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PREVALENCE OF NORMAL-TENSION GLAUCOMA IN KAZAKHSTAN: RESULTS OF STATE
SCREENING PROGRAM

Resume: To assess the prevalence of normal-tension glaucoma in Kazakhstan using the results of the State Screening program.
Materials and methods. 1 806 876 participants aged 40-70 years underwent screening examinations for the detection of
glaucoma. Also, the measurement of intraocular pressure (I0OP) using applanation tonometry employing a Maklakov tonometer
under topical anaesthesia was carried out with the other ophthalmologic examinations: visometry, autorefractometry,
computerized examination of the visual field, slit-lamp observation of the anterior and posterior eye segments and evaluation of
the optic disc using direct ophthalmoscopy.

Results. The prevalence of various types of glaucoma, including primary open-angle glaucoma (POAG), primary angle-closure
glaucoma (PACG) and normal-tension glaucoma (NTG) were investigated, with the particular focus on the latter. NTG was detected
in 10 711 respondents, which is 0.6% of all participants with normal or lower IOP.

Conclusion. The study of NTG prevalence was demonstrated in this paper and more than 10 thousand people were diagnosed with
normal or low tension glaucoma according to the outcomes of the State Screening program.
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PACITPOCTPAHEHHOCTbD I'VIAYKOMbI HOPMAJIbBHOTI'O HAIIPAXKEHUA B
KA3AXCTAHE: PE3YJIbTATBI TOCYJIAPCTBEHHOM NPOrPAMMbI CKPUHUHT A

Pe3ilome: OyeHumb pacnpocmpaHeHHOCMb 2AAayKOMbl HOPMAIbHO20 HanpsixceHusl 8 KazaxcmaHe ¢ ucnoib308avuem
pe3ysbmamog I'ocydapcmeeHHOU npo2pamMMbl CKPUHUH2A.

Mamepuanast u memodsl. 1 806 876 yuacmuukos 6 gospacme 40-70 s1em npowau CKpuHUH208ble 06C.1€008aHUS1 HA npedmem
8blsig/1eHUs 24ayKoMbl. Kpome moeo, usmeperue sHympuzaastozo dasaenus (BI/]) c nomowblo annaaHayuoHHol moHomMempuu
C ucnosvb3ogaHuem moHoMempa Makaakoea nod mecmHoli aHecmesuell npogodusocb emecme ¢ Opyaumu
opmasbMoa02uvecKUMU UCCAe008AHUSIMU: 8U30oMempuell, asmopegpakmomempueli, KOMNbIOMEPHbIM UCCAed08aHUEM NoJs
3peHus, HabodeHuem nepedHezo U 3a0He20 cezMeHmos 2/4a3a npu weaesoll Aamne U oyeHkol ducka 3pumesnbHO20 Hepsa C
noMowbio npsimMoli opmasbMockonuu.

Pe3zyabmamul.  bblia uccaedogaHa pacnpoCmpaHeHHOCMb  pA3/UYHbLIX MUNO8 2/4AYKOMbl, 6KAKYAS NepeuYHYIo
OMKpbimoyzoavbHyto aaaykomy (POUG), nepgsuuHyr 3aKpbimoyzoavbHyl zaaykomy (PACG) u eaaaykomy HOPMA/AbHO20
HanpsisceHusi (NTG), ¢ ocobbim akyeHmom Ha nocaedHem. HTT 6bi1 o6HapysceH y 10 711 pecnondenmos, umo cocmasasiem 0,6%
om gcex y4acmHUK08 C HOPMAAbHbIM UAU 60s1ee HU3Kum BI/].

Bb1800b1. B 3moti cmambve 6b110 npodemMoHCMpUupo8aHo uccaedosaHue pacnpocmpaveHHocmu HTI, u 6osee yem y 10 muicsiu
Ye/08eK 6bl1a QUAZHOCMUPOBAHA 21AYKOMA HOPMAABHO20 UAU HU3KO20 HANPSIJCEHUS 8 coomeemcmeuu ¢ pesyabsmamamu
T'ocydapcmeeHHOU npo2pamMul CKPUHUHEA.

Katouesule cio8a: 2naykoma, sHympuesa3Hoe das/eHue, CKpUHUHe, moHomempus, Kasaxcmau
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KA3AKCTAH/JA KAJIBIIITbI KEPHEY I''IAYKOMACBIHBIH, TAPAJ/1YbI: MEMJIEKETTIK
CKPUHHUHT BAFJIAP/IAMACBIHBIH, HOTUKEJIEPI

Tyiiin: Memaekemmik CKpUHUHZ 6AFOAPAAMACHIHbIY HaMudceaepiH nalidanaHa ombipbin, Kazakcmanda Kaabinmbsl KepHey
2/1ayKOMACbIHbIH MApaJyblH 6aranay.

Mamepuanadap meH adicmep. 40-70 xcac apaavirbiHdarsbl 1 806 876 kKambicywblaap 2AayKOMAHbl AHbIKMAY YWIH CKpUHUHEMIK
mexcepydern emmi. CoHbiMeH Kamap, dcepeiaikmi aHecme3usimeH Mak/1aKko8 moHoMempiH K010aHa OMbulpbin, ANNJAAHAYUSAbIK
MmoHoMempusl KeMmeziMeH Ke3iwinik Kblcbimdbl eawey 6acka o0gpmanbMoio2usnblk 3epmmeyaepMeH bipze xicyp2izindi:
gusomMempus, asmopeppakmomempusi, Kepy 6piciH KOMNblOmMepaik 3epmmey, CaHblAAYAbl WAMMEH KO30iH A/N10bIHFbI HCoHE
apmgbl cezcmMeHmmepiH 6alikay yxaHe mikeaell 0pmMa1bMOCKONUS apkbl/ibl ONMUKAbLIK Heps OUCKICIH 6araay.
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Hamuoicenepi. ['naykomaHbly apmypai mypaepiHiy mapaaysl 3epmmendi, OHbIH iwiH0e 6acmankbl aulblk 6ypblmyl 21ayKoMa
(POUG), 6acmankp! xcabuik 6ypulumol eaaykoma (PACG) scate Kaavinmol kepreyai enaykoma (NTG), coyFbicbiHa epekuie Ha3ap
aydapwuiadol. 10 711 pecnoHdeHmmeH aHbIKMAdbl, 6y Kaabinmbl Hemece memeH deHeetlde 6ap.iblk Kambicywblaapouiy 0,6%

Kypaiiool.

Kopsimuindsl. byn makanada enaykoma mapaayelH sepmmey kepcemindi sxcaHe 10 MbIHHAH acmam adamra memaekemmik
CKpUHUH2MIK 6ardapAamMaHbly Hamuosiceaepine calikec Kaabinmyl Hemece meMeH KepHeyi 2/1ayKoMa 0uazHo3bl KOUbLAFAHObIFbIH

Kepcemedi.

Tytiindi ce3dep: 21aykoma, Ke3iwinik KbiCbIM, CKPUHUHZ, moHoMempusi, Kazakcmau

Introduction

Glaucoma is the leading cause of irreversible blindness,
which affects 70 million people worldwide [1, 2]. Due to
the asymptomatic nature of the disease, there is an
assumption that the real prevalence of glaucoma is much
greater than the reported values [3].

Normal-tension glaucoma (NTG) is a disease with
progressive optic neuropathy and is characterised by a
normal range of intraocular pressure (IOP) equalling the
IOP of a healthy human (<22 mmHg) [4]. The incidence
rate of NTG varies from region to region, majorly
depending on the population’s geographical area [5].
Multiple factors can cause NTG, and the pathogenesis of the
disease remains unclear. Treatment options also vary, but
similar procedures of therapy of open-angle glaucoma can
be used. However, due to the normal/low IOP of patients
with NTG, it is difficult to reach the values of eye pressure,
which is not progressing the disease pathogenesis. While
the primary management strategy includes the monitoring
and prevention of systemic risk factors, the secondary
interventions of the standard treatment of NTG are to
decrease IOP and improvement of ocular perfusion [4].
Measurement of IOP has been the general method of
screening for glaucoma. The sensitivity and specificity of
this technique, however, is low, and there is a demand for
more extensive detection methods [6]. The Glaucoma State
Screening program was one of the main achievements in
the organisation of the fight against glaucoma in the
Republic of Kazakhstan. The program began in 2011 and
was aimed at early detection of glaucoma. The mission of
the Kazakhstan State screening program was to identify
cases of increased IOP among persons over 40 years of age,
followed by an examination for glaucoma in specialised
glaucoma cabinets. These specialised glaucoma cabinets
with state-of-art glaucoma diagnostic machines were
opened as part of the state program “Salamatty
Kazakhstan” for health care system development in the
Republic of Kazakhstan between 2011-2015. Availability
of the retinal tomography and computer perimeters in the
regional glaucoma cabinets, therefore, upgraded the
quality of disease management and follow-up strategy.
The innovative development of diagnostic ophthalmic
equipment has led to improved standards of diagnosis and
monitoring  of glaucoma. Despite this great
implementation, there have been no systematic
comparative studies of the prevalence of NTG in
Kazakhstan to date. It is thus unclear whether these state
programs enhance NTG detection in the country and
identify the vulnerable population groups. To address this
knowledge gap, we aimed to investigate the prevalence of
normal-tension glaucoma in Kazakhstan using the results
of the State Screening program.

Materials and methods

Population and Geographic area

The study aimed to investigate the data obtained from the
State Screening program [7], where the glaucoma
epidemiology of the whole population of Kazakhstan over
40 years of age was investigated. The proportion of this
cohort constitutes around 40% of the entire population of
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the country. Assuming the 2% prevalence of glaucoma
according to the outcomes of the State Screening program
[7] and a margin of the standard error of 1.5-2%, it has
been calculated the number of people with overall
glaucoma in 2011 and the participants with the normal
IOP, but glaucoma manifestation, or else the number of
patients with NTG.

The country population who is aged over 40 years to be
enrolled on the study was selected on the basis of data
provided by the State Statistics Dataset [8] and our recent
study [9] as they contained the data of all participants who
underwent the screening programs. Each selected
participant was invited by the glaucoma cabinet specialists
- Ophthalmologists/Optometrists following the simple
random sampling. All participants were informed of the
study purposes and procedures, signed an informed
consent form.

Procedures

The study was conducted in all fourteen regions and two
major cities of Kazakhstan, in specially equipped screening
centres, so-called glaucoma cabinets. The ophthalmic
examinations were performed by trained and tested
medical practitioners, who underwent periodical to
quality control by the specialists of Kazakh Eye Research
Institute. [t was important to use the same instruments and
devices throughout the entire screening period to be
consistent in data collection and avoid deviations in the
scanning of the retinal topography, measurement of 10P
and visual field. All data obtained from patients were
recorded on the record cards - History of Disease.

All procedures performed in studies involving human
participants were reviewed and approved by the
Institutional Review Board of the Local ethics committee
of the Kazakh Eye Research Institute (Almaty, Kazakhstan)
prior to the initiation of the study and were in accordance
with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable
ethical standards.

Screening examination

Apart from the medical history survey there was
conducted an ophthalmologic examination, which
included visometry, autorefractometry, computerized
examination of the visual field (not available in all regions),
slit-lamp observation of the anterior and posterior eye
segments, evaluation of the optic disc using direct
ophthalmoscopy and applanation (contact) tonometry
utilizing a Maklakov tonometer under topical anaesthesia.
Glaucoma classification

To classify the screening outcomes, the following
diagnostic criteria were adopted: ocular hypertension
(OH); primary open-angle glaucoma (POAG); primary
angle-closure glaucoma (PACG) and normal-tension
glaucoma (NTG).

Ocular hypertension manifests with the IOP = 22 mmHg
without the damage of the visual field and ONH, with no
characteristic symptoms of secondary glaucoma and
closure of anterior chamber angle. POAG is characterised
by ocular hypertension, glaucomatous ONH and visual field



abnormalities. However, the chamber angle is not
occluded, whereas the sing of partly or totally closed
anterior chamber angle is closed in PACG. Moreover, PACG
is also manifested by the above-mentioned glaucoma signs.
The main difference of NTG from OH, POAG and PACG is the
normal eye pressure (IOP < 22 mmHg) with other
pathognomic symptoms: the damage of the visual field and
ONH.

Statistical analysis
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The dataset was analysed using the MATLAB application
package version R2017b (MathWorks, USA).

Results

An upward trend in the number of patients diagnosed with
glaucoma was noted in the detection of the disease in
different age groups according to the screening results in
the framework of the State Program of the Development of
Healthcare (Figure 1). More than 50% of older age groups
starting from 64 years of age were identified, reaching
80% in 69-70 years old participants.

T &

Age in years

Figure 1 - Glaucoma detection in different age groups according to the screening results in the framework of the State
Program of the Development of Healthcare

Table 1 depicts the epidemiology of open-angle glaucoma
in Kazakhstan by region. It can be noted that the screening
covered 94.83% of adults from 40 to 70 years. Latter is the
indicator of the successful accomplishment of

the first mission of the state screening - to maximize the
diagnostic coverage throughout the country. On the other
hand, not all regions reached the highest degree of
screening. For instance, only 67.57% of people attended
the screening in the Mangystau region.

Table 1 - Results of the screening examinations of men and women aged 40-70 years for the detection of glaucoma (POAG and

PACG)
Underwent screening Detected patients

Regions SubjecF to

screening

Number Proportion, % Number Proportion, %

Akmola region 95183 88 329 92.8 166 0.19
Aktobe region 88275 88275 100 51 0.06
Almaty region 264 410 225643 85.34 640 0.28
Atyrau region 55135 51086 92.66 59 0.12
West-Kazakhstan region 68871 66 427 96.45 151 0.23
Zhambyl region 124 558 124 591 100 112 0.09
Karagandy region 199976 190 632 95.33 491 0.26
Kostanai region 122 424 113 369 92.6 71 0.06
Kyzylorda region 131227 47 752 36.39 128 0.27
Mangystau region 31969 21603 67.57 40 0.19
South-Kazakhstan region 264 484 231201 87.42 1501 0.65
Pavlodar region 71376 61573 86.27 46 0.07
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North-Kazakhstan region 85 784 84 925 99 112 0.13
East-Kazakhstan region 185173 177 213 95.7 317 0.18
Astana city 30457 47 797 156.9 228 0.48
Almaty city 86 165 186 460 216.4 356 0.19
Total 1905 467 1806 876 94.83 4469 0.247

Allin all, for the screening period of 2011-2015, 1,8 million
people underwent the glaucoma screening from
recommended 1,9 million potential risk group. Of these,
1,8 million respondents underwent the screening, and only
4 469 participants have been diagnosed with glaucoma,
which is 0.25% of overall respondents.

From Table 2, it can be concluded that IOP was measured
in 1 806 876 patients, 98.8% of them had normal eye

pressure. Although 21 478 participants (or 1.19%) have
either OH, POAG or PACG, the details of each glaucoma type
proportion were beyond the scope of this paper. So, the
aim was to investigate the presence of glaucomatous
abnormalities of ONH and visual field among 1 785 282
respondents with normal I0P, hence the prevalence of
NTG.

Table 2 - Results of the screening examinations of men and women aged 40-70 years for the detection of IOP

Intraocular pressure (I0OP)
_ Underwent Normal IOP Increased 10P
Regions .
screening
Absolute value Proportion, % Absolute value Proportion, %
Akmola region 88329 87 540 99.1 789 0.9
Aktobe region 88275 87 704 99.4 571 0.6
Almaty region 225 643 221886 98.3 3757 1.7
Atyrau region 51086 50 555 98.9 531 1.1
0.7
West-Kazakhstan region 66 427 65960 99.3 467
Zhambyl region 124 591 122816 98.6 1775 1.4
Karagandy region 190 632 188 234 98.7 2398 1.3
Kostanai region 113 369 112 476 99.2 893 0.8
Kyzylorda region 47 752 47 083 98.6 667 1.4
Mangystau region 21603 21461 99.3 142 0.7
2.4
South-Kazakhstan region 231201 225626 97.6 5461
Pavlodar region 61573 61355 99.7 218 0.3
0.6
North-Kazakhstan region 84 925 84 440 99.4 485
East-Kazakhstan region 177 213 175 541 99.1 1672 0.9
Astana city 47 797 47 364 99.1 433 0.9
Almaty city 186 460 185 241 99.3 1219 0.7
Total 1806 876 1785 282 98.8 21478 1.19

Of these 1,78 million participants, 0.6% (or 10 711) had
one or more manifestations of NTG: IOP < 22 mmHg with
the damage of the visual field and optic disc, no signs of
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secondary glaucoma and closure of the angle of the
anterior chamber (Figure 2).
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M Healthy participants
m POAG, PACG or OH (IOP 2 22 mmHg)
® NTG (IOP < 22 mmHg with glaucoma sins)

Figure 2 - Glaucoma screening results. Here: POAG - primary open-angle glaucoma; OH - ocular hypertension; PACG -
primary angle-closure glaucoma; NTG - normal-tension glaucoma

Discussion

Normal-tension glaucoma in Kazakhstan amounts to 0.6%
of all population aged 40-70 years, which corresponds to
the literature data. For instance, in the study of Bonomi et
al,, the prevalence of NTG was similar and the proportion
of NTG was 0.6%, whereas OH was 2.1%, POAG - 1.4% and
PACG - 0.6% [10].

However, it should be noted that in Asia, the prevalence of
NTG varies depending on the geographical area and
methodology of screening [5, 10, 11]. For example, Japan
(3.5%) and Singapore (4.3%) are the countries with the
highest incidence of NTG not only in Asia but in the world
[12, 13], while the proportion of NTG is lower in the
western world. The epidemiological studies in the
Netherlands (0.3%) and Italy (0.6%) were elegantly
conducted by Klein et al. [14] and Bonomi et al. [10],
respectively.

Among other limitations, the screening methods of NTG
should be updated and focused on the detection of early
subtle retinal signs [15], which can be achieved using high-
resolution optical coherence tomography. This may help to
detect the neurodegeneration of the retinal ganglion cell
body and dendrites before the clinical manifestations of
glaucoma and irreversible vision loss. For future
investigations, detailed epidemiological studies of NTG
and its aetiopathogenesis are needed to construct the
strategy of prevention and management of NTG in
Kazakhstan.

Although Kazakhstan is recognised as an Asian country,
the prevalence of NTG in the country is close to European
statistical ranges. Nonetheless, there is a huge concern
about the ignorance of NTG as a socially significant eye
condition. Hence, further monitoring of NTG is required in
terms of the early treatment and preventive
measurements of glaucoma.

Recently, in our study, we illustrated the possibilities of
early detection of ocular neurodegeneration of retinal
diseases in the example of artificial phantoms of the retina
[15]. Application of the techniques of machine learning in
the interpretation of the outcomes of the optical coherence
tomography will place a role in the detection of early signs
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of retinal ganglion cell apoptosis. This study is the first
attempt to calculate the number of normal-tension
glaucoma in Kazakhstan, a more hidden and dangerous
type of this disease.

All in all, our study and literature data conclude the
complexity of the detection of normal-tension glaucoma.
The prevalence of NTG in Kazakhstan amounts to more
than 10 thousand according to the outcomes of the State
Screening program and can be increased if not diagnosed
earlier. This disease is a hidden and more dangerous type
of POAG, where the signs and symptoms can be detected
only in the late stage of the disease. In this situation,
irreversible vision loss is inevitable and cannot be treated
medically and surgically.
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