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Abstract
Background  Infant mortality rate is an important indicator of a nation’s overall health and development. Kazakhstan, 
like many Central Asian countries, has faced its fluctuating trends during the last decade influenced by various 
socioeconomic factors. This study aims to analyze the relationship between socioeconomic and infant mortality 
indicators in Kazakhstan from 2010 to 2021.

Methods  We analyzed aggregated panel data from all 14 regions of Kazakhstan and 3 major cities (Astana, Almaty 
and Shymkent) over a twelve-year period, including socioeconomic and demographic variables obtained from the 
Bureau of National Statistics and the Ministry of Healthcare of the Republic of Kazakhstan. Log transformation was 
applied to achieve symmetrical distribution and standardization of selected variables. Multiple linear regression 
assessed the effect size of significant predictors on infant mortality.

Results  The mean infant mortality rate was 10.22 per 1,000 live births, with higher rates in southern/western regions 
(e.g., Kyzylorda: 13.0) compared to northern areas (e.g., Pavlodar: 8.32). Our panel data analysis (2010–2021) revealed 
consistent socioeconomic patterns: unemployment rates and poverty levels showed positive relationship with 
infant mortality rates, while greater housing space per capita, lower income inequality (Gini coefficient), and higher 
living wages were correlated negatively. The regression model accounted for a substantial proportion of variance in 
infant mortality, emphasizing the role of economic stability, equitable resource distribution, and living conditions in 
improving infant health outcomes.

Conclusions  The study examines the relationship of infant mortality with socioeconomic factors in Kazakhstan. 
Economic growth alone is insufficient, equitable wealth distribution and comprehensive social and healthcare 
investment may contribute to the sustained reductions in infant mortality indicators. These findings may be valuable 
for policymakers not only in Kazakhstan but also in other Central Asian nations facing similar public health challenges.
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Introduction
Infant mortality stands as an important marker of a 
nation’s health status, with research pointing to a notable 
association between infant mortality and socioeconomic 
factors such as income inequality, unemployment, pov-
erty, and access to healthcare [1, 2]. It is expressed as 
the probability of a child’s death between birth and one 
year of age [3]. The infant mortality rate (IMR) serves as a 
critical gauge of overall population health, and high IMR 
often signifies broad structural issues such as underlying 
socioeconomic conditions, inadequate healthcare ser-
vices, poor sanitation, and low educational attainment [4, 
5].

In Kazakhstan, which is a middle-income country in 
Central Asia (CA), state initiatives in healthcare devel-
opment such as “Densaulyk” and “Salamatty Kazakh-
stan” focusing on preventive care, have shown promising 
results in enhancing maternal, prenatal, and infant health 
[6]. Kazakhstan’s demographic landscape, marked by 
population growth from natural increase and migration, 
faces challenges with a lower life expectancy and higher 
infant mortality rate compared to developed countries. 
Moreover, according to the TransMonEE (Transforma-
tive Monitoring for Enhanced Equity) partnership, which 
monitors the situation of children and women in Europe 
and Central Asia, the percentage of children aged 0–17 
years in Central Asian countries’ populations (34–42%) 
is significantly higher compared to selected European 
nations (United Kingdom, Germany, Poland), see Addi-
tional file 1 [7]. These countries were chosen to highlight 
disparities in child population shares between Central 
Asia and Europe as regional benchmarks to highlight 
demographic and economic contrasts, contextualizing 
Kazakhstan’s demographic challenges. Simultaneously, 
Kazakhstan boasts universal literacy and extensive edu-
cational coverage [8].

The remainder of this paper is structured as follows: 
Sect.  “Introduction” as “Background” covers existing 
literature in the field, identifies research gaps, and how 
the research being done will add to current knowledge. 
Section “Background” provides a detailed description of 
the data and methods used in the analysis. Section “Data 
and methods” presents the results of the study, includ-
ing descriptive statistics and regression analyses. Sec-
tion  “Results” discusses the findings in the context of 
existing literature and their implications for policy. 
Finally, Sect.  “Discussion” concludes the paper with a 
summary of key insights.

Background
During the past decades, Kazakhstan achieved a remark-
able sixfold reduction in the IMR from 1990 to 2017, 
declining from 54.1 to 8.9 deaths per 1,000 live births, 
outpacing other CA countries [9]. A significant contribu-
tor to this reduction was Kazakhstan’s 2008 adoption of 
World Health Organization (WHO) criteria for defining 
live births and stillbirths [10]. This alignment with WHO 
standards helped Kazakhstan reduce infant mortality by 
over a third by 2015, with ongoing efforts towards further 
reductions by 2030. Regional disparities were reported by 
Bayserkina et al. and official statistics, highlighting higher 
IMRs in southern and western Kazakhstan from 1991 to 
2012 [11]. Overall, since 1990, Kazakhstan has achieved 
a 64% reduction in infant mortality and a 65% reduction 
in child mortality, meeting United Nations Millennium 
Development Goal 4 ahead of schedule in 2014 [12]. 
From 2000 to 2020, Kazakhstan achieved a 76% reduc-
tion in infant mortality (annual average reduction rate 
of 1.49), while Uzbekistan was the only Central Asian 
country to demonstrate comparable progress, with a 75% 
decline over the same period [13]. This significant pace of 
improvement reflects the CA authorities’ strong commit-
ment to pursuing Sustainable Development Goal 3 (SDG 
3), which aims to ensure healthy lives and promote well-
being for all ages [14].

Socioeconomic determinants contribute to the shap-
ing of health outcomes, particularly in infant mortality. 
Despite consistent investments in healthcare, education, 
and social sectors within the CA region, these efforts fall 
below the averages observed for the Organization for 
Economic Co-operation and Development [15]. Social 
determinants including poverty, access to healthcare 
services, and legal or social barriers significantly influ-
ence health outcomes [4]. Demographic transition theory 
suggests that reductions in mortality rates, including 
infant mortality, are closely tied to socioeconomic devel-
opment and improved healthcare access [16]. Classical 
studies emphasize the role of maternal education and 
household wealth in child survival [17]. Contemporary 
research underscores persistent structural inequities, 
such as disparities in maternal healthcare utilization and 
wealth-related inequalities, which perpetuate dispari-
ties in infant mortality even amid economic growth [18, 
19]. For instance, studies highlight how targeted policy 
interventions, such as expanding maternal education 
and strengthening healthcare infrastructure, can miti-
gate these inequities and accelerate progress toward child 
survival goals [20]. Income inequality and social policies, 
including maternal leave policies, may help to explain 
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variations in infant mortality and birth outcomes across 
countries, even in high-income nations [21].

Studies from Kazakhstan and other countries empha-
size the association of maternal and infant health with the 
household composition, wealth quantiles, the absence of 
sanitation facilities in households and life expectancy at 
birth [9, 22]. In low- and middle-income countries, fac-
tors such as lower population growth, better living condi-
tions, and improved service provision are associated with 
lower IMR [23]. The growing proportion of Kazakhstani 
people living below the living wage further adds to the 
complexity of socioeconomic challenges [24]. Moreover, 
cultural factors, including attitudes and beliefs related 
to medical care, may interact with socioeconomic deter-
minants to indirectly impact children’s health outcomes 
[25].

Reductions in government health spending can be 
linked to negative public health outcomes. For instance, 
in European Union countries, a 1% decrease in govern-
ment health expenditure correlated with an increase in 
maternal mortality rates [26]. Total, public and private 
health expenditures have correlations with reducing 
infant mortality rates, with private health expenditure 
having a more substantial effect [27, 28]. Factors such as 
poverty and unemployment can also contribute to varia-
tions in IMR. In Italy, the Gini index and total unemploy-
ment rate correlated positively with infant mortality, 
while mean household income showed a strong nega-
tive correlation [29]. In Korea, parental employment 
status was associated with infant mortality in preterm 
infants, while unemployment status was linked to lower 
birthweights and higher rates of infant mortality [30]. 
Addressing disadvantaged socioeconomic status through 
improved access to quality healthcare and increased 
social expenditures can have a reflective impact on IMR 
[31].

The aim of this study was to analyze the relationship 
between infant mortality rates and key socioeconomic 
indicators in Kazakhstan from 2010 to 2021, with a focus 
on identifying the most significant determinants that can 
inform policy interventions. The research question of this 
study was “How do socioeconomic indicators influence 
infant mortality rates in Kazakhstan from 2010 to 2021?”

Data and methods
Study area, source, and design
The dataset used in this study was panel data, compris-
ing aggregated data for all 14 regions of Kazakhstan 
and 3 major cities (Astana, Almaty and Shymkent) from 
2010 to 2021. It included socioeconomic and demo-
graphic variables from the Bureau of National Statistics 
and IMRs from the Ministry of Healthcare of the Repub-
lic of Kazakhstan [32, 33]. The dataset comprised 196 

observations across all variables, representing all regions 
over a 12-year period.

Variables and definitions
Variable selection was based on previous literature and 
data availability [32, 33]:

 	– Housing space per capita measures the average living 
space available per individual, expressed in square 
meters per person. This variable represents housing 
conditions and living standards by indicating how 
much housing area is allocated to each resident.

 	– Living wage (minimum wage) refers to the legally 
mandated lowest monthly remuneration that 
employers may pay workers. It is designed to ensure 
a minimum standard of living for employees, 
covering basic needs such as food, housing, and 
other essentials. Defined annually by the government 
in tenge (KZT).

 	– Average monthly salary represents the typical gross 
income received by employees on a monthly basis 
before taxes and deductions. It serves as an indicator 
of general economic well-being and the standard of 
living for the workforce.

 	– Average monthly salary in healthcare measures the 
typical earnings of healthcare professionals on a 
monthly basis. This variable reflects investment in 
human resources within the health sector, impacting 
the quality and availability of healthcare services.

 	– Gross Domestic Product (GDP) represents the total 
economic output of Kazakhstan, signifying overall 
economic performance. It includes the market value 
of all final goods and services produced within a 
country in a specific period.

 	– GDP per capita is the GDP divided by the total 
population, providing a per-person measure of 
economic productivity and living standards. It offers 
insight into the average income level and economic 
well-being of individuals in a country.

 	– Gross Regional Product (GRP) measures the 
total economic output of a specific region within 
Kazakhstan, expressed in millions of KZT. GRP is 
similar to GDP but at a regional level, including the 
market value of all final goods and services produced 
in that region over a specified period.

 	– Gross Regional Product per Capita. This indicator 
represents the per-person economic productivity and 
living standards within a specific region, expressed 
in thousands of KZT. It is calculated by dividing the 
GRP by the population of that region. This metric 
helps assess the average income and prosperity of 
individuals within the region.

 	– Income below the subsistence level reflects the 
proportion of people earning less than what is 
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necessary for basic living expenses. This variable 
indicates poverty levels by showing how many 
individuals fall below the threshold required for 
minimal subsistence.

 	– Gini coefficient is a measure of income inequality 
within a population, where 0 represents perfect 
equality (everyone has the same income) and 1 
indicates maximal inequality (one person has all the 
income). It helps assess distributional fairness and 
economic disparity within society.

 	– Unemployed population (unemployment rate) is 
the total number of individuals or percentage of 
the labor force that is jobless but actively seeking 
employment. This indicator impacts economic 
stability and social well-being by reflecting labor 
market conditions and potential financial distress 
among households.

 	– Average age of women represents the mean age of 
women in the population. This demographic statistic 
can influence trends related to fertility, health 
outcomes, and social dynamics within a community.

 	– Average age of mothers at birth indicates the 
mean age of women when they give birth. This 
demographic measure can impact maternal and 
infant health outcomes, influencing both prenatal 
care practices and overall birth statistics.

Data analysis
Descriptive statistics were employed to summarize cen-
tral tendencies, dispersions, and distributions. Pearson 
correlation analysis was conducted to identify relation-
ships and potential multicollinearity among the variables. 
Variables that had a Pearson correlation coefficient (r) 
greater than 0.8 were excluded from further analysis to 
avoid multicollinearity issues [34]. We checked for mul-
ticollinearity using Variance Inflation Factors (VIFs). A 
VIF greater than 5 typically indicates significant multi-
collinearity among independent variables in a regression 
model [34]. Variables with VIF > 5 were excluded from 
the final model to avoid multicollinearity issues. Assump-
tions for multicollinearity, linearity, independence, and 
homoscedasticity were checked. The remaining variables 
included in the analysis were IMR, living wage, unem-
ployed population, Gini coefficient, income below the 
subsistence level, housing space per capita, gross domes-
tic product per capita, and average age of women.

In the analysis presented, all selected variables were 
subjected to a natural logarithm (ln) transformation. 
Many socioeconomic and health-related variables often 
have right-skewed distributions, where the majority 
of observations are concentrated at lower values with a 
long tail extending to higher values [35]. Applying the 
logarithmic transformation can mitigate the effects of 

skewness, resulting in a more symmetric distribution and 
data standardization [36].

Statistical analyses were performed with IBM SPSS 
27.0, Standard Edition. Mean levels of infant mortality 
were assessed with a one sample t-test. In this study, lin-
ear regression analysis was employed to examine trends 
in IMR across all regions of Kazakhstan from 2010 to 
2021. This approach allowed to identify statistically sig-
nificant trends and quantify the average annual changes 
in IMR over the study period [37].

We employed a fixed effects regression model to ana-
lyze our panel data. Multiple linear regression was used 
to measure the effect size (B) of the previously detected 
statistically significant predictors in infant mortality. Sig-
nificance was based on a 95% confidence interval (95% 
CI).

Results
The mean infant mortality rate for 2010–2021 across all 
Kazakhstan was 10.22 ± 3.27 (95% CI: 9.55–10.61), indi-
cating moderate variability across the regions studied. 
The geographical distribution of average IMR across the 
study period, as shown in Fig. 1, highlights spatial varia-
tions, with regions such as Kyzylorda (average IMR: 13.0) 
having higher rates compared to northern areas like 
Akmola (average IMR: 9.15) or Pavlodar (average IMR: 
8.32).

Table  1 presents the descriptive statistics for all study 
variables. The analysis revealed significant regional varia-
tions across socioeconomic indicators. The living wage 
averaged 22,657.32 ± 7,249.51 KZT, while unemploy-
ment stood at 23.51 ± 12.62 thousand people. Income 
disparities were evident in the average monthly sal-
ary (141,097.67 ± 65,036.44 KZT) and healthcare sector 
wages (107.25 ± 44.90 thousand KZT). The Gini coef-
ficient (0.25 ± 0.04) indicated moderate income equality, 
with 3.46 ± 2.02% of the population below the subsistence 
level. Housing conditions averaged 21.97 ± 3.08  m² per 
capita. Demographic measures showed women’s aver-
age age at 34.22 ± 3.60 years, with mothers averaging 
28.50 ± 0.83 years at childbirth and a birth rate of 81 per 
1,000 women aged 15–49.

Table 2 presents the results of the IMR trend analysis 
across the regions of Kazakhstan and the cities of national 
significance (Almaty and Astana). Overall, all regions 
showed a decline in IMR, however, in Northern Kazakh-
stan, this trend is not statistically significant (p > 0.05). 
The most substantial average annual decreases in IMR 
are observed in the East Kazakhstan, Kyzylorda, and 
South Kazakhstan regions, with annual average changes 
in IMR of -1.13, -1.15, and − 0.94 units, respectively.

Figure 2 illustrates the region-specific trends in infant 
mortality rate from 2010 to 2021, revealing variations in 
both the rate and pattern of change across Kazakhstan’s 
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regions. Each panel represents the IMR trend for an indi-
vidual region, highlighting the downward trajectories 
over the study period.

In the presented dataset, several indicators showed 
notable skewness in their distribution, and we log-trans-
formed them to achieve a more symmetrical distribution.

In order to assess whether the average IMR (log trans-
formed) from 2010 to 2021 significantly differs from 
the targeted national average for 2025 (which is 7.2 per 
1000 live births [34], and the log transformed one is 

approximately equal to 2.0), a one-sample t-test was con-
ducted with a null hypothesis stating that the average 
IMR is equal to the desired national average (Table  3). 
In examining the log-transformed IMR (IMR_log), the 
descriptive statistics reveal an average of 2.28 ± 0.29. 
A one-sample t-test comparing the average IMR_log 
to a specified test value of 2 yielded a substantial result 
(t(195) = 13.350, p = 0.000). The mean difference of 0.28, 
along with a 95% CI (0.24, 0.32), underscores the statis-
tical significance and suggests that the average IMR_log 

Table 1  Descriptive statistics of selected variables
Variables Mean 95%CI SD Skewness
IMR, cases per 1000 live births 10.22 9.55 10.61 3.27 1.26
Living wage, in thousands KZT 22.66 21.58 23.95 7.25 0.69
Unemployed population, in thousands people 23.51 22.03 25.00 12.62 1.03
Average monthly salary, in thousands KZT 141.10 137.58 159.74 65.04 0.95
Average monthly salary in healthcare, in thousands KZT 107.25 103.21 117.99 44.90 1.25
Gini coefficient 0.25 0.25 0.26 0.04 -0.27
Income below the subsistence level, in percents 3.46 3.15 3.76 2.02 0.92
Housing space per capita, in square meters 21.97 21.46 22.47 3.08 0.98
Gross Regional Product, mln KZT 2831.63 2621.81 3347.15 2048.53 1.56
Gross Regional Product per Capita, thousands KZT 3418.99 3079.89 3758.10 2046.09 1.19
Average age of women, years 34.22 33.65 34.79 3.60 0.07
Birth rate, per 1000 women aged 15–49 80.16 76.50 83.82 24.17 0.37
Average age of mothers at birth, years 28.50 28.36 28.63 0.83 0.37

Fig. 1  Choropleth map of average infant mortality rate by region in Kazakhstan, 2010–2021
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differs notably from the specified test value. Addition-
ally, Cohen’s d of 0.29 indicates a small-to-medium effect, 
emphasizing the practical significance of the observed 
difference.

We conducted a Pearson correlation analysis to exam-
ine the relationships between the IMR and various fac-
tors. IMR was strongly negatively correlated with living 

Table 2  IMR trend analysis results for Kazakhstan, 2010–2021
Region 2010–2021 

average IMR
Annual average changes in IMR 95%CI (lower; upper) p-value

Akmola 9.15 -0.85 -1.13; -0.58 < 0.001
Aktobe 10.47 -0.57 -0.92; -0.22 < 0.01
Almaty 8.95 -0.49 -0.69; -0.31 < 0.001
Atyrau 11.02 -0.66 -1.16; -0.16 < 0.05
East Kazakhstan 11.38 -1.13 -1.47; -0.79 < 0.001
Zhambyl 10.63 -0.86 -1.07; -0.66 < 0.001
West Kazakhstan 8.91 -0.45 -0.74; -0.18 < 0.01
Karaganda 9.53 -0.45 -0.71; -0.18 < 0.01
Kostanay 11.39 -0.41 -0.62; -0.21 < 0.01
Kyzylorda 13.00 -1.15 -1.62; -0.68 < 0.01
Mangystau 10.87 -0.74 -1.19; -0.29 < 0.01
Pavlodar 8.32 -0.59 -0.84; -0.34 < 0.001
North Kazakhstan 9.93 -0.29 -0.59; 0.01 > 0.05
South Kazakhstan 11.41 -0.94 -1.12; -0.77 < 0.001
Almaty city 10.96 -0.91 -1.41; -0.41 < 0.01
Astana city 7.99 -0.53 -0.78; -0.28 < 0.001

Table 3  Log transformed IMR comparison to reference of 
targeted log transformed IMR = 2.0

n = 196 t-test E.S.
IMR_log 2.28 (0.29) t(195) = 13.35 (p < 0.001) d = 0.3

Fig. 2  Trends in infant mortality rate across regions in Kazakhstan, 2010–2021. N.B: *Until 2018 it was South Kazakhstan region
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wage (r = -0.667, p < 0.01), indicating that higher wages 
correlated with lower infant mortality levels. Similarly, 
average monthly salary (r = -0.542, p < 0.01) and average 
monthly salary in healthcare (r = -0.664, p < 0.01) both 
showed strong negative correlations with IMR, sug-
gesting that increased incomes, particularly within the 
healthcare sector, contribute to reduced infant mortal-
ity. Additionally, housing space per capita was negatively 
correlated with IMR (r = -0.584, p < 0.01), signifying that 
better living conditions were linked to lower rates of 
infant death. Income below the subsistence level was pos-
itively correlated with IMR (r = 0.287, p < 0.01), highlight-
ing that greater levels of poverty had relationship with 
higher infant mortality rates. Subsequent analysis, such 
as multiple regression, was implemented to understand 
the combined influence of these factors on IMR.

The multiple linear regression analysis revealed sig-
nificant relationship between several socioeconomic fac-
tors and IMR in Kazakhstan from 2010 to 2021 (Table 4). 
Unemployment levels had a positive relationship with 
IMR (B = 0.357, β = 0.412, p < 0.001). Greater income 
inequality measured by the Gini coefficient showed 
negative relationship with IMR (B = -0.483, β = -0.234, 
p = 0.007). A higher percentage of the population living 
below the subsistence level correlated with higher IMR 
(B = 0.164, β = 0.358, p < 0.001). Increased housing space 
per capita was linked to decreased IMR (B = -0.563, β = 
-0.257, p = 0.010), while a higher living wage had negative 
realtionship with IMR (B = -0.472, β = -0.496, p < 0.001). 
Additionally, an older average age of women was related 
to lower IMR (B = -0.626, β = -0.219, p = 0.007). GRP per 
capita did not show a significant relationship with IMR 
(p = 0.989).

Assumptions of linearity, independence, normality, and 
homoscedasticity were verified. The normality of residu-
als was confirmed with a P-P plot (see Additional file 2), 
showing close alignment to the expected distribution. 
Scatter plots of residuals versus predicted values indi-
cated linearity and homoscedasticity, with no discernible 

patterns (Additional file 3). The Durbin-Watson value of 
1.7 suggested no significant autocorrelation.

The model had a good fit and explained a signifi-
cant proportion of variance in IMR (R2 = 0.638), with 
an adjusted (R2) value of 0.620 and an overall F-statistic 
of (F (7,142)) = 35.775 (p < 0.001). Collinearity statistics 
indicated acceptable levels of multicollinearity among 
predictors: VIF values ranged from a low of 1.955 for 
the unemployed population to a high of 3.764 for hous-
ing space per capita, while tolerance values ranged from 
0.266 to 0.512.

Discussion
Understanding infant mortality in Kazakhstan con-
tributes significantly to a broader understanding of the 
Central Asian region. Kazakhstan can be seen as a rep-
resentative case due to its economic transition, demo-
graphic dynamics, and specific policy initiatives [38]. 
The country’s experiences may offer insights into how 
similar challenges and successes play out in neighboring 
CA countries, because Kazakhstan’s experience holds 
relevance for neighboring countries in CA due to shared 
historical and cultural ties. Regional dynamics, such as 
economic transition challenges, social disparities, and 
demographic trends, might be common across the region 
[39]. The sixfold reduction in infant mortality from 1990 
to 2017 signals notable progress [9], raising questions 
about the contributing factors.

Our analysis shows that infant mortality in Kazakhstan 
is influenced by a combination of socioeconomic and 
demographic factors. Higher levels of unemployment 
and a greater percentage of the population living below 
the subsistence level had positive raleationship with 
IMR, suggesting that economic instability and poverty 
are critical risk factors for infant health. These results 
align with existing literature which indicate that financial 
hardship often limits access to essential healthcare ser-
vices, adequate nutrition, and safe living conditions, all of 
which are crucial for infant survival [40]. Specifically, our 
finding that higher unemployment is linked to increased 

Table 4  Multiple linear regression determination of IMR
Unstandardized Coefficients Standardized Coefficients t Sig. Collinearity 

Statistics
Predictor B 95%CI β Tolerance VIF

β0 (Constant) 8.971 (6.72; 11.222) 7.878 0.000
β1 Unemployed population, in thousands people 0.357 (0.236; 0.477) 0.412 5.839 0.000 0.512 1.955
β2 GRP per Capita, thousands KZT 0.001 (-0.075; 0.076) 0.001 0.013 0.989 0.441 2.266
β3 Gini coefficient -0.483 (-0.833; -0.132) -0.234 -2.725 0.007 0.346 2.894
β4 Income below the subsistence level, in percents 0.164 (0.093; 0.235) 0.358 4.581 0.000 0.417 2.4
β5 Housing space per capita, in square meters -0.563 (-0.986; -0.14) -0.257 -2.629 0.010 0.266 3.764
β6 Living wage, in KZT -0.472 (-0.638; -0.306) -0.496 -5.616 0.000 0.326 3.066
β7 Average age of women -0.626 (-1.08; -0.171) -0.219 -2.719 0.007 0.394 2.536
Notes: All variables were log-transformed. Dependent variable: IMR; R2 = 0.638; adjusted R2 = 0.620; F(7,142) = 35.775 (p < 0.001), Durbin-Watson statistic of 1.7

Buk
eto

v u
niv

ers
ity



Page 8 of 11Zhamantayev et al. BMC Public Health         (2025) 25:2350 

IMR is consistent with previous research. For instance, 
Tejada et al. (2019) also identified a correlation between 
higher unemployment rates, economic discomfort, and 
increased child mortality rates [41]. Similarly, research 
in Japan by Kanamori et al. (2021) demonstrated that 
unemployed workers experienced higher infant mortality 
rates compared to other occupational groups [42], fur-
ther supporting the influential role of unemployment on 
infant survival observed in our study. On the other hand, 
income inequality, as measured by the Gini coefficient, 
showed a negative relationship with IMR. Our findings 
may reflect the complexity between income distribu-
tion and healthcare access in Kazakhstan. One possible 
explanation is that regions with higher income inequality 
might also have higher overall wealth and better-funded 
healthcare systems, which can mitigate some adverse 
effects on infant health. This highlights the nuanced role 
of inequality, supporting Schell et al.’s (2015) assertion 
that the Gini index is a relevant, though complex, predic-
tor of infant mortality in middle-income countries [43].

The negative realtionship between housing space per 
capita and IMR (β = -0.257, p = 0.010) underscores the 
importance of adequate living conditions for reduc-
ing infant mortality. Greater housing space mitigates 
overcrowding, limits exposure to infectious diseases, 
and fosters healthier infant environments. While this 
relationship remains underexplored in public health lit-
erature, our findings align with Cage and Foster’s (2002) 
study in Scotland, which identified housing space as a 
determinant of infant mortality [44]. This link is further 
reinforced by Fisher et al. (2024), who reported higher 
infant mortality in areas with household crowding in 
England [45], aligning with our results on the protective 
effect of greater housing space per capita.

Our study revealed an inverse relationship between 
living wage levels and IMR, underlining the potential 
impact of economic policies on infant health outcomes. 
This finding aligns with research by Komro et al., who 
reported that increases in state minimum wages were 
associated with improved infant health indicators [46]. 
Moreover, Kate Pickett emphasizes the important role 
of implementing a living wage policy as the single most 
impactful action that local authorities can take to reduce 
health inequalities [47]. Consequently, ensuring that 
wages meet or exceed the cost of living may enhance 
families’ capacity to access essential healthcare services, 
maintain adequate nutrition, and provide a safe living 
environment for infants.

Interestingly, GRP per capita did not show a signifi-
cant relationship with IMR. This suggests that while 
general economic prosperity is important, it alone does 
not directly translate into lower infant mortality without 
targeted interventions addressing disparities in access 
to healthcare and other essential services. Overall, this 

finding contrasts with much of the existing literature, 
where researchers typically report a strong inverse rela-
tionship between economic indicators like GRP per cap-
ita and infant mortality rates [48, 49].

Overall, our findings highlight key areas where policy 
interventions could potentially mitigate adverse out-
comes in infant health. Policies aimed at reducing unem-
ployment and poverty levels could significantly impact 
lowering IMR. A comprehensive strategy should include 
initiatives aimed at enhancing public awareness regard-
ing health monitoring, access to medical care, and exist-
ing programs dedicated to reducing mortality. Solidarity 
in taking responsibility for individual health should be 
promoted [50]. Aligning with the principles of the Ade-
laide Statement on Health in All Policies, it is impor-
tant to recognize that addressing infant mortality issues 
requires not only health policies but also broader societal 
policies [51]. These policies should explicitly target the 
social determinants of health, contributing to the reduc-
tion of inequities in infant mortality and birth outcomes. 
A concerted effort at both the societal and individual 
levels, while addressing key research gaps in the social 
determinants of infant mortality and birth outcomes, 
is necessary for achieving optimal results. Recently, 
Kazakhstan achieved a substantial progress towards 
reducing its infant mortality rate and improving overall 
public health. The policies “Densaulyk” and “Salamatty 
Kazakhstan” have played a significant role in influenc-
ing maternal, prenatal, and infant health in Kazakhstan. 
“Densaulyk” focused on healthcare improvements, while 
“Salamatty Kazakhstan” aimed at enhancing public health 
[52, 53]. According to Abzaliyeva et al. stable reductions 
in cardiovascular, maternal, and infant mortality rates 
observed in Kazakhstan from 2015 to 2019 were attrib-
uted to increased per capita supply of general practitio-
ners [54]. Moreover, improving health and insurance 
coverage can emerge as an effective strategy to reduce 
state IMR [55].

While our study provides valuable insights into the 
socioeconomic determinants of infant mortality in 
Kazakhstan, several limitations should be acknowledged. 
Our model did not account for several potentially influ-
ential factors due to data limitations and the scope of 
the study. Firstly, cultural factors, which can significantly 
impact healthcare-seeking behaviors, child-rearing prac-
tices, and attitudes towards prenatal and postnatal care, 
were not included in our analysis. Cultural factors, even 
after economic standing adjustments, can strongly pre-
dict infant deaths [56, 57]. Secondly, we did not incor-
porate educational attainment levels, particularly of 
mothers, into our model. Despite progress in education 
in Kazakhstan, with the average working-age individual 
having 15 years of education and a literacy rate of 99.9% 
among young people aged 15–24 years [15], challenges 
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persist. Thirdly, genetic predispositions and pre-existing 
health conditions, which can influence infant health out-
comes, were not considered in our study. These factors 
can vary across populations and regions, potentially con-
founding the relationships we observed between socio-
economic factors and infant mortality.

We also acknowledge potential limitations related to 
data quality inherent in low- and middle-income settings 
like Kazakhstan. However, it’s worth noting that Kazakh-
stan has implemented comprehensive guidelines for the 
collection, classification, documentation, and dissemina-
tion of medical statistics. These guidelines are in line with 
current international standards [58, 59]. Both the Bureau 
of National Statistics of Kazakhstan and the Ministry of 
Healthcare employ rigorous data management proto-
cols. These include systematic audits and robust quality 
assurance measures. While such practices do not entirely 
eliminate the possibility of errors or biases in the primary 
data collection, they do instill a significant level of trust 
in the data’s overall reliability and uniformity. This meth-
odological rigor enhances our confidence in the dataset 
used for this study, despite the inherent limitations of 
secondary data analysis. Nevertheless, we acknowledge 
that some degree of caution is warranted when interpret-
ing our results, given these considerations.

Conclusions
This study analyzes the relationship between infant mor-
tality rates and various socioeconomic factors in Kazakh-
stan from 2010 to 2021. Our findings indicate that several 
key socioeconomic determinants play influential roles 
in infant mortality levels, highlighting both risk and 
protective factors. Based on these results, we recom-
mend prioritizing policies aimed at reducing unemploy-
ment rates and alleviating poverty. Investing in housing 
infrastructure to decrease overcrowding and improve 
living conditions may positively impact infant health out-
comes. Additionally, implementing and enhancing liv-
ing wage policies can provide families with the financial 
means necessary for accessing healthcare and maintain-
ing healthy environments. These findings may be valu-
able for policymakers not only in Kazakhstan but also in 
other Central Asian nations facing similar public health 
challenges.

Abbreviations
CA	� Central Asia
WHO	� World Health Organization
SD	� Standard deviation
ES	� Effect size
GRP	� Gross regional product
GRP_Cap	� Gross regional product per capita
GDP	� Gross domestic product
KZT	� Kazakhstani tenge
IMR	� Infant mortality rate
IMR_log	� Infant mortality rate log transformed
VIF	� Variance inflation factor

P-P	� Probability-Probability

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​5​-​2​3​3​1​7​-​8.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
We acknowledge Nurbek Yerdessov from Karaganda Medical University for his 
suggestions regarding the data curation.

Author contributions
O.Z. and N.S. designed the study. O.Z., K.N., G.Zh., Zh.A., and N.Sh. performed 
the literature searches, O.Z., G.T., and A.K., prepared the manuscript draft. 
O.Z. and N.S. wrote the main manuscript, G.T., A.K. and Zh.A. collected the 
data. N.S., O.Z. and K.N conducted statistical analysis. All authors contributed 
to revising the manuscript. O.Z. and Z.K. prepared and edited the final 
manuscript. N.S. and Z.K. reviewed the final version.

Funding
This study was supported by the grant from the Committee of Science of the 
Ministry of Science and Higher Education of the Republic of Kazakhstan (IRN 
AP14871897 “Organizational and methodological aspects of improving social 
and hygienic monitoring”).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The present study has received ethical approval from the IRB Ethics 
Committee of Karaganda Medical University, protocol number 09–45, 
November 27, 2023. The committee has granted a waiver for the informed 
consent, acknowledging the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1School of Public Health, Karaganda Medical University, Karaganda, 
Kazakhstan
2Faculty of Biology and Geography, Karaganda Buketov University, 
Karaganda, Kazakhstan
3Department of Science and High Technology, University of Insubria, 
Varese, Italy

Received: 2 December 2023 / Accepted: 23 May 2025

References
1.	 Reidpath DD, Allotey P. Infant mortality rate as an indicator of population 

health. J Epidemiol Community Health (1978). 2003;57:344–6.
2.	 Tacke T, Waldmann RJ. Infant mortality, relative income and public policy. 

Appl Econ. 2013;45:3240–54.
3.	 Infant mortality rate - UNICEF data. ​h​t​t​p​​s​:​/​​/​d​a​t​​a​.​​u​n​i​​c​e​f​​.​o​r​g​​/​i​​n​d​i​​c​a​t​​o​r​-​p​​r​o​​f​i​l​e​/​C​

M​E​_​M​R​Y​0​/. Accessed 10 Nov 2023.
4.	 Cramer JC. Social factors and infant mortality: identifying high-risk groups 

and proximate causes. Demography. 1987;24:299–322.

Buk
eto

v u
niv

ers
ity

https://doi.org/10.1186/s12889-025-23317-8
https://doi.org/10.1186/s12889-025-23317-8
https://data.unicef.org/indicator-profile/CME_MRY0/
https://data.unicef.org/indicator-profile/CME_MRY0/


Page 10 of 11Zhamantayev et al. BMC Public Health         (2025) 25:2350 

5.	 Smagulov N, Zhamantayev O, Konkabayeva A, Adilbekova A, Zhanalina G, 
Shintayeva N, et al. The role of Climatic, environmental and socioeconomic 
factors in the natural movement of urban populations in Kazakhstan, 
2012–2020: an analysis from a Middle-Income country in central Asia. Int J 
Environ Res Public Health. 2024;21(4):416.

6.	 Abenova M, Myssayev A, Kanya L, Aldyngurov D. Analysis of maternal and 
infant health indicators in Kazakhstan: 2003–2018. Open Access Maced J Med 
Sci. 2021;9 E:1133–9.

7.	 TransMonEE Data| UNICEF TransMonEE. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​t​​r​a​n​​s​m​o​​
n​e​e​.​​o​r​​g​/​d​a​t​a. Accessed 12 Nov 2023.

8.	 Nyussupova G, Kalimurzina A, Kelinbayeva R. Social and geographical 
research in the Republic of Kazakhstan with the use of GIS technologies. Eur J 
Geogr. 2017;8:109–25.

9.	 Pena-Boquete Y, Samambayeva A, Zhumakanova A, Makhmejanov G. Munich 
personal RePEc archive determinants of child mortality risk in Kazakhstan 
determinants of child mortality risk in Kazakhstan 1.

10.	 Infant mortality for. the 10-year period of implementation of WHO technolo-
gies in the Republic of Kazakhstan. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​2​8​1​​/​Z​​E​N​O​D​O​.​4​0​7​4​1​8​6

11.	 Journal of Clinical Medicine of Kazakhstan. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​l​i​n​​m​e​d​​k​a​z​.​​o​r​​g​/​a​​r​t​i​​c​
l​e​/​​m​a​​i​n​-​​t​e​n​​d​e​n​c​​i​e​​s​-​o​​f​-​i​​n​f​a​n​​t​-​​m​o​r​​t​a​l​​i​t​y​-​​i​n​​-​k​a​z​a​k​h​s​t​a​n​-​8​7​1​7. Accessed 10 Nov 
2023.

12.	 Chuvakova T, Embergenova М, Karin B. Kazakhstan’s experience in reducing 
infant and child mortality. J Clin Med Kaz. 2017;3(45 special issue):150–3.

13.	 Yerdessov N, Zhamantayev O, Bolatova Z, Nukeshtayeva K, Kayupova G, Tur-
mukhambetova A. Infant Mortality Trends and Determinants in Kazakhstan. 
Children. 2023;10:923.

14.	 United Nations. Goal 3: Ensure Healthy Lives and Promote well-being for All 
at All Ages. United Nations. 2022. Available from: ​h​t​t​p​​s​:​/​​/​s​d​g​​s​.​​u​n​.​​o​r​g​​/​g​o​a​​l​s​​/​g​
o​a​l​3. Accessed 11 Nov 2023.

15.	 A situation analysis of children in Kazakhstan. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​u​​n​i​c​​e​f​.​​o​r​g​/​​k​a​​z​a​k​​h​
s​t​​a​n​/​m​​e​d​​i​a​/​​4​6​1​​1​/​f​i​​l​e​​/​S​i​​t​u​a​​t​i​o​n​​%​2​​0​A​n​a​l​y​s​i​s​-​2​0​1​9​.​p​d​f. Accessed 12 Nov 2023.

16.	 Caldwell JC. Routes to low mortality in poor countries. Popul Dev Rev. 
1986;12:171–220.

17.	 Mosley WH, Chen LC. An analytical framework for the study of child survival 
in developing countries. Child Survival: Strategies Res. 1984:25–45.

18.	 Bango M, Ghosh S. Reducing infant and child mortality: assessing the social 
inclusiveness of child health care policies and programmes in three States of 
India. BMC Public Health. 2023;23:1–18.

19.	 Schnake-Mahl A, Anfuso G, Bilal U, Goldstein ND, Purtle J, Hernandez SM, et 
al. Court-mandated redistricting and disparities in infant mortality and deaths 
of despair. BMC Public Health. 2025;25:1.

20.	 Getaneh FB, Asmare L, Endawkie A, Gedefie A, Muche A, Mohammed A, et al. 
Early neonatal mortality in Ethiopia from 2000 to 2019: an analysis of trends 
and a multivariate decomposition analysis of Ethiopian demographic and 
health survey. BMC Public Health. 2024;24:1–9.

21.	 Kim D, Saada A. The social determinants of infant mortality and birth out-
comes in Western developed nations: A Cross-Country systematic review. Int 
J Environ Res Public Health. 2013;10:2296–335.

22.	 Hertz E, Hebert JR, Landon J. Social and environmental factors and life 
expectancy, infant mortality, and maternal mortality rates: results of a cross-
national comparison. Soc Sci Med. 1994;39:105–14.

23.	 Ortigoza AF, Tapia Granados JA, Miranda JJ, Alazraqui M, Higuera D, Vil-
lamonte G et al. Characterising variability and predictors of infant mortality 
in urban settings: findings from 286 Latin American cities. J Epidemiol Com-
munity Health (1978). 2021;75:264–70.

24.	 Proportion of population with. incomes used to consumption that below 
subsistence line. ​h​t​t​p​​s​:​/​​/​g​e​n​​d​e​​r​.​s​​t​a​t​​.​g​o​v​​.​k​​z​/​p​​a​g​e​​/​f​r​o​​n​t​​e​n​d​​/​d​e​​t​a​i​l​​?​i​​d​=​3​​%​2​6​​s​l​u​
g​​=​-​​3​%​2​6​c​a​t​_​i​d​=​1​%​2​6​l​a​n​g​=​e​n. Accessed 11 Nov 2023.

25.	 Situmorang HE, Sweet L, Graham K, Grant J. Health care provider’s percep-
tions of factors that influence infant mortality in Papua Indonesia: A qualita-
tive study. Women Birth. 2021;35(2).

26.	 Maruthappu M, Ng KYB, Williams C, Atun R, Agrawal P, Zeltner T. The 
association between government healthcare spending and maternal 
mortality in the European union, 1981–2010: a retrospective study. BJOG. 
2015;122:1216–24.

27.	 Rahman MM, Khanam R, Rahman M. Health care expenditure and health 
outcome nexus: new evidence from the SAARC-ASEAN region. Global Health. 
2018;14:113.

28.	 Hu X, Wan G, Zhang T. Does health aid reduce infant mortality? Cross-country 
evidence. J Asia Pac Econ. 2022;27:534–50.

29.	 Dallolio L, Di Gregori V, Lenzi J, Franchino G, Calugi S, Domenighetti G, et al. 
Socio-economic factors associated with infant mortality in Italy: an ecological 
study. Int J Equity Health. 2012;11:1–5.

30.	 Ko YJ, Shin SH, Park SM, Kim HS, Lee JY, Kim KH, et al. Effects of employment 
and education on preterm and full-term infant mortality in Korea. Public 
Health. 2014;128:254–61.

31.	 Lorenz JM, Ananth CV, Polin RA, D’Alton ME. Infant mortality in the united 
States. J Perinatol. 2016;36:10.

32.	 Agency for Strategic planning and reforms of the Republic of Kazakhstan 
Bureau of National statistics - Main. https://stat.gov.kz/en/. Accessed 10 Nov 
2023.

33.	 The statistical reports. Health of the Population of the Republic of Kazakhstan 
and the Activities of Healthcare Organizations ​h​t​t​p​​s​:​/​​/​n​r​c​​h​d​​.​k​z​​/​i​n​​d​e​x​.​​p​h​​p​/​r​​u​/​
?​​o​p​t​i​​o​n​​=​c​o​​m​_​c​​o​n​t​e​​n​t​​&​v​i​e​w​=​a​r​t​i​c​l​e​&​i​d​=​9​7​3. Accessed 10 Nov 2023.

34.	 Daoud JI. Multicollinearity and Regression Analysis. Journal of Physics: Confer-
ence Series. 2017;949(1).

35.	 Schoch T, Müller A. Treatment of sample under-representation and skewed 
heavy-tailed distributions in survey-based microsimulation: an analysis of 
redistribution effects in compulsory health care insurance in Switzerland. 
AStA Wirtsch Sozialstat Arch. 2020;14:267–304.

36.	 West RM. Best practice in statistics: the use of log transformation. Ann Clin 
Biochem. 2022;59(3):162–5.

37.	 (PDF). Do We Have a Linear Trend? A Beginner’s Approach to Analysis of 
Trends in Community Health Indicators. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​r​​e​s​e​​a​r​c​​h​g​a​t​​e​.​​n​e​t​​/​p​u​​b​l​i​
c​​a​t​​i​o​n​​/​2​3​​7​6​3​7​​3​4​​2​_​D​​o​_​W​​e​_​H​a​​v​e​​_​a​_​​L​i​n​​e​a​r​_​​T​r​​e​n​d​_​A​_​B​e​g​i​n​n​e​r​’​s​_​A​p​p​r​o​a​c​h​_​
t​o​_​A​n​a​l​y​s​i​s​_​o​f​_​T​r​e​n​d​s​_​i​n​_​C​o​m​m​u​n​i​t​y​_​H​e​a​l​t​h​_​I​n​d​i​c​a​t​o​r​s. Accessed 25 Mar 
2025.

38.	 Gulis G, Aringazina A, Sangilbayeva Z, Zhan K, de Leeuw E, Allegrante JP. 
Population Health Status of the Republic of Kazakhstan: Trends and Implica-
tions for Public Health Policy. Int J Environ Res Public Health. 2021;18:12235.

39.	 Adambekov S, Kaiyrlykyzy A, Igissinov N, Linkov F. Health challenges in 
Kazakhstan and central Asia. J Epidemiol Community Health. 2016;70:104–8.

40.	 Rahman T, Gasbarro D, Alam K. Financial risk protection from out-of-pocket 
health spending in low- and middle-income countries: a scoping review of 
the literature. Health Res Policy Sys. 2022;20:83.

41.	 Tejada CAO, Triaca LM, Liermann NH, Ewerling F, Costa JC, Tejada CAO, et 
al. Economic crises, child mortality and the protective role of public health 
expenditure. Ciênc Saúde Coletiva. 2019;24(12):4395–404.

42.	 Kanamori M, Kondo N, Nakamura Y. Infant mortality rates for farming and 
unemployed households in the Japanese prefectures: an ecological time 
trend analysis, 1999–2017. J Epidemiol. 2021;31(1):43–51.

43.	 Schell CO, Rosling H, Peterson S, Mia Ekström A, Reilly M. Socioeconomic 
determinants of infant mortality: a worldwide study of 152 low-, middle-, and 
high-income countries. Scand J Public Health. 2007;35:288–97.

44.	 Cage RA, Foster J, Overcrowding, Mortality I. A Tale of two cities. Scott J Politi-
cal Econ. 2002;49(2):129–49.

45.	 Fisher E, Keeble E, Cheung R, Hargreaves D, Wortley L, Elias L. Understanding 
differences in infant mortality rates across local areas. Available from: ​h​t​t​p​​s​:​
/​​/​w​w​w​​.​n​​u​f​f​​i​e​l​​d​t​r​u​​s​t​​.​o​r​​g​.​u​​k​/​s​i​​t​e​​s​/​d​​e​f​a​​u​l​t​/​​f​i​​l​e​s​​/​2​0​​2​4​-​0​​2​/​​N​u​f​​f​i​e​​l​d​%​2​​0​T​​r​u​s​​t​%​2​​
0​-​%​2​​0​U​​n​d​e​​r​s​t​​a​n​d​i​​n​g​​%​2​0​​i​n​f​​a​n​t​%​​2​0​​m​o​r​t​a​l​i​t​y​%​2​0​r​a​t​e​s​.​p​d​f. Accessed 17 July 
2024.

46.	 Komro KA, Livingston MD, Markowitz S, Wagenaar AC. The effect of an 
increased minimum wage on infant mortality and birth weight. Am J Public 
Health. 2016;106(8):1514–6.

47.	 Addressing health inequalities. through greater social equality at a local level: 
implement a living wage policy. ​h​t​t​p​​:​/​/​​d​o​c​p​​l​a​​y​e​r​​.​n​e​​t​/​4​2​​9​6​​7​6​6​​6​-​A​​d​d​r​e​​s​s​​i​n​
g​​-​h​e​​a​l​t​h​​-​i​​n​e​q​​u​a​l​​i​t​i​e​​s​-​​t​h​r​​o​u​g​​h​-​g​r​​e​a​​t​e​r​​-​s​o​​c​i​a​l​​-​e​​q​u​a​​l​i​t​​y​-​a​t​​-​a​​-​l​o​​c​a​l​​-​l​e​v​​e​l​​-​i​m​​p​l​e​​m​
e​n​t​​-​a​​-​l​i​v​i​n​g​-​w​a​g​e​-​p​o​l​i​c​y​.​h​t​m​l. Accessed 16 Nov 2023.

48.	 Erdoğan E, Ener M, Arıca F. The strategic role of infant mortality in the process 
of economic growth: an application for high income OECD countries. Proce-
dia - Social Behav Sci. 2013;99:19–25.

49.	 O’Hare B, Makuta I, Chiwaula L, Bar-Zeev N. Income and child mortality in 
developing countries: a systematic review and meta-analysis. J R Soc Med. 
2013;106(10):408–14.

50.	 Mamyrbayeva M, Igissinov N, Zhumagaliyeva G, Shilmanova A. Epidemiologi-
cal aspects of neonatal mortality due to intrauterine infection in Kazakhstan. 
Iran J Public Health. 2015;44:1322.

51.	 Adelaide Statement II on Health in All Policies. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​p​u​b​​l​i​​c​a​t​​
i​o​n​​s​/​i​/​​i​t​​e​m​/​​a​d​e​​l​a​i​d​​e​-​​s​t​a​​t​e​m​​e​n​t​-​​i​i​​-​o​n​​-​h​e​​a​l​t​h​​-​i​​n​-​a​l​l​-​p​o​l​i​c​i​e​s. Accessed 15 Nov 
2023.

Buk
eto

v u
niv

ers
ity

https://www.transmonee.org/data
https://www.transmonee.org/data
https://doi.org/10.5281/ZENODO.4074186
https://www.clinmedkaz.org/article/main-tendencies-of-infant-mortality-in-kazakhstan-8717
https://www.clinmedkaz.org/article/main-tendencies-of-infant-mortality-in-kazakhstan-8717
https://sdgs.un.org/goals/goal3
https://sdgs.un.org/goals/goal3
https://www.unicef.org/kazakhstan/media/4611/file/Situation%20Analysis-2019.pdf
https://www.unicef.org/kazakhstan/media/4611/file/Situation%20Analysis-2019.pdf
https://gender.stat.gov.kz/page/frontend/detail?id=3%26slug=-3%26cat_id=1%26lang=en
https://gender.stat.gov.kz/page/frontend/detail?id=3%26slug=-3%26cat_id=1%26lang=en
https://stat.gov.kz/en/
https://nrchd.kz/index.php/ru/?option=com_content&view=article&id=973
https://nrchd.kz/index.php/ru/?option=com_content&view=article&id=973
https://www.researchgate.net/publication/237637342_Do_We_Have_a_Linear_Trend_A_Beginner’s_Approach_to_Analysis_of_Trends_in_Community_Health_Indicators
https://www.researchgate.net/publication/237637342_Do_We_Have_a_Linear_Trend_A_Beginner’s_Approach_to_Analysis_of_Trends_in_Community_Health_Indicators
https://www.researchgate.net/publication/237637342_Do_We_Have_a_Linear_Trend_A_Beginner’s_Approach_to_Analysis_of_Trends_in_Community_Health_Indicators
https://www.nuffieldtrust.org.uk/sites/default/files/2024-02/Nuffield%20Trust%20-%20Understanding%20infant%20mortality%20rates.pdf
https://www.nuffieldtrust.org.uk/sites/default/files/2024-02/Nuffield%20Trust%20-%20Understanding%20infant%20mortality%20rates.pdf
https://www.nuffieldtrust.org.uk/sites/default/files/2024-02/Nuffield%20Trust%20-%20Understanding%20infant%20mortality%20rates.pdf
http://docplayer.net/42967666-Addressing-health-inequalities-through-greater-social-equality-at-a-local-level-implement-a-living-wage-policy.html
http://docplayer.net/42967666-Addressing-health-inequalities-through-greater-social-equality-at-a-local-level-implement-a-living-wage-policy.html
http://docplayer.net/42967666-Addressing-health-inequalities-through-greater-social-equality-at-a-local-level-implement-a-living-wage-policy.html
https://www.who.int/publications/i/item/adelaide-statement-ii-on-health-in-all-policies
https://www.who.int/publications/i/item/adelaide-statement-ii-on-health-in-all-policies


Page 11 of 11Zhamantayev et al. BMC Public Health         (2025) 25:2350 

52.	 Kokkoz L. Analytical Research of Healthcare Governance in the Emerging 
Economy of Kazakhstan. In Proceedings of the 15th European Conference on 
Management, Leadership and Governance, ECMLG 2019;438–445.

53.	 Amagoh FE. Healthcare Policies in Kazakhstan: A Public Sector Reform Per-
spective. Healthcare Policies in Kazakhstan: A Public Sector Reform Perspec-
tive. 2021;1–110.

54.	 Abzaliyeva A, Kausova G, Abdraimova E, Ismagilova A, Mamyrbekova S. 
Availability of general practice workforce and basic health indicators in the 
Republic of Kazakhstan: 2015–2019. Open Access Maced J Med Sci. 2022;10 
E:452–7.

55.	 Wallace LA, Rucks AC, Ginter PM, Katholi CR. Social factors and public policies 
associated with state infant mortality rates. Women Health. 2021;61:337–44.

56.	 Mercier ME, Boone CG. Infant mortality in Ottawa, Canada, 1901: assessing 
cultural, economic and environmental factors. J Hist Geogr. 2002;28:486–507.

57.	 Khadka KB, Lieberman LS, Giedraitis V, Bhatta L, Pandey G. The socio-
economic determinants of infant mortality in Nepal: analysis of Nepal 
demographic health survey, 2011. BMC Pediatr. 2015;15:1–11.

58.	 On approval of the rules. for the implementation of statistical observation 
in the field of healthcare, the form of statistical accounting and reporting in 
the field of healthcare, the procedure for their maintenance, completion and 
deadlines for submission. Available from: ​h​t​t​p​​s​:​/​​/​a​d​i​​l​e​​t​.​z​​a​n​.​​k​z​/​k​​a​z​​/​d​o​c​s​/​V​2​0​0​
0​0​2​1​7​3​5. Accessed 17 Nov 2023.

59.	 On approval of. forms of accounting documentation in the field of health-
care, as well as instructions for filling them out. Available from: ​h​t​t​p​s​:​​​/​​/​a​d​i​l​e​​​t​.​​z​
a​​n​​.​​k​z​​/​k​​​a​z​/​d​​o​c​s​/​V​2​0​0​0​0​2​1​5​7​9. Accessed 17 Nov 2023.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Buk
eto

v u
niv

ers
ity

https://adilet.zan.kz/kaz/docs/V2000021735
https://adilet.zan.kz/kaz/docs/V2000021735
https://adilet.zan.kz/kaz/docs/V2000021579
https://adilet.zan.kz/kaz/docs/V2000021579

	﻿Relationships between infant mortality and socioeconomic and demographic factors in Kazakhstan: an analysis from a middle-income country in Central Asia
	﻿Abstract
	﻿﻿Introduction
	﻿﻿Background
	﻿﻿Data and methods
	﻿Study area, source, and design
	﻿Variables and definitions
	﻿Data analysis

	﻿﻿Results
	﻿﻿Discussion
	﻿Conclusions
	﻿﻿References﻿




