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ABSTRACT

Introduction: This study aimed to determine

intraocular pressure (IOP) and central corneal

thickness (CCT) measurements in healthy

Persian children to find clinical reference

values in this ethnicity. Additionally, we

examined the possible relationship between

these measurements.

Methods: This cross-sectional study included

262 eyes of 131 Persian primary school

children between 6 and 13 years of age. All

eyes were healthy and had no anterior or

posterior segment abnormalities, corneal

disease, or evidence of glaucoma. Specular

microscopy was used to measure CCT and

both noncontact tonometry (NCT) and

Goldmann applanation tonometer (GAT) were

used to measure IOP. Correlations between IOP

measurements were also examined.

Results: Mean CCT was 513.47 ± 34.51 lm in

the right eye (OD) and 513.93 ± 33.88 lm in

the left eye (OS). The CCT was not significantly

different between older (10–13 years) and

younger (6–9 years) patients. Mean IOP

measured with GAT was 13.86 ± 2.13 mmHg

OD and 13.72 ± 2.04 mmHg OS and mean IOP

measured with NCT was 15.26 ± 2.38 mmHg

OD and 15.11 ± 2.18 mmHg OS. The IOP and

CCT measured with GAT were weakly correlated

(OD: r = 0.141, P = 0.114; OS: r = 0.236,

P = 0.007). However, IOP and CCT measured

with NCT (OD: r = 0.487, P = 0.000; OS:

r = 0.456, P = 0.000) were moderately

correlated. Our outcomes demonstrated that

for 100 lm increase in CCT, IOP measured with

GAT and NCT increased by 0.8 and 3.3 mmHg,

respectively, in OD and by 1.4 and 2.9 mmHg in
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OS. Based on intraclass correlation coefficients,

IOP measurements made with GAT and NCT

were in fair agreement in OD and in good

agreement in OS.

Conclusion: The IOP and CCT in healthy

Persian school children (6–13 years old) were

positively correlated. Our findings revealed that

corneal thickness is thinner in Persian children

than in most other racial groups.

Funding: This study has been funded by deputy

dean in research of School of Medicine and

deputy vice chancellor of Shiraz University of

Medical Sciences, Shiraz, Iran.

Keywords: Central corneal thickness;
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INTRODUCTION

The Ocular Hypertension Treatment Study

found that individuals who had lower central

corneal thickness (CCT) were more probable to

progress glaucoma rather than those with

greater CCT values [1]. Additionally, studies

revealed that thicker CCT values have an

association with greater intraocular pressure

(IOP) levels [2, 3]. Information highlighting

the variations between ethnicities, these

variables, and age [4] proves necessary to

determine the relationship of CCT and IOP in

children. A number of studies found a

relationship between ethnicity and IOP. In

addition, IOP and CCT values have proven to

be different among children from various races

including black and white [5, 6], Chinese [7, 8],

Turkish [9], Japanese [10], Indian [11] and

Malay pediatric population [12].

Unfortunately, very few studies have

examined mean IOP and CCT in children

living in Middle East, particularly in Iran. This

study is a pioneering investigation to measure

IOP and CCT and their relationship in this

specific race. This research intends to clarify

mean IOP and CCT measurements for normal

healthy Persian children to supply clinical

reference values. Furthermore, the relationship

of IOP and CCT was also examined.

METHODS

Study Subjects

All measurements were made on 6–13 years old

children who attended one of four different

primary schools in Shiraz, Iran selected as

random sampling. All included children were

Persian, which was defined as having Iranian

parents for two generations and all lived in

Shiraz, Iran. Children with corneal disease,

clinical evidence of glaucoma, cataract, eyelid

abnormalities, elevated IOP ([21 mmHg), a

spherical equivalent more severe than

±1.00 D, or a history of intraocular surgery

were excluded from participation. Syndromic

children were also excluded.

Study Procedures

Patient data documented consisted of gender,

age, and race (self-reported by subjects and their

parents). Snellen visual acuity measurement

and a comprehensive ocular examination

included complete slit lamp examination,

fundoscopy, and a subjective refraction was

performed. A Goldmann applanation

tonometer (GAT) and noncontact

pneumotonometer (NCT) were used to

measure IOP. The CCT was measured by the

same examiner using a specular microscope

(SP-2000P, Topcon Corp., Tokyo, Japan)

between 9:00 am and 2:00 pm. A single

examiner made all IOP measurements. Only a
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single contact measurement has been

performed for a subject therefore IOP

measured using gold standard Goldmann

applanation tonometer and CCT measurement

has been documented with noncontact specular

microscope.

Data Analyses

Using single mean formula, sample size has

been calculated with the level of significance of

0.05. To assess the significance of variations in

IOP and CCT between groups (e.g., between

boys and girls) Student’s t test was used.

Kruskal–Wallis test was performed to compare

CCT between different age groups. Pearson

correlation coefficients (r) were calculated and

used to find out relationships between

continuous values. Additionally, intraclass

correlation coefficients (ICCs) were examined

for IOP measurements made with GAT and NCT

to examine the agreement between

measurements. Raw data analyzed using the

Statistical Package for Social Science statistical

software package (ver. 22.0, SPSS, Inc., Chicago,

IL). To identify main data trends, descriptive

analysis was done first.

Compliance with Ethics Guidelines

This research was conducted in November and

December of 2015 at the Poostchi Eye Clinic of

the Shiraz University of Medical Sciences, Shiraz

that is located in south part of Iran. We received

ethical approval from the ethical committee of

the Shiraz University of Medical Sciences (No.

IR.SUMS.MED.REC.1394.60). All procedures

followed were in accordance with the ethical

standards of the responsible committee on

human experimentation (institutional and

national) and with the Helsinki Declaration of

1964, as revised in 2013. Informed consent was

obtained from all patients for being included in

the study.

RESULTS

Totally 262 eyes of 131 healthy children were

included in analyses. This included 126 eyes of

63 boys (48.1%) and 136 eyes of 68 girls

(51.9%). Mean CCT was 513.47 ± 34.51 lm in

the right eye (OD) and 513.93 ± 33.88 lm in

the left eye (OS). The CCT was not significantly

different between older (10–13 years) and

younger (6–9 years) subjects (P = 0.980 OD,

P = 0.845 OS) or between boys and girls

(P = 0.183 OD, P = 0.189 OS). Mean IOP

measured with GAT was 13.86 ± 2.13 mmHg

in OD and 13.72 ± 2.04 mmHg in the OS. Mean

IOP measured with NCT was

15.26 ± 2.38 mmHg in the OD and

15.11 ± 2.18 mmHg in the OS. Measurements

of IOP were not significantly different between

younger and older subjects (GAT: P = 0.993 OD,

P = 0.173 OS; NCT: P = 0.487 OD, P = 0.839 OS)

or between boys and girls (GAT: P = 0.241 OD,

P = 0.320 OS; NCT: P = 0.903 OD, P = 0.847

OS). IOP and CCT data comparing age and

gender is summarized in Tables 1 and 2.

Linear regression analyses disclosed a

significant positive relationship between the

CCT and IOP. A positive, but weak correlation

was found between IOP and CCTmeasured with

GAT (OD: r = 0.141, P = 0.114; OD: r = 0.236,

P = 0.007). However, IOP and CCT measured

with NCT were moderately correlated (OD:

r = 0.487, P = 0.000; OS: r = 0.456, P = 0.000).

For IOP measurements with GAT, IOP increased

by 0.8 and 1.4 mmHg in OD and OS,

respectively, for every 100 lm increase in CCT

(Fig. 1). For IOP measurements with NCT, IOP

increased by 3.3 and 2.9 mmHg in the OD and

OS, respectively, for every 100 lm increase in
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Table 1 Mean value of IOP and CCT in different age groups

Age Number Mean Standard deviation

GAT (OD) 6–9 y 72 13.86 2.30

10–13 y 59 13.86 1.92

GAT (OS) 6–9 y 72 13.94 2.30

10–13 y 59 13.45 1.65

NCT (OD) 6–9 y 72 15.13 2.44

10–13 y 59 15.42 2.32

NCT (OS) 6–9 y 72 15.07 2.39

10–13 y 59 15.15 1.91

CCT (OD) 6–9 y 70 513.54 34.64

10–13 y 59 513.39 36.44

CCT (OS) 6–9 y 69 513.39 32.55

10–13 y 59 514.58 35.64

OD right eye, OS left eye, CCT central corneal thickness, IOP intraocular pressure, GAT Goldmann applanation tonometer,
NCT noncontact tonometer, y years

Table 2 Mean value of IOP and CCT in boys and girls

Gender Number Mean Standard deviation

GAT.OD Male 63 13.63 2.25

Female 68 14.07 2.00

GAT.OS Male 63 13.53 2.18

Female 68 13.89 1.90

NCT.OD Male 63 15.24 2.38

Female 68 15.29 2.40

NCT.OS Male 63 15.07 2.41

Female 68 15.14 1.96

CCT OD Male 61 517.75 30.52

Female 68 509.63 37.54

CCT OS Male 60 518.13 30.04

Female 68 510.23 36.76

OD right eye, OS left eye, CCT central corneal thickness, IOP intraocular pressure, GAT Goldmann applanation tonometer,
NCT noncontact tonometer, y years
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CCT (Fig. 2). Correlation analysis revealed that

the agreement between GAT and NCT IOP

measurements was good in the OS

(ICC = 0.603), but only fair in the OD

(ICC = 0.571).

DISCUSSION

This cross-sectional study of Persian school

children provides IOP and CCT reference

values for this population and demonstrates

that IOP is correlated with CCT. The IOP and

CCT for each age group are also provided, but

the relationship between CCT and age remains

largely unknown. Mean CCT for all included

children was 513.47 ± 34.51 lm in the OD and

513.93 ± 33.88 lm in the OS.

Our CCT measurement was lower than those

reported for children of other ethnicities,

including Japanese, Singaporean, Black,

Fig. 1 Scattergrams of the CCT versus IOP measured
with GAT in the OD (a) and OS (b) of Persian children
that were 6–13 years of age (OD: n = 131 eyes,
r = 0.141, P = 0.114; OS: n = 131 eyes, r = 0.236,
P = 0.007). CCT central corneal thickness, IOP intraocular
pressure, GAT Goldmann applanation tonometer

Fig. 2 Scattergrams of the CCT versus IOP measured
with NCT in the OD (a) and OS (b) eyes of Persian
school children that were 6–13 years of age (OD: n = 131
eyes, r = 0.487, P = 0.000; OS: n = 131 eyes, r = 0.456,
P = 0.000). CCT central corneal thickness, IOP intraocular
pressure, NCT noncontact tonometer
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Chinese, African–American, Turkish, and Malay

children [5–12]. This is important to know

because a thin central cornea can indicate an

underestimation of IOP and possibly impede

physicians from making a glaucoma diagnosis

[12, 13].

Ultrasound pachymetry has been considered

as the current gold standard for quantifying

CCT. Studies have shown specular microscopy

measurements of CCT are considerably lower

than ultrasound pachymetry measurements of

CCT [7, 14]. In our study, corresponding to

parents’ consent only a single contact

measurement was taken, and therefore, the

authors decided to measure IOP with gold

standard Goldmann applanation tonometer

and CCT measurement was documented with

noncontact specular microscope. Since we used

noncontact pachymetry to measure CCT, we

were not able to compare current CCT findings

with those of others who used ultrasound

pachymetry to measure CCT. While

comparing our CCT measurements with those

from a similar study carried out on children

from Malaysia [12] which used a similar

methodology and noncontact

instrumentation, this study documented

thinner CCT.

We found that IOP measured with GAT

increased by 0.8 and 1.2 mmHg in OD and OS,

respectively, for 100 lm rise in CCT.

Interestingly, this IOP increased was 3.3 and

2.9 mmHg in OD and OS, respectively, for every

100 lm rise in CCT when IOP was measured

with NCT. A recent study from Northern China

(The Jinan City Eye Study) [14] and Malaysia

[12] presented a 3.2 mmHg increase in IOP for

every 100 lm increase in CCT. Additionally,

Muir et al. showed a positive association

between IOP and CCT meaning that for every

100 lm increase in CCT, the IOP raised by

2.2 mmHg [6]. However, this finding is

somewhat controversial because Haider et al.

[4] did not find a statistically significant

relationship between IOP and CCT in either

African–American or White children.

The GAT is a reliable and consistent

technique for measuring IOP. The IOP

measurements made with NCT were in fair

agreement with those made with GAT in the

OD, but in good agreement with those made

with GAT in OS. Shah et al. [15] revealed a

significant association between PT100 air-puff

and GAT measurements (Pearson’s

correlation = 0.715, P\0.01) as a recent study

in Turkey showed that NCT and Tono-Pen� XL

(Reichert Technologies, Depew, NY, USA) IOP

measurements were both comparable to GAT,

the gold standard measurement, in

normotensive eyes [16].

There are a number of limitations that

affected the outcomes of this study. First, the

nature of our methodology as the

cross-sectional study provided only one time

measurement for each subgroup. Nevertheless,

the absence of a relationship between age and

gender in IOP and CCT does not necessarily

signify that this link is nonexistent. On the

other hand, younger subjects below 6 years of

age, can often be uncooperative during regular

ocular assessments, especially in IOP and CCT

measurements under local anesthesia. The

authors therefore decided to examine children

of 6 years and older in this study. The authors

decided to document values using noncontact

pachymetry, without using general anesthesia

similar to methodology of former studies in

which they used noncontact pachymetry in

children [7, 12, 15, 17]. This may be considered

as a limitation as the ultrasound pachymetry is

still considered as the gold standard in the

literature. Furthermore, the purpose of this

research was not to correlate measurements

comparing adult and children values or study

240 Ophthalmol Ther (2016) 5:235–243



those measurements taken over a specific period

of time.

As a pioneer study in Persian children,

examination of a uniform population

consisting of various age groups,

straightforward associations between NCT and

GAT values of IOP made our outcomes

significant.

It has been established that knowledge of

normal ocular structures in different ethnicities

may deliver a significant reference value and

may contribute in the identification of diseases

including glaucoma [18]. It is remarkable that

the members of the same racial background

who live in different countries or even different

states could behave contrariwise. It is

interesting to know that individuals who live

in urban areas present with thicker corneas than

those who live in rural areas [19].

Biomechanical characteristics of the cornea

are altered by metabolic and environmental

factors; particularly by UV exposure [20],

therefore, environmental exposure may

influence the biophysics of the eye. Therefore,

further study should focus on subjects with

similar racial background who live in other

states with different environmental exposure as

well as other countries in Middle East region.

Since our analysis only focused on children

with normal ocular examinations, further study

is required to find the correlation between CCT

and IOP in subjects with diseased corneal or

pseudophakia, children who have diagnosed as

congenital glaucoma or positive past medical

history of glaucoma. It is our belief that

longitudinal studies following the subjects

from infantile to maturity would prove

particularly beneficial for improving our

perceptive of ocular development. A

systematic review and meta-analysis on CCT

and IOP values in normal children, in addition

to study of the variations in corneal biometric

and their relationship to other ophthalmic

considerations, such as corneal curvature, axial

length, and endothelial cell density, could

improve our basic knowledge of the ocular

health in Persian children and pediatric

population who live in Middle East region.

CONCLUSION

In this study, we found that IOP and CCT in

healthy Persian school children (6–13 years old)

were positively correlated. Our findings revealed

that corneal thickness is thinner in Persian

children than in most other racial groups,

however, additional studies are required to

shed light on the basis of these changes as

well as influence of race on these biophysical

measurements.
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