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Abstract
Background  Health is a key driver of the United Nations Sustainable Development Goals. This study examined the 
relationships between economic indicators, demographic metrics, and health system factors and morbidity due to 
non-communicable diseases, such as diseases of the circulatory system, in Kazakhstan.

Methods  This retrospective ecological study utilized regionally aggregated data from 2010 to 2020 for all 14 regions 
in Kazakhstan. Data on incidence rates of diseases of the circulatory system (DCS) and socioeconomic, demographic, 
and healthcare variables were sourced from the Bureau of National Statistics and the Ministry of Health. Variables 
included gross regional product per capita, population density, living wage, unemployment rates, average monthly 
salary, Gini coefficient, income below subsistence level, housing space per capita, average monthly wage in 
healthcare, doctor and nurse densities per 10,000 population, and number of hospital beds. A correlation analysis was 
performed followed by stepwise regression to identify significant predictors.

Results  The analysis identified that higher living wages (β = 0.7), population density (β = 0.275), nurse density 
(β = 0.212), and average monthly salary (β = 0.502) were positively associated with higher DCS incidence rates. 
Conversely, gross regional product per capita (β = -0.68), housing space per capita (β = -0.441), and income below 
the subsistence level (β = -0.161) were negatively associated with DCS incidence. The model explained approximately 
63.7% of variance in DCS incidence.

Conclusions  Socioeconomic and healthcare factors significantly influence the incidence of circulatory diseases 
in Kazakhstan. Policies aimed at improving economic conditions such as increasing living wages and reducing 
unemployment may help lower DCS morbidity. Additionally, equitable distribution of healthcare resources like 
nurses could enhance early detection and management of circulatory diseases, contributing to better public health 
outcomes in a middle-income country setting.
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Healthcare, Public health, Kazakhstan

Economic and healthcare influences 
on circulatory diseases in Kazakhstan: 
a retrospective ecological study
Olzhas Zhamantayev1*, Nurlan Smagulov2, Gulmira Tykezhanova2, Maira Kenzhekeyeva1 and Gulden Karshalova1

Buk
eto

v U
niv

ers
ity

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41043-024-00697-y&domain=pdf&date_stamp=2024-11-26


Page 2 of 9Zhamantayev et al. Journal of Health, Population and Nutrition          (2024) 43:196 

Introduction
Non-communicable diseases (NCDs) are the leading 
cause of death globally, contributing to 41 million deaths 
annually [1]. Moreover, the NCD burden is large in lower- 
and middle-income countries (LMICs), accounting for 
60–80% of all deaths. A major part of the burden is on 
cardiovascular diseases (CVDs), respiratory disease, can-
cer, and diabetes. This burden is associated with socio-
economic, demographic, and healthcare-related factors, 
most of which can be avoided by preventive measures 
[2, 3]. Understanding these associationsof disease inci-
dence is important for developing effective public health 
strategies. Socioeconomic and healthcare-related factors 
have been shown to influence the occurrence rates of 
various health conditions within populations [4, 5]. Thus, 
health is influenced not only by individual risk factors 
and behavioral patterns but also by a whole range of eco-
nomic and social conditions. Moreover, when assessing 
the regional NCD burden, NCD prevention should also 
consider the importance of demographic indicators such 
as population growth, aging, density, and others [6, 7].

The economic vitality of a region, as indicated by gross 
regional product (GRP) per capita, is hypothesized to 
be inversely related to disease incidence due to its asso-
ciation with better access to resources and healthier liv-
ing conditions [8]. Studies have shown that countries 
with higher levels of income inequality (as measured by 
the Gini coefficient) tend to have higher rates of some 
NCD morbidity and mortality rates [9, 10]. Some coun-
tries with higher Gini coefficients had greater burdens 
of CVDs, chronic respiratory diseases, digestive diseases 
and even infectious diseases [11, 12]. Poverty indicators 
such as minimum subsistence levels and unemployment 
rates are expected to show a strong positive correla-
tion with disease incidence due to associated psycho-
social stresses and limited access to healthcare [13–15]. 
According to Rahman et al., financial disparities con-
tribute to higher NCD incidence rates among house-
holds [16]. The financial capacity represented by average 
monthly nominal salaries might reflect an individual’s 
ability to afford preventative care or prompt treatment 
when necessary [17]. A national health survey (2012) in 
the USA revealed that individuals living in low-income 
households were more likely to have heart disease, stroke, 
and respiratory diseases. Additionally, CVDs, respira-
tory diseases and cancers were more common among the 
unemployed population [18]. Some studies highlight that 
individuals who lost their jobs are more likely to experi-
ence increased cause-specific morbidity and mortality 
[19, 20].

Population density can also play a dual role, while 
denser regions may struggle with infectious disease 
transmission and environmental factors impacting respi-
ratory health indicators [21, 22], they may also benefit 

from more concentrated healthcare services. People in 
LMICs living in urban areas tend to have higher rates of 
hypertension, obesity, and diabetes than those living in 
rural areas [23]. Htet et al. reported that the rural Myan-
mar population has a high prevalence of risky health 
behaviors (alcohol consumption and low vegetable con-
sumption) [24].

Healthcare provisioning is another key element 
included and explored in this study. The availability of 
medical professionals is anticipated to correlate inversely 
with disease incidence due to improved accessibility 
and quality of care [25]. A study from Kazakhstan con-
cluded that hospital bed availability signals a healthcare 
system’s capacity for treating acute cases effectively and 
managing chronic illnesses over time [26]. Typically, car-
riers of NCDs utilize health services more frequently. The 
most reported factors influencing the pursuit of private 
NCD care are patients’ higher socioeconomic status and 
greater availability of services [27, 28].

Our study sought to examine how socioeconomic and 
healthcare factors may be associated with the morbid-
ity rates of diseases of the circulatory system (DCS) in 
Kazakhstan, a middle-income country in the Central 
Asian region.

Methods
This study employed a longitudinal ecological design. 
Data for incidence rates and socioeconomic, demo-
graphic, and healthcare variables were sourced from 
the Bureau of National Statistics of Kazakhstan [29] and 
annual reports of the Ministry of Health [30]. We uti-
lized regionally aggregated data spanning an 11-year 
period (2010–2020) for all 14 Kazakhstan regions 
(Akmola, Aktobe, Almaty, Atyrau, East Kazakhstan, West 
Kazakhstan, Zhambyl, Karaganda, Kostanay, Kyzylorda, 
Mangistau, Pavlodar, North Kazakhstan, and South 
Kazakhstan). This database compiles regional datasets 
from the Bureau of National Statistics of Kazakhstan and 
the Ministry of Healthcare, both adhering to stringent 
data management protocols. Local offices in each region 
regularly update demographic, economic, and healthcare 
statistics. The selection of variables was guided by prior 
literature and data availability [29, 30]:

 	• Gross Regional Product (GRP) per capita: GRP 
per capita is the total economic output of a region 
divided by its population. It is measured in tenge 
(KZT).

 	• Population density: The number of people living 
per square kilometer in a given region. Measured as 
people/km².

 	• Living wage: The minimum income necessary for 
a worker to meet their basic needs, including food, 
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housing, and other essentials. Defined annually by 
the government in tenge KZT.

 	• Unemployed population: The total number of 
individuals who are without a job and actively 
seeking employment within a specific region.

 	• Average monthly salary: The mean salary earned by 
workers in a region within a month, reported in KZT.

 	• Gini coefficient: A measure that represents income 
inequality within a region on a scale from 0 (perfect 
equality) to 1 (maximum inequality).

 	• Income below the subsistence level: Percentage 
or number of people whose income is below the 
minimum level required for basic sustenance, 
as defined by the government. Measured as a 
percentage.

 	• Housing space per capita: The average amount of 
living space available per person, measured in square 
meters per capita (m²/capita).

 	• Average monthly wage in healthcare: The mean 
monthly earnings for individuals working in the 
healthcare sector, reported in KZT.

 	• Doctor density, per 10,000 population: The number 
of doctors available per 10,000 residents in a region.

 	• Nurse density, per 10,000 population: The number of 
nurses available per 10,000 residents in a region.

 	• Number of hospital beds: Total number of hospital 
beds available in medical facilities within a region, 
presented as an absolute count.

 	• Number of hospital beds: The rate at which diseases 
related to the circulatory system occur within the 
population, measured per 100,000 population 
annually.

To identify the relationships between DCS incidence 
and selected variables, a correlation analysis was per-
formed. We focused on diseases of the circulatory system 
a priori due to their significant public health burden in 
Kazakhstan. Our initial analysis of variance across differ-
ent disease categories confirmed that DCS showed the 
highest magnitude of variance, calculated as the sum of 
the squares of correlation coefficients between all inde-
pendent variables and one dependent variable. The ICD-
10 code of the DCS is I00-I99. This group contains the 
following diseases: ischemic heart disease, hypertensive 
disease, cerebrovascular disease, acute rheumatic fever, 
chronic rheumatic heart disease, and pulmonary circula-
tion disease.

This study utilized stepwise regression to identify a 
subset of potential variables that best explained the vari-
ance in the dependent variable, “Diseases of the circu-
latory system”. We used a backward stepwise selection 
process, starting with all variables and iteratively remov-
ing the least significant predictor until all remaining vari-
ables were significant at p < 0.05. The variables considered 

in the model included living wages, gross regional prod-
uct per capita, housing space per capita, population 
density, nurse density per 10,000 population, average 
monthly salary, and income below the subsistence level. 
The reported coefficients and significance levels for each 
variable reflect their contributions to the model after the 
stepwise selection process.

In the analysis presented, several variables were sub-
jected to a natural logarithm (ln) transformation. Many 
socioeconomic and health-related variables often exhibit 
right-skewed distributions, where the majority of obser-
vations are concentrated at lower values with a long tail 
extending to higher values. Applying the natural loga-
rithm can mitigate the effects of skewness, resulting in a 
more symmetric distribution.

We checked for multicollinearity using Variance Infla-
tion Factors (VIFs). A VIF greater than 10 typically indi-
cates significant multicollinearity among independent 
variables in a regression model. Variables with VIF > 10 
were excluded from the final model.

Results
Selected statistics are presented in Table  1 and include 
measures of central tendency, variability, skewness, 
and kurtosis for economic and health-related variables. 
Analysis of the key statistical descriptors revealed the 
following:

The ln-transformed gross regional product had a mean 
of 7.61 with a standard deviation of 0.60551, indicat-
ing moderate variation. Kurtosis was slightly positively 
skewed (0.131), indicating a distribution that was less 
peaked than normal (-0.72). The population density had a 
mean of 5.19, with high variability (SD: 1.84). It is some-
what skewed to the right (0.69), indicating that higher 
population densities are less common. The average liv-
ing wage was quite variable across the observations (SD: 
6026.19) and slightly positively skewed (0.48), suggesting 
that higher wages were less frequent. The unemployment 
data were log-transformed, likely due to high skewness in 
its original form, which now shows a slight positive skew 
(0.593). The Gini coefficient had a low mean value of 
0.2486 with very little dispersion around it and displayed 
negative skewness (-0.291), implying that inequality was 
usually not extremely high. The average monthly nominal 
wage in healthcare had notable right skewness (0.832), 
and its less-peaked-than-normal distribution suggests 
that there are regions with relatively high healthcare 
wages. Doctor density was almost normally distributed 
but slightly platykurtic (-0.71 kurtosis), so it was consis-
tent but varied enough across different areas.

The outcome variable, DCS, showed significant inci-
dence trends across the 14 regions of Kazakhstan from 
2010 to 2020 (Table S1). Akmola region exhibited a 
substantial increase in DCS cases, rising from 1982.2 
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per 100,000 population in 2010 to 4974.9 in 2020. Simi-
larly, Zhambyl and South Kazakhstan displayed notable 
increases, with Zhambyl’s incidence growing from 3131.4 
to 5210.4 and South Kazakhstan’s from 2767.9 to 5174.5 
over the same period. Conversely, some regions like East 
Kazakhstan experienced more moderate but consistent 
increases, moving from 2760.6 to 4270.3.

In 2010, the minimum DCS incidence was recorded 
in Kostanay at 1879.2 per 100,000 population, while the 
maximum was in Almaty at 3801.2. By 2020, these val-
ues had increased significantly, with Pavlodar recording 
a minimum incidence of 3290.8 and South Kazakhstan 
reaching a maximum of 5174.5.

Based on the Pearson correlation matrix (Table S2), 
we identified some relationships between disease-related 
variables and other factors. Diseases of the circulatory 
system were positively correlated with population density 
(r = 0.46), suggesting that as population density increases, 
so does the incidence of circulatory diseases. They were 
also positively correlated with living wages (r = 0.46) and 
other economic factors, such as average salary in health-
care (r = 0.39). Respiratory diseases were also positively 
correlated with population density, albeit to a lesser 
extent than were circulatory diseases (r = 0.33). This could 

indicate a pattern where certain health issues are more 
prevalent in denser populations. They also had a moder-
ate linkage (r = 0.33) to the unemployment level.

According to Table  2, the regression model demon-
strated significant results for the selected variables. 
A one-unit increase in the living wage was associated 
with a 0.093-unit increase in predicted circulatory dis-
eases (β = 0.7, p < 0.001), while a logarithmic increase in 
gross regional product of one unit was correlated with a 
decrease of 900.528 units (β = -0.68, p < 0.001). Improve-
ments in housing space per capita by one unit were 
associated with a decrease of 265.228 units (β = -0.441, 
p < 0.001), whereas a one-unit rise in population den-
sity indicated an increase of 119.435 units (β = 0.275, 
p = 0.001) in predicted circulatory diseases. The pres-
ence of one additional nurse per 10,000 people correlated 
with a 19.779 unit increase (β = 0.212, p = 0.001), and a 
one-unit increase in average monthly salary resulted in 
a 0.009 unit increase (β = 0.502, p = 0.005). Conversely, 
an increase of one unit in income below the subsistence 
level was associated with a decrease of 87.317 units (β = 
-0.161, p = 0.026) in predicted circulatory diseases.

By comparing the relative importance of different 
predictors, the standardized coefficients shed light on 

Table 1  Summary statistics: socioeconomic, demographic, and healthcare variables
Variable Minimum Maximum Mean SD Skewness Kurtosis
GRP per capita 13 59.3 26.66 12.22 1.13 0.24
GRP per capita_ln 6.5 8.87 7.61 0.61 0.131 -0.72
Population density 2.5 9.6 5.19 1.84 0.69 -0.39
Living wage 11,759 33,816 21189.06 6026.19 0.476 -0.89
Unemployed population 665 7093.4 2422.07 1539.23 1.298 1.23
Unemployed population_ln 2.56 4.08 3.19 0.41 0.593 -0.80
Average monthly salary 55933.31 228,413 123064.06 46476.43 0.68 -0.61
Gini coefficient 0.17 0.32 0.25 0.04 -0.291 -0.75
Income below the subsistence level 1.3 7 3.74 1.48 0.606 -0.53
Housing -space per capita 18.46 23.6 20.95 1.33 0.046 -0.98
Average monthly wage in healthcare 62,340 162849.85 97790.54 27110.04 0.832 -0.32
Doctor density, per 10,000 population 18.7 36.7 26.42 4.47 0.355 -0.71
Nurse density, per 10,000 population 57.7 92.6 72.38 8.59 0.397 -0.42
Number of hospital beds 2367 13,800 6202.97 2870.35 0.966 0.05
Diseases of the circulatory system 1879.2 5210.4 3267.28 801.75 0.39 -0.51
Notes sourced from Bureau of National Statistics of Kazakhstan and the Ministry of Healthcare

Table 2  Regression model predictors of DCS incidence
Items Unstandardized coefficients, 95,0% CI Standardized

coefficients
SE p-value VIF

(Constant) 10913.35, (7323.232, 14503.469) 1812.942 0.000
Living wage 0.093, (0.057, 0.13) 0.7 0.018 0.000 6.2
GRP per capita_ln -900.53 (-1296.694, -504.362) -0.68 200.056 0.000 7.4
Housing space per capita -265.23, (-373.249, -157.207) -0.441 54.549 0.000 2.7
Population density 119.44, (52.212, 186.658) 0.275 33.946 0.001 2
Nurses density 19.78, (7.804, 31.753) 0.212 6.047 0.001 1.4
Average monthly salary 0.009, (0.003, 0.015) 0.502 0.003 0.005 9.9
Income below subsistence level -87.32, (-163.754, -10.879) -0.161 38.60 0.026 1.6
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the relative importance of each predictor. Living wages 
demonstrated a positive and statistically significant asso-
ciation (β = 0.7, p < 0.001), indicating that regions with 
higher living wages tended to experience an increased 
incidence of circulatory diseases. Conversely, GRP cap-
ita exhibited a negative association (β = -0.68, p < 0.001), 
suggesting that higher economic productivity was linked 
to a decreased incidence of circulatory diseases. Hous-
ing space per capitaalso had a negative association (β = 
-0.441, p < 0.001), implying that regions with better hous-
ing provisions had lower rates of circulatory diseases. 
Population density, nurse density per 10,000 people, and 
average monthly salary displayed positive associations, 
with population density having the strongest association 
(β = 0.275, p = 0.001). However, income below the sub-
sistence level demonstrated a negative association (β = 
-0.161, p = 0.026), suggesting that higher levels of income 
below the subsistence level were associated with a lower 
incidence of circulatory diseases.

In the regression model summary, the R² was 0.637, 
indicating that the model explained approximately 63.7% 
of the variability in the dependent DCS variable. The 
adjusted R² was 0.615, which reflects the number of pre-
dictors included in the model. The standard error of the 
estimate is 497.4, representing the standard deviation of 

the residuals. The F-statistic (29.529) tests our hypothesis 
that at least one predictor variable in the model is signifi-
cantly related to the dependent variable.

The residual analysis showed that the model had a good 
fit (Figs.  1 and 2), with residuals centered at approxi-
mately 0 and a reasonable spread.

Discussion
Health is a key driver of the United Nations Sustain-
able Development Goals (SDGs), and reducing health 
inequalities and NCDs should become key in promot-
ing the overall SDG agenda. The interaction between 
inequalities and health is complex: better economic 
outcomes for households enhance health, low socioeco-
nomic status leads to chronic ill health, and NCDs reduce 
the income status of households [31]. The results from a 
systematic review highlighted that being in low socioeco-
nomic status groups was associated with high CVD and 
cancer risks [32].

In our study, diseases of the circulatory system exhib-
ited the highest magnitude of variance among all disease 
groups examined, suggesting a strong collective influence 
of the chosen independent variables on this category. 
This may indicate that socioeconomic and healthcare-
related factors may play a considerable role in explaining 

Fig. 1  Regression standardized residuals’ distribution
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the variability in the incidence of circulatory diseases. 
The correlation analysis suggested potential relation-
ships between various socioeconomic factors and health 
indicators. Our regression model demonstrated sig-
nificant explanatory power for the incidence of DCS in 
Kazakhstan.

The regression model indicated that the living wage, 
GRP per capita, housing space per capita, population 
density, nurse density per 10,000 people, average monthly 
salary, and income below the subsistence level collec-
tively influenced the DCS incidence. Overall, our find-
ings suggest that reducing income inequality, decreasing 
unemployment leves, and ensuring living wages could 
contribute to lowering a particular NCD morbidity. These 
results align with previous studies that have emphasized 
the role of social determinants in health outcomes. Both 
social and economic determinants have a direct connec-
tion to human disease and health since they can contrib-
ute to the emergence and spread of many human diseases 
[33].

GRP per capita may serve as an indicator of regional 
economic strength and is often associated with better 
healthcare infrastructure and services due to more sub-
stantial financial investments in the public health sector. 
However, economic prosperity does not uniformly trans-
late into improved health outcomes [34]. The negative 
correlation between GRP per capita and DCS contrasts 
with findings from high-income countries [35], where 
economic growth typically improves healthcare access 
and reduces disease prevalence. In Kazakhstan, this 
might reflect regional disparities in income distribution 

or differences in public health infrastructure. According 
to the World Bank (2012), lower-income countries have 
higher rates of NCDs due to lower health expenditures 
and a lack of access to quality healthcare [36]. Poverty 
also contributes significantly, as it limits access to healthy 
food options and preventive healthcare. An American 
study reported the association of poverty aspects with 
coronary artery disease, hypertension and stoke preva-
lence [37]. The Gini coefficient is a measure of income 
inequality, with higher values indicating greater inequal-
ity. Several studies have reported positive associations 
between the GINI coefficient and NCD morbidity, par-
ticularly for cardiovascular diseases and diabetes [9, 
11]. The mechanism behind this association is thought 
to be the adverse effects of income inequality on social 
determinants of health, such as education, employment, 
and housing conditions, which in turn contribute to the 
development of NCDs.

Our study revealed an unexpected negative associa-
tion between income below the subsistence level and 
the incidence of circulatory diseases. The negative cor-
relation between income below subsistence level and 
DCS incidence could be due to underreporting of cases 
in poorer regions or limited healthcare access skewing 
the data. It is possible that individuals in these areas are 
less likely to seek medical help until conditions become 
critical, resulting in lower recorded incidences but poten-
tially higher mortality rates. This could be a result of 
confounding variables not accounted for in our model, 
or an artifact of the ecological study design. Researchers 
from the Dominican Republic found that when workers 
received compensation meeting living wage standards, 
some of their lifestyle patterns shifted, without apparent 
influence on cardiovascular risks [38]. A study in Iran by 
Davari et al. (2019) found that the socioeconomic status 
can be a strong predictor for the heart disease incidence 
[39]. For instance, the positive association between cost 
of living and morbidity could be explained by several 
mechanisms. Higher living costs may increase chronic 
stress levels, a known risk factor for cardiovascular dis-
eases [40, 41]. Additionally, areas with higher costs of 
living often coincide with urban centers that have better 
healthcare facilities, potentially leading to higher detec-
tion rates of circulatory diseases [42]. However, these 
urban areas may also have lifestyle factors conducive to 
circulatory diseases, such as sedentary work environ-
ments and high consumption of processed foods [43, 44].

There is limited research about associations between 
housing space per capita and heart diseases in LMICs. 
Our findings indicate a positive association between 
population density and DCS incidence. This aligns with 
studies conducted in urban areas of other countries. For 
instance, a study from Hong Kong found that higher live-
able floor area and neighborhood scale residential density 

Fig. 2  Standardized residuals’ normal P-P plot
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were associated with lower odds of hypertension [45]. A 
review focusing on Western countries reported that high 
population density is associated with increased mortality 
rates for multiple types of cancer, cardiovascular disease, 
and respiratory diseases, as well as a higher incidence of 
several cancers and respiratory conditions [46]. These 
population density issues can also create strain health-
care systems, complicating the provision of adequate 
medical services [47, 48].

There is also limited data on associations of nurse den-
sity and DCS morbidity levels. The influence of nurse 
density on health outcomes can be complex and some-
times underestimated. The positive correlation between 
nurse density and DCS incidence in our study might seem 
counter-intuitive at first. However, it can be explained 
by better disease detection and reporting in well-staffed 
areas. Higher nurse density ensures more frequent health 
check-ups and early diagnosis, leading to higher reported 
incidences. Factors such as nurses’ education levels, work 
environment, and the overall organization of healthcare 
services can moderate this relationship [49]. Moreover, in 
resource-limited settings, increasing nurse density might 
have even more pronounced effects on health outcomes, 
as suggested by research in low- and middle-income 
countries [50].

Kazakhstan has demonstrated a commitment to 
improving public health through the implementa-
tion of comprehensive National Health programs. The 
most recent of these, the “Densaulyk” State Program for 
2016–2019, and its successor for 2020–2025, have placed 
significant emphasis on addressing the growing burden 
NCDs in the country [51, 52]. These programs reflect 
Kazakhstan’s recognition of the need to tackle major 
health challenges, including diseases of the circulatory 
system, which our study has identified as a primary con-
cern. In line with these national initiatives, there has been 
an increased focus on research to identify factors con-
tributing to major NCDs. Our analysis highlights major 
socioeconomic determinants of DCS in Kazakhstan. 
For instance, the influence of living wage suggests that 
improving economic conditions at the household level 
could reduce disease prevalence. This finding supports 
policies aimed at increasing minimum wages and pro-
viding economic support to low-income families. More-
over, our results underscore the importance of healthcare 
workforce distribution. Ensuring equitable distribution of 
nurses and other healthcare professionals across regions 
could improve early detection and management of circu-
latory diseases.

As limitations, it is important to note that while our 
model explains a substantial portion of the variance, 
approximately 36.3% remains unexplained. This suggests 
the presence of other important factors not captured in 
our analysis, including educational attainment, dietary 

habits, genetic predispositions, and environmental vari-
ables not measured in this study. Future research should 
aim to identify and incorporate these additional variables 
to enhance our understanding of DCS determinants in 
Kazakhstan. Our reliance on secondary data also means 
that we are dependent on the accuracy of the original 
data collection methods. However, it is important to 
note that Kazakhstan, like many countries, adheres to 
up-to-date standards and rules for collecting, classify-
ing, recording, and reporting medical statistical data [53, 
54]. The Bureau of National Statistics of Kazakhstan and 
the Ministry of Healthcare follow stringent protocols in 
their data management practices, which includes regular 
audits and quality checks. While this does not completely 
eliminate the potential for errors or biases in the original 
data collection, it does provide a degree of confidence in 
the overall quality and consistency of the data used in our 
study. Furthermore, our results are specific to the region 
studied and may not be generalizable beyond these set-
tings. It is also worth noting that some variables had 
limited influence on certain disease categories, indicat-
ing possible areas where further longitudinal study could 
enhance understanding.

Conclusions
In our study, living wages, population density, and nurse 
density had positive associations with DCS morbidity. 
The average monthly salary also had a positive influence. 
On the other hand, the GRP per capita, housing space per 
capita, and income below the subsistence level had nega-
tive associations on DCS morbidity rates. Our results 
suggest that socioeconomic and healthcare factors have 
a significant association with the incidence of diseases of 
the circulatory system in Kazakhstan. Improvements in 
the living wage, population density, nurse density, aver-
age monthly salary, gross regional income per capita, 
and housing living space may contribute to managing the 
public health issues of circulatory diseases in a middle-
income country. Overall, NCDs have emerged as the 
leading cause of morbidity and mortality worldwide, pos-
ing a significant public health challenge that transcends 
national borders and socioeconomic statuses. It is there-
fore important that policies aimed at improving health 
and reducing inequalities concerning health should con-
sider not only healthcare practices and healthy behaviors 
but also the socioeconomic conditions that influence 
root causes of health.
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