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Abstract: Background/Objectives: this longitudinal study aimed to investigate the refractive errors, the amplitude of accommodation, and myopia progression in Kazakhstani medical students as they progressed from the first to the fifth course of their studies. Methods: A total of 696 students from Semey Medical University underwent non-cycloplegic and cycloplegic autorefraction in the first course, and 655 were available for examination in the fifth year of study.  The amplitude of accommodation was measured before the instillation of cycloplegics using the push-up and push-down methods. A self-administered questionnaire was applied to evaluate the risk factors associated with myopia progression. Results: In the first course, the median spherical equivalent was −0.75 Diopters before cycloplegia and −0.25 Diopters after cycloplegia. In the fifth course, it constituted −1.125 Diopters before cycloplegia and −0.5 Diopters after cycloplegia. The proportion of students with myopia following cycloplegic refraction increased from 44.7% in the first course to 47.5% in the fifth course. The proportion of emmetropic students declined from 31.5% to 30.3%, and hyperopia decreased from 23.8% to 16.8%. The dioptric power of accommodative excess increased from 0.375 in the first year to 0.50 in the fifth year. The hours spent on near-work activities, such as reading books, writing, working at a computer, and using a mobile device, were significantly associated with a myopia progression of ≥0.5 Diopters. Conclusions: the findings of this study suggest implications for public health policy and educational practice.
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1. [bookmark: Introduction_]Introduction
Refractive errors, particularly myopia, are the leading causes of low vision worldwide. The prevalence of myopia is on the rise, with projections suggesting that by 2050, nearly 50% of the world population will be affected, including up to 10% with high myopia [1]. Myopia not only exhibits an upward trend in rates but also affects individuals at a younger age. The earlier myopia initiates, the 

greater the resulting degree of refractive error, underscoring the importance of addressing this issue promptly [2]. Myopia not only diminishes the quality of life and raises the risk of disabling ocular disorders but also creates an economic burden due to the necessity of frequent and long-term management [3].
Typically, myopia begins its development in childhood, with onset commonly oc-curring between 6 and 14 years. Progression continues during childhood and young adolescence, with stabilization expected around 15–16 years of age [4]. Rates of myopia vary across different nations, with the highest rates observed in East and Southeast Asia, attributed to genetic factors and high educational overload. In these parts of the world, myopia often starts already at 5–6 years of age and progresses to −5 and −6 

Diopters by the age of 11–13 years [5].  Myopia is less common in Central Europe, Central Asia, and Central Africa, where it was reported to affect 27.1%, 17.0%, and 7.0% of the population, respectively [1].
There is an abundance of academic research investigating the incidence rates of my-opia among school-age children, with several meta-analyses published on the topic [6–8]. However, less is known about incidences in adults and, particularly, young adults. This is due to the common perception of young adulthood being a period when vision and eye health are at their peak, myopia has stabilized, and the rate of disabling ocular disorders is low [9]. Consequently, compared to children, the epidemiology of refractive errors in young adults is insufficiently studied, highlighting the need to address this research gap.
The period of university studies represents another phase of life characterized by a demanding visual workload, potentially contributing to the onset of adult myopia or the progression of pre-existing myopia. Students pursuing academic degrees often encounter visually intensive tasks integral to the curriculum. While several longitudinal studies have explored myopia progression rates in university students with varying durations of follow-up [10–13], there remains a gap in research specifically addressing medical students. This student population deserves particular attention for several reasons. First, medi-
cal students face a highly demanding visual workload due to the rigorous nature of their studies. Their curriculum typically involves extensive reading, computer use, and other visually intensive tasks. In addition, medical education commonly spans many years, subjecting students to prolonged exposure to high visual demands, which can induce myopia or exacerbate its progression over time. It is, therefore, critical to study the ocular problems encountered by medical students throughout their education [10]. Given the limited knowledge regarding the rate of myopia progression during the entire duration of medical school studies, this study aims to fill the existing gap. Therefore, this longitudinal study aimed to investigate the refractive errors, amplitude of accommodation, and myopia progression in Kazakhstani medical students as they advance from the first to the fifth course of their studies.
1. [bookmark: Materials_and_Methods_]Materials and Methods
1.1. [bookmark: Study_Design_and_Procedures_]Study Design and Procedures
This study was conducted at Semey Medical University (SMU), one of the largest medical schools in Kazakhstan, located in Semey City, Abay region. All domestic and international first-year students from the departments of Medicine, Public Health, Dentistry, Nursing, and Pharmacy were invited to participate in free refraction testing during the first two months (September and October) of their study at the University. Inclusion criteria considered for participation were providing informed consent, having no past history of allergy to mydriatics, and the absence of ocular disorders, trauma, and surgery. Of the 750 students, 696 agreed to participate, resulting in a response rate of 92.8%. Six hundred and fifty-five (655) students were available for examination in the fifth year of study. The same inclusion/exclusion criteria were applied at the 5-year follow-up. Apart from refraction testing, students were administered a self-reported questionnaire to elucidate the risk factors associated with myopia progression.
The study received approval from the Ethics Committee of Semey Medical University (Protocol #35, dated 15 December 2015).
1.2. [bookmark: Refraction_Measurement_]Refraction Measurement
The same approach for refraction measurement was followed at baseline and at the 5-year follow-up. Objective refraction was evaluated twice, before cycloplegia and after. Cycloplegia was achieved by the instillation of 1% tropicamide eye drops (Rompharm, Otopeni, Romania) into both eyes, followed by the instillation of 1% cyclopentolate (Promed Exports, Green Park, Delhi, India) at a 5 min interval. Refraction was measured 30 min after the instillation of the second eye drop using the Medizs RK-11 autorefractometer (Huvitz, Yongin, Republic of Korea). Three measurements of refraction were performed, and the average of the three readings was recorded. The spherical equivalent (SE) was calculated as the sum of the spherical component and half of the cylindrical component [14]. Eyes with SE from −0.49 to +0.49 Diopters were categorized as emmetropic, eyes with SE of −0.5 Diopters and greater were classified as myopic, while eyes with SE of +0.5 Diopters and greater were categorized as hyperopic. Low myopia was defined as SE ranging between −0.5 and −2.99 Diopters, moderate myopia was defined as SE ranging between −3.0 and −5.99 Diopters, and high myopia was defined as SE of −6.0 Diopters and greater. Similarly, hyperopia was considered to be low if SE 
was between +0.5 and +2.99 Diopters, moderate hyperopia was defined as SE ranging between +3.0 and +5.99 Diopters, and high hyperopia was defined as SE of +6.0 Diopters and more. Myopia progression was defined as the difference between the cycloplegic SE at the 5-year follow-up and at baseline.
Since there was a strong correlation between SE of the right and left eyes (r = 0.801,
p < 0.0001), all data are presented for the right eye.


1.1.	Measurement of Amplitude of Accommodation
All measurements of the amplitude of accommodation (AA) were taken before the instillation of eye drops and included push-up and push-down methods, which were performed with a 5 min interval to prevent visual fatigue. The Royal Air Force rule was utilized to measure the AA, and an overhead lamp was placed on the target’s top for adequate illumination. Under the push-up method, the target was held at a 40 cm distance and was moved closer to the eye until an individual reported blurring. Under the push-down method, the target moved away from the eye until an individual reported clarity. The target was moved with a constant speed equal to 5 cm per second. The tests were performed monocularly. Three measurements were made, and an average was calculated and recorded. The AA was considered to be the inverse of the distance from the target to the eye [15].
In addition to AA measurement, accommodative excess was determined by calculating the difference in SE between non-cycloplegic and cycloplegic autorefraction [16].
1.2.	Evaluation of Risk Factors Associated with Myopia Progression
In consultation with international research [11,13,17,18], a self-administered question-naire was constructed to evaluate the risk factors associated with myopia progression. To ensure the content validity of the questionnaire, three experts in the field—two consultant optometrists and one consultant ophthalmologist—reviewed the initial version. Their feed-back ensured that the questionnaire comprehensively covered all relevant risk factors for myopia progression. Given the harsh climate conditions in East Kazakhstan, where people spend a significant amount of time indoors and there are few clear days throughout the year, it was decided to omit the question of the level of exposure to outdoor lighting. This decision was based on the rationale that the indoor lifestyle in this region would make such a question less relevant. To assess the reliability of the questionnaire, it was administered twice to a group of 26 fourth-year medical students at SMU, with a two-week interval between administrations. The consistency of responses over the two administrations was high, demonstrating good test–retest reliability. Cronbach’s alpha was calculated as a measure of internal consistency and equaled 0.713, indicating acceptable reliability.
The resulting questionnaire encompassed various risk factors, including age, gender, department at SMU, place of origin (urban v. rural), ethnicity, the number of children in the parental family, and birth order. It also inquired about the history of prematurity and birth traumas, discerning between their presence and absence. Furthermore, partici-pants provided information on the myopic status of their parents, grandparents, siblings, aunts/uncles, and cousins. The questionnaire delved into subjective experiences of visual fatigue and ocular redness. Behavioral factors within the most recent year were also ex-plored, such as self-reported time spent on activities such as reading, writing, handwork, watching television, computer use, mobile phone use, sleeping, and engagement in physical and outdoor activities.

1.3 Statistical Analysis
All statistical tests were conducted using the Statistical Package for Social Sciences (SPSS) software, version 20. Continuous variables were assessed for the normality of data distribution using the Lilliefors test and by computing histograms and Q-Q plots. Since the data exhibited a non-normal distribution, they were presented as median (Me) with 25th and 75th percentiles (Q1; Q3), and the Wilcoxon test was employed for between-group comparisons. Categorical variables were presented as absolute numbers and proportions (%). Multivariable logistic regression analysis was performed to assess the role of different risk factors for myopia progression at the 5-year follow-up. Two models were computed: under the first model, myopia progression ≥ 0.5 Diopters was considered, while under the second model, myopia progression ≥ 1.0 Diopters was considered. The variables included in the analysis comprised all questions from the self-administered questionnaire, as well as SE and accommodative excess in Diopters. Only the adjusted odds ratios (OR) with 95% confidence intervals (95% CI) are presented. The significance level for all statistical tests was set at <0.05.

2. Results
Table 1 presents the demographic characteristics of the study participants. The ma-jority of students were female (61.8%) and belonged to the Kazakh ethnicity (61.8%). The most common education track was General Medicine (84.2%), followed by Dentistry (11.5%). Most students came from urban areas (70.7%) and were the firstborns in their families (54.9%).
[bookmark: _bookmark0]






Table 1. Demographic characteristics of study participants (n = 696).

Variables	N	%

Age at first year of medical training, years (median; Q1; Q3)	18 (18; 19)
Medicine
586
84.2

Public Health
16
2.3
Specialty
Dentistry
80
11.5

Nursing
8
1.1

Pharmacy
6
0.9
Sex
Male
266
38.2

Female
430
61.8

Asian (Kazakh)
571
82.0

Race (Ethnicity)
Caucasian (Russian, Ukrainian, German)
27
3.9

South Asian (Indian)
90
12.9

Other
8
1.1

Urban
492
70.7

Rural
204
29.3

One-two
353
50.7
Number of children in a
Three-four
287
41.2
family
Five-six
47
6.8

Seven and more
9
1.3

First child
389
54.9
Position in the birth order
Second-third child
282
40.5
among siblings
Fourth-fifth child
25
3.6

Sixth child and more
7
0.9
















Place of origin
In the first year of study, before cycloplegia, the median SE in the right eye was −0.75 Diopters, which decreased to −0.25 Diopters after cycloplegia. Out of 696 students, 440 (63.2%) had myopia before cycloplegia. This proportion decreased to 44.7% after cycloplegia, and the difference was significant. Similarly, the proportion of individuals with emmetropia decreased from 31.8% to 31.5% after cycloplegia. The proportion of individuals with hyperopia increased from 5% before cycloplegia to 23.8% after cycloplegia (Table 2).
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[bookmark: _bookmark1]Table 2. Spherical equivalent refraction of the right eye in the first-year students (n = 696).Refractive Status	Before Cycloplegia
After Cycloplegia	p-Value ** N (%)
SE *, Diopters (median; Q1; Q3)
−0.75 (−0.125; −1.875)
−0.25 (0.375; −1.5)
<0.001

Low
334 (48.0)
218 (31.3)

Myopia
Moderate
82 (11.8)
73 (10.5)


Severe
24 (3.4)
20 (2.9)

Emmetropia

221 (31.8)
219 (31.5)
<0.001

Low
34 (4.9)
162 (23.3)

Hyperopia
Moderate
-
5 (0.4)


Severe
1 (0.1)
1 (0.1)





N (%)




*—Spherical equivalent. **—Wilcoxon test.
When the students progressed to the fifth course, the median SE was −1.125 Diopters before cycloplegia, and it decreased to −0.5 Diopters after cycloplegia. As many as 70.4% of individuals had various degrees of myopia before cycloplegia, and this proportion decreased to 47.5% after cycloplegia. The proportion of individuals with emmetropia constituted 20.8% before cycloplegia and 30.3% after cycloplegia, and that of hyperopia constituted 2.8% and 16.2%, respectively (Table 3).
[bookmark: _bookmark2]Table 3. Spherical equivalent refraction of the right eye in the fifth-year students (n = 655).Refractive Status	Before Cycloplegia
After Cycloplegia	p-Value ** N (%)
SE *, Diopters (median; Q1; Q3)
−1.125 (−0.375; −2.125)
−0.5 (0.25; −1.625)
<0.001

Low
368 (52.9)
231 (33.2)

Myopia
Moderate
92 (13.2)
77 (11.1)


Severe
30 (4.3)
22 (3.2)

Emmetropia

145 (20.8)
211 (30.3)
<0.001

Low
19 (2.7)
112 (16.1)

Hyperopia
Moderate
1 (0.1)
1 (0.1)


Severe
-
1 (0.1)





N (%)




*—Spherical equivalent. **—Wilcoxon test.
In the comparison of SE after cycloplegia between the same students in the first and fifth years, it became obvious that for low myopia, the change constituted −0.25 Diopters, which was significant, while for moderate myopia, the change constituted −0.5625 Diopters. The median SE for high myopia, emmetropia, and low hyperopia did not change when students progressed from the first to the fifth course (Table 4).
[bookmark: _bookmark3]Table 4. Comparison of spherical equivalent refraction of the right eye after cycloplegia between first-year and fifth-year students.

	
SE *, Diopters
	
	First Year
	Fifth Year
	Change
	p-Value **

	
	Low
	−0.875 (−0.625; −1.625)
	−1.125 (−0.750; −2.00)
	−0.25
	0.023

	
Myopia,
Median (Q1; Q3)
	Moderate
	−4.3125 (−3.46875; −5.1875)
	−4.875 (−3.34375; −5.75)
	−0.5625
	0.400

	
	High
	−7.375 (−6.78125; −8.84375)
	−7.375 (−6.8125; −8.6875)
	0
	-

	Emmetropia, Median (Q1; Q3)	0.125 (−0.125; 0.250)	0.125 (−0.125; 0.250)	0	0.227

	
	Low
	0.750 (0.50; 1.00)
	0.750 (0.50; 1.00)
	0
	0.227

	Hyperopia,
Median (Q1; Q3)
	Moderate
	3.325 (3.125; 3.3125)
	-
	-
	-

	
	High
	-
	-
	-
	-


*—Spherical equivalent. **—Wilcoxon test.
Table 5 presents comparisons of the AA and accommodative excess between first-year and fifth-year students. The difference between non-cycloplegic and cycloplegic refraction increased as students progressed from the first to the fifth course, and this change was significant. There was a significant difference in the AA measured by the push-down method and an insignificant difference in the AA measured by the push-up method, although the medians of the AA appeared to be the same.

[bookmark: _bookmark4]Table 5. Comparison of amplitude of accommodation and accommodative excess in the right eye between first-year and fifth-year students.

	Accommodation, Diopters
	First Year
	Fifth Year	p-Value *

	Accommodative excess
	−0.375
	−0.50	<0.0001

	Median (Q1; Q3)
	(−0.125; −0.75)
	(−0.125; −1.00)

	Push-down
	3.00
	3.00	0.032

	Median (Q1; Q3)
	(2.00; 3.00)
	(2.00; 3.00)

	Push-up
	4.00
	4.00	0.129

	Median (Q1; Q3)
	(3.00; 6.00)
	(3.00; 6.00)


*—Wilcoxon test.
[bookmark: _bookmark5]Table 6 presents the results of a logistic regression analysis aimed at identifying factors associated with myopia progression at the 5-year follow-up. Two models were constructed: the first identified factors leading to myopia progression of ≥0.5 diopters, while the second aimed to identify factors leading to myopia progression of ≥1.0 diopters. Accommodative excess at the fifth course and spherical equivalent (SE) at the first course were significantly associated with myopia progression of both ≥0.5 and ≥1.0 diopters. Hours spent reading books, writing, working at a laptop/desktop, using a mobile device, and sleeping were positively and significantly associated with myopia progression of ≥0.5 diopters. For the progression of myopia to ≥1.0 diopters, age and hours spent on handwork were negative but insignificant influencing factors. Being from a rural area served as a significant protective factor, while having myopic cousins was an insignificant protective factor.
Table 6. Logistic regression analysis to determine factors associated with myopia progression at 5-year follow-up.






Place of originFactors	Myopia Progression ≥ 0.5 Diopters	Myopia Progression ≥ 1.0 Diopters


β
OR (95% CI) *
p-Value
β
OR (95% CI)
p-Value
Age, years

-
-
-
−0.260
0.771 (0.585; 1.016)
0.065

Urban

Reference


Reference


Rural
-
-
-
−0.808
0.446 (0.235; 0.844)
0.013
Myopic
No

Reference


Reference

cousin(s)
Yes
-
-
-
−0.779
0.459 (0.196; 1.0171)
0.072
Accommodative excess at the	0.593	1.810	0.001	1.484	4.411	<0.0001
fifth course, Diopters

(1.259; 2.601)


(2.073; 9.382)

Handworks, hours per day
-
-
-
−1.059
0.347 (0.103; 1.168)
0.087
SE ** at the first course, Diopters
−0.276
0.759 (0.687; 0.838)
<0.0001
−0.327
0.721 (0.632;0.824)
<0.0001
Reading paper books, hours per	0.211	1.234	0.002	-	-	-
day

(1.078; 1.414)



Writing, hours per day
0.170
1.186 (1.016; 1.384)
0.031
-	-
-
Laptop/desktop, hours per day
0.153
1.165 (1.017; 1.334)
0.027
-	-
-
Mobile, hours per day
0.163
1.177 (1.058; 1.309)
0.003
-	-
-
Sleep, hours per day
0.241
1.272 (1.065; 1.520)
0.008
-	-
-


−2 Log Likelihood = 605.025

−2 Log Likelihood = 286.394

Model parameters

Nagelkerke R2 = 0.173

Nagelkerke R2 = 0.245



p ≤ 0.0001

p ≤ 0.0001











*—Odds Ratio with 95% Confidence Interval. **—Spherical Equivalent.
3. Discussion
This longitudinal study aimed to investigate the refractive status, AA, and myopia progression in Kazakhstani medical students over a 5-year follow-up period. To our knowledge, this is one of very few studies with such an extensive follow-up duration. In the first course, the median SE was −0.75 Diopters before cycloplegia and −0.25 Diopters after cycloplegia. In the fifth course, it constituted −1.125 Diopters before cycloplegia and −0.5 Diopters after cycloplegia. The proportion of students diagnosed with myopia following cycloplegic refraction increased from 44.7% in the first year to 47.5% in the fifth year. Conversely, the proportion of emmetropic students declined from 31.5% to 30.3%, and hyperopia decreased from 23.8% to 16.8% as students progressed from their first year of training to the fifth. Simultaneously, the dioptric power of accommodative excess increased from 0.375 in the first year to 0.50 in the fifth year. The hours spent on near-work activities, such as reading books, writing, working at a computer, and using a mobile device, were significantly associated with a myopia progression of ≥0.5 Diopters. The implications of these findings warrant a more comprehensive discussion.
Several international longitudinal studies with varying durations of follow-up have investigated the progression of myopia in medical students. Lv et al. conducted a study on Chinese medical students with a follow-up duration of 2 years. Similar to this study, all 
autorefractor without cycloplegia. The average myopic shift per year was −0.401 Diopters, and the prevalence of myopia was significantly higher in students of Chinese origin compared to students of Javanese and other origins [19]. Although the rate of myopia reported by Nugroho et al. was higher than observed in our study, the comparability of the study by Nugroho et al. is limited to our findings since only non-cycloplegic refraction was measured.
In a 2-year longitudinal study on myopia progression in medical students conducted in Denmark, autorefraction in cycloplegia was employed. At baseline, the prevalence of myopia was 37%, and one year later, it increased to 43%. The mean SE was −0.50 at baseline and −0.74 at the 2-year follow-up [11]. Although the baseline rate of myopia was similar to our study, the rate of myopia progression was higher. This conclusion is supported by the fact that the study used a comparable methodology and definition of myopia (SE ≥ 0.5 Diopters).
In Turkey, cycloplegic autorefraction was utilized to determine the rate of myopia pro-gression in medical students with a 1-year follow-up. The rate of myopia was 32.9%, with low myopia being the most common type (81%). However, the authors failed to establish myopia progression one year later, as the mean SE did not change significantly from base-line to one-year follow-up (SE = −0.67 Diopters v. SE = −0.65 Diopters) [20]. The failure to establish myopia progression at the 1-year follow-up aligns with our findings showing a consistent rate of myopia progression. Nevertheless, disparities in the study methodology exist, particularly in the use of a different definition of myopia (SE ≥ 0.75 Diopters).


Fesharaki et al. conducted a longitudinal study on the Iranian population of medical students with a comparable duration of follow-up, equal to 5.5 years. The prevalence of myopia at baseline was 46.5%, which increased to 64.0% during the study period, and the mean myopic shift constituted 0.20 Diopters per year [21]. It has to be noted that although the rate of myopia at baseline was comparable to our study, the authors used a different definition of myopia (SE ≥ 0.25 Diopters), and it is not clear whether refraction was measured with cycloplegia or not.
There is a scarcity of studies assessing AA in university students. Majumder and Afnan employed various methods to determine the AA in a small sample of students from a Malaysian Private University. The mean age of the participants was 22.26 years, and, as measured by the push-up method, the mean AA was 11.38 Diopters, while, as measured by the push-down method, it was 10.35 Diopters [22]. Mathebula et al., in a study on South African university students aged 21 to 27 years, reported a mean AA of 10.23 Diopters using the push-up method and 8.43 Diopters using the minus lens method [23]. The findings of our study align with previously published data, indicating that the AA measured by the push-up method results in a higher AA compared to the push-down method. It is widely acknowledged that the push-up method tends to overestimate AA, while the push-down method tends to underestimate it [16]. Consequently, these findings need to be interpreted with consideration of this known phenomenon.
students underwent autorefraction in cycloplegia, and the prevalence of myopia at baseline was 78.5%, increasing to 84.1% at the 2-year follow-up. The mean refractive error at baseline was −2.52 Diopters, which increased to −2.84 Diopters over the 2-year period [10]. The observations made by Lv et al. align with other studies from China, where the prevalence of myopia is higher than in many other parts of the world. As a recent population-based study showed, as many as 75.35% of children and young adults were myopic [18]. However, the prevalence of myopia in Central Asia is one of the lowest in the world [1], which is also supported by our findings.
A longitudinal study on students of the School of Medicine in Indonesia with a 1-year follow-up revealed that at baseline, 69.4% of students had myopia, as determined with an In recent years, numerous studies have been conducted to assess the risk factors contributing to myopia progression, believed to result from a complex interplay of genetic, environmental, and behavioral factors. The role of genetic inheritance has been substanti-ated by both familial and genome-wide association studies, with behavioral factors such as prolonged near vision work, including excessive digital screen time, significantly contribut-ing to myopia progression [24]. Notably, environmental factors such as increased time spent outdoors and exposure to light have been shown to mitigate the influence of parental myopia and near-work time [25]. Several studies investigated the risk factors for myopia progression in medical students. In a study by Jacobsen et al., time spent reading scientific literature and age were identified as risk factors for myopia progression, whereas physical activity was deemed a protective factor [11]. Conversely, the study by Onal et al. did not establish a significant difference in the amount of near-vision work between myopes and nonmyopes [20]. In our study, engaging in activities such as reading books, writing, and using a laptop/desktop and mobile devices showed a significant positive association with a myopia progression ≥ 0.5 Diopters. However, age demonstrated an insignificant association with a myopia progression ≥ 1.0 Diopters. The findings of this study suggest implications for public health policy and educational practice. Given that increased near-work activity was significantly associated with myopia progression among medical students, there may be a need to reconsider the structure of medical education curricula. Integrating strategies to reduce the intensity and duration of visual workload, such as alternating periods of near vision work with tasks involving physical activity and promoting outdoor physical activity during study breaks, particularly in warmer seasons, could potentially mitigate the risk of myopia development and pro-gression [26]. Furthermore, promoting vision preservation education and implementing regular vision screening protocols within medical schools could facilitate early detection of myopia among students. These proactive measures not only support the overall health and well-being of medical students but also underscore the importance of vision care as an integral component of medical education [27].

This study has several limitations, the most significant being its single-university focus. The involvement of other medical schools could potentially yield different findings. In addition, the questionnaire did not include an important risk factor: the level of exposure to outdoor light. The reason for this limitation is the limited amount of time that people living in this part of Kazakhstan spend outdoors due to a markedly continental climate with prolonged cold winters, brief summers, and a lack of clear days. Instead, this study emphasized the near-work activities, as the intensity of training in medical school is signifi-cant, and students dedicate a substantial amount of time to their studies, making increased near-work activity an important risk factor to investigate. Furthermore, the assessment of genetic factors relied solely on a self-administered questionnaire about spectacle wear, assuming that the students knew precisely why their relatives used spectacles. In reality, some might be aware of this, while others might not.
The study also did not find statistically significant effects for certain risk factors such as genetics and physical activity. This limitation may be partly attributed to the constraints of sample size. Future research would benefit from larger and more diverse samples involving several universities to address these limitations effectively. Utilizing advanced statistical techniques such as structural equation modeling or path analysis could allow for a more comprehensive exploration of the complex relationships among risk factors influencing myopia progression. Moreover, integrating objective measures alongside self-reported data could enhance the precision of assessing these risk factors.
However, the study also exhibits notable strengths, including a substantial sample size at both baseline and follow-up, as well as an extended duration of follow-up, rendering it unique among similar studies. Furthermore, the study stands out by measuring the AA at both baseline and follow-up, a feature uncommon in this type of research.




4. Conclusions

In comparison to other studies involving medical students, the baseline prevalence of myopia is relatively lower, and the observed myopic shift at the 5-year follow-up is less pronounced than anticipated based on existing research in this field. This disparity may be attributed to the influence of genetic factors, given the well-established lower prevalence of myopia in the Central Asian population. Alternatively, it is conceivable that the educational burden on medical students in Kazakhstan is comparatively lighter than that experienced by their counterparts in other regions globally.
The findings from this study validate several risk factors previously reported for myopia progression during young adulthood. However, certain established factors (such as hereditary influences and those related to physical activity) failed to demonstrate a significant impact, potentially due to the relatively modest sample size. Significantly, this study affirms that myopia can progress into the third decade of life, albeit with a generally smaller shift compared to the more substantial progression observed during childhood and adolescence. There is a pressing need for additional research into other factors contributing to myopia progression during adulthood, as well as the identification of young adults prone to rapid myopia progression.
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This study aimed to conduct a comprehensive analysis of the national glaucoma screening program in Kazakhstan from 2000 to 2022. A thorough search was conducted to identify policy documents regulating the provision of glaucoma screening from its inception to the present day. Official data on reimbursement for tonometry, glaucoma incidence, and the population aged ≥ 50 years were retrieved. Forecast modeling was utilized to project disease incidences up to 2030. The current program largely inherits the framework of the Soviet glaucoma screening, with tonometry serving as the primary screening tool. The budget allocated for glaucoma screening is not specified in official documents, as glaucoma screening is integrated into the routine activities of healthcare facilities. The highest costs are incurred when Maklakov tonometry is applied alone, reaching 7,557,679,411 Kazakhstani Tenge in 2023. The incidence of glaucoma increased from 59.1 per 100,000 in 2000 to 135.5 in 2022, reflecting the aging population. Disparities in incidence rates were observed between residents of urban and rural areas, as well as among residents of different provinces. It is anticipated that the incidence of glaucoma will continue to rise, reaching 154.5 per 100,000 in 2030. There is a need to initiate a discussion on potential amendments to the existing screening program.
Keywords Glaucoma screening, Incidence, Budget impact analysis, Time series, Kazakhstan
Being defined as progressive optic neuropathy with associated visual field defects, glaucoma is a chronic condition that has the potential to lead to irreversible blindness if not treated appropriately. According to the Glaucoma Research Foundation, approximately 80 million people worldwide are living with glaucoma. It is estimated that for every diagnosed case, there is at least one additional case that remains undiagnosed. Globally, glaucoma is the leading cause of irreversible blindness and the second most common cause of blindness overall, following cataract1. The incidence of glaucoma increases with aging1, and in individuals aged 40 years and older, the diagnosis of primary glaucoma is made in the absence of predisposing ocular conditions. Primary openangle glaucoma (POAG) constitutes the most common type of primary glaucoma, responsible for 60–70% of all glaucoma cases. The primary cause of POAG is decreased permeability of anterior chamber angle structures to aqueous humor, resulting in elevated intraocular pressure (IOP)2. Primary angle closure glaucoma (PACG) develops due to blockage of the anterior chamber angle with iris, which could be both acute and chronic3. Both types of glaucoma are more common in certain ethnicities, with POAG being more common in people of African descent2, while PACG is more common in certain Asian ethnic subgroups3.
Based on the Wilson and Jenner criteria for screening, glaucoma meets many requirements. This condition constitutes a major health problem, and its natural history is well-understood. Glaucoma has an asymptomatic early stage, during which visual loss is absent, and individuals are commonly unaware of having a problem. This stage may last for a considerable period, possibly several years2. The disease has an accepted treatment directed at lowering IOP, and if this treatment is initiated early, it can help prevent irreversible visual loss. Currently, there is international consensus on who should be treated and how. Additionally, both the treatment and diagnosis of glaucoma are cost-effective4. A major challenge in glaucoma screening is the lack of a single test that is simple, accurate, and both sensitive and specific. Combining multiple tests improves diagnostic accuracy but reduces cost-effectiveness—especially given the relatively low prevalence of glaucoma5.
The Republic of Kazakhstan (hereafter referred to as Kazakhstan) is a Central Asian country and a former member of the Soviet bloc. The country gained independence in 1991 when the Union of Soviet Socialist Republics (USSR) dissolved, and its healthcare system shares many features with the Semashko model to the present day6. Kazakhstan inherited a glaucoma screening program from Soviet times, which has largely remained unchanged7. However, there is a lack of studies investigating the performance of this screening program over a considerable period of time. Therefore, this study aims to analyze the health policies related to screening provision with a historical perspective. The study will analyze glaucoma incidences as they reflect the screening performance and provide estimates of the impact made by glaucoma screening on the healthcare budget. This analysis is supplemented by forecasts of incidence rates until 2030. The findings of this study have practical implications as they are necessary for tailoring the glaucoma screening program to the needs of the Kazakhstani population.
Materials and methods
This study consisted of several stages outlined in Fig. 1. The first stage involved the analysis of policy documents governing the provision of glaucoma screening. This analysis facilitated the subsequent budget impact analysis conducted in the following stage. Glaucoma incidences, as reported by official statistics, were then analyzed in the subsequent stage, alongside the demographic data of the population aged over 50 years. Following this, the projections of glaucoma incidence until 2030 were generated.
Analysis of policy documents regulating the provision of glaucoma screening
As a first step of our study, we performed an analysis of policy documents regarding the provision of glaucoma screening in Kazakhstan from inception to the present day. For this purpose, a series of searches were conducted to identify official documents commonly contained in the database maintained by the Ministry of Justice of Kazakhstan (“Adilet” database). This helped identify two orders issued by the Ministry of Health (MoH) of Kazakhstan in 2009 and 20208,9. Additionally, the database created by “GARANT-SERVICE” (a Russian company operating in the field of information technologies) was consulted as it contains historical documents issued during the times of the USSR. This helped identify the MoH USSR order issued in 19767. Finally, a Google search was conducted to identify any remaining policy documents pertaining to national glaucoma screening in Kazakhstan.
All searches were conducted in two languages (Kazakh and Russian), which have official language status in Kazakhstan. For searches in the Russian language, the following search queries were used: (i) “глаукома” (meaning “glaucoma”), (ii) “скрининг” (meaning “screening”), (iii) “раннее выявление” (meaning “early identification”), (iv) “целевые группы населения” (meaning “target population groups”), and (v) “Казахстан” (meaning “Kazakhstan”). For searches in the Kazakh language, the following keywords were used: (i) “суқараңғы” (meaning “glaucoma”), (ii) “скрининг” (meaning “screening”), (iii) “ерте анықтау” (meaning “early identification”), (iv) “мақсатты популяциялар” (meaning “target population groups”), and (v) “Қазақстан” (meaning “Kazakhstan”). In the first stage, the titles of all identified policy documents were reviewed, and lists of all relevant documents in Kazakh and Russian languages were compiled. After comparing the two lists, duplicates were removed, and the full-text versions of the remaining documents were retrieved. Next, data extraction forms were constructed to extract data on stages of the glaucoma screening, involved medical personnel, target population groups, screening procedures, and sources of funding. Budget impact analysis of the national glaucoma screening program
As the first stage of our study failed to identify official information on the budgets specifically allocated for glaucoma screening in Kazakhstan and the number of individuals screened every year, we estimated the possible impact of the glaucoma screening program on the national healthcare budget. For this purpose, we retrieved information on the amount of money reimbursed from the state budget for the performance of tonometry, which is the only glaucoma screening test utilized in Kazakhstan7–9. This amount of money is referred to as “tariffs for medical services”, which are reconsidered annually following the devaluation of the national currency, the Kazakhstani Tenge (KZT), and are regulated by the Orders of the MoH. These tariffs have been available 
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in open access since 2018 and are contained in the Adilet database10. Our previous stage of the study showed that Maklakov tonometry and air-puff tonometry are utilized on an equal basis for glaucoma screening in Kazakhstan8, but they are not reimbursed on equal grounds10. Therefore, the costs of these screening tests were considered separately and in combination with each other (50%/50%). All cost estimations were conducted from a societal perspective. Since glaucoma screening is offered free of charge to the target population in Kazakhstan, the cost analysis included expenses related to equipment acquisition and operational implementation10.
To estimate the number of the target population eligible for screening in accordance with the acting MoH order, the demographic yearbooks issued by the Bureau of National Statistics of Kazakhstan for the period 2018– 2023 were consulted11. Thus, the biannual number of individuals aged 40–70 years was retrieved for 2018– 2020, while for 2021–2023, the biannual number of individuals aged 30–70 years was retrieved, along with the annual number of the rural population aged 18–29 years. The cost of tonometry was evaluated for both eyes, broken down by the type of tonometry test employed. Since the number of the population actually undergoing screening is not known, different scenarios were evaluated, with screening coverage constituting 100%, 75%, 50%, and 25%. For international comparisons, the KZT was converted to United States Dollar (USD), and the official conversion rate for each corresponding year was obtained from the website of the National Bank of Kazakhstan12. All calculations were performed using Excel software (Microsoft Office 2021).
 Analysis of glaucoma incidence: national and regional breakdown
The data on glaucoma incidence were obtained from the statistical compilation titled “Public Health in the Republic of Kazakhstan and Activities of Healthcare Facilities,” which is issued annually by the MoH and is freely accessible on the website of the National Research Center for Health Development named after Salidat Kairbekova13. The earliest available statistics on glaucoma incidence rates in urban-rural breakdown are from 2000, with the latest data available for 2022. The MoH calculates glaucoma incidences based on annual reports of newly diagnosed cases submitted by the country’s healthcare facilities. These data are presented in the subsection of the statistical compilation titled “Health Indicators” and are expressed per 100,000 population. The analysis of glaucoma incidence rates from 2000 to 2022 was complemented by analyzing the annual population numbers of individuals aged 50 years and older, sourced from the Demographic Yearbooks11. This age group was chosen for analysis due to the observed trend of elevated glaucoma rates in populations aged 50 and older14,15. The extracted data were entered into an Excel spreadsheet, and graphs depicting variations in glaucoma incidence were constructed.
In addition to disaggregation by the principle of “urban-rural,” the statistical compilations provide data on glaucoma incidence disaggregated by Kazakhstan’s provinces. Over the study period (2000–2022), Kazakhstan comprised 14 administrative subdivisions known as “oblasts.” Data on glaucoma incidences were extracted for each of these provinces (Akmola, Aktobe, Almaty, Atyrau, East Kazakhstan, Karaganda, Kostanay, Kyzylorda, Mangystau, North Kazakhstan, Pavlodar, South Kazakhstan, West Kazakhstan, and Zhambyl) from 2000 to 2022. Average incidence rates were calculated using Excel software for the periods 2000–2009 and 2010–2022 (before and after the MoH began introducing amendments to the national glaucoma screening program). To visualize regional variations in glaucoma incidence, maps of Kazakhstan’s provinces for the respective time periods were created using Datawrapper (https://www.datawrapper.de/), with darker shades representing elevated incidences and lighter shades indicating lower incidences.
Time series analysis
The data on glaucoma incidence rates per 100,000 population and the population numbers in Kazakhstan aged 50 years and older for the period 2000–2022 were organized in an Excel spreadsheet. The Expert Modeler function of the Social Package for Statistical Sciences (SPSS), version 24.0 was employed to automatically identify the best-fit epidemiological models for projecting trends until 2030. All projections were reported as point estimates along with their corresponding 95% confidence intervals (CI). Graphs depicting both historical and projected values were generated for visualization purposes. Additionally, the average annual change, along with its 95% CI, was computed to assess trends during the historical period. The significance level for all statistical tests was pre-set at 0.05.
Ethics statement
The study adhered to the principles outlined in the Helsinki Declaration and in the Belmont Report, and an informed consent have been obtained from participants approval from the ethics committee was secured prior to the commencement of the study. (Minutes of the meeting of the Local Ethics Committee of Semey Medical University #2a dated 14.11.2022).
Results
At the time of Kazakhstan’s independence in 1991, a screening order issued by the MoH of the USSR was in effect. This order outlined a three-stage glaucoma screening process, starting with the measurement of IOP using Maklakov tonometry, followed by consultation with a community ophthalmologist. Final decisions regarding the presence, staging, and treatment of glaucoma were made either during hospitalization in the inpatient ophthalmology department or through examination at the out-patient glaucoma clinic. Screening was targeted at adults aged 40 and older, with examinations conducted every three years7. In November 2009, the Kazakhstan MoH issued an order largely consistent with the previous one. The target population was redefined as adults aged 40–70 years, with screening examinations conducted every two years. Air-puff tonometry was introduced alongside Maklakov tonometry, and screening was divided into two stages, with final decisions made by community ophthalmologists8. Starting in 2020, a new screening order came into effect, largely similar to the previous one but with a special focus on the rural population aged 18–29 years, who are to be screened annually. The rationale behind this provision is not explained9. The summary of glaucoma screening programs in Kazakhstan up to the present time is presented in Table 1.
Table 2 presents estimates of costs incurred by Kazakhstan’s budget on glaucoma screening for the period of six years (2018–2023). Since the actual number of individuals screened for glaucoma, along with the contribution of different tonometry tests to glaucoma screening, is not known, different scenarios were employed. These scenarios varied the screening coverage between 25% and 100%, with different tonometry techniques contributing differently to overall screening. In general, the cost of screening increased substantially after 2020 due to the adoption of the new MoH order, which envisages the screening of rural people aged 18–29 years. The highest costs were incurred if Maklakov tonometry is applied alone, reaching the level of 7,557,679,411 KZT (16,562,598.7 USD) in 2023, assuming 100% coverage of the eligible population. Since air-puff tonometry is reimbursed at a lower rate, the application of air-puff tonometry alone results in lower costs. However, it would be more realistic to propose that Maklakov tonometry is applied along with air-puff tonometry, with not more than 50% of the eligible population screened.
The incidence of glaucoma more than doubled during the period 2000–2022. The overall annual incidence of glaucoma was 59.1 per 100,000 in 2000 and increased to 135.5 per 100,000 in 2022, with an average annual growth rate of 4.89% (95% CI: 4.03–5.76). The incidence rate of glaucoma in urban populations exceeded that in rural populations, ranging between 73.6 per 100,000 population in 2000 and 150.7 in 2022, with an average annual growth rate of 4.75% (95% CI: 3.82–5.70). The rising incidence of glaucoma reflects the increasing number of people aged 50 years and older. The overall number of people ≥ 50 years of age increased from 2,706,337 in 2000 to 4,538,904 in 2022, with an average annual growth rate of 2.46% (95% CI: 2.34–2.57). The rural population experienced a steadier increase than the urban population, with average annual growth rates of 2.75% (95% CI: 2.50-3.00) and 2.26% (95% CI: 1.98–2.54), respectively (Fig. 2).
Figure 3 illustrates the average incidence rates of glaucoma across different provinces of Kazakhstan for the periods 2000–2009 and 2010–2022. The pattern of glaucoma incidence was consistent across different provinces. For instance, Aktobe province had one of the highest average glaucoma incidences among all provinces, with rates of 79.43 per 100,000 population during 2000–2009 and 119.71 during 2010–2022. Similarly, Kyzylorda province exhibited one of the highest average incidences of glaucoma, with rates of 68.34 per 100,000 during 2000–2009 and the highest rate of 205.38 during 2010–2022. Conversely, the lowest average incidence rate of glaucoma was observed in Almaty province, with rates of 41.1 per 100,000 population during 2000–2009 and 69.45  during  2010–2022.
Glaucoma will not lose its significance in the next few years, as forecast modeling has shown that its incidence will continue to grow. It is expected to reach 144.3 (95% CI: 106.2–182.3) per 100,000 in 2026 and 154.5 (95% CI: 80.0–229.0) in 2030. The projected growth of the population aged 50 years and older will be even more consistent, with the number of such individuals estimated to be 5,160,906 people (95% CI: 4,874,569–5,447,243) in 2026 and 5,792,905 people (95% CI: 5,120,533–6,465,277) in 2030 (Table 3). Figure 4 serves as an illustration of Table 3 and depicts the observed and projected incidence rates of glaucoma and the population ≥ 50 years by 2030.
	Stages of screening program
	Medical personnel involved
	Target population
	Screening procedures
	Source of funding

	Before 2010
(The USSR MoH* or der issued in 19767)
	
	

	First stage,
	Nurse
	All individuals older than 40 years are advised to undergo screenings every three years.
	IOP** measurement using Maklakov tonometry.
	State 
budget

	Second stage
	Community ophthalmologist
	
	Consultation of an ophthalmologist in case of detected IOP elevation.
	

	Third stage
	Hospital ophthalmologist
	
	The final decision regarding the presence, staging, and treatment of glaucoma was made either during hospitalization in the inpatient ophthalmology department or through examination at the glaucoma clinic.
	

	2010–2020
(The Kazakhstan Mo H order issued in 200 98)
	
	

	First stage
	Nurse
	All individuals between the ages of 40 and 70 are advised to undergo biennial screenings.
	1. Interviewing a patient.
2. IOP measurement using Maklakov tonometry or an air-puff tonometry.
3. Referral of a patient to an ophthalmologist in case of elevated IOP (over 25 mm Hg with Maklakov tonometry and over 20 mm Hg with air-puff tonometry). This referral is also necessary if there is a difference in IOP between the right and left eyes exceeding 5 mm Hg.
	State 
budget

	Second stage
	Community ophthalmologist
	
	Examination by an ophthalmologist in case of detected IOP elevation to determine the presence, staging, and treatment of glaucoma.
	

	2020- present
(The Kazakhstan Mo H order issued in 202 09)
	
	

	First stage
	Nurse
	1. All individuals between the ages of 30 and 70 are advised to undergo biennial screenings.
2. Rural dwellers between the ages of 18 and 29 are advised to undergo annual screening.
	IOP measurement using Maklakov tonometry or an air-puff tonometry.
	State budget / Health 
Insurance 
Fund

	Second stage
	Community ophthalmologist
	
	Examination by an ophthalmologist in case of detected IOP elevation to determine the presence, staging, and treatment of glaucoma.
	


Table 1. Evolution of glaucoma screening program in Kazakhstan. *USSR MoH—Union Soviet Socialist Republics Ministry of Health. **IOP—intraocular pressure.

	Item
	Year

	
	2018
	2019
	2020
	2021
	2022
	2023

	Cost of Maklakov tonometry, KZT*
	One eye
	517.17
	562.07
	675.91
	733.48
	813.08
	902.4

	
	Two eyes
	1034.34
	1124.14
	1351.82
	1466.96
	1626.16
	1804.8

	Cost of air-puff tonometry, KZT
	One eye
	281.8
	326.7
	414.15
	471.72
	551.32
	640.64

	
	Two eyes
	563.6
	653.4
	828.3
	943.44
	1102.64
	1281.28

	The number of individu als to be 
	
	
	
	
	
	

	screened, as determined  by the acting MoH∞  order
	1,607,087
	1,636,849
	1,673,552
	4,195,843
	4,190,824
	4,187,544

	USD⁰ to KZT conversio n rate
	344.71
	382.75
	412.95
	426.03
	460.48
	456.31

	Annual screening costs if Maklakov tonometry 
is performed alone, 
KZT (USD)
	100% coverage
	1,662,273,850
(4,822,238.55)
	1,840,046,873
(4,807,437.94)
	2,262,340,389
(5,478,485.02)
	6,155,133,847
(14,447,653.56)
	6,814,949,543
(14,799,664.57)
	7,557,679,411
(16,562,598.7)

	
	75% coverage
	1,246,705,387.81
(3,616,678.91)
	1,380,035,154.59
(3,605,578.46)
	1,696,755,291.55
(4,108,863.76)
	4,616,350,385.46
(10,835,740.17)
	5,111,212,157.07
(11,099,748.43)
	5,668,259,558.40
(12,421,949.02)

	
	50% coverage
	831,136,925.21
(2,411,119.27)
	920,023,436.40
(2,403,718.97)
	1,131,170,194.37
(2,739,242.51)
	3,077,566,923.64
(7,223,826.78)
	3,407,474,771.38
(7,399,832.29)
	3,778,839,705.60
(8,281,299.35)

	
	25% coverage
	415,568,462.60
(1,205,559.64)
	460,011,718.20
(1,201,859.49)
	565,585,097.18
(1,369,621.25)
	1,538,783,461.82
(3,611,913.39)
	1,703,737,385.69
(3,699,916.14)
	1,889,419,852.80
(4,140,649.67)

	Annual screening costs if air-puff tonometry is 
performed alone, KZT 
(USD)
	100% coverage
	905,753,951.4
(2,627,582.46)
	1,069,516,810
(2,794,296.04)
	1,386,202,707
(3,356,829.42)
	3,958,526,120
(9,291,660.49)
	4,620,969,624
(10,035,114.72)
	5,365,416,376
(11,758,270.42)

	
	75% coverage
	679,315,463.6
(1,970,686.85)
	802,137,607.4
(2,095,722.03)
	1,039,652,031
(2,517,622.06)
	2,968,894,590
(6,968,745.37)
	3,465,727,218
(7,526,336.04)
	4,024,062,282
(8,818,702.82)

	
	50% coverage
	452,876,975.7
(1,313,791.23)
	534,758,405
(1,397,148.02)
	693,101,353.7
(1,678,414.71)
	1,979,263,060
(4,645,830.25)
	2,310,484,812
(5,017,557.36)
	2,682,708,188
(5,879,135.21)

	
	25% coverage
	226,438,487.9
(656,895.62)
	267,379,202.5
(698,574.01)
	346,550,676.9
(839,207.35)
	989,631,530
(2,322,915.12)
	1,155,242,406
(2,508,778.68)
	1,341,354,094
(2,939,567.61)

	Annual screening costs if Maklakov tonometry is performed in combination with air-puff tonometry 
(50%/50%), KZT 
(USD)
	100% coverage
	1,284,013,901
(3,724,910.507)
	1,454,781,841
(3,800,866.992)
	1,824,271,548
(4,417,657.218)
	5,056,829,984
(11,869,657.03)
	5,717,959,583
(12,417,389.64)
	6,461,547,894
(14,160,434.56)

	
	75% coverage
	963,010,425.7
(2,793,682.88)
	1,091,086,381
(2,850,650.24)
	1,368,203,661
(3,313,242.91)
	3,792,622,488
(8,902,242.77)
	4,288,469,688
(9,313,042.23)
	4,846,160,920
(10,620,325.92)

	
	50% coverage
	642,006,950.5
(1,862,455.25)
	727,390,920.7
(1,900,433.5)
	912,135,774
(2,208,828.61)
	2,528,414,992
(5,934,828.51)
	2,858,979,792
(6,208,694.82)
	3,230,773,947
(7,080,217.28)

	
	25% coverage
	321,003,475.2
(931,227.63)
	363,695,460.3
(950,216.75)
	456,067,887
(1,104,414.30)
	1,264,207,496
(2,967,414.26)
	1,429,489,896
(3,104,347.41)
	1,615,386,973
(3,540,108.64)


Table 2. Budget impact analysis of glaucoma screening program, 2018–2023. *KZT—Kazakhstani Tenge. ∞MoH—Ministry of Health. ⁰USD— United States Dollar.

Discussion
This study aimed to analyze the national glaucoma screening program in Kazakhstan from 2000 to 2022. The current program is largely a legacy of the Soviet glaucoma screening, with tonometry serving as the main screening instrument. The latest amendments introduced in 2020 expanded the age range of the target population from 40 to 30 years for the general population and included screening for individuals aged 18 to 29 years in rural areas. The budget allocated for glaucoma screening is not specified in official documents, as glaucoma screening is embedded in the routine activities of healthcare facilities, which perform tonometry tests along with other ophthalmic procedures, applying for reimbursement from the state budget or health insurance fund. The incidence of glaucoma increased during the study period, reflecting the aging population, particularly those aged 50 years and older. There was a disparity in incidence rates between residents of urban and rural areas, as well as among residents of different provinces. It is anticipated that the incidence of glaucoma will continue to rise along with the increasing number of individuals aged 50 years and older. Therefore, the findings of this study warrant further discussion and examination.
Opportunistic glaucoma screening is widespread globally, while systematic screening is conducted in a limited number of countries5. The US Preventive Services Task Force discourages systematic glaucoma screening due to its low prevalence in the general population and the high associated costs of screening tests in primary care settings, which often yield false positives requiring further examinations and treatment16,17. However, opportunistic screening is recommended for at-risk populations, including individuals with diabetes mellitus (DM), a family history of glaucoma, and those of Black or Hispanic descent over 50 or 65 years old, respectively4. At the same time, the American Academy of Ophthalmology recommends screening for glaucoma and other eye diseases for individuals aged 40 years and older, with those who have DM, arterial hypertension, or a family history of eye disease needing to be screened earlier18. In the United Kingdom, systematic glaucoma screening is not implemented. Similar to the US, opportunistic screening is offered to individuals with a family history of glaucoma, diagnosed DM, and those over 60 years old19.
Traditionally, screening tests for POAG rely on one of three approaches: IOP measurement, visual field assessment, optic disc imaging, or a combination of these methods. Perimetry-based technologies have been evaluated in community settings, resulting in varying sensitivity and specificity. In a study by Dabasia et al., Frequency Doubling Technology for glaucoma suspects resulted in 62.1% sensitivity and 80.5% specificity, while for definitive POAG, sensitivity was 88.5% and specificity was 79.1%. Another perimetry technique, the (in thousands) (B)  from 2000 to  2022.Fig. 2
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Moorfield Motion Displacement Test, resulted in 51.1% sensitivity and 82.8% specificity for glaucoma suspects, and 65.4% sensitivity and 81.2% specificity for definitive glaucoma20.
The study by Dabasia et al. also showed that IOP measurement resulted in lower sensitivity (26.9%) but higher specificity (87.9%) for definitive glaucoma, with a cut-off range of referral > 21.0 mm Hg scale20. Another IOPbased screening study reported similar sensitivity and specificity for cut-off points of > 21 mmHg, with values of 24.1% and 88.6%, respectively, for combined glaucoma suspects and definitive glaucomas21. Air-puff tonometry, which is used in Kazakhstan along with Maklakov tonometry (Maklakov tonometry belongs to applanation tonometry, while air-puff tonometry is not), shows controversy when compared with applanation tonometry. Certain studies demonstrated good agreement between these methods22, while other studies demonstrated discordance23. Therefore, the value of air-puff tonometry as a standalone method of glaucoma screening requires further investigation before it is broadly implemented as a screening instrument.
Regarding the potential of optic disc imaging as a screening test, the study by Dabasia et al. also evaluated various optical coherence tomography (OCT)-based approaches to detect glaucoma in a community setting. OCT of the ganglion cell complex (GCC), focusing on focal loss of volume, demonstrated 73.1% sensitivity and 90.3% specificity for definitive glaucoma. OCT GCC focusing on global loss of volume resulted in 46.2% sensitivity and 97.9% specificity. Additionally, OCT of retinal nerve fiber layer thickness in the inferior quadrant yielded 76.9% sensitivity and 95% specificity for definitive glaucoma20. However, there is currently no consensus on the most effective combination of tests for POAG screening, nor on the appropriate cut-off levels for these screening tests. Given the variation in performance statistics across different studies, there is no international agreement on which screening test or combination of tests could be considered simple, safe, and precise for POAG19.
Another promising approach to screening for POAG involves the use of artificial intelligence (AI)-based optic disc imaging technologies, which have recently emerged as transformative tools in glaucoma detection. Sharma et al. reported the development of an AI-based glaucoma screening (AI-GS) system comprising six lightweight deep learning models capable of analyzing fundus images for early glaucomatous changes, such as optic disc cupping, hemorrhages, and retinal nerve fiber layer defects. In controlled settings, the AI-GS system demonstrated a sensitivity of 93.52% at a specificity of 95%. However, its performance in real-world clinical environments declined, with sensitivity dropping to 80.53% and specificity to 91.12%24. Despite its potential, the implementation of AI-assisted screening faces several challenges, including variability in image quality, differences in patient demographics, and the requirement for large, diverse datasets to ensure the generalizability and robustness of AI algorithms.
Fig. 3
.
 
Average incidence rates of glaucoma per 100,000 population in the provinces of Kazakhstan for the 
 

periods 2000–2009 (A) and 2010–2022 (B).

	Parameter
	Year
	
	Model parameters

	
	2026
Rate (95% CI*)
	2030
Rate (95% CI*)
	Type of model
	Alpha (level)

	
	
	
	
	t
	P- value

	Glaucoma incidence per 100,000 population
	144.3
(106.2; 182.3)
	154.5
(80.0; 229.0)
	Brown
	5.081
	< 0.001

	Number of population aged 50 years and older
	5,160,906
(4,874,569; 5,447,243)
	5,792,905
(5,120,533; 6,465,277)
	Brown
	5.151
	< 0.001


Table 3. The projected incidence rates of glaucoma and number of individuals aged 50 years and older in 
Kazakhstan for the years 2026 and 2030, accompanied by 95% confidence intervals. *95% CI—95% Confidence Interval

years and older (B)  in Kazakhstan until  2030.Fig. 4
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In the case of PACG, limbal anterior chamber depth (LACD) measurement (also referred to as the Van Herick method) is often considered an appropriate screening test. The proposed cutoff is an LACD of ≤ 25% corneal thickness, and gonioscopy is the gold standard to confirm angle closure25. The Cochrane review calculated the pooled sensitivity of LACD ≤ 25%, which equaled 83%, and the pooled specificity, which equaled 88%26. As for alternative screening tests, the oblique flashlight test (OFT), Scheimpflug photography (measurement of ACD in the central zone), scanning peripheral anterior chamber depth (SPACD) analyzer, and anterior segment OCT could be used for identifying individuals with occludable angles27. The same Cochrane review provided the pooled sensitivity and specificity for all of these screening tests, which equaled 51% and 92%, respectively, for OFT; 83% and 78%, respectively, for SPACD; 92% and 86%, respectively, for Scheimpflug photography; and 85% and 71%, respectively, for anterior segment OCT26.
The epidemiology of glaucoma in Kazakhstan is understudied, with a limited number of studies available. A study reporting the results of systematic glaucoma screening of individuals aged 40 years and older found that the prevalence of definitive glaucoma constituted 2.63% (452 cases out of 17,183 screened)28. Unfortunately, the study did not provide disaggregation by glaucoma type, i.e., POAG vs. PACG. Meanwhile, the population of Kazakhstan may have a higher prevalence of PACG, as the bulk of the population is composed of Kazakhs, who belong to a Turkic ethnic group, and there is an indication that the prevalence of PACG in this population is higher than in other ethnic groups15. Another study on the performance of the glaucoma screening program in Kazakhstan for the period 2009–2016 confirmed its suboptimal performance, as the incidence rates of definitive glaucoma were at least two times lower than the pooled global incidence rates for each of the age groups under study29.
This study illustrates the transition in glaucoma screening approaches in Kazakhstan from 2000 to 2022, including changes in screening indications, frequency, diagnostic methods, and the role of various ophthalmology workforce members. A major shift observed was the move from a historically Soviet-style (Semashko) model to a more decentralized approach. Under the early post-independence healthcare structure, Kazakhstan retained many features of the Semashko model, including an over-reliance on hospital-based services6, which directly impacted glaucoma management practices. At that time, community ophthalmologists primarily identified suspected glaucoma cases, while final decisions regarding diagnosis, staging, and treatment were made following admission to inpatient ophthalmology departments30. The transition away from the Semashko model was marked by a reduction in inpatient ophthalmology beds and a decrease in the number of hospital-based ophthalmologists. Consequently, many hospital ophthalmologists shifted to community practice. This change was institutionalized in the 2009 MoH order, which reassigned the responsibility for glaucoma diagnosis and treatment decisions to community ophthalmologists, while hospital-based specialists primarily focused on performing glaucoma surgeries8.
Although data on the preferred mode of tonometry for glaucoma screening in Kazakhstan are lacking, the widespread availability of air-puff tonometers in ophthalmology clinics30 suggests that screening is likely predominantly conducted using air-puff tonometry. Similarly, no official data exist regarding the actual screening coverage of the target population. However, given that a significant proportion of glaucoma patients are diagnosed at advanced or far-advanced stages29, it is reasonable to infer that current screening coverage is suboptimal and is likely to constitute 50% or even 25% from the target population.
The evaluation of the budget associated with the provision of glaucoma screening highlighted several issues. Since line-item budgeting is not implemented within the Kazakhstani healthcare system, control and accountability over expenditures are limited, and the transparency of fund distribution is not assured31. Consequently, the true costs associated with glaucoma screening remain unknown, and the issue of nontransparent allocation of public healthcare funds has become a topic of debate32. Additionally, as glaucoma screening is provided free of charge and considering the limited healthcare resources, there is potential for policy changes.
Recommendations to improve glaucoma screening practices in Kazakhstan
Based on the findings of this study, several recommendations can be made to improve the national glaucoma screening program in Kazakhstan. First, existing screening policies should be critically revised. For example, the 2020 policy mandates annual screenings for rural adults aged 18–29 years, despite a lack of evidence-based justification. Given the low prevalence of glaucoma in this age group and the constraints of limited healthcare resources, this provision appears inefficient. A more cost-effective and clinically appropriate strategy may involve screening high-risk populations every 2–3 years33.
Second, the current reliance on tonometry as the sole screening method should be reconsidered. Normaltension primary open-angle glaucoma constitutes up to 80% of POAG cases in certain populations34, making tonometry alone insufficient for reliable detection. In addition, considering that the majority of Kazakhstan’s population consists of ethnic Kazakhs—who are at higher risk for PACG—the inclusion of anterior chamber depth assessments, such as LACD measurement, may represent a more suitable screening approach25. For earlier detection of POAG, incorporating optic disc imaging into screening protocols should also be considered18. Moreover, transitioning from systematic to opportunistic screening for individuals at increased risk may provide a more pragmatic and resource-sensitive alternative35,36.
To ensure that screening policies are evidence-based and aligned with available resources, national or regional population-based prevalence studies are crucial to accurately assess the burden of glaucoma, with disaggregation by age group. This will facilitate a more comprehensive understanding of glaucoma incidence across different age strata. Also, further research is needed to evaluate the effectiveness of the national screening program, including assessments of its clinical outcomes, economic efficiency, and overall value to the population.
Study limitations
This study has both strengths and limitations. To the best of our knowledge, it is the first to provide an in-depth analysis of the national glaucoma screening program in Kazakhstan from its inception to the present. A major limitation lies in the aggregated nature of the available data, which is disaggregated only by place of residence (urban vs. rural). Unfortunately, data on glaucoma incidence across different age strata are lacking due to the limitations inherent in official statistical compilations. Furthermore, the exact costs associated with glaucoma screening could not be determined, as specific budget allocations for this purpose are absent. The number of individuals screened annually is also not reported, which limits the precision of cost estimates and necessitates the use of broad approximations. Additionally, the forecasting analysis is subject to its own limitations, as such models depend on historical data and assume that past trends will persist under similar conditions. These assumptions may not hold in dynamic healthcare systems, where changes in policy, demographic shifts, or technological advancements can significantly affect disease incidence and screening practices. Therefore, further research is needed to more accurately assess the effectiveness and cost-efficiency of the national glaucoma screening program in Kazakhstan.
Data availability
The data used and analyzed during the current study are available from the corresponding author upon reasonable request from the corresponding author.
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Associations between medical education reforms and trends in the ophthalmology workforce and cataract surgery performance in Kazakhstan
Yuliya Semenova1*, Malika Urazhanova2, Temirgali Aimyshev1 and Abduzhappar Gaipov1 
5. Abstract 
Background In 2008, Kazakhstan introduced a structured ophthalmology residency program. Between 2008 and 2020, two parallel training pathways coexisted: a three-year residency program and short-term ophthalmology training courses lasting up to six months. After 2020, only the residency program remained in place. This study aims to examine the associations between these medical education reforms and the observed trends in the absolute numbers and per million population (PMP) rates of ophthalmologists in Kazakhstan from 1998 to 2022. Furthermore, it explores temporal patterns in cataract surgery performance by ophthalmologists across the country.
Methods Interrupted Time Series (ITS) analysis using ARIMA models was conducted to examine the associations between medical education reforms and the number and PMP rates of ophthalmologists in Kazakhstan, as well as their performance in conducting cataract surgeries.
Results Throughout the study period, the PMP rates of ophthalmologists ranged from 59.73 to 90.48, demonstrating an overall upward trend. The ITS model identified a statistically significant negative level change in both the number and PMP rates of rural ophthalmologists at the time of the residency program’s introduction in 2008, whereas no statistically significant association was observed for urban ophthalmologists. The discontinuation of short-term training courses exerted a minor, statistically insignificant negative effect on the numbers and PMP rates of ophthalmologists. The number of cataract surgeries performed varied between 9,550 and 19,018, corresponding to a cataract surgical rate ranging from 639.72 to 1,067.88, with marked regional disparities.
Conclusion This evaluation provides exploratory evidence on how medical education reforms may be associated with temporal changes in the ophthalmology workforce and cataract surgery performance, and can inform future policy discussions on ophthalmology training and service provision in Kazakhstan.
Keywords Ophthalmologist, Residency training, Cataract surgery, Cataract surgical rate, Interrupted time series analysis, Kazakhstan
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Introduction

Yuliya Semenova Ophthalmologists play a vital role in the healthcare sysyuliya.semenova@nu.edu.kz1	tem, specializing in the diagnosis, treatment, and man-
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of Kazakhstan   agement of diseases and disorders affecting the eyes and 
2 Department of Public Health, JSC “Semey Medical University”, Semey, visual system. Their expertise extends beyond routine eye 
Republic of Kazakhstan examinations to encompass a wide range of conditions, 
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including refractive errors, glaucoma, cataracts, macular degeneration, and diabetic retinopathy, among others [1]. A key component of their work is the prevention and treatment of avoidable blindness, with cataracts being the leading cause worldwide. Cataract surgery—the most frequently performed ophthalmic procedure—is routinely carried out by ophthalmologists to restore vision and improve quality of life [2]. As the global population continues to age, the prevalence of eye diseases is expected to increase, further intensifying the demand for ophthalmology services [3].
International evidence suggests a shortage of ophthalmologists in many countries, with projections indicating that this shortage will continue to grow [4–6]. Addressing this shortfall is imperative to ensure equitable access to eye care services and to meet the growing healthcare needs of populations worldwide. The efforts to train more ophthalmologists are essential to mitigate the impact of this shortage and to uphold the provision of quality eye care services for all [3].
Ophthalmology training in Kazakhstan Kazakhstan, an upper-middle-income country situated in Central Asia, emerged in 1991 following the dissolution of the Soviet Union. The nation inherited the Soviet system for training health professionals, along with a network of medical schools throughout the country. Initially, specialization occurred at the bachelor level, with graduates primarily qualifying as internists or pediatricians. However, subsequent to gaining independence, Kazakhstan embarked on reforms in its medical education system [7].
A significant shift occurred at the bachelor’s level, where all health professionals were trained as general practitioners. Specialty training became available after the completion of bachelor training, with programs lasting up to six months for most medical specialties, until 2008. In 2008, the Ministry of Health (MoH) issued an order to establish residency programs across various medical specialties, including ophthalmology [8]. The inception of a three-year ophthalmology residency program represented a significant advancement in the training of ophthalmology professionals.
However, between 2008 and 2020, the country maintained the previous model of ophthalmology training, concurrently offering two types of training: the threeyear residency program and short-term training courses lasting up to six months. The latter option was restricted to medical school graduates who completed their studies before the introduction of the residency program. Subsequently, in 2020, the short-term specialty training was phased out, rendering the ophthalmology residency as the sole pathway for medical school graduates seeking to become ophthalmologists [9].
To date, there is a paucity of research examining the effects of higher medical education reforms on the size and distribution of the healthcare workforce in Kazakhstan [10]. A prevailing concern is that these reforms may have contributed to a reduced availability of medical professionals in rural areas. Furthermore, ongoing debates concern proposals to discontinue residency training for specialists intending to work in rural regions [11, 12]. This study aims to examine the associations between these medical education reforms and the observed trends in the numbers and per million population (PMP) rates of ophthalmologists in Kazakhstan from 1998 to 2022. In addition, the study investigates trends in cataract surgery performance by ophthalmologists, including various surgical subtypes. This evaluation is essential for informing policy decisions on the future direction of ophthalmology training and workforce planning, as well as on the provision of cataract surgical services in Kazakhstan.
6. Methods
This study applied a retrospective design using nationally representative data from 1998 to 2022 and comprised two components: analysis of workforce reforms and assessment of cataract surgery performance. The data were obtained from multiple official sources, with the primary dataset derived from annual statistical reports issued by the Ministry of Health (MoH) [13]. The secondary data source consisted of the Unified National Electronic Healthcare System (UNEHS), which serves as a comprehensive electronic registry documenting all patients treated within Kazakhstan’s healthcare system. Additional information regarding the utilization of these data sources for healthcare system analysis can be found elsewhere [14, 15]. As the data extracted from these sources were presented in absolute numbers, the demographic yearbooks issued by the Bureau of Statistics [16] were consulted to calculate PMP rates.
Study variables
The numbers of ophthalmologists and cataract surgeries served as the primary study variables. Data on the total number of ophthalmologists practicing in Kazakhstan were available and extracted for the period 1998–2022. The classification of ophthalmologists as urban or rural followed the official definitions provided in the annual statistical reports of the MoH [13], with corresponding data extracted for the period 2000–2022. These reports are compiled by the national and provincial branches of the Observatory of Human Healthcare Resources, which collect information on the headcounts of licensed healthcare professionals by specialty. As practicing without a license is prohibited in Kazakhstan, these data are considered an accurate representation of the number of ophthalmologists in the country and its provinces [17].
The total number of cataract surgeries performed annually in Kazakhstan was obtained from the MoH statistical reports [13] for the period 1998–2022. As these reports do not disaggregate data by cataract surgery subtype, supplementary information was extracted from the UNEHS. The data on surgeries for intumescent cataracts were available for 2014–2021, while data on surgeries for posterior capsule opacification and pediatric cataracts were available for 2020–2021. To retrieve these data, a combination of disease and procedural codes was applied [18]. The specific codes used for each cataract surgery subtype are provided in Additional File 1. Study formulas
The PMP rate of ophthalmologists was calculated using the formula below [3]. For urban PMP rates, the number of ophthalmologists practicing in urban areas was used as the numerator and the urban population as the denominator. Similarly, for rural PMP rates, the number of ophthalmologists practicing in rural areas was used as the numerator and the rural population as the denominator.
Per million population rate of ophthalmologists
= number of ophthalmologists / midyear number of population * 1,000,000
The cataract surgical rate (CSR) [19] was calculated using the following formula:
Cataract surgical rate = total number of cataract surgeries per year / midyear total population ∗ 1, 000, 000
Concurrently, the number of cataract surgeries per ophthalmologist was calculated as follows:
Numberof cataract surgeries per ophthalmologist
= total number of cataract surgeries performed annually / totalnumber of ophthalmologists practicing in a given yeara
The mean change associated with the intervention (introduction of the residency program and discontinuation of short-term training courses) was calculated using the following formula:
Meanchange = mean value after the intervention −mean value before the intervention
The mean change related to the pre-intervention period was expressed as a percentage and calculated using the following formula:
Meanchange related to pre - intervention period
= mean change-mean before intervention[image: ]
Statistical analysis
IBM SPSS Statistics version 24.0 was used to perform a series of time-series analyses. The average annual percent change (AAPC) and its 95% confidence interval (95% CI) were computed to quantify temporal trends. An interrupted time series (ITS) analysis was then applied to explore the association of two key policy changes – the introduction of the residency program in 2008 and the discontinuation of short-term training courses in 2020 – with variations in the numbers and PMP rates of ophthalmologists and cataract surgeries performed.
The pre-intervention stability of the time series was first assessed for the period 1998–2007 as an initial step of the ITS analysis. The residual autocorrelation was assessed via examination of ACF/PACF plots for the presets of significant spikes extending beyond the 95% CI, as well as via Ljung–Box Q tests. Subsequently, the ITS was executed with the variables corresponding to the interventions were categorized as ’events,’ and the model was adjusted based on parameters identified by the best-fit model. The percentage point change (PPC) was extracted to quantify the impact of each intervention; it represents the absolute change in the outcome variable (numerical counts or PMP rates) immediately following the intervention, as estimated by the ITS model.
To forecast future trends in the numbers of ophthalmologists, cataract surgeries, and the population aged 60 years and older – the age group at which cataract prevalence typically increases [20] – the Expert Modeler procedure in SPSS was applied to automatically identify the optimal model for each time series. The corresponding values were then extrapolated through 2030.
For visual representation of the mean numbers and PMP rates of ophthalmologists, surgeries for intumescent cataracts, posterior capsule opacification, and pediatric cataracts, maps of Kazakhstan were generated using QGIS 3.26 "Buenos Aires" software. Bivariate Pearson correlation analysis was conducted using SPSS version 24.0 to assess correlations between the mean number of ophthalmologists and the mean number of surgeries for intumescent cataracts, posterior capsule opacification, and pediatric cataracts. The ’r’ coefficient along with its p-value was extracted. Model sensitivity and robustness check
To improve the stability and interpretability of the ITS estimates, a sensitivity analysis was conducted. First, the analysis was repeated after excluding the two pandemic years (2020–2021), and the model was re-estimated. 
Second, an alternative specification was tested by designating 2007 and 2009 as pseudo-intervention years. A robustness check against model specification was carried out by running a segmented regression to test whether the overall conclusions about level and slope changes were robust to the modeling approach. This was executed by defining the intervention as a binary variable indicating the period before and after the introduction of residency training (2008), and by creating a “time after intervention” variable to capture changes in slope following the intervention. The outcome variables – the number and PMP rates of all categories of ophthalmologists – were regressed on time, the intervention indicator, and the post-intervention time variable using standard linear regression. The coefficients for the intervention and post-intervention time were then compared with the ITS estimates to evaluate consistency in the direction and magnitude of the observed effects.
All tests were considered significant at p = 0.05.
Ethics statement
Before the study beginning, the Ethics Committee of Semey Medical University reviewed the study protocol and waived the requirement for informed consent (Minutes of the meeting #2a dated November 14, 2022).
Results Workforce reforms
According to Fig. 1, the majority of the ophthalmology workforce in Kazakhstan is concentrated in urban areas. During the study period, both the total number of ophthalmologists and the number of urban ophthalmologists demonstrated an upward trend, with an AAPC rate of 2.37% (95% CI 2.04; 2.70) and 2.40% (95% CI 2.01; 2.79), respectively. Concurrently, the PMP rates of total ophthalmologists and urban ophthalmologists exhibited an increasing trajectory, with an AAPC rates of 1.14% (95% CI 0.77; 1.51) and 0.91% (95% CI 0.48; 1.33), respectively. Notably, the numbers and PMP rates of rural ophthalmologists also experienced growth, with an AAPC rates of 2.13% (95% CI 1.35; 2.92) and 0.91% (95% CI 0.48; 1.33), respectively.
During the period 1998–2022, the total number of ophthalmologists in Kazakhstan ranged between 909 (in 1998) and 1610 (in 2016), while the number of urban ophthalmologists varied between 789 (in 2000) and 1454 (in 2016). Similarly, the number of rural ophthalmologists ranged from 100 (in 2000) to 160 (in 2018). When comparing the means before and after the introduction of the residency program, a positive difference was observed for both the numbers and PMP rates across all categories of ophthalmologists. However, when comparing the means before and after the discontinuation of short-term training courses, a positive difference was observed for the total number of ophthalmologists and the number of urban ophthalmologists, as well as their respective PMP rates, whereas a negative difference was noted for the mean PMP rates of rural ophthalmologists (Table 1).
Table 2 presents the ITS analysis using ARIMA models, which indicated that the discontinuation of short-term training courses showed a negative association with both the numbers and PMP rates of all categories of ophthalmologists. However, no statistically significant effect was detected, as evidenced by the low stationary R-squared value. In contrast, the introduction of the ophthalmology residency program was statistically associated with a negative level shift in both the number and PMP rates of rural ophthalmologists (PPC − 43.17% for numbers and − 6.11% for PMP), indicating that observed values around 2008 were lower than would have been expected from the pre-intervention trend alone, while not implying a reversal of the overall upward trajectory.
Sensitivity analyses provided additional insights. When 2009 was designated as the event year, a statistically insignificant negative level shift was observed in both the numbers and PMP rates of all categories of ophthalmologists. In contrast, designating 2007 as the event year produced a negative level shift for total and urban ophthalmologists but a positive – yet still statistically insignificant – level shift for rural ophthalmologists. The sensitivity analysis performed after excluding the pandemic 
years (2020–2021) yielded slightly different patterns. The discontinuation of short-term training courses continued to demonstrate a negative association with the PMP rates across all categories of ophthalmologists, but not with their numbers, and this effect remained statistically insignificant. Among rural ophthalmologists, the introduction of the residency program continued to demonstrate a negative level change in both the numbers and PMP rates around 2008.
The model robustness check via segmented regression analysis indicated a small but statistically significant immediate change in both the numbers and PMP rates of rural ophthalmologists at the time of residency program introduction, while the post-intervention trend was negative but not statistically significant. This implies that although there may have been a short-term effect associated with the intervention, the long-term trends in rural ophthalmologist supply were not substantially altered.
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Fig. 1 The number (A) and per million population rates (B) of ophthalmologists, 1998–2022. The gray dashed lines show two interventions: 
introduction of residency program in 2008 and discontinuation of short-term training courses in 2020



Throughout 1998–2022, the number of cataract surgeries performed in Kazakhstan showed an upward trend, with an AAPC of 2.20% (95% CI 1.20, 3.21). The mean change relative to the pre-intervention period was 42.55% following the introduction of the residency program and 6.61% after the discontinuation of short-term training courses. In contrast, the CSR increased more modestly, with an AAPC of 0.96% (95% CI –0.01, 1.95). The mean change compared with the pre-intervention period was 22.23% for the residency program introduction but negative (–9.04%) for the discontinuation of short-term training courses. The number of cataract surgeries performed per ophthalmologist exhibited a slight overall decline, with an AAPC of –0.17% (95% CI –0.98, 0.65). The mean change relative to the pre-intervention period was 2.84% for the residency program introduction and –11.20% for the discontinuation of short-term training courses (Table 3).
Cataract surgical rate and system performance Figure 2 illustrates the distribution of PMP rates of ophthalmologists and CSRs for different cataract surgery subtypes across the provinces of Kazakhstan. A weak and statistically insignificant correlation was observed between the mean number of ophthalmologists and surgeries for intumescent cataract (r = 0.275, p = 0.286). In contrast, a strong and statistically significant correlation emerged between the mean number of ophthalmologists and surgeries for posterior capsule opacification (r = 0.905, p < 0.001), as well as between the mean number of ophthalmologists and surgeries for pediatric cataract (r = 0.942, p < 0.001).
Forecast modeling of the total number of ophthalmologists through 2030 suggests a continued upward trend, whereas the number of cataract surgeries performed in Kazakhstan is expected to remain relatively stable. In contrast, the population aged 60 years and older is projected to increase substantially, outpacing the growth rate of the ophthalmology workforce. Specifically, the forecasted AAPC to 2030 is estimated at 5.77% (95% CI 5.43– 6.10%) for the population aged ≥ 60 years, compared with 
	

Table 1 Impact of two interventions – the introduction of the residency program in 2008 and the termination of short-term training courses in 2020 – on ophthalmologist numbers and per million population rates
	Ophthalmologists
	Mean before intervention
	Mean after intervention
	Mean change
	Mean change related to pre-intervention period, %

	Introduction of residency program
	
	
	
	

	 Number	Total Ophthalmologists
	1036.00
	1398.27
	362.27
	34.97

	Urban Ophthalmologists
	927.00
	1246.67
	319.67
	34.48

	Rural Ophthalmologists
	109.00
	149.60
	40.6
	37.25

	 Per million population rates	Total Ophthalmologists
	68.76
	79.60
	10.84
	15.76

	Urban Ophthalmologists
	109.16
	123.93
	14.77
	13.53

	Rural Ophthalmologists
Discontinuation of short-term training courses
	16.58
	19.97
	3.39
	20.45

	 Number	Total Ophthalmologists
	1243.75
	1462.33
	218.58
	17.57

	Urban Ophthalmologists
	1108.60
	1314.67
	206.07
	18.59

	Rural Ophthalmologists
	133.65
	147.67
	14.02
	10.49

	 Per million population rates	Total Ophthalmologists
	75.74
	76.45
	0.71
	0.94

	Urban Ophthalmologists
	118.79
	118.86
	0.07
	0.06

	Rural Ophthalmologists
	18.86
	18.31
	−0.55
	−2.92


Table 2 Interrupted time series analysis of associations between ophthalmologist numbers and per million population rates and the introduction of the residency program in 2008 and discontinuation of short-term training courses in 2020
	Model component
	
	Model
	Stationary R squared
	PPC* (95% CI**)
	P value

	Number of total ophthalmologists
	Introduction of residency program
	ARIMA (0.1.0)
	0.042
	63.36 (−68.95; 195.68)
	0.359

	
	Discontinuation of short-term training courses
	
	
	−11.64 (−143.95; 120.68)
	0.865

	Number of urban ophthalmologists
	Introduction of residency program
	ARIMA (0.1.0)
	0.050
	58.00 (−67.67; 183.67)
	0.377

	
	Discontinuation of short-term training courses
	
	
	−24.00 (−149.67; 101.67)
	0.712

	Number of rural ophthalmologists
	Introduction of residency program
	ARIMA (1.1.0)
	0.668
	−43.17 (−63.94, −22.41)
	0.001

	
	Discontinuation of short-term training courses
	
	
	−3.90 (−24.78, 16.97)
	0.719

	Per million population rate of total ophthalmologists
	Introduction of residency program Discontinuation of short-term training courses
	ARIMA (0.1.0)
	0.039
	3.55 (−4.40; 11.49)
−0.97 (−8.92; 6.98)
	0.392
0.813

	Per million population rate of urban ophthalmologists
	Introduction of residency program Discontinuation of short-term training courses
	ARIMA (0.1.0)
	0.049
	5.99 (−7.34; 19.33)
−2.77 (−16.10; 10.56)
	0.389
0.688

	Per million population rate of rural ophthalmologists
	Introduction of residency program
	ARIMA (1.1.0)
	0.660
	−6.11 (−9.19, −3.02)
	0.001

	
	Discontinuation of short-term training courses
	
	
	−0.06 (−3.14; 3.02)
	0.970





* PPC – Percentage point change
** 95%CI – 95% Confidence interval
1.55% (95% CI 1.52–1.57%) for the number of ophthalmologists (Fig. 3).
Table 4 shows that, in particular, there will be 1702 ophthalmologists (95% CI: 1325; 2028) in Kazakhstan in 2030, who will perform 15,905 cataract surgeries annually (95% CI: 5726; 26,084). Meanwhile, the number of individuals aged 60 years and older will increase to 3,995,900 (95% CI: 3,205,991; 4,777,474), highlighting the necessity for public health action to address the increasing demand for eye care services and ensure adequate provision of care.
	Table 3 Associations between two policy changes—the introduction of the residency program in 2008 and the discontinuation of short-term training courses in 2020—and the number of cataract surgeries, cataract surgical rate, and number of cataract surgeries per ophthalmologist
	Indicator
	Mean before intervention
	Mean after intervention
	Mean change
	Mean change related to pre-intervention period, %

	Introduction of residency program
	
	
	
	

	 Number of cataract surgeries
	10,670.60
	15,210.73
	4,510.13
	42.55

	 Cataract surgical rate
	709.07
	867.44
	158.37
	22.33

	 Number of cataract surgeries per ophthalmologist
Discontinuation of short-term training courses
	10.56
	10.86
	0.30
	2.84

	 Number of cataract surgeries
	13,289.23
	14,168.00
	878.77
	6.61

	 Cataract surgical rate
	812.91
	739.39
	-73.52
	-9.04

	 Number of cataract surgeries per ophthalmologist
	10.89
	9.67
	-1.22
	-11.20
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Fig. 2 Multipanel provincial maps displaying mean counts and corresponding per million population rates (in parentheses) of ophthalmologists (A), intumescent cataract surgeries (B), posterior capsule opacification surgeries (C), and pediatric cataract surgeries (D) in Kazakhstan. Cataract surgical rates for each subtype are expressed per million population per year. Consistent color scales and legends are applied across panels to ensure comparability between counts and rates. Shades of red–pink indicate provinces with lower mean counts or PMP rates, grey shades 


represent higher values, and white denotes intermediate levels
7. 
8. Discussion
This study aimed to evaluate the associations between higher medical education reforms and both the numbers and PMP rates of ophthalmologists in Kazakhstan from 
1998 to 2022. Additionally, the study examined ophthalmologists’ performance in conducting cataract surgeries, the most common ophthalmic surgical procedure. Overall, ophthalmologist PMP rates ranged from 59.73 to 90.48 and followed an upward trend, including in rural areas. The ITS analysis suggested a statistically significant negative level change in both the number and PMP rates of rural ophthalmologists at the time of residency introduction, against this background of overall growth, while no statistically significant association was detected for urban ophthalmologists and the effects of discontinuing short-term training courses were small and statistically non-significant. The total number of cataract surgeries performed by the country’s ophthalmologists ranged between 9,550 and 19,018, resulting in a CSR range from 639.72 to 1,067.88, with noticeable regional 
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Fig. 3 The observed and projected numbers of ophthalmologists (A), cataract surgeries (B), and population ≥ 60 years of age




Table 4 Projected numbers of ophthalmologists, cataract surgeries, and population aged 60 years and older for 2026 and 2030, with corresponding 95% confidence intervals
Number	Year	Model parameters
	
	
2026
Estimate (95% CI*)
	2030
Estimate (95% CI)
	Type of model
	Alpha (level)
	

	
	
	
	
	t
	P-value

	Ophthalmologists
	1603 (1336; 1870)
	1702 (1325 ;  2080)
	ARIMA (0.1.0)
	1.884
	0.072

	Cataract surgeries
	15,905 (8707; 23,103)
	15,905 (5726 ;  26,084)
	Simple
	5.141
	 < 0.001

	Population ≥ 60 years
	3,249,395
(2,948,071; 3,550,719)
	3,995,900
(3 ,205,991;  4,777,474)
	Brown
	7.739
	 < 0.001


* 95% CI – 95% Confidence Interv





variations. Furthermore, a strong significant correlation was observed between the mean number of ophthalmologists and surgeries for posterior capsule opacification as well as for pediatric cataract (r = 0.905, p < 0.001 and r = 0.942, p < 0.001, respectively). Forecast modeling projections until 2030 suggest an anticipated increase in the number of ophthalmologists; however, this growth is overshadowed by the more substantial projected increase in the population aged over 60 years. This projection implies a likely shortage of ophthalmology professionals in the future. Workforce reforms
Kazakhstan has made substantial efforts to reform its medical education system, aligning it with international standards. A major milestone in this process was the introduction of residency programs in 2008 [8]. Prior to this reform, specialty training lasted four months for internal medicine subspecialties and five months for surgical subspecialties, including ophthalmology [21]. The transition to a three-year ophthalmology residency program raised concerns regarding its potential impact on the availability of medical professionals, particularly in rural areas [11, 12]. Several mechanisms may explain how residency introduction could reduce rural staffing. First, in Kazakhstan residency training is concentrated in urban centers [8], which promotes the settlement and long-term retention of early-career medical professionals in cities. Second, although rural areas continue to face numerous vacancies and offer incentive schemes to attract new graduates, there are no effective measures in place to retain trained professionals once they begin practice [22]. As a result, ophthalmologists often relocate to urban areas, where working and living conditions are more favorable and healthcare facilities are better equipped.
At first glance, our findings appear consistent with concerns that rural staffing may have deteriorated following the introduction of residency training [11, 12], as the ITS analysis detected a statistically significant negative level change in the number and PMP rates of rural ophthalmologists at the time of residency program introduction. However, the sensitivity analyses indicate that the associations observed in the primary ITS model are unstable and vary depending on how the intervention year is defined or which years are included in the dataset. The robustness check revealed that the observed immediate effect on rural ophthalmologist numbers and PMP rates was small and that the post-intervention trend did not show a consistent pattern. These inconsistencies suggest that the associations between the reforms and workforce indicators estimated via ITS are sensitive to the model specification and should therefore be interpreted with caution.
Given these considerations, and the fact that the longterm trend in rural ophthalmologist supply remained upward, discontinuing residency training and replacing it with short-term training courses would not be advisable for graduates intending to serve in rural communities. Because rural populations often face a higher burden of ocular diseases, ensuring access to qualified ophthalmic care remains crucial [23]. Instead, sustained support through financial, personal, and professional incentives would likely be more effective in encouraging ophthalmologists to practice in rural settings [24].
Regarding the discontinuation of short-term training courses, the analysis indicated a negative level change in both the number and PMP rates of rural and urban ophthalmologists; however, this effect was not statistically significant. This negative trend may be partially explained by the timing of the policy change, which coincided with the onset of the COVID-19 pandemic. The pandemic created an acute shortage of healthcare professionals, as the surge in COVID-19 cases required the redeployment of many medical practitioners, including ophthalmologists, to COVID-19 hospitals [25]. This redistribution of the workforce likely contributed to the observed decline in the reported number of ophthalmologists. Cataract surgical rate and system performance Cataract surgery stands as the most prevalent ophthalmic surgical procedure, necessitating the expertise of trained ophthalmologists. Given that cataract remains the primary cause of blindness worldwide, and surgical intervention is its sole remedy [2], the CSR, denoting the annual number of cataract surgeries performed PMP, has been proposed as a crucial indicator of cataract services accessibility [19]. Global estimates from the International Agency for the Prevention of Blindness suggest a median CSR of 1406 PMP, with wealthier nations exhibiting higher CSR rates, reaching up to 6000 PMP [26]. However, our findings reveal that the mean CSR over the entire study period (1998–2022) was 804.09 PMP, a figure closer to rates observed in economically disadvantaged regions [26]. Remarkably, the CSR for intumescent cataracts was a mere 6.01 PMP, suggesting a potential underreporting of cataract surgery cases in Kazakhstan and indicating a possible absence of a backlog of unoperated cataracts. Although the primary source of information on cataract surgeries was official MoH statistics [13], underreporting by private providers is likely. In Kazakhstan, the private sector plays a substantial role in healthcare delivery; however, policy reviews highlight regulatory shortcomings and incomplete reporting of private-sector activities, particularly outside formal public–private partnership programs [27].
The PMP rate of ophthalmologists in Kazakhstan exceeded the estimated global average. According to the data from the International Council of Ophthalmology, in 2015 the global mean was 31.7 ophthalmologists PMP, with higher-income countries exhibiting greater workforce densities. For example, low-income countries reported an average of 3.7 ophthalmologists PMP, whereas high-income countries averaged 76.2 ophthalmologists PMP [3]. Our findings show that Kazakhstan more closely resembles higher-income nations, with a PMP rate of 82.14 ophthalmologists in 2015 – consistent with figures observed in high-income settings. However, substantial urban–rural disparities persist, as the number of ophthalmologists in urban areas exceeds that in rural areas by approximately five- to sixfold. Comparable trends have been documented for other medical specialties in Kazakhstan, where urban PMP rates are considerably higher than those in rural regions [22]. This pronounced urban concentration of the ophthalmology workforce aligns with global patterns of ophthalmologist distribution [3].
The high prevalence of ophthalmologists in Kazakhstan can be traced back to the legacy of the Soviet medical education system. This system was distinguished by a well-established network of medical schools throughout the country, which trained numerous medical professionals, leading to a workforce density comparable to that of developed nations [7]. It is important to note that this system did not include the profession of optometrist, which was only introduced in Kazakhstan in 2018 [28]. Consequently, refraction services are predominantly provided by ophthalmologists [29]. This context suggests that the comparatively high PMP rates of ophthalmologists may not fully reflect the availability of specialized ophthalmic care [30]. Moreover, forecast modeling indicates that the population aged 60 years and older – an age group with a higher prevalence of ophthalmic conditions [31] – is expected to grow more rapidly than the ophthalmology workforce. If these trends persist, Kazakhstan may face increasing pressure on ophthalmic service capacity in the coming years. Study limitations
The main strength of this study lies in its status as the first investigation to assess the possible effects of higher medical education reforms on the number and PMP rates of ophthalmologists in Kazakhstan. In addition, it represents the first national- and provincial-level report on CSR, including data on subtypes such as intumescent cataract, posterior capsule opacification, and pediatric cataract.
A key limitation of the study is the aggregated nature of the data, which restricts the range of analyses that could be undertaken – particularly regarding the estimation of lagged effects related to the introduction of residency training and the discontinuation of short-term courses. Another limitation stems from the design of the ITS analysis, which does not demonstrate causality but rather identifies statistical associations consistent with potential intervention effects. Consequently, the observed temporal associations between the 2008 and 2020 reforms and changes in rural and urban ophthalmologist indicators cannot be interpreted as proof that these policies caused the observed patterns. The absence of data on annual resident intake and graduation, subsequent urban and rural placement, concurrent policy and labor market changes, and other factors means that important confounders and alternative explanations remain unmeasured.
The reported numbers of cataract surgeries are likely to be underestimated, reflecting limitations in the accuracy of official data sources. When interpreting the projections to 2030, it should be acknowledged that they are based on the univariate, data-driven extrapolations derived from historical time series identified by the Expert Modeler function in SPSS. No exogenous policy or demand shocks were incorporated into the forecasting model; thus, the results represent a continuation of historical trends under the assumption of stable external conditions. Moreover, the 95% CIs reported in Table 4 reflect model-based uncertainty only and do not account for potential structural changes, policy reforms, or other unforeseen events that may influence future workforce dynamics.
9. Conclusion
Across the study period, the numbers and PMP rates of all categories of ophthalmologists in Kazakhstan increased, although a negative level change was observed in the numbers and PMP rates of rural ophthalmologists at the time of residency program introduction. Owing to the lack of information on resident flows, deployment policies, and other potential confounders, the observed associations between training reforms and rural workforce distribution should be regarded as exploratory rather than causal. National cataract surgical rates in Kazakhstan remain relatively low, comparable to those reported in economically disadvantaged countries. As these rates may be underestimated, further research is warranted to determine the true number of cataract surgeries performed. Such research will be crucial for informing policy decisions regarding ophthalmologist training and improving access to essential ophthalmic care services across the country.
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Cpox BHeapenus 2026

Hupexrop ximunk# «TOO Kinuuka
MuUKpOXUpYpruu riasa»
Kamacosa 3.A.

Ypaxanosa M.B. M
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AKT ed
BHEPENIs
AAATHPOBAIOL METO0A0TIHI KOMILICKCHOIT OHeRI cocTosts opr
BO3PACTHOIT IPYNIbLI MOJOABIX mioaeii B PecnyGanie Kasaxerait.

A 3peis Y

HHIICKOTO YiBepenTera r.Ceweit

HOJOTHI 1 OHOCTATHCTHRN Men

HAHMEHOBAHHE YUPe: KACHMA, 1€ BIC
Hanvenosanne ||[l(‘,'l:“)‘rﬁcl|l| ,'ll\“THPO“X\!II\(W METO/L00r 1S KOMITICKCHC
COCTOANIA OPFalia 3PEHits y BOIPACTHOI rpymitbl MOAQABIX A0:1€i B PectyGinKe Kaszaxera

adeapa 3

preres paGora

i oneHKn

PaGoTa BKIIOUCHA 13 HKYPHATLHBIX cTaTell

Dopya BUEAPEHISE: AATTHPOBAILL METO1010M KOMILICKCHIO OLLCHKI COCTORII OPih
3penis y MOJOBIX M0/ Pecny6mnki Kasaxeran sieapacies 1 0OPAOBATE LI IIPOILCCC
Kade/pbl B KAUECTBE METOA0:101 ECKOI OCHOBLE /L1t 00 HCHIISE IORTOPAII IOt T XTIV
NIPHHLMIAM JOHTHTIOMBIX HeCACAOBAIIHIT B OPTATLMOITILICMHOIOT I Meroionis

K yueGHBITT HHCTPYMEHT /U1 QHATH3A JIHHANHKLL anoManii peppakivin.
/IeHTOB-ME/IHKOB B Ipoiecce

npuMeHseTes K
HapyLICHHTT AKKOMOZAIMH W MPOrpeccHpoBaiti MHONHH Y CT:
o6yuetnst (¢ 110 5 Kype), a TaKike A (OpMHPOBANHS HABLIKOB HITCPIIPCTALLN KAMIMUCCRIN
1 110Ny IALHOHHBIX JIAHHBIX, COMOCTABHMBIX € MCIK [YHAPOHBIMH HCCICAOBIIAN . € Y ICTON
HALMOHATBHBIX 0cO0eHHOCTEN,

Orperersennii 3a sueapenue: baiidyciosd AJK. PhD 10 enetutinioe iy «Oonee tserio
3IPABOOXPAHEHHEY, CCOLMPOBAHHbIT IIPO(eCcop. 3aBe Ly 0L KaeAPOit MMV 0TI,
GHOCTATHCTHKH.

Menoamurenn: Ypazkanoa M.b.

IPPerTHBHOCTL BHEPEHH: Brespenne MeTO10:10THI B yueBiblii npoiece cnocoderTsyCt
(opMHPOBAHHIO Y JIOKTOPAHTOB H MarucTpaHTos KOMIETCHIWI B 001aCTH AOHTHTIO UHOTO
anaa o TAILMOAOTHHUCCKHX JAIHILIN 1 OLCHKH (UKTOPOB PHEKA HIPOTPECCHPOBLLILE T
Ha 1ipiyepe KOTOpTbl CTYACHTOB-MEUTKOB ACMOHCTPHPYC1et YNy umenne peipakiun i
npolecce 00y UeHHs: Meana C(pepHUECKOr0 IKBHBLICHTA HIMCILICICH ¢ -0.75 20 112
JIMONTPHH JI0 WHKJIOTLIETHH H € 0,25 10 —0,5 AHONTPHH NOCIIE UHKIOMICTHH. Ormedactes poci
107 Mo ¢ 44.7% 10 47.5% npit CHKEHHUI HACTOTH! IMMETPOITHI It THICPNMCTPOTIt
J(ONORMTEILHO BLIABIACTCS YBEHHHEHHUE NPIBIAKOS HANPAZKCHIS ARKONO, Lt it
CTATHCTHUCCKH 3HAYMMAs CBA3b IPOTPECCHPOBAHHA MHOMHH ¢ JUTHTELHOH padoToil 1 SAIRON
paccrosiii. [lonyueHibie pesybTalbl HEMOLYIOTSH Kak yueOHbiit Kefic L oesoetiin
METO/10B 0Ka3aTeNbHOI O(TATLMOIITHIEMHOIONHH, AHANI3L (AKTOPOB PHCKa 1 Pa3pado LKL
npodpHAaKTHUECKHX CTRATEIHT B TIONYALHIE MOTOALIX BIPOCIBIN.

sty 0CY IECTBASHOULE! 0 BHE/Pene: el

Hpepaomenns, 3aMedanust, yup!

Cpox sueapenisi: 2026

PyKOBOAMTE L NPC/UIPHSITHS BaiiGycuiosa AK. PhD no cnenmaapiocti «OBectsenioe
3IpABOOXPAHEHHE», ACCOUHHPO) anblil Pogeccop, 3aBeLy 10U K (epoit MLACMHOIOT i
GHOCTATHCTHRN.

Vpamaona VLB,

¥
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AKT (b
BHE/APEHHsI MET010.101 HIt
OLCHKH J0CTY THOCTH CHEMMATH3HPOBAHNOI 00101 HUCCKROTT oMo
B Pecnybumie Kasaxeran.

~Kageapa y1nuieMuo0ruu u 6noCcTaTHeTHKy MeuuuHeroro ynusepeniera r.Cevei

HAUMEHOBUNUC OpeditU3UYyl

HauMeHOBAHHE NPEIOKEHHsI: METOLOJIOTHS  OLCHKH IO0CTYHHOCTH CIELMAIM3UPOBAIHOI
oranbMoNorHueckoil  rovommy B PecnyGinke Kaszaxcran, OCHOBaHHas Ha aHaiu3e  BIHAHHI
oGpasosatenbibix pepopM Ha Kaposoe olecreuenne o TabMONOIHUeCKOl  CiyKObl 1 00 beNibi
XHUPYPrHYECKOI'0 JeUeH st KaTapaKThl.

PaGoTa BK/IIOUEHA H3 JKyPHAIBHBIX CTaTeH

Mopma BHeApeHusi: MeT0/10101 1 BHE/PACTCs B OOPA3OBATEILHLIT HPOHCCE Ka(e (Pbl B Katied s
METO/100THYECKOH OCHOBBI 1St MOATOTOBKA AIOKTOPAHTOB U MArHCTPAHTOR. MeTo 00T 1St HCTTO B3N TCs
KK MHCTPYMEHT 0OYHEHHs HayuHOMY JH3aiHy MCC/IeI0BAHHIT, AHAIH3Y [IPEPBAHHBIX BPEMCHHBIN Ps/ 101
I OlCHKE BIIMAHHS CHCTEMHBIX Pe(opM 3APaBOOXPAHCHHS HA MOKA3ATCH KAAPOBOTO MOTCHIIHLTL it
A0CTYIHOCTH MEIMLMHCKOH TOMOLLH.

Orerersennplii 3a Bueapenue: baitGycuiosa AJK. PhD no crciiainiocti «OTHeCT BTN
3 APABOOXPAHEHHEY,  ACCOMMHPOBAHHDIT  npodeccop.  3aBe/y IO Kae PO HIHIENHO 01
OHOCTATHCTHKH.

Ucnoannrean: Ypaxkanosa M.b.

IPPekTHBHOCTL BHEAPEHHs: BHCAPCHHC MCTO1010THIT B OOP@3OBATCILIBIT HPOICCe Kaduipi
oGecneuio (OpPMHPOBAHKE Y AOKTOPAHTOB H MALHCTPAHTOB HPARTIHCCRIN HABLIROL LI i
3(PABOOXPAHEHHSA, BKIIOUAS OLEHKY BIMSHHS 00PasoBale/bHbIX pedopm Ha Kajaposoe vdeceuciie i
JIOCTYHHOCTb  CIIELHATH3UPOBAHHOIN MeHLMHCKOIT noMou. Ha npumepe JlanbbixX 110 Pecnydinie
Kaszaxeran 3a 1998-2022 rr. ofyyaroluecs: 0CBaMBAIOT MHTEPHPCTALMIO JAHHAMUKH obecredeHoe i
o(l)m_‘n,\mn()l'a.\m (poct ¢ 59,73 10 90.48 Ha | MIlH HACCHCHHSA). & TURIKE HPHNCHCHHC MO0 (1L
HPCPBAHILIX  BPEMCHHBIX — PSJIOB  JUSL BLIsBICHIL sdpdercron pedopar. Hokwsano it
00CCTICUEHHOCTH  CeIbCKUMU O TATLMOJIOTAMI  HOCIC  BBCICHI  PCBILICHTAPLE 1 2008 1o
CTAGHIBHBIX TOPOJICKUX TI0KA3ATENAX H OTCYTCTBHE SHATHMOIO BAMAHIS OTMCHDLRY PLOB HIEPEHO L0 10T
nocie 2020 roga. OJXHOBPEMEHHO AHATH3MPYETCs POCT 00LEMA XMPYPrun KaTapakThl (CSR 639.72
1067.88 na | MJH HAaceleHWs) NpH COXpaHsiolercs per ponaibHoOl BapuarusHocTH. MeTomom011s
HCIO/B3YCTC KAk yueOHbii Keile Jus QOPMHPOBAHHS  KOMICTEHIITT LOKWSATCIBIOT Me UL
[PUIATHS YIPABICHUCCKUX PCLICHUH B 3APABOOXPUANICHIH.

TIpeio/KenHst, 3AMEANNs Y UPEARICHIS, 0CY HLECTRIASIONET0 BIHCPCIIC: 11c]
Cpox Bueapennsi: 2026 roj.

PyKoBOAHTEb HPENPHSITHS:

Japeayromas kadeapoii
INUAECMHOJOTHH H OHOCTATHCTHRH PhD, A.7K.baiidy cinosa

Wenoannren: W Ypaskanosa M.b.





image30.png
AKI GHeOpentsl pesy:1omanmos uayuio-

G-041.06.06.56-2024 P
UCCO0BAMENbCKOU PADONbI

Pen. 01, Crp.l |

ART
BHEApeHUs et (l,lU.\Zl Hu
MHOTOYPOBHEBOIT OLEHKH YPPEKTHBHOCTH HOMY.ISIIOHHOI0 CRPI
Kazaxeran Ha mpaMepe CKPHHIHTA [Iay KOMbI.

unra B Pecnydomre

Kadeapa snmtemuonorun i Guocrarnerukn Meniesoro ynusepenrera r.Cewiei
HAUMCHOGANUC opedinusdifult

HanveHoBaHHE NPELIOKEHHS: METOA0MOMHS  MHOIOYPOBHEBOH  OUCHKI (K THIOC
MOTIYISLMOHHOTO cKprHuHra B PecnyGnke Kasaxeran Ha pUMepe CRPHIHIL L1y KON DI
PaGoTa BK/IIOUEHA U3 JKYPHAIbHBIX CTATCH

@opma Breapenis: MeTo1010 15 MHOTOYPOBHEBOI OlCHKH HPPERTUBHOCTH HOHYISIHOHTONO
CKPHHHITA BHEAPACTCS B 00PA30BATC LI HpOLCee KapeAPbl KUK OCHOBU HO U OTOBKH WK TOPaiio
MarucTpaHToB 10 HMUJIEMHOI0THH B ,‘ll\KLI",(lIL‘fll.ll\)i( M THLILHHC, Ha HPHAICPE CK PHHIEHEQ AN KON
MCIOJIb3YeTCsl JU1sl OOYUCHMS QHAIN3Y PEryJSTOPHBIX. DHILICMHOIOTIICCRIN. DROHOMIICCRITY
1lpUl’HUC'l'II’~XCCKHX llOl(Ll'iﬂ'I‘L‘.'lL‘]?’l. NO3BOJAIOUHX KOMILICKCHO OlCHBaihL ;\b\]n’mtmmun, HPOlpa
paHHero BbIABJICHUS 33601’16]33“”;[ H pil'ipil(’sﬂ'lh!lilll'b leL’,I.'lU'/l\'CIIH)I 110 HX OITHMHBAILT ¢ NUCTON
ocobenHocTedl cieTeMbl 3pasooxpanenns PecriyGankn Kasaxcian

OrsererBennblii 3a Bueapenue: baiidycunosa A PhD no cneimaivioctn «OouIECTBCHHOC
31paBOOXpAHEHUEe»,  ACCOMUPOBAHHBIH  11PO(eCccop.  3aBe/Lyioniut Kade APoit - OHIL MO0
OGHOCTATHCTHKH.

Menoamureas: Ypaxanosa M.b.

Jdpderrusnocrs Bueapenns: Bueapenie Mero1010rm GopatpyeT v NMarHCTpAnToE
JIOKTOPAHTOB KOMIETCHIMH KOMIUIEKCHOM OLEHKH CKPHHUHTOBBIN HPOUPUNM L HIPHIA T peiiivitiiy
OGICCTBEHIOM 3PaBOOXpatichii. Ha IPHMEpe CKPHIIIG LY KOMBI HORASAILE POCT 500, ey
¢ 59.1 10 135.5 na 100 000 nacenennst (2000-2022). pernoHatbibie Pasiist i 3T IbILIC 5
1pu Menonb3oBani Tonomerpun Maiciakosa (7 557 679 411 renre B 2023 1), @ TaKkKe Hpor
yBeanuenus 10 154.5 na 100 000 k 2030 r.

i JaHHbIe UCIOB3YIOTCS T pacueTa HPPEKTHBHOCTH CKPHHUHIA, aHaTH3a PPeKTHBHOCTH
3aTpar, MOACAMPOBAHMS  ATLTEPHATHBHBIX  CHEHAPHEB 1 OUCHKIL - HAIPYIRI L cileie
3/pABOOXPAHCHHA, @ TAKe s PaspalOTKH NPCUIOACHHIT 10 OITHNISALII  CRpHITTG i
MapLipy TH3aHH MalHeHTOB.

“pe,’l.‘ll)”/l&‘ll"ﬂ, 3aMedanus yupeaIcHust, 0Cy mecTBIsouero BHEpCHne: Hel

Cpok Bueapenusi: 2026 ros.

PyKOBOANTE/ b NPEIPHSITHSE:
Jaseaytomas kadeapoii ¥
INUACMHOJIOTHH 1 OHOCTATHCTHRY ﬁ PhD, A baiidy citnosa

Henoanunrenan: Ypamanosa M.b.
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Bllc,lpellllﬂ 'd]l'rllll""[)()B}llll oit MeTO10. 10 HH I\'(l\lll.lk'l\'(‘ll()l“l OHCHKH COCTOSTHUSE OpTatia peHis )
BOIPACTHO IPYIIILI MOJOABIN T10/1¢iT B Pecny O.mce Kasaxeran,

TOO «Astana Vision Semey»
HAUMEHOBANUEC {‘[L’UI/IUUI/IHI

HaunvenoBanue HPE/NIO/RCHHS ajanruposannas MCTO 10101 HA KOMILICKCHOM (SIS ITNT)
COCTOSIHMSL OPrasa 3peHus Y BO3PACTHOI IPYNIbI MOIOBIX oaei B Peenydamnke Kasaxeran

PaGoTa BK/IHOUEHA W3 JKYPHATBHBIX CTATCH

@opma BHEJAPEHHsI: /@QITHPOBAHHAS MCTOA010THH KOMILICKCHOH OIECHKH COCTOstHMS Opraiid
3peHms y BO3PACTHOH IPYIIbl MOMOABIX JHojeil PecryOanku Kasaxerail fa 0CHOBC JAOHIHIIONION0
anaiuza aHoManuii  pedpakuuM, HApyUICHHMIT AKKOMOLALMH M HPOIPECCHPOBARMA  MHUIII )
IXCTAHCKHX  CTY/ICHTOB-MEUKOB B JIHHAMUKE “00YUCHIs (¢ 1EPBOIO 110 1BHbHL Rype) L0
OnpeeIeHHs  BLIPAKEHHOCTH  (YHKUHOHAIBHBIX  H3MCHCHUIT  Opraiia speiii i 0b0CHOBAlH
pa3paGOTKH 1 BHEJAPEHWS PEKOMEH/AWHMA 1 OMTUMIIAIIN  PACHPEICICHI PECYPCon CleTen
z,'lpauooxpaucmm C yYeToM HALMOHATBHBIX OCOOCHHOCTEH 1 CONOCTABHNOCTH ¢ MU HUPC
JIQHHBIMH.

OrsercrBeniplii 33 BHEAPEHHME: ACCHCTEHT Ka(eapbi  HCBPOIOTHI.  O(TATLMOI0NII il
orosapuuroinori Tpennna B.A.

Henoammnrean: Ypaxanona M.b.
pdexTuBHOCTL BHEAPEHUs: Y MOIOABIX B3POCIALIX B 1IEPHOL OOYUEHHMS B MCIHILTHCKON

VHHBEpCHTEeTC orMedacTes yXyAeHue |)C(l7|)LAI\IlHH HPOCT MO SO NRASbiBde J
1OTPeOHOCT B OQTAILMOJIOTHUCCKOIH  TOMOIL. B Hepro/L HaO HOACHIBE MC TR cepiica
HKBHBAJEHTA yXyAunaach ¢ —0.75 10 — 1,125 JonTpiit J10 WHKAOHACTII i ¢ 0.25 710 0.5 wonrpii
nocse wikionnerni. Jloss cryaentos ¢ Muonueii ysemnumiach ¢ 44.7% 10 47.5%. 1ipn CHmCHItH
SMMETPONHU M THIEPMETPONHK. Takoke BBIABICH POCT HANPSIKCHUS AKKOMOAAIAN H CTATHCTICCK
3HAYMMAs CBSA3b [POIPECCHPOBAHMS MHOIHH € JUIMTEILHON  3PHTEALHON HArPY3KOIT 1t 0.t sko
PACCTOAHHH,

K

TIpe/LtosRe s, 3aMeANUs YUPEARICHISH, 0CY HECTBIIOUET 0 Blepeiie il

Cpox Bueapenusi: 2026 roj.

OTBETCTBEHHBIC 32 BHEAPEHHE: aCCHCTCHT KaQe/APbl HEBPOIOTTHL O FLIBMO- 10T it
oronaputronorin Tpennna B.A.

3apeayomas Kapeapoit
HEBPOJIOTHH, 0 TATLMOTOIHHH H
OTOPHHOJIAPHHIOJIOTHI m k.Mm.HL Kaknsimosa 7K.O.

Henoannreb: ¥ pazkanosa M.b.
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|/ABTOPNBIK K¥KBIKMEH KOPFANATBIH OB BEKTINEPIE K¥KBIKTAPABIH
j MEMINEKETTIK TI3UTIMIE MOMMETTEPAI EHIM3Y TYPANGI

KYa5IK
2026 Kpiarsl «20» Haypbiz Ne 69002

I ABTOPIIBIH, (‘ﬂap:lbm) kORI, aThl, SKeCIHIH aThl (eTep 07l Keke GaChiH Ky IaHBIPAThIH KY/KATTa KOPEETIICe ): !
VPAZKAHOBA MAJIMKA BAYP/KAHOBHA, CEMEHOBA I0JIMS] MEXAHJIOBHA i

ABTOPTBIK KYKBIK O0BEKTIC: THIIBIMIL TYBIHABY

Kopear Tyruiyckaneireis DpHWIIY Kazoala e/ SamTHNGK
*AgTopre KK Beniminae Tekcapyre Tonags! hitps://copyrightkazpalentiz

TIOANMNHOETS LOKYMENTA BOIMOXHO NDOBBRUTE Ha' Calite Kazpalent kz
& paxene «ABTopcKoe ipasoy hilps:Icopyright kazpalentkz

BLK kon KoibinAbl C.AxmeToB
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KA3AKCTAH PECITYBITMKACH! PECRYBIUKA KASAXCTAH

ABTOPNBIK K¥KBIKTEH KOPFANATBIH OBBEKTIERIE K¥KBIKTAPABIH
MEMIIEKETTIK TI3UNMIE MOIMETTEPON EHII3Y TYPASIBI

KYomIK

2026 KpLIFBI «20%» HAYPBI3 Ne 69003
ABTOPIBIH, (1A pIBIH) K HI, aThl, SKeCIHIH aTbl (erep 0 KeKe GachIH KyaTaHIbIPaThiH KYKaTTa KOpeeTiice);
YPATKAHOBA MAJIMKA BAYPKAHOBHA, CEMEHOBA I0JIH S MUXAMTOBHA
/ABTOPIBIK KYKBIK OOBEKTICI: FBLIBIMH TV BIHABI
OOBEKTiHIH araysl Paspaborka MeToX0I0IHHE MHOLOYD OBHEBOMH OeHKH (e KTHBHOCTH CKPHHAATA TIAYKOMbI B

Pec KH Kazaxcran

OOBeKTiHI Kacaral KyHi: 16.03.2026

e

Kprar Tyaryckanesirets hiipffwwiv kazpatent kz/mrsansineii
“AgTopRE VKK Beniminge TekeepyreBonazs hitps:/icopyrightkazpalentkz

TIORSMHHOCT, FOKYMEHTa BOIMOXHO NDORBPY T WA Gl Kazpatant ki
& pasiene «ABTOpCkoe ipanoy hitps:cofiyright kazpatentkz

BUK kon KovbIRAbL “C/AxveTos
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KA3AKCTAH PECITYBITMKACH!

PECRYBIUKA KASAXCTAH

ABTOPNBIK K¥KBIKTEH KOPFANATBIH OBBEKTIERIE K¥KBIKTAPABIH
MEMIIEKETTIK TI3UNMIE MOIMETTEPON EHII3Y TYPASIBI

KYomIK

2026 KpLIFBI «20%» Hayph13 Ne 69004

ABTOPIBIH, (1A pIBIH) K HI, aThl, SKeCIHIH aTbl (erep 0 KeKe GachIH KyaTaHIbIPaThiH KYKaTTa KOpeeTiice);

YPATKAHOBA MAJIMKA BAYPKAHOBHA,

/ABTOPIBIK KYKBIK OOBEKTICI: FBLIBIMH TV BIHABI

CEMEHOBA FOJIHSI MEXAMITOBHA

OOBEKTiHIK araysl: Paspaborka MeToX0J0rHH OHeHKH JOCTYNHOCTH CIeNH ATH3HDOBAHHOH 0() TATTbMOTIOTHIeCKOH

momonu B Pec ke Kazaxcran

OOBeKTiHI Kacaral KyHi: 16.03.2026

Kprar Tyaryckanesirets hiipffwwiv kazpatent kz/mrsansineii
“AgTopRE VKK Beniminge TekeepyreBonazs hitps:/icopyrightkazpalentkz

TIORSMHHOCT, FOKYMEHTa BOIMOXHO NDORBPY T WA Gl Kazpatant ki
& pasiene «ABTOpCkoe ipanoy hitps:cofiyright kazpatentkz

BUK kon KovbIRAbL “C/AxveTos
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