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SUMMARY

Introduction/Objective Intraocular pressure is an important parameter of eye health, especially when
glaucoma is suspected. So far, few studies have been published that aimed to determine the average
value of intraocular pressure and central corneal thickness in a healthy population aged 20-30 years.
The aim of this study was to determine the distribution of the values of intraocular pressure and central
corneal thickness in healthy student population.

Methods In a cross-sectional study, intraocular pressure and central corneal thickness were measured
on a sample of a healthy population, aged 22-37 years. Intraocular pressure was measured using the
Goldmann applanation tonometry method, while central corneal thickness was measured using ultra-
sound pachymetry. The analysis of numerical values was done using the methods of descriptive statistics.
Results By measuring intraocular pressure and central corneal thickness in 641 subjects (1282 eyes), the aver-
age value of intraocular pressure was determined to be 14.79 + 2.31 mmHg, and central corneal thickness
was 553.92 + 25.56 um. By comparing two groups of subjects, one male group and the other one female,
we determined that there was no statistically significant difference in the average value of intraocular pres-
sure (t-test, p > 0.05), and the average value of central corneal thickness (t-test, p > 0.05) between the sexes.
Conclusion The determined average value of intraocular pressure and central corneal thickness is similar
to those determined in other cross-sectional studies of this type. No statistically significant difference

was found in the intraocular pressure values and the central thickness of the cornea by sex.
Keywords: intraocular pressure; central corneal thickness; students

INTRODUCTION

Intraocular pressure (IOP) is one of the most
important parameters of eye health. Its values
represent the result of the dynamic balance
of aqueous humor production and outflow.
Elevated IOP is the most significant risk fac-
tor for glaucoma, and factor for the conversion
of ocular hypertension to primary open-angle
glaucoma [1, 2]. IOP is routinely measured for
diagnosis and monitoring of glaucoma suspects
and patients [3]. All this indicates the great im-
portance of determining the correct IOP values.
Goldmann applanation tonometry (GAT) is the
gold standard technique for measuring IOP.
However, the accuracy of the results obtained
by this procedure can be affected by several fac-
tors, the most significant of which is central
corneal thickness (CCT) [4, 5]. In general, a
thinner cornea leads to a lower IOP reading,
while a thicker cornea leads to a higher IOP
reading than their actual values [6, 7].
Statistically, an IOP value of 21 mm Hg is
widely accepted as the borderline between
normal and elevated. When calibrating the
Goldmann tonometer, Goldmann assumed a
CCT of 0.5 mm and emphasized that variations
in corneal thickness could, in theory, affect the
measurement [8]. Information on differences

in CCT values obtained through in vivo mea-
surements subsequently became available [9].

CCT can be measured by different meth-
ods, but ultrasound pachymetry is considered
the most reliable [10]. Finally, the association
between decreased CCT values and readings of
apparently decreased IOP values has prompted
research into the role of CCT measurements in
the early diagnosis of glaucoma [11, 12]. Most
of the studies on CCT were performed on the
population suffering from glaucoma or other
ophthalmic diseases.

There are not many studies that have dealt
with normal IOP values in a healthy young
population. The aim of the present study was to
investigate IOP and CCT values in the healthy
population aged 20-40 years.

METHODS

This cross-sectional population-based obser-
vational study comprised 641 students of the
Faculty of Medicine, University of Belgrade, of
both sexes, aged 22-37 years. This study was
conducted according to the principles of the
Helsinki declaration and the consent of the
Ethics Committee of the Faculty of Medicine,
Belgrade, Serbia, was acquired. All subjects
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were informed about the test methods before the mea-
surement, and written informed consent was obtained.
All subjects underwent a complete ophthalmic examina-
tion consisting of a medical history, best corrected visual
acuity, slit-lamp biomicroscopy (Haag-Streit AG, Bern,
Switzerland), GAT (Haag-Streit AG), fundoscopy, CCT.
Exclusion criteria were as follows: any form of glaucoma
or systemic disease that might influence IOP values, previ-
ous intraocular surgery or trauma, pregnancy, allergy to
tetracaine.

Goldmann tonometer, slit lamp mounted (Haag-Streit
AG) was used for GAT. Tetracaine 1% and fluorescein
sodium 2% strips were used for the GAT measurements.
All GAT measurements were done during morning hours
(9-11h) of the day, in the sitting position. The mean IOP
and CCT value was obtained from three consecutive mea-
surements. PalmScan AP 2000 Ophthalmic Ultrasound
2007 (Micro Medical Devices Inc., Calabasas, CA, USA)
was used for CCT measurements after instillation of 1%
tetracaine, and the mean of three readings was calculated
for each tested eye.

The analysis of numerical values was done using classic
methods of descriptive statistics, x test (for data analysis
within groups) and t-test (for analysis between groups),
arithmetic mean, median of mean values, and measures of
variability with standard deviation, coefficient of variation
and standard error, as well as the minimum and maximum
value. A value of p < 0.05 was considered statistically sig-
nificant.

RESULTS

The examination was performed on a sample of a healthy
student population of 641 subjects (1282 eyes). The average
age of the respondents was 24.41 + 0.99 years.

The determined average values of IOP and CCT are
listed in Table 1.

Table 1. Average intraocular pressure and central corneal thickness
values in tested students

10P CCT
X 14.79 + 2.31 mmHg 553.92 + 25.56 ym
range 10-24 mmHg 470-697 pm

IOP - intraocular pressure; CCT - central corneal thickness

Table 2. Average intraocular pressure and central corneal thickness
by sex

female male
Number of subjects/% | 414 (828 eyes)/62.81 | 227 (454 eyes)/37.19
10P (mmHg) 14.69 + 0.41 14.932 £ 0.48
CCT (um) 553.39+4.13 55499 + 7.44

0P —intraocular pressure; CCT - central corneal thickness

Table 3. Average intraocular pressure and central corneal thickness
by right/left eye

Right eye Left eye p
10P (mmHg) 15.13+0.48 15.9+0.45 0.9
CCT (um) 563.64 £ 5.82 563.23 £5.23 0.99

IOP - intraocular pressure; CCT - central corneal thickness
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By comparing two groups of subjects, one of which was
male (227 subjects, 454 eyes) and the other female (414
subjects, 828 eyes), it was determined that there was no sta-
tistically significant difference in the average value of IOP
(Student’s t-test, p > 0.05), and the average value of CCT
(Students’s t-test, p > 0.05) between the sexes (Table 2).

Analysis of the average values of IOP and CCT of the
right and left eyes revealed no statistically significant dif-
ferences (p > 0.05) (Table 3).

DISCUSSION

The role of IOP and its connection with glaucoma has been
the focus of scientific research practically since the first
definition of glaucoma as an eye disease. While this defi-
nition of glaucoma currently rests more on structural and
functional damage [13], IOP measurement is still used as
a mandatory, simple, accessible and economical method in
approaching high-risk patients. Many studies have docu-
mented an association of increased incidence of glaucoma
with increasing IOP values [14, 15], and especially with
values above 20-23 mmHg [16, 17]. However, a study on
a Latino population found this association with IOP val-
ues above 30 mmHg [18]. There are numerous data in the
literature for the average statistical normal value of IOP,
but few studies have addressed this question in different
age groups, especially in the age group of 20-30 years [19].
In the study by Dane et al. [20], which was done on 125
subjects, finding of higher IOP in women was explained by
estrogen effects. Some of published studies aimed to study
IOP daily fluctuations in young people or the influence of
sleeping position on IOP values, but all of them are char-
acterized by a small number of subjects (10 or 20) [21, 22].

Normal IOP ranges 10-22 mmHg, with an average of
16 mmHg. Values for normal IOP have been obtained by
examining large population groups. One of the largest
studies was conducted on the population in Serbia in 1970,
when Cvetkovi¢ et al. [23] examined 3550 people of both
sexes over 40 years of age in the municipality of Opovo.
Measurements were made with a Schigtz impression to-
nometer, and mean IOP values of 16.85 + 3 mmHg were
obtained. There was no statistically significant difference
in the IOP level according to sex (although the IOP in
women was slightly higher, 17 mmHg, compared to men,
where it was 16.7 mmHg). As part of the aforementioned
project, part of the examination was performed using the
applanation tonometry method, but on a smaller sample
(512 subjects of both sexes), with very similar results — the
average IOP value was 16.47 + 3 mmHg. The mean IOP
value measured in this study (15.11 + 2.35 mmHg) cor-
responds to those recorded in earlier studies of this type
involving healthy Caucasian subjects of approximately
the same age [24]. One of the larger studies made in the
territory of the Republic of Serbia was conducted in the
period 2007-2012 in the territory of the City of Novi Sad,
but on the population of people who were being treated
for glaucoma in the ophthalmology services of primary
health care centers [25].
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IOP is a dynamic parameter that changes depending
on heart action (systole/diastole), inspiratory/expiratory
pressure, extraocular muscle tone, hormonal status, daily
rhythm of vagotonia and sympathicotonia, body position,
and is even related to the seasons. Also, IOP is known to
change with age. In newborn children and infants, and
during the entire first decade of life, lower IOP values than
those determined for the adult population are considered
to be normal [26]. In children in the first years of life, the
average normal IOP is below 15 mmHg, from the age of
6-12 years it is 11 + 2.5 mmHg [27], and in the decades
after the 50s, the average IOP value gradually increases,
but without statistically significant differences.

The IOP in the right and left eye of the same person is
practically the same, and 3 mmHg is accepted as a normal
difference. When measuring, it is usual to measure the IOP
first in the right eye, then in the left eye, and it is noted that
repeated measurement in the right eye usually gives lower
values. Probably one of the reasons is the relaxation of the
extraocular muscles during the repeated measurement,
or the discrete opening of the chamber angle due to the
pressure of the prism on the cornea. In our study;, it was
found that there is no significant difference between the
average IOP value between the right and left eyes, which
agrees with the results of earlier studies [28].

As for sex differences, it was found that women have
slightly higher IOP on average, but without statistical sig-
nificance. In our study, the determined average value of
IOP in female subjects is 15.23 + 0.43 mmHg, while in
male subjects it is 14.89 + 0.52 mmHg, with a difference
that is not statistically significant (p > 0.05).

CCT is routinely measured in clinical settings before cor-
neal refractive procedures, but also because it can potentially
significantly influence the reading of real IOP values and
consequently the classification and therapy of glaucoma.
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The average CCT value measured in this study

(563.65 + 27.74 um) confirms the values documented in
earlier studies performed on a similar sample [10, 29, 30].
In earlier clinical studies, the average value of CCT var-
ied from 520 pm when CCT was determined by optical
pachymetry to 540 pm when determined by ultrasound
[9, 29, 30]. By comparing the average CCT values between
the sexes, we found that there is no statistically significant
difference in the CCT value in the healthy population sam-
ple, which confirms previous studies, although the average
value was slightly higher in female subjects [9].

In this study, the average value of CCT between the

right and left eyes was determined, which was statistically
not significantly different. Previous studies with optical
pachymetry have shown that there is a systematic differ-
ence between the right and left eyes [30]. This may be
due to measurement error in the optical method when the
measurement is not positioned normal to the cornea. Such
measurement errors do not occur when using an ultrasonic
pachymeter because it reads a value only when the probe
is directed normally to the cornea. Indeed, other studies
using ultrasound pachymetry also found no statistically
significant difference between the right and left eyes [30].

CONCLUSION

In this study, we determined the average values of IOP and
CCT in a healthy student population, that is — the age group
from 22 to 37 years old. So far, similar studies have not been
done in our population. The average values of IOP and CCT
in our sample did not differ significantly from the values
obtained in similar previously published studies.
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BMCMHA MHTPAOKY/NAPHOT NPUTUCKA U LEHTPaNHa Ae6/bUHA PoKHbaue Kog 3apase

CTYAEHTCKe nonynauuje

Mupocnas CrameHkoBuh'?, iBaH Mapjanosuh3#, BecHa Mapuh®#, Tarba Kanesnh®#, Mapuja boxuh*#

'KnuHnuko-6onHnuKkn LeHTap ,3Be3gapa’, KnuHnka 3a ouHe 6onectn, beorpag, Cpbuja;
2Ynneep3utet y beorpagy, DakynTer 3a cneuunjanty eaykauujy u pexabunutauujy, beorpag, Cpouja;

*YHusep3utet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;

*YHnBep3UTeTCKM KNMHWYKKM LeHTap Cpbuje, KnuHuka 3a ouHe 6onectw, beorpap, Cpbuja

CAXETAK

Yeoa/LUunmb VHTpaoKynapHy NpyUTMCaK je 3HayajaH napameTtap
3[lpaB/ba OKa, a NocebHO Kafla MOCTOju CyMHba Ha riaykom.
PeTke cy o cafia 06jaB/beHe CTyauje Koje cy nmane 3a Lub
yTBphrBatbe NPOCeYHe BPeAHOCTM HTPAOKYapHOT MPUTICKA
1 LeHTpanHe Aeb/brHe poXhaye Ha 3ApaBoj nonynaunjm
ctapoctun 20-30 roguHa.

Linrb oBe cTyguje je yTBphrBame guctpubyuuje BpegHoCTu
VNHTPaoKynapHOr NpUTUCKa U LieHTpasnHe febrbnHe poxmaue
Kog ocoba 3paBe CTyAeHTCKe nomnynaumje.

MeTope Y cTyamnju npeceka BPLUEHO je Mepere BpeaHOCTH
VHTPaOKYNTapHOT MPUTKCKa 1 LieHTpasHe Aeb/biHe poxbaye Ha
Y30pKy 34paBe nonynauuje, crapoctn 22-37 roguHa. Mepeme
VHTPAOKyNnapHOr NPUTMCKa BPLUEHO je meTogom [ongmaHoBe
ansaHaynoHe TOHOMETpUje, OK je Mepetbe LeHTpaHe
neb/buHe poXrbaye BPLIEHO YITPa3ByYHOM NaxMMeTPjoM.
AHanv3a HyMepnuKrx BpegHoCTu paheHa je MeTogama onmcHe
cTaTuCTrKe.
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Pesyntatn Meperem MHTPaoKynapHOr MPUTUCKa U LieHTpaHe
AebrbuHe poxtbade Ha 641 ncnutaHuky (1282 oka) ytpheHa
je npoceyHa BpeHOCT MHTPAOKynapHor Nnputncka og 14,79
+ 2,31 mmHg v ueHTpanHe febrmbuHe poxmaue of 553,92 +
25,56 um. NMopeherem fBe rpyne NCNUTaHKKa, Of KOjUX je jenHa
rpyna 6una MyLIKor nosa a apyra »KeHckor, yTBpheHo je aa
Hema CTaTUCTUYKM 3HayajHe pasfivike y NPoCeYyHoj BpeAHOCTU
WHTPaoKynapHor nputucka (t-tect, p > 0,05) n npoceyHoj
BPEAHOCTU LieHTpasiHe febibuHe poxtbaye (t-TecT, p > 0,05)
n3mehy nonos.a.

3aKk/byuak YTBphHeHa npoceyHa BpeHOCT MHTPAOKYyNapHor
NPUTKCKA 1 LeHTpasHe feb/buHe poxHaye je CiMyHa OHMMa
yTBpHEeHVM y OCTanum CTyamnjama npeceka osor tuna. Huje
yTBphHeHa CTaTUCTNYKM 3HaYajHa Pa3nvKa y BUCUHW NPUTHACKA
U LeHTpanHe aebrbrHe poxmaue nopeherem no nony.

Kl'by‘-lHe peun: NHTPaOKyNapHU NPUTUCAK; LeHTPaslHa ,D,E6J'bI/IHa
POXHaye; CTyAeHTN
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