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Abstract

Both genetic and environmental factors play a role in the increased prevalence of myopia. Multiple cross-sectional and
longitudinal studies report an association between education and myopia.

The purpose of this study is to study the structure and prevalence of refractive errors, as well as risk factors for the formation
of myopia in schoolchildren in Astana.

Methods. The cross-sectional study involved 200 students (400 eyes) in urban secondary schools. We studied autorefraction,
subjective refraction using the "fogging" method and proposed a questionnaire in two age groups: 4" grade — 9 -10 years old (n=100),
9" grade - 15-16 years old (n=100). The questionnaire covered major risk factors such as parental myopia, screen time, outdoor
time, working at close range, sports, daily routine, and subjective visual complaints. The association of risk factors with myopia was
examined.

Results. The overall prevalence of refractive errors was 46.75% (95% confidence interval (Cl) 40; 53.5); myopia 36.75% (95%
Cl 27.5; 46); hyperopia 10% (95% CI 12.5-7.5) and astigmatism 18.75% (95% CI 11.5; 26). In the senior class group (9" grade), the
percentage of myopia was higher (27.5% and 46%), while outdoor activity more than 2 hours a day (60.1% and 48%) and sports (65%
and 48%) were associated with a lower incidence of myopia in the younger group (4" grade).

Conclusions. The most common refractive error among schoolchildren in Astana is myopia. Measures to prevent the formation
and progression of myopia, including increased time spent outdoors and playing sports, should guide public health interventions for
this population.
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Introduction

The prevalence of myopia has increased rapidly
in recent decades; however, this varies by geographic
location and origin. Currently, 30% or more of the
population in Europe and the US suffer from myopia. In
Singapore, South Korea, and other developed countries
in East and Southeast Asia, levels are higher, especially
among young people [1-4].

A 2004 cross-sectional study in Almaty,
Kazakhstan found a 21% prevalence of refractive errors
in schoolchildren, while myopia was confirmed in 14%,
hyperopia in 3%, astigmatism in 1%, and accommodation
disturbances in 3% of the study population [5]. Due to
its high prevalence, myopia has become important in
epidemiological studies.

Materials and methods

We conducted a school-based, cross-sectional,
cross-sectional study in Astana conducted from January
to March 2023.

This cross-sectional school-based study was
conducted according to the Refractive Error Study in
Children (RESC) protocol. This protocol was developed
to standardize the methodology used to obtain data on
the prevalence of refractive errors in children [10].

The research was conducted between January
and March 2023. Two age groups were studied,
including the 4th and 9th grades of two schools, which
were randomly selected from 84 schools in Astana. The
exclusion category included children who had a history
of any eye surgeries (including intraocular, refractive,
traumatic and strabismus), any inflammatory or infectious
eye diseases, keratoconus, heterotropia, and congenital
cataracts. Schoolchildren receiving orthokeratology
therapy were excluded because their uncorrected visual
acuity and refractive data could not be obtained.

Questionnaire. We also asked the children's
parents to complete an online form that included
Results

In the current cross-sectional study of the 200
subjects analyzed, 49.5% (n = 99) were boys and 50.5%
(n = 101) were girls. The average age of the participants

Complications of refractive error are the leading
cause of moderate to severe visual impairment worldwide
and the second most common cause of preventable
blindness [1-3]. Children with early onset myopia are
at particular risk of complications as progression over
time can lead to severe myopia and myopic macular
degeneration [4].

Considering the heterogeneity and small amount
of data on the prevalence of refractive errors in children
in Kazakhstan [5-9], the purpose of this work is to study
risk factors for the formation of myopia and the prevalence
of refractive errors in schoolchildren in the city of Astana.

demographic information, parental history of myopia, and
participant behavioral factors. Demographic information
included age, gender, and school grades. Behavioral
factors included the average duration of daily use of
gadgets (computer, mobile phone, tablet, games, etc.),
walking in the fresh air, estimated in hours per day. We
were also interested in students’ sports activity, subjective
vision complaints, and adherence to daily and sleep
patterns.

Examination protocol. The medical examination
was carried out by an ophthalmologist as part of a planned
medical commission. All children underwent the following
standard procedures: determination of distance visual
acuity, autorefractometry, subjective determination of
refraction by the “fogging” method, ophthalmoscopy. We
used an RC-5000 (Tomey, Tokyo, Japan) for autorefraction
in an average of three dimensions. The Sivtsev-Golovin
table was used for visual acuity, a Heine mini 3000
portable ophthalmoscope was used for ophthalmoscopy.

was 12.4+3.02 (range 9 to 16) years. There were no
significant differences in gender between groups. The
distribution by class is shown in Table 1.

Table 1 - Prevalence of refractive errors among schoolchildren in Astana

Age n (%) Emmetropia, % Ametropia, % p ‘
4% grade 100 (50%) 46.5% 53.5% ‘
9" grade 200 (100) 53.25% 46.75% <0.01 ‘

Total 100 (50%) 60% 40% ‘

Table 1 shows the prevalence of refractive errors
among all children examined. The prevalence of refractive
error among all children was 46.75% (95% CI 40; 53.5)

and increased with age and grade from 40% (95% ClI) in
4th grade to 53.5% (95% CI) in 9""grade.

Table 2 - Structure of identified refractive errors in children depending on age

Age group (Grade) Myopia, % p Hypermetropia, % p Astigmatism, % p ‘
4" grade 27.5 125 11.5 \

9" grade 46 0.01 75 0.03 26 0.03 ‘
Total 36.75 10 18.75 \

The overall prevalence of myopia was 36.75%
(95% CI 27.5; 46). Among all participants with myopia,
67.3% had low myopia, 27.3% had moderate myopia, and
5.4% had high myopia. The prevalence of farsightedness
was 10%. Low degree hyperopia was found in 95%,

and moderate hyperopia in 5% of all participants with
farsightedness, as can be seen from Table 2 and Table 3.
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Table 3 - Structure of identified refractive errors according to the official classification

Myopia, % total

Classification by degree (4" and 9" grades)

Hypermetropia, % total
(4" and 9" grades)

Astigmatism, % total
(4" and 9" grades)

Weak 67.3(27.9/39.4) 95 (60 / 35) 82.6 (24 /58.6)
Average 27.3(8.3/19) 5(2.5/2.5) 17.4(6.7/10.7)
High 5.4 (1.4/4) - -

The detected astigmatism was predominantly
of the complex myopic type (34.7%, 69%), and simple
hyperopia was represented in the least degrees (4.4%,
4%), Table 4.

The probability of developing myopia was higher
in children in 9" grade compared to 4" grade (27.5%,

46%). We also observed a sharp increase in moderate
myopia in the 9™ grade group (8.3%,19%) compared to 41"
grade children. As well as an increase in indicators of mild
astigmatism (24%, 58.6%). The risk of developing high
myopia increased significantly among 9" grade students
(1.4%,4%).

Table 4 - Identified astigmatism according to the official classification

Type of asigmatism 4 grade (%) 9" grade (%)
Simple Hyperopic Astigmatism 4.4 % 4%
Complex Hyperopic Astigmatism 13 % 6 %
Simple Myopic Astigmatism 30.6 % 8 %
Complex Myopic Astigmatism 34.7% 69 %
Mixed Astigmatism 17.3 % 13 %
Total 75 eyes (out of 400) 23 eyes 52 eyes

Farsightedness among 9" grade students (2.6%)
was almost 2 times less common compared to 4" grade
students (60%, 35%).

The response rate to questionnaires filled out
by parents about behavioral risk factors and the role of

parental myopia was 56.3% (113 people). As can be
seen from Tables 5 and 6, a clear correlation between
parental and child myopia is not found, perhaps this is
due to the population’s insufficient knowledge of medical
terminology, and as a result, an incorrect answer.

Table 5 - Risk factors, results of a survey of parents of 4" grade children

Risk factors, 4" grade
Myopia in parents No one parent has both parents have
40.8% 49.5% 9.7%
Amount of time spent walking (hours/day) no walking 1-2 hours more than 2 hours
28.2% 60.1% 11.7%
Gadget viewing time (hours/day) 1 hour 2-3 hours more than 3 hours
13.6% 34% 52.4%
Sports activities yes no
65% 35%
Amount of time at school (hours/day) 4 hours 5-6 hours more than 6 hours
13.6% 80.6% 5.8%
Working time “close” (reading, writing, needlework, etc.) h/day 1 hour 2-3 hours more than 3 hours
46.6% 51.5% 1.9%
Sleep time (hours/day) 8 hours 7-8 hours less than 7 hours
65% 34% 1%
Subjective visual impairment yes no Don’t know
37.9% 35% 27.1%

The amount of time spent per day on various
activities in the older age group prevails, which confirms
the connection of this factor with the formation of myopia.
Myopic children spent significantly more time looking at
screens than nonmyopic children (52.4%, 82%). Close
work, including needlework, for more than 3 hours a day
increased the probability of myopia (1.9%, 62%).

The prevalence of myopia among schoolchildren
who spent about 2 hours a day in the fresh air is lower
(60.1%, 48%), while among students who ignore walks
the rates of myopia are higher (28.2%, 32%). Playing
sports also had a positive effect on children's vision

(65%, 48%). In the older age group, there is a tendency
to decrease sleep hours per day (65%, 25%). This may
be explained by the influence of parental control in the
younger age group. In multivariate adjusted regression
analysis, higher grade was a significant positive predictor
of myopia. Being outdoors for more than 2 hours per day
and doing sports were protective against myopia in these
multivariate adjusted analyses.
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Table 6 - Risk factors, results of a survey of parents of 9" grade children

Risk factors, 9" grade
Myopia in parents No one parent has both parents have
52% 38.5% 9.5%
Amount of time spent walking (hours/day) no walking 1-2 hours more than 2 hours
32% 48% 20%
Gadget viewing time (hours/day) 1 hour 2-3 hours more than 3 hours
7% 1% 82%
Sports activities yes no
48% 52%
Amount of time at school (hours/day) 4 hours 5-6 hours more than 6 hours
2% 44% 54%
Working time “close” (reading, writing, needlework, etc.) h/day 1 hour 2-3 hours more than 3 hours
2% 36% 62%
Sleep time (hours/day) 8 hours 7-8 hours less than 7 hours
25% 45% 30%
Subjective visual impairment yes no Don’t know

Discussion

This study was conducted to study the prevalence
of refractive errors among schoolchildren in Astana.
Based on the results of the work, we expectedly confirmed
an increase in the prevalence of refractive errors in
schoolchildren, which amounted to 36.75% (95% CI 27.5;
46), which indicates an upward trend compared to the
previous study in 2022 with a prevalence of 28% in the
same age group [10,28].

We believe that this is due to the constant increase
in academic workload, which leads to an increase in
time spent reading and studying, with a simultaneous
decrease in time spent outdoors [11-16]. Differences in
examination methods or inconsistencies in the definition
and cutoff values for myopia [17-19] may also explain
conflicting results from studies elsewhere. As expected,
our results showed an increase in the prevalence and
severity of myopia in the senior grades: from 27.5% of
myopic students in 4" grade to 46% in 9" grade.

Our results are consistent with similar studies
in children, confirming an increase in the prevalence of

Conclusions

Our study showed that about a third of Astana
schoolchildren have refractive errors, with myopia being
the most common. Compared with previous local studies
in this age group, the prevalence of myopia among children
has increased over the past 10 years. The prevalence of
myopia at older school age was revealed. We also found
that time spent outdoors, and close visual stimulation may
be associated with a decreased probability of developing
myopia; however, the effects we identified require further
study in the population of Kazakhstan.
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Tyningime
MuonusiHbIH mapanybiHbIH XofapbliaybiHOa 2eHemuKasblK XoHe KopwaraH opma ghakmopriapbi pen amkapaobl. KasakcmaH

PecrybnukacbiHblH, OHbIH iwiHOe AcmaHa KanacbiHOa 6ananap nonynsayusceiHOa CbiHY akaynapbiHbIH maparybl myparnbi
aKnapammbiH manwbl xoHe 6ipkesnki emec.

3epmmey0diH makcambl: CbiHy akaynapblHbIH KypblibiMbl MeH maparsybiH, coHOal-ak AcmaHa KaracbiHOafbl Mekmerl
OKywblnapbiHOa MUonusiHbIH rnatida 60ybIHbIH Kayifn-kamep ¢hakmopriapbiH 3epmmey.

9dicmepi. KendeHeH 3epmmeyese AcmaHa Kananbik opma mekmenmepdid 200 okywsbicbl (400 ke3) kambicmbl. bi3
«mymaHday» 8dici apKbliibl asmopepakyusiHbl, cybbekmusmi pechpakyusiHbl 3epmmerl, eKi xac mobbiHa cayanHama YCbIHObIK: 4
cbiHbIn — 9-10 xac (n=100), 9 cbiHbIn — 156-16 xac (n=100). CayanHama ama-aHarsblK MUOMUS, 3KpaH yakblMbl, auibiK yakbim, XaKbiH
KaWwblKmbIKma xyMbIC icmey, cropm, KyHOenikmi mapmin xoHe cybbekmuemi eu3yanobl warbiMOap CUsiKmbl Hezidei Kayin-kamep
ghakmopnapbiH KaMmbIObl. Kayin-kamep ¢hakmoprapbiHbIH MUonusimMeH balnaHbiCbl 3epmmeroi.

Hamuxxenepi. CbiHy KamernepiHiH xanrbl maparnybl 46,75% (95% cerimOinik apansifbl (CA) 40; 53,5); muonus 36,75% (95%
CA 27,5; 46); cunepmemponusi 10% (95% CA 12,5-7,5) xeHe acmuamamu3sm 18,75% (95% CA 11,5; 26). XKorapbi CbiHbIr (9 CbiIHbIM)
mobbiHOa (46%) muonusiHbIH nalibi3bl Kiwi (4 cbiHbin) mobbiHa (27,5%) KaparfaHOa xofapbl, an awblK ayada XyMbIC icmey KyHiHe
2 caframmaH acmam (60,1% xoHe 48%) xoHe criopmmbliK ic-epekemmep (656% xoHe 48%) Kiwi monmarbl (4 CbIHbIM) MUOMUSHbIH
memeH XuinicimeH 6atinaHbicmb! 60510bI.

KopbimbiHObI. Muonusi AcmaHa KanacbiHOarbl MeKkmer OKyWwhblrnapbliHbiH apacbiHoa xui ke3decedi. MuonusiHbiH natida
bornybl MeH epuyiHe xon bepmey waparnapbl, OHbIH iWiHOe awblK ayada XeHe CriopmmeH WyfblndaHy yakbiMbiH yrFalmy ocbl
myprbiHOapObIH OeHcayrnbifbiH cakmay wapanapbiH 6acwblnbiKKa anybl Kepex.

TyliH ce30ep: pechpakyus, MUONUS, cunepmemponusi, 6anasbik MUOMUS.

PacnpocTpaHeHHOCTbL aHOManuii pechpakuumn u hakTopbl pucka (hopMUPOBaHUA MUONUU
Y WKONbHUKOB ropopa ActaHa
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Pe3lome

FeHemuyveckue U 3Koro2uYecKUue (hakmopsl uzsparom porib 8 y8enudeHuUU pacrpocmpaHeHHocmu mMuonuu. [aHHble o
pacrnpocmpaHeHHocmu aHomanuli pegppakyuu y demckoeo HaceneHusi Pecriy6nuku KazaxcmaH, € mom yucnie eopoda AcmaHa
8ecbMa 02paHUYeHsl.

Lenb uccnedosaHusi: uzyyums CmMpykmypy U pacrpocmpaHeHHOCmb aHoManull peghpakyuu, a makxe ¢hakmopos pucka
ghopmupos8aHUst MUOMUU Y WKOIbHUKO8 20p00a AcmaHai.

Memo0dsl. B nonepeyHom uccnedosaHuu ydacmeosanu 200 ydaujuxcsi (400 enas) cpedHux 20podckux wikors. Mei uccriedosanu
asmopeghpakyuro, cybbekmueHyto peghpakyusito Memodom “3amymaHueaHusi” u rpedrioXunu OfMpPOCHUK 8 08YyX 803PacmHbIX
epynnax: 4 knacc — 9-10 nem (n=100), 9 knacc- 15-16 nem (n=100). AHKema oxeambi8ania OCHO8HbIe (haKmopbl pucka, makue KaKk
bnusopykocms y podumeneu, 8peMsi, Mpo8ooOUMOe 3a IKPaHOM, 8peMsi Ha OMKPbLIMOM 8030yxe, paboma Ha 6rU3KOM paccmosiHUU,
3aHSAIMUs1 Criopmom, pexum OHs1, cybbekmuegHble xanobbl Ha 3peHue. bbina paccMompeHa c8s13b hakmopos pucka ¢ 611U30pyKOCMbIO.

Pe3synbmamsbl. Obuwjasi pacrpocmpaHeHHOCMb aHoManul pegpakyuu cocmasuna 46,75% (95% [N 40; 53,5); muonus
36,75% (95% AN 27,5; 46); danbHo3opkocmb 10% (95% AN 12,5-7,5) u acmuamamu3m 18,75% (95% AW 11,5, 26). B epynne
cmapuweeo knacca (9 knacc) npoueHm bnusopykocmu bbin ebiwe (46%) yem 6 epynne mnadwezo (4) knacca (27,5%), 8 mo epemsi
Kak akmusHocmb Ha omkpbimom 803dyxe bonee 2 yacos 8 0eHb (60,1% u 48%) u 3aHsmus cnopmom (65% u 48%) accoyuuposanucs
¢ bonee Hu3kol Yyacmomou muonuu 8 mrnadwed epynne (4 knacc).

Bbieodbl. Hau6onee pacripocmpaHeHHOU aHomanuel pegpakyuu y WKOMbHUKOE eopoda AcmaHa siersiemcsi MUOIMUS.
Mepebi o npogunakmuke ¢hopMupo8aHUsi U MpoepeccuposaHuu 6iu30pyKocmu, 8 MoM Yucse yeenuyeHue epemMeHu npebbieaHust
Ha OMKpbIMoM 8030yxe, 3aHsMuUs criopmom O0mXHbI onpedeniims Mepbl 0bwecmeeHHo20 30pagooxpaHeHusi Ars amod epynribl
HacefieHusl.

Knroueenle crioea: peghpakyusi, Muonus, unepmemponusi, demckasi 6riu30pyKoCMb.



