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GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Effects of public expenditure assignment by 
regions in Kazakhstan to reduce infant and child 
mortality
Yolanda Pena-Boquete1*, Aizhan Samambayeva2 and Olzhas Zhorayev2

Abstract:  Health resources are an important factor to reduce infant and child 
mortality. However, taking into account budget constraints, it is very difficult to 
increase public health resources for all regions within a country at the same time. 
For this reason, in this paper, we assess the effects of the regional health govern
ment expenditure assignment as well as the regional health resources available 
such as beds or paediatricians. We estimate a dynamic model using a system-GMM 
(Generalised Method of Moments) to explain infant and child-mortality in 
Kazakhstan during the period 2000–2018. In this period, Kazakhstan experiences a 
sharp decrease in infant and child mortality reaching the target values from sus
tainable development goals (SDG). We evaluate several variables to capture the 
effects of public health resources assignment, such as expenditure per capita, 
expenditure depending on previous year mortality rates as well as health facilities 
resources for children by region. Results show that an increase in health expendi
ture per capita in those regions with high mortality levels is particularly relevant to 
reduce infant mortality while health facilities are actually more important to reduce 
an under-5 mortality rate.

Subjects: Public Policy; Health & Development; Development Economics 

Keywords: infant mortality; regional analysis; GMM; Central Asia

1. Introduction
Many papers focused on analysing the factors which decrease infant and under-5 child mortality, 
few of them analyse regional differences within a national territory, i.e. comparing areas with 
similar institutional structure. In a regional setting, we can assess the way on how the countries 
assign the budget to the regions. This is particularly important in countries so large as Kazakhstan 
and with a low population density (around 7 hab/km2), which makes more difficult to provide 
health services to remote territories of the country. For this reason, the aim of this paper is to find 
the determinants behind the regional differences on children’s health outcomes measured using 
infant mortality and child mortality in Kazakhstan.

As the OECD report on the Kazakhstan health system OECD (2018) highlights, “Kazakhstan has 
made significant economic progress over recent decades . . . and Health has risen on the policy 
agenda with a number of sector reforms introduced.” Like other CIS countries, since 1995 
Kazakhstan have had a growing trend of total health expenditure per capita in USD PPP. 
Jakovljevic et al. At the same time, in last two decades Kazakhstan shows a striking reduction of 
infant and under-5 child mortality rates (Figure 1).
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In fact, under-5 child and infant mortality rate in Kazakhstan decreased by more than 50% from 
2009 to 2018, reaching the Sustainable Development Goal in 2016 set at 12 deaths per 1,000 live 
births for infant mortality and 25 for under-5 child mortality rate. However, as we can observe 
through the coefficient of variation in Figure 1, the striking improvement in infant mortality at the 
national level is masking marked differences across regions. In fact, OECD (2018) points out that 
despite general economic progress, regional disparities have not been reduced. In particular, in 
2018, the region with the lowest infant death rate, Nur-Sultan city, recorded approximately 5 
deaths per 1000 live births while in Kostanay almost double this number and the mortality rate 
exceeded 10. These differences are even higher in rural areas.

Evidence suggests investing in child’s health will return in future social and economic benefits 
through improved productivity Stenberg et al. (2014). For this reason, a good distribution of the 
health expenditure across regions is a key, since it can help to decrease future regional income 
inequality. In fact, authors such as Behera and Dash (2020) point out that achieving healthcare 
goals plays an important role in the relationships between better human development and rising 
economic growth. Additionally, countries cannot grow in a sustainable way without reducing 
regional inequalities, and health considerably correlated with future education, productivity and 
consequently with the future economic growth (Grossman, 1972).

Thus, this paper contributes to the literature by analysing regional determinants of infant and 
under-5 child mortality in a big country such as Kazakhstan with particular characteristics such 
high levels of education and immunisation.1 Additionally, it contributes by analysing how regional 
distribution of the health budget affects infant and under-5 child mortality.

The paper starts with Introduction and then is structured as follows: section one provides a brief 
discussion of the literature review that supports our paper, section two explains the methodology 
and the databases used, section three shows the results that are discussed in section four and 
finally we draw some conclusions.
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2. Literature review
In the way to achieve the Sustainable Millennium Goals healthcare development is becoming a key 
public policy priority worldwide. Investments in healthcare grow globally outside of the European 
Union in emerging Eurasian countries, such as Kazakhstan, while Western Pacific countries, 
including China, are leading in healthcare spending growth rates. M. Jakovljevic et al. (2019b) For 
almost two decades after 1995 per capita health spending have been higher in middle-income 
countries (more than 5 percent annually, purchasing power-adjusted) compared to high-income 
countries (3 percent annually; Dieleman et al., 2017).

To improve health outcomes policymakers should identify the factors that can prevent illness 
from happening (preventable factors) and those factors that can treat illness once it happens 
(treatable factors). Identifying the variables behind those factors where policymakers can act is 
key to reducing regional disparities on health outcomes. Factors related to prevention (factors 
causing sickness) are more related with individual and/or family behaviour such as diet, regular 
physical activity, parent’s smoking or alcohol consumption, etc. Thus, these kinds of factors 
increase the probability that a child develops an illness. In this case, education can be one of 
the better tools from a policy point of view. However, treatable factors are more related to the 
health sector (e.g., service delivery, health workforce, medical products, technologies), health 
sector financing (e.g., expenditure per capita, health coverage, etc.), health systems governance 
(e.g., adoption of enabling policies for women’s and children’s health). Thus, these factors are very 
linked with the public health system, and in this case how it is structured at regional level.2

The availability and quality of most of the factors mentioned that can prevent and treat infant and 
child illness, i.e. reducing mortality are funded by public, private and external health expenditure. 
However, to promote and maintain the health system in remote areas when private health is not 
profitable, public expenditure is the one giving coverage, i.e. improving health care facilities, providing 
immunizations, childbirth care etc. and as a result reducing infant and child mortality (Kiross et al., 
2020). However, this requires governments to do an optimal allocation of funding to most needed 
areas (Sommer, 2020). For this reason, health expenditure is one of the variables that can determine 
the proper work of health system and its proper assignment by regions can decrease infant and child 
mortality inequality rates at regional level, boosting a faster reduction at national level.

M. B. Jakovljevic et al. (2016) comparing health expenditure and longevity trends between the 
European Union (EU), the Commonwealth of Independent States (CIS), and South-Eastern Europe 
(SEE) countries for the period 1989–2012, found that despite a high increase in healthcare per 
capita expenditures (adjusted for PPP) in most of the states in these regions, longevity improved 
only in SEE and nearly all EU countries, but not in CIS economies (M. B. Jakovljevic et al., 2016).

There is an important amount of evidence stating that public expenditure reduces infant and child 
mortality in different regions of the world, including developing countries as a whole (Dhrifi, 2018; Ray 
& Linden, 2020), African countries (Asiedu et al., 2015), Southern African countries (Nyamuranga & 
Shin, 2019), Sub Sahara African countries (Novignon & Lawanson, 2017), as well as South and South- 
East Asian countries (Behera & Dash, 2020; Rahman et al., 2018). Nonetheless, the magnitude of the 
effect is different depending on country, according to their development level and wealth, its resource 
allocation and adequate institutional governance, which might influence the effectiveness and 
efficiency of expenditure allocation Dhrifi (2018), (Nyamuranga & Shin, 2019).

However, authors such as Filmer and Pritchett (1999) do not find strong evidence that public 
health expenditure plays a positive role in improving infant and under-five child mortality rates. 
The reasons why public health expenditure may not come out significant to reduce child mortality 
or child mortality can be related to:

(1) The trade-off with out-pocket spending or external expenditure i.e. if public expenditures 
replace pocket spending or external expenditure and does not reduce infant of child 
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mortality (Bokhari et al., 2007; Musgrove, 1996).3 However, out-of-pocket expenditure does 
not guarantee the access to the healthcare expenditure (Kiross et al., 2020) and access of 
the health sector can really determine the level of infant and child mortality.4 Actually, 
Kiross et al. (2020) do not find significant effect of private health expenditure on infant or 
neonatal mortality. Additionally, private out-of-pocket health can have important conse
quences on the household finances and send them to extreme poverty (Kiross et al., 2020).

(2) The high level of corruption and the translation of public health expenditure on health 
infrastructures and good quality services (Akinlo & Sulola, 2019; Farag et al., 2013). In fact 
the level of good governance can determine the magnitude of the impact of health expen
diture on infant and under-5 infant mortality (Sommer, 2020). Government health resources 
can be used to improve or invest in large-scale health programs that include personal 
training, hospital updates, equipment, and primary care. Public medical care expenditures 
fund everything from immunizations to family planning (Sommer, 2020). For instance, this 
should translate in a higher number of beds per kids, pediatricians per kids, etc. In fact, 
Muldoon et al. (2011) identify that higher number of doctors together with better access to 
water and less corrupted government are important determinants of health and infant 
mortality. However, corruption reduces the amount of public medical care expenditures 
available leading to health facilities without the equipment and staff necessary to provide 
efficient and effective care and undermined the effectiveness of public health expenditure 
on reducing infant and under-five child mortality.

(3) Endogeneity and dynamics of the public expenditure variable Bokhari et al. (2007), Behera 
and Dash (2020), Bhalotra (2007), Rahman et al. (2018), and Nwude et al. (2020), i.e. several 
authors found that public health expenditure has effects on infant mortality in developing 
countries after controlling for unobservable heterogeneity and time trends on the sample.

Related with prevention factors, income per capita can measure the effect of income on health 
working through different indirect channels such as better nutrition, better housing, better sanita
tion, etc. (Filmer & Pritchett, 1999; Poudel et al., 2022). In low- and middle-income economies 
undernutrition is one of the key causes of under-5 children mortality (Black et al., 2013). Several 
authors found that income per capita decreases infant and under-5 child mortality, particularly in 
developing countries (Asiedu et al., 2012, 2015; Baird et al., 2011; Harttgen et al., 2013; Headey, 
2013; Nwude et al., 2020). For instance, poor households in developing countries share a higher 
risk in mortality compared with their richer counterparts. In this sense, the improvements of 
average income per inhabitant in a country should also increase the average level of health of 
the population, in particular of the kids. The reason is that the population would have more 
resources to use in health and the government would also have higher rents to provide public 
health. Literature has broadly proven for most countries that the infant population get more 
affected by poverty than other age groups, emphasizing their vulnerability, especially in health 
(Bönke & Schröder, 2011; Cantó & Luis, 2014).5 These income shocks affect particularly infant 
mortality in rural areas (Bhalotra, 2010) and girls Baird et al. (2011).

Parents’ education, in particular mother’s, has a negative impact on mortality rate according to 
many studies (Auster et al., 1969; Filmer & Pritchett, 1999; Grossman, 1972; Hug et al., 2018; Kemna, 
1987; Nyamuranga & Shin, 2019; Pamuk et al., 2011). However, Kazakhstan as other post-Soviet 
Union countries shows high level of female education with lower variability across regions, so this 
variable may not play a role. The same happens with the level of immunization or access to water.

3. Methods and data

3.1. Estimation methods
Some authors such as Asiedu et al. (2015); Novignon and Lawanson (2017) argue that infant and under 
5 child mortality are likely to be persistent, i.e., current values of child mortality are likely to be correlated 
with their previous values.6 For this reason, lagged infant and under 5-child mortality variables should 
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be included as an explanatory variable in its corresponding regression model and, consequently, a 
dynamic model should be used for estimating the determinants of infant and under-five child mortality. 
Within these class of models based on a finite set of regions, the fixed effects estimator is considered to 
be more appropriate than random effects since regional-specific characteristics tend to be correlated to 
other individual effects representing omitted variables. We can formalize the model as: 

yit ¼ yi;t� 1 þ x0 it þ uit; i ¼ 1; . . . ;N; t ¼ 1; . . . T (1) 

where yit is infant mortality rate (dependent variable) is a scalar accounting for the infant mortality 
persistence, the regressor vector xit is 1xK and is composed of the explanatory variables (beds per 
number of kids, pediatricians by kids, health expenditure per capita, share of kids in rural areas and 
GDP per capita) and is Kx1. The fixed effect component uit follows one component error such as: 

uit ¼ μi þ νit (2) 

where μi,IDDð0; σ2
μÞ and νi,IDDð0; σ2

ν Þ are independent of each other and among themselves.

The OLS and within transformation estimator are biased and inconsistent since a lagged 
dependent variable is included. Generalized method of moments (GMM) proposed by Arellano 
and Bond (1991) is more efficient than the Anderson and Hsiao (1982) estimator. Arellano and 
Bond (1991) propose to use the existing orthogonality conditions between lagged values and 
disturbances as additional instruments. To improve the previous estimation technique, Blundell 
and Bond (1998) consider the additional assumption that, 

EðμiΔyi2Þ ¼ 0; for i ¼ 1; . . . ;N (3) 

This system GMM estimator uses lagged differences as instruments for equations in levels, in 
addition to lagged levels of yit instruments for equations in first differences. The system GMM 
estimator shows a dramatic efficiency gain over first-difference GMM (Arellano & Bond, 1991) as 1, 
assuming a stationarity restriction on the initial conditions of yit.

Although GMM estimators perform better in panels with large N and small T, Soto (2007) proves 
through Monte Carlo simulations that the system GMM estimator has a lower bias and higher 
efficiency than all the other estimators analysed, including the standard one-step difference GMM 
estimators. Previously, Judson and Owen (1999) have also shown that when T = 20 GMM OR 
Anderson and Hsiao (1982) estimator may be chosen.7

Moreover, the GMM framework is flexible and it accommodates unbalanced panels as well as 
multiple endogenous variables. This is an important characteristic since variables such as public 
health, GDP per capita or characteristics of health system such as number of pediatricians or bed 
may be endogenous.8 For this reason, we will use the system-GMM (Blundell & Bond, 1998) to 
estimate our model, since it seems to perform better. We will use Sargan overidentification test to 
test the validity of the assumptions used to obtain the moment conditions of System GMM. However, 
the system GMM may generate too many instruments in panels with large T leading to the problem of 
overfitting and reducing the power of the Sargan and Hansen test (Roodman, 2009b,a). We use two 
main techniques to limit the number of instruments: (i) to use only 2 of 3 lags instead of all available 
lags, (ii) to collapse the vectors of instruments that have the same information.

3.2. Data and indicators for measuring regional health resources
Based mainly on the data from the Committee on Statistics of the Ministry of National Economy of 
the Republic of Kazakhstan, we have built a panel of indicators for Kazakhstan oblasts from 2000 
to 2018.9 Details on the indicators definitions are included in table A1 in the Appendix.
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The dependent variables infant and under-5 child mortality indicators for Kazakhstan regions 
have suffered a methodological change in 2018 and we have had to adjust the series. In 2008, 
Kazakhstan switched to the new criteria for live births recommended by the World Health 
Organization10 creating a break in the series. In Figure 2, we can see the break in the national 
series comparing the corrected data from the World Bank.

Unfortunately, the World Bank does not provide data for Kazakh regions and we have to adjust 
regional series. For the correction, we base on number of deaths for Kazakhstan on infant and 
under-5 children from the World Bank (corrected series) and we distribute this total for each region 
applying the regional shares calculated from the number of deaths based on the national data 
(unadjusted series). We assumed that methodological changes do not affect the relative position 
of each region on the total number of infants and under-5 children deaths. Once we have 
calculated the total number of death for each region and age-group, infant and under-5, respec
tively, we divide them by the number of alive kids in each year (based on national data) and we 
multiply for 1,000 to get the indicators. Results for each region can be seen in the Figures A1 and 
A2 in the Appendix).11

For independent variables, we have also done some data adjustments (details on all definition 
are in the appendix). In particularly, population data have different aggregation depending on the 
age group, and have been aggregated for getting the ranges that we needed. As authors such as 
Kiross et al. (2020) point out: to estimate the determinants of infant and under-5 children mortality 
we need to control for different country demographic structures. In particularly, the share of young 
population (in this case we used younger than 14) is expected to increase infant and under-5 
children mortality outcomes by increasing death rates. Urbanization rate is other important control 
variable related with the distribution of the population. Additionally, part of these regional differ
ences in infant or under-5 child mortality may arise due to differences in the distribution of health 
resources. In fact, regional disparities in Kazakhstan are significant in the number of medical 
workers and rural and remote areas suffer from a shortage of qualified health personnel. Across 
rural Kazakhstan, the ratios of doctors to population are abysmally low. This fact suggests not only 
that rural doctors are probably overworked, but also that adequate access to good quality care in 
rural areas may be compromised. Actually, recent medical graduates tend to prefer working in 
urban areas, not only as they offer better financial and social opportunities, but also because the 
workload is higher in rural areas.

As we explained in the literature, two key variables are GDP per capita and the government 
health expenditure per capita, both in real terms (at prices of 2010). In order to capture the way 
that government health expenditures are distributed by region we calculate the share of health 
expenditure of each region in the national health expenditure budget relative to the share of 
population of each region from the national populations. If the government assigned the health 
budget according to the number of people in each region this ratio should be 1 or closer to 1 in all 
regions. 

hExpendR
assign ¼

HexpR

HexpN

popR

popN

(4) 

Being Hexp as health expenditure at national (N) and regional level (R) respectively, and pop is the 
population.

As we mentioned before health expenditure may not translate on better health infrastructures 
and for this reason, we should include additional variables focusing on capturing quantity of health 
resources (hospital, beds, doctors (pediatricians), etc.) as well as their quality that may be approxi
mated by the expenditure or investment in health resources. In this sense, we calculate children’s 
health resources such as number of pediatric beds or number of pediatricians relative to the 
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number of children younger than 14 years old, since this is the age until usually children are using 
it. Since all the physicians are able to treat the kids in a general way, we use number of physicians 
per capita and pediatricians per physicians to find out if there is an effect from specialized doctors 
(pediatricians).

Table 1 shows the descriptive statistics. As we have mentioned in the introduction, infant and 
under-5 mortality level have decreased in an extraordinary way from an average of 39.30 infant 
death by 1,000 alive kids to 8.10, and similar for kids under-5 from 46.76 to 10.06. However, there 
is not a big change in the difference between regions as the coefficient of variation shows, and in 
fact for infant mortality, it has not decreased at all. However, under-5 mortality rate have 
experienced a small reduction. There are also marked differences between regions and over 
time in terms of GPD per capita and health expenditure per capita. As the OECD report also 
point out, Kazakhstan has experienced a great economic growth and put health in the policy 
agenda, this translates into an increase of the GDP per capita and health expenditure per capita 
over time. The economic differences between regions slightly decreased and it looks like there was 
an important reduction on the government health expenditure per capita between regions.

Data about health infrastructure for children such as beds (beds per 1,000 children) and share of 
pediatricians had slightly decreased over time after a small increase at the beginning of the period, 
even if the share of children under 14 years old is almost the same along the whole period.

4. Results
In order to assess the determinants of infant mortality and under-five child mortality and the 
effects of health expenditure allocation, we estimate 4 different specifications estimated by 
system-GMM.12 We apply diagnose test to all estimation. First order autocorrelation test, AR(1), 
rejects null hypothesis which states that the moment conditions are valid while second order 
autocorrelation AR(2) hypothesis is not rejected in any estimation which is consistent with the 
assumption of Blundell and Bond (1998). Additionally, Hansen test is reported in all estimations for 
testing the instrument over identification restriction. Hansen test shows problems of identification 
when we include time dummies and regional-trends, however since we consider that it important 
to take them into account and we report the estimations excluding them in the appendix.13

Results for infant mortality of Kazakhstan regions from the period 2000–2018 are shown in Table 
A2. First model specification is quite standard in literature considering GDP per capita, government 
health expenditure per capita, and control variables such as share of population with access to 
drinking water, share of female with high education (18–22), sanitation facilities per capita, the 
degree of urbanization and the share of population younger that 14.14

Control variables, urbanization rate and share of people younger than 14 turn to be significant 
and positive, i.e. they increase infant mortality. Population with access to water turns to be 
negative and significant if we do not control by time dummies and regional trends (Table A2 in 
the Appendix). Additionally, the first specification includes other standard variables in literature 
such as GDP per capita and Government health expenditure per capita. Nor GDP per capita neither 
health expenditure per capita appear to be significant when we control by time dummies and 
regional-trends (Table 2).15 Taking into account that regions are competing by the same national 
budget we add a variable appending to measure the share of funding received according to the 
share of population that the regions have. Since it will be almost impossible to detail and estimate 
government budget specifically dedicated to infants or children under-5, include whole govern
ment budget for health and consequently we divide for whole population in each since they are 
competing for health funding or need to be used to treat whole population and not just children .16

Substituting health per capita by indicator of health funding turns the gdp per capita sig
nificant and but the indicator does not come significant if we do not control by the time- 
dummies and regional trends (Table A2 in the Appendix). However, if we control by time- 
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dummies and regional-trends (Table 2) and we include share of funding that national govern
ment assigns to each region relative to the population is not enough to measure if government 
is doing an efficient assignment. In fact, not all regions have the same needs even if they have 
the same share of population by age-groups, because as we mentioned before regions depart 
from quite different levels of infant mortality, so government budget assignment may try to 
correct previous disparities and assigned relative more budget to those regions that have higher 
infant mortality. To measure this effect, we add the interaction between government budget 

Table 1. Descriptive statistics
Mean SD CV Min Max

Infant mortality 20.24 11.21 0.55 5.55 54.06

Under-5 child 
mortality

23.50 12.83 0.55 7.00 63.17

GDPpc 694,095.83 524,975.50 0.76 104,458.68 2,883,026.00

PublicExpendpc 12,013.03 4,414.57 0.37 2,454.81 31,853.81

hExpendassign 0.92 0.27 0.29 0.40 2.94

bedspc14 5.13 1.61 0.31 2.36 10.56

physicianspc 38.36 16.40 0.43 0.00 95.91

%pediatricians 9.84 2.43 0.25 5.03 16.05

urbanization 
rate

57.08 20.09 0.35 23.02 100.00

%pop14 25.35 4.99 0.20 17.88 36.44

Year 2000

Infant mortality 39.38 8.18 0.21 26.91 54.06

Under-5 child 
mortality

46.76 10.75 0.23 22.55 61.08

GDPpc 367,474.83 245,638.24 0.67 104,458.68 990,778.75

PublicExpendpc 6,882.45 3,796.43 0.55 2,454.81 17,866.43

hExpendassign 1.13 0.63 0.55 0.40 2.94

bedspc14 4.75 1.34 0.28 3.18 7.76

physicianspc* 37.04 15.68 0.42 21.45 87.44

%pediatricians* 11.82 2.38 0.20 8.22 15.52

Urbanization 
rate

59.00 20.64 0.35 29.65 100.00

%pop14 27.88 4.75 0.17 20.53 36.44

Year 2018

Infant mortality 8.10 1.71 0.21 5.55 10.81

Under-5 child 
mortality

10.06 1.90 0.19 7.25 13.07

GDPpc 876,913.90 645,744.67 0.74 299,565.31 2,883,026.00

PublicExpendpc 13,778.60 3,267.19 0.24 9,900.68 23,919.08

hExpendassign 0.93 0.22 0.24 0.67 1.61

bedspc14 3.83 1.07 0.28 2.36 5.97

physicianspc 39.24 15.60 0.40 23.62 79.76

%pediatricians 6.78 1.04 0.15 5.25 9.49

Urbanization 
rate

57.84 20.74 0.36 23.02 100.00

%pop14 27.43 5.25 0.19 20.15 36.00

*Data for 2003 
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assignment indicator and the previous year infant mortality (lag of infant mortality). Results 
show that when government health funds assignment is higher for those regions or regions that 
have higher level of infant mortality the measure is effective and it reduces infant mortality 
(interaction coefficient turn to be negative and significant). However, if funds assignment is not 

Table 2. GMM estimation results for explaining infant mortality, time dummies and regional- 
trends included

(1) (2) (3) (4)
gdppc −0.040 −0.084** −0.093*** −0.070

(0.026) (0.040) (0.035) (0.053)

Public expenditure 
pc

−0.037

(0.122)

% public health 
exp./% of 
population)

0.194* −0.891*** −1.084*

(0.109) (0.318) (0.636)

% public health 
exp./% of 
population * L. 
Infant mortality

0.313*** 0.390*

(0.106) (0.216)

Pediatric beds/pop 
< 14

−0.002

(0.113)

Physicians pc −0.158

(0.151)

Pediatricians/ 
physicians

−0.151

(0.110)

% Female edu (18– 
22)

0.014 0.059 0.056 0.038

(0.034) (0.039) (0.054) (0.062)

Water 0.022 0.038 0.069 0.143

(0.055) (0.086) (0.071) (0.241)

Sanitation pc −0.017 −0.022 −0.017 −0.028

(0.018) (0.021) (0.019) (0.018)

Urbanization rate 0.100 0.081 0.065 0.013

(0.077) (0.080) (0.058) (0.150)

% of pop younger 
than 14

0.252** 0.415*** 0.469*** 0.595***

(0.104) (0.149) (0.138) (0.206)

L.infant mortality 0.656*** 0.305** 0.337*** 0.388***

(0.105) (0.127) (0.119) (0.122)

Instruments 47.000 47.000 48.000 58.000

AR(1) (p-values) 0.004 0.000 0.001 0.001

AR(2) (p-values) 0.115 0.109 0.176 0.234

Hansen (p-values) 1.000 1.000 1.000 1.000

Observations 288 288 288 271

Notes: Coefficient estimates and standard errors in brackets. Significance levels: *** p < 0.01 ** p < 0.05 * p < 0.10. 
Year dummies and time-trends included. Standard errors robust to heteroskedasticity and serial correlation within 
panels. Lower case variables are in logarithms 

Pena-Boquete et al., Cogent Economics & Finance (2022), 10: 2103922                                                                                                                             
https://doi.org/10.1080/23322039.2022.2103922                                                                                                                                                       

Page 9 of 23



related with the level of infant mortality they are not effective and even counterproductive, 
showing a significant and positive effect (net effect of both effects is negative). This effects 
loose the power if we don not control by time-dummies and regional trends.

Additionally, as we mentioned in the literature review government health expenditure may not 
translate in better quality and quantity health resources due to corruption or mismanagement of 
resources. Therefore, the government health expenditure not always reduce infant mortality. Taking 
this into account, we also include the level of infrastructure (pediatric beds per capita, physicians per 
capita, % pediatricians relative to physicians) in order to control by the quality of health infrastruc
tures and the funding allocation. .17 Results don’t change relative to the previous model specification, 
and health expenditure assignment reduce infant mortality if it is higher in those region with higher 
infant mortality if we control by time-dummies and region-trends. Net effect of the share of govern
ment health expenditure is negative, i.e. it decreases infant mortality. However, health resources 
(beds per children under 14 or share of pediatricians) do not turn to be significant. Pediatricians per 
capita tend to be significant when we do not control by time-dummies and regional trends (Table 2).

Table 3 shows estimation results on under-5 child mortality where we estimate the 4 model 
specification done for infant mortality. Similar to previous results Share of population younger than 
14 appears to be positive and significant while Access to water turn to be significant and negative if 
we do not control by time dummies and regional-trends (Table A3 in the Appendix). GDP per capita 
turns to be significant and negative for children under-five,18 and it is consistent with many papers 
mentioned in the literature where one of the main factors to reduce under-5 child mortality is to 
increase families income, in this case measured through out GDP per capita. However, government 
health expenditure per capita doesn’t come to be significant as it happens with the indicator about 
the government health expenditure assignment at regional level, not in the second specification 
neither when we interact it with the lag value of under-5 child mortality. Opposite to infant mortality, 
when we control by time-dummies and regional trends, health infrastructure seems to be more 
important in case of child mortality. However, it loses significance once we include physicians per 
capita and GDP per capita. Paper such as Mohanty and Behera (2020) also show how infrastructure 
can be as important as health expenditure on reducing infant and child mortality.
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5. Discussion
Government health expenditure is a key guarantee to access the health system and maintain and 
improve human welfare throughout financing and appropriate training of health workers, to provide 
medical equipment and health infrastructure, and to promote illness prevention throughout 

Table 3. GMM estimation results for explaining under-5 child mortality, time dummies and 
regional-trends included

(1) (2) (3) (4)
gdppc −0.099*** −0.114*** −0.109*** −0.087*

(0.018) (0.025) (0.026) (0.049)

Public expenditure 
pc

0.124*

(0.067)

% public health 
exp./% of 
population)

0.163** −0.346 −1.050

(0.070) (0.330) (0.689)

% public health 
exp./% of 
population * L. 
Infant mortality

0.132 0.369*

(0.106) (0.222)

Pediatric beds/pop 
< 14

0.068

(0.086)

Physicians pc −0.306*

(0.166)

Pediatricians/ 
physicians

−0.230**

(0.096)

% Female edu 
(18–22)

0.014 0.022 0.021 0.010

(0.014) (0.021) (0.027) (0.068)

Water 0.004 −0.003 0.004 0.103

(0.047) (0.061) (0.056) (0.280)

Sanitation pc −0.013 −0.003 0.002 −0.004

(0.016) (0.020) (0.020) (0.023)

Urbanization rate 0.030 0.034 0.039 0.010

(0.058) (0.071) (0.061) (0.135)

% of pop younger 
than 14

0.227*** 0.281*** 0.301*** 0.610***

(0.068) (0.096) (0.099) (0.207)

L.child mortality 0.693*** 0.547*** 0.560*** 0.415***

(0.075) (0.083) (0.081) (0.098)

Instruments 47.000 47.000 48.000 58.000

AR(1) (p-values) 0.005 0.002 0.001 0.002

AR(2) (p-values) 0.268 0.273 0.275 0.569

Hansen (p-values) 1.000 1.000 1.000 1.000

Observations 289 289 289 271

Notes: Coefficient estimates and standard errors in brackets. Significance levels: *** p < 0.01 ** p < 0.05 * p < 0.10. 
Year dummies and time-trends included. Standard errors robust to heteroskedasticity and serial correlation within 
panels Lower case variables are in logarithms 
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promoting immunization, communicable diseases, preventive health services, and food safety, parti
cularly in a large country such as Kazakhstan (Kiross et al., 2020). For this reason, an efficient 
distribution of the resources across regions is essential to reduce current regional disparities on 
infant and under-5 child mortality rate as well as future productivity, growth, and income disparities. 
Our results show that it is not enough to assign health resources in terms of population, i.e. potential 
users, but also more resources where they have worse mortality ratios (as infant mortality estima
tions show) and to have appropriate number of health infrastructure (as under-5 child mortality 
estimations prove).

Figure 3 shows the assignment of government health budget relative to the region population in 
relation with the infant mortality rate of the previous year and it looks like that just at the 
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beginning of the period regional health assignment relative to the population is higher for those 
regions that experience higher rates of infant mortality.19 Actually, the period of higher health 
budget assignment to the regions which need it the most corresponds with the faster decreases in 
infant and under-5 child mortality rates.

However, it looks when the infant mortality rates started to decrease, then health budget 
assignment is not so clear. Possible reasons for this may be related to the specifics of the 
budgetary process in Kazakhstan and the distribution of state budget funds across the regions 
of the country. Kazakhstan has a two-level budget for financing healthcare—national and sub- 
national (regional). Overall, 60% of regional government spending is financed by the central 
government (Beazley et al., 2019). The central government allocates the budget to regions via 
targeted capital transfers, current transfers, and inter-budget general transfers (grants and with
drawals). Thus, the budget allocation of health expenditure not related with health needs may be 
produced at different levels. First, although the decision-making process on capital investments in 
different sectors of the economy, including healthcare are regulated by special normative and 
methodological rules (e.g., The rules for developing or adjusting, conducting the necessary exam
ination of state investment project proposals, as well as planning, considering, selecting, monitor
ing and evaluating the implementation of budget investments and determining the feasibility of 
budget lending) and carried out by line ministries and the Ministry of National Economy of 
Kazakhstan, in many cases decisions are not data-based and demand-driven, but politically 
determined. For example, as mentioned by Katsaga et al. (2012), a very expensive project called 
“Construction of 100 schools and 100 hospitals on the basis of public-private partnerships” was not 
related to the needs of the population in healthcare services but was dictated by political interests. 
As a result, excessive capacity and expensive medical equipment created and purchased within 
this kind of projects are not used efficiently enough.

Second, the health budget allocation is mainly determined by historical data, indexation for 
inflation rates, some regional demographic characteristics (the number and density of population, 
age, etc.) and to some extent according to spending limits for government programs, new policy 
initiatives and strategic priorities Beazley et al. (2019). However, the determination of budget limits 
is not fully related to population needs, that makes healthcare expenditures less effective.

In addition, we have the whole government budget on health, but we cannot distinguish if 
programs target children or other population groups. It is also true that health expenditure from 
other population groups may also have spillover effects on children health.

Behera and Dash (2018) suggests the improvement in revenue collection as an instrument to 
generate fiscal space that may give the possibility to allocate more funds to health.

Thus, the main limitation of this study arises by the unavailability to distinguish health expen
diture by types of programs, such as spending on treatment, prevention, and more details on 
health resources and its quality, for instance, health system capital inputs and health workforce. 
Access to such data was however difficult, and some of this data is available just for two years, 
which makes impossible to do the econometric analysis. Additionally, the paper will benefit if it 
could control by share of private health funds, even if it is out of the scope of this paper. 

6. Conclusions
In this paper, we assess the effects of the regional health government expenditure assignment as 
well as health resources available, such as beds or pediatricians. Results show that a higher health 
resources assignment in terms of expenditure (particularly for infant mortality) and health 
resources is actually important to reduce infant and under-5 mortality rate. We take into account 
that the national government can not increase the budget in all regions and need to distribute. A 
proper distribution to the regions who need it the most is what actually decreases infant mortality. 
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And this have worked at the beginning of the period when, actually, Kazakhstan experienced a 
sharp decrease of infant mortality.

As Akinlo and Sulola (2019) point out, policies should focus on improve the efficiency of 
government expenditure on health, and to ensure that more resources are allocated to primary 
health care, as well as targeting low income groups and areas that are experience higher infant 
and child mortality. Unfortunately, in this paper we are not able to distinguish which part of the 
health expenditure is dedicate to primary health care and which part to hospitality health. OECD 
(2018) report shows that Kazakhstan inherited a system from Soviet Union, really focused on 
hospitality resources and need to increase the primary health provision.

Additionally, this paper proves that without a proper allocation of health funds to the regions, 
regional disparities on health will not decrease and this may result on future income and growth 
disparities.
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Notes
1. On the one hand, more than 95% of women in 

Kazakhstan older than 15 years old had achieved 
tertiary education level in 2010. i.e. similar levels to 
Sweden and higher than other countries such as 
United Kingdom, France, Finland or Spain (Barro- 
Lee database). On the other hand, immunization 
rates on HepB3, DPT or measles are around 99%, 
characteristics of former Soviet Union countries.

2. Other policy measures could be associated with 
environmental management, infrastructure devel
opment, overcoming inequalities and realizing 
rights (World Health Organization., 2007).

3. Households may divert its funds towards other 
uses once the government increases its provision 
of basic health care, using the same total amount.

4. There is not agreement if private expenditure is 
more health-promoting than private (Dhrifi, 2018; 
Rahman et al., 2018) or public health instead 
(Behera & Dash, 2020; Ray & Linden, 2020).

5. Actually, authors such Anand and Ravallion (1993) 
as argue that the effect of income per capita on 
health outcomes turns insignificant when poverty 

and government spending variables are controlled 
for. In fact, children from poor households in low or 
middle income countries might have up to 2 times 
higher probability to die compared with children 
from richer households (Hug et al., 2018).

6. This also implies that investments in health out
comes should be continuous.

7. System GMM was not consider in the analysis, only 
the difference GMM.

8. System GMM solves issues of autocorrelation and 
unobserved country-specific heterogeneity as well 
as endogeneity, using lags of the dependent vari
able, lags of the first-differenced dependent vari
able and the first differences of the exogenous 
variables as instruments for the first-differenced 
equation.

9. Oblasts included are Akmola, Aktobe, Almaty, 
Almaty city, Nur-Sultan city, Atyrau, East 
Kazakhstan, Karaganda, Kostanay, Kyzylorda, 
Mangystau, North Kazakhstan, Pavlodar, South 
Kazakhstan, West Kazakhstan and Zhambyl. For 
the year 2018, data for South Kazakhstan is cal
culated aggregating Shymkent City and Turkestan.

10. According to the new criteria, a live birth is the 
complete release or removal from the mother’s 
body of a fetus weighing more than 500 grams, 
regardless of the gestational age, or at a period of 
22 full weeks or more, which is breathing or exhi
bits other signs of life, such as heartbeat, pulsation 
of the umbilical cord or arbitrary movement of the 
muscles. Until 2008, a live birth was considered to 
be the complete isolation or extraction from the 
mother’s body of a fetus at a gestational age of 
28 weeks or more (i.e., a fetus with a height of 35 
centimeters or more, weighing 1000 grams or 
more), a necessary sign of life is breathing.

11. We have done the same calculation for series of 
the whole Kazakhstan. Results are in Figure 2: 
“corrected” series, and as we can observed it is 
quite close to correction done by the World Bank.

12. A consistent estimate of lag dependent variable 
coefficient (lagged infant or under-five mortality) 
can be expected to lie in between the OLS levels 
and Within Groups estimates (Hsiao, 1986; Nickell, 
1981), so we have also estimated OLS and within 
groups estimator to validate the GMM (Results 
upon request).

13. The coefficients are consistent in both tables 
although there is changes on significance of some 
of them partly due to the correlation of the regio
nal trends with some variables such gdp and partly 
by the weakness of the instruments.
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14. Other common control variables such as the 
degree of immunization were not included 
because present quite high values and a small 
degree of variation among regions as we have 
explained before.

15. However, it seems government health expenditure 
per capita turns to be significant if we do not con
trol by time dummies and regional-trends (Table 5 
in the Appendix).

16. Although, using whole health expenditure per 
capita instead of health expenditure on children 
should actually make this variable less endogen
ous, the statistical test shows that behaves in a 
endogenous way and we need to correct it.

17. Health resources also come out to be endogenous 
when control by time-dummies and country 
trends. In fact, The correlation may go in one or 
both directions, for instance, the number of pedia
tricians might decrease the mortality rate, but also 
this rate may affect the future pediatricians 
number.

18. The effect is even weaker when we do not control 
by time-dummies and regional trends Table 6.

19. Results are similar for under-5 child mortality in 
Table A3 in the appendix (6).
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Appendix

Table A1. Definitions of indicators

Indicator Definition Source
Infant mortality rate Number of infant deaths by per 

1,000 live births
Bureau of National Statistics of the 
Agency for Strategic Planning and 
Reforms of the Republic of 
Kazakhstan

Children under-5 mortality rate Number of death among children 
before the age of 5 years per 1,000 
live births. It is actually the 
probability per 1,000 that a 
newborn baby will die before 
reaching age of 5

Bureau of National Statistics of the 
Agency for Strategic Planning and 
Reforms of the Republic of 
Kazakhstan

GDP per capita at prices of 2010 Real gross domestic product by 
production approach divide by 
total population. We have used the 
implicit GDP deflator to transform 
the GDP at current prices into GDP 
at constant prices of 2010

Bureau of National Statistics of the 
Agency for Strategic Planning and 
Reforms of the Republic of 
Kazakhstan

Share of population under 14 years 
old

Population is provided with 
different groups disaggregation in 
different periods. Data has been 
aggregated into children under 14 
to calculate the ratio

Agency for Strategic planning and 
reforms of the Republic of 
Kazakhstan & Bureau of National 
statistics

Urbanization rate Using the population data as in 
previous indicator we have 
aggregate to calculate the urban 
population and divide it by the 
total to get the urbanization rate

Agency for Strategic planning and 
reforms of the Republic of 
Kazakhstan & Bureau of National 
statistics

Pediatric beds per children under 
14

Number of hospital beds for 
children divided by children under 
14 per 10,000 children

Committee on Statistics of the 
Ministry of National Economy of 
the Republic of Kazakhstan

Share of Pediatricians Number of pediatricians (including 
neonatologists) divide by number 
of physicians (including all 
specialities)

www.medinfo.kz
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Table A2. GMM estimation results for explaining infant mortality
(1) (2) (3) (4)

gdppc −0.008 −0.027* −0.028* −0.025*

(0.011) (0.015) (0.015) (0.014)

Public expenditure pc −0.112***

(0.025)

% public health exp./ 
% of population)

−0.021 −0.097 −0.076

(0.019) (0.251) (0.316)

% public health exp./ 
% of population * L. 
Infant mortality

0.026 0.028

(0.084) (0.107)

Pediatric beds/pop 
< 14

0.023

(0.046)

Physicians pc −0.125**

(0.057)

Pediatricians/ 
physicians

0.015

(0.031)

% Female edu 
(18–22)

0.014 0.000 0.001 0.031

(0.016) (0.018) (0.021) (0.029)

Water −0.070* −0.056 −0.056 −0.044

(0.041) (0.036) (0.038) (0.045)

Sanitation pc −0.005 −0.009 −0.010 −0.008

(0.006) (0.009) (0.009) (0.009)

Urbanization rate 0.082* 0.087** 0.087* 0.132**

(0.043) (0.043) (0.045) (0.058)

% of pop younger 
than 14

0.043 0.064* 0.064* 0.095

(0.038) (0.038) (0.038) (0.072)

L.infant mortality 0.894*** 0.931*** 0.934*** 0.909***

(0.023) (0.017) (0.014) (0.026)

Constant 1.099*** 0.087 0.077 0.055

(0.287) (0.230) (0.231) (0.302)

Instruments 12.000 12.000 16.000 15.000

AR(1) (p-values) 0.001 0.002 0.002 0.002

AR(2) (p-values) 0.133 0.146 0.147 0.122

Hansen (p-values) 0.030 0.012 0.053 0.039

Observations 288 288 288 271

Notes: Coefficient estimates and standard errors in brackets. Significance levels: *** p < 0.01 ** p < 0.05 * p < 0.10. 
Standard errors robust to heteroskedasticity and serial correlation within panels. Lower case variables are in 
logarithms 
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Table A3. GMM estimation results for explaining under-5 child mortality
(1) (2) (3) (4)

gdppc −0.012 −0.024* −0.023* −0.022*

(0.011) (0.014) (0.014) (0.012)

Public expenditure pc −0.070**

(0.027)

% public health exp./ 
% of population)

−0.003 0.074 0.056

(0.026) (0.242) (0.277)

% public health exp./ 
% of population * L. 
Infant mortality

−0.025 −0.010

(0.079) (0.092)

Pediatric beds/pop < 
14

0.030

(0.034)

Physicians pc −0.116**

(0.049)

Pediatricians/ 
physicians

0.024

(0.030)

% Female edu (18– 
22)

0.014 0.007 0.006 0.025

(0.016) (0.018) (0.019) (0.030)

Water −0.066* −0.054* −0.052* −0.024

(0.034) (0.030) (0.031) (0.036)

Sanitation pc −0.001 −0.004 −0.004 −0.003

(0.006) (0.008) (0.009) (0.008)

Urbanization rate 0.064 0.062 0.059 0.098*

(0.040) (0.044) (0.044) (0.054)

% of pop younger 
than 14

0.051 0.060* 0.059* 0.095*

(0.031) (0.032) (0.033) (0.053)

L.child mortality 0.901*** 0.927*** 0.926*** 0.903***

(0.023) (0.017) (0.013) (0.028)

Constant 0.816*** 0.185 0.187 0.097

(0.289) (0.225) (0.223) (0.238)

Instruments 12.000 12.000 16.000 15.000

AR(1) (p-values) 0.002 0.002 0.002 0.003

AR(2) (p-values) 0.255 0.272 0.263 0.231

Hansen (p-values) 0.057 0.024 0.093 0.058

Observations 289 289 289 271

Notes: Coefficient estimates and standard errors in brackets. Significance levels: *** p < 0.01 ** p < 0.05 * p < 0.10. 
Standard errors robust to heteroskedasticity and serial correlation within panels. Lower case variables are in 
logarithms 
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Figure A3. Relationship between 
government health budget 
regional distribution and under-5 
child mortality ratio of previous 
year.
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