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Abstract. The paper considers the formation of the structure of the indicator of the quality of health as
a major factor that has the greatest impact on the quality of life. The paper also analyzes the properties
of the proposed structure and main approaches to assessing and measuring the quality of life and quality
of health. It is established that the integral indicator of health quality has a complex structure that
belongs to the class of hierarchical structures. The paper studies properties of hierarchical structures
with the help of systematic approach, according to which the integral indicator of health quality was
broken down and three components (system indicators) were identified. They are as follows: quality
of care, quality of environment and quality of health. Each component, in turn, was broken down and
presented as a triad of interrelated objective and subjective indicators of lower level (partial indicators).
The proposed system model for assessing the integral indicator of health quality is a spatial structure of
this indicator, which takes into account the links between system indicators at the median level and the
links between partial indicators at the lower level. A cognitive model that shows the interaction between
partial indicators on the example of the “healthcare quality” component was elaborated. The concepts
of the model are indicators of the lower level of the component under consideration, and their mutual
impact is reflected in the relations with weight ratios that characterize the degree (strength) of influence.
The integral indicator of health quality was calculated, which helped determine the ranges of values of
the integral indicator, which correspond to a high, satisfactory, moderate, low and poor level of health
quality. The influence of changes in particular indices on the integral indicator of health quality under
various factors (both perturbing and controlling factors) was studied. The prospect of further research
is to analyze the impact of an expanded list of partial indicators on the assessment of the integral
indicator of health quality, the possibility of applying statistical analysis of particular indices to quantify
the strength of linkages between them, and the use of the model for assessing an integral indicator of

health quality as a dynamic object of management for efficient management decision-making.

Key words: quality of life, quality of health, integral indicator, system model.

Introduction

Currently, the category of “quality of life”
is widely used in economic, sociological, and
medical research and is quite often found in
political speeches and media publications.

The need to improve the quality of life of
Russian citizens is indicated in the Decree of
the President of the Russian Federation as
one of the most significant in the sphere
of ensuring national security [19]. On the
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approved list of state programs, the first place
in terms of funding belongs to the set of
programs “New quality of life” [15].

There are many theoretical concepts of
the quality of life, which highlight various
aspects of life (happiness, health, decent life,
etc.), but there is no single and universal
definition of this category. And this is
obvious, since, when talking about the quality
of life, we should take into consideration a
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wide range of spheres of human life and its
environment, as well as the diversity (time and
space) of mental attitudes of people in the
interpretation of this concept [1].

A variety of definitions of the quality of life
is accompanied by a considerable number of
methods for its measurement. There are two
main methodological approaches to the
assessment and measurement of the quality
of life: the macro approach (or the objectivist
approach) based on the analysis and
compression of statistical indicators, and the
micro approach (or the subjectivist approach)
based on the analysis and processing of the
results of special questionnaire surveys [1].

Criteria for objective assessment of the
quality of life can be found in the existing
standards of the needs and interests of the
people, in relation to which we can objectively
assess the degree of satisfaction of these needs
and interests [3]. In such a case the financial
position of individuals (the standard of living),
the state of their health, living conditions,
marital status and others. From the subjective
viewpoint, the “quality of life” means
that every person acquires their own life
experience, and therefore, different people
assess the quality of their lives in different
ways. At that, the concept of the “quality of
life” is often associated with the concepts of
“happiness” and “satisfaction with life” as a
whole or with its individual aspects [7].

At the same time, foreign and local
scientists agree that the use of only the
objectivist or the subjectivist approach cannot
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give a fully adequate assessment of the quality
of life and reflects only partial aspects of the
assessment [16, 23]. Thus, research interests
are shifting toward a combined approach
that allows for considering not only the
objective indicators of the quality of life, but
also the subjective psychological and social
components of how the people perceive the
quality of life [21, 27]. Sociological research
methods allow us to evaluate important
aspects of people’s self-rated well-being (e.g.,
self-reported health, relationships with other
people, values, etc.) that complement and
compensate for objective indicators of the
quality of life [3]. “A model of the quality of
human life must combine objective indicators
that can be measured fairly accurately and
subjective indicators that can be determined
either by expert evaluations or opinion polls”
[5].

Thus, the indicator of the quality of life
has a complex structure, therefore, it should
be regarded from the standpoint of the system
approach, taking into consideration the
relationship between all its components.
The works [4, 17] consider the quality of life
as a complex system that has basic system
properties such as integrity, hierarchy, and
integration. The works [9, 10] suggest models
for the formation and assessment of the
quality of life that are developed on the basis
of the system approach.

According to opinion polls, health is a
major factor influencing the quality of life of
Russians [2]. In recent years, the government

Volume 10, Issue 3, 2017  Economic and Social Changes: Facts, Trends, Forecast



ECONOMICS AND SOCIOLOGY OF PUBLIC HEALTH...

B.G. II'yasov, V.V. Martynov, I.B. Gerasimova, ...

has been paying great attention to the health
of the nation, including both physical and
spiritual health in this concept. Public health
is one of the main factors in the successful
functioning of society. Creating conditions
for preservation and improvement of public
health is a priority task for any state [20]. A
state program “Healthcare development” was
adopted and it is included in the “New quality
of life” block of programs [15]. The priority
national project “Health” was adopted and
it aims to promote care for human health
and develop sustainable beliefs of the need
to adhere to a healthy lifestyle in public
consciousness.

Obviously, the quality of life concept
should be recognized as closely related to the
definition of health according to the World
Health Organization (WHO): “Health is a
state of complete physical, social and mental
well-being and not merely the absence of
disease” [30]. In modern medicine, terms
such as “health-related quality of life” and
similar ones have become widespread and
they help select parameters that describe
health status, healthcare and the quality of
medical care, from the overall concept of the
quality of life. According to a contemporary
paradigm of clinical medicine, health-related
quality of life is at the basis of understanding
of disease and determining the effectiveness
of its treatment. Health-related quality of life
evaluates components of this quality that are
both related and not related to a disease, and
allows for determining the impact of a disease

Economic and Social Changes: Facts, Trends, Forecast

and treatment on a patient’s condition [18].
International practice considers research on
the quality of life to be highly informative,
sensitive and economical technique to
assessing health status in the population as
a whole and in individual social groups [13].

Depending on the directions of research,
there are several classifications of
questionnaires that assess the quality of life in
medicine [24]. The questionnaires can
be general and specific. There are also
questionnaires designed to address a particular
condition or disease like asthma, rheumatoid
arthritis or coronary heart disease. Unlike
specific questionnaires, general ones help
assess the quality of life of both the healthy
and the ill regardless of the presence of a
particular disease. One of the most widely
used general questionnaires for assessing
the quality of life is the Short Form (36)
Health Survey (SF-36) [25, 28]. It includes
36 items grouped into eight scales: physical
functioning, physical role functioning,
bodily pain, general health perceptions,
vitality, social role functioning, emotional
role functioning, and mental health. The
indicators in each scale vary between 0 and
100, where 100 is equivalent to no disability.
The scales are grouped into two indicators:
“physical health” and “mental health”.

In accordance with the above definition of
health, the WHO defines quality of life as
“individuals’ perception of their position in
life in the context of the culture and value
systems in which they live and in relation
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to their goals, expectations, standards and
concerns” [29]. As can be seen, complexity
and the subjectivity of assessments are
fundamental properties of the quality
of life [22].

The present article considers the
formation of the structure of health quality as
the most important component of the quality
of life and analyzes the properties of the
proposed structure. We suggest a solution to
this problem by developing systematic and
dynamic models for shaping and assessing
health quality indicator, as well as analyzing
the impact of various factors. We understand

health quality as an integral characteristic
of population health that combines both
objective indicators (quality of medical care
and the natural and social environmental
factors) and subjective indicators (individual
approach to health, health concerns).

A system hierarchical model for assessing
health quality

Health quality indicator, as well as quality
of life indicator, has a complicated structure
that belongs to the class of hierarchical
structures. In order to measure and assess this
indicator it is necessary to determine what
components it includes. Having analyzed the

Figure 1. A system model for assessing health quality
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works of domestic and foreign researchers
[12, 14, 20, 26], the data of the Federal State
Statistics Service and findings of sociological
surveys [6, 8, 11] we identified three
interrelated components (system indicators)
within the structure of the integrated indicator
of health quality (/). these components are
quality of medical care (K,), quality of living
conditions (K,) and health quality (X))
(Fig. I).

Each component in turn can be
decomposed and presented as triads of
interrelated objective and subjective indicators
of the lower level (specific indicators).
Specific indicators can be identified on the
basis of official statistical data and on the
basis of sociological surveys conducted, for
example, by the Russian Public Opinion
Research Center (VISIOM).

The system indicator “quality of medical
care” (K)) has three specific indicators:
“qualifications of medical staff” (x,)),
“provision of medical institutions with
equipment and medicines” (x,,) and
“number of in-patient facilities” (x ;).
The system indicator “quality of living
conditions” is formed by specific indicators
such as “quality of environment” (x,,),
“quality of social environment” (x,,) and
“quality of life activity environment™” (x,,);
the system indicator “quality of health
status” consists of specific indicators such as
“life satisfaction index” (x,,), “mental well-
being index” (x,,) and “physical well-being
index” (x,,).

Economic and Social Changes: Facts, Trends, Forecast
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The integral index of health quality J can
be calculated as the weighted sum of its
components (system parameters):

] =K + K, +a3Ks, (1)

where K| is the quality of medical care;

K, is the quality of living conditions;

K; is the quality of health status;

o, o, o, — weight coefficients that cha-
racterize the significance of component K. and
defined by experts, in this case Zf’zl a; = 1.

The change in integral index J is described
by the following differential equation:

% = —]+ o K; + 0,K; +03K;5. (2)

Here and in the future it is expected to
change the parameters according to the
exponential law, which allows us to generate
a state space of these parameters and to
evaluate with the help of known methods the
stability of the parameters in this space under
the influence of external factors.

In order to calculate system indicators
K we solve the system of equations:

K; = A2K; +243K5 + Ky,
KZ - }\ZlKl + }\23]{3 + Kzo, (3)
K3 = A31K; + A3:K; + K3,

where K;q,1 = 1,3 — initial values of K
defined by private parameters;

Aijy
the mutual influence of the components of K and
defined by experts. We believe that kij=0,05, then
the effect is weak, Xij=0, 1, then the effect is strong.

I # J —weight coefficients characterizing
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Taking into account the dynamics of the
interaction of the system indicators K. can be
recorded in the following way:

Kl = _Kl + /112](2 + /’113K3 + Kl()’
= —K2 + /1211{1 + /1231{3 + KZO' (4)
K3 = _K3 + A31K1 + /1321(2 + K30,

I

. dKj .
where K;= _t is the rate of change in the

i-th system indicator.

The initial value K| can be computed as
the weighted sum of respective specific

indicators x , x,, X,

Kio = Bi1Xi1 + PizXiz + BizXiz, (5)

where BU — weight coefficients characteri-

zing the relative importance of specific indicators

X, X,, X, and defined by experts, in this case
Fa By = 1.

In order to calculate specific indicators

X, X, X, We solve the system of equations:

il?

_ 0
Xix = KipXip + ki3Xi3 + X3,

_ 0
Xiz = ky1xi1 + kozxiz + x5, (6)

_ 0
Xiz = K31Xi1 + k3pxip + X3,

where k;;, i # j — weight coefficients cha-

ij
racterizing the mutual influence of indicators

X, X,, X, the numerical values of which are

i1’

determined by experts;

i2?

0 0 0 R . .
Xj1, Xiy, X3 — the initial values of indicators

X, X,, X, at a given point in time.

The interaction dynamics of the specific
indicators is described by the following
differential equations:

. 0

Xip = —Xij1 + kiaXip + ky3xiz + X3,
. 0

Xip = —Xip + Ko1Xxi1 + kopzxiz + x5, (7)
. 0

Xiz = —Xi3 + k31 X1 + K30 + Xx43.

The interaction between specific
indicators of individual components of the
integral indicator of health quality can be
represented in the form of a cognitive model
in which private indicators are concepts and
the mutual influence of indicators is reflected
in the relations with weight coefficients
that characterize the degree (strength) of
influence. Let us consider the dynamics of
interaction between specific indicators of
component (system parameter) K, — “quality
of medical care”.

Modern medicine cannot do without high
technology and skilled personnel able to
effectively use the achievements of modern
medical science and technological progress.
Therefore, major factors determining
the quality of medical care are, first, the
qualifications of medical personnel that is
to provide timely and effective assistance,
and second, the provision of public medical
institutions with equipment and medicines;
third, how timely and fully medical assistance
is provided, which is reflected primarily in the
presence of a sufficient number of in-patient
facilities.
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The interaction between these factors
determining the “quality of medical care”
component is presented in the form of a
cognitive model, the concepts of which
are presented by specific indicators:
“qualifications of medical staff” (x,),
provision of medical institutions with
equipment and medicines” (x ,) and “number

of in-patient facilities” (x,,); and the mutual

influence of these indicators is presented
in the form of links with relevant weight
coefficients that characterize the degree
(strength) of influence (Fig. 2). For example,
the use of modern medical equipment and
technology requires an appropriate level of
qualification on the part of medical staff
(coefficient ). The opposite effect is reflected

in the relationship with coefficient &,,.

Figure 2. Cognitive model of interaction between specific indicators
of component K, - “quality of medical care”

System
integration

0
X1 Level of
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Mathematical model of interaction
between indicators in this component
is presented as a system of differential
equations.

The equation describing the rate of
increase of the level of qualification of
medical staff (x, ) depending on the level of
provision of medical institutions with
equipment and medicines (x,,), the level of
provision with in-patient facilities (x,) and

initial level of skills (x?, ), is as follows:
X1 = —X11 + kipxip + kyzxes + X7

The equation describing the rate of
increase of the level of provision of medical
institutions with equipment and medicines
(x,,), depending on the qualifications of
medical staff (x,,), the level of provision with
in-patient facilities (x,,) and the initial level of

provision with equipment (x2,) is as follows:

. 0
X12 = ko1x11 — X12 + ka3x13 + X35 .

The equation describing the rate of
increase of the level of provision with in-
patient facilities (x,,) depending on the
qualifications of medical staff (x, ), the level
of provision of medical institutions with
equipment and medicines (x,) and the initial
level of provision with in-patient facilities

(x?;) is as follows:

. 0
X13 = K31X11 + k32%15 — X153 + X153 .

200

The dynamics of interaction between
specific indicators of components of K, —
“quality of living conditions” and K, —
“quality of health status” that are included
in the integrated indicator of health-related
quality of life are described similarly to the
dynamics of the interaction between specific
indicators of component K, — “quality of
medical care”.

Thus, we have developed a system
hierarchical dynamic model for assessing
people’s health quality. The advantage of the
proposed model is the spatial structure of the
integral indicator of health quality, which
takes into account the links between system
indicators at the median level and between
specific indicators at the lower level. The
dynamic model allows for assessing the
stability of movement of indicators of the
system under the influence of external factors.

Evaluation of the integral indicator of
people’s health quality

When calculating the integral indicator,
the following assumptions were made.

1. The values of weight coefficients
characterizing the significance of system
indicators K, coefficients B,.j describing the
importance of specific indicators x, , x,,, X,
coefficients 7“,-,- characterizing the mutual
influence of system indicators and coefficients
kl.j describing the mutual influence of specific
indicators are defined by experts and do not

change.

Volume 10, Issue 3, 2017  Economic and Social Changes: Facts, Trends, Forecast
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2. The initial values of specific indicators
are defined by experts, because the valuation
of initial statistics or data of sociological
surveys is a separate issue and is not
considered in the present work.

3. When evaluating an integral indicator
of quality of health in these situations we did
not take into account the dynamics of change
in specific and system indicators, but took
into account their static values. We used the
method of cognitive analysis.

Let us take o, =0.2, o,=0.3, 0,=0.5, i.e. in
order to calculate the integral index, we
assume the indicator “quality of health
status” (K,) to be most important, the
indicators “quality of living conditions” (X))
and “quality of medical care” (K)) — less
important.

Let us take the values of weight coefficients
characterizing the mutual influence of system
indicators as equal to: A ,=0.01, A, =0.01,
A,,=0.01, A, =0.05, 1,,=0.01, A,,=0.05, i.e.
we assume that the quality of health status is
influenced by the quality of living conditions
and by the quality of medical care, as fore
other relationships between system indicators,
we shall consider them as weak.

The weight coefficients that characterize
the significance of specific indicators in the
system parameter K, are taken equal to:
B,,=0.4, B,,=0.3, 3,,=0.3, i.e. the indicator
“qualifications of medical staff” is more
important for the quality of medical care

than “the level of provision of medical

Economic and Social Changes: Facts, Trends, Forecast
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institutions with equipment and medicines”
and “the level of provision with in-patient
facilities”.

Weight coefficients that characterize the
significance of specific indicators in the
system parameter K, are taken equal to
B,=0.5, B,,=0.2, B,,=0.3, i.e. the quality
of the environment is the most important
indicator for the indicator of the quality
of living conditions in comparison to the
indicators of the quality of social environment
and life activity environment.

Weight coefficients that characterize the
significance of specific indicators in the
system parameter K, are taken equal to
B,,=0.6, B,,=0.2, B.,=0.2, i.e. life satisfaction
index is more important for the indicator of
the quality of health status, as for mental and
physical well-being indicators, they are less
important.

Coefficients of the mutual influence of
specific indicators within system indicators
K, — “quality of medical care”, K, — “quality
of living conditions”, K, — “quality of health
status” are assumed as equal to k,,=0.05,
k ,=0.05, k,=0.05, k,,=0.05, k,=0.05,
k,,=0.05.

Let us evaluate integral index J “health
quality” for different situations.

Situation 1 — low level of health quality.
This situation is characterized by low values
of specific indicators: low level of quali-
fications of medical staff, poor provision

of medical facilities with equipment and
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medicines, poor provision with in-patient
facilities, poor environmental conditions,
low quality of social environment, low quality
of life activity environment, low indices of
life satisfaction, physical and mental well-
being. The set of current values of specific
indicators M ={(0.05,0.1,0.15),(0.1,0.15,0.1),
(0.1,0.15,0.1)} corresponds to this situation,
i.e. x,=0.05, x),=0.1, x, =0.15, x? =0.1,
x) =0.15, x),=0.1, xJ =0.1, xJ,=0.15,

x%=0.1.

Let us calculate the values of specific
indicators according to the formula (7) and
the current values of system indicators

according to the formula (5):

x,,=0.06, x,=0.11, x ,.=0.16, K,,;=0.1.
x,=0.11, x,,=0.16, x,,=0.11, K, =0.12.

2722 > 7723

x,=0.11, x,,=0.16, x,,=0.11, K, =0.12.

Let us calculate the values of system

indicators using the formula (4):
K=0.11, K=0.13, K=0.14.

Then the value of the integral indicator
calculated by the formula (1) will be equal to
J=0.13.

Situation 2 — high level of health quality.
This situation is characterized by high
values of specific indicators: high level of
qualifications of medical staff, adequate
provision of medical institutions with
equipment and medicines, adequate

provision with in-patient facilities, healthy

202

environment, high quality of social
environment, high quality of life activity
environment, high indices of satisfaction
with life and physical and mental well-
being. The set of current values of specific
indicators M,={(0.9,0.85,0.8),(0.8,0.85,
0.9),(0.9,0.85,0.8)}, i.e. x!, =0.9, x?, =0.85,
xP, =0.8, xJ, =0.8, x), =0.85, x, =0.9, x], =0.9,
x;,=0.85, x). =0.8.

In this situation, the values of specific
indicators and the current values of system

indicators will be as follows:

x,=1,x,=0.94, x ,=0.9, K,,=0.95.
x,=0.9, x,,=0.94, x, =1, K,,=0.93.

x,=1,x,=0.94, x,,=0.9, K, =0.96.
K =0.97, K,=0.96, K.=1.1.

Then the value of the integral indicator
will be equal to J=1.0.

We note that the situations described above
define a “corridor” of values of the integral
indicator, which the rest of the situations
“fitin”. Under the given parameter values, the
lower value of the integral indicator is equal
to J . =0.13, the upper value — to J__=1.0.
This “corridor” can be divided into zones
corresponding to the levels of the integral
indicator “health quality”. For example, let
us select the following zones: “high level”,
which corresponds to the values /=0.9+1.0;;
“satisfactory level”, which corresponds
to the values J=0.7+0.9; “median level”,

which corresponds to the values J=0.5+0.7;
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“low level”, which corresponds to the values
J=0.3+0.5; “unsatisfactory level”, which
corresponds to the values J=0.13-+0.3.

Let us consider the dynamics of the
changes of specific indicators, system
indicators and the integral indicator.

Situation 3 is characterized by the increase
in the value of specific indicators in
comparison with Situation I on average by
20%, i.e. A, =0.2. The set of values of specific

indicators for this situation is as follows:

M,={(0.25,0.3,0.35),(0.3,0.35,0.3),
(0.3,0.35,0.3)}.

In this case, the value of the integral
indicator is equal to J=0.36, it increased
almost in three times and got into the “low”
zone.

Situation 4 is characterized by the increase
in the value of specific indicators in com-
parison with Situation 1 on average by 40%,
i.e., A, =0.4. The set of values of specific

indicators for this situation is as follows:

M,={(0.45,0.5,0.55),(0.5,0.55,0.5),
(0.5,0.55,0.5)}.

In this case, the value of the integral
indicator is equal to J=0.6, it increased in
almost five times and got into the “median”
zone.

Situation 5 is characterized by the increase
in the value of specific indicators in

comparison with Situation I on average by

Economic and Social Changes: Facts, Trends, Forecast
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60%, i.c., A_=0.6. The set of values of specific

indicators for this situation is as follows:

M .={(0.65,0.7,0.75),(0.7,0.75,0.7),
(0.7,0.75,0.7)}.

In this case, the value of the integral
indicator is equal to J=0.8, it increased in
more than six times and got into the
“satisfactory” zone.

Situation 6 is characterized by a sharp drop
in the values of specific indicators of the
system parameter K, — “quality of health
status”, i.e., Aav=—0.65, which is connected,
for example, with the occurrence of any
epidemic disease. The set of values of specific

indicators for this situation is as follows:

M={(0.65,0.7,0.75),(0.7,0.75,0.7),
(0.05,0.1,0.05)}.

In this case, the value of the integral
indicator is equal to J=0.47, it decreased
almost in two times compared to the previous
level, and got into the “low” zone.

Situation 7 is characterized by an increase
in the values of specific indicators in the
system indicator K — “quality of medical
care” that describes the efforts to eliminate
the epidemic. The set of values of specific

indicators for this situation is as follows:

M.={(0.8,0.9,0.9),(0.7,0.75,0.7),
(0.05,0.1,0.05)}.
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Figure 3. Dynamics of change of the integral indicator J — health quality
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In this case, the value of the integral
indicator is equal to J=0.51, it increased by
8.5% compared to the previous level, and fell
into the “median” zone.

Situation § is characterized by a slight
increase in the values of specific indicators in
the system indicator K, — “health quality”,
i.e., A =0.1, which describes the restoration
of people’s health after the epidemic. The
set of values of specific indicators for this
situation is as follows:

M,={(0.65,0.7,0.75),(0.7,0.75,0.7),
(0.15,0.2,0.15)}.

In this case, the value of the integral
indicator increased to J=0.57.
The dynamics of change of the

integral indicator for the sets of values of
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specific indicators characterizing the
situations considered above is represented
in Figure 3.

Thus, we studied the influence of changes
in particular indicators on the dynamics of the
integral indicator of the quality of life under
the influence of various factors; that is, the
trend of the integral indicator was determined.
This approach can be used in practice when
evaluating the effectiveness of control factors
that are formed by supervising structures.

Conclusion

The system hierarchical dynamic model
for assessing people’s health quality was
developed. A specific feature of the proposed
model is the spatial structure of the integral
indicator, which allows for taking into

consideration the links between system
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indicators at the median level and between
specific indicators at the lower level.

The calculations of the integral indicator
of health quality were made; they helped
identify the range of variation of the integral
indicator and the zones corresponding to
different levels of the indicator. Studying the
influence of change in particular indicators on
the integral indicator of health quality under
the impact of various factors allowed us to
reveal trends in its changes. In this case, we
can distinguish the impact of control factors,

which is very important in assessing the

effectiveness of decisions taken by relevant
authorities.

Further studies can aim, first, to analyze
the impact of an extended list of indicators on
assessing the integral indicator of health
quality; second, to analyze possibilities
of applying statistical analysis of specific
indicators to quantify the strength of
linkages between them; third, to use the
model for assessing the integral indicator
of health quality as a dynamic object of
management to make efficient management
decisions.
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