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Abstract. The beginning of the 21st century was marked by the emergence of national projects in our 

country, which exactly correspond to the private integral indicators used by the UN in calculating the 

index of human capital development since 1996. The national project “Health care” is aimed at increasing 

life expectancy, “Education” – expanding the population’s access to knowledge, “Doubling GDP” – 

raising people’s income. Attaching equal importance to each indicator, the author of the article set a task to 

consider the economic efficiency of budgetary funds allocated to improve the nation’s health. The author 

assumed a proportion as the main hypotheses about the nature of correlation between life expectancy (H) 

and expenditures on health care (G); the calculated coefficients of correlation (Pearson, r) of dependence 

H = f(G) for all RF subjects for 2003–2013 (0.49 < r < or = 0.97) confirmed the existence of correlation. 

The author proposed to use the slope of the straight H = f(G) to x-axis as a quantitative value, indicating 

the economic efficiency of the transformation of budget expenditures to the increase in life expectancy. 

This indicator means that the achieved increase in life expectancy (Y axis motion) depending on changes 

in budget expenditures on health (axis motion). The proposed indicator to estimate the socio-economic 

effectiveness of state investments in domestic health care guarantees the most objective and clear assessment, 

conducted on the basis of standard methods of mathematical statistics, ensuring a high accuracy of the 

calculations. The rate of rise in life expectancy, depending on the volume of public investment in health 

care, can be used for the scientific justification, for example, of the degree of Federal budget participation 

in the regional programs to promote national health. 

Key words: life expectancy, public spending on health care, budget investment, dependence of life expectancy 

on public expenditure on health care, effectiveness of budget investment in health care.
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the calculated value of LE (H) should be 

considered as relevant scientific studies that 

involve current issues of national economic 

development. The dependence ΔН = f(G), 

proposed by the author, was compared with 

the accumulated experience; it relies on the 

standard measurement system (obtaining 

baseline information), involves simple 

mathematical processing of the initial data, 

and simple assessment of the reliability of the 

function obtained.

In order to eliminate the debate regarding 

the definition of the quantitative value of life 

expectancy (LE, H), it is reasonable to present 

the standard definition used by the state 

statistics bodies of the Russian Federation: 

“Life expectancy at birth is the average number 

of years that is likely to be lived by an individual 

from the given generation, provided that 

throughout the whole life of this generation 

the age-specific mortality rates remain at 

the level of the year, for which the indicator 

was computed”2. With regard to the fact that 

statistical yearbooks present quantitative 

values interpreted in this way, the present study 

considers the officially published quantitative 

values of LE to be accurate and does not take 

into account possible statistical errors. 

It should be noted that from the viewpoint 

of domestic researchers, the value of LE 

depends on quite a few factors. If we omit those 

factors, the influence of which requires at least 

special knowledge in the field of medicine and 

healthcare, and focus instead on the issues 

of socio-economic development, then it will 

be useful to highlight some of the findings 

2 Rossiiskii statisticheskii ezhegodnik. 2014: stat. sb. 

[Russian Statistical Yearbook. 2014: Statistics Collection]. 

Rosstat. Moscow, 2014. 693 p. P. 98. R76.

Relevance. The quantitative value of life 

expectancy registered by the state statistics 

agencies  of the Russian Federation has a fairly 

wide field of practical application. This 

indicator is most famous in its application as 

an integral index for measuring the human 

development index (HDI). However, focused 

professionals (healthcare workers and 

demographic specialists) knew this indicator 

long before its inclusion in the formula to 

calculate the HDI.

The practical  application of “life 

expectancy” values has become especially 

relevant in connection with the discussion 

about the need to increase the retirement age 

in our country. Proponents [1] and opponents 

[2] of retirement age revision used the 

quantitative value of life expectancy indicator 

as the evidence base. 

If we put aside the discussion about the 

retirement age in Russia, the relevance of 

practical application of life expectancy 

indicator will not decrease. Its value is 

proposed to be used as an indicator that reflects 

the level of development of national economy 

[3], as well as the depth of social stratification 

(polarization) [4]. National health accounts1 

consider life expectancy to be an indicator that 

characterizes the efficiency of public health 

system.

Wide scope of application of the indicator 

of life expectancy (LE – H), and its close 

connection with public healthcare system 

suggests that the research into the methods 

for evaluating the effectiveness of investments 

(G) in healthcare through the increment of 

1  The Order of the Federal State Statistics Service “On 

Approval of the Practical Methodological Guide to Health 

Statistics” of November 22, 2010 No. 409.
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that were published and which attracted the 

attention of the author of the present paper. 

These research findings include a firm 

opinion concerning the need to increase 

federal budget expenses on healthcare [5], 

including those allocated for the national 

project “Health” [6, 7] and other federal target 

programs [8] aimed to increase life expectancy. 

However, the growth of budget expenditures 

does not find unanimous approval among 

researchers. As an alternative, it is proposed 

to take into account the increasing influence 

of state and non-state health insurance funds 

[9], and, which is considered particularly 

important, to make efforts to increase public 

spending efficiency [10]. 

The increase in the efficiency of public 

spending on health in most of the cases is 

associated with the modernization of fixed 

assets in the sector [11], which leads to the 

increase in the amount of high-tech medical 

services [12] provided to the population. 

A perceptible increase in life expectancy, 

although it cannot satisfy the Russians [13], 

confirms the conclusions of the World Health 

Organization [14] (WHO) concerning the 

existence of a close correlation between the 

level of funding and the value of LE – one of 

the main indicators of the quality of public 

healthcare system [15]. It is necessary to 

consider the fact that the experience of foreign 

countries, on the one hand, confirms [16] 

and, on the other hand, refutes [17] the above 

findings of the WHO. The above-mentioned 

authors acknowledge the dependence of life 

expectancy on state financing; nevertheless, 

they conclude that it is necessary to increase 

the efficiency of using financial resources in 

healthcare.

The scientific hypothesis. When studying 

the statistical indicators that describe the 

dynamics of change in life expectancy and 

volume of public resources annually allocated 

for healthcare, it is important to use a system 

of quantitative values that is traditionally 

used in domestic and foreign practice. Such a 

system of indicators exists in the form of the 

National Health Accounts recommended by 

the Organization for Economic Cooperation 

and Development and the WHO [18]. In 

order to perform practical calculations, 

three indicators were considered as the input 

data: these indicators describe the Russian 

Federation and its constituent entities for the 

period from 2003 to 2013. Such indicators are:

 – life expectancy3 (H);

 – consolidated budget expenditures on 

healthcare4 (G);

 – population of each of the subjects of the 

Russian Federation5 (N).

We adopted as the main hypothesis an 

assumption that the nature of the relationship 

between LE (H) and budget expenditures on 

healthcare (G) is proportion. This approach 

is somewhat different from the mathematical 

set of tools used to test the hypotheses of 

exponential functions [19], but it makes it 

possible to compare the calculation results 

with the data obtained in the current [20] 

3 Regiony Rossii. Sotsial’no-ekonomicheskie pokazateli. 

2014: stat. sb. [Regions of Russia. Socio-Economic Indicators. 

2014: Statistics Collection]. Rosstat. Moscow, 2014. 900 p. 

R32. (Pp. 54-55. Tab. 2.9.)
4 Regiony Rossii. Sotsial’no-ekonomicheskie pokazateli. 

2014: stat. sb. [Regions of Russia. Socio-Economic Indicators. 

2014: Statistics Collection]. Rosstat. Moscow, 2014. 900 p. 

R32. (Pp. 744-753. Tab. 22.2–22.3.)
5 Regiony Rossii. Sotsial’no-ekonomicheskie pokazateli. 

2014: stat. sb. [Regions of Russia. Socio-Economic Indicators. 

2014: Statistics Collection]. Rosstat. Moscow, 2014. 900 p. 

R32. (Pp. 37-38. Tab. 2.1.)
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and the precious century [21]. In this regard, 

at the first stage, the correlation coefficients 

(Pearson coefficient, r) were calculated for 

all the subjects of the Russian Federation for 

2003–2013 (0.49 < r < 0.97). An incorrect 

result was obtained only for the Tyumen Oblast 

(r = –0.01), and low values of the Pearson 

coefficient (r < 0.5) were obtained for the 

Chechen Republic (r = 0.34) and Ingushetia 

(r = 0.4).

The results of the study. The value of the 

correlation coefficient (r = 0.94) for the 

Russian Federation as a whole indicates the 

high reliability (R2 = 0.881) of application of 

the linear function (H = 0.0055G + 63.629) 

to describe the dependence of life expectancy 

(N) on the consolidated budget expenditures 

on healthcare (G) (fig. 1). It is necessary to 

pay attention to the fact that the calculations 

involved the actual values of healthcare 

expenditures of consolidated budgets of 

Russia’s constituent entities. This approach 

is often criticized due to the fact that in this 

case the real cost of financial resources is not 

taken into account. An attempt to adjust the 

array of initial values with the help of standard 

tools that are used to determine the actual 

value of money, did not change the nature of 

the distribution in any significant way.

Several researchers [14, 15, 18] note a more 

precise dependence of LE on budget 

expenditures per inhabitant (G
N
). Consolidated 

budget expenditures per inhabitant of the 

Russian Federation and corresponding subject 

of the Russian Federation were calculated in 

order to verify this statement. The replacement 

of G by G
N
 has not changed the indicators of 

validity with regard to the linear function 

used to describe the dependence. The values 

of the parameters traditionally used to assess 

the dynamics of changes in the set of values 

(growth rates) did not change. This is due to 

minor changes in the number of population, 

including that in each RF subject, for 2003–

2013. Therefore, further presentation of the 

results is given relative to the total budget 

expenditures on healthcare (G).

In the past few years the author [22, 23] 

successfully applies the value of the slope of 

the straight to the x-axis for assessing 

investments effectiveness. Indeed, the value 

of the tangent can show the extent to which an 

increase in public expenditure on healthcare 

(movement along the x-axis to the right) will 

Figure 1. Dependence of LE 

(H, years) on the budget expenditures 

on healthcare (G, billion rubles)
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Source: author’s calculations based on: Regiony 

Rossii. Sotsial’no-ekonomicheskie pokazateli. 

2014: stat. sb. [Regions of Russia. Socio-Economic 

Indicators. 2014: Statistics Collection]. Rosstat. 

Moscow, 2014. 900 p. R32. (Pp. 54-56. Tab. 2.9; Pp. 

744-754. Tab. 22.2–22.3.)
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increase (of reduce) the value of the function 

(will provide the movement along the y-axis 

upward, in this case – will lead to the growth 

of LE). It is obvious that the increase in the 

value of the tangent will correspond to the 

increase in the efficiency of budget spending 

(investment in the quality of life – increase 

in life expectancy). A graphic image of such 

assessment is shown in figure 1.

The proposed evaluation of public 

investment effectiveness (budget expenditures 

on healthcare) suggests that the increase in life 

expectancy by one year requires the increase of 

the annual investment volume by at least 180 

billion rubles. It should be noted that the study 

of the values of life expectancy depending 

on budget expenditures on healthcare has 

shown that many RF subjects have a higher 

level of efficiency than the country as a whole. 

However, before we substantiate this assertion, 

it is appropriate to consider the nature of 

distribution of the values of LE and budget 

expenditures on healthcare in RF subjects as 

calculated per inhabitant. In order to avoid 

placing too many tables in the text of the paper, 

the author present the results of the study 

as distributions of respective initial values 

(fig. 2a, b). 

Without dwelling on the obvious con-

clusions derived from a rather simple analysis 

of distributions of initial values (H, G), we 

present the characteristics that confirm the 

high level of validity when linear functions are 

used for describing the dependence H = f(G) 

when applied to the overwhelming majority of 

RF subjects. In order to show all the regions 

of Russia, we present the Pearson coeff icient 

(r) and the mean root square deviation (R2) in 

the form of histograms (fig. 3a, b).

Graphical representation of the values of 

the correlation coefficient (see fig. 3a) shows 

that the Pearson coefficient assumes the values 

less than 0.7 only for four RF subjects. When 

assessing the adequacy of linear approximation 

of statistical values, the mean root square 

deviation takes values sufficient to claim 

that the accuracy of the calculations is able 

to meet the requirements for the reliability 

of mathematical calculations. Thus, it can 

be argued that the methods of mathematical 

statistics applied in the present research can 

be used for scientific substantiation of the 

conclusions about the effectiveness of state 

investments in healthcare.

It is important to note that in 2003–2013, 

the different levels of healthcare financing in 

RF subjects both in absolute terms (see fig. 2b) 

and calculated per resident provided the 

positive dynamics of the value of life expectancy. 

The increment of this indicator in Russia’s 

regions took place in different ways: in some 

subjects there was an annual increment of 

this indicator, in others – variations relative 

to the values achieved. Without dwelling on 

the causes of this situation, we present the 

graphical result of the changes that Russia 

achieved in 11 years (fig. 4).

When analyzing the distribution of LE 

values in RF regions, it is necessary to pay 

attention to the following changes that the 

author considers to be positive:

 – first, the distance between the minimum 

and maximum values of LE decreased (see 

fig. 4);

 – second, it is obvious that according to 

LE indicator, the majority of the regions 

moved closer to the maximum value on the 

interval from H
min

 to H
max

;
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Figure 2. Distribution of values in the arrays of initial data: a) life expectancy 

(vertical – LE for Russian Federation); b) RF budgets expenditures on healthcare per inhabitant

Source: Regiony Rossii. Sotsial’no-ekonomicheskie pokazateli. 2014: stat. sb. [Regions of Russia. Socio-Economic 

Indicators. 2014: Statistics Collection]. Rosstat. Moscow, 2014. 900 p. R32. (a) Pp. 54-56. Tab. 2.9; b) Pp. 744-754. 

Tab. 22.2–22.3.).
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 – third, there was an increase in the 

number of RF subjects with relatively equal 

values of LE (the peak of the graph for 2013 

in fig. 4);

 – fourth, the movement of distribution of 

LE values in RF regions can be used to solve 

problems associated with increasing efficient 

public investment in healthcare (for example, 

the provision of such health investments in 

RF subjects, which will provide the greatest 

movement of the whole distribution along the 

x-axis to the right).

From the viewpoint of the author, each RF 

subject can be regarded as a constituent of the 

state socio-economic system of the Russian 

Federation. Each elementary part has its 

rate of increase in its LE value measured 

by value of the slope of the straight to the 

x-axis. A linear function for each RF subject 

is determined by the mathematical statistics 

methods described above. The accuracy of 

1 1 2 0
5

13

25
31

0
5

10
15
20
25
30
35

0
53 0
6

0
66

0
72

0
78

0
85

0
91

0
97

r

n

1 1 2 4 6

15

27

21

0
5

10
15
20
25
30

0
28

0
38

0
47

0
57

0
66

0
75

0
85

0
94

n
0 0

 

R2 

0 0

 

Figure 3. Distribution of values of the indicators for assessing validity: a) correlation 

coefficient (Pearson, r); b) mean root square deviation of the linear functions (R2)

Source: author’s calculation based on the standard method of pair correlation analysis.
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of the Russian Federation in 2003 and 2013

Source: Regiony Rossii. Sotsial’no-ekonomicheskie 

pokazateli. 2014: stat. sb. [Regions of Russia. Socio-

Economic Indicators. 2014: Statistics Collection]. 
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such function is very high (see fig. 3a, b). It is 

necessary and sufficient to determine the slope 

of each straight that describes the situation 

in the relevant region of Russia in order to 

measure the rate of LE increase depending 

on state investments. Such computations can 

be performed for at least a three-year period 

(i.e. at least by three points). The present 

work presents the values of the slopes (fig. 5), 

which, according to the author, characterize 

the efficiency of using public investment in 

healthcare for 2003–2013. 

Obviously, the intrigue that arises when 

considering the graphical representation of 

the research findings is to identify regions that 

are leaders in the effective use of public 

investment in healthcare (3 + 1 + 1 = 5 RF 

subjects, see the points in fig. 5 that are most 

remote from the origin of the axis system 

along the x-axis). It is highly important to 

compare the result obtained by the author to 

the traditional rating assessment of regions on 

the two most common criteria: life expectancy 

(H) and the amount of budget funding per 

inhabitant (G
N
). To ensure the reliability rating 

of the assessment in relation to some initial 

position (in this case, it is the situation in RF 

subjects in 2003), the absolute and relative 

criteria of the values (H and G
N
) are subjected 

to comparison. Since it is impossible to present 

the results of the rating assessment in full 

within the framework of the present paper, 

only five RF subjects are shown. The number 

of the subjects is determined by the number 

of the subjects that are leaders by the author’s 

criterion of public investment efficiency (the 

slope of the approximating straight line).

Conclusions. The results of the ranking of 

the initial data (see tab. 1) suggest that the 

maximum increase in the calculated value of 

life expectancy over the past 10 years was 

observed in the Chita Oblast (tab. 1A). At the 

same time, the Chita Oblast ranked 48th in 

Russia in terms of increase in budget financing 

per capita for 2003–2013 by the absolute index 

(in rubles); and relative to the base year (2003), 

it ranked only 76th. Thus, it is necessary to 

pay attention to very interesting conclusions 

[24] (see tab. 2), which can be used for this 

phenomenon. 

Probably, it is worth considering the 

arguments about the growth of budget 

expenditures on healthcare in RF subjects (see 

tab. 1b). The leaders of such growth are 

Figure 5. Distribution of the slope (k) 

of the linear functions constructed 

for RF subjects

Source: author’s calculations based on the results 

of the pairwise correlation analysis
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Table 1. Ranking estimate of the increase in the initial data (life expectancy 

and the volume of budget investment per capita) in RF subjects for 2003–2013

RF subject Absolute growth rate Relative growth rate

value position value, % position

A. Increase in the value of life expectancy in 2003–2013

Chita Oblast 10.65 1 17.85 1

Perm Oblast 9.54 2 15.39 2

Kaliningrad Oblast 9.16 3 14.93 3

Leningrad Oblast 8.92 4 14.52 4

Irkutsk Oblast 8.67 5 14.36 5

Republic of Khakassia 8.02 8 13.25 9

Altai Republic 7.30 17 12.16 14

Saint Petersburg 7.21 18 10.76 25

Sakhalin Oblast 6.41 29 10.46 27

Moscow 6.39 30 9.13 33

Republic of Kalmykia 5.55 40 8.43 43

Primorsky Krai 5.20 50 8.28 46

Krasnoyarsk Krai 4.46 65 7.12 61

Jewish Autonomous Oblast 4.30 68 7.09 63

Magadan Oblast 4.00 72 6.34 69

Chechen Republic 3.98 73 5.75 73

Chukotka Autonomous Okrug 3.08 79 5.22 77

B. Increase in budget investment in healthcare per capita in 2003–2013

Krasnoyarsk Krai 24.33 3 9.73 2

Primorsky Krai 19.37 5 12.06 1

Moscow 14.72 6 5.85 4

Sakhalin Oblast 21.30 4 5.56 6

Jewish Autonomous Oblast 14.63 7 6.93 3

Magadan Oblast 30.45 2 5.29 10

Saint Petersburg 8.71 12 5.15 12

Republic of Khakassia 6.85 21 4.74 19

Leningrad Oblast 6.75 22 4.48 21

Kaliningrad Oblast 5.93 31 4.59 20

Chechen Republic 5.15 47 5.82 5

Chukotka Autonomous Okrug 32.59 1 2.09 78

Altai Republic 6.69 23 2.65 66

Irkutsk Oblast 5.41 40 2.99 60

Chita Oblast 5.11 48 2.24 76

Republic of Kalmykia 4.63 60 2.57 68

Perm Oblast 4.68 59 2.56 69

Source: compiled by the author on the basis of: Regiony Rossii. Sotsial’no-ekonomicheskie pokazateli. 2014: stat. sb. [Regions of Russia. 

Socio-Economic Indicators. 2014: Statistics Collection]. Rosstat. Moscow, 2014. 900 p. R32. (Pp. 54-56. Tab. 2.9)
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Krasnoyarsk Krai and Primorsky Krai, but 

in terms of LE increase, they rank, 65th and 

50th by absolute growth, respectively; and they 

rank 61st and 46th by the increase in relation 

to 2003 (tab. 1A).

From the author’s point of view, the Altai 

Republic has the highest growth rate of LE per 

unit budget expenditures on healthcare 

(tab. 2). Note that this RF subject ranks 17th in 

Russia in terms of increase in life expectancy 

in the absolute value and 14th – in the relative 

value (see tab. 1A). But as for the growth of 

healthcare financing relative to 2003, the Altai 

Republic ranks 23rd in the absolute values and, 

which is also important, it ranks 66th – in the 

relative values (see tab. 1B). 

The criterion proposed for assessing socio-

economic effectiveness of state investment in 

national healthcare provides the most objective 

and clear assessment, which is performed 

with the help of standard techniques of 

mathematical statistics that ensure high 

accuracy of the calculations. It is important 

Table 2. Ranking of RF subjects in terms of growth in life expectancy (H) 

on a unit volume of public investment in healthcare (G)

RF subject Value Position RF subject Value Position 

Altai Republic 0.004783 1 Perm Oblast 0.000895 30

Republic of Kalmykia 0.002963 2 Leningrad Oblast 0.000689 44

Jewish Autonomous Oblast 0.002256 3 Sakhalin Oblast 0.000625 46

Republic of Khakassia 0.002103 5 Primorsky Krai 0.000535 48

Chukotka Autonomous Okrug 0.001664 11 Irkutsk Oblast 0.000503 50

Kaliningrad Oblast 0.001568 12 Krasnoyarsk Krai 0.000189 69

Chita Oblast 0.001306 17 Saint Petersburg 0.000097 75

Magadan Oblast 0.000899 29 Moscow 0.000027 77

Source: author’s calculations based on the results of the pairwise (N = f(G)) correlation analysis (calculation of the slope of the straight 

to the x-axis using the least squares method).

to emphasize that traditional approaches to 

evaluating the effectiveness of investments, 

based on the ranking of the initial values 

(life expectancy and budget spending on 

healthcare, including that as calculated per 

resident) cannot ensure that unambiguous 

results will be obtained (see tab. 1).

The rate of LE increase depending on the 

volume of public investments in healthcare can 

be used, for example, for the scientific 

substantiation of the extent to which the 

federal budget funds participate in regional 

programs that aim to increase the efficiency 

of national healthcare (the model in fig. 4 

can be used as the basis in this case). From 

the point of view of the author the best result 

can be obtained when applying the linear 

approximation of the current dependencies to 

municipalities (urban districts and municipal 

districts). This conclusion is based on the fact 

that the decisions taken by regional authorities 

are to a lesser extent influenced by the current 

political situation.
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