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ON ASSESSING THE GROWTH POTENTIAL
OF THE LIFE EXPECTANCY OF THE POPULATION
AS A RESULT OF IMPLEMENTING INTEGRATED
MEASURES (ON THE EXAMPLE OF A CONSTITUENT
ENTITY OF THE RUSSIAN FEDERATION)

N.V. Zaitseva, S.V. Kleyn, M.V. Glukhikh, M.R. Kamaltdinov

The development vector of the current government policy in the Russian Feder-
ation aimed at improving social conditions — one of the critical indicators of which
is life expectancy at birth [LE] — dictates the research relevance. Currently, the
search and testing of new analytical systems capable of forecasting LE, consider-
ing the multifactorial influence on this indicator, remains relevant and timely. The
research goal is to establish the growth potential of LE of the population estimation
on the example of one of the constituent entities of the Russian Federation, consid-
ering integrated heterogeneous factors that possess a modifying effect on LE. The
estimation includes modeling cause-and-effect relationships between indicators of
habitat, quality of life, and life patterns — determinants of population health. The
utilized model is a set of algebraic equations in the form of a factor transformation
of independent variables and an artificial neural network and is implemented in
three stages. They include (1) developing the basic scenario and calculating LE,
(2) developing the target scenario and calculating LE, and (3) calculating the
growth potential of LE as the difference between the indicators obtained at previ-
ous stages. The developed model and the three-stage algorithm application allows
one to obtain the growth potential of LE on the example of one constituent entity
of the Russian Federation in the context of a single change in determinants by
2024, which amounts to +1.24 years (453.0 days) relative to the baseline scenario
(the actual LE value in 2018). The forecast value of LE is 70.47 years. Ranking of
individual indicator groups according to their isolated effect on LE demonstrates
that the most significant determinant groups are (1) socio-demographic indicators
(2.6 years — 949.0 days), (2) indicators of sanitary and epidemiological safety (1.75
years — 638.75 days), and the (3) population lifestyle indicators (1.41 years — 514.65
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days). The obtained results confirm the predominance of the influence of social
indicators on population health in the form of LE on the example of the analysis of
changes in the indicators of one of the constituent entities of the Russian Federation.
The research relevance implies studying the combined influence of heterogeneous
factors of the environment and lifestyle on the indicative indicator of population
health (LE), a complex system with the properties of emergence, variability, opposite
influence, and adaptation.
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Hayunast cratbst

K BOITPOCY OL[EHKM MOTEHIIMAJIA POCTA
OKUJIAEMO¥ TPOJOJIKUTEJILHOCTH JKA3HU
HACEJIEHUS B PE3YJIBTATE PEAJIM3ALIMM
KOMILJTEKCHBIX MEPOITPUSITU (HA TIPUMEPE
CYBBEKTA POCCHUIICKOM ®EJEPALINN)

H.B. 3anyesa, C.B. Kneiin, M.B. I'nyxux, M.P. Kamanmounos

Axmyansnocms uccied08amnus npoOOUKMOBAHA BEKMOPOM PA3BUMLS MeKyujell
2ocyoapcmeenHol noaumuxku ¢ P® no ynyuwenuio yciosuii coyuanbHol cgepbi,
OOHUM U3 KIOYEeEblX NoKazameell Komopou A6/Aemcs 0icuoaemMas npoooidiCU-
menbHOCMb dcustu npu posicoenuu (Oanee OIDK). B coepemennbix ycnogusax nouck
u anpobayus HOBbIX AHATUMUYECKUX CUCTEM, CHOCOOHBIX K NPOZHO3ZUPOBAHUIO
OIDK ¢ yuémom MHO20(haKmopHo20 61UAHUA HA OAHHbIL NOKA3AMENb, COXPAHAEM
CB0I0 aKMYaNbHOCMb U CB0eBpeMeHHOCMb. Llenbio Hacmoawel pabomul A61A10CH
ycmarnosnenue npoeHo3nbix oyenok nomenyuana pocma OIDK nacenenus na npu-
Mepe 00HO20 u3 cyovekmos P® ¢ yuémom KoMnieKca pasHopooHwlx (hakmopos,
oxaszviearoujux moouguyupyrowee enuanue na OIDK. [lannas oyenka ocyuecmens-
ach ¢ UCNONb306aAHUEM MOOTUPOBAHUL NPULUHHO-CNIEOCTNBEHHBIX CBA3Ell MeHCOY
noKazamensmu cpeovl OOUMaHUs, Ka4ecmea u 00pasa dHCusHu — 0emepmMuHaHmamu,
onpeodenaouumMu NONYIAYUOHHOEe 300posbe. Hcnonb3yemas Mooens npeocmaeisent
€000li COBOKYNHOCHb aneedpauyeckux ypasHenuil 6 8uoe pakmopHozo npeobpaszo-
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BAHUSL HE3ABUCUMBIX NEPEMEHHBIX U UCKYCCMBEHHOU HEUPOHHOU Cemu U peanu3yent-
ca 6 3 smana: a) paspabomka 6az06020 cyenapus u pacvem OIDK, 0) pazpabomxa
yenesozo cyenapusi u pacuem OIDK, 8) eviuucnenue nomenyuana pocma OIDK, kax
Ppasnocmu Mexcoy 3HAYEHUAMU, NOIYYEHHBIMU HA Npedvloywux smanax. Ipume-
HeHue paspabomannol Mooenu u 3-x dmanHo2o aneopumma no3601ulN0 NOIYYUms
nomenyuan pocma OIDK na npumepe 00Hozo cyovekma PD npu cyenapuu eounoeo
usmenenust demepmunaum x 2024 200y, komopuwui cocmasun +1.24 200a (453.0
OHsl) omHocumenvho 6a306020 cyenapus (paxmuyeckoeo snauenus OIDK 2018
2.) u npoenoszroe snauenue OIDK — 70.47 2o0a. Pauscuposarue omoenvHulx epynn
nokazameinetl no ux uzonuposarnomy 3ggexmy na OIDK nokasano, umo naubonee
SHAUUMBLMU 2DYRNAMU OCMEPMUHAHM AGTAIOMCI COYUATLHO-0eMoepaguieckue no-
kazamenu (2.6 200a — 949.0 OHs), nokazamenu caHUMapHO-INUOEMUOTIOSUYECKO2O
onazononyuus (1.75 2cooa — 638.75 Ous) u nokazamenu 06pasa HCU3HU HACELEHUs.
(1.41 200a — 514.65 ous). [lonyuennvie pe3yibmamsl NOOMEEPHCOAION NPEBAU-
posanue GusAHUA noKazamenell cCOYUanbHol cghepbl HA NONYIAYUOHHOE 300PO6bE
6 6ude OIDK na npumepe ananusa usmenenus nokazameineti 00H020 U3 cyObeKmos
P®. Hayunoti HogusHotl dannot pabomovl A618emcs Uccied08anue cO8OKYNHO20
GIUAHUA PAZHOPOOHBIX DAKMOPOE cpedbl 0OUMAaHUA U 00pA3A HCUSHU HA UHOU-
KamueHblll noxazameib NONYIAYyuoHHo20 300posss (OIDK), npedcmasnsarowuil
€o0OO1L CNIOJACHYIO CUCTNEMY CO CBOUCMBAMU IMEPOIICEHIMHOCIU, 8aPUAMUGHOCTU,
NPOMUBONONONCHO0 GNUAHUSA U AOANMAYUU.

Kniouegwie cnosa: odxcuoaemas npooondlicumenbHOCmy JCU3HU; HeUpocemsy,
MOOupuyupyrowue 0emepmMuHanHnbl

Jna yumuposanus. 3aiiyesa H.B., Kneuin C.B., Iyxux M.B., Kamarmounos
M.P. K sonpocy oyeHKu nomeHyuania pocma oxcudaemou npoooadcumenbHoCmu
JICUBHU HACENEHUs 8 Pe3YbImame Peanu3ayui KOMHIEKCHbIX Meponpusimuil (Ha npu-
mepe cybvexma Poccuiickott @edepayuu) // Siberian Journal of Life Sciences and
Agriculture. 2023. T. 15, Ne6. C. 267-287. DOI: 10.12731/2658-6649-2023-15-6-988

Introduction

The values of the life expectancy at birth [LE] indicator in recent decades
possess an increase trend [28]. Therefore, globally, LE increased by 8.0% over
the period from 2000 to 2016. In low-income countries, this indicator increased
the most (21.0 %), while in high-income countries, the growth of LE was less
pronounced (4.0%). Such differences in the growth of LE between countries fit
into the theory of epidemiological transition, which explains the differences in
the structure of mortality of the population depending on the current stage of
transition [19]. Low-income countries still possess a high burden of infectious
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diseases and associated, among other things, infant mortality rates in the context
of the existing insufficient provision of medical services.

Nonetheless, the gradual improvement of the situation by increasing the
availability of medical care to the population, increasing the coverage of pre-
ventive vaccinations, etc., provides a more substantial increase (in compari-
son with high-income countries) in the LE indicator. The observed situation
indicates that the mentioned countries are overpassing the initial stages of the
epidemiological transition. The issue of the potential opportunities and ways
to increase LE in average- and high-income countries that are at later stages of
the epidemiological transition, including taking into consideration the regional
characteristics of the development of territories, remains relevant [9].

At the present stage, the high-priority task of internal policy the Russian
government is facing is implementing the Concept of Demographic Policy, de-
signed to improve the situation in this area by reversing the negative trend ob-
served in recent decades [6]. The practical tools for implementing the Concept
are national projects aimed at developing human capital, creating a comfortable
living environment, and stimulating economic growth. One of the essential na-
tional development goals in the demographic sphere is to increase life expectan-
cy to 78 years by 2030 [7]. However, achieving this goal involves solving many
tasks. First of all, according to the latest data of the United Nations Develop-
ment Program, the Russian Federation is at the beginning of the third quartile
of countries with a life expectancy value of 72.6 years. It is slightly lower than
the global indicator (72.8 years) and significantly lower than the “leaders” of the
list— Hong Kong (84.9 years) and Japan (84.6 years) [13]. Second, according to
the same data, the differences in LE between the male and female population of
the Russian Federation (10.7 years in 2019) remain at a high level compared to
other countries. More significant gender differences are observed only in Lith-
uania (11.1 years in 2019) [13]. Third, the regional differentiation of constituent
entities of the Russian Federation according to the totality of socioeconomic,
sanitary-epidemiological, and demographic indicators, due to the vastness of
the country’s territory with significant weather and climatic differences and the
historical context of development also complicates the development of a univer-
sal approach to forecasting and managing medical and demographic processes.

Previously performed scientific research in the field of forecasting life ex-
pectancy and assessing the contribution of environmental and lifestyle factors to
LE is most often limited to studying a small number of determinants or studying
mainly one group of influencing factors [4, 26; 10]. The paper is a continuation
of the previously performed research of the authors in establishing estimates of
the growth potential of life expectancy [5].



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne6, 2023 271

The paper consists of several sections. The “Materials and methods” section
describes the methodological approach and the mathematical apparatus used
to forecast LE. It also provides a list of the used statistical data. The “Results”
section contains the study results, including estimates of the contribution of
factors/groups of factors to the growth potential of the LE of the population
on the example of the studied constituent entity of the Russian Federation. The
“Discussion” section contains the results of other studies on the issue under
study with their brief description. The last section — “Conclusions” — includes
a generalization of the study results.

Materials and methods

The research goal is to obtain forecast estimates of the growth potential of
the life expectancy of the population on the example of one of the constituent
entities of the Russian Federation, considering integrated heterogeneous factors
that possess a modifying effect on LE.

The tasks for achieving this goal are the following:

» Collecting the statistical material characterizing the factors of the habitat
and lifestyle that meet the conditions of their probable influence on the
LE indicator or the indicator of morbidity/mortality of the population;

» Creating a neural network capable of forecasting LE based on the dif-
ference between the baseline and target scenarios;

* Developing a baseline and target scenarios for changes in environmental
factors and lifestyle that affect LE and calculating of the growth potential
of LE on the example of a constituent entity of the Russian Federation.

In order to solve the tasks and achieve the set goals, the authors utilize the

data obtained from official statistical observations of the Federal State Statistics
Service and the Federal Service for Supervision of Consumer Rights Protection
and Human Welfare for the period of 2010-2018 for all constituent entities of
the Russian Federation. The data selected for the analysis characterize the fac-
tors of the environment, lifestyle, and quality of life that potentially affect the
life expectancy indicator. The selection of indicators (148 determinants) has
been carried out according to relevant scientific data on the levels of evidence
of the relationship between indicators reflecting the parameters of the habitat,
lifestyle, and quality of life and indicators of morbidity and mortality of the
population, which modify the LE values. Information on modifying factors is
combined into a single data array in the form of a matrix and is conditionally
divided into six groups. These groups include (1) “Indicators of the healthcare
system” (nine indicators, including the number of doctors of all specialties, the
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capacity of outpatient clinics, etc.), (2) “Indicators of sanitary and epidemio-
logical safety of territories” (53 indicators, including emissions of pollutants
departing from all sources into the atmospheric air, the proportion of workers
employed in conditions that do not meet hygienic standards of working condi-
tions, etc.), (3) “Indicators of the economic sphere” (14 indicators, including
average per capita monetary income of the population, gross regional product
per capita, etc.), (4) “Indicators of the lifestyle of the population” (30 indicators,
including alcohol consumption per capita of the adult population, the share of
the population engaged in physical culture and sports, etc.), (5) “Indicators of
the socio-demographic sphere” (34 indicators, including the Gini coefficient,
the number of registered crimes, etc.), and (6) “Indicators characterizing the
weather and climatic conditions of the area” (eight indicators, including average
monthly air temperature for July; average monthly precipitation for July, etc.).

The forecast of the growth potential of life expectancy has been carried
out based on a mathematical model reflecting a system of cause-and-effect re-
lationships between a set of indicators of habitat, lifestyle, and quality of life
acting in the context of weather and climate factors and the life expectancy of
the population according to regional level data.

The mathematical model is a set of algebraic equations describing a system
of mutual influences between 148 modifying determinants acting as independent
variables and their cumulative effect on life expectancy (a dependent variable).

The mathematical model consists of a submodel of factor transformation of
a system of independent variables into general factors and an artificial neural
network. The submodel of factor transformation is a system of linear algebraic
equations that are written in matrix form as the relation (1):

Y =4X (1)
where X = {%,%,,...,.%, || - column-vector of standardized values of independent
variables, [=148; Y = {y,,¥,,...,7,} — column-vector of common factors, J=33;

a, a, .. 4

ay Ay .. a ) .
A= >/ | matrix of factor labels of factor analysis.

a, 4, .. 4a;

In the component form, the expression (1) is written in the following form (2):
I

;= 2.0,% @)
i=l

Standardization of the system of independent variables is performed by the
ratio (3):
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;éi: i i (3)

O;
Where x, — the value of the i variable; X,, o,is the mean and standard deviation
of the i variable from the sample data.

The factor transformation submodel utilizes the principal components of
the factor analysis method and allows one to consider the internal relation-
ships between independent variables with a decrease in the dimension of the
system of initial features. The factor transformation obtained from the study of
the system of cause-and-effect relationships between determinants allows the
authors to move from a system of 148 interrelated indicators to 33 pairwise
independent general factors. We conducted the factor transformation using the
Statistica software package: the method of principal components with rotation
of factors (varimax normalized). We used the Kaiser criterion to determine the
amount of factors.

The artificial neural network (ANN) makes it possible to predict the growth
potential of LE by constructing a relationship between a set of indicators trans-
formed into a system of general factors and the indicator of life expectancy,
acting as a dependent variable.

The ANN was trained in the process of studying the regularities of the in-
fluence of indicators characterizing the factors of habitat, lifestyle, and weather
and climate conditions (after factor transformation) on life expectancy. In the
course of the study, one trained many neural networks with different structures
(the number of internal layers and neurons), from which the optimal model with
the minimum average prediction error (on a test sample) was selected, corre-
sponding to a four-layer perceptron with two internal layers containing eight
and three neurons, respectively. Linear functions are used to calculate input
signals to neurons. As an activation function (for the output signal), we used a
sigmoid, taking values from 0 to 1. Training and testing of the neural network is
performed using a script developed by the authors in the RStudio software prod-
uct (the “neuralnet” package). The network was trained on randomly selected
75% of all records of the main retrospective data (2010-2018 for 85 subjects of
the Russian Federation) using the criterion of minimizing the sum of squares of
errors. Network testing was performed on the remaining 25% of observations.

The general algorithm for forecasting the growth potential of the life ex-
pectancy of the population consists in the sequential execution of the following
three stages:

* Forming the baseline and target scenarios for changes in indicators char-

acterizing 148 determinants;
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» Performing calculations of forecast values of life expectancy according
to the baseline and target scenarios;

» Calculating the growth potential of the life expectancy of the population
as the difference between the calculated baseline and target scenario val-
ues of LE.

The mathematical model underlying the methodology for forecasting the
growth potential of life expectancy has a definition area limited by the observed
values of determinants in constituent entities of the Russian Federation. Scenar-
io calculations containing values of indicators outside the scope of the model
definition lead to significant errors and cannot be used to assess the growth po-
tential of life expectancy at the regional level.

According to the described algorithm for forecasting the growth potential
of life expectancy of the population, at the first stage, the baseline and target
scenarios for changes in the indicators of the habitat and lifestyle were formed.
The baseline scenario in the paper is the values of 148 indicators (determinants)
of the analyzed constituent entity of the Russian Federation in 2018. The con-
struction of the target scenario includes a set of approaches to determining the
expected (forecast) changes in indicators by 2024:

» The values of 19 indicators will be at the baseline level due to the im-

possibility of adequate estimates of their changes;

* 51 indicators will change by 10.0% relative to the baseline scenario,
considering their biological meaning of the impact on LE;

* 48 indicators will change according to the trends of their change by 2024
by logarithmic approximation;

» For 17 indicators, the values will be set according to the target indicators
reflected in the Strategic Development Plans of the territories;

* 13 indicators will change to the trends of their change by 2024 by log-
arithmic approximation, considering their mutual relationship.

Results

According to the proposed mathematical model using the values of 148
determinants at the level of 2018 is 69.23 years, while the actual value of LE
in this constituent entity of the Russian Federation in 2018 is 68.99 years. The
comparability of the calculated value of LE in the baseline scenario and the
actual, registered value of LE indicates the correctness of the estimates of the
applied mathematical model. In the target scenario of changes in the entire set
of analyzed determinants, the value of LE is 70.47 years, and the growth po-
tential is 1.24 years (453.0 days). The assessment of the growth potential of LE
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from the scenario change of each conditional group of indicators, when only
the indicators of one group change in accordance with the described approach-
es, and the values of the other determinants remain at the level of the baseline
scenario, demonstrates that the most significant forecast values of the growth
potential of life expectancy are “Indicators of the socio-demographic sphere”
(+2.6 years [950.0 days]) (Table 1). In descending order, there are “Indicators
of sanitary and epidemiological safety of territories” (+1.75 years [640.0 days]),
“Indicators of the lifestyle of the population” (+1.41 years [515.4 days]), “In-
dicators of the economic sphere” (+0.15 years [54.0 days]), and “Indicators of
the healthcare system” (-0.24 years [-87.0 days]).

Table 1.
The growth potential of life expectancy by groups of indicators
of habitat and lifestyle
. Baseline | Target scenario | LE of growth
Total annual income S >
scenario, in | for the group, potential, in Rank
group .
years in years years (days)
Indicators of the socio-
. 69.23 71.83 2.6 (949.0) 1
demographic sphere
Indicators of sanitary and
epidemiological safety of |69.23 70.98 1.75 (638.75) 2
the territory
Indicators of the lifestyle | ¢ »5 70.64 141 (514.65) |3
of the population
Indicators of the economic 69.23 69.38 0.15 (54.75) 4
sphere
Health system indicators | 69.23 68.99 -0.24 (-87.6) 5

The growth potential of LE from changes in each indicator “in isolation”
(in accordance with the target scenario, only one indicator has changed, and
the remaining indicators remain at the baseline level) range from 0.02 days (the
level of registered unemployment at the end of the year, in%) to 32.0 days (the
number of hours worked per week, on average, per employee, in hours), while
out of 148 determinants for the analyzed constituent entity of the Russian Fed-
eration, only 85 indicators have values other than zero and do not contradict
the biological meaning of their impact on population health.

Discussion
The study results on the assessment of life expectancy losses are presented
in the national and foreign scientific literature. However, in most cases, one has
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conducted the studies in the context of a single factor or a separate group of fac-
tors. Therefore, there are estimates of LE losses from tobacco smoking: the life
expectancy of smokers compared to those who have never smoked is 5.2-5.3
years lower, and the life expectancy of the healthy is 2.6-3.2 years lower [4].
According to the research conducted in Denmark, Finland, and Sweden, it has
been found that life expectancy is shorter by 2428 years in people with alcohol
consumption disorders [26]. One of the primary reasons for differences in LE
between the male and female population of the Russian Federation are diseases
of the circulatory system, which explain up to 55.0% of these differences [2]. In
Russia, as in other countries with an average value of LE according to clustering,
the indicators “Share of the urban population,” “Health care expenditures per cap-
ita,” and “GDP per capita” possess the closest relationship with LE [3]. Scholars
note that in countries of this type, there is an excellent potential for LE growth.
Several studies are demonstrating the relationship between environmental
factors and LE. Therefore, scholars demonstrate a positive correlation between
the indicator of LE and CO2 emissions and between LE and gross domestic
product on the data of a long period (1960-2018) in Turkey [22]. The study re-
ports that the negative impact of PM2.5 demand for LE in the United States be-
comes more significant with an increase in income inequality of the population
[12]. The report states that, despite the lower relative risk from exposure to air
pollution than from smoking, the loss of LE for the general population is more
significant, especially with long-term exposure in the case of living in the most
polluted cities [20]. The increase in the content of suspended matter (PM10) in
ambient air at 10 ng/m3 reduces expected life expectancy by 0.64 years (95.0
% CI=0.21-1.07), while elevated levels of mortality are due to cardio-respira-
tory diseases [11]. There are similar results achieved by other scholars [10].
The most widely presented studies on the impact of socioeconomic status
(SES) on the health of the population — including on LE — are described in
more detail in the studies [18]. According to the Lifepath research consortium,
lower socioeconomic status is associated with increased population mortality
[25]. Low SES causes the loss of LE in 2.1 years while being closely related to
alcohol consumption, obesity, diabetes, hypertension, lack of physical activity,
smoking, etc. The causal relationship between health status and socioeconomic
status is bi-directional [24]. Studies report that the relationship between income
inequality and population health is not always evident. It occurs only in certain
conditions in territories with their distributions of health risk factors [15; 16].
According to the data obtained from studying 22 European countries, some
differences in morbidity and mortality may be associated with the different so-
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cioeconomic status of the population, which is associated with factors such as
smoking, obesity, alcohol consumption, and insufficient medical care [17]. Ac-
cording to a joint report of the Commission on Social Determinants of Health
and the World Health Organization, one must adhere to the three principles in
order to eliminate health inequities, including according to the LE indicator: (1)
improving the conditions of everyday life; (2) overcoming injustice; (3) distrib-
uting power, money, and resources at all levels; (4) assessing the scale of issues,
(5) developing human resources, and (6) raising public awareness [27]. The
study devoted to assessing the growth of LE in 139 countries with different eco-
nomic statuses for the 1950-2009 period, one has detected a slowdown in the
growth of LE in all countries. The analysis of countries after stratification has
demonstrated that economic growth has a more significant impact on countries
with low values of LE, while emissions of CO2 have a more significant adverse
effect on countries with a high LE. In addition, the HIV epidemic has reduced
the growth of LE in countries of all types [8]. The study results depict the dis-
crepancy between the Preston model implying high levels of well-being at a
high level of gross domestic product in the form of values of the LE indicator. It
indicates the need to consider the economic inequality in the territories [1; 21].

The health of the population is an integrated adaptive system with numerous
dynamic nonlinear interactions between subsystems and determinants of vari-
ous origins [14]. The interaction between determinants (factors) has a contex-
tual character for a certain period, and their analysis should be multi-level and
multi-scale, while intervention policies should be integrated. A comprehensive
systematic approach to assessing the impact of factors of different nature on
the health of the population is also discussed [23]. The health of the popula-
tion should be considered as a complex system with several properties such as
emergence, feedback, and adaptation. The authors raise the question of the need
for a transition (shift) in the thinking of scholars from simple linear cause-and-
effect models to the consideration of ways to study the processes and results of
change at the level of the entire system.

The mathematical model underlying the methodology for predicting life
expectancy describes a complex system of nonlinear cause-and-effect relation-
ships between the analyzed determinants, which violates the additivity proper-
ties of the calculation results for various scenarios. For this particular reason,
the growth potential of LE when combining individual scenarios by indicators
or groups of indicators is not equal to the growth potential for the target scenar-
io of a single change in the values of indicators by 2024. At the same time, the
nonlinearity of the system of cause-and-effect relationships and the complexity
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of the mathematical model do not allow one to comprehensively analyze the
patterns of formation of the growth potential of life expectancy and determine
the structure of the contributions of individual determinants. Violation of the
additivity properties of the calculation results for different scenarios is demon-
strated in the table. It shows that the total value of the growth potential of LE
from scenario changes in groups of indicators separately does not coincide with
the results of a complex scenario change in all indicators. A negative value of
the growth potential of LE is formed for a group of indicators of the health care
system, which, in the initial analysis, may contradict the biological meaning in
the implementation of the scenario change in indicators and the expected effect
on LE. A more detailed analysis of this result indicates that the current situation
on the indicators included in this group of determinants is more favorable in
the territory of the analyzed subject of the Russian Federation compared to the
rest of the regions of the Russian Federation.

The research results concerning the forecast assessment of the growth poten-
tial of LE on the example of the constituent entity of the Russian Federation as
a whole demonstrate continuity in assessing the contribution of heterogeneous
factors to the health of the population and complement and deepen the previ-
ously obtained research results in this area. Therefore, the most significant fac-
tors forming the growth potential of LE in the analyzed constituent entity of the
Russian Federation are the determinants of the socio-demographic sphere and
lifestyle of the population and factors of sanitary and epidemiological safety.
Simultaneously, the model used for predictive assessment of the growth poten-
tial of LE has some limitations, such as the scope of the model definition; an
adequate predictive assessment of the growth potential of LE is carried out only
for the macro-level — constituent entities of the Russian Federation.

Conclusion

The result of the modeling of cause-and-effect relationships between the
determinants of the habitat, quality and lifestyle, and the indicator of life ex-
pectancy of the population is an assessment of the growth potential of LE for
one of the constituent entities of the Russian Federation. The research results
are consistent with the previously set research goal to obtain forecast estimates
of the growth potential of LE of the population on the example of one of the
constituent entities of the Russian Federation, taking into consideration integrat-
ed heterogeneous factors that have a modifying effect on LE and the set tasks.

Using the mathematical model constructed within the framework of the
presented research based on the baseline scenario allows one to obtain reliable
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estimates of life expectancy relative to the actual value of LE in the analyzed
constituent entity of the Russian Federation in 2018. It indicates sufficient ac-
curacy in forecasting the utilized model (the differences are 0.24 years [87.6
days]). The conditional decomposition of the entire set of analyzed determi-
nants into separate groups and their further analysis in the form of individual
scenarios of their change by 2024, followed by ranking of the values of the
growth potential of LE, demonstrate compliance with the current paradigm of
the priority of the influence of social, lifestyle, and environmental determinants
on the health of the population. In the target scenario of changes in the entire
set of analyzed determinants, the value of LE is 70.47 years, and the growth
potential is 1.24 years (453.0 days). The highest forecast values of the growth
potential of life expectancy are “Indicators of the socio-demographic sphere”
(+2.6 years [950.0 days]), “Indicators of sanitary and epidemiological safety
of territories” (+1.75 years [640.0 days]), and “Indicators of the lifestyle of the
population” (+1.41 years [515.4 days]).

The developed algorithm for determining the growth potential of life ex-
pectancy of the population can act as a tool for determining priority factors/
groups of factors that affect the integral indicator of health (LE) in the territory
for people who make managerial decisions in the area of improving the quality
and life expectancy of the population. Additionally, the proposed assessment
model corresponds to modern ideas regarding the health of the population as
a complex system that requires a multi-faceted approach in research, analysis,
and interpretation of results.

Promising areas described in the paper are (1) expanding the scope of the
model definition by updating statistical data, (2) obtaining estimates at the me-
so-level (based on municipal data of constituent entities of the Russian Fed-
eration), and (3) developing a model for assessing the growth potential LE on
the example of other countries (CIS, BRICS, and EU) for cross-country com-
parison opportunities.
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