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Abstract. Low life expectancy is one of the main factors hindering national economic development.
Finding a solution to this problem is complicated by enormous differentiation of life expectancy among
constituent entities of the Russian Federation. Therefore, assessing the factors increasing life expectancy
in heterogeneous regions of the country and developing methodological tools for the application of
territorial defragmentation in terms of policy to improve regional health systems are major tasks for
public administration. The research aims to find a solution to these problems. On the basis of a detailed
analysis of the relevant literature we form a statistical base of indicators influencing life expectancy in
RF constituent entities for 10 years; with the help of “hierarchical clustering” we arrange RF constituent
entities into eight groups according to the specifics of forming conditions for a long and healthy life;
through econometric modeling we assess and identify the impact of individual indicators on life
expectancy in different groups of RF constituent entities; on the basis of the modeling results we formulate
areas of further research and priorities of the state regional policy in the field of health care. We use
general scientific and special methods, including statistical, cartographic, typological, econometric,
and cluster methods during the analysis of regional health systems. Statistical data processing and
econometric modeling are carried out using statistical packages SPSS Statistics and Gretl. Scientific
novelty of the study consists in the clustering of RF constituent entities according to the specifics of
forming conditions for increasing life expectancy, which has fundamental importance for improving
the effectiveness of territorial management and planning in the field of health care. Practical significance
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of the work is determined by the tasks of regional policy of Russia and its constituent entities in the sphere

of increasing the life expectancy. The results of the study can be useful to the state regional authorities and

local authorities for the formation of a set of measures to improve life expectancy.
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clustering.
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Introduction

Life expectancy is the most important criterion
of public administration efficiency and the
guarantee of progressive development of territorial
social systems. That is why one of the priority
national goals of the Government of the Russian
Federation is “to increase life expectancy to 78
years by 2024 and to 80 years by 2030”!. Objectively
questioning the attainability of this target by 2024,
we note that at the time of its planning, the world
was not yet aware of the coming pandemic, which
has actualized the issue of prioritizing budget
investment in health care. For example, the
effects of underfunding health infrastructure in a
number of countries have led to excess mortality,
lagging vaccine working out and, ultimately, slower
economic growth and more uneven development.

Due to the coronavirus pandemic, public health
spending in Russia rose to 4.6% of GDP in 20202
Despite this, according to 2018—2020 comparative
analysis of health care financing models across
31 foreign countries by the Russian Accounts
Chamber, “the Russian Federation has the lowest
level of health care spending, including public
spending, among all countries under review, with
the highest share of off-budget spending among all

' On the national goals and strategic objectives of the
development of the Russian Federation for the period through
to 2024: Presidential Decree 204, dated May 7, 2018.

2 Official website of the Russian News Agency. Available
at: https://tass.ru/obschestvo/13207941 (accessed: August 10,
2022).
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the countries”?. A similar conclusion is that “in the
absolute majority of countries with an economic
development level close to the Russian one, states
allocate more funds for health care than in Russia”
was made by E.G. Potapchik (Potapchik, 2020).
Insufficient investment in public health causes
low values of the main indicator of the health care
system quality — life expectancy. While people in
developed countries live up to 80 years, the average
life expectancy in Russia is less than 72 years.

At the same time, these aggregated macrodata
do not fully reflect all the complexities of the
functioning of the health care system in Russia,
the most important of which is the enormous
differentiation of the country’s constituent entities
by life expectancy (from 66 to 81 years). For
instance, according to Rosstat data for 2020, life
expectancy at birth (for the entire population
sample) is the highest in the regions of the North
Caucasian Federal District (for example, the
Republic of Ingushetia — 81.5 years; the Republic
of Dagestan — 76.5 years; the Karachay-Cherkessia
Republic — 75 years, etc. etc.), the lowest is in
the regions of the Far Eastern Federal District
(for example, Chukotka Autonomous Okrug —

3 Report of the results of the expert-analytical event
“Analysis of the effectiveness of the compulsory health
insurance system in the Russian Federation”: Approved by
the College of the Accounts Chamber of RE, dated March 30,
2021.
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66 years; the Amur Oblast — 67 years; the Jewish
Autonomous Oblast — 67.5 years, etc.)*. At the same
time, such high differences are observed in many
groups of indicators of territorial development.
Significant spatial heterogeneity not only
complicates the implementation of a unified state
policy in the field of health care, but also requires
taking into account regional specifics in the plans,
forecasts and programs of territorial development
and strategizing. Proceeding from the above, it is
objectively possible to conclude that estimation
of factors promoting increasing life expectancy
in heterogeneous regions of the country, and also
development of methodical tools of application of
territorial defragmentation in a part of the policy
of improvement of regional public health systems
are the major tasks of public administration. Our
research is devoted to their solution.

Agreeing that “a characteristic feature of the
modern development stage of economics is its
mathematization, which manifests itself in the
replacement of the studied economic process with
an adequate economic model and the subsequent
study of the properties of this model either by
apathetic methods or on the basis of computational
experiments” (Zang, 1999, p. 6), we note that
the solution of the research tasks formulated by
us earlier, which are of high applied importance
for strategizing the development of regional
health systems, objectively requires the formation
and processing of a significant array of regional
statistical data; the choice of the functional form of
the model and the evaluation of coefficients using
mathematical and econometric tools and programs;
the appropriate interpretation of the results in order
to form scientifically sound directions increase in
life expectancy.

The article contains four main sections. In the
first section, “Theoretical aspects of the problem

4 Regions of Russia. Socio-economic indicators. 2021:
Statistical Collection. Rosstat, Moscow, 2021. Pp. 78—80.
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and the main hypotheses”, we consider relevant
scientific works. At the same time, in order
to formulate research hypotheses, we carry
out a detailed analysis of statistical indicators
characterizing the quality of regional health
systems. The second section of the work “Research
methodology” contains methodological tools for
determining regionally differentiated determinants
of life expectancy based on the author’s clustering
of Russia’s entities. We pay special attention to the
justification of the choice and analysis of statistical
indicators for clustering and modeling, as well as
the formalization of the hypotheses put forward.
The third section “Results” includes the methods
obtained in the process of testing, the results and
interpretation of the estimated coefficients. The
fourth section “Discussions” substantiates the
consistency of the author’s statements, assessments
and results with the conclusions presented in
the studies of other scientists, and also notes
the objective shortcomings and limitations of
the model. In conclusion, we highlight the most
important results in brief, and formulate the
scientific novelty and practical significance of the
research.

Theoretical aspects of the problem and the main
hypotheses

Good public health is the most important
condition for the sustainable development of any
territory. In this regard, there is no doubt that life
expectancy is not only an indicator of the quality of
life, but also an objective criterion for assessing the
success of ongoing political, social and economic
reforms. The high role of financial investments in
the health care sector, which have a direct positive
impact on labor productivity, has been proven by
many scientists® (Zubarevich, 2009; Demidova et
al., 2021).

5 Biryukova S.S. et al. (2018). How to Increase Human
Capital and Its Contribution to Economic and Social Development:
Abstracts. Moscow: 1zd. dom Vysshei shkoly ekonomiki.
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Despite the awareness of the critical impor-
tance of the health care system on the part of
scientists and the state, “the concept of efficiency
in health care continues to be multidimensional,
while remaining a relative value” (Arkhipova,
Dvoinikov, 2018, p. 26). The reason, in our opinion,
is that the health care system is a multifunctional
and multilevel system that is constantly influenced
by internal and external factors. Its objective
complexity generates the emergence of diverse
research areas, among which the following groups
can be conditionally distinguished: first, studying
the activities of medical organizations in order to
“independently assess the quality of medical care
and the effectiveness of the activities of medical
organizations providing medical care” (Mikhailova

et al., 2016); second, the study of regional health
systems, the purpose of which is “measuring the
activity of the health care system in Russia in the
regional context” (Kislitsyna, Chubarova, 2021);
third, the study of health care as the leading
branch of the social infrastructure of the national
economy, which has an impact on the economic
and social development of the country (Tatarkin
etal., 2015).

We will focus on the previously updated problem
of heterogeneity of indicators of regional
development in Russia, including such an important
indicator as life expectancy. The value of life
expectancy, as well as the mortality rate, are referred
in the scientific literature to social indicators of the
effectiveness (efficiency) of the health care system

Table 1. Examples of social indicators of health care system performance

(Vlasyuk, Stroev, 2017)

Neo Authors Country, analysis period Statistical indicators
1 A. Bhargava et al. Developing countries, 1965-1990
(Bhargava et al., 2001)
2 D.E. Bloom, P.N. Malaney Russia, 1989-1994
(Bloom, Malaney, 1998) Life expectancy at birth
3 R. Barro (Barro, 2013) 100 world countries, 1960-1990
4 Y. Wang, C. Ni China, 1987-2007
(Wang, Ni, 2015)
5 D. Barthold 27 OECD countries, 1991-2007
(Barthold, 2014) )
— - Life expectancy for men/women
6 S. Asiskovitch 27 OECD countries, 1990-2005
(Asiskovitch, 2010)
7 L.l. Vlasyuk, P.V. Stroev Russia, 2002-2015 1. Number of registered patients diagnosed for the

first time in their lives
2. Life expectancy at birth

8 E. Jaba, C.B. Balan, I.-B. Robu
(Jaba et al., 2014)

175 world countries, 1995-2010

1. Life expectancy
2. Infant (under 1 year old) mortality

9 K.A. Muldoon
(Muldoon, 2011)

136 world countries, 2001-2008

1. Infant mortality
2. Child mortality
3. Maternal mortality

10 E. Brainerd, D.M. Cutler
(Brainerd, Cutler, 2005)

24 countries, 1989-2002

Mortality rates

11 | J.C. Anyanwu, A.E.O. Erhijakpor
(Anyanwu, Erhijakpor, 2009)

47 countries in Africa, 1999-2004

1. Infant mortality
2. Child mortality

Source: own compilation based on the analysis of literary sources.
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(Orlov, Sokolova, 2010; Tuaeva, Sugarova, 2013),
reflecting “the degree of achievement of socially
significant goals related to the provision of medical
services”°. As a rule, social indicators are the target
indicators in various programs and strategies of
country and regional development, which explains
their choice as endogenous variables in modeling
(Kolosnitsyna et al., 2019). Table 1 gives an overview
of the use of social indicators of the effectiveness of
the health care system in the scientific literature.

The analysis of the research papers revealed two
main groups of factors for increasing life expectancy:
economic indicators of the effectiveness of the
health care system and medical indicators of its
quality (Kalashnikov, 2011; Panasyuk, Dasaeva,
2014; Tatarkin et al., 2015; Krivenko et al.,
2019; Ulumbekova et al., 2019). Let us focus in
more detail on the content and structure of these
indicators.

Economic indicators of the effectiveness of
territorial health care systems traditionally charac-
terize the dependence of results on the resources
expended (Jaba et al., 2014) and include in general
terms such indicators as the share of health care
expenditures in GDP (GRP), investments in health
care, private health care spending and others.

For instance, N.V. Akindinova, A.V. Cher-
nyavskii, A.A. Chepel (Akindinova et al., 2018)
emphasize the importance of defining health care
costs as part of “productive” budget expenditures,
since they affect labor productivity. In this context,
it is important to note that the level of health that
determines a person’s ability to fully use their
human capital can serve as a limiter of economic

growth and bring economic benefits not only at

¢ Kucherenko V.Z., Flek V.O., Putin M.E. et al. (2004).
Evaluation of the Effectiveness of Medical Organizations:
Educational and Methodological Guide. Moscow: GEOTAR-
Med.
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the level of individual citizens, but also at the state
level. Stolbov notes that “health care, along with its
main task of improving people’s health, contributes
to the growth of production efficiency” (Stolbov,
2016). The paper (Kalashnikov, 2011) proposes a
method for calculating the scale of lost profits in
the production of GRP as a result of premature
mortality. The research of I.A. Erzyleva (Erzyleva,
2020) is devoted to “the analysis of the main trends
and problems shaping the current health status
of the Russian population, and the assessment of
the impact of this factor on the socio-economic
development of the state”. The author notes that
Russia has a larger number of human resources,
but they are unable to show and realize their labor
and intellectual potential due to low life expectancy
and low development level of the health care sector.
M.A. Kaneva assesses the impact of the level of
“health on regional growth in the framework of
an approach that takes into account the costs of
health care to maintain the human capital quality”
(Kaneva, 2019). The results obtained indicate that
“an increase in government spending on health
care as a share of GRP by 1% is associated with
an increase in the growth rate of GRP per capita
by 1.34%7”. At the same time, the results are of
particular interest, according to which private
spending on health care, reflecting the consumption
of paid medical services, has a negative impact on
economic growth.

Thus, most of the studies emphasize the need
to increase public spending on health care, which
will improve the quality of life and increase life
expectancy. In turn, it will lead to an increase in the
number of workers and labor productivity growth,
positively affecting the total output. 7able 2 gives an
overview of the use of economic indicators of the
effectiveness of health care systems in the scientific
literature.
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Table 2. Examples of economic indicators of the effectiveness of the health care system

No. Authors Country, _analy5|s Statistical indicators
period
1 0.A. Demidova, E.V. Kayasheva, Russia, 2005-2017 Share of expenditures on health care, physical education
A.V. Dem’yanenko (Demidova et al., 2021) and sports in GRP
2 lE\llla\;?uslfmS(trz:/ Sztor?%/ Russia, 2002-2015 Expenditures of consolidated budgets on health care
3 G.E. Ulumbekova, A.B. Ginoyan, Russia, 2011-2014
E.A. Chaban (Ulumbekova et al., 2016)
4 G.E. Ulumbekova et al. Russia, 2011-2016 Per capita government spending on health care
(Ulumbekova et al., 2019)
5 E. Brainerd, D.M. Cutler 24 countries,
(Brainerd, Cutler, 2005) 1989-2002
6 E.M. Andreev, V.M. Shkol’'nikov Russia, 2010 Financing under the program of state guarantees for
(Andreev, Shkol’nikov, 2018) provision of free medical care to Russian citizens in the
context of Russia’s entities
7 M.A. Kaneva (Kaneva, 2019) Russia, 1. Government spending on health care
2005-2013 2. Private health care costs
3. Total health care costs
8 N.S. Gorchakova (Gorchakova, 2020) 192%3_82'3‘17 Health care expenditure share in GDP
9 S. Gupta, M. Verhoeven, E.R. Tiongson 76 countries, 1. Government spending on health care
(Gupta et al., 2003) 1990-1999 2. Private health care costs
10 AV. Komarova,‘ E.V. Kritsyna Russia, Investments in health care system
(Komarova, Kritsyna, 2012) 1974-2009
Source: own compilation based on the analysis of literary sources.

Medical quality indicators of territorial health
care systems are used to assess the availability of
medical care, expressed in the provision of doctors/
secondary medical personnel, provision of hos-
pital beds, etc. We believe that these indicators
have shaped the current levels of life expectancy
in various countries of the world for centuries
(Erakhtina, 2019).

The importance of studying medical indicators
of the quality of health care systems in relation to
the regions of the national economy is gaining
additional relevance in connection with the health
care reform in Russia since 2010, which “consisted
in optimizing costs by closing inefficient hospitals
and expanding the use of high-tech medical
institutions” (Grishina, Karpova, 2020, p. 172).
According to the calculations of specialists of
the Center for Economic and Political Reforms,
in the period from 2000 to 2015, the number
of hospitals in Russia decreased by half — from
10.7 to 5.4 thousand. The number of polyclinics
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for the same period decreased by 12.7% — to
18.6 thousand institutions. Experts concluded
that if such rates of hospital closure continue
(approximately 353 annually) by 2021—-2022, the
number of medical institutions in the country will
reach three thousand, as the level of the Russian
Empire in 19137, Figure I shows the dynamics of
the reduction in the number of medical institutions
and changes in the mortality/birth rate in 2010—
2020 in Russia.

As a result of optimization, there was a natural
reduction in expenditures in the health care sector.
T. Golikova characterized the reform results as
follows: “Optimization was unsuccessful in many
regions”s.

7 Official website of the Center for Economic and
Political Reforms. Awvailable at: https://cepr.ru/ (accessed:
June 7, 2022).

8 Gubenko A.V. (2019). Golikova admitted unsuccessful
optimization of health care in the regions. Available at: https://
www.rbc.ru/society/03/11/2019/5dbecba99a79470b57a29¢69
(accessed: May 14, 2021).
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Figure 1. Dynamics of reduction in the number of medical institutions and
changes in the mortality/birth rate from 2010 to 2020
146
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The COVID-19 pandemic in 2020 showed that
the country had a shortage of hospital beds
for treating patients with increased morbidity.
For example, according to an analysis by
E.V. Reprintseva, between 2012 and 2018, the
availability of inpatient beds decreased by 15%.
“While in 2005 there were about 9,500 hospitals
with a total number of hospital beds of more than
1.5 million units, by 2018 these figures had dropped
to 5,300 hospitals and 1.2 million beds, respectively”
(Reprintseva, 2020, p. 282).

Figure 2 presents the dynamics of the indicator
“Capacity (number of visits per shift) of outpatient
and polyclinic organizations” for the period 2004—
2020. The dot marks the value of the increase in the
average capacity of one health care facility during
the study period.

According to Figure 2, all federal districts have
an increase in the average capacity of one medical
institution during the researched period, while the
number of medical organizations was decreasing.
It may indicate both the construction of new

Economic and Social Changes: Facts, Trends, Forecast
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Statistical Collection. Rosstat. Moscow, 2021.

spacious medical institutions with large areas, and
their simple enlargement, when the load per doctor
increases in the form of an increase in the number
of visits. The highest growth rates are shown by the
regions of the North Caucasian Federal District
(Republic of Dagestan, Republic of Ingushetia and
Stavropol Krai — 249, 294 and 143%, respectively).

Based on the data analyzed, demonstrating an
increase in mortality with a decrease in the number
of hospital beds and the number of doctors, we
can verify the correctness of the conclusions of
E.V. Reprintseva that “modernization of health
care has led to a reduction in the number of
inpatient hospital facilities with simultaneous
enlargement of the hospital network. This has led
to a decrease in the availability of inpatient medical
care for the country’s population, especially in
rural areas, and the situation may worsen in the
future” (Reprintseva, 2020, p. 283). This situation
requires evidence-based adjustments in the system
of management decisions made by the competent
authorities.
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In light of the above, the choice of statistical
indicators for quantitative measurement of
the effectiveness of the health care system is
a debatable point. Table 3 presents the results

of the systematization of the relevant empirical
works studied by us, in which the authors used
statistical data reflecting the accessibility of
medical care.

Figure 2. Dynamics of capacity of outpatient and polyclinic organizations from 2004 to 2020
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Source: Regions of Russia. Socio-Economic Indicators. 2021: Statistical Collection. Rosstat. Moscow, 2021. Pp. 366-367.

Table 3. Examples of medical indicators of health care quality

No. Authors Country, analysis period Statistical indicators
1 L.A. Tuaeva, I.V. Sugarova Russia, 2000-2012 1.Availability of doctors
(Tuaeva, Sugarova, 2013) 2.Availability of nursing staff
2 A.Sh. Akhmeduev 12 world countries, 3.Availability of hospital beds
(Akhmeduev, 2019) 2013-2014
3 N.V. Krivenko, V.M. Ivanov, Sverdlovsk Oblast, Certain types of medical care (outpatient care, day
L.A. Kriventsova (Krivenko et al., 2019) 2013-2017 patient facility, round-the-clock inpatient facility)

4 V.I. Starodubov et al. Russia, 2010 1. Availability of medical personnel

(Starodubov et al., 2013)

2. Cost efficiency depending on the number of hospital
beds

3. Cost efficiency depending on bed occupancy

4. Cost efficiency of inpatient facilities depending on the
level of hospitalization

5 J.C. Anyanwu, A.E.Q. Erhijakpor 47 countries of Africa, Number of doctors/nurses
(Anyanwu, Erhijakpor, 2009) 1999-2004
6 W.J.A. van Den Heuvel, M. Olaroiu 31 countries of Europe, 1. Number of hospital; beds
(van Den Heuvel, Olaroiu, 2017) 2013 2. Number of doctors
3. Number of nurses
7 D.L. Skipin et al. Russia, 1995-2017 1. Availability of hospital beds
(Skipin, 2022) 2. Capacity of outpatient clinics
3. Population per doctor
8 A K. Zhukova et al. Russia, 2014 1. Population per hospital bed
(Zhukova et al., 2016) 2. Population per doctor

Source: own compilation based on the analysis of literary sources.
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In addition to medical and economic,
researchers identify the following factors that
significantly affect the social performance of
health care systems: education (Rosenzweig,
Schultz, 1982; Desai, Alva, 1998; Thomas et al.,
1990; Currie, Moretti, 2003; Anyanwu, Erhijakpor,
2009), prevalence of HIV infection (Gupta et al,
2003), urbanization rates and population demo-
graphics (Roberts, 2003; Anyanwu, Erhijakpor,
2009; Zhukova et al., 2016; Ulumbekova et al.,
2016), government spending on social protection
(Heuvel, Olaroiu, 2017), unhealthy lifestyle
indicators (alcohol consumption, smoking,
overeating) (Brainerd, Cutler, 2005; Heuvel,
Olaroiu, 2017; Zhukova et al, 2016; Ulumbekova et
al., 2016; Kossova et al., 2017; Kolosnitsyna et al.,
2019, Ulumbekova et al., 2019), level of government
corruption (Muldoon et al., 2011), population
cash income and gross product per capita (Swift,
2011; Zhukova et al., 2016; Ulumbekova et al,
2016; Ulumbekova et al., 2019; Skipin et al., 2022),
stressors (suicides, abortions) (Chekmeneva and
Balina, 2019; Balina et al., 2021), poverty rates
(Ulumbekova et al., 2016), environmental factors
(Muldoon et al., 2011; Zhukova et al., 2016; Balina
etal., 2021).

Based on the spatial features of the national
economy, characterized by a high asymmetry of the
development of Russia’s entities, in the analysis of
the scientific literature, we identified a number of
methodological aspects that objectively require
improvement and that have been overlooked by
researchers.

First, when assessing health care quality,
scientists often use integral indices, on the basis of
which ratings of the effectiveness of health care
systems are further compiled (Krivenko et al.,
2019; Kislitsyna, Chubarova, 2021; Ulumbekova,
Ginosyan, 2021). At the same time, given the many
objective limitations of applying integral indices
(Masset, 2011) and the fact that their quality and
accuracy crucially depend both on the completeness

Economic and Social Changes: Facts, Trends, Forecast

Volume 16, Issue 1, 2023

of available data and on methodological approaches
to their compilation (Santeramo, 2015), we agree
that “ideal integral indices are the exception rather
than the rule” (Pavlova et al., 2018, p. 234).

Second, when building models on panel data for
the purpose of health care system assessment,
scientists usually include in the sample the entire
population of territories for which statistical data
were collected (Muldoon et al., 2011; Kossova et
al., 2017; Ulumbekova et al., 2016; Ulumbekova et
al., 2019). At the same time, preliminary clustering
of heterogeneous territories is an important stage in
studying health care systems, as it allows obtaining,
as a result, more objective estimates of modeling
for separate groups of regions, which is critical
for the developed directions on improving the
organization of health care. This thesis is confirmed
in the study of E. Jaba, C.B. Balan, 1.-B. Robu
(Japa et al., 2014), in which the authors conducted
a preliminary grouping of 175 countries in terms
of “income level” and “geographic location”. The
results of the models built by the researchers on
panel data for 15 years showed different estimates
for different groups of countries, which provides a
unique opportunity to use the preliminary territorial
defragmentation in developing directions for
improving health care systems. Also we should note
the studies in which the defragmentation of policies
to improve territorial health systems is not based
on clustering objects from the general population
(countries/territories), but by taking into account
the features of the analyzed indicators, for example
the decomposition of differences in life expectancy
by gender (Asiskovitch, 2010; Barthold et al, 2014;
Andreev, Shkolnikov, 2018; Zhukova et al., 2016),
decomposition of differences in mortality between
the poor and the rich (Gupta et al., 2003).

Among the Russian studies in this context, we
would like to single out, first, the work (Skipin et al.,
2022), which presents the results of clustering
Russia’s entities by the growth rate of life expec-
tancy, revealing regional specificity. Second,
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the publication (Zaitseva et al., 2019), where a
preliminary clustering of RF entities was performed
in the study of regional health care systems,
which allowed concluding that “socio-economic
determinants have regional differentiation by the
level of their potentiating or restraining effect
on life expectancy” (Zaitseva et al., 2019, p. 25)
seems important. However, the four groups of
Russia’s entities obtained in the work are not
homogeneous in structure, which significantly
reduces, in our opinion, the effectiveness of the
directions of improvement of regional health care
systems developed on this basis. Third, it is the work
(Kolosnitsyna et al., 2019), in which the analyzed
countries are grouped into three clusters by the
value of life expectancy and the correlation matrices
of the variables characterizing population health are
constructed, seems interesting.

Thus, summarizing the critical review of the
scientific works, we note that an objective necessity
in studying regional health care systems is a
preliminary scientifically substantiated clustering of
territories, which makes it possible to form unique
areas of health care systems development based
on the identification of regionally differentiated
determinants of life expectancy, which is the purpose
of our research.

The goal setting is accompanied by the
formulation of scientific hypotheses. In this regard,
we should note that most of the analyzed works
revealed a positive statistically significant depen-
dence of social indicators of healthcare systems
performance (in particular, life expectancy) on
medical and economic indicators, characterized
by accessibility of medical care and health care
expenditures. Thus, we can assume with a high
degree of probability that the number of years of
life expectancy is a consequence of the level of
financing of medical institutions and the health care
industry in the region as a whole.
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At the same time, considering, on the one
hand, that “life expectancy is a multifactorial
value, depending, among other things, on natural,
climatic conditions, environmental conditions...”
(Krivenko et al., 2019, p. 2227), and on the
other hand, the differences in the results and
effects obtained in the construction of the same
models for assessing the determinants of health
care systems for different countries and regions
(Jaba et al., 2014), we believe that consideration
of territorial features when testing the hypothesis
about the differential impact of indicators of the
general state of the regional economy on indicators
of social performance of the health care system of
Russia’s entities is critical.

These conclusions, as well as the classification
of the quality indicators of health care systems,
constructed by us, allowed formulating a number
of hypotheses, which were tested in relation to the
regions of the national economy.

Hypothesis 1. The influence of economic
indicators of the efficiency of the regional health
care system on life expectancy is positive.

Hypothesis 2. The influence of medical indi-
cators of the quality of the regional health care
system on life expectancy is positive.

Hypothesis 3. The nature of the influence of
indicators of the general state of the region’s
economic development on life expectancy is
conditioned by territorial features.

Research methodology

To achieve this purpose, we propose to use our
own methodological toolkit for assessing the
determinants of life expectancy in heterogeneous
Russia’s entities, which includes five stages.

At the first stage, the statistical data base for
Russia’s entities for the available period is collected
in order to conduct further cluster analysis on the
basis of the formation of conditions for a long and
healthy life in the regions. We formed the clustering

Economic and Social Changes: Facts, Trends, Forecast
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criteria taking into account the WHO study®,
according to which the key factors promoting life
expectancy include citizens’ lifestyle, their health
status, level of organization of medical care,
climate, environmental features and genetics. In
addition, we followed the examples of evidence-
based methodologies for grouping territories
according to the specifics of life expectancy
formation, which were tested by scientists and
resulted in compact clusters that lend themselves
to economic interpretation (Kolosnitsyna et al.,
2019; Chekmenyeva, Balina, 2019; Balina et al.,
2021).

The final database for clustering indicators
includes four blocks: social, economic, psycho-
logical and environmental. Taking into account the
importance of ensuring the adequacy and
transparency of the interpretation of the cluster
analysis results by minimizing the number of
indicators for clustering'®, as well as taking into
account the availability of existing information
by Russia’s regions, by analogy with the work of
T.A. Balina and co-authors (Balina et al., 2021),
we selected six indicators in the context of the
formed blocks: life expectancy at birth; number
of students; infant mortality (social block); real
monetary incomes (economic block); suicide rate
(psychological block); availability of clean drinking
water (natural and ecological block).

At the second stage, the collected data is
processed and normalized. For a number of
indicators (in our case, mortality and suicide rates)
the inverse values are considered. For indicators
characterizing monetary relations, we make an

adjustment to the annual consumer price index.

 Official website of the World Health Organization.
Available at: https://www.who.int/ru/ (accessed: June 7,
2022).

10 Toropchina G.N., Dvoeryadkina N.N., Vokhmintseva
G.P. (2006). Elements of Cluster Analysis: Study Guide.
Blagoveshchensk: Amurskii gos. un-t.
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At the third stage, clustering of Russia’s entities
is carried out on the basis of the formation of
conditions in the regions for a long and healthy
public life in order to ensure the uniformity of the
distribution of the studied regional data. Regional
grouping is performed based on the methodology
of cluster analysis in the software package SPSS
Statistics (Statistical Package for the Social
Sciences). Since the total number of clusters is not
known in advance, a hierarchical algorithm is used
as a clustering method. The metric is the Euclidean
distance, in order to take into account equally the
differences of RF entities according to the selected
statistical characteristics. The separation of clusters
is based on the Ward method, which involves the
use of variance analysis to estimate the distances
between clusters. This minimizes the sum of squares
for any two (hypothetical) clusters that can be
formed at each step.

At the fourth stage, we stimulate the
differentiated influence of the selected factors of
life expectancy (determinants) in the formed
regional groups. The simulation was performed
in Gretl, a cross-platform software package for
econometric analysis written in C language.

We generate panel data for 10 years (from 2010
to 2019) for each group of regions selected for
econometric analysis. The missing data occurring
in one year is restored by prolongation. Regions
with data gaps for more than two years are excluded
from the analysis. Then we build regression models.
We used the indicator “life expectancy at birth” as
an endogenous variable. We divided exogenous
variables into two groups. The first category includes
variables of interest — economic indicators of the
effectiveness of the health care system and medical
indicators of its quality. With the help of variables
of interest, we test hypotheses 1 and 2, verifying
assumptions about the significant positive impact

of government measures to increase public spending
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on health care and increase the availability of
medical care on life expectancy.

The second group included indicators that also
have, according to previously analyzed research
studies, a significant impact on life expectancy, but
unlike the variables of the first group, they mostly
depend on territorial characteristics rather than
state regulation. These variables are assigned to
the control ones necessary for leveling the bias of
coefficient estimates for the model variable. In
addition, our study uses control variables to test
hypothesis 3, which verifies the assumption that the
nature of the influence of indicators of the general
development state of the region’s economy on life
expectancy is due to territorial features. Let us dwell
in more detail on the justification of the choice of
control variables.

As we shown it in the previous section, the list
of exogenous variables used by scientists in modeling
life expectancy, in addition to economic indicators
of the effectiveness of the health care system and
medical indicators of its quality, is quite wide. When
choosing a set of variables, we were guided primarily
by the results of relevant studies that revealed the
most important factors of life expectancy changes:
education, income, non-traditional risk factors
for morbidity'', and environmental factors. They
quite fully reflect the quality life and standard
of living from the perspective of three basic
aspects: socio-economic (education and income
of the population'?), socio-psychological (stress

' To these factors researchers traditionally include bad
habits that reduce stress (alcohol consumption, smoking,
overeating, etc.).

12 The factor “population income” was taken into account
through the real income (on average per person), rather than
through the indicator of per capita GRP, quite often used
in relevant studies. This choice is explained by the results of
the Preston curve study on the example of Russian regional
data, which refuted the dependence of life expectancy on the
economic status of the region (Andreev, Shkolnikov, 2018).
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factors expressed through the suicide rate'®) and
environmental (availability of clean air and drinking
water) (Kolosnitsyna et al., 2019; Balina et al.,
2021).

In addition to theoretical prerequisites, when
forming the database, we took into account the
actual presence of similar indicators in the official
regional Rosstat statistics for the analyzed period
of time. Table 4 provides information on the
normalization of variables for modeling, the method
of their calculation and units of measurement.

We conducted statistical tests to determine the
best model specification; at the same time we
evaluated three types of models: models with fixed
effects, with random effects, and the pooled least
square method (LSM). The best model was chosen
based on the Akaike and Schwartz information
criteria, as well as the results of statistical tests: the
F-test, the Breusch — Pagan test, and the Hausman
test. Based on the F-test results, we chose between
LSM and models with fixed effects; using the
Breusch — Pagan test, between LSM and models
with random effects. The Hausman test allows
making a correct choice between models with fixed
and random effects.

At the fifth stage, based on the obtained
econometric estimates, we interpret the results,
formulate difficulties in the functioning of
the health care system, and develop priority
management decisions in the context of groups of
regions.

13 The use of the indicator “number of suicides” in the
model instead of collecting separate indicators indicating the
prevalence of bad habits among the population is based on
the research results which proved the existence of a significant
relationship between the indicator of alcohol consumption and
the number of suicides (Lebedeva-Nesevrya, Kiryanov, 2012).
Thus, we believe that the variable “number of suicides” chosen
for modeling can objectively act as a proxy variable of stress
factors.

Economic and Social Changes: Facts, Trends, Forecast
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Table 4. Indicators for simulating and evaluating the conditions
for the formation of long and healthy public life in RF entities

Variable name | Variable description | Unit of measure | Calculation method
Endogenous variables
Life_exp | Life expectancy at birth | years | Number of years of life to come
Exogenous variables
Variables of interest
Expenditures of the consolidated budgets of
Hea Health care cost thousand rubles Russia’s entities on health care, thousand rubles
per person
Number of doctors with higher medical
Doc Number of doctors people educat!on per.10,000 of the pppulatlon
employed in medical and preventive treatment
organizations
Number of hospital beds per 10,000 people in
Hos_beds Number of hospital beds hospital bed the populatlon_. Beds that are equipped W'.th
the necessary inventory and ready to receive
patients are to be counted
Control variables
Number of students enrolled in bachelor’s,
Sty Number of students in higher conle specialist's and master’s degree programs per
education programs peop 10,000 people (at the beginning of the academic
year)
Cash annual income (average per capita) in the
Inc Real cash income thousand rubles Russian Federation, adjusted for the consumer
price index
Number of registered deaths by major classes
Sui Number of suicide people and individual causes of death (operational
data) (suicide) per 100,000 people
Availability of clean drinking Availability of drinking water that meets safety
Wat people .
water requirements per 1,000 people
Share of air pollutants captured and neutralized
Neu_Pol Air cleaning % in the total amount of waste pollutants from
stationary sources
Source: Regions of Russia. Socio-Economic Indicators 2021: Stat. Coll. Rosstat. Moscow, 2021.

Results

According to the described research metho-
dology, in order to form a system of management
decisions in the work, we carried out clustering of
regions according to the specifics of the formation
of conditions for increasing life expectancy. We
conducted lustering according to the 2018 data,
which was due to the need to minimize the problem
of an unbalanced sample, which arose as a result
of the fact that the indicators used in the aggregate
were available only for the specified period. Figure 3
shows a dendrogram for 85 studied entities of
Russia.

Economic and Social Changes: Facts, Trends, Forecast
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By the expert method, according to the
unification schedule, we chose a distance equal
to 8.5 as the threshold distance'. Each cluster
was assigned conditional names reflecting their
quantitative characteristics in terms of the specifics
of the formation of conditions for a long and healthy
public life (7ab. 5).

In Table 5, we highlight the extremely high
indicators in comparison with the national average
in red, and on the contrary, in green is the values of

4 Threshold distance is the distance beyond which
objects that are far apart from each other (in our case,
Russia’s entities) will be combined.
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Figure 3. Region classification tree

Source: own compilation.

indicators for which the group of regions is leading
compared to the average values for the entire sample
of Russia’s entities. We should note that the first
cluster group is the only one of the eight that has
reached the values planned by the national project
“Health care” according to the target indicator
“infant mortality rate”'>. And the seventh cluster
group is the only one who has reached the target for
life expectancy.

Figure 4 shows a cartographic visualization of
cluster groups based on the formation of conditions
in the regions to increase life expectancy.

Let us take a closer look at the obtained
characteristics of the regions. The first group of
regions (“The rich and happy”) is characterized

15 Passport of the national project “Health care”: approved
by the Presidium of the Council under the President of the
Russian Federation for Strategic Development and National
Projects (Protocol 10, dated September 3, 2018).
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by high values for all indicators selected for
clustering. Moscow and Saint Petersburg stand
out especially in this group. The group of Russia’s
entities, united under the name “Overcoming
psycho-emotional barriers”, is characterized by
high suicide rates, which, together with low relative
to the national average indicators of real incomes
and life expectancy in general, creates an image of
regions where there are a number of problems in
the formation of conditions for a long and healthy
public life.

The entities included in the group “Overcoming
natural and environmental barriers” are charac-
terized by a low indicator of the availability of
clean drinking water compared to the national
average. This, along with the low values of life
expectancy, necessitates an additional analysis
of the level of anthropogenic load in these
territories.

Economic and Social Changes: Facts, Trends, Forecast



Dubrovskaya J.V.

PUBLIC FINANCE

"uo11e|IdWwod UMo :99.n0S
*dno.6 ayj Jo suoibai Joyio syl yum Aouedsasip ybiy ayy 0} anp Ajaietedas umoys aJe Wayj J0j SI103eaIpuUl 8yl Ing ‘| dnoly 03 Buojaq 6Ingsialad JUIeS pue MOISOI . .
"9 191eM URD|D JO AljIqe|ieAR — 1eAN ‘8jdoad 0p0‘0 ) Jad a1ed 8piaIns — Ing uosiad Jad S8|qnJ puesSNOoy} ‘Bwoaul [eal — au| ‘sIeak ‘Aourioadxa o)l — dxe )] .

€68 Gl ¢'6¢ ¢cl Anunoa ay) 1o} abiesany
00116 uoifay snowouony Ysimar ‘eAn] Jo alqnday ‘reyy Jo aignday
.hassans Ajeraos,, 8
E ¢8-G. o11qnday uayoayy ‘ongnday eissaylayn-Aeyoriey ‘ensysnbuj jo oljgnday ‘ueisabeq Jo algnday
Addey inq “100d ayy,, Vi
6662 2€9 1.-0¢ v/-0.L pesBuius ‘ujeyes ‘uepebely :sise|qQ 1ely exreyowey ex10)nyY ‘ISUely-AILeyY ‘s1oUBN-O[eLLBA ‘SIBUSN 0V
Luone|ndod-moj ‘931n0say,, ‘9
BISSEYRYY ‘BSWIID ‘JWOY
66-// 61298 -2 el ‘el|aley :s91/qndal ‘Bzusd ‘AOIIY ‘|ARISOJRA ‘BINL NS18dI] ‘w0.isoy ‘ebnfey ‘0AouBA| ‘JiWIPE|A YSueAlg :S1SB|q0
<Juawdojanap 91wouoaa-ojaos anewsjqoid jo suoibay,, G
yseany) ‘elnopIOJ
‘13 e\ ‘e18SSQ YLON ‘Jexeig-oulpteqey ‘eabApy :sonqndal ‘esy |0doiaelS {|0d01SeAsS HSWQ NSAOUBAIN
001-8Z L-1 6281 9/-2/ ‘AOJeJRS ‘Blewes ‘A01S0Y ‘pelBobiop ‘ueyyelisy ‘pesbululey ‘Aogque] ‘uezeAky ‘A0jIQ MSINy ‘polobiag :sise|qQ
Swajqoid yuawdo|anap Jwouoda-0130s Jo suoibai apsiunpdg,, R
eyyes ‘ejAwiey :salqndal Hysaoseqeyy
9ze-1'L 9l ¥/-69 ‘Asowlid :Sresy Lnwy ‘Aoxsd ‘posoBao ‘ysuewlnyy ‘epbojop Ysjebueyyy U8AL ¥Susjows Sise|qo
(SI3lieq [ejuawuoiAua-jelnjeu bujwoasang,, ‘¢
elleAing ‘elunwipn ‘uelsonoyyseq :solgndas (AxsjexAeqez ysieAousely e}y ‘Wiad ‘Jepousely :Sieiy
66-69 61 v/-69 ‘po1oBAON AuyzIN 4SJIGISOAON ‘OA0IBLIAY YSINYJ| ‘NSAOIPIBAS ‘UeBiny ‘BinqualQ NsulqeA|ayy ‘Moasol :SIse|q0
Slauieq jeuonowa-oyahsd buiwoaiang,, 2
00} b9-L'¢ 19-€¥ 8/-9/ «+04nQs1819d JU[ES ‘MOISO|
00}-€6 FL1-9'6 89-—1¢ 8/-¢/ 1SB[O JSWO] ‘ISe|qQ UswinA| ‘uelsiele] 4o ojjqnday ‘1Se|qQ Yzauolop
Addey pue yau ayy,, I
em Ing | dxa~ 8yl
uoiysodwon Jaisn|9 ‘ou

,101221PUI 1O SBNJBA LWUNWIXELW PUR WNLUIUIA|

SJ8ISN|O PBUIBIQO By} JO SONSIBIORIBYD SANBIIUENYD G 8|q8L

Economic and Social Changes: Facts, Trends, Forecast Volume 16, Issue 1, 2023 | 153



Determinants of Life Expectancy in Heterogeneous Constituent Entities of the Russian Federation

Figure 4. Cartographic visualization of cluster groups according to the specifics
of the formation of conditions for increasing life expectancy

Cluster 1
Cluster 5

—— Cluster 2
Cluster 6

Source: own compilation.

Next, we will consider the groups “Optimistic
regions of problematic socio-economic deve-
lopment” and “Regions of problematic socio-
economic development” that are quite similar in
terms of the analyzed indicators: low incomes,
average life expectancy, average availability of
natural (water) and human (students) resources.
In the future, when modeling, these two groups will
be combined.

The group of regions “Resource, low-popu-
lation” definitely has pronounced features in terms
of a high level of availability of natural resources.
In addition, except the Leningrad Oblast, the
population density in these regions is significantly
lower than the national average. The group of
regions “The poor but happy” includes four
republics of the North Caucasus, united on the basis
of high life expectancy, low suicide rates and low
incomes.
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—— Cluster 4
—— Cluster 8

Cluster 3
Cluster 7

The last group of regions (“Socially stressed”)
included three traditionally depressed entities of
Russia with low life expectancy, high suicide rates
and low incomes.

Clustering of Russia’s entities according to
the specifics of the formation of conditions for
increasing life expectancy makes it possible to
ensure the uniformity of the distribution of the
studied regional data. According to the research
methodology described in the paper, we assessed
the impact of indicators characterizing regional
characteristics on life expectancy in relation to
three groups: “Overcoming psycho-emotional
barriers”, “Overcoming natural and environmental
barriers” and the combined group “Optimistic
regions of problematic socio-economic develop-
ment” and “Regions of problematic socio-
economic development”. The remaining groups
identified during clustering combine 21 outlier

Economic and Social Changes: Facts, Trends, Forecast
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regions and require additional research due to the
specifics of their functioning.

Tables 6—8 show the best models according to
the results of statistical tests for each of the three
analyzed cluster groups, respectively. In all three
models, fixed-effect models were selected based on
the results of the F-test, the Breush — Pagan test and
the Hausman test.

Let us interpret the results obtained. Table 6
presents a detailed assessment of the selected model
(models with fixed effects) for the group of regions
“Overcoming psycho-emotional barriers”.

Commenting on the coefficients obtained with
control regressors, we note that health care costs
(feedback), per capita income parameters (direct
link), the number of students (feedback) and
suicide rate (feedback) are significant at the 1%

level. Thus, in the group of regions “Overcoming
psycho-emotional barriers”, measures aimed at
reducing stress factors require special attention
from the responsible authorities. First of all, this
is work in the field of suicide prevention. An
interesting result of the model, which requires
additional scientific research, is the negative
sustained and highly significant impact of health
care costs on life expectancy.

Next, we will consider the results of econometric
modeling estimates for the combined group
“Optimistic regions of problematic socio-economic
development” and “Regions of problematic socio-
economic development” (7ab. 7).

Commenting on the coefficients obtained with
the control regressors, we note that the parameters
of average per capita income (direct relationship),

Table 6. Detailed assessment of the selected model (models with fixed effects)
for the group of regions “Overcoming psycho-emotional barriers”

Variable name Coefficient St. mistake t-statistics p-value
const 70.182 1.499 46.810 0.000***
Variable of interest
Hos_beds 0.001 0.010 0.138 0.890
Doc 0.007 0.019 0.377 0.707
Hea -0.069 0.018 -3.752 0.000***
Control variables
Stu -0.007 0.001 -5.664 0.000***
Sui -0,053 0,009 -5,736 0,000***
Inc 0.000 0.000 5.632 0.000***
Wat 0.002 0.001 1.591 0.114
Neu_Pol -0.008 0.005 -1.607 0.110
Model description
Number of observations 170
Determination coefficient 0.9645
Adjusted determination coefficient 0.9290
Model evaluation criteria
F-test F=49.917, p-value = 0.000
Breusch — Pagan test X%=288.295, p-value = 0.000
Hausman test X?=25.764, p-value = 0.002
Akaike criteria 177.749
Schwartz criteria 256.145
Note: the symbols *, **, *** denote scores that are significant at the 10, 5 and 1% level, respectively.
Source: own compilation.
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Table 7. Detailed evaluation of the selected model (model with fixed effects)
for the combined group of regions

Variable name Coefficient St. mistake t-statistics p-value
const 69.806 1.066 65.460 0.000***
Variable of interest
Doc 0.038 0.011 3.265 0.001***
Hos_beds -0.015 0.005 -2.877 0.004***
Hea -0.047 0.015 -3.289 0.001***
Control variables
Inc 0.000 0.000 11.380 0.000***
Sui -0.040 0.007 -6.175 0.000***
Stu -0.004 0.000 -4.784 0.000***
Wat -0.000 0.000 -0.266 0.791
Neu_Pol -0.003 0.003 -1.103 0.271
Model description
Number of observations 330
Determination coefficient 0.9545
Adjusted determination coefficient 0.9166
Model evaluation criteria
F-test F = 47.409, p-value = 0.000
Breusch — Pagan test X?=632.463, p-value = 0.000
Hausman test X>=45.241, p-value = 0.000
Akaike criteria 399.9976
Schwartz criteria 555.7604
Note: the symbols *, **, *** denote scores that are significant at the 10, 5 and 1% level, respectively.
Source: own compilation.

the number of students (inverse relationship) and
suicide rate (inverse relationship) are significant
at 1% level. The number of doctors has a direct
positive effect on life expectancy. At the same
time, the number of hospital beds and health
care expenditures have an inverse effect at the 1%
level of significance. This can indirectly testify
to inefficiency of spending of budgetary funds.
In addition, the structure of total health care
expenditures probably requires certain changes.
This idea can be found in the work (Kolosnitsyna et
al., 2019), which draws attention to the importance
of scientific justification of the proportions of health
care spending “between spending on primary or

high-tech care, on staff salaries or on employment
expansion” (Kolosnitsyna et al., 2019, p. 125).
Overall, more research is needed to confirm
(disprove) our assumption.

Next, we will consider the results of econo-
metric modeling estimates for the group of regions
“Overcoming natural-environmental barriers”
(Tab. 8).

Commenting on the coefficients obtained
with control regressors, we note that at the 1% level
the parameters of average per capita income are
significant (direct relationship); at the 5% level
both parameters characterizing the state of the
environment (availability of drinking water and

1o In order to compile a complete panel, the regions with gaps in the data (the Republic of Crimea and Sevastopol) were

removed.
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Table 8. Detailed evaluation of the selected model (model with fixed effects) for
the group of regions “Overcoming natural-environmental barriers”

Variable name Coefficient St. mistake t-statistics p-value
const 63.261 2.114 29.930 0.000***
Variable of interest
Hea -0.015 0.025 -0.575 0.567
Doc 0.010 0.023 0.437 0.663
Hos_beds -0.009 0.012 -0.799 0.426
Control variables
Stu -0.003 0.002 -1.341 0.183
Inc 0.000 0.000 6.312 0.000***
Sui -0.020 0.013 -1.510 0.134
Wat 0.003 0.001 2.490 0.015**
Neu_Pol 0.017 0.008 2.155 0.034**
Model description
Number of observations 120
Determination coefficient 0.9460
Adjusted determination coefficient 0.9072

Model evaluation criteria

F-test

F =44.893, p-value = 0.000

Breusch — Pagan test

x2=186.711, p-value = 0.000

Hausman test

X?=41.287, p-value = 0.000

Akaike criteria

202.116

Schwartz criteria

257.866

Source: own compilation.

Note: the symbols *, **, *** denote scores that are significant at the 10, 5 and 1% level, respectively.

the share of decontaminated air pollutants)
are significant. These conclusions also require
additional research in terms of assessing the
environmental condition of this group of regions.
At the same time, the variables of interest have no
effect on the endogenous variable.

The estimates obtained in the course of
simulation helped to identify the specifics of the
impact of individual indicators on life expectancy
in different groups of Russia’s entities and to outline
the directions for further research.

Discussion

Let us briefly discuss the results in the context of
the research hypotheses formulated in the paper.

First, hypothesis 1, which consists in the fact
that the influence of economic indicators of
regional health care system efficiency on life

Economic and Social Changes: Facts, Trends, Forecast
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expectancy is positive, has not found its empirical
confirmation. For instance, according to the
obtained model estimates, health care expenditures
have a statistically significant inverse effect
on life expectancy in the groups “Overcoming
psycho-emotional barriers”, “Optimistic regions
of problematic socio-economic development”
and “Regions of problematic socio-economic
development”. Agreeing with the fact that “the
relationship between health care expenditures and
health indicators (in particular, life expectancy) is
quite complex and studies often give ambiguous
results” (Kolosnitsina et al., 2019, p. 128), we
note that contrary to the established scientific
opinion about the positive relationship of these
parameters in a number of works on Russian data
were obtained inverse or insignificant dependence.
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For example, the significant inverse dependence
obtained in (Andreev, Shkolnikov, 2018) is
explained by the fact that higher health care costs
are objectively characteristic of territories with
low health indicators and high mortality rates. In
the work (Brainerd, Cutler, 2005), the lack of a
significant relationship between increased public
spending on health care and reduced mortality
prompts scientists to turn to the study of non-
traditional morbidity risk factors (e.g., alcohol,
smoking, and others). In addition, we should
also note that the significant inverse relationship
obtained in our study between public spending
on health care and life expectancy may indirectly
indicate the inefficient use of budgetary funds
for health care, in particular the suboptimal
structure and directions of spending (Akindinova
et al., 2018). Thus, verification of this assumption,
which goes against the works determining the
expenditures on health care in improving the social
performance of health care systems (Kalashnikov,
2011; Panasyuk, Dasaeva, 2014; Tatarkin et al.,
2015; Ulumbekova et al., 2019; Chubarova, 2020),
requires more in-depth research.

Second, hypothesis 2, which consists in the fact
that the influence of medical indicators of the
quality of the regional health care system on life
expectancy is positive, was partially confirmed. As in
the works (Muldoon et al., 2011; Heuvel, Olaroiu,
2017; Zhukova et al., 2016), we obtained statistically
significant correlations of the positive influence
of the number of doctors on life expectancy by
the largest by composition groups “Optimistic
regions of problem socio-economic development”
and “Regions of problem socio-economic
development”. At the same time, a statistically
significant inverse relationship was obtained for
the indicator “number of hospital beds” for the
same groups of regions. We found similar results
in (Heuvel, Olaroiu, 2017), the authors of which
explain the obtained negative relationship by the
priority of preventive measures and social spending
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of the state instead of increasing the number of
hospital beds, as well as in (Skipin et al., 2022),
where this result is explained by the priority of the
quality of health services, rather than the number
of hospital beds.

Third, hypothesis 3, that the nature of the
influence of indicators of the general state of
regional economic development on life expectancy
is determined by territorial features, has been fully
confirmed in the course of empirical testing. For
instance, except for the parameter of average per
capita income, which turned out to be statistically
significant for all the analyzed groups of regions,
the nature of the influence of other control variables
on different groups of regions differs. For example,
for the groups “Overcoming psycho-emotional
barriers”, “Optimistic regions of problematic
socio-economic development” and “Regions
of problematic socio-economic development”,
the proxy variable of stress factors “suicide rate”
(inverse relationship) turned out to be statistically
significant. Thus, measures aimed at reducing
the stress factors of the population require special
attention on the part of the responsible authorities.
First of all, it is the work in the sphere of prevention
of depression and suicidal behavior development,
popularization of healthy lifestyle and informing
about the possibility of spread of socially significant
diseases.

The influence of the indicator “number of
students”, which we selected as the factor
“education”, was statistically significant for all
groups of regions, except “Overcoming natural-
environmental barriers”. At the same time, the
effect on life expectancy, in contrast to the results
of previous works, which study the relationship
of education with the public health level, is the
opposite. These results can be explained by the fact
that the indicator we selected is not in the strict
sense an indicator of the education, which is absent
in the statistics for the period. In this regard, for an
objective interpretation of the impact of the number
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of students on life expectancy, more detailed
research is needed, taking into account the relevant
for the national economy problem of interregional
mobility of students and university graduates,
actualized in the works (Gabdrakhmanov, 2019;
Naumov et al., 2019). Speaking of environmental
indicators, we note that according to the results
obtained, the selected exogenous variables
significantly affect life expectancy only of the
regions of the “Overcoming natural-environmental
barriers” group, which is consistent with the
research results (Muldoon et al., 2011).

Along with the justification of the consistency of
our estimates with the results presented in the
studies of other scientists, we should outline the
objective limitations of the model built. The main
limitations include, first, the traditional problem
for Russian regional studies — the limited amount
of statistical data both by the set of indicators and
by the available period of analysis. More complete
data would have greatly improved the understanding
of the relationships under study. Second, the model
did not take into account the short-, medium-,
and long-term effects of increased health care
expenditures, as well as changes in spending
directions by year. Third, we did not decompose
the differences in life expectancy by gender or age,
which could also have provided interesting insights.
Fourth, the model does not highlight expenditures
on disease prevention, whose high impact on life
expectancy has been proven in a number of papers.
Finding a proxy variable for this type of expenditures
could add a new determinant to the list of factors
increasing life expectancy.

Thus, overcoming the highlighted limitations of
the model is, from our point of view, an interesting
area for further research.

Conclusion

The work offers a comprehensive toolkit for
improving the health care system in regional
development and management based on the
clustering of regions according to the specifics
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of the formation of conditions for increasing
life expectancy. It is worth highlighting the main
scientific results of the study.

1. We have studied the existing theoretical and
methodological approaches and research methods on
the health care system as the basis for ensuring and
increasing life expectancy. The review of the research
works revealed a number of missing methodological
aspects that objectively require improvement,
including ignoring the importance of preliminary
clustering of heterogeneous territories when
modeling the social performance of the health care
system.

2. We have carried out the clustering of Russian
regions according to the specifics of the formation of
conditions for increasing life expectancy. The
database for clustering regional indicators
included the following blocks: social, economic,
psychological, and natural-environmental. Using
the Ward method, we obtained compact and well-
divided clusters, which are sufficiently amenable to
economic interpretation and represent an important
groundwork for further modeling.

3. We have formulated the research hypotheses
and prepared the statistical database, influencing life
expectancy of Russia’s entities, for 10 years. We used
the analysis results of the literary sources, adjusted
by the availability of existing statistical information
on Russia’s regions, as the basis for the selection of
indicators for the formalization of hypotheses.

4. We have used econometric modeling to evaluate
the hypotheses proposed and to interpret the results
obtained. We evaluated three types of models
(models with fixed effects, with random effects,
pooled LSM) with regard to the groups “Optimistic
regions of socio-economic development problems”,
“Overcoming psycho-emotional barriers” and
“Overcoming natural-environmental barriers”. The
obtained estimates helped to identify the specifics
of the impact of individual indicators on life
expectancy in different groups of Russian’s entities
and outline the directions for further research.
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Thus, the scientific novelty of our research
is the clustering of Russia’s entities according
to the specifics of forming the conditions for
increasing life expectancy, which is of funda-
mental importance for increasing the efficiency
of territorial management and planning in the
field of health care. The practical significance
of the study lies in the fact that the obtained
results can be useful for regional and local

authorities to form a set of measures to increase
life expectancy.

The findings add new empirical evidence to
the system of scientific works devoted to identifying
the determinants of life expectancy at the regional
level of the national economy, therefore supporting
the discussion on prioritizing the task of health
protection and longevity extension in contemporary
Russia.
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