the study. Table 1 shows the average sub-

jects’ age in each group. The average ECD (cells/mm2) is 

presented in Table 2 and CCT (µm) is presented in Table 3. 

No statistically significant difference was found between the 

sexes (P.0.05). A strong inverse correlation was observed 

between age and ECD (r=−0.650, P,0.01), which means 

that ECD decreases over a lifetime (Figure 1). A weak inverse 

correlation was found between age and CCT (r=−0.156, 

P,0.01) (Figure 2). CCT also decreased with age, but the 

correlation was weaker. ECD and CCT correlated directly 

(r=0.232, P,0.01), linking high ECD with thick corneas. 

While there was a direct correlation between Ave and age 

(r=0.586, P,0.01) (Figure 3), CV did not show such reli-

ance on aging (Figure 4). Age and A6 did not correlate either 

(P.0.05) (Figure 5). Taking everything into account, ECD 

Table 1 The average subjects’ age in each group

Age  
(years)

Minimal 
value

Maximal 
value

Average Standard 
deviation

20–29 20 28 23 1
30–39 30 39 34 3
40–49 40 49 46 3
50–59 50 59 54 3
60–69 60 69 65 2
70–79 70 79 76 3
80–89 80 89 84 3

Table 2 The average endothelial cell density (cells/mm2) in each 
group

Age 
(years)

Number 
of eyes 
examined

Minimal 
value

Maximal 
value

Average Standard 
deviation

20–29 55 2,232 3,610 2,931 371
30–39 45 2,353 3,279 2,820 203
40–49 45 2,160 3,546 2,660 301
50–59 55 2,062 3,571 2,630 306
60–69 55 2,015 3,003 2,518 281
70–79 55 2,062 2,762 2,341 167
80–89 48 2,002 2,597 2,222 182
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and CCT decreased and Ave rose, whereas CV and A6 were 

not dependent on age.

Discussion
This study has shown that ECD and CCT decrease with age. 

The loss of endothelial cells is greater than the decrease in 

corneal thickness over the years, but the tendency of fewer 

endothelial cells in thin corneas remains. Older people usu-

ally have thinner corneas.

Some scientists examined corneal endothelium and found 

that ECD decreases with age.5,9,12–14 In 2007, a  Portuguese 

study estimated that ECD decreases 5%–6% every 10 years.14 

Similar results were obtained in other countries:  Denmark 

revealed an ECD reduction of 0.3% every year and 

New Zealand demonstrated a 0.5% reduction.15,16 Cheng et al 

found a loss of endothelial cells reaching 1% every year.17 

The risk for ECD to decrease to 2,000 cell/mm2 (the limit at 

which endothelium can no longer ensure its normal function) 

rises in a population .70 years of age.12 Data show that young 

and healthy Lithuanians have higher ECD  compared to older 

people and those with cataracts or glaucoma.18 Recent stud-

ies confirmed a relationship between CCT and age, ie, the 

human cornea becomes thinner with age.7–11 It was found 

that CCT declines about 4 µm (in male corneas) to 5 µm (in 

female corneas) every 10 years.11 A previous investigation of 

a Lithuanian population in 2010 revealed that CCT decreases 

gradually when people reach the age of 40 years.4 However, 

some studies have not found the same dependence.16,19,20

A control group that the authors examined could be 

used to analyze and compare various data, including eye 

or systemic pathologic conditions. Although the results 

are heterogeneous, diseases possibly influence the cornea.21–23 

This risk was minimized by examining only healthy people. 

Primary arterial hypertension was an exception. Patients 

with primary arterial hypertension were included because no 

evidence of its impact on the corneal endothelium has been 

found. Furthermore, 50.8% of people .65 years old who 

live in Vilnius suffer from primary arterial hypertension.24 

Endothelial cells are not only affected by disease – intraocular 

surgical procedures have the greatest impact.25,26 The decline 

in ECD increases the risk of developing glaucoma or corneal 

graft failure.27

The number of men and women in this study was nearly 

equal (97 and 114 subjects, respectively). This allowed assess-

ment of the influence of sex on the corneal endothelium cell 

parameters. Such influence is still being debated. Although 

no relationship was observed in this study, Snellingen et al 

in South Asia found that ECD is 2.9% higher in women than 

in men.6 Another study reported that men’s endothelial cells 

are more regular, ie, the endothelium has more hexagonal 

cells.18 A significant difference in CCT between the sexes was 

Table 3 The average central corneal thickness (µm) in each group

Age 
(years)

Number 
of eyes 
examined

Minimal 
value

Maximal 
value

Average Standard 
deviation

20–29 55 474 646 563 44
30–39 45 477 640 561 36
40–49 45 494 681 559 42
50–59 55 459 647 553 43
60–69 55 495 630 555 35
70–79 55 448 672 551 46
80–89 48 430 637 540 35

3,000

2,900

2,800

2,700

2,600

2,500

2,400

2,300

2,100

2,200

2,000
20–29 30–39 40–49 50–59

Age (years)

E
n

d
o

th
el

ia
l c

el
l d

en
si

ty
 (

ce
lls

/m
m

2 )

60–69 70–79 80–89

R2=0.9833

2,222

2,341

2,518

2,630
2,660

2,820

2,931

Figure 1 The change in endothelial cell density across age groups.
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Figure 4 The change in the coefficient of variation in average cell size across age groups.
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Figure 2 The change in central corneal thickness across age groups.
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Figure 3 The change in average cell size across age groups.
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not demonstrated.28 These findings imply that the influence 

of sex on endothelial parameters is still unknown and more 

studies are required.

A similar number of subjects in each decade (45–55 eyes) 

enabled identification of the critical age periods at which 

endothelium changes. Interestingly, the greatest ECD decline 

is observed in neonates and children – Moller-Pedersen dem-

onstrated a 2.9% decline over a year.15 As the present study 

was carried out in an adult clinic, there was no opportunity 

to examine children.

ECD and corneal thickness were measured only in the 

center of the cornea. Both ECD and corneal thickness are 

lower in the central part than in the periphery of the cor-

nea.29–31 Subtle changes in the central cornea lead to greater 

clinical significance. CCT varies over the day. The cornea is 

thickest in the morning and gradually becomes thinner.32–34 

To reduce errors, CCT and ECD were measured at the same 

time of day (4–6 PM).

The regeneration of the corneal endothelial cells is very 

weak. Cells are lost in a lifetime and new cells do not arise 

to replace them. The only way to ensure the integrity of 

the endothelium is to let old cells grow and fill in the gaps. 

The present data confirm results that show a positive cor-

relation between age and Ave. Jorge et al reported that Ave 

increases 5%–6% (up to 23 µm2) in 10 years.14 Some studies 

revealed that CV also correlates with age and increases over 

a lifetime, meaning that older people have more variation in 

cell size.5,14,27 In addition, a negative correlation was found 

between A6 and age.5,14,24 In summary, healthy cells expand to 

cover the emerging endothelium defect, ECD decreases with 

age, and – according to some specialists – these large-sized 

cells become more irregular in their size and shape.

As a population gets older, the number of irreversible cor-

neal endothelium lesions increases. Since not all patients who 

need corneal endothelium transplantation can be operated on 

due to a lack of donor tissues, experiments on transplanta-

tion of cultured human corneal endothelial cells sheets are 

being carried out.35

Conclusion
There are statistically significant differences in corneal 

parameters between people of different ages. Young Lithu-

anian subjects have thicker corneas, higher ECD, and smaller 

endothelial cells. CCT has a weaker connection with aging 

than ECD. A lower ECD indicates a thinner cornea. CV and 

A6 are not dependent on age.
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Figure 5 The change in the percentage of regular hexagonal cells across age groups.
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