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Past, current status, and future trends of the rural healthcare network in the Republic of Kazakhstan
Bagym Jobalayeva1, Natalya Glushkova2, Zaituna Khismetova1, Gulnaz Tanatarova3, Zhanar Zhagiparova4 & Yuliya Semenova5
There is a lack of research investigating the rural healthcare network in Kazakhstan following healthcare system reforms. The aim of this study was to assess the density of rural healthcare facilities at the national and regional levels from 2004–2022, examine the healthcare system reforms implemented to enhance rural healthcare, and forecast future trends. For this purpose, official statistics and relevant laws from legislative databases were retrieved and analyzed. Mathematical modeling was employed to project future trends in rural facility density up to 2030. Kazakhstan
has taken numerous actions to support rural healthcare, which is evident in various legislative acts. However, despite these efforts, the density of both outpatient and inpatient healthcare facilities decreased during 2004–2022, primarily due to Kazakhstan’s growing population. Overall, the density of both outpatient and inpatient healthcare facilities is projected to decline further, with an estimated density of 5.87 per 10,000 people for outpatient facilities and 1.98 per 100,000 people for inpatient facilities by 2030. Projections also suggest that the rural population may increase to 7,991,460 people by 2030. Given these findings, continued efforts are needed to improve the provision of healthcare services to the rural population of Kazakhstan.
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Abbreviations
AAPC	Average annual percent change
ARIMA	Autoregression, integration, moving average CI	Confidence intervals
MoH	Ministry of Health
SPSS	Statistical Package for Social Sciences
The USSR	The Union of the Soviet Socialist Republic WHO	World Health Organization
Access to high-quality healthcare is a fundamental human right and is crucial for the overall well-being of individuals and societies1. The provision of healthcare services in rural areas remains a significant challenge in many parts of the world. Rural populations often face numerous barriers to accessing healthcare, including distance to healthcare facilities, a shortage of healthcare professionals, a lack of financial resources, and inadequate healthcare infrastructure. These factors impair the availability, affordability, and accessibility of healthcare services for rural populations globally2. This distance, coupled with the lack of reliable transportation, makes it challenging for rural residents to access healthcare in a timely manner3.
Another problem associated with healthcare provision to rural populations is the limited healthcare workforce. Rural areas often experience a shortage of healthcare professionals, including physicians, nurses, midwives, and pharmacists. The shortage of healthcare professionals is often attributed to a lack of attractive job
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opportunities, low pay, and challenging living conditions in rural areas4. Inadequate healthcare infrastructure is also a significant problem. Rural areas often lack adequate facilities and medical equipment, making it difficult to provide quality healthcare services. In many cases, rural healthcare facilities lack even essential medical equipment, such as X-ray and ultrasound machines, as well as blood testing equipment. The lack of these essential tools and equipment limits the ability of healthcare professionals to diagnose and treat various medical conditions and contributes to their nonretention in rural areas5.
The Republic of Kazakhstan, a landlocked state located in Central Asia, gained its independence in 1991 following the breakdown of the Union of Soviet Socialist Republics (USSR). As a result of the Soviet legacy, the country inherited a robust healthcare network with health facilities in every village6. However, an economic crisis that emerged soon after the dissolution of the USSR led to healthcare reform aimed at reducing healthcare expenditures7. The evolution of rural healthcare in Kazakhstan during the post-Soviet era remains understudied. This study was therefore undertaken to address this knowledge gap regarding the provision of healthcare to rural communities in Kazakhstan. Specifically, we focused on the density of different types of outpatient and inpatient facilities across the country’s regions and conducted a content analysis of legislative acts regulating the activity of the rural healthcare network. Mathematical modeling was utilized to forecast the forthcoming trends in rural facility density until 2030 and to contrast them with the anticipated figures for the rural population.
[bookmark: ﻿Materials_and_methods]Materials and methods
This study was carried out in two phases. During the first phase, we searched legislative databases in Kazakhstan to identify laws that regulate the structure and density of healthcare facilities in rural areas. In the second phase, we analyzed 19 years of data (2004–2022) to investigate trends in the number and density of various types of rural healthcare establishments.
[bookmark: ﻿Research_on_legislative_acts_regulating]Research on legislative acts regulating the structure and density of healthcare networks in rural areas
To search for legislative acts regulating healthcare services for the rural population of Kazakhstan, we used the Google search engine. As Kazakhstan’s population is bilingual, searches were conducted in both Kazakh and Russian languages. For searches in the Russian language, the following search queries were utilized: (i) “ceльcкий” (“sel’skiy”), i.e., rural; (ii) “здpaвooxpaнeниe” (“zdravookhraneniyu”), i.e., healthcare; “зaкoн” (“zakon”), i.e., law; and (iv) “Кaзaxcтaн”, i.e., Kazakhstan. For searches in the Kazakh language, the following
keywords were considered: (i) “ayылдық” (“auyldyk”), i.e., rural; (ii) “дeнcayлық caқтay” (“densaulyk saktau”), i.e., healthcare; “зaң” (“zan”), i.e., law; and (iv) “Қaзaқcтaн”, i.e., Kazakhstan. We studied the titles of all identified laws and listed all relevant acts in both languages. After the two lists were compared, duplicates were removed,
and an in-database search was conducted to retrieve any remaining laws. Finally, full-text versions of legislative acts were obtained, and content analysis was performed to extract data into specially designed forms.
[bookmark: ﻿Research_on_the_density_of_healthcare_n]Research on the density of healthcare networks in rural areas
To conduct this study, we utilized official data collected by the Ministry of Health (MoH), which are presented in the annual statistical compilation "Public health in the Republic of Kazakhstan and activities of healthcare facilities." This compilation is based on reports from regional health authorities. During the study period, there were 14 administrative subdivisions (“oblasts”) in Kazakhstan: Mangystau, Aktobe, Atyrau, Kyzylorda, Turkestan, Zhambyl, Almaty, East Kazakhstan, West Kazakhstan, Karaganda, Kostanay, Akmola, Pavlodar, and North Kazakhstan. The statistical compilation was first published in 1999, and all electronic versions are available online for free8. However, urban‒rural disaggregation was only available beginning in 2004. More information on the use of this yearbook in healthcare research is presented elsewhere9,10.
For our study, we extracted information from the “Health network” subsection of this statistical compilation. Data on outpatient facilities are presented in absolute numbers and are aggregated as medical stations + feldsher- obstetric stations and family health centers + primary healthcare centers (all of the listed healthcare facilities are fully outpatient in Kazakhstan8). Data on inpatient facilities are also presented in absolute numbers for rural hospitals and district hospitals separately. The density of inpatient and outpatient healthcare facilities was calculated on the basis of recommendations from the Global Health Observatory under the World Health Organization (WHO)11 via the following formulas:
Density of rural outpatient health facilities = number of all outpatient facilities in rural areas
/mid - year rural population*10,000
Density of rural inpatient health facilities = number of all inpatient facilities (hospitals) in rural areas
/mid - year rural population*100,000

The information regarding the mid-year rural population was obtained from the annually updated edition of the Demographic Yearbook issued by the Agency for Strategic Planning and Reforms12. In Kazakhstan, rural settlements are defined as areas with a population of fewer than 10,000 people13.
[bookmark: ﻿Ethics_statement]Ethics statement
The Ethics Committee of Semey Medical University granted permission for this study (Protocol #2 of 28.10.2020) and waived the requirement for informed consent.
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[bookmark: ﻿Statistical_analysis]Statistical analysis
The Statistical Package for Social Sciences (SPSS) version 24 was used to conduct the statistical analysis. To select the best fit predictive model, the Expert Modeler function from the forecasting package was employed. The model parameters, including the type of model and the value of the R-square, were extracted, along with the predicted values. Finally, graphs were created to visualize the projected and observed densities of healthcare facilities and rural populations until 2030. The average annual percent change (AAPC) in the density of healthcare facilities with a 95% confidence interval (CI) was computed over the period of 2004–202214. To visualize the regional differences in the density of health facilities, a country map was constructed with the help of QGIS 3.26 “Buenos Aires”.
[bookmark: ﻿Results]Results
Research on legislative acts regulating the structure and density of healthcare networks in rural areas
The search for information in legislative databases aided in identifying a range of legislative acts that regulate the provision of healthcare services to rural communities in Kazakhstan. Starting in 1998, a series of national health plans were developed to improve the availability, accessibility, and affordability of healthcare services to the Kazakhstani population. The earliest health plan, "People’s Health," was formulated for the period 1998–2004 and, among other things, defined a network of rural healthcare facilities. According to the plan, medical stations and feldsher-obstetric stations provide basic care packages and are located in rural areas with low population density. Family health centers and primary healthcare centers are intended to provide primary care, whereas rural polyclinics and hospitals are responsible for the provision of specialized medical care. In addition to inpatient and outpatient care, central district hospitals coordinate activities related to the provision of medical care in a particular area15. The state program for the reform and development of healthcare was adopted for the period of 2005–2010 and envisaged the construction, reconstruction, and overhaul of rural healthcare facilities16. The “Salamatty Kazakhstan” program was implemented from 2011–2015 and focused on improvements in primary healthcare provision17. However, the “Densaulyk” program (2016–2019) had no provisions related to the rural healthcare network, aside from the distribution of medicines via primary healthcare facilities in rural settlements that do not have pharmacies18. The “Healthy Nation” program, planned for 2020–2025, actually lost its power from January 1, 2024. This program aimed to strengthen measures to improve coverage of rural settlements with primary healthcare and specialist medical care and to introduce a sports instructor position in every rural district19. Table 1 presents provisions of national health plans related to the rural healthcare network.
Special attention must be given to two national projects, the 'Construction of 100 Schools, 100 Hospitals’ and the 'Construction of 350 Family Health Centers, Feldsher-Obstetric Stations, and Polyclinics’, which were implemented between 2008 and 2016 and helped expand the network of rural healthcare facilities in Kazakhstan20.
Furthermore, a series of MoH orders and government decrees have been issued to establish norms for healthcare facilities in rural areas. For example, the 2003 Order defined the types of rural outpatient healthcare facilities, their activities, and their required equipment21. The 2006 Order established the organizational structure of different healthcare facilities22, while the first-order determination of the population size to be served by each facility type was issued in 200923. At that time, four types of outpatient facilities and three types of inpatient facilities were operating in Kazakhstan, with the smallest population size for which 50 people were needed. In settlements with populations of fewer than 50 people, medical assistance is provided by a medical worker at home. According to the government decree issued in 2014, interdistrict hospitals are established if the population size exceeds 100,000 people24.
Since 2015, five types of outpatient facilities have been established for rural settlements25. Beginning in 2020, there was a trend toward the downsize of healthcare facilities26, which probably reflects the declining population size in rural settlements in Kazakhstan. The latest order, dated in 2020, is flexible in setting criteria for population size per different types of healthcare facilities. A medical station can be established in a settlement with a population of fewer than 50 people if no other facility is within a radius of more than five kilometers. In addition, a feldsher-obstetric station and a family health center can be opened in rural settlements with populations of fewer than 500 and 1,500 people, respectively, by the decision of local executive bodies if other healthcare facilities are remote26 (Table 2).


	
[bookmark: _bookmark0]Title of national health plan, reference
	Years of implementation
	
Main provisions related to rural healthcare

	People’s Health15
	1998–2004
	This document defines various types of rural healthcare facilities and specifies their range of responsibilities

	State program for the reforming and development of healthcare in the Republic of Kazakhstan: 2005–201016
	
2005–2010
	This document envisions the construction, reconstruction, and overhaul of rural healthcare facilities, as well as the full equipping of primary healthcare facilities with medical equipment

	Salamatty Kazakhstan17
	2011–2015
	The document provides measures to strengthen primary healthcare facilities, expand the network of pharmacies, and introduce telemedicine

	Densaulyk18
	2016–2019
	This document establishes the distribution of medicines via primary healthcare facilities in rural settlements without pharmacies

	Healthy nation19
	2020–2025
	This document proposes that measures be taken to enhance the coverage of rural settlements with primary healthcare and specialist medical care


Table 1. Provisions of national health plans on the rural healthcare network.



	
[bookmark: _bookmark1]Type of facility
	Legislative acts, year of issuance, reference

	
	200923
	201424
	201525
	202026

	Outpatient facilities

	


Number of population
	Medical station
	50–800
	50–800
	50–800
	50–500

	
	Feldsher-obstetric station
	800–2,000
	800–2,000
	800–1,500
	500–1,500

	
	Family health center
	2,000–10,000
	≥ 2,000
	1,500–10,000
	1,500–5,000

	
	Rural polyclinic
	≥ 10,000
	≥ 10,000
	-
	-

	
	Primary healthcare center
	-
	-
	10,000–30,000
	5,000–30,000

	
	Numbered district polyclinic
	-
	-
	≥ 30,000
	≥ 30,000

	Inpatient facilities

	


Number of population
	District hospital
	Not specified
	Not specified
	≥ 5,000
	≥ 5,000

	
	Rural hospital
	≥ 5,000
	≥ 5,000
	-
	-

	
	Numbered district hospital
	-
	≥ 20,000
	≥ 30,000
	≥ 30,000

	
	Interdistrict hospital
	≥ 20,000
	≥ 100,000
	≥ 50,000
	-

	
	Multidisciplinary central district hospital
	-
	-
	-
	Not specified


Table 2. Legislative acts that specify the population size for each type of rural healthcare facility.


	


[bookmark: _bookmark2]Parameter
	Time period
	
Average annual percent change, % (95% CI*, p value)

	
	
2004
	Mean for the period 2005–2010
	Mean for the period 2011–2015
	Mean for the period 2016–2019
	Mean for the period 2020–2022
	

	Outpatient facilities

	Number of medical stations and feldsher-obstetric stations
	4782
	4486.83
	4231.40
	3909.75
	3703.50
	-1.04 (-1.24, -0.84, p < 0.001)

	Density of medical stations and feldsher-obstetric stations
	7.43
	6.52
	5.58
	5.12
	4.84
	-2.38 (-2.75; -2.0, p < 0.001)

	Number of family health centers and primary healthcare centers
	403
	1052.50
	1467.40
	1416.50
	1436.00
	5.07 (2.29; 7.93, p = 0.001)

	Density of family health centers and primary healthcare centers
	0.63
	1.49
	1.93
	1.85
	1.88
	4.07 (1.59; 6.60, p = 0.001)

	Inpatient facilities

	Rural hospitals
	200
	195.83
	139.40
	103.50
	52.00
	-7.99 (-9.63; -6.31, p < 0.001)

	Density of rural hospitals
	3.11
	2.86
	1.84
	1.36
	0.67
	-6.38 (-7.69; -5.04, p < 0.001)

	District hospitals
	107
	136.83
	177.00
	171.75
	166.00
	2.26 (1.14; 3.38, p < 0.001)

	Density of district hospitals
	1.66
	1.97
	2.33
	2.52
	2.17
	1.29 (0.45; 2.13, p = 0.002)


Table 3. The number and density of different types of outpatient and inpatient facilities during the periods of implementation of national health plans. *CI – confidence interval.

Research on the density of healthcare networks in rural areas
Table 3 presents the changing trends in the numbers and density of various types of healthcare facilities at different time periods corresponding to the implementation of the five national health plans. Overall, there were declining trends in the number and density of medical stations and feldsher-obstetric stations, and this decline was even more profound for rural hospitals. However, there have been increasing trends in the number and density of family health centers, primary healthcare centers, and district hospitals. This disparity is probably best explained by the prioritization of certain types of healthcare facilities by the MoH.
The nationwide trends in the density of all types of outpatient and inpatient rural healthcare facilities are depicted in Fig. 1. These trends generally declined, with an AAPC of -1.25% (95% CI, -1.43; -1.07, p < 0.001) for outpatient facilities and an even greater decrease of -3.31% (95% CI: -3.98; -2.63) for inpatient facilities. The period of 2004–2006 was characterized by the highest density of outpatient and inpatient facilities. In 2008, this indicator declined, and in 2010, there was moderate growth, which could be attributed to the active implementation of national projects: "Construction of 100 schools, 100 hospitals," and "Construction of 350 family health centers, feldsher-obstetric stations, and policlinics." However, starting in 2011, the density trend declined, and notably, since 2018, the density of inpatient facilities has declined more quickly.
The density of outpatient and inpatient facilities per region of Kazakhstan is presented in Figs. 2 and 3, respectively. All data are given for 2004, 2010, 2015, and 2019, which correspond to the final years of implementation of the four national health plans. The shades of green reflect levels above the national average, whereas the shades of brown depict levels below the national average. The darker the shaded area is, the greater the departure from the mean level. In general, Figs. 2 and 3 show significant variations in the density of both outpatient and inpatient healthcare facilities across different regions.
According to Fig. 2, two western regions (Mangystau and Atyrau oblasts) and four southern regions (Kyzylorda, Turkestan, Zhambyl, and Almaty oblasts) always had a density of outpatient healthcare facilities below the national average and did not meet the minimum standard established by government legislation23–26.


[image: ]
[bookmark: _bookmark3]Fig. 1. The density of outpatient and inpatient rural healthcare facilities in Kazakhstan, 2004–2022.
[image: ]

[bookmark: _bookmark4]Fig. 2. The density of outpatient healthcare facilities in rural areas of Kazakhstan per 10,000 population at four time points: 2004 (A), 2010 (B), 2015 (C), and 2019 (D).


Moreover, in the final years of the implementation of national health plans, the density of outpatient facilities in West Kazakhstan and Karaganda, as well as in four northern regions (Kostanay, Akmola, Pavlodar, and North Kazakhstan), was always above the national average.
The density of inpatient healthcare facilities was stably low in two southern regions (Zhambyl and Almaty oblasts), and in other regions, it varied over time. In line with national trends, the density of inpatient facilities increased in most regions of Kazakhstan by 2015, following the construction of new rural and district hospitals. However, the density decreased by 2019, and this decline was most notable for Kyzylorda oblast (from 6.78 per 100,000 population in 2015 to 3.17 in 2019) (Fig. 3).
Table 4 displays the findings of the mathematical modeling study, which focuses on the projected rates of both outpatient and inpatient healthcare facility density by 2026 and 2030. As expected, the analysis indicates that if the observed trend continues, the density of outpatient healthcare facilities will decline to 6.24 (95% CI:


[image: ]
[bookmark: _bookmark5]Fig. 3. The density of inpatient healthcare facilities in rural areas of Kazakhstan per 100,000 population at four time points: 2004 (A), 2010 (B), 2015 (C), and 2019 (D).


	
[bookmark: _bookmark6]Indicator
	Year
	Model parameters

	
	2026
	2030
	Type of model
	R-squared

	Density of outpatient facilities
	6.24 (5.89; 6.60)
	5.87 (5.51; 6.23)
	Holt
	0.915

	Density of inpatient facilities
	2.41 (1.23; 3.59)
	1.98 (0.31; 3.65)
	ARIMA (0,1,0)
	0.869

	Total number of rural population
	7,751,691 (6,953,871; 8,549,510)
	7,991,460 (6,863,172; 9,119,748)
	ARIMA (0,1,0)
	0.799


Table 4. The projected density of outpatient and inpatient rural healthcare facilities, as well as the rural population for the years 2026 and 2030, is accompanied by 95% confidence intervals.


5.89; 6.60) per 10,000 people by 2026 and 5.87 (95% CI: 5.51; 6.23) by 2030. Similarly, the density of inpatient
healthcare facilities is expected to decline to 2.41 (95% CI 1.23; 3.59) per 100,000 people in 2026 and further to 1.98 (95% CI 0.31; 3.65) in 2030. Notably, the analysis reveals a growing trend in the number of rural populations, which is projected to increase to 7,751,691 (95% CI, 6,953,871; 8,549,510) by 2026 and 7,991,460
(95% CI 6,863,172; 9,119,748) by 2030.
Figure 4 complements Table 4 by displaying observed and projected trends in the density of outpatient and inpatient rural healthcare facilities, as well as the total rural population until 2030. As the graphs depict, there is general decreasing trend in the density of both outpatient and inpatient healthcare facilities and an increasing trend in the total number of people living in rural areas.
Discussion
This study aimed to identify 19-year trends (2004–2022) in the number and density of different types of outpatient and inpatient facilities across rural settlements in Kazakhstan and its regions. Additionally, an analysis of legislation related to the provision of healthcare to rural communities was conducted. Epidemiological modeling was employed to predict future trends in the density of both outpatient and inpatient facilities until 2030. The key finding of this study is a declining trend in the number and density of medical stations, feldsher-obstetric stations, and rural hospitals. Although the density of family health centers and primary healthcare centers tended to increase, it began to decrease from 2016–2019. Overall, the density of both outpatient and inpatient healthcare facilities declined during 2004–2022 and is projected to decline further without coordinated action at the national level. The significant between-district disparity in the density of rural health facilities requires special consideration.
After gaining independence, Kazakhstan implemented various measures to support rural healthcare, as reflected in different legislative acts. However, the implementation of two national programs dedicated to
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[bookmark: _bookmark7]Fig. 4. The observed and projected density of outpatient (A) and inpatient (B) rural healthcare facilities, as well as the total rural population (C).


constructing healthcare facilities across the country and its rural areas resulted in only temporary improvement, as the density of rural healthcare facilities continued to decline after the programs ended. Two viable explanations may be proposed for these findings. On the one hand, the declining number and density may be attributed to the enlargement of rural health facilities and their agglomeration in large clusters to decrease financial, material, and administrative costs, similar to what is observed in the Russian Federation27. However, a content analysis of legislative acts adopted since 2015 shows that the country has implemented an opposite approach to downsize its rural health establishments. For this reason, the decreasing density is best attributed to the growing population of Kazakhstan. Despite the continuous outflow of people to urban areas, the number of rural inhabitants has increased due to high birth rates among the rural population12, leading to a decline in the density of healthcare facilities.
The policy implications of this study are significant, as the analysis revealed a declining trend in the density of rural health facilities, which may create public problems if no action is taken. Certain regions of Kazakhstan have outpatient healthcare facility densities below the levels recommended by MoH orders—particularly the latest 2020 order, which significantly reduced the population threshold for rural settlements eligible for different types of outpatient facilities26. These regions include Mangystau and Atyrau in western Kazakhstan, and Kyzylorda, Turkestan, Zhambyl, and Almaty in the south, where outpatient facility density has consistently fallen short of official recommendations. This shortage was most acute in the Mangystau region, where the density of rural outpatient facilities not only fell below the minimum thresholds but also continued to decline during the period under study, indicating potential risks for rural residents in accessing essential healthcare services. Therefore, the government and the MoH need to prioritize interventions in these underserved regions. Strategies could include increasing investments in rural healthcare infrastructure, expanding healthcare services, and ensuring the equitable distribution of healthcare facilities.
Three regions of Kazakhstan (Mangystau, Zhambyl, and Kyzylorda) had inpatient facility densities below the minimum level recommended by Kazakhstan’s legal guidelines. Although the country has implemented an approach to downsize its rural healthcare establishments, this approach has applied mainly to outpatient facilities, while inpatient facilities have tended to merge. Therefore, the agglomeration of rural health facilities into large clusters should be prevented to help maintain their accessibility. In addition, other strategies need to be implemented to ensure access to healthcare services for the rural population. Thus, healthcare professionals could be incentivized to work in rural areas, and offering loan forgiveness programs may be a good approach, as the debt load of the population is very high in Kazakhstan28. Currently, a financial incentive program for professionals relocating to rural areas is implemented in Kazakhstan, but it has not been effective in increasing the number of medical professionals in these areas and requires restructuring4. In addition, policymakers need to invest in telemedicine and other communication technologies that can help rural residents access healthcare services remotely. Telehealth stations were introduced in rural health clinics, but they are not operating at their


maximum potential, as compensation mechanisms for the reimbursement of associated expenditures were not introduced29. Regulations that envisage fair reimbursement rates to rural healthcare providers may also be considered, ensuring that these facilities can stay financially viable and continue to serve their communities.
Another approach is to develop policies that encourage the use of community health workers. According to a government decree issued in 2014, medical care in settlements with populations of fewer than 50 people is provided by healthcare workers at their homes24. Community health workers are trained to provide basic healthcare services in rural areas and can help minimize expenses associated with the maintenance of healthcare facilities. In addition, they can improve health literacy in rural communities and promote preventive health measures. Therefore, the MoH may consider expanding the institute of community health workers in Kazakhstan. There are several reasons why health facilities in rural areas may close. One of the main reasons is the financial burden of operating a medical facility in a rural location. Compared with urban areas, rural areas have a lower population density, which means that fewer people use healthcare services. With fewer patients and lower reimbursement rates from insurance companies, it can be difficult for rural hospitals and clinics to stay financially viable. The cost of operating and maintaining facilities in remote areas is often relatively high due to transportation costs and a lack of infrastructure. In addition, the lack of healthcare professionals in rural areas can lead to burnout and a shortage of staff, further exacerbating the problem. These factors make it difficult for
governments and healthcare organizations to justify the cost of keeping rural health facilities open30.
The declining number of healthcare facilities in rural areas presents a significant danger to the health and well-being of rural populations. With fewer medical professionals and resources available, residents of rural areas face greater difficulty accessing necessary healthcare services. This can lead to delayed diagnoses, inadequate treatment, deteriorated health, and even death. According to a meta-analysis conducted by Tegegne et al. (2018), the use of institutional delivery care by women from low- and middle-income countries was negatively associated with increases in travel time and distance by one hour and one kilometer, respectively31. A qualitative meta-analysis by Brundisini et al. (2013) revealed that geographic distance to healthcare services poses access barriers for rural patients with chronic diseases. These access barriers are further worsened by transportation problems and/or weather conditions32. Our earlier study revealed that the performance of screening programs for arterial hypertension and ischemic heart disease is lower in regions of Kazakhstan that have fewer healthcare facilities in rural areas33.
Globally, a skewed distribution of healthcare facilities is observed, with private and specialist care tending to concentrate in urban areas34. This concentration can result in an overburdening of healthcare services in cities, as rural residents must travel long distances to receive medical attention. The resulting increase in demand for healthcare services may exceed the capacity of urban health facilities, leading to longer wait times, higher costs, lower quality of care, and increased dissatisfaction with the services provided. Moreover, rural residents may have different healthcare needs than their urban counterparts do, resulting in a mismatch in the services provided by urban health facilities. Overburdening urban health facilities by rural patients can also lead to increased healthcare costs, both for patients and the healthcare system as a whole, as resources are diverted from other areas to address the increased demand for services. In addition, rural dwellers may face additional expenses, as they must travel long distances to access healthcare35.
The WHO issued a policy document to set criteria for the density of the healthcare workforce, but no policy document has set criteria for the density of healthcare facilities. A minimum threshold of 44.5 physicians, nurses, and midwives per 10,000 people is required to attain universal health coverage and sustainable development goal three36. This indicator is set for the general population of a country but is internationally used to set minimum requirements for healthcare workforce availability in rural areas37. However, several countries in the region evaluate the availability and accessibility of healthcare facilities for rural populations. A study from Poland focused on evaluating the accessibility of primary healthcare facilities for rural populations. Although the average distance to a facility is 5 km, certain regions of Poland have lower accessibility to primary healthcare services38. Another study from Romania concluded that there is an uneven distribution of hospital infrastructure and personnel between different regions of the country, with a high concentration in large cities, which limits rural populations’ access to high-quality healthcare services39. Given that both Poland and Romania originated from the same healthcare model as Kazakhstan did, these findings could inform strategies to ensure equitable access to healthcare facilities for populations in rural areas.
This study has several strengths and limitations. To the best of our knowledge, this is the first study investigating the density of the rural healthcare network in Kazakhstan at both the national and regional levels and exploring the evolution of legislative acts regulating the provision of healthcare to the rural population. This study represents the initial endeavor to model future trends in the density of outpatient and inpatient healthcare facilities, alongside projections for the anticipated growth of rural populations. Thus, the main strength of this study is the availability of a large set of administrative data for a period of 17 years (2004–2020).
However, this study has certain limitations that mostly originate from the agglomerated characteristics of the data obtained. For example, it was not possible to analyze the distribution of each type of healthcare facility, as certain data are presented only in an aggregated manner, such as the number of medical stations + field-based stations or the number of family health centers + primary healthcare centers. Another example of the lack of desired disaggregation relates to the source of funding, i.e., publicly funded healthcare facilities vs. privately funded facilities. Although statistical reports include the total number of private healthcare facilities, this level of disaggregation is not available for rural areas. Therefore,the present study analyzed the total number of healthcare facilities, encompassing both public and private institutions. Nevertheless, it should be acknowledged that in Kazakhstan, private healthcare facilities are largely concentrated in urban areas, and their contribution to the provision of healthcare in rural areas is limited7. Another limitation arises from the fact that the functions of certain types of healthcare facilities (e.g., district polyclinics and hospitals) are not clearly defined, as they are not adequately explained in the corresponding laws, and their quantities are not reported separately.


Conclusions
This analysis demonstrates that since gaining independence, Kazakhstan has taken several measures to improve the availability and accessibility of healthcare services for rural communities through national health plans and programs. The MoH has issued several orders to establish minimum requirements for the number of healthcare facilities in rural areas, and the government has implemented national projects to expand the rural healthcare network. These initiatives have led to significant improvements in the healthcare infrastructure of rural areas in Kazakhstan. However, despite these efforts, a declining trend is evident in the nationwide number and density of both outpatient and inpatient facilities, with significant variations across different regions of the country. Epidemiological modeling suggests that Kazakhstan’s rural population may increase, and the current level of healthcare infrastructure may be insufficient to meet the growing demand for services. Therefore, proactive measures need to be taken to address the challenges faced by rural communities and ensure that they have access to high-quality healthcare services.
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[bookmark: Abstract_]Abstract
[bookmark: Background_]Background During the 1990–2000, Kazakhstan experienced a decline in the number of healthcare professionals working in rural areas. Since 2009, the national government has been implementing financial incentives to encour- age healthcare professionals to relocate to rural areas. This study aims to investigate the temporal and spatial patterns in the distribution of the rural healthcare workforce and evaluate the impact of this incentive scheme.
[bookmark: Methods_]Methods Interrupted Time Series Analysis using ARIMA models and Difference in Differences analyzes were con- ducted to examine the impact of the incentive scheme on the density of different categories of the healthcare work- force in rural Kazakhstan in the period from 2009 to 2020.
[bookmark: Results_]Results There was a significant increase in the number of rural healthcare professionals from 2009 to 2020 in com- parison to the period from 1998 to 2008. However, this increase was less pronounced in per capita terms. Moreover, a decline in the density of internists and pediatricians was observed. There is substantial variation in the density
of rural nurses and physicians across different regions of Kazakhstan. The incentive scheme introduced in 2009 by the government of Kazakhstan included a one-time allowance and housing incentive. This scheme was found to have contributed insignificantly to the observed increase in the number of rural healthcare professionals.
[bookmark: Conclusion_]Conclusion Future research should be undertaken to examine the impact made by the incentive scheme on other medical subspecialties, particularly primary practitioners. Addressing the shortage of healthcare workers in rural areas is a complex issue that requires a multifaceted approach. Aside from financial incentives, other policies could be con- sidered to increase relocation and improve the retention of healthcare professionals in rural areas.
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Introduction
The provision of healthcare services is a fundamental human right that should be accessible to all individuals, irrespective of their geographic location or socioeco- nomic status [1]. However, rural areas frequently encoun- ter insufficient resources and staffing shortages, posing challenges in meeting the healthcare needs of their popu- lations. The scarcity of healthcare professionals presents a significant obstacle for rural communities, impeding their right to health.
Strategies such as recruiting students from rural back- grounds and providing comprehensive rural training during their education can significantly contribute to retaining healthcare professionals [2]. Similarly, sup- porting rural healthcare professionals by financing an advancement of their skills and qualifications has proven effective [2]. However, interventions reliant on regulatory measures, such as mandatory rural service in exchange for licensure or visa waivers, tend to be less effective in retaining professionals beyond their mandatory service period [2]. In contrast to the above-listed interventions, interventions requiring professionals to repay loans upon completion of their rural service demonstrate greater efficacy in terms of retention in rural areas [2]. Overall, prioritizing rural students and offering rural training pro- grams yield better results compared to coercive meas- ures, such as requiring return-of-service for access to professional licenses or provider numbers [2].
Other potential interventions focusing on improved retention in rural areas, such as increasing pay rates and offering financial incentives, can enhance the appeal of medical professionals for working in rural healthcare facilities [3]. Investing in infrastructure and technology can also contribute to making rural primary healthcare practice more attractive [4]. Telemedicine, for instance, provides a viable solution for delivering healthcare ser- vices remotely, facilitating easier access to primary healthcare for patients in distant areas [5]. Furthermore, investment in the construction of new medical facilities and the upgrading of existing ones can play a crucial role in attracting and retaining healthcare professionals in rural areas [6, 7].
[bookmark: Health_workforce_in_rural_Kazakhstan_and]Health workforce in rural Kazakhstan and the incentive scheme
Kazakhstan, a former member of the Union Soviet Social- ist Republics (USSR), is a Central Asian country that gained independence in 1991. During the Soviet period, the Semashko model of healthcare was in place, the legacy of which continues to influence the organization and governance of the healthcare system to this day. The Ministry of Health (MoH) plays a major role in manag- ing the healthcare system, shaping policies and strategies, which largely target the primary healthcare sector. Under the Semashko model, primary care for urban residents was provided via a network of polyclinics, staffed by internists, pediatricians, and other specialists. In rural areas, healthcare services were mostly provided by Feld- sher/Midwife Health Posts (FHPs) in small-scale villages and by polyclinics in larger rural settings, with similar medical personnel to those in urban areas. They were responsible for providing immediate, primary care and emergency ambulance services to the population in need, as well as health promotion. After gaining independence, Kazakhstan initiated healthcare system reforms, trans- forming polyclinics into Family Medical Centers (FMCs), thus expanding the primary healthcare network in urban areas. However, this led to a reduction in the density of healthcare networks in rural areas and the migration of healthcare professionals to urban areas [8].
During the early years of transition, many government healthcare facilities were closed, and private facilities were opened, affecting both urban and rural healthcare facilities. Approximately 12% of FMCs are now private, providing services funded by public funds. Reforms also included a shift to capitation for primary healthcare ser- vices, but rural healthcare remained underfinanced, with about 40% of the Kazakhstani population residing in rural areas [9]. In response to the observed deficiency in public health funds, an obligatory health insurance sys- tem was introduced, although out-of-pocket payments for primary healthcare services continue to play a role both in urban and rural areas [9].
Due to the ongoing emigration of medical professionals to urban centers and the consequent decline in the rural healthcare network, Kazakhstan recognized the pressing need to address this emerging public health issue [10]. Two national projects, namely the “Construction of 350 Family Medical Centers, Feldsher-Midwife Health Posts, and Polyclinics,” and the “Construction of 100 Schools,
100 Hospitals,” were implemented between 2008 and 2016 to bolster the network of healthcare facilities in rural areas by constructing modern FMCs, FHPs, poly- clinics, and hospitals, resulting in an increase in the den- sity of rural healthcare facilities [10]. However, despite the availability of nine medical schools, addressing the shortage of rural medical personnel has remained a per- sistent challenge due to the reluctance of medical school graduates to pursue rural careers [10].
The Observatory of Human Resources for Health (OHRH) was established by the MoH order in 2012, with the mandate to collect data, monitor, plan, and forecast the MoH’s needs for the health workforce in both urban and rural areas. Since the majority of medical students in Kazakhstan are trained at the expense of public funds, the data collected by the OHRH are utilized to determine the
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number of students requiring training at public expense [11]. Beginning in 2009, the national government insti- tuted an incentive scheme for all types of professionals willing to relocate to rural areas, which remains opera- tional. No caps were set for the number of professionals eligible for the scheme, and it is open to professionals with both university and college degrees. This scheme involves financial remuneration in the form of a one-time allowance, approximately equivalent to one monthly sal- ary. Additionally, the provision of a low-rate loan for the purchase of housing is envisaged. Despite a thorough search for information available in open access, evidence indicating an evaluation of the impact of this incentive scheme by the OHRH was not found. Therefore, while a policy aimed at augmenting the availability of healthcare personnel in rural areas has been enacted, its efficacy remains incompletely assessed. Given that public funds were employed to subsidize this financial scheme and the country budget experiences shortages, reconsidera- tion of public expenses is warranted [9]. Currently, there is a lack of estimates on rural population health needs, including premature mortality, prevalence of emergen- cies, risk behaviors, and other unmet health needs, but according to official statistics, the health indicators of the rural population in Kazakhstan are non-inferior to those of urban areas [9]. Similarly, there is a lack of data on the amount of public money that has been spent on the incentive scheme, how many people have applied and used the scheme, and the number of people and reasons for not receiving the scheme. As of 2024, the scheme has been in existence for 15 years.
[bookmark: Study_aim]Study aim
The aim of this study is to utilize official statistical data to assess the impact of this incentive scheme on the num- bers and density of healthcare personnel in rural areas in Kazakhstan. Additionally, this study reports on temporal and spatial trends in the distribution of various types of healthcare professionals across the country.

[bookmark: Methods][bookmark: Study_design]Methods
Study design
The present study utilized a retrospective design and relied on official statistical data released by the MoH. Additionally, population data for Kazakhstan were obtained from the Bureau of National Statistics (BNS). To collect information on the incentives offered to healthcare professionals practicing in rural areas, we utilized the Adilet database, which is the official data- base of the Ministry of Justice Kazakhstan that provides unrestricted access to all legislative acts enacted in the country since gaining independence in 1991. We con- ducted searches in both Russian and Kazakh languages, utilizing the search terms “льгoты” (incentives) OR “пoддepжкa” (support) OR “выплaты” (payments) AND “cпeциaлиcты здpaвooxpaнeния” (healthcare profession- als) AND “ceльcкиe нaceлeнныe пyнкты” (rural settle- ments) for Russian, and “apтықшылықтap” (incentives) OR “қoлдay” (support), OR “төлeмдep” (payments) AND “дeнcayлық caқтay мaмaндapы” (healthcare profession- als), AND “ ayылдық eлдi мeкeндep” (rural settlements) for Kazakh.
We analyzed all legislative acts related to the provi- sion of incentives to healthcare professionals practicing in rural areas and compiled a table displaying the range and size of benefits included in the scheme. To enhance clarity for the international scientific community, we con- verted the amounts expressed in Kazakhstani Tenge into US dollars utilizing the corresponding year’s exchange rates [12].
[bookmark: Study_units]Study units
The study examined the number of medical doctors (phy- sicians) and nurses working in rural areas of the country during the period from 1998 to 2020. It is common prac- tice for the MoH in Kazakhstan to report on the number of nurses along with the number of dentists, as many of them do not possess higher medical education. Addi- tionally, aside from the overall number of physicians, the MoH presents data on various medical subspecialties. We extracted data on those subspecialties for which informa- tion was available for the entire study period, including neurosurgeons, cardiologists, trauma specialists, endo- crinologists, radiologists, neurologists, urologists, anes- thesiologists, general surgeons, otorhinolaryngologists, ophthalmologists, obstetrician–gynecologists, dentists, internists, and pediatricians. The number of rural pri- mary practitioners is reported only from 2009 onward; therefore, data for this group were extracted for the period from 2009 to 2020, while data for other subspe- cialties were extracted for the period from 2001 to 2020.
To calculate the density of the healthcare workforce, we referred to the website of the Global Health Observatory, World Health Organization (WHO) [13]. The density of physicians working in rural areas was computed per 10,000 population using the following formula:
Density of rural physicians = number of rural physicians/midyear number of rural population ∗ 10, 000.
Similarly, the density of urban physicians was calcu- lated per 10,000 urban population. Additionally, the den- sity of rural nursing personnel was computed per 10,000 population using the following formula:
Density of rural nurses = number of rural nurses/
midyear number of rural population ∗ 10, 00
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The MoH typically issues a national statistical compi- lation on key healthcare indicators, which is made pub- lic on the website of the Republican Center for Health Development [14]. The published data comprise infor- mation on the healthcare network and personnel, which are disaggregated by the region (oblast) and location (urban versus rural) of the country. The earliest compi- lation was issued in 1998, and the latest available com- pilation is dated 2020. The BNS provided data on the midyear population obtained from their annual statistical compilations [9], which are presented in disaggregation by place of residence (urban vs. rural) and the number of rural populations. We relied solely on the number of rural populations, and the data disaggregated by region were also obtained by us to calculate density indicators.
Statistical analysis
We utilized the Statistical Package for Social Sciences (IBM SPSS Statistics) version 24.0 to perform all statisti- cal tests. The interrupted time series analysis was carried out using an autoregressive integrated moving average (ARIMA) modeling approach. We first set the annual frequency for all analyses and plotted graphs of the data on the number of healthcare personnel against time. The resulting sequence charts were examined for stationar- ity by computing the autocorrelation (ACF) and partial autocorrelation (PACF) charts. Since the data were non- stationary, we applied first differencing and plotted the ACF and PACF charts again to observe the remaining autocorrelations. We counted the number of significant lags to determine the value of autocorrelation (p) and moving average (q) needed to make all lags insignificant [15]. The Difference in Differences (DID) analysis was performed by means of running a linear regression with urban healthcare personnel serving as a control group.
All physicians’ and nurses’ total numbers were included in the models, and we also included disaggregation by the type of major specialty (all types of internal medicine subspecialties and all types of surgery specialties), as pro- vided by the MoH. We selected 2009, the year the benefits package was introduced, as the year of intervention and the percentage point change (PPC) was calculated for interrupted time series analysis, while unstandardized beta coefficient (β) was calculated for the DID analysis. All tests were considered significant at p = 0.05.
To visualize the 2008 and 2020 regional density rates for all physicians and nurses per 10,000 population, we constructed maps of Kazakhstan with the help of QGIS
3.26 “Buenos Aires”.
Results
In 2009, the Kazakhstani Government enacted a decree offering an incentive scheme for professionals relocating to rural areas. This package is expressed in the Monthly Calculation Index (MCI), a unit used in Kazakhstan to calculate taxes, penalties, and benefits [16]. According to the decree, eligible professionals received a one-time allowance of 70 MCIs, which was roughly equivalent to 750 USD, and a housing incentive of 600 MCIs, which approximated 6,425 USD [17]. Over time, this decree underwent several amendments, including an increase in the size of both the one-time allowance and hous- ing incentive [18, 19]. However, the value of the MCI is subject to annual revision by the government, resulting in an increase in the size of allowances paid in Tenge [16]. Unfortunately, the Kazakhstani Tenge experienced several devaluations during the same time period [20], resulting in a reduction in the dollar equivalents of the incentive scheme.
The housing incentive is a bank loan offered at an incredibly favorable rate of 0.01% per annum, which can be repaid over a period of up to 15 years. However, if the employment relationship is terminated before 3 years, the budget funds are returned to the government in full. Table 1 provides insight into the incentive scheme offered to Kazakhstani professionals moving to rural areas from 2009 to the present day.
Despite conducting a careful and comprehensive search, we were unable to identify incentives specifically


[bookmark: _bookmark47]Table 1 An overview of the incentives provided to specialists practicing in rural areas, as outlined in government decrees

	Government Decree, reference
	One-time allowance, MCI (Tenge/US dollars)
	Housing incentive, MCI* (Tenge/US dollars)

	Government Decree dated 2009 [17]
	70
	600

	
	(90,720/749.6)
	(777,600/6,425.4)

	Amendments to the Decree implemented in 2011 [18]
	70
	1500

	
	(105,840/729.0)
	(2,268,000/15,620.9)

	Amendments to the Decree implemented in 2019 [19]
	100
	1500

	
	(252,500/674.8)
	(3,787,500/10,122.1)

	*MCI, Monthly calculation index
	
	







[bookmark: _bookmark48]Table 2 Interrupted time series analysis to evaluate changes in the number of physicians, nurses, internists, and surgeons practicing in rural areas, before and after the introduction of the benefits package in 2009

	Model component
	ARIMA model (p,d,q)
	Stationary R2
	Estimate (PPC*)
	P value

	Total number of physicians
	1.1.0
	0.289
	620.284
	0.295

	Total number of nurses
	0.2.1
	0.269
	1197.608
	0.585

	Total number of internists
	0.1.0
	0.006
	108.722
	0.757

	Total number of surgeons
	0.1.0
	0.003
	20.444
	0.818


*PPC, percentage point change
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designed to retain health professionals in rural areas, apart from the housing incentive. Therefore, it can be concluded that the emphasis is primarily placed on the relocation of healthcare professionals rather than on their retention in rural areas.
To assess the impact of the incentive scheme imple- mented in 2009 on the healthcare workforce numbers in rural areas of Kazakhstan, we conducted a series of inter- rupted time series analyses. Table 2 presents the most appropriate ARIMA models, along with the computa- tion of stationary R2 and estimates of PPC resulting from the intervention and the observed p values. Our findings indicate a significant increase in the number of nurses, followed by all physicians, whereas the number of sub- specialties in internal medicine and surgery saw a minor increase. However, none of the changes observed were statistically significant, and the observed stationary R2 does not support the notion of a substantial contribution of this intervention to the overall effect.
Figure 1 provides a visual representation of tempo- ral trends in the number and density of healthcare pro- fessionals in rural areas from 1998 to 2020. These data complement the findings presented in Table 2, which highlights a significant increase in the number of nurses. Notably, both the number and density of the rural health- care workforce experienced a decline in the early 2000s, with the lowest levels being recorded in 2001. The exact cause for this effect is not known, but could be attributed to the enduring consequences of the socioeconomic cri- sis that afflicted the country in the 1990s and persisted until the early 2000s [8].
Table 3 provides insights into the changing trends in the number and per capita density of medical doctors practicing various medical subspecialties following the introduction of an incentive scheme in 2009. All medical subspecialties are listed in descending order based on the percentage point change. The most substantial increase in density was observed in neurosurgeons, followed by cardiologists and trauma-orthopedic specialists. In general, after 2009, the number and density of subspe- cialists practicing in rural areas increased following the implementation of two national projects ("Construction of 350 Family Health Centers, Feldsher-Obstetric Sta- tions, and Polyclinics," and "Construction of 100 Schools, 100 Hospitals") between 2008 and 2016 to expand the network of healthcare facilities in rural areas [10]. How- ever, during the period under study, the number of pediatricians declined by 13.84%. This trend is alarming, especially considering the high birth rates observed in rural areas of Kazakhstan [21]–[23].
The comparisons between the total numbers and per capita densities of all internal medicine subspecialties and surgical specialties practicing in rural and urban areas between 2001–2008 and 2009–2020 are presented in Table 4. Both the numbers and per capita densities of physicians were significantly higher for urban areas for all categories of specialists, except for per capita densities of all internal medicine subspecialties. The DID analysis showed that the introduction of the incentive scheme did not have a significant impact on specialists practicing in rural areas.
Table 5 reflects temporal trends in the distribution of the primary healthcare workforce during the period 2009–2020. As the table demonstrates, the number of rural primary practitioners increased over the study period, and correspondingly, so did the proportions of primary practitioners to the total number of physicians and the per capita rates, which by the end of the study period (2020) constituted 26.71% and 4.64 per 10,000 population, respectively.
Figure 2 illustrates the density of rural physicians and nurses in 2008 and 2020. There was considerable varia- tion in the density of both physicians and nurses across regions of Kazakhstan. The Karaganda, East Kazakhstan, and Aktobe regions exhibited higher densities than the national average in both 2008 and 2020. This finding is not surprising, as these regions have their own medical schools.
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[bookmark: _bookmark49]Fig. 1 The number (A) and density (B) of physicians, nurses, internists and surgeons practicing in rural areas, 1998–2020. The gray dashed line shows the intervention (introduction of incentive scheme in 2009)

Discussion
The study aimed to assess the impact of the national incentive scheme introduced in 2009 on the numbers and density of healthcare personnel in rural areas in Kazakhstan. Additionally, it reports on the temporal and spatial trends in the number and density of the rural healthcare workforce in Kazakhstan from 1998 to 2020. Although there was a significant increase in the number of rural healthcare workers from 2009 to 2020 compared to the period of 1998 to 2008, this increase was less pronounced in per capita terms, and a decline in the density of internists and pediatricians was observed. If this decline continues, it could have an adverse impact on the well-being of the rural popula- tion, particularly given the increasing longevity and high birth rates in rural Kazakhstan [9]. An interrupted time series analysis conducted via ARIMA modeling indicated that the initiation of the incentive scheme in 2009 failed to influence the growth trajectory of both the quantity and density of the rural healthcare work- force. Furthermore, a DID analysis utilizing urban physicians as a control group corroborated that the observed increments in the count and density of rural internists and surgeons cannot be attributed to the incentive scheme. These findings require detailed dis- cussion in relation to other studies on the topic


[bookmark: _bookmark50]Table 3 Variations in the number and density of different types of rural specialists between 2001–2008 and 2009–2020

	Type of medical specialty
	Mean number/density for the
	Mean number/density for the
	Percentage point

	
	period 2001–2008
	period 2009–2020
	change for mean/

	
	
	
	density

	Neurosurgery
	1.38/ < 0.01
	6.67/0.01
	384.85/311.57

	Cardiology
	38.50/0.06
	115.33/0.15
	199.57/160.85

	Traumatology and Orthopedics
	35.25/0.05
	96.83/0.13
	174.70/139.95

	Endocrinology
	39.25/0.06
	95.33/0.13
	142.89/111.54

	Radiology
	128.50/0.20
	308.33/0.41
	139.95/107.83

	Neurology
	143.50/0.22
	252.00/0.33
	75.61/52.57

	Urology
	21.25/0.03
	37.25/0.05
	75.29/52.43

	Anesthesiology and Intensive Care
	209.50/0.32
	328.17/0.43
	56.64/36.02

	General surgery
	380.13/0.58
	564.17/0.74
	48.42/29.11

	Otorhinolaryngology
	101.75/0.15
	138.50/0.18
	36.12/18/27

	Ophthalmology
	113.13/0.17
	153.75/0.20
	35.91/18.06

	Obstetrics and Gynecology
	620.00/0.94
	769.67/1.02
	24.14/7.68

	Dentistry
	514.25/0.78
	618.83/0.82
	20.34/4.30

	Internal medicine
	1599.25/2.44
	1640.33/2.17
	2.57/− 10.93

	Pediatrics
	1454.00/2.22
	1252.83/1.66
	– 13.84/− 25.15




[bookmark: _bookmark51]Table 4 Total number and per capita densities of all internal medicine subspecialties and surgical specialties in rural and urban areas between 2001–2008 and 2009–2020

Comparisons between rural and urban physicians Mean numbers (± SD*)	Mean per capita densities (± SD)

	
	2001–2008
	2009–2020
	
	2001–2008
	2009–2020

	All internal medicine subspecialties
	Rural
	
	1923.38 (± 110.45)
	2623.67 (± 588.22)
	
	2.725 (± 0.27)
	3.425 (± 0.72)

	
	Urban
	
	10692 (± 514.55)
	15914.67 (± 4908.63)
	
	12.463 (± 0.54)
	15.867 (± 3.73)

	Student’s t test, p value
	
	
	0.027
	< 0.001
	
	0.307
	< 0.001

	Difference in differences
	
	
	β = 700.292, p = 0.579
	
	
	β = 0.700, p = 0.473
	

	All surgical specialties
	Rural
	
	658.13 (± 88.84)
	1128.17 (± 192.45)
	
	0.988 (± 0.08)
	1.483 (± 0.24)

	
	Urban
	
	5657.38 (± 387.09)
	8085.50 (± 2195.90)
	
	6.638 (± 0.43)
	8.083 (± 1.59)

	Student’s t test, p value
	
	
	0.003
	< 0.001
	
	< 0.001
	< 0.001

	Difference in differences
	
	
	β = 470.042, p = 0.408
	
	
	β = 0.496, p = 0.241
	

	*SD standard deviation
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The density of healthcare professionals in rural areas of Kazakhstan is comparable to that of high-income coun- tries. According to data from the Global Health Obser- vatory, established by the WHO, the density of nursing and midwifery personnel in Australia was 164 per 10,000 population, in Austria it was 107.7, in Finland it was 223.2, and in Japan it was 124.5 in 2020. In contrast, some of the world’s poorest nations, such as Afghanistan, Malawi, and Chad, had only 4.52, 7, and 2 nurses per 10,000 population, respectively [13]. It should be noted that the density rates observed for Kazakhstan may be inflated, as they include all types of medical profession- als with secondary education. Similarly, the per capita density of rural physicians in Kazakhstan is comparable to that of many middle-income countries. For example, in 2019, Brazil had 23.03 physicians per 10,000 popula- tion, Chile had 26.49, and China had 22.58 [13]. How- ever, these data should be considered illustrative, as they represent the general population. Nevertheless, it can be concluded that the per capita density of the rural health- care workforce in Kazakhstan is adequate globally.
However, in regard to the rural healthcare workforce in Kazakhstan, other factors must be taken into account to determine its adequacy. The primary factor is the sig- nificantly low population density in rural areas [4], cou- pled with the need to cover long distances while traveling
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[bookmark: _bookmark52]Table 5 Variations in the numbers, proportions, and density of rural primary practitioners, 2009–2020

	Year
	Total number of rural physicians
	Number (%) of primary practitioners
	Number of rural population
	Density of primary practitioners

	2009
	10,505
	454 (4.32)
	7,319,451
	0.62

	2010
	11,254
	1712 (15.21)
	7,383,654
	2.32

	2011
	11,473
	1960 (17.08)
	7,466,548
	2.63

	2012
	11,448
	2004 (17.51)
	7,546,390
	2.66

	2013
	11,451
	2049 (17.89)
	7,632,375
	2.68

	2014
	11,538
	2237 (19.39)
	7,727,280
	2.89

	2015
	11,713
	2448 (20.90)
	7,578,690
	3.23

	2016
	11,767
	2579 (21.92)
	7,634,319
	3.38

	2017
	11,619
	3393 (29.20)
	7,586,722
	4.47

	2018
	12,481
	3533 (28.31)
	7,647,541
	4.62

	2019
	12,736
	3567 (28.01)
	7,697,359
	4.63

	2020
	13,365
	3570 (26.71)
	7,693,127
	4.64



[image: ]
[bookmark: _bookmark53]Fig. 2 The density [numbers] of rural physicians in 2008 (A) and 2020 (B), and rural nurses in 2008 (C) and 2020 (D) by region of Kazakhstan
from one settlement to another. Moreover, the southern and eastern regions of Kazakhstan comprise mountain- ous areas that pose additional challenges in terms of geo- graphical access. Given the physical barriers, the number of rural health professionals should not be considered excessive. Instead, it is a common practice in Kazakh- stan to arrange a network of healthcare facilities with a professional workforce. The practice of having rural healthcare workers with no facility is becoming obsolete, as evidenced by only eight workers in this category being employed in the Zhambyl region as of 2020 [14]. There are specific regulations in Kazakhstan that determine the density of healthcare facilities, with the latest order from 2020 being very flexible in terms of determining the
population size required to open a healthcare facility in rural areas. In fact, medical stations (the smallest health- care facility in Kazakhstan) can be established in rural settlements with fewer than 50 inhabitants if there is no other healthcare facility within a 5-km radius [24].
There is a dearth of studies addressing the problem of insufficiency of healthcare workforce in rural areas of Kazakhstan. The study by Turgambayeva et al. reported that 83% of all physicians in Kazakhstan practice in urban areas, with only 17% practicing in rural areas, despite the fact that the share of the rural population comprises 41%. Additionally, the authors emphasize that despite many efforts made by the Kazakhstani gov- ernment to increase the number of physicians working in rural areas, the shortage of medical specialists still exists [25]. Koichubekov et al. agree with this statement [26]. The description of the incentive scheme imple- mented in Kazakhstan between 2019 and 2022 is pre- sented in the study by Malbekova et al. However, the study lacks analysis of the impact made by this scheme [27].
Globally, recruiting and retaining healthcare person- nel in rural areas is a major problem, and this can be explained in various ways. The lack of medical facili- ties and resources in rural areas makes it difficult for healthcare providers to gain the experience they need to become proficient in their field. Additionally, rural areas often offer lower pay rates than urban areas, making it challenging for healthcare providers to justify living and working in such regions [28]. Another significant issue is the lack of professional development opportunities. In rural areas, healthcare workers may have limited access to continuing education and professional development programs. This can result in a lack of career progres- sion and decreased job satisfaction, ultimately leading to high turnover rates [29]. Furthermore, the isolation and limited social opportunities that come with living and working in rural areas can also hinder the attraction and retention of healthcare workers. Many healthcare pro- fessionals, especially those from urban areas, may find it challenging to adjust to the slower pace of life in rural areas [30]. The lack of access to cultural events, restau- rants, and other amenities can make it difficult to recruit and retain healthcare professionals. Additionally, the lack of access for the children of healthcare professionals to better schools, cultural, and recreational activities often influences professionals to favor urban areas instead of rural ones [31].
Addressing the scarcity of healthcare workers in rural areas necessitates a multifaceted approach, given its intricate nature. Apart from financial incentives, alter- native improvements could be considered. These may include fostering opportunities for professional advance- ment through the provision of training courses for skill enhancement, forging partnerships with centers of excel- lence offering attachment opportunities for rural profes- sionals [2]. Moreover, investments in infrastructure and technology are imperative. Equipping rural healthcare facilities with modern equipment serves to attract young professionals [4]. Additionally, it is essential to imple- ment measures that mitigate the challenges encountered by healthcare workers in these regions, such as inade- quate social infrastructure and facilities, which adversely impact the well-being of healthcare workers and diminish their inclination to continue practicing in rural areas [6].
The study has both strengths and limitations. It repre- sents the first investigation into the effects of the incen- tive scheme introduced in 2009 on the number of rural healthcare workers in Kazakhstan, and it is also the first to examine the spatial and temporal trends in the distri- bution of various types of medical professionals.
The primary strength of the study lies in the avail- ability of a large set of administrative data that covers a period of 23 years (1998–2020). However, the study also has limitations due to the aggregated nature of the data, which were obtained from official statistical compilations issued by the MoH Kazakhstan. For example, the analysis was unable to assess the numbers and density of differ- ent nursing personnel since these data were presented in an aggregated manner. Additionally, the data on health- care workforce and healthcare institutions are contained in different subsections of the official reports, and there is no information available on the density of healthcare workforce per institution. The absence of information on healthcare workforce density per institution hinders the evaluation of workforce shortages per facility type and its impact on rural healthcare access. Furthermore, the study could not examine the incentive scheme’s impact on other medical specialties, particularly primary care prac- titioners, as relevant data were only available from 2009 onward. Besides, they lack disaggregation by the regions of Kazakhstan. Future research should be undertaken to examine the impact made by the incentive scheme on other medical subspecialties, particularly primary prac- titioners. Given that the interrupted time-series analysis and DID analysis failed to establish a significant associa- tion between the introduced incentives and the upsurge in the number of healthcare workers, further investiga- tions with preferably prospective designs are imperative to identify additional contributing factors.
The findings of this study offer valuable insights for policymakers regarding the effectiveness of measures aimed at
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valuable considerations for an international audience evaluating the interventions implemented in Kazakhstan and their subsequent effects. However, the findings do not support the continuation of the governmental incen- tive scheme. To ensure that the governmental incentive scheme has an impact on the rural healthcare workforce, initiating a public discussion to evaluate its composition, duration, and conditions for provision could be benefi- cial. Overall, while various incentive schemes have been globally implemented to address healthcare workforce shortages and enhance the attractiveness of rural prac- tice, evidence of their effectiveness remains limited.

Conclusions
The government of Kazakhstan introduced an incentive scheme in 2009, which included a one-time allowance and housing incentive expressed in MCI, to encourage professionals to relocate to rural areas. However, due to the annual revision of the MCI and devaluations of the Kazakhstani Tenge, the dollar equivalent value of the incentive scheme has decreased. It is imperative to instigate public discussion concerning the value and composition of the incentive scheme, as well as the terms of its provision. This is underscored by one of the principal findings of the present study, which indicates that, currently, it appears to exert no discernible impact on the expansion of rural healthcare workforce num- bers and densities.
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Examining disparities
in cardiovascular disease prevention strategies
and incidence rates between urban and rural populations: insights from Kazakhstan
Natalya Glushkova1, Botagoz Turdaliyeva2, Maksut Kulzhanov3, Indira K. Karibayeva4, Maksut Kamaliev5, Dariga Smailova6, Ayaulym Zhamakurova7, Zhanar Namazbayeva7, Gulmira Mukasheva7, Asylzhan Kuanyshkalieva7, Nurzhamal Otyzbayeva7,
Yuliya Semenova8 & Bagym Jobalayeva9
Kazakhstan is experiencing a high burden of cardiovascular disease (CVD), and the country has implemented a range of strategies aimed at controlling CVD. The study aims to conduct a content analysis of the policies implemented in the country and augment it with an analysis of
official statistics over a 15-year period, from 2006 to 2020. The study also includes comparisons of incidence rates between urban and rural areas. A comprehensive search was conducted to identify policy documents that regulate the provision of primary, secondary, and tertiary prevention of cardiovascular diseases. Additionally, official data on the incidence of arterial hypertension, ischemic heart disease, acute myocardial infarction, and cerebrovascular disease were extracted from official statistics, disaggregated by urban and rural areas. Forecast modeling was utilized to project disease incidences up to 2030. The study reveals that Kazakhstan primarily focuses on tertiary prevention of cardiovascular diseases, with less attention given to secondary prevention, and primary prevention is virtually non-existent. In general, screening for arterial hypertension appears to be more successful than for ischemic heart disease. The incidence of arterial hypertension has increased threefold for urban residents and 1.7-fold for rural residents. In urban areas, residents saw a twofold increase in ischemic heart disease incidence, while it remained the same in rural areas. The findings of this study have practical implications for decision-makers, who can use the results to enhance the effectiveness of existing CVD prevention strategies.
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AMI	Acute myocardial infarction
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BP	Blood pressure
CI	Confidence intervals CVD	Cardiovascular disease IHD	Ischemic heart disease MoH	Ministry of Health
NCD	Non-communicable diseases
SCORE	Systematic COronary Risk Evaluation Chart SPSS	Statistical Package for Social Sciences
USSR	Union of the Soviet Socialist Republic WHO	World Health Organization

Cardiovascular disease (CVD) is a significant global health challenge that affects individuals, families, commu- nities, and societies as a whole. The World Health Organization (WHO) reports that CVD is the leading cause of death worldwide, with a staggering 17.9 million deaths recorded in 20191. Despite advancements in medical research and technology, CVD continues to be the leading cause of mortality in many low- and middle-income countries. This is often attributed to insufficient implementation of existing preventive and treatment strategies2. Notably, the countries of the former Union of the Soviet Socialist Republic (USSR) have been severely affected by the burden of CVD, with ischemic heart disease (IHD) ranking as the leading cause of death from non- communicable diseases (NCD), while stroke ranks second3. This highlights the urgent need for effective and sustainable measures to prevent and control CVD.
Furthermore, it is crucial to acknowledge that the impact of CVD extends beyond mortality and significantly affects the quality of life of individuals with the disease. Thus, prioritizing the prevention and control of CVD is imperative to mitigate its adverse effects on individuals, families, communities, and society as a whole. This necessitates comprehensive strategies that encompass prevention, early detection, diagnosis, treatment, and management of CVD. Achieving this goal requires collaboration among various stakeholders, including govern- ments, healthcare providers, researchers, and individuals themselves, to reduce the burden of CVD and promote better health outcomes for all1.
The prevention of CVD can be categorized into three levels: primary, secondary, and tertiary prevention. Primary prevention involves lifestyle modifications such as adopting a healthy diet, engaging in physical activity, and quitting smoking. Secondary prevention is crucial in reducing the burden of CVD, as it involves identifying individuals who already have the disease and providing them with appropriate medical care to prevent disease progression. Tertiary prevention entails providing individuals with CVD complications timely and appropriate medical and rehabilitation services to improve their physical and mental well-being and prevent premature death. It is imperative for each country to have all preventive strategies in place4.
The Republic of Kazakhstan (hereafter—Kazakhstan) is a Central Asian state that gained independence in 1991 after the breakup of the USSR. Like other countries in the region, Kazakhstan faces a high burden of CVD. To address this issue, the country has implemented a range of public health strategies aimed at reducing CVD- associated mortality. While existing scientific literature has documented the effectiveness of these strategies5–7, there is currently no research that considers the continuum of preventive measures as a whole. To bridge this gap, the present study intends to perform a content analysis of the policies implemented by Kazakhstan, and augment it with an analysis of official statistics on CVD. Moreover, the research will investigate the variations in CVD prevention approaches and occurrence rates among urban and rural communities, taking into account the probable disparities in healthcare delivery. The findings of this study have practical implications for decision- makers, who can use the results to enhance the effectiveness of existing CVD prevention strategies.
[bookmark: Materials_and_methods]Materials and methods
This study consists of two distinct yet coherent stages. In the first stage, a comprehensive search was conducted for policy documents that regulate the provision of primary, secondary, and tertiary prevention of CVD to the population of Kazakhstan. These findings were then supplemented by an analysis of available official data on CVD incidence to evaluate the effectiveness of existing prevention strategies. Figure 1 presents the study flowchart.
[bookmark: Analysis_of_policy_documents_regulating_]Analysis of policy documents regulating the provision of preventive strategies for CVD
A series of searches were conducted to locate policy documents related to the provision of preventive strategies for CVD. Given that official documents in Kazakhstan are typically published on the Adilet database, which is maintained by the Ministry of Justice, this was the initial source consulted in all searches. Additionally, the National Research Center for Health Development, named after Salidat Kairbekova, was also consulted as this database contains healthcare policy documents. Finally, a Google search was conducted to identify any remain- ing evidence pertaining to national health policies on CVD prevention.
Since the population of Kazakhstan is bilingual, searches were conducted in both Kazakh and Russian lan- guages. For searches in Russian, the following search queries were used: (i) ’пpoфилaктикa’ (meaning ’preven- tion’), (ii) ’пepвичнaя’ (meaning ’primary’), (iii) ’втopичнaя’ (meaning ’secondary’), (iv) ’тpeтичнaя’ (meaning ’tertiary’), (v) ’cepдeчнo-cocyдиcтыe зaбoлeвaния’ (meaning ’cardiovascular disease’), and (vi) ’Кaзaxcтaн’ (meaning ’Kazakhstan’). For searches in Kazakh, the following keywords were considered: (i) ’aлдын aлy’ (mean- ing ’prevention’), (ii) ’бacтaпқы’ (meaning ’primary’), (iii) ’қocaлқы’ (meaning ’secondary’), (iv) ’үшiншi’ (mean- ing ’tertiary’), (v) ’жүpeк-қaн тaмыpлapы aypyлapы’ (meaning ’cardiovascular disease’), and (vi) ’Қaзaқcтaн’ (meaning ’Kazakhstan’). The titles of all identified documents were reviewed, and relevant documents in both languages were listed. Duplicates were removed after comparing the two lists. Finally, the full-text versions of
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Development of study protocol
Identification of relevant data sources:
- Adilet database
- The database of the National Research Center for Health Development
Analysis of policy documents regulating the
provision of primary, secondary, and tertiary prevention of cardiovascular disease
Analysis of available official data on the
incidence of cardiovascular disease in urban and rural areas

[bookmark: _bookmark84]Figure 1. The study flowchart.


the remaining documents were obtained, and content analysis was conducted by extracting data into specially designed tables.

[bookmark: Analysis_of_cardiovascular_disease_incid]Analysis of cardiovascular disease incidence in urban and rural areas at the national and regional levels
For this analysis, we retrieved official data collected by the Ministry of Health (MoH). The MoH releases national healthcare statistics annually in the form of a statistical yearbook titled “Public Health in the Republic of Kazakh- stan and Activities of Healthcare Facilities”. This compilation is based on reports submitted by Kazakhstan’s regional health authorities. During the study period (2006–2020), 14 administrative regions, locally known as “oblasts” (Aktobe, Mangystau, Atyrau, South Kazakhstan, Zhambyl, Kyzylorda, Almaty, West-Kazakhstan, Akmola, Karaganda, East Kazakhstan, Kostanay, North Kazakhstan, and Pavlodar), were included. Electronic versions of the statistical compilation for the period 1999–2020 are freely accessible on the website of the National Research Center for Health Development8. However, information on urban–rural disaggregation in the inci- dence of CVD is only available beginning in 2006. Details of research carried out with the help of this statistical compilation are presented elsewhere9,10.
For subsequent analysis, we extracted information from the "Health Indicators" subsection of this year’s sta- tistical report. All indicators are already presented as incidence rates per 100,000 of the respective population. The incidence of (CVD is reported as a whole and disaggregated by different diagnostic units: arterial hyperten- sion (AH), ischemic heart disease (IHD), acute myocardial infarction (AMI), and cerebrovascular disease. In Kazakhstan, cerebrovascular disease mainly comprises stroke and transient ischemic attacks and was included in the analysis as a CVD complication. Only incidence rates for the adult population were extracted, defined as individuals aged 18 years and above, for the purposes of this study. The dataset used for the analysis is presented in Appendix A.
[bookmark: Statistical_analysis]Statistical analysis
In this study, we utilized Statistical Package for Social Sciences (IBM SPSS Statistics) version 24.0 to conduct forecast modeling. Specifically, we used the Expert Modeler function of this statistical software to auto-detect the best-fit epidemiological model for predictive analysis. To project the incidences of the studied diseases (AMI and cerebrovascular disease) for the period up to 2030, we utilized the observed incidences from 2006 to 2020, and reported the projections with 95% confidence intervals (CI). We extracted the parameters of the best-fit model and set the significance of all tests to p = 0.05. To visualize the regional variations in the incidence of AH and IHD, we created maps of Kazakhstan using QGIS 3.26 “Buenos Aires”. Algorithms for the statistical analysis are presented in Appendix B.
[bookmark: Ethics_statement]Ethics statement
This study received a permission of the Ethics Committee of Semey Medical University (Protocol #2 of 28.10.2020).


[bookmark: Results]Results
Table 1 provides an overview of the activities related to primary, secondary, and tertiary prevention of CVD in Kazakhstan, along with the regulatory standards in place. While clinical practice guidelines are widely recog- nized as the best policy documents for regulating prevention measures, we were unable to find any specific to Kazakhstan despite conducting extensive searches. Furthermore, we were unable to locate any policies target- ing primary prevention of CVD. The only mention of primary prevention was in the MoH order that approved regulations for hospitals and clinics offering cardiac, interventional cardiac, and cardiac surgical treatments11. The order stated that "coordination, organization, and implementation of primary and secondary prevention activities for CVD should be provided by cardiology centers." However, the order did not provide details on the scope of these activities. We did find a clinical protocol for the diagnosis and treatment of patients with acute coronary syndrome, which outlined preventive measures such as smoking cessation, diet and exercise, and blood pressure (BP) control (with a recommended systolic BP not exceeding 140 mmHg and diastolic BP not exceeding 90 mmHg). Although these measures are typically associated with primary prevention, the protocol only recommends them for patients who have already been diagnosed with the disease12.
Currently, in Kazakhstan, two types of screening programs are available for CVD: one targeting AH and the other focusing on IHD. The MoH has established regulations for conducting preventive medical examinations among specific target population groups, which determine the scope of procedures related to the provision of these screening programs13. The screening is intended for individuals aged 40 years and older and is conducted biennially. Both screening programs occur simultaneously and are divided into two stages. In the first stage, a nurse examines the patient, conducts interviews, and makes all specified measurements. In the second stage, a doctor interprets the test results and evaluates the patient’s CVD risks, providing recommendations accordingly. Further details regarding the provision of CVD screening in Kazakhstan are available in Table 2.
Figure 2A and B provide evidence for the effectiveness of screening programs targeting AH and IHD in Kazakhstan, as they illustrate the 15-year incidence trends for urban and rural areas, respectively. It is commonly assumed that increasing the screening effectiveness leads to higher incidence rates16. According to Fig. 1, the detection rates for AH and IHD are higher in urban areas. Specifically, the incidence of AH in urban areas tripled from 462 per 100,000 population in 2006 to 1566.8 in 2020, while the incidence of IHD increased more modestly from 370.3 per 100,000 in 2006 to 702.9 in 2020. In contrast, in rural areas, the increase in the incidence of AH was less pronounced, at 1.7-fold (from 732.3 per 100,000 population in 2006 to 1243 in 2020), and there was no change in the incidence of IHD, as the respective time series appears to be stationary throughout the entire observation period. These findings suggest that screening for IHD is less effective than for AH in Kazakhstan, particularly in rural areas.
Figure 3 provides insights into regional variations in the incidence of AH and IHD over the past five years (2016–2020). The color code used in the figure indicates that dark red shades correspond to the lowest inci- dence rates, while dark blue shades represent the highest. This figure can be used to illustrate the variations between urban and rural regions in the effectiveness of screening programs. In particular, the urban areas of North Kazakhstan region had the lowest incidence rates of AH in the country (708.78 per 100,000 population), while those of Mangystau region had the highest (2251.38 per 100,000 population). However, the patterns are different when considering rural regions. Mangystau region had the lowest incidence rates of AH in the country (657.12 per 100,000 population), while the incidence of AH in rural North Kazakhstan region was above the country’s average. These disparities in urban–rural AH incidence may be attributed to different levels of screen- ing effectiveness.
Regarding the incidence of IHD, there was more consistency in the urban–rural variations, as shown in Fig. 3C and D. For example, the population of Zhambyl region had the highest IHD rates in the country in both


	
Type of prevention
	
Aim
	
Internationally recognized regulatory standard
	Regulatory standard available in Kazakhstan, reference

	Primary
	Prevent CVD from occurrence in populations at risk
	Clinical practice guidelines
	No standard has been established for this type of prevention

	


Secondary
	

Early identification and appropriate treatment of CVD
	


Clinical practice guidelines
	1. The MoH order approving the regulations for conducting preventive medical examinations among specific target population groups13
2. The MoH order approving the standard of cardiac, interventional cardiac, and cardiac surgi- cal care14
3. Clinical protocols for diagnosis and treatment of patients with established CVD15

	


Tertiary
	


Treatment of complications associated with CVD
	


Clinical practice guidelines
	1. The MoH order approving the standard of cardiac, interventional cardiac, and cardiac surgi- cal care14
2. The MoH order approving the regulations for hospitals and clinics that provide cardiac, interven- tional cardiac, and cardiac surgical treatment11
3. Clinical protocols for diagnosis and treatment of patients with acute myocardial infarction, acute coronary syndrome, and stroke15


[bookmark: _bookmark85]Table 1. Provision of activities related to primary, secondary, and tertiary prevention of cardiovascular disease. CVD cardiovascular disease, MoH Minister of Health.



	Screening stage, medical personnel involved
	Venue
	Target population
	Related activities

	


First stage, nurse
	


Primary healthcare facility
	
















Individuals between the ages of 40 and 70, regardless of gender, are advised to undergo bien- nial screenings
	1. Measurements of weight, height, and waist circumference, calculation of body mass index

	
	
	
	2. Conducting a questionnaire surveya

	
	
	
	3. Measurements of the blood pressure, with a 1–2 min interval, while seated

	
	
	
	4. Performance of total cholesterol test

	













Second stage, primary practitioner
	













Primary healthcare facility
	
	1. Utilization of the SCOREb chart to assess a patient’s cardiovascular risk and determine their further management:

	
	
	
	1A. A follow-up examination after two years for individuals with low cardiovascular risk (up to 1% on the SCORE chart) and the importance of maintaining a healthy lifestyle to sustain a low cardiovascular risk is emphasized

	
	
	
	1B. Individuals with a moderate risk of cardio- vascular disease (defined as having a SCORE chart score of greater than 1% but less than 5%) are recommended to attend a health program, with the aim of mitigating or stabilizing their cardiovascular risk

	
	
	
	1C. Individuals with high and very high cardio- vascular risk (defined as having a SCORE chart score of greater than 5%) are recommended
to undergo electrocardiography (ECG). If any abnormalities are detected on the ECG, or if the individual has a cholesterol level of over
5.0 mmol/L, blood pressure above 140/90 mmHg, or a heart rate outside of the normal range, they are referred to an internist for further evaluation

	
	
	
	1D. If a patient is diagnosed with cardiovascular disease (CVD), the condition is managed appro- priately. For individuals without CVD, they are directed to a health program aimed at reducing their risk of developing cardiovascular disease. If deemed necessary, a patient may be referred to a cardiologist for further consultation


[bookmark: _bookmark86]Table 2. Provision of screening programs for cardiovascular disease in Kazakhstan13. a The type of questionnaire to be used has not been specified. bSCORE—Systematic COronary Risk Evaluation Chart.



urban (774.64) and rural areas (664.54). Additionally, the urban population of Atyrau region had the second- lowest IHD incidence in the country (352.9), while the rural population had the lowest incidence (288.28).
Table 3 presents a summary of policy documents that require managing patients with CVD complications, which are considered measures of tertiary prevention. As the table illustrates, Kazakhstan has made significant strides in improving medical care for this patient population, implementing regulations aimed at enhancing the availability and accessibility of care and providing substantial funding. Moreover, it is worth noting that all interventional cardiac and cardiac surgical treatments are fully covered by the government, including patient transportation to specialized healthcare facilities17. Overall, these healthcare facilities are equipped according to international standards, and healthcare personnel receive ongoing qualification upgrades, including attach- ments to leading surgical centers abroad. Furthermore, since 2020, interventional cardiac departments have been established in all multidisciplinary central district hospitals14, making percutaneous coronary interventions more accessible to rural residents.
Kazakhstan has made significant efforts to improve the tertiary prevention of cardiovascular disease (CVD) by mobilizing substantial financial and human resources. It is now necessary to forecast future trends in the incidence of two common complications of IHD and AH, namely acute myocardial infarction (AMI) and cerebro- vascular disease, disaggregated by the urban–rural residence of patients. Table 4 presents estimates of projected incidence rates for 2025 and 2030. According to the table, the incidence of AMI is expected to be 199.8 (95% CI 80.1–319.4) per 100,000 population in residents of urban areas in 2025 and 245.5 (95% CI − 49.3 to 540.4) in 2030. The incidence of cerebrovascular disease in urban areas is projected to grow more substantially, reach- ing 700.6 per 100,000 population (95% CI 552.6–848.7) in 2025 and 910.0 (95% CI 533.3–1286.8) in 2030. In
rural areas, the incidence of CVD complications is expected to increase more modestly, reaching levels of 121.3 (95% CI 85.1–157.6) per 100,000 and 154.8 (95% CI 70.4–239.1) for AMI in 2025 and 2030, respectively. For
cerebrovascular disease, the incidence is projected to be 359.2 (95% CI 107.6–610.8) and 383.1 (95% CI − 248.6
to 1014.8) for 2025 and 2030, respectively.
Figure 4 serves as an illustration of Table 4 and depicts the observed and projected incidence rates of AMI and cerebrovascular disease in both urban and rural areas of Kazakhstan. As indicated by the figure, the inci- dence of both AMI and cerebrovascular disease has exhibited a steady increase between 2006 and 2020, and this trend is projected to continue. Unless appropriate measures are taken, this increasing incidence may result in a substantial disease burden.
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[bookmark: _bookmark87]Figure 2. Incidence rates of arterial hypertension and ischemic heart disease in urban (A) and rural (B) areas of Kazakhstan, 2006–2020.
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[bookmark: _bookmark88]Figure 3. A map of Kazakhstan’s regions, illustrating the distribution of mean annual incidence rates of arterial hypertension in urban (A) and rural (B) areas, as well as ischemic heart disease in urban (C) and rural (D) areas, during the period of 2016–2020, with rates expressed per 100,000 population.


	
Type of legislative act, reference
	The initial year of implementation and any subsequent updates
	
Key strategies for tertiary prevention of CVD

	

The MoH order approving the standard of cardiac, inter- ventional cardiac, and cardiac surgical care14
	

2016
2017
2021
	The order describes the procedures for providing planned and emergency medical aid to patients with CVD, outlin- ing the steps for effectively managing acute and chronic CVD-related conditions
The order outlines the regionalization of healthcare facili- ties that provide care for CVD, as well as the appropriate level of surgical intervention to be offered at each type of facility

	
The MoH order approving the regulations for hospitals and clinics that provide cardiac, interventional cardiac, and cardiac surgical treatment11
	
2011
	The order prescribes the structural and operational requirements for healthcare organizations providing cardiac, interventional cardiac, and cardiac surgical care to the population of Kazakhstan, defining the scope of activi- ties for each type of facility

	

The MoH order approving the minimum standards for medical device equipment in healthcare organizations18
	
2020
2022
	The order outlines the specific medical equipment to be provided to various types of healthcare facilities that
offer cardiac, interventional cardiac, and cardiac surgical services. The list of diagnostic and therapeutic equipment is provided separately, with particular emphasis placed on equipment for surgical and intensive care units

	
The MoH order approving the minimum standards for healthcare personnel working in healthcare organizations19
	2010–2013
2017–2020
2023
	The order outlines the distribution of healthcare personnel specializing in various cardiology subspecialties across healthcare facilities located in rural, urban, and national settings, based on the number of population

	
Clinical protocols for diagnosis and treatment of patients with acute myocardial infarction, acute coronary syn- drome, stroke15
	
2016
2017
	The protocols delineate the diagnostic and treatment modalities to be administered to a patient with acute myocardial infarction, acute coronary syndrome, or stroke, including the pharmaceuticals, interventions, and surgeries to be employed, as well as their corresponding indications and contraindications


[bookmark: _bookmark89]Table 3. Legislative acts mandating the provision of tertiary prevention to patients with cardiovascular disease. CVD cardiovascular disease.



	


Incidence
	Year
	Model parameters

	
	2025
Rate (95% CI)
	2030
Rate (95% CI)
	
Type of model
	Alpha (level)

	
	
	
	
	t
	P-value

	
Urban
	Acute myocardial infarction
	199.8
(80.1; 319.4)
	245.5
(− 49.3; 540.4)
	Brown
	5.808
	< 0.0001

	
	Cerebrovascular disease
	700.6
(552.6; 848.7)
	910.0
(533.3; 1286.8)
	Holt
	1.900
	0.0800

	
Rural
	Acute myocardial infarction
	121.3
(85.1; 157.6)
	154.8
(70.4; 239.1)
	Brown
	5.133
	< 0.0001

	
	Cerebrovascular disease
	359.2
(107.6; 610.8)
	383.1
(− 248.6; 1014.8)
	Brown
	5.515
	< 0.0001


[bookmark: _bookmark90]Table 4. The projected incidence rates of acute myocardial infarction and cerebrovascular disease in urban and rural areas of Kazakhstan for the years 2025 and 2030, accompanied by 95% confidence intervals. 95% CI 95% confidence interval.



[bookmark: Discussion]Discussion
This study aimed to investigate the disparities in CVD prevention strategies and incidence rates between urban and rural populations in Kazakhstan. It provides valuable insights into the preventive measures used for CVD in Kazakhstan and utilizes official statistics to support the findings. The study highlights that Kazakhstan focuses primarily on tertiary prevention of CVD by investing in hospital facilities and personnel who provide inter- ventional cardiac and cardiac surgical treatments. However, less attention is given to secondary prevention of CVD. Of the two screening programs in place, the screening for AH appears to be more successful than the screening for IHD, which may be attributed to its relative ease. The incidence of AH has increased threefold for urban residents and 1.7-fold for rural residents from 2006 to 2020. On the other hand, the provision of screen- ing for IHD, which involves testing total cholesterol levels with subsequent evaluation of individual risks using the SCORE chart, does not identify many new cases. Urban residents had almost a twofold increase in IHD incidence during the period of 2006–2020, while the IHD incidence in rural areas remained at the same level. The study also revealed that primary prevention strategies for CVD are largely non-existent in Kazakhstan as no policy document was identified despite a careful search. Predictive modeling for two complications of CVD, AMI and cerebrovascular disease, indicates that their incidence will continue to grow, which may overwhelm the healthcare system in the next decade. In light of these findings, Kazakhstan needs to reevaluate its approaches
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[bookmark: _bookmark91]Figure 4. The observed and projected incidence rates of acute myocardial infarction in urban (a) and rural (b) areas, as well as the incidence rates of cerebrovascular disease in urban (c) and rural (d) areas.


to CVD prevention by improving the effectiveness of IHD screening and introducing nationwide strategies for primary prevention.
Population-wide interventions offer the most promising approach to preventing disease. These interventions typically leverage mass media channels to raise awareness of key risk factors, such as promoting regular physical activity (at least 30 min per day), encouraging healthy food choices, and discouraging obesity20. In addition, enacting legislation to restrict smoking and reduce salt consumption represent crucial measures for primary prevention. With respect to mitigating risks associated with hypertension and hypercholesterolemia, it is more cost-effective to shift the overall population mean than relying on screening programs to identify and treat only high-risk individuals21. Primary prevention can also help decelerate the progression of atherosclerosis, lower the incidence of certain cancers and chronic respiratory diseases, and have a more profound impact on younger populations. By implementing these interventions, Kazakhstan may potentially reduce the likelihood of future cardiovascular epidemics, as has been observed in many developed nations from 1960 to 199022.
Despite a lack of a primary prevention policy for CVD in Kazakhstan, some measures have been taken in this direction. These include implementing a smoking ban in public areas, educational institutions, healthcare facili- ties, catering points, public transport, workplaces, and residential entrances23. Coupled with the implementation of tobacco taxes, this has resulted in a decline in smoking prevalence over the past decade24. Nonetheless, these efforts are insufficient to effectively control the rising incidence of CVD, and more needs to be done. Kazakhstan has one of the highest levels of salt intake globally, at approximately 17 g per day, nearly four times higher than the WHO-recommended limit25. Furthermore, the traditional Kazakh diet is high in animal-based products such as meat and dairy, and often high in fat. Additionally, the rapid socio-economic changes in Kazakhstan over the past few decades have had an impact on the country’s food culture, leading to an increase in the availability and consumption of processed foods, fast food, and sugary drinks25. Despite these issues, they have not received adequate attention in Kazakhstan, and failure to act promptly may result in significant economic pressures on the nation in the coming decade, due to a sharp rise in the incidence of CVD.
Globally, clinical practice guidelines are considered as the most effective health policy documents that pro- vide comprehensive recommendations for prevention strategies based on the available evidence26. Despite the implementation of the World Bank project "Health Sector Technology Transfer and Institutional Reform" from 2009 to 201427, which aimed to enhance healthcare quality through the adoption of internationally recognized instruments such as clinical practice guidelines, this practice did not take root in Kazakhstan’s healthcare sys- tem. Instead, Kazakhstan relies on a series of legislative acts, including MoH orders and clinical protocols for diagnosis and treatment, which cover preventive services from various perspectives. However, these documents lack coordination and are largely outdated, especially the clinical protocols, which were last updated in 201615. To improve the situation, Kazakhstan could consider reverting to the use of clinical practice guidelines and adapting already existing documents such as those from the World Heart Federation28 or European Heart Network29, with necessary translation and customization.
The incidence of CVD in rural areas of Kazakhstan is of interest, particularly in relation to the density of out- patient healthcare facilities. According to the statistical yearbook issued by the MoH8, the regions of Mangystau,


Atyrau, and South Kazakhstan have had the lowest density of rural outpatient healthcare facilities over the past 5 years, and they also exhibit some of the lowest rates of IHD and AH in the country. Conversely, the regions of West Kazakhstan, Pavlodar, and North Kazakhstan had higher rates of both outpatient healthcare facilities and incidence rates of IHD and AH in rural areas above the country’s average. These findings suggest that expanding the network of rural healthcare facilities in certain regions of Kazakhstan could help to improve the identifica- tion and management of CVD. The introduction of nurse-led cardiovascular interventions could also be a viable approach, as indicated by several recent systematic reviews30,31.
[bookmark: Study_limitations]Study limitations
One of the main limitations of this study is its retrospective design, which created barriers to data collection and disaggregation. For instance, it was not possible to distinguish between different types of cerebrovascular disorders, such as strokes, transient ischemic attacks, and others, as they were all classified under a single diag- nostic entity. Although it is reasonable to assume that strokes and transient ischemic attacks constitute a large proportion of cerebrovascular diseases, the lack of precision in diagnostic categorization may have affected the accuracy of the study’s projections. However, this study also has several strengths. Firstly, it combines two approaches: a comprehensive search for health policies on CVD prevention in Kazakhstan, and an analysis of official data on CVD incidence, disaggregated by urban and rural areas. This multi-perspective approach allows for a more nuanced understanding of the existing situation, and makes the conclusions more robust. Additionally, the validity of this study is bolstered by its utilization of a sizable dataset comprised of administrative records spanning a period of 15 years and encompassing the entirety of the country. These factors lend a high degree of accuracy to the estimated results.
[bookmark: Future_directions]Future directions
This study has significant implications for future research and policy development. Firstly, there is a clear need for studies that delve into the socioeconomic factors influencing food culture. These studies are essential for gaining a comprehensive understanding of the dietary patterns that impact cardiovascular health in both urban and rural populations and for tailoring effective interventions. Additionally, future research needs to evaluate the effectiveness of national health plans implemented in Kazakhstan during the past decade in reducing car- diovascular morbidity and mortality. This evaluation should emphasize identifying what strategies have been successful and what adjustments are needed. Furthermore, addressing the regional disparities in the distribution of healthcare facilities and the healthcare workforce, particularly in rural areas, is of utmost importance. It is imperative to identify the contributing factors to these disparities and subsequently take actions to rectify the resource imbalances.
[bookmark: Conclusions]Conclusions
The content analysis of existing official documents indicates that over the past two decades, Kazakhstan has made significant efforts to control the increasing incidence of CVD. However, these efforts have primarily focused on tertiary prevention measures. The lack of emphasis on primary prevention measures, along with suboptimal secondary prevention, is concerning as it could lead to a rapid growth in the incidence of both CVD and its complications. To address this issue, it is essential to prioritize primary prevention measures and strengthen secondary prevention efforts, particularly in rural areas. Simultaneously, treatment and rehabilitation services should continue to be provided to patients with CVD complications. Prospective research is also necessary to gain a better understanding of the patterns of CVD and to document changes in CVD epidemiology.
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