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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: 4th grade – 9 -10 years old (n=100), 
9th 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 (CI) 40; 53.5); myopia 36.75% (95% 
CI 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 (9th 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 (4th 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. 

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.

 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 

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.

 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 

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

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% CI) in 
4th grade to 53.5% (95% CI) in 9th grade.

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

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. 

Age n (%) Emmetropia, % Ametropia, % p
4th grade 100 (50%) 46.5% 53.5%

<0.019th grade 200 (100) 53.25% 46.75%
Total 100 (50%) 60% 40%

Age group (Grade) Myopia, % р Hypermetropia, % р Astigmatism, % р
4th grade 27.5

0.01
12.5

0.03
11.5

0.039th grade 46 7.5 26
Total 36.75 10 18.75
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Table 3 - Structure of identified refractive errors according to the official classification

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 9th grade compared to 4th grade (27.5%, 

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

                Table 4 - Identified astigmatism according to the official classification

Farsightedness among 9th grade students (2.6%) 
was almost 2 times less common compared to 4th 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 4th grade children

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.

Classification by degree Myopia, % total
(4th and 9th grades)

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

Astigmatism, % total
(4th and 9th 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) - -

Type of asigmatism 4th grade (%) 9th 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

Risk factors, 4th 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%
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Table 6 - Risk factors, results of a survey of parents of 9th grade children

 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 4th grade to 46% in 9th grade.

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

myopic refraction and a decrease in the incidence of 
hyperopia with age, especially in the second decade of 
life [20-25].

In our study, we tried to study all the putative risk 
factors for the development of myopia in schoolchildren. 
We identified an association between an increase in 
the prevalence of myopia and age (grade). As well as a 
decrease in myopic refraction in children attending sports 
clubs. A shift in refraction towards hypermetropia was 
observed in children spending more than 2 hours a day 
in the fresh air. 

These results highlight the importance of 
environmental factors for myopia and support the need 
for a balance between workload and physical activity. 
Spending more time outdoors has been shown to reduce 
the probability of myopia, and these are simple measures 
that can be implemented in public schools and at home 
[26-28].

 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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Түйіндіме
Миопияның таралуының жоғарылауында генетикалық және қоршаған орта факторлары рөл атқарады. Қазақстан 

Республикасының, оның ішінде Астана қаласында балалар популяциясында сыну ақауларының таралуы туралы 
ақпараттың тапшы және біркелкі емес.

Зерттеудің мақсаты: сыну ақауларының құрылымы мен таралуын, сондай-ақ Астана қаласындағы мектеп 
оқушыларында миопияның пайда болуының қауіп-қатер факторларын зерттеу.

Әдістері. Көлденең зерттеуге Астана қалалық орта мектептердің 200 оқушысы (400  көз) қатысты. Біз 
«тұмандау» әдісі арқылы авторефракцияны, субъективті рефракцияны зерттеп, екі жас тобына сауалнама ұсындық: 4 
сынып – 9-10 жас (n=100), 9 сынып – 15-16 жас (n=100). Сауалнама ата-аналық миопия, экран уақыты, ашық уақыт, жақын 
қашықтықта жұмыс істеу, спорт, күнделікті тәртіп және субъективті визуалды шағымдар сияқты негізгі қауіп-қатер 
факторларын қамтыды. Қауіп-қатер факторларының миопиямен байланысы зерттелді.

Нәтижелері. Сыну қателерінің жалпы таралуы 46,75% (95% сенімділік аралығы (CА) 40; 53,5); миопия 36,75% (95% 
CА 27,5; 46); гиперметропия 10% (95% CА 12,5–7,5) және астигматизм 18,75% (95% CА 11,5; 26). Жоғары сынып (9 сынып) 
тобында (46%) миопияның пайызы кіші (4 сынып) тобына (27,5%) қарағанда жоғары, ал ашық ауада жұмыс істеу күніне 
2 сағаттан астам (60,1% және 48%) және спорттық іс-әрекеттер (65% және 48%) кіші топтағы (4 сынып) миопияның 
төмен жиілігімен байланысты болды.

Қорытынды. Миопия Астана қаласындағы мектеп оқушыларының арасында жиі кездеседі. Миопияның пайда 
болуы мен өршуіне жол бермеу шаралары, оның ішінде ашық ауада және спортпен шұғылдану уақытын ұлғайту осы 
тұрғындардың денсаулығын сақтау шараларын басшылыққа алуы керек.

Түйін сөздер: рефракция, миопия, гиперметропия, балалық миопия.
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Резюме
Генетические и экологические факторы играют роль в увеличении распространенности миопии. Данные о 

распространенности аномалий рефракции у детского населения Республики Казахстан, в том числе города Астана 
весьма ограничены. 

Цель исследования: изучить структуру и распространенность аномалий рефракции, а также факторов риска 
формирования миопии у школьников города Астаны. 

Методы. В поперечном исследовании участвовали 200 учащихся (400 глаз) средних городских школ. Мы исследовали 
авторефракцию, субъективную рефракцияю методом “затуманивания” и предложили опросник в двух возрастных 
группах: 4 класс – 9-10 лет (n=100), 9 класс- 15-16 лет (n=100). Анкета охватывала основные факторы риска, такие как 
близорукость у родителей, время, проводимое за экраном, время на открытом воздухе, работа на близком расстоянии, 
занятия спортом, режим дня, субъективные жалобы на зрение. Была рассмотрена связь факторов риска с близорукостью.

Результаты. Общая распространенность аномалий рефракции составила 46,75% (95% ДИ 40; 53,5); миопия 
36,75% (95% ДИ 27,5; 46); дальнозоркость 10% (95% ДИ 12,5–7,5) и астигматизм 18,75% (95% ДИ 11,5; 26). В группе 
старшего класса (9 класс) процент близорукости был выше (46%) чем в группе младшего (4) класса (27,5%), в то время 
как активность на открытом воздухе более 2 часов в день (60,1% и 48%) и занятия спортом (65% и 48%) ассоциировались 
с более низкой частотой миопии в младшей группе (4 класс). 

Выводы. Наиболее распространенной аномалией рефракции у школьников города Астана является миопия. 
Меры по профилактике формирования и прогрессировании близорукости, в том числе увеличение времени пребывания 
на открытом воздухе, занятия спортом должны определять меры общественного здравоохранения для этой группы 
населения. 

Ключевые слова: рефракция, миопия, гиперметропия, детская близорукость.


