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Introduction

The social determinants of health constitute a conceptual framework for most research health inequalities, and identification of
growth factors in life expectancy of populations. The theory of social
determinants of health explains how society affects population health
through norms, social institutions and mechanisms of social interaction. Studies of differences in life expectancy, as well as in health
inequalities, between countries or regions are widely reported in the
literature (Barlow & Vissandjee, 1999; Costa-Font & HernandezQuevedo, 2012; Bilas et al., 2014; Duque et al., 2019). Some studies
examine the geographical features of the distribution of population
by life expectancy (Shaw et al., 2005; Bayati et al., 2013). Others
have addressed the causes of death in various socio-demographic
groups (Canudas-Romo & Becker, 2011; Chou & Chen, 2019). The
spatial variability of life expectancy largely depends on the economic, institutional, social, demographic, environmental development of
countries and regions, as well as on the health behaviour.
A huge role is played by the social determinants of health associated with the level of education of the population, income, employment, unemployment, social status, health behaviour and availability
of medical care (Marmot & Wilkinson, 2006; Bayati et al., 2013;
Bilas et al., 2014; Sasson, 2016; Duque et al., 2019). Lleras-Muney
and Cutler (2010) have shown that highly educated people earn more
than less educated people, and that these income differences can
affect health. Educated people are also more inclined to control risks.
The impact of unemployment on health and mortality constitute a no
less important aspect of research as voiced by Wilkinson and
Marmot (2003): ‘Unemployment puts health at risk, and the risk is
higher in regions where unemployment is widespread…unemployed
people and their families suffer a substantially increased risk of premature death’.
Convincing results have been obtained that prove that social factors have a significant impact on the mortality rate of various age
groups of populations. Thus, low socioeconomic status has proven to
be a strong predictor of infant mortality from injuries (Chou & Chen,
2019). Studies of marital status influence health behaviour and life
expectancy of people of different ages are of great interest (Robards
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The article is aimed at studying the effects of social, economic, demographic, behavioural and environmental factors on the life
expectancy of rural people in different types of regions. Using
cluster analysis, we identified four relatively homogeneous groups
of Russian regions in terms of life expectancy. The impact of
socio-economic, demographic and environmental indicators on
life expectancy of the rural population was assessed using regression models. We identified regions with low life expectancy for
the rural population, and factors that have negative effect on life
expectancy at birth. The main ones were alcohol abuse, high
unemployment and emissions of pollutants into the air. The
regression analysis showed that investments aimed at the development of health care, provision of social services and improvement
of residential premises contributed to an increase in life expectancy. Significant factors in regions with high life expectancy were a

lower number of recorded crimes per 100,000 of the population
and a decrease in high unemployment, as well as an increase in
educational expenses. In the group of regions where life expectancy of the rural population was approaching the average level in
Russia, an important factor was also an increase in the level of
education. We conclude that a regionally differentiated approach
is necessary when introducing social policy changes, and measures aimed at increasing the life expectancy of the rural population should take into account the distinctive differences in socioeconomic development of the various regions of Russia.
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There are great interregional differences in the life expectancy
of the rural population as well as the socio-economic, demographic
and environmental factors affecting life expectancy at birth in different types of regions. For example, according to 2018 data, life
expectancy of the rural population in the Republic of Ingushetia
was 81.27 years and in the Chukotka autonomous area only 50.91
years, a regional gap of more than 30 years (Rosstat, 2019b).
However, such striking interregional contrasts are unnoticed when
assessing the average Russian values of life expectancy at birth. In
order to take into account the influence of interregional differences, we constructed a classification of the regions of the Russian
Federation by the life expectancy of the rural population forming
relatively homogeneous clusters. For each of the selected groups,
descriptive statistics were calculated, correlation matrices constructed and regression models for the dependence of the life
expectancy of the rural population estimated in terms of the socioeconomic, demographic and environmental features of development of the various regions of the Russian Federation.
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We applied cluster analysis, based on the k-means method, to
study the rural population in different regions according to the life
expectancy (https://www.real-statistics.com/multivariate-statistics/
cluster-analysis/). To identify the potential relationship between
this measure and the social, economic, demographic, behavioural
and environmental characteristics of the regional development
affecting life expectancy at birth, stepwise regression analysis was
used, where the variable with the weakest correlation was removed
at each step. A sample including 82 of the 85 regions of Russia was
used as three federal cities had no rural population. A database of
variables for each of the 82 regions was created. We used the statistics of the Federal State Statistics Service (Rosstat, 2018a; Rosstat,
2018b; Rosstat, 2019a; Rosstat, 2019b). Multiple regression models are constructed using the statistical processing package STATISTICA 10 with the initial data pre-normalized (http://statsoft.ru/
products/new-features/STATISTICA10.php).
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et al., 2012). Numerous studies have repeatedly proved that married
people have a lower risk of morbidity and mortality than single people. Hilz and Wagner (2018) demonstrate that not only at a young age,
but also at the age of 40 and older, marriage is closely linked to a positive health behaviour At the same time, these authors studied the relationship between partner status and health-related behaviour among
the German population in the second half of life, namely at 40-85
years of age (Hilz and Wagner, 2018). A significant proportion of
deaths in rural areas are associated with behavioural factors, in particular with excessive alcohol consumption, the role of which for poor
health and reduced life expectancy has been shown by Shkolnikov et
al. (2013). These authors emphasize that alcohol-related disorders
affect not only health, but also the economic situation and social status
of an alcohol-dependent person, as well as on his or her family. At the
same time, the greater the volume of consumed alcohol, the higher the
risks associated with its use (Higuchi et al., 2020), while other authors
have noted that ‘most efforts to change health behaviours have had
limited success’ (Kelly and Barker, 2016).
The availability and quality of medical services for a population,
as well as the expenses allocated by the state for the development of
health care, play an important role in reducing mortality and increasing life expectancy. In studies conducted both for industrialized and
developing countries focus on the need to improve the quality and
accessibility of health services (Nixon & Ulmann, 2006; Footman et
al., 2013). There are also studies evaluating the function of health
production, which reflects the functional relationship between health
status, which is measured by the indicator of life expectancy at birth,
on the one hand, and health care inputs on the other, which include
economic and social factors as well as environmental factors (Rayhan
et al., 2019). Thus, interregional differences in life expectancy are
explained by different conditions of socio-economic development,
the level of education and employment of the population, the quality
of housing and the environmental situation in the region in question.
The set and combination of factors affecting the health and longevity
of the population may be different depending on the characteristics of
regions.
The purpose of our study was to identify the contribution of economic, social, demographic, behavioural and environmental factors
to explaining interregional differences in life expectancy at birth of
the rural population in Russia.
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Independent variables

Materials and methods
Study area

The Russian Federation is located in eastern Europe and northern Asia. It ranks first in the world in terms of territory (17.1 million km2), a significant part of which lies in the permafrost zone,
and ninth in terms of population (146,78 million people) (Rosstat,
2019a). There are 85 regions of the Russian Federation, which are
united in eight federal districts - Central, North-Western, Southern,
North Caucasian, Volga, Ural, Siberian, and Far Eastern. The average population density is 8.6 people per km2 with regional values
ranging from 171.4 in the Moscow region to 0.1 in the Chukotka
autonomous area (Rosstat, 2019b). Only 25.4% of the country’s
population, or 37.3 million people, live in rural areas, and the number of rural settlements is 17,380 (Rosstat, 2019a). The life
expectancy of the rural population (71.67 years) is less than that of
the urban one (73.34 years) (Rosstat, 2019b).
[page 4]

Educational structure of the population; proportion of the population with incomes below the subsistence level; number of doctors
per 10,000 people; number of nursing staff per 10,000 people;
investments in fixed assets aimed at developing health care and the
provision of social services; total area of residential premises per
inhabitant; proportion of the total area of residential premises
equipped with water supply, sewage, gas supply and heating; density
of public roads with hard surface; consolidated budget expenditures
on education, healthcare and social policy were used as social variables. In addition, the share of the rural working age population was
used as part of independent demographic variables.
Economic variables

Share of gross added value (formerly GDP at factor cost = total
value added) of agriculture, forestry, hunting and fishing in the
economy of the region; unemployment rate calculated according to
the methodology of the International Labour Organization (ILO).
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Statistics

Modeling of the relationship between life expectancy of the
rural population and socio-economic, demographic, environmental, behavioural factors has been performed both for Russia as a
whole and for clusters of regions. We used stepwise regressions in
order to determine the most significant factors and determinants
that affect the life expectancy of the rural population in the regions
of Russia. The dependent variable in the multiple regression models was life expectancy at birth; previously selected variables were
used as independents. An econometric assessment of the influence
of selected factors on the value of the life expectancy of the rural
population at birth was performed using the model:
Yi = β0 + β1Xi + β2Zi + β3Ei + β4Bi + β5Di + εi

(1)
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where: Y - life expectancy at birth, X - economic, Z - social, E - environmental, B - behavioural, D - demographic factors, i - region, β regression coefficient that measures relative contribution of the independent variable, β0 - constant, ε - random error. Regression models
were evaluated using the ordinary least squares method. Five different model specifications were used for the assessment. An econometric assessment carried out for Russia as a whole and for the four identified clusters separately shows that there are differences in life
expectancy models for regions of different types.

The results of the cluster analysis is the classification of
Russian regions by the life expectancy of the rural population, and
a description of socio-economic profile of the selected groups.
Cluster analysis of 82 regions, included in the sample, was completed by the k-means method with the aim of dividing regions into
relatively homogeneous groups. Based on the classification results,
a map, reflecting the characteristics of interregional differences in
the life expectancy of the rural population, was constructed (Figure
1). The first group represents the territories with the highest life
expectancy of the rural population (70.96-80.1 years). The second
group includes regions with indicators of the life expectancy of the
rural population close to the average for Russia (68.97-70.79). In
the regions of the third group, the life expectancy of the rural population is moderately low (67.05-68.83), and in the regions of the
fourth group it is the lowest (55.3-66.83). For all groups, the average values of all the studied indicators were measured and descriptive statistics were described. A description of the socio-economic
profile of the selected clusters is presented in Table 1.
The first group includes 17 regions with high life expectancy
at birth, which is higher than the average Russian value. The first
group is dominated by the regions of the North Caucasus and
Southern Federal Districts, with favourable climatic conditions for
the development of not only diversified agriculture, but large
recreational areas. The first group also included the most developed territories of the Central, North-West and Volga Federal districts. The population over 15 years with higher education per 1000
people is higher than the average for the Russian Federation and
other groups. Housing quality indicators, in particular, the proportion of the total area of residential premises equipped with water
supply, gas supply and heating, in most regions are higher than the
average in the Russian Federation and other groups. In the regions
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Number of patients with alcoholism registered in medical institutions; number of recorded crimes per 100,000 people. All these
were used as independent variables with life expectance at birth
used as the dependent variable.

Classification of regions of the Russian Federation
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Behavioural variables
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Emissions of pollutants into the atmosphere; discharge of contaminated wastewater into landbound water bodies.
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Environmental variables
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Table 1. Socioeconomic profile of groups of regions.

N

Life expectancy at birth (years)
Share of gross added value of agriculture, forestry, hunt-ing and fishing
in the region’s economy (%)
Investments in fixed assets aimed at health care devel-opment and the provision
of social services (mln rou-bles)
Consolidated budget expenditures on health and social policy (mln roubles)
Unemployment rate (%)
The number of patients with alcoholism registered in medical institutions (per 100,000)
The number of recorded crimes (per 100,000)
The number of doctors (per 10,000)
The number of divorces (per 1000 marriages)
Population over 15 years with higher education (per 1000)
Population over 15 years with full secondary education (per 1000)
The proportion of the total area of residential premises equipped with water supply (%)
The proportion of the total area of residential premises equipped with gas supply (%)
Density of paved public roads (km per 1000 km2 of territory)
Emissions of pollutants into the atmospheric air (thousand tons)
N (number of regions)

In full

Group 1

Group 2

Group 3

Group 4

70.5
5.4

73.7
14.5

70.6
9.6

68.6
8.8

65
6.9

-

2944.3

1765.3

1217.5

1454.1

8
984.0
1473
46.4
4.1
111
233
81.9
66.3
62

34964
10.6
744.9
1027.2
42.8
3.4
137
268
83.5
82.7
440
104.5
17

29671
6.7
1288
1284.5
45.5
4.2
110
217
79.8
82.5
272.6
196.7
24

25645
7.6
1129.4
1690.1
44.5
4.3
102
210
74.3
63
170.3
254.2
22

22726
10.7
1504.7
2101.1
50.6
4.7
92.7
214
72
39.4
50.2
269.6
19

82

Source: own calculation based on Rosstat data.
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Further research was aimed at regression analysis and quantification of the factors affecting the life expectancy of the rural population in the regions of the four selected groups.
It is necessary to identify which factors are statistically significant in different clusters, to determine the differences in the composition of factors and the degree of their influence on the life
expectancy of the rural population. Evaluation of regression models will identify social, economic, environmental and behavioural
factors that directly affect the growth of life expectancy in different
types of regions.

Results of regression analysis
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The results of the regression analysis showed that there are differences in the models of life expectancy of different types of
regions (Table 2). The model, calculated for Russia as a whole,
demonstrates the dependence of the life expectancy of the rural
population on the factors of the social environment safety: coeffi-

N

Variables

on

Table 2. Regression models.

Figure 1. Classification of regions of the Russian Federation.
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of this group, the number of patients with alcoholism registered in
medical institutions per 100,000 people, the number of registered
crimes, and the number of divorces per 1000 marriages is lower
than the average for Russia and other groups. In terms of unemployment, measured by the methodology of the ILO, there are significant intra-group differences. Along with the highest possible
unemployment rate, typical for the republics of the North Caucasus
and the Southern Federal District, low unemployment takes place
in the Moscow and Leningrad oblasts.
The second, most numerous, group includes 24 constituent
entities of the Russian Federation with indicators of life expectancy of the rural population close to the average for Russia, and in 11
regions they are higher than the national average. The regions of
this group have the lowest unemployment rate, and the share of the
total area of residential premises equipped with gas supply is higher than the average in the Russian Federation and regions of the
third and fourth groups. In the third group, consisting of 22 subjects of the Russian Federation, the life expectancy of the rural
population is lower than the average in the Russian Federation by
one, two or three years.
The fourth group consists of 19 regions where the life
expectancy of the rural population is more than 3 years less than
the average in the Russian Federation. The composition of the
fourth group is dominated by the regions of the Siberian and Far
Eastern Federal districts, where areas are sparsely populated. In
this group, the share of agriculture and forestry, hunting and fishing in the economy of the regions is the lowest, with the exception
of the Kamchatka Territory, Pskov Oblast and the Jewish
autonomous oblast. This group is characterized by the high relative
number of patients with alcoholism registered in medical institutions (with the exception of the Krasnoyarsk Territory); the level of
alcohol abuse in the population exceeds both the average Russian
value and the indicators of other groups. The number of recorded
crimes per 100,000 people is also high. The number of divorces per
1000 marriages exceeds the average Russian indicator in all
regions except the Republic of Tuva.

Constant
Consolidated budget expenditures on education
Consolidated budget expenditures on social policy (mln roubles)
Investments in fixed assets aimed at the development of health care and the
provision of social services (mln roubles)
Unemployment rate (%)
The number of patients with alcoholism, registered in medical institutions (per 100,000)
The number of recorded crimes (per 100,000)
The number of nurses (per 10,000)
Proportion of rural population of working age (%)
Population over 15 years with higher education (per 1000)
Population over 15 years with full secondary education (per 1000)
The proportion of the total area of residential premises equipped with gas supply (%)
Emissions of pollutants into the atmospheric air (thousand tons)
R2
F-test
Significance of F-test
[page 6]

Model RF

Model 1

Model 2

Model 3

Model 4

5.930

4.449
0.306

2.292

6.135

6.239

0.274
0.628
–0.248
–0.430
–0.237
0.137

–0.480

–0.495

–0.497
–0.817
–0.327

0.392
0.143
–0.202
0.287
0.872
82.972
0.000
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0.320
–0.337
0.387
0.951
53.096
0.000

0.836
31.023
0.000

0.848
53.188
0.000

0.335
–0.311
0.932
33.075
0.000
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and European countries (Shkolnikov et al., 2013). Rural territories
in Russia are characterized by high mortality of the working-age
population from external causes of death, a significant part of
which is explained by alcohol abuse. Not only in Russia, but also
in other countries, suicide mortality is associated more with alcohol abuse (Yeom, 2019).
The significant factor that positively affects life expectancy is
the level of education. Cutler and Lleras-Muney (2010) explored
possible explanations for the relationship between education and
health behaviour, they showed that income, health insurance, and
marital status can account for about 30 percent of the educational
gradient, knowledge and cognitive ability explaining another 30
percent. A significant proportion of deaths in rural areas are associated with behavioural factors, which, in turn, depend on the level
of education. In this study a high level of education has a positive
effect on the life expectancy of the rural population. The impact of
unemployment on life expectancy was noted in three groups of
regions (first, second and fourth). Jobs creation and diversification
of employment structure are important areas of rural development.
At the same time having a job will not always protect physical and
mental health: job quality is also important (Wilkinson and
Marmot, 2003). The simulation results for the regions of the first
group, where the life expectancy of the rural population is higher
than the average of the Russian Federation, showed the positive
impact of higher government spending on education and an
increase in the share of the working-age population. The positive
significance of the growth of investments aimed at the development of health care and the provision of social services was
revealed in the fourth group.
The authors’ study also revealed a positive effect of the housing quality on the life expectancy of the rural population. It should
be noted that the impact of indicators reflecting environmental living conditions on the life expectancy of the population will exert
in the medium and long term. In addition to the considered factors,
our study confirms the impact of the availability of health services
for the rural population. In Russia, improving the availability and
quality of health care is a priority area of the state social policy.
The increase in the life expectancy of the population to 80 years by
2030 has been determined as a part of the national goals and strategic objectives of the development of Russia (Ministry of Health
Care of the Russian Federation, 2018). The steady growth of real
income of citizens, poverty reduction, improvement of housing
conditions, and accelerated implementation of digital technologies
in the economy and social sphere are envisaged.
There are some limitations in this study. Firstly, for individual
variables, the lag structure of the regression equation could be
more suitable, since it takes some time for social, economic and
environmental conditions to affect the health, mortality and life
expectancy of the population. However, for other variables that
reflect, for example, the number of crimes, lag dependence is less
preferable. Secondly, the study did not cover all socio-economic,
demographic and environmental factors, but only a part of them
that were approximated by twelve variables. At the same time, key
factors that have a decisive influence on the life expectancy of the
rural population were included in the regression equation, as evidenced by the high values of the coefficient of determination in the
models.
Thus, the study found out high interregional differences in the
life expectancy of the rural population. The obtained results confirm our hypothesis about the significant role of not only environmental factors, but also behavioural factors, which depend on the
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cients of indicators that determine the level of crime and the number of patients with alcoholism registered in medical institutions
have high values. The negative impact of excessive alcohol consumption on life expectancy is most pronounced in the regions of
the fourth group, and the negative impact of crime is most pronounced in the regions of the first group. The high unemployment
rate calculated according to the ILO methodology is a significant
prediction that negatively affects life expectancy in the regions of
the first, second and fourth groups, respectively.
A significant positive factor is the gasification of housing,
which is important for the villagers both for cooking and for heating residential premises. In our studies, an analysis of the correlation between indicators of the quality of housing conditions and
the life expectancy of the rural population indicates a significant
positive effect of the availability of heating, gas and water in
homes (Blinova et al., 2020). A gas supply indicator approximating
the quality of housing was selected as the factor of the model. The
effect of this indicator on the life expectancy of the population of
the regions of the second and fourth groups is most pronounced.
An important role is played by the level of education of the population. According to the obtained model, the rural population with
higher education is more likely to live longer than people with a
low educational level. The sixth indicator that has a positive effect
on increasing the life expectancy of the rural population, is the
number of nursing staff per 10,000 people, which reflects the
degree of access to medical care.
Despite the fact that marital status plays an important role, our
analysis did not reveal a significant relationship between the number of divorces per 1000 marriages and the life expectancy of the
rural population. Perhaps this is due to the fact that other factors
play a more important role. Analyzing the impact of environmental
and demographic factors, in addition to socio-economic ones, has
made the research more comprehensive. All obtained models and
their coefficients are significant at the 5% level. The performed
estimation of the regression equations describes from 83.6% to
93.2% of the variation of the independent variables.

N

The article examines the contribution of economic, social,
demographic, behavioural and environmental factors explaining
interregional differences in life expectancy at birth of the rural
population in Russia. The results of the study revealed a high
dependence of life expectancy at birth on the conditions, quality
and lifestyle of people, as well as on the level of economic development, features of social organization and environmental conditions in the region. It was found out that availability of medical services for the rural population, housing quality, a high level of education are positively associated with the life expectancy of the
rural population of Russia, while alcohol abuse, unemployment,
low educational level of the population and high crime in the
region have negative effect. Our research has confirmed the important role of the behavioural factors in the system of social determinants of health, which coincides with the conclusions of other
authors. The number of patients with alcoholism per 100,000 people (β-coefficient –0.430) has the most significant negative effect;
the crime rate in the region (β-coefficient –0.237) is the second
negative significant factor, which is consistent with the results of
studies by other authors. Scientists call alcohol mortality one of the
explanatory reasons for the gap in life expectancy at birth in Russia
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and environmental situation in the region on the other. It explains
the contribution of economic, social, demographic, behavioural
and environmental factors to the interregional differences in life
expectancy at birth of the rural population in the rural Russia.
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person himself, his lifestyle and decisions concerning health care.
Our study showed that the interregional variability of life
expectancy of the rural population is explained by a whole range
of factors, which include both the features of the socio-economic
and environmental development of the Russian regions, as well as
the lifestyle and health behaviour.
In our opinion, it is necessary to form a new paradigm of rural
development, which is based on improving the security of the
social environment, strengthening human health, increasing the
duration of his active life, diversifying the structure of jobs and
income sources of villagers, expanding the opportunities for rural
development. However, the participation of rural population in
improving their health and increasing life expectancy is necessary.
The regionally differentiated approach is necessary; measures
aimed at increasing the life expectancy of the rural population
should take into account the peculiarities of the socio-economic
development of regions. In addition, the geographical distribution
of health risks is important, and rural areas with the lowest possible
life span should be in the focus of special attention when implementing social policy. In order to take into account the influence of
interregional differences, a classification of the regions of the
Russian Federation by the life expectancy of the rural population
has been developed and four relatively homogeneous clusters have
been formed. Regression models were constructed not only for the
rural population of Russia as a whole, but for each of the four
selected groups of regions. An important task of the study was to
find out which socio-economic, demographic and environmental
factors determine the risks of low life expectancy in a great measure. We determined regions with a low life expectancy of the rural
population, and identified factors among which the high number of
patients with alcoholism, the unemployment rate calculated
according to the ILO methodology, and emissions of pollutants
into the air are the most significant. They have a negative relation
with the life expectancy in the regions with a low life expectancy
of the rural population. At the same time, investments aimed at the
development of health care and the provision of social services, the
improvement of residential premises (the proportion of the total
area of residential premises equipped with gas supply), contribute
to an increase in life expectancy. The results of the regression analysis showed that the regions of the fourth group with the lowest life
expectancy at birth should be the subject of special attention.
Further research will be aimed at the development of spatial
models, it is planned to conduct a spatial analysis of the determinants of the life expectancy of the rural population in 2010-2020,
which will reveal patterns and key trends in the life expectancy of
the rural population and the determining factors, the composition
of which we plan to expand.

Conclusions

The study of inequality in life expectancy associated with the
geography of the population is relevant and practically significant;
because it allows the identification of a group of factors explaining
some interregional differences. They include not only the features
of the socio-economic and environmental development of the
Russian regions, but also health behavioural variables, whose role
needs to be strengthened.
The results confirm a high correlation between the life
expectancy at birth of the rural population on the one hand, and the
level, quality and living conditions of people, unemployment rate,
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