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SUMMARY

Introduction/Objective Our study aimed to estimate the prevalence of glaucoma and its subtypes
in the population of Novi Sad, Vojvodina, Serbia, and provide the demographic and clinical analysis of
glaucoma patients involved.

Methods Our study was designed as an observational, retrospective, cross-sectional, monocentric, includ-
ing all the patients with the address of residence within the city of Novi Sad, with clinically diagnosed
glaucoma, at least in one eye, treated at the University Eye Clinic, Clinical Centre of Vojvodina, Novi Sad.
We analyzed the five-year prevalence of different types of glaucoma, together with the characteristics of
visual field and risk factors in the form of coexisting diabetes mellitus and arterial hypertension.
Results Almost half of 3254 included patients (48.28%) were diagnosed with primary open-angle glau-
coma (POAG), and its prevalence in the total population of Novi Sad was estimated to be 0.46%. The
prevalence of other glaucoma types was as follows: primary angle-closure glaucoma (PACG) 0.17%,
secondary glaucoma 0.09%, pseudoexfoliation glaucoma 0.09%, normal-tension glaucoma 0.13%, pig-
mentary glaucoma 0.01%, and juvenile glaucoma 0.01%. In the population above 40 years of age, the
prevalence of all glaucoma cases was 1.9%, while the prevalence of POAG was 0.93%, and the prevalence
of PACG was 0.35%.

Conclusion Our study represents the first attempt to address the epidemiological problems of glaucoma
in our region in a comprehensive, evidence-based way. The prevalence of various glaucoma types and
observed age-specific prevalence trends were lower than those published by other authors involving

Received « MpummeHo:
October 5,2021

Accepted - MpuxeaheHo:
July 22,2022

Online first: August 4, 2022

Correspondence to:

Sava BARISIC

Hajduk Veljkova 1-9

Clinic for Eye Diseases
Clinical Center of Vojvodina
21000 Novi Sad, Serbia
savabarisic@gmail.com

comparable populations, and we offered several potential explanations for this in our paper.
Keywords: prevalence of glaucoma; type of glaucoma; glaucoma epidemiology

INTRODUCTION

Glaucoma is progressive optic neuropathy ac-
companied by characteristic morphological
changes of the optic nerve head and the nerve
fiber layer of the retina. It manifests in visual
field loss, usually asymptomatic in the early
stages of the disease, leading to irreversible
blindness if untreated. It represents the second
leading cause of preventable blindness in the
world. It has been estimated that 60.5 million
people were suffering from glaucoma globally
in 2010, with 6.7 million bilaterally blind. This
number is expected to rise in the future, and it
is estimated that 111.8 million people will have
glaucoma in 2040 [1]. The main reason for this
is considered to be a worldwide increase in the
average life expectancy.

Based on its etiopathogenesis, glaucoma can
broadly be divided into open-angle (OAG) and
angle-closure (ACG) glaucoma, with further
classification into primary, secondary, congeni-
tal (present on birth), and juvenile form (ap-
pearing between the ages of three and 40) [2].

Analysis of global glaucoma prevalence
proved to be a complex undertaking, often
leading to inconclusive and results that are
difficult to compare. The situation improved
after the introduction of the International
Society of Geographical and Epidemiological
Ophthalmology (ISGEO) classification of

glaucoma for use in population-based surveys
which more precisely defined diagnostic and
classification criteria of different glaucoma
types. However, many obstacles persist to this
day [3].

Different subtypes of glaucoma have differ-
ent racial and geographical prevalence. Africa
and North America are found to have the high-
est prevalence of POAG (4% and 3.4%, respec-
tively), while Oceania had the lowest (1.8%)
[3]. The situation in China and India favors
PACG, which accounts for 50-60% of all glau-
coma cases [4].

According to the latest epidemiological stud-
ies and meta-analyses, the global prevalence
of adult forms of glaucoma is estimated to be
4.79%, with POAG accounting for 3.05% and
PACG for 0.5% of the cases, and these values
seem to be increasing [5].

There are no available data regarding the
number of people with glaucoma in Serbia. At
the 2011 census, Serbia had 7,186,862 citizens
and 3,849,267 people older than 40 years [6].
Extrapolating the prevalence data from the
aforementioned studies, it has been estimated
that around 100,000 people live with glaucoma
in Serbia, with at least 75,000 POAG cases.

Our study aimed to estimate the preva-
lence of glaucoma and its subtypes in Novi
Sad, Vojvodina, Serbia, with a population of
341,625 on the last census, and to provide with
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the demographic and clinical analysis of glaucoma patients
involved.

METHODS

This observational, retrospective, cross-sectional, mono-
centric study included all the patients with clinically
diagnosed glaucoma, at least in one eye, treated at the
University Eye Clinic, Clinical Centre of Vojvodina, Novi
Sad in the period from August 2007 to December 2012.
The patients’ data were populated from the electronic
health records database used in the clinic. The dataset in-
cluded 3254 patients, with the residence address within
the city of Novi Sad, who met strict inclusion criteria of
confirmed glaucoma diagnosis, regardless of age, sex, and
type of glaucoma, excluding glaucoma suspects and pa-
tients with ocular hypertension. The onset of the disease
was not necessarily in the period between January of 2007
and January of 2012, but a patient’s first examination at the
clinic was within that period. All the patients were exam-
ined by several experienced ophthalmologists working at
the Glaucoma Department of the Eye Clinic.

We analyzed the period prevalence of different types of
glaucoma, including POAG, PACG, secondary, juvenile,
and congenital glaucoma, and the age and sex distribution
of the patients. In addition, assessment of the cup/disk
ratio of the optic disc using the 90D non-contact lens at
slit lamp was done in every patient. Visual field testing was
performed with Humphrey visual field analyzer (HFA; Carl
Zeiss Meditec AG, Jena, Germany), C24-2 testing protocol,
equipped with STATPAC. Mean deviation (MD) visual
field index calculation has been considered an indicator
of the stage of perimetric glaucoma disease. Finally, we
analyzed the presence of two of the established glaucoma
risk factors: diabetes mellitus and arterial hypertension.

Subjects’ written consent was obtained in accordance
with the Declaration of Helsinki, and the ethics committees
of the Eye Clinic, Clinical Centre of Vojvodina, approved
the study.

Data were statistically analyzed using SPSS, Version
16.0 (SPSS Inc., Chicago, IL, USA) using the following
descriptive statistical methods: arithmetic mean, standard
deviation, median, quartiles, frequencies, and percentages,
with confidence interval (CI) set at 95%. The results are
presented in the form of tables and graphs with comments.

All procedures performed in this study were in accor-
dance with the ethical standards of the 1964 Declaration
of Helsinki and its later amendments or comparable ethi-
cal standards. Written consent to analyze and publish all
shown material was obtained from the patient, and the
approval for the study was given by the Ethics Committee
of Eye Clinic, Clinical Centre of Vojvodina.

RESULTS

There were 3254 patients enrolled in our study, the major-
ity of them being females (1949 vs. 1305; 59.9% vs. 40.1%).
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Figure 1. Age distribution of glaucoma patients
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Figure 2. Distribution of glaucoma types;
POAG - primary angle-closure glaucoma; PACG - primary angle-
closure glaucoma

The average age of the patients surveyed did not express
normal distribution and was calculated using the median
value (25th-75th percentile) at 68 (59-75) years. The
youngest patient was eight years old, and the oldest was
100 years old. Age distribution of glaucoma patients shows
a predominance of patients older than 40 years of age, with
most cases during the eighth decade of life (Figure 1).

Among our patients, the most common glaucoma type
was primary open-angle glaucoma (POAG), diagnosed in
1571 patients (48.28%). There were 592 (18.19%) patients
with primary angle-closure glaucoma (PACG), while the
secondary glaucoma was found in 315 (9.68%), pseudo-
exfoliation glaucoma in 309 (9.5%), normal-tension glau-
coma in 437 (13.43%), pigmentary glaucoma in 20 (0.61%)
patients, and 10 patients (0.31%) had juvenile glaucoma.
There were no cases of congenital glaucoma in our group
of patients (Figure 2).

According to the 2011 census, the population of the
city of Novi Sad had a total of 341,625 citizens. There were
3254 glaucoma patients registered in our study, giving the
total glaucoma prevalence of 0.96%. POAG had the high-
est prevalence of all glaucoma types (0.46%), followed by
PACG (0.17%), and normal-tension glaucoma (0.13%).

There were 164,789 persons older than 40 years in the
city of Novi Sad, making the total glaucoma prevalence
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Figure 3. Age distribution of primary open-angle glaucoma (POAG),
primary angle-closure glaucoma (PACG), and total glaucoma preva-
lence

for this age group 1.9%. The prevalence of patients in the
group of 40-49 years was 0.38%, in the 50-59 years group
the prevalence was 1.15%, for the group of 60-69 years the
prevalence was 2.56%, for the age group of 70-79 years the
prevalence was 4.54%, while the prevalence in the popula-
tion above 80 years was 3.53% (Figure 3).

The prevalence of POAG among populations older than
40 years was 0.93%, while the prevalence of PACG in the
same population was 0.35%. POAG showed a higher preva-
lence throughout all age groups, comparing to PACG. As
with total glaucoma cases, the highest prevalence of both
POAG and PACG is found among the population in the
eighth decade of life (2.22% and 0.83%, respectively), with
the decrease among the patients over the age of 80 (Table 2).

Table 1. Prevalence of glaucoma types

Glaucoma type

Prevalence % (95% Cl)

Normal-tension

0.13(0.1159-0.1399)

POAG

0.46 (0.4371-0.4825)

Pseudoexfoliation

0.09 (0.0803-0.1005)

(
(
0.01 (0.0032-0.0084)
(
(

Pigmentary
PACG 0.17 (0.1593-0.1872)
Juvenile 0.01 (0.0011-0.0047)
Secondary 0.09 (0.0821-0.1023)

POAG - primary open-angle glaucoma; PACG - primary angle-closure glaucoma

Table 2. Age distribution of open-angle glaucoma (POAG), primary
angle-closure glaucoma (PACG), and total glaucoma prevalence

Years of POAG PACG Total glaucoma
life prevalence % | prevalence % | prevalence % (95% Cl)
<40 0.02 0.01 0.07 (0.0546-0.0787)
40-49 0.18 0.08 0.38 (0.3274-0.4403)
50-59 0.56 0.2 1.15(1.0528-1.244)
60-69 1.3 0.53 2.56 (2.394-2.721)
70-79 2.22 0.83 4.54 (4.28-4.791)
80+ 1.54 0.47 3.53(3.158-3.9055)

Taking into consideration all types of open-angle glau-
coma (POAG, normal-tension, and pigmentary glaucoma),
there were 2028 cases recorded in our study. This makes
the collective prevalence of these types of glaucoma at
0.59% in the general population and 1.23% if we calculate
only for the population above the age of 40 years.

‘ DOI: https://doi.org/10.2298/SARH211005078B
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Automated perimetry using Humphrey visual field ana-
lyzer (HFA) (C24-2 testing protocol) showed a mean MD
index value of -6.51dB (+ 8.4 dB).

Of all the risk factors for the development of glaucoma,
this study included two: diabetes mellitus and arterial hy-
pertension. Diabetes was found in 76 (2.32%) patients,
while the arterial hypertension was present in 86 (2.62%)
patients.

DISCUSSION

Our study aimed at estimating the prevalence of glaucoma
for the population of the city of Novi Sad for the 2007-2012
period. We have analyzed the records of 3254 patients, of
the median age of 68 (59-75) years, with confirmed glau-
coma diagnosis, treated at the Glaucoma Department of
the Eye Clinic of the Clinical Centre of Vojvodina. Our
clinic is the only tertiary ophthalmological center in our
region, and most glaucoma patients are diagnosed and
treated within its Glaucoma Department.

Sex predilection for glaucoma is still a debated topic
in the literature. It was considered that women are more
prone to suffer from glaucoma during their lifetime, as
several population-based studies indicated in the past [7,
8]. This was especially true with PACG in people of Asian
descent [3]. However, available data seem to show that
males have a higher chance of being POAG patients. In
the final multivariable model, Khachatryan et al [9] found
male sex to be more associated with POAG risk (OR, 1.64;
95% CI, 1.44-1.87; p < 0.001), after adjusting for age, sys-
temic hypertension, diabetes, and BMI.

There was a higher number of female patients (59.9%)
in our group. This might reflect sex distribution among
the general population of Novi Sad, with 52.54% of the
population being women and due to the women’s longer
average life expectancy at birth (78.4 vs. 72.9 years) [6, 10].
Another potential explanation might be the phenomenon
of sex-related differences in health behavior and the fact
that women generally tend to visit physicians earlier and
more often than men, that might lead to the larger pool of
undetected male glaucoma patients in the general popula-
tion [11].

The prevalence of glaucoma and its types shows signifi-
cant regional variations, determined by the racial charac-
teristics of the population. The latest pooled prevalence
data, for the people over the age of 40, estimate it to be
between 2.4% (95% CI 2 ~2.8%) globally, and between
2.23% and 2.93% for the people of European ancestry [5].

The population of the city of Novi Sad and Serbia is
mainly Caucasian, of European origin [12]. The prevalence
data found in our study was considerably lower than the
ones in other sources. It was found to be 0.96%, includ-
ing patients of all age groups, and 1.9% involving patients
older than 40.

POAG is the most common type of glaucoma globally.
Its overall prevalence is estimated 2.2-3.05%, being most
prevalent in the people of the black, African ancestry,
reaching 5.4%, and least common in the people of Asian
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ancestry [13]. The prevalence for the white population
is estimated to be within the 1.29-2.93% range [5, 14].
The results of our study show a prevalence of 0.46% for
the general population and 0.93% in the population older
than 40 years, which is lower than published data found
by other researchers.

The situation with PACG regarding its geographical
distribution is quite the opposite. Its prevalence is the
lowest among the people of white and black race ranging
0.03-0.85% [5, 15]. On the other hand, Asian people have
higher values reaching up to 1.2%, while the prevalence
among the people of European ancestry is 0.42-0.69% [5,
13, 16]. The prevalence of this type of glaucoma in our
survey was 0.17% for all age groups and 0.35% for patients
above 40 years of age and was more similar to the results
of earlier studies.

Numerous studies have shown that age-specific preva-
lence for both POAG and PACG increases with age [15,
17, 18]. Our research findings agree with most of the oth-
er studies, although with lover prevalence across all age
groups. In addition, we found the maximum prevalence
for both POAG and PACG among patients in the eighth
decade of life, declining in later life. Similar results are
present in the study by Kreft et al. [17], who conclude
that the reason for this might be in the increased risk of
additional health care risks in the form of more severe
comorbidities or because of the mortality selection process,
a tendency that fitter persons with a generally lower risk
of morbidities, among them POAG and its risk factors,
reach the highest ages.

Other glaucoma types have also shown the tendency of
racial/geographical distribution, with variable prevalence
globally. Normal-tension glaucoma is defined as open-
angle glaucoma with IOP values within the physiological
range for the given population (mean value of IOP +/-
2SD). It has been found in up to 30% of all POAG cases,
depending on the selected cut-off IOP value [1, 19]. Our
research found its prevalence to be 0.13%, which makes
22% of OAG prevalence (59%), the result comparable with
the available data from the literature.

Pseudoexfoliation glaucoma also exhibits regional varia-
tions comprising 20% to more than 50% of open-angle
glaucoma cases [20, 21]. We analyzed pseudoexfoliation
glaucoma as a separate clinical entity and found its preva-
lence to be 0.09% in all age groups. We are not aware of
any other study presenting these results in a similar, com-
parable fashion.

A secondary glaucoma is a diverse group of glaucoma
diseases, occurring together with another underlying eye
disease (lens-related, aphakic, pseudophakic, neovascular,
traumatic, uveitic). According to published studies, it has
been known to represent 1-11% of all glaucoma cases [4,
22]. Our data establish its prevalence at 0.09%, with 315
patients suffering from it.
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The reason for the prevalence values obtained in our
study to be at the lower end of the reported range might
be in the fact that although most glaucoma patients in our
region are treated at our clinic, some of them are registered
at secondary levels of ophthalmology health care in com-
munity health care centers or several privately run clinics.
Incorporating the data from these centers in our analysis
should be the goal of future studies.

ISGEO defined diagnostic and classification criteria
for glaucoma in population-based surveys. Among other
criteria, it specified the “gold standard” of glaucomatous
visual field loss using the threshold test strategy with the
24-2 test pattern of the Zeiss-Humphrey field analyzer II
as a referent device [23]. We followed these recommenda-
tions in our survey and found the mean MD index value of
-6.51dB (+ 8.40dB) for all the glaucoma patients.

Multiple risk factors were associated with glaucoma and
its subtypes. POAG link with diabetes mellitus was estab-
lished by numerous authors [17, 24]. In the latest meta-
analysis of seven prospective studies, Zhao and Chen [25]
found diabetes mellitus to be associated with a significantly
increased risk of glaucoma. The prevalence of secondary
(neovascular) glaucoma was also linked with diabetes, al-
though there has been a marked decrease in it in recent
years, after the introduction of anti-VEGF therapy[26]. In
our study, we report diabetes comorbidity in 2.32% of all
glaucoma patients. Arterial hypertension is another risk
factor associated with an increased risk of POAG develop-
ment [27]. Our survey found it to be present in 2.62% of
all the included patients.

CONCLUSION

Our monocentric, cross-sectional, retrospective, obser-
vational study represents the first attempt to address the
epidemiological problems of glaucoma in our region in a
comprehensive, evidence-based way. Its results demon-
strated the sex and age distribution of glaucoma patients
treated at our clinic for the follow-up period of five years.
We estimated the period prevalence of various glaucoma
types and observed age-specific prevalence trends in our
population. The prevalence values found were compared
with the ones published by other authors, involving an
equivalent population. It is evident that our total and in-
dividual glaucoma type prevalence rates are lower than
previously published, and we tried to give a credible ex-
planation for that. Apart from that, we have also analyzed
the average level of visual field defect and the presence of
two glaucoma risk factors (diabetes mellitus and arterial
hypertension) in our patients.

Conflict of interest: None declared.
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MpeBaneHua rnaykoma Ha Teputopmju rpaga Hosor Capa

Huikona babuh'?, AnekcaHgap Mubkosuh'?, Coduja laBngosuh'? Casa bapuwmh? Bnagnmnp YaHagaHosuh'2

'YHuep3utet y Hosom Cagy, MeguuunHcku dakyntet, Hosu Cag, Cpbuja;
2KnuHnYKu LeHTap BojeoamnHe, KnHuka 3a oune 6onectn, Hosu Cag, Cpbuja

CAXETAK

YBoa/LUum Linb Hawer nctpaxueama 610 je fa ce npoLeHn
npeBasieHLa raykoma, Kao 1 heroBmx TUMOBA Yy MomyaaLmjm
rpapa Hosor Cafia 1 ga ce n3BpLUM aHanv3a aemorpadpCkmx um
KIIMHWYKNX KapaKTepucTUKa bonecHmKa Koju 6onyjy og rna-
yKOMa.

MeTope Hawa cTyguja je ocMuLLbeHa Kao OrncepBaLMoHa,
peTpoCneKTMBHA, MOHOLIEHTPMYHA CTYAMja MpeceKa, Koja je
06yxBaTnna cBe 6oNecHUKe ca NpebrBaInLLTEM Ha TEPUTOPW)I
rpaga Hosor Capga, ca KNMHWYKIN NOCTaB/bEHOM AMNjarHO30M
rnaykoma 6ap Ha jedHOM OKy, a Koju cy neyeHu Ha KnnHuum
3a OYHe 6onectn KnuHuukor LeHTpa BojsoanHe. cnutneanu
CMO NEeTOroANLUtbY NPeBaneHLy pasnymnTX TUMOBa rnaykoma,
3ajefHO ca 0coObeHOCTMMa Hanasa BUAHOT NoJba 1 MPKCYCTBOM
wehepHe 60necTn 1 apTepUjcKe XnnepTeH3nje Kao pakTopruma
puvi3mKa.

Pesyntatu Kog ckopo nonosuHe of 3254 ykibyueHa 6onecHuKa
(48,28%) nocTaBsbeHa je AvjarHo3a rnaykoMa OTBOPEHOT yria 1
npoLierbeHa NpeBasneHLa 0Bor 060sbera y CTaHOBHULWTBY Ho-
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Bor Caga n3Hocm 0,46%. MpeBaneHLa ocTanmx TMNOBa rnaykoma
6vna je cnepeha: npumapHM rnaykom 3atBopeHor yrna 0,17%,
ceKkyHAapHu rnaykom 0,09%, nceynoekcdonujaTuBHU raykom
0,09%, HopmoTeH3uBHM rnaykom 0,13%, NUrMeHTHY rnaykom
0,01% u jyBenuntu rnaykom 0,01%. Ko cTaHOBHWLLTBA CTapujer
oA 40 roavHa npeBaneHLa CBMX raaykomMa nsHocuna je 1,9%,
[OK je MpeBaneHLa rnaykoma otBopeHor yria 6una 0,93%, a
npesasieHLa rnaykoma 3atsopeHor yrna 0,35%.

3aksbyyak Hawa ctygmnja npeactaB/ba NpBy NOKyLIaj envge-
MMOJIOLLIKE aHav3e NiTaka rnaykoma y Hallem pervioHy Ha
cBeobyxBaTaH, Ha AoKa3/Ma 3aCHOBaHY HauuH. [pouerbeHa je
npesaneHLa pasnynTX TUMOBaA rlayKoMa 1 YOUeHM CY theHu
TPEHAOBM Y 3aBUCHOCTM Of Y3pacTa CTaHOBHMLWTBA. [lobuje-
He BpeHOCTV NpeBaneHLe HIKe Cy Of OHKX 0bjaB/beHMX Of
CTpaHe Apyrvx ayTopa y nonynauunjama CIMYHUM HaLoj 1y
Halem pagy CMO MPYXKMIn HEKONTMKO Moryhix objallrera
3a Ty Y/tbeHULYY.

KmbyuHe peun: npesaneHLa rnaykoma; TUM rnaykoma; ennae-
MWOJIOrvija rnaykoma
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