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Abstract: At present, the demographic, socioeconomic, and environmental determinants
of health are considered to be among the main groups of factors influencing the level of
health, morbidity and mortality, and also overall quality of life of the respective population. The goal of this paper is to assess the relation of selected population health determinants and their spatial differentiation at the level of districts (LAU 1) in the South Moravian Region (NUTS 3; Czech Republic). To fulfil this objective, a number of methods
were applied: (1) construction of composite indicator and cluster analysis; (2) multiple
regression; (3) canonical correlation analysis; (4) time series analysis, and (5) data visualization method. Confrontation of the situation in 2006 and 2015 showed improvement
of all observed factors at the level of districts of the South Moravian Region and at the
same time their greater differentiation. It became evident that the variables with the
strongest impact on the mortality structure are of both demographic (weight at birth, aging index) and socioeconomic nature (housing allowances). Deepening knowledge of negative impacts of environmental pollution on human health in conjunction with proven influences of demographic and socioeconomic factors give rise to an increasing appeal to
responsible environmental planning and socially and environmentally accountable policy.
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Introduction
Ideally, people and the environment in which they move about should be in perfect harmony. The present-day interest in health, health status, and pursuance of causes of diseases
becomes more intense especially in relation to social, political, and economic transformations,
but also to the changes in the quality of the environment (Tobiasz-Adamczyk 2011). Population health is generally considered one of the most important indicators of development of
regions and of complex interdisciplinary relationships of demographic, socioeconomic, environmental, but also political processes (Fraser and George 2015). Health determinants represent indicators that influence the presence and the development of risk factors of diseases (Berman et al. 2012). Currently the concept of population health provides a wide spectrum of interpretations encountered not only in medical (with the healthcare aspect of health accentuating the bodily side of humanity) but also in psychological, sociological, or geographical literature (Seedhouse 1995, Anthamatten and Hazen 2011). The sociological aspect of health lays
a stress primarily on the position of people within the society, which is related with their lifestyle and habits. The so-called environmental health discipline, which can be understood as
a branch of public health dealing with all aspects of natural and man-made environment that
can have some impact on human health, attracts more and more attention (Lakes et al. 2014).
In an effort to make linkages among the selected aspects mentioned above, and applying statistical methods, the text of this article seeks the spatial differ-rentiations of health factors using
the South Moravian Region (NUTS 3), Czech Republic divided into territorial units at the level
of districts (LAU 1) as an example.
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Theoretical starting points
Despite the apparent and primarily accepted unambiguousness of its content (a person either is, or is not healthy), the notion of health is undoubtedly a construct of a complex nature
whose precise, apt definition to be accepted generally and without reservations does not exist
thus far. According to the WHO, health (of an individual) is “is a state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity” (WHO 2000).
At the same time, the WHO dissociated itself from traditional axioms that defined health using
“negative expressions”. Although it accentuates also weaknesses, the organization integrated
other aspects into the definition, including mental health and happiness: “… health is the
source of everyday life, not the goal of life…; it is a positive understanding that highlights
social and personal resources and supplies, as well as physical prowess and capacity” (WHO
2000). At present, the demographic, socioeconomic (SE), and environmental determinants
of health are considered to be one of the main groups of factors influencing not only the level
of health, morbidity, and mortality but also overall quality of life of the respective population
(Hillemeier et al. 2004, Hübelová et al. 2017).
Most European studies that analyze demographic and SE determinants of health use data
from international comparative studies, surveys or interviews. Study Eurobarometer presented data about SE inequality in clusters of health-related behaviours in 27 European Union
(EU) states. Conclusions presented correlation with health and SE gradients (Kino et al.
2017). Existed also longitudinal study Survey of Health, Ageing and Retirement in Europe
(SHARE). SHARE is a multidisciplinary and cross-national panel database of data on health,
SE status and social and family networks of more than 120,000 individuals aged 50 or older
(more than 297,000 interviews). SHARE covers 27 European countries and Israel. Study applied health-related thematic domains (socio-demographic and economic, health states, overall self-report of health and mental state, health examinations, physical and mental performance tests, risk factors, chronic conditions, social network and subjective well-being;
SHARE 2018). The European Health Interview Survey (EHIS) is being implemented at regular five-year intervals. Health indicators in Europe monitor the European Community Health
Indicators (ECHI) project. The list of indicators includes 88 items in five categories (demographic and health indicators, health determinants, health support indicators (EC 2012). There
are a number of European studies that investigate SE level differentiation but do not analyze
the structure of mortality concurrently.
Are published diverse cluster analyzes of European countries in the literature (Křupka
et al. 2013, Žmuk 2015, Aktaş 2017, etc.). Although these studies use different SE indicators,
their results tend to be similar. An example is the results of the study by Aktaş (2017), in which
EU countries and candidate countries are divided into 5 clusters (according to SE indicators
related to the demographic situation). The first cluster included the economically weaker countries of Eastern Europe (e.g., Bulgaria, Romania, Latvia). Second of the clusters is formed
mainly by the countries of Southern Europe. The other clusters were formed by the fusion of
the Western and Northern European states, and a separate cluster is for developed Luxembourg.
Very strong impact of demographic and SE factors on health is currently considered to be
objectively ascertained (Marmot and Bell 2012, Marmot 2017). Extensive national and international comparative studies of health and health status of population observe and assess these
factors (e.g., EC 2012, Börsch-Supan et al. 2013, Minicuci et al. 2016, etc.). In the published
studies, authors usually include indicators of sex and age structure, achieved level of education
or gross national or domestic product (GNP/GDP; Shkolnikov et al. 2006, Meara et al. 2008,
Khang et al. 2010, etc.) among demographic and SE factors. McNamara et al. (2017) provides
the most up-to-date overview of SE inequalities for many non-communicable diseases (NCDs)
in 20 European countries. The authors found significant differences between NCD with regard
to social transitions and SE gaps (McNamara et al. 2017). It becomes evident that precisely
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income (in the given case the per capita GNP/GDP indicator) is a significant contextual determinant of health, but also of population morbidity in highly developed (e.g., European) countries (Brandt et al. 2012). An important question remains, however, when and how do incomes
of individuals project into inequality of health during lifetime (Swift 2011). While most studies
dealing with inequality of incomes focus on the currently observed situation, Subramanian and
Kawachi (2004) pointed out there can also be delayed effects of income inequality.
The level of population health is also kept under review in epidemiological studies by means
of demographic and SE factors (sex, age, education, type of employment, unemployment, family
status, social standing of an individual at work and in the society, economic situation, income
level, health literacy, healthcare availability, etc.). The given factors are presented to be tied with
the socioeconomic status (SES, Glazier et al. 2000, Fraser and George 2015, etc.). The current
SES of an individual is a significant prerequisite of the further development of his/her health and
health status in the future and the subsequent successful ageing. The studies describing current
SE characteristics and circumstances of the SES especially in seniors attest to that (HavemanNies et al. 2003, McLaughlin et al. 2010). Other researches also suggest that even SES factors
from the past (e.g., family background and the SES in childhood, work status in the past, etc.)
have a significant and long-term effect on the health of individuals (Haas 2008, Britton et al.
2008, Brandt et al. 2012). Due to SES it is possible to observe a certain so-called social transition,
for which it is evident that the lower the SE position, the worse the health (Marmot et al. 2008,
Marmot 2017). Numerous research reports and studies ascertain that persons with a lower SES
have a higher degree of morbidity, invalidity, premature fatality rate and death rate in general;
during their life they suffer from diseases more often, which is again reflected in shorter healthy
life expectancy and overall lower life expectancy (Marmot et al. 1991, Glazier et al. 2000, NIPH
2015). Contrariwise, richer and more educated people enjoy better health than poorer and less
educated people (Wilkins et al. 2002, Frank et al. 2003, Matthews et al. 2005). In this respect,
we speak about SE gradient in health that has been well documented in many countries (e.g.,
Veugelers et al. 2001, Veugelers 2003).
Simultaneously, population health is very strongly determined by the quality of the environment. The danger of environmental factors impact lies in their long-term effect on
the population (asthma, allergic reactions, etc.; Berman et al. 2012). The developed countries
have monitoring systems, thanks to which e.g., the influence of air quality on human health
can be documented. Many studies have proven that exposure to air pollution negatively affects
human health including increased risk of death and occurrence of respiratory and cardiovascular diseases (Dockery et al. 1993). Many authors corroborate the impact of long-term exposure to particulate matter PM (Levy et al. 2000, Pope III et al. 2002, Pope III 2007, Janke et
al. 2009, Kiesewetter et al. 2015, Sram et al. 2013).
Influence of short-term population exposure to PM, carcinogenic polycyclic aromatic hydrocarbons (c-PAH) and e.g., benzo(a)pyrene (BaP) is evidenced especially in studies focusing
on children (Brauer et al. 2002, Svecova et al. 2009, Weinmayr et al. 2010, Zhu et al. 2017).
The production of these dangerous substances is primarily related to solid fuel (coal, wood)
combustion, especially during incomplete combustion in domestic furnaces (Sram et al. 1996,
Guerreiro et al. 2016). Inhabitants of cities, where especially transport affects the air, are exposed to further burden. According to Peters et al. (2004), transitional exposure to transport can
increase the risk of myocardial infarction in sensitive individuals. The study by Tonne et al.
(2016) also demonstrated adverse impact of long-term exposure to traffic pollution.

Research objective, area of interest, methods and selection of indicators
The goal of this contribution is to establish the relation of selected population health determinants and their spatial differentiation at the level of districts (LAU 1) in the South Moravian
Region (SMR; NUTS 3). Districts of the South Moravian Region were chosen as the model
region for the study. The area of the SMR is 7,188 km2; it consists of altogether seven districts
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(Blansko, Brno-City, Brno-Country, Breclav, Hodonin, Vyskov, Znojmo). In the east, the SMR
borders on Slovakia and in the south on Austria, and within the Czech Republic it neighbours on
the South Bohemian Region, the Vysocina Region, and the Pardubice, Olomouc, and Zlin Regions starting from the western to the north-eastern boundary of the region (Fig. 1)

Fig. 1. Situation and administrative division (districts) of the South Moravian Region, CR;
Source: authors’ own elaboration
To fulfil this objective, a number of methods were applied: (1) construction of composite
indicator and cluster analysis; (2) multiple regression; (3) canonical correlation analysis;
(4) time series analysis, and (5) data visualization method. (1) To construct a composite
indicator involving sub-indicators (described above) to capture a collective demographic
and SE mind-set of South Moravian districts using the min-max method of standardization
with range of values <0; 100> and the simple average approach for aggregation and further
to establish groupings of districts in year 2006 and 2015 with respect to the cause-specific
mortality and the demographic and SE profile by means of both hierarchical (based on
Ward’s method using squared Euclidean distance) and non-hierarchical (based on k-means)
cluster analysis. More specifically, the Ward’s method was carried out first to determine the
number of clusters which served then as seed points for the k-means method generating the
final cluster solution. (2) The influence of demographic and SE determinants was analysed
applying multiple regression (ENTER method) that enters all variables into the model at
once with statistical significance (p < 0.05). The primary objective of this method is to find
out, to what extent can the dependent variable (mortality by causes) be explained by means
of several independent variables (demographic and SE determinants; multiple coefficient of
correlation), or how great is the relative influence of each of independent variables on the
studied variable (standardized beta regression coefficients). (3) Canonical correlation analysis is a multivariate method that is used to investigate the dependence between two groups
of variables. The first of the two groups is considered a set of dependent variables, the second a set of independent variables. (4) For development of standardized mortality by causes
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in 2006–2015 were selected only most common causes captured by means of chronological
average (the standard was chosen by the Czech Republic). Standardized mortality by the
main causes is numbered according to the codes International Statistical Classification of
Diseases and Related Health Problems 10th Revision (ICD-10) WHO (version for 2016;
WHO 2016). (5) Map chart and thematic map method in ArcGIS programme was used to
illustrate territorial differences.
The intent was to select such demographic, SE (Tab. 1), and environmental factors
(Tab. 4), which could be regarded as a complex of indicators that represents theoretical model
determining population health.
Demographic factors:
- Most common mortality by causes of death by code ICD-10 (IX circulatory, X respiratory, and XI digestive system diseases, II neoplasms and XX external causes; %)
Aging index (0-14 age group to age group 65+; %)
- Neonatal mortality (‰)
- Infant mortality (‰)
- Divorce rate (%)
- Percentage of children with weight at birth below 2.5 kg (%)
- Total abortions per 100 live born (%)
- Percentage of spontaneous abortions of total abortions (%)
SE factors:
- Percentage of unemployed persons aged 15-64 (%)
- Housing allowances in CZK/benefit
Environmental factors:
- Emissions of the basic pollutants to atmosphere (%)
- Air pollution of the atmosphere (%)
- Development of changes in the technical equipment of flats (% connected)
The source of data was the public database of the Czech Statistical Office (CSO 2016a,
2016b) and the data in time series 2006-2015. Only the data relating to the technical equipment
of permanently occupied dwellings were taken from the databases of the Census of people,
homes, and flats for 2001 and 2011 (CSO 2005, 2015), since these data are kept only within
the census. The data on emissions of the principal air pollutants in 2006 and 2015 were taken
from the database of the Czech Hydrometeorological Institute (CHMI), from the REZZO 1-3
and REZZO 1-4 registers (CHMI ISKO Graphic Yearbooks 2006 and 2015). Air pollution for
2006 is available in .shp format (ESRI) within the CHMI portal (areas with deteriorated air
quality), and for 2015 (areas with exceeded air quality standards) from the CHMI ISKO portal
in .shp format (ESRI) (CHMI, Air Quality Protection Department 2015).
As a demographic factor, mortality rate is an important indicator of demographic processes, and, at the same time, analyses of mortality by causes of death rank among the main
values testifying to population health status (Ward 2012). Death rate is an indicator of success of the state; it reflects economic standard as a transformation into population health
(Shkolnikov et al. 2004). Age structure of population expressed as index of aging is formed
by a long-term development of fundamental demographic processes (Ďurček and Richter
2014). It is an important characteristic, and to a certain degree it also testifies to population
education, lifestyle, needs and opportunities, using basic services, or requirements for social
and healthcare infrastructure (Hübelová 2014a). Also divorce rate was considered as one of
determinants of health, since mainly elderly persons living in couples are known for mutual
support for instance at medical check-ups, in more active way of life etc. (Pienta et al. 2000).
Neonatal and infant mortality are regarded indicators of advancement of a region, living
standard and healthcare standard, similarly as the percentage of children with weight at birth
below 2.5 kg (Galobardes et al. 2004). Abortion rate and percentage of miscarriages belong
to the phenomena with a major share in population health (Norsker et al. 2012).
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Source: authors’ own calculations and elaboration; data by the CSO (2016a, 2016b)
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Tab. 1. Input matrices (demographic and SE data)
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A significant SE factor of health is the position in the labour market, since health consequences of unemployment are vast, ranging from psychic disorders to cardiovascular diseases
(Shumaker et al. 2009). Negative effects of unemployment are direct, manifesting themselves as
depression or loss of self-esteem related with worsened quality of life (Hübelová 2014b).
The share of paid housing allowances is an indicator of scope and depth of poverty (Ouředníček
et al. 2011). This indicator facilitates observing the regions with a higher concentration of population of poor SE status, referring to social deprivation of a territory (McGuinness et al. 2012),
and judging about spatial differentiation in household incomes (Hübelová 2014a) with retroactive effects on morbidity and mortality.
Emissions are monitored, and the data are collected in the Register of Emissions and Sources
of Air Pollution (REZZO). Pursuant to Act No. 201/2012 Coll. on Air Protection as amended,
the REZZO records the sources of air pollutants. The sources are divided into stationary and
mobile, and the stationary ones fall into categories according to their magnitude and importance.
The REZZO 1-3 subsets include stationary sources, REZZO 4 the mobile sources (from
transport). In 2006, areas with deteriorated air quality were defined according to the valid regulations, and in 2015 areas with exceeded air quality standards were newly added. Within the
meaning of the Air Protection Act and according to air quality standards and tolerance limits,
exceeding of average annual concentrations of PM10, NO2, lead, benzene, benzo(a)pyrene, cadmium, arsenic, and nickel is assessed for individual stations in order to mark out zones and agglomerations with deteriorated air quality. Additionally, the organization performs calculations
of frequencies of exceeded daily limits for the PM10 and SO2 fraction, frequencies of exceeded
hourly air quality standards for SO2 and NO2, and frequencies of exceeded 8-hour limits of carbon monoxide and tropospheric ozone (CHMI.cz).

Results
Various approaches and methods were used for assessment of selected population health factors. (1) Prior to the construction of composite indicator proper, correlation matrix was inspected
first to identify substantial correlations (R > 0.8) as these might distort the composite indicator.
Owing to this, the neonatal mortality rate was eliminated as it highly correlated with infant mortality (R = 0.84). Furthermore, the variables were checked for possible skewness and kurtosis (as
measured by corresponding coefficients), however, as these were rather low, the data were not
submitted to any transformations.
Cluster analysis comprised all demographic and SE factors and facilitated capturing their
change within the 2006 and 2015 confrontation. In 2006, the districts of the SMR formed two
clusters (cluster No. 2 and 4), whereas in 2015 the districts divided into four clusters (clusters
1 to 4). The results obtained indicate that at lower regional levels (LAU 1) the studied factors
become differentiated over time. It is clear this differentiation represents a positive tendency
in the development of the examined health indicators. The only drop in the composite indicator
value was recorded in the Breclav District (Tab. 2, highlighted in bold).
Tab. 2. Composite indicator values for the SMR districts in 2006 and 2015
Districts
Blansko
Brno-City
Brno-Country
Breclav
Hodonin
Vyskov
Znojmo

Composite indicator
2006
2015
50.43
55.62
47.97
50.35
59.63
67.76
53.32
45.51
44.75
47.66
39.53
55.50
44.02
50.87

Clusters
2006
4
4
2
4
4
4
4

2015
2
2
3
1
4
2
2

Source: authors’ own calculations and elaboration; data by the CSO (2016a, 2016b)
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Cluster 1 (Breclav District in 2015) is characterised by the lowest mortality rate by causes
of death, but at the same time distinctively below-average demographic and SE profile.
For this reason, worsening of morbidity is more likely to be expected in the future, and the
cluster can be classified as “least favourable”. Cluster 2 can be assessed as “average” (Districts
Brno-Country in 2006; Blansko, Brno-City, Vyskov, and Znojmo in 2015) with a typical average demographic and SE profile and a slightly below-average mortality rate by causes. Cluster
3 (Brno-Country District in 2015) can be assessed as the “best” cluster with optimal values
within the meaning of the most suitable demographic and SE situation and a slightly belowaverage mortality structure. Cluster 4 shows the attributes of a “below-average” cluster with a
lower demographic and SE profile, and simultaneously the highest level of mortality by causes
and morbidity (Fig. 2).

Fig. 2. Clusters constructed on the grounds of demographic and SE factors of health in the
SMR districts in 2006 (left) and 2015 (right); Source: authors’ own elaboration;
data by the CSO (2016a, 2016b)
(2) Another evaluation approach consisted in the application of multiple regression method
that ascertained the value of multiple coefficient of correlation R = 0.729. It adverted to the
strength between the mortality rate by causes of death and all the other demographic and SE
factors and proved that the strength of the relation is considerable and, moreover, significant.
Nevertheless, adjusted R2 = 0.493 refers to the percentage of explained variance; hence the
model quality is more likely average. The variables significantly entering the model are represented by the following factors: (a) housing allowances (beta coefficient -0.895), (b) index
of aging (beta coefficient 0.734), and (c) children with weight at birth below 2.5 kg (beta
coefficient 0.152).
(3) The canonical correlation analysis method measured the strength of the relation between the left and right datasets (Tab. 3). With the R = 0.799 value obtained, we can talk about
a high intensity of relations, which is moreover conclusive (attained p < 0.001).
On the grounds of canonical correlation analysis, it is possible to state that the right set
of variables (demographic and SE indicators) more likely casts light on the variability in the
left set (diseases as the main causes of death), since the total redundancy is markedly higher
for this set, namely amounting at 45.0%. Therefore, it is clear that demographic and SE factors
of health explicate the 45.0% variability in mortality by causes of death, whereas individual
deaths only explain 14.3% variability in demographic and SE factors. On the strength of the
outcomes, the direction of dependence (causality), from which a marked influence of selected
demographic and SE factors on the structure of mortality results is also undeniable, although
canonical correlation analysis is primarily a symmetric method (Tab. 3).

- 41 -

Tab. 3. Relation of mortality by causes of death and demographic and SE factors in the
SMR districts in 2006-2015
Left set

Right set

5
100.000%
45.0324%
Circulatory diseases
Neoplasms

9
32.5978%
14.2873%
Percentage of unemployed (%; aged 15–64)
Housing allowances in CZK/benefit

Respiratory diseases
Digestive system diseases
External mortality causes

Aging index (%)
Divorces per 100 marriages (%)
Children w. weight at birth below 2.5 kg (%)

No. of variables
Obtained variance
Total redundancy
Variables:

Share of spontaneous abortions of total abortions (%)
Total abortions per 100 born (%)
Neonatal mortality rate (‰)
Infant mortality rate (‰)

Source: authors’ own elaboration; data by the CSO (2016a, 2016b)
(4) Within the monitoring of the development of the state of the environment in the SMR
districts in 2006-2015 the interest was to capture the quantity of total emissions of the main
pollutants (Tab. 4).
Tab. 4. Total emissions of the main pollutants from the sources, proportions by categories
of air pollution sources (t.year-1) in the territory of the SMR in 2006 and 2015
SMR 2006
Total*
REZZO 1
REZZO 2
REZZO 3
REZZO 4**
SMR 2015
Total*
REZZO 1
REZZO 2
REZZO 3
REZZO 4**

PP
3,899.5
418.8
257.8
2,012.8
1,210.1
PP
2,914.0
525.5
1.9
1,637.6
749.0

SO2
3,855.3
3,243.2
150.8
393,7
67.6
SO2
1,732.0
1,299.2
1.1
415.7
16.1

NOx
18,109.5
2,836.7
379.6
659,8
14,233.4
NOx
11,853.9
3,246.1
97.4
670.4
7,840.8

CO
38,723.4
2,711.6
357.6
11,314.6
24,339.7
CO
28,571.6
5,171.3
24.0
13,214.8
10,163.0

VOC
16,761.8
841.7
400.9
9,518.4
6,000.8
VOC
12,335.7
948.9
4.8
8,884.0
2,498.2

NH3
7,788.2
50.4
29.6
7,459.8
248.4
NH3
6,072.8
9.4
0.0
5,841.2
222.1

* Emissions of PP, VOC and NH3 from area sources calculated per regions applying appraisal
** Transport emissions calculated per regions according to the methodology by the TRC Brno

Source: CHMI portal, REZZO, Department of Emissions and Sources (CHMI 2015, 2017)
During the 2006-2015 period, emissions of the main pollutants in the SMR decreased in all
of the examined indicators. The most significant decrease is evident in NOx emissions (by 55%)
and SO2 emissions (by 35%). Emissions of CO (45%), NOx (19%), and VOC (19%) had the
greatest share in total emissions of pollutants in the SMR both in 2006 and 2015.
Sources of CO emissions are both local heating of households and the transport. NOx emissions are mainly produced by transport. The dominant sources of emissions of particulate pollutants (PP) are local heating and also transport. In case of SO2 emissions the main producers
within the SMR in 2000–2015 were major pollution sources aimed at the production of electric
power and heat and also heating of households (Kratina et al. 2015).
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It is evident that the Districts Brno-City and Brno-Country that exceed the regional average
have the greatest share in air pollution in the SMR in 2006 and 2015. Despite this, there is a
decreasing trend in the quantity of released emissions of pollutants. In 2015, the Blansko District exceeded the regional average, as between 2006 and 2015 emissions in this area increased
by 4.2% as against the SMR average. Between the mentioned years, increase in emissions
occurred also in the Breclav and Znojmo Districts. A reverse trend was noted in the Hodonin
District; in 2015 the emissions decreased to -2.3% of the regional average, although in 2006
emissions amounted to +17%. In the Vyskov District a slight decrease in the share in emissions
was noted (Fig. 3).

Fig. 3. Share in emission burden of the districts (%) in relation to the SMR average in 2006
and 2015; Source: authors’ own elaboration; data from the CHMI REZZO, Department
of Emissions and Sources (CHMI 2015, 2017)
As mentioned above, local heating of households also has a major share in emissions of pollutants (PP, NOx, SO2, CO). Tab. 5 shows the details pertaining to shares of flats by the type
of heating in the SMR districts in 2001 and 2011. During this period, a positive change in
the ratio of solid fuels and electric power/gas used for heating occurred in the majority of
the districts. A marked change can be observed in the districts of Hodonin (72% change
in favour of electric power/gas, Brno-City with 16%, and Znojmo with 13%). The lowest proportion of flats heated by electric power/gas was recorded in the districts of Blansko, Znojmo,
Vyskov, and Brno-Country).
Tab. 5. Shares of flats by types of heating (%) in the SMR districts in 2001 and 2011
Total

Blansko

Brno-City

Breclav

Hodonin

Vyskov

Znojmo

7
93

80
20

23
77

30
70

1
99

Brno-Coun.
2001 (%)
13
87
2011 (%)
12
88

Solid fuels
El. power/gas

17
83

18
82

16
84

Solid fuels
El. power/gas
Difference
2001–2011

8
92

17
83

7
93

8
92

12
88

17
83

9

2

16

1

0

72

10

13

Source: CSO (2012a, 2012b)
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The territorial change in emission burden expressed in percentages between 2006 and 2015
and the change in the level of standardized death of respiratory diseases rate captured by means
of chronological mean values in 2006-2015 suggests the possible connections already at the
(micro)level of the SMR districts. Simultaneously, the districts with the highest emission load
(esp. Znojmo, Blansko, and Breclav) show the largest change in the death of respiratory diseases rate (Fig. 4).

Fig. 4. Change in emission load between 2006 and 2015 (left) and change in standardized
death of respiratory diseases rate in 2006-2015 (right) in the SMR districts;
Source: authors’ own elaboration; data by the CSO (2016a) and CHMI (2015, 2017)
(5) Fig. 5 determinates the areas, in which exceeding of air quality standards of at least one
of the pollutants occurred. It is clear from the comparison of the areas with exceeded air quality
standards that have been specified since 2006 that a fair portion of the SMR territory is being
exposed to over-standards concentration of pollutants, and this pertains to areas of high population density. In a clear majority of cases, classifying of zones and agglomerations within
these areas is caused by exceeding of the daily air quality standards for suspended solid particles PM10 and exceeding of the annual immission limit for PM2,5 and benzo[a]pyrene (shp
format, CHMI ISKO 2011, 2015). It has to be noted that the air quality of a territory is influenced not only by the quantity of pollutants in the atmosphere released from various sources,
but also the dispersion conditions that prevail in a particular year and period to either improve
or worsen the situation. A significant phenomenon is also uncontrolled transfer of pollution
from the surrounding regions.

Fig. 5. Air quality of the SMR districts in 2006 (left) and 2015 (right); Source: authors’ own
elaboration; data from the CHMI ISKO (2011, 2015)
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Summary of results and discussion
Cluster analysis and multiple regression method involved all selected demographic and SE
factors that were considered as a complex of indicators representing a theoretical model determining population health. Confrontation of the situation in 2006 and 2015 showed improvement of all observed factors at the level of districts of the SMR and at the same time their
greater spatial differentiation. Spatial differentiation is evident in compare years 2006 and
2015. The districts of Blansko, Brno-City, Breclav, Vyskov and Znojmo had similar demographics and SE factors, and the district Brno-Country had the best results in 2006 year
(two clusters). The spatial distancing of district characteristics occurs in 2015, when are
formed four clusters. These studied factors indicate distancing districts and increase in regional
disparities. Best value at the demographics and the indicator in the cluster was formed again
Brno-Country in 2015. Average values amounted district Brno-City, Blansko, Vyškov and
Znojmo, Breclav below average and the worst was evaluated district Hodonin. The composite
indicator has increased almost at all SMR districts.
The highest improvement occurred in the district of Vyskov (composite indicator grew by
almost 16) and Brno-Country (by more than 7). In the district Vyskov there is a slow rate
of growth of the ageing index, the values of neonatal and infant mortality, abortion rate and
number of children with weight at birth below 2.5 kg. The least improved the district Brno-City
(about 2.4) and Hodonin (about 2.9). It the district Hodonin is decreasing the rate and number
of abortions and percentage of children with weight at birth below 2.5 kg, unemployment and
the aging of the population. Only district Breclav worsened the demographic and the SE profile
at the time, as it reduced composite indicator scores from 53.3 in 2006 to 45.5 in 2015. The
most significant decline in indicators was reflected in the rate of population aging and the increase in abortion rates. Below-average demographic and SE profile will be prerequisites of
deterioration of mortality structure (Goovaerts 2010, Fraser and George 2015). One of the factors increasing regional disparities in the observed time can be geographic location of districts.
The improvement of the situation exists in the SMR districts, which are influenced by the trend
of suburbanization. Here is the slowdown of aging population and the improvement in mortality
rates. In the peripheral districts of the socio-economic situation deteriorates by contrast.
The strength of the relation among demographic and SE factors and mortality by causes
measured by means of canonical correlation analysis proved to be conspicuous and significant
(Pearce et al. 2011, Lakes et al. 2014). It became evident that the variables with the strongest
impact on the mortality structure are of both demographic (weight at birth, aging index) and
SE nature (housing allowances; Glazier et al. 2009, Ward 2012). A significant influence
of demographic and SE factors on mortality structure rated by the most common diseases as
the main mortality by causes of death (redundancy in excess of 44 %) follows from causality
direction, whereas conversely the individual deaths account only for 14.3% of variability in
demographic and SE factors.
There is a relationship between the change in emission load between 2006 and 2015 and the
change in the standardized death rate of the respiratory disease rate in 2006–2015 in SMR districts (especially Blansko, Breclav and Znojmo). The statistical methods applied and the visualization of data facilitated capturing of the development of demographic, SE, and environmental influences on the population health in the districts (LAU 1) of the SMR (NUTS 3). In the
literature mostly examine the relative position of some countries (EU, candidate countries of
EU, other European countries) in terms of SE development indicators, but lower territorial units
are not usually analysed. They are only interested in selected populations or questionnaire surveys and do not analyse secondary data.
This article presents the possibilities of using secondary data from publicly available databases and some statistical methods for evaluating demographic and SE factors determining population health. We are aware of the limitations given by the low number of (micro) regions evaluated. However, the study may be a pilot analysis for the assessment of larger spatial areas.
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Conclusion
Outcomes of analysis facilitate: (a) estimate of future risks for the quality of population
health (e.g., an adverse impact of age structure), (b) localization of areas with significantly
higher risks (esp. in the case of the Breclav district), and (c) analysing of relations with presumed risk factors. Deepening knowledge of negative impacts of environmental pollution
on human health in conjunction with proven influences of demographic and SE factors give
rise to an increasing appeal to responsible environmental planning and socially and environmentally accountable policy (Dahlgren and Whitehead 2006, Khreis et al. 2016, Marmot
2017). Models and methodologies that make use of multidisciplinary approach encompassing
epidemiological, SE, demographic, and environmental indicators become source materials for
complex environmental planning. The linkages are mentioned for instance by Riedel et al.
(2015) elaborating the example of population exposure to traffic noise. According to the author, environmental planning has to be transformed from the traditionally sectoral environmental planning to planning based on models of multiple stressors from socio-environ-mental
epidemiology.
In their study, Lakes, Brückner, Krämer (2014) use Berlin as the example for calculating
an environmental justice index; the authors assess the SE disparity in relation to noise pollution and distribution of green areas. The study by Braniš, Linhartová (2012) performed in
39 cities of the CR corroborate the relationships among SE, demographic, and environmental
factors. Their conclusions corroborate the relationship of unfavourable SES of population
and dwelling place in smaller towns with a higher level of concentration of air pollutants.
Šlachtová et al. (2016) evaluated environmental and SE health inequalities on the example
of the Ostrava region.
The text of this article also presented some of the possible methods that serve for health
factors assessment. The contribution presents primarily the analyses of selected. The quality
assessment of environmental indicators is based on publicly available data. In the next stage
of our work we will deal with the proposal to determine environmental health index for
the territory of the CR that will interconnect the indicators of SE, environmental (air pollution
is particularly important as a disease-causing syndrome), and epidemiological factors.
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