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SUMMARY

Aim: The Slovak Republic consists of eight regions which may dispose a different structure of cause-specific mortality. The aim of this study is
to reveal the regions with higher risk of dying from the main categories of diseases selected according to the chapters of the International Clas-

sification of Diseases (ICD-10).

Methods: Data were obtained from mortality reports throughout 1996-2014. We applied multinomial logistic regression analysis, where the
dependent variable is death categories and the explanatory variables are regions, age, year and gender. The Bratislava region and Diseases of

the circulatory system are set as the reference level.

Results: We propose a spatiotemporal analysis of the relative risk ratio of dying in the Slovak Republic for every significant group of diseases
from the International Statistical Classification of Diseases and Related Health Problems maintained by the World Health Organization. Moreover,

we propose gender and age analysis.

Conclusions: These results could be useful for setting active prevention programs, as well as a hospital network specialising in high risk diag-

noses in Slovakian regions.
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INTRODUCTION

Mortality is one of the main indicators reflecting the effective-
ness of the health care system in each country. According to many
authors (1-5) mortality offers a reliable picture of public health,
as well as the most objective way of measuring health. Changes in
demographic trends are also reflected in changes in morbidity and
mortality of the population. Causality between these components
is the subject of many research studies (6—12). Over the past three
decades, the most numerous diseases and causes of death shifted
from infectious to a group of chronic diseases (13-19).

Slovakia has a disposable database for the analysis of mortality,
however they are absent research studies mapping the develop-
ment of mortality according to individual diagnoses in detail.
Variability of mortality development by years shows that the evo-
lution of mortality should be also examined in terms of regional
differences. Through the mapping of regional disparities in the
development of mortality can be effectively adjusted prevention
programs and other interventions which could be useful for the
control of mortality in different regions.

The aim of this study is to reveal possible existing differences
in mortality trends among regions of Slovak Republic by the rela-
tive risk ratios. Table 1 depicts the distribution of causes of deaths
in Slovak Republic according to International Statistical Classi-
fication of Diseases and Related Health Problems maintained by

the World Health Organization. Our cohort study contains all dead
persons in Slovak Republic within period from 1996 to 2014. In
total, we have 997,165 observations (dead persons). Table 1 tells
us, that main causes of deaths in the Slovak Republic are diseases
of the circulatory system, neoplasms, diseases of the respiratory
system, injury, poisoning and certain other consequences of ex-
ternal causes, and diseases of the digestive system.

MATERIALS AND METHODS

We use multinomial logistic regression, which is applicable
in cases, when the dependent variable is nominal with more than
two levels. Multinomial logistic regression is thus extension of
logistic regression, which is applicable when the response variable
is binary (dichotomous). Multinomial logistic regression does not
assume normality, linearity and homoscedasticity. Analysis was
done by IBM SPSS Software.

As mentioned above, in our analysis we are interested in dif-
ferences in mortality across Slovak Republic. In our regression,
response variable (dependent variable) is death category, accord-
ing the International Statistical Classification and Related Health
Problems. Pursuant to the above, we have 19 categories of the
response variable. Our explanatory variables are Region, Gen-
der, Year and Age. Region and Gender are qualitative variables,
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whilst Year and Age are continuous varibles. In case of qualita-
tive explanatory variable, we refer to a factor. In our multinomial
logistic regression we use Diseases of the circulatory system as a
reference category. We are doing so, because it is usual practice in
cases, when sample sizes are very unequal in the groups what is
our case. This occurs often for naturally occurring groups, what
the mortality undoubtedly is. As the reference level, Bratislava
region was set. We do so mainly because of the fact, that Bratis-
lava region significantly outperform other regions of the Slovak
Republic in terms of economic activity (Bratislava region is in
top 10 economically strongest regions in EU and attaint over 80%
of the EU-28 average in gross value added per person employed)
(20). Moreover, capital city of the Slovak Republic, Bratislava, is
situated in Bratislava region and regions with capital cities usu-
ally operate under different modes as the rest of the country. The
distribution of the population of Slovak Republic within regions
is following: Bratislava region: 633,288 residents; KoSice region:
796,650; Trnava region: 559,697; Tren¢in region: 589,935; Nitra
region: 682,527; Zilina region: 690,434; Banska Bystrica region:
653,024; PreSov region: 820,697. This distribution of residents
is also argument for using Bratislava region as reference level,
because this region is medially populated to other regions.
Model fit is significant, which indicates that full model predicts
significantly better, or more accurately, than the null model.

RESULTS

In following subheads the analyses for every group of diseases
are presented. We gave up the analysis of Diseases of the eye
and adnexa (H00-H59), Diseases of the ear and mastoid proc-
ess (H60-H95), Diseases of the skin and subcutaneous tissue
(LOO0-L99), Pregnancy, childbirth and the puerperium (O00-099)
where number of deaths is too low and this fact would resultin an
instability of our model. Results of multinomial logistic regression
are shown in Table 2 and in Table 3.

Just 5,427 people died, thus 0.5% of the total death number has
been caused by Certain infectious and parasitic diseases (Table
1). As we can see in Table 2, the relative risk of dying for reasons
of Certain infectious and parasitic diseases is 35% lower in the
KoSice region than in Bratislava region relative to Diseases of
the circulatory system. This chance is likewise lower in all other
regions: in Trnava region lower by 28%, in Tren¢in region lower
by 31%, in the Nitra region lower by 42%, in Zilina region by
12%, in Banska Bystrica region by 10% and in PreSov region
by 41%. Males are by 16% less likely to die because of Certain
infectious and parasitic diseases than females. Age has negative
influence on risk of dying because of Certain infectious and para-
sitic diseases relative to Diseases of the circulatory system. So
as age increase by one year, the risk of dying because of Certain
infectious and parasitic diseases as compared to Diseases of the
circulatory system diminish by 6%. Over time, the risk of dying
because of Certain infectious and parasitic diseases as compared to
Diseases of the circulatory system has increased by 9% (Table 2).

Neoplasms were as a cause of death detected in 228,009, what
is 22.9% of all deaths. Since all regression coefficients concerning
region are less than 1, the relative risk of dying due to neoplasms
is smaller than in Bratislava region relative to diseases of the
circulatory system in all regions. This chance is by 27% lower

in KoSice region, only by 11% lower in Trnava region, by 21%
lower in Tren¢in region, by 13% lower in Nitra region, by 20%
lower in Zilina region, by 26% lower in Banska Bystrica region
and by 19% lower in the PreSov region; comparing to Bratislava
region. Males are by 18% more likely to die because of Neoplasms
than females relative to Diseases of the circulatory system. As
age increase by one year, the risk of dying because of Neoplasms
decrease by 5% relative to Diseases of the circulatory system.
Within time span from 1996 to 2014, the risk of dying because
of Neoplasms as compared to Diseases of the circulatory system
has increased by 1.9% (Table 2).

Only 1,031 persons died because of the diagnosis, which are
included in chapter of Diseases of the blood and blood-forming
organs and certain disorders involving the immune mechanism.
Here the relative risk of death because of Diseases of the blood
and blood-forming organs and certain disorders involving the
immune mechanism are smaller in the KoSice region by 51%,
in Banska Bystrica region by 43% and in the PreSov region by
28% than in Bratislava region versus Diseases of the circulatory
system. Males are less likely to die because of Diseases of the
blood and blood-forming organs and certain disorders involving
the immune mechanism than females relative to Diseases of the
circulatory system by 37%. With age, the risk of dying because
of Diseases of the blood and blood-forming organs and certain
disorders involving the immune mechanism decrease by 6%
relative to Diseases of the circulatory system. Within period
1996-2014, the risk of dying because of Diseases of the blood
and blood-forming organs and certain disorders involving the
immune mechanism as compared to Diseases of the circulatory
system has increased by 2.8% (Table 2).

During observed period 14,442 persons died because of dis-
eases which are included in Endocrine, nutritional and metabolic
diseases group. Contrary to our previous results, the relative risk
of dying for reasons of Endocrine, nutritional and metabolic
diseases is by 21% higher in KoSice region, by 14% higher in
Trenc¢in region, by 25% higher in Nitra region and by 11% higher
in the Banska Bystrica region than in Bratislava region relative to
Diseases of the circulatory system. Males are by 31% less likely
to die because of Endocrine, nutritional and metabolic diseases
than females relative to Diseases of the circulatory system. As
age increase by one year, the risk of dying because of Endocrine,
nutritional and metabolic diseases decrease by 3% relative to
Diseases of the circulatory system. Over time, the risk of dy-
ing because of Endocrine, nutritional and metabolic diseases as
compared to Diseases of the circulatory system has increased by
0.4% (Table 2).

Mental and behavioural disorders occur as a cause of death
very occasionally, only in 313 cases per examined period. The
odds of demise because of mental and behavioural disorders are
smaller in the Kosice region by 71%, in Tren¢in region by 39%, in
Nitra region by 44%, in Zilina region by 54%, in Banska Bystrica
region by 66% and in PreSov region by 74% than in Bratislava
region compared to Diseases of the circulatory system. In case
of Trnava region and Age the coefficients is not statistically
significant. Age has negative influence on risk of dying because
of Mental and behavioural disorders relative to Diseases of the
circulatory system. So as age increase by one year, the risk of
dying because of Mental and behavioural disorders as compared
to Diseases of the circulatory system diminish by 7%. Over time,
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the risk of dying because of Mental and behavioural disorders
as compared to Diseases of the circulatory system has increased
by 7% (Table 2).

Diseases of the Nervous system caused death in 11,642 cases,
what equals to 1.2% of all deaths. The relative risk of dying
because of Diseases of the nervous system is smaller in KoSice
region by 10%, in Trnava region by 17%, in Tren¢in region by
21%, in Nitra region by 22%, in Zilina region by 19%, in Banské
Bystrica region by 18% and in PreSov region by 24% by compar-
ing to Bratislava region and relative to Diseases of the circulatory
system. Males are by 19% less likely to die because of Diseases
of the nervous than females relative to Diseases of the circula-
tory system. With increasing age, the risk of dying because of
Diseases of the nervous decrease by 8% relative to Diseases of
the circulatory system. Within time span from 1996 to 2014, the
risk of dying because of Diseases of the nervous as compared to
Diseases of the circulatory system has increased by 7% (Table 2).

Diseases of the respiratory system caused death in 59,246
cases, what is 5.9% of all deaths. In group of diseases belonging
to Diseases of the respiratory system we observe two patterns.
There are two types of regions. Among the regions where the
relative probability of dying for reasons of Diseases of the res-
piratory system relative to Diseases of the circulatory system is
lower than in Bratislava region, regions of Tren¢in and Presov
belong. This chance is lower in Tren¢in region by 16% comparing
to Bratislava region and by 9% in PreSov region. On the other
hand, we distinguish two regions where the risk of dying due
to Diseases of the respiratory system relative to Diseases of the
circulatory system are higher than in Bratislava region. These
regions are Nitra region, where the risk of dying due to Diseases
of the respiratory system relative to Diseases of the circulatory
system is higher by 2.7% than in Bratislava region and Zilina
region, where the risk is higher by 14%. Males are by 31% more
likely to die because of Diseases of the respiratory system than
females relative to Diseases of the circulatory system. By aging,
the risk of dying because of Diseases of the respiratory system
diminish by 2% relative to Diseases of the circulatory system.
Within the observed period, the risk of dying because of Diseases
of the respiratory system as compared to Diseases of the circula-
tory system has increased by 1% (Table 2).

Diseases of the digestive system caused 51,240 deaths what
equals to 5.1% of all deaths. Table 3 indicates, that in cluster of
Diseases of the digestive system we have similar pattern which
prevails in the majority of other clusters. The risk of demise caused
by Diseases of the digestive system are lower in all regions of the
Slovak Republic than in Bratislava region relative to Diseases of
the circulatory system. This chance is minor in the KoSice region
by 33%, in Trnava region by 20%, in Trenc¢in region by 31%, in
Nitra region by 11%, in Zilina region by 24%, in Banska Bystrica
by 24% and in PreSov region even by 45%. Males are more likely
to die because of Diseases of the digestive system relative to
Diseases of the circulatory system by 25%. With age, the risk of
dying because of Diseases of the digestive system decrease by 6%
relative to Diseases of the circulatory system. Over time, the risk of
dying because of Diseases of the digestive system as compared to
Diseases of the circulatory system has increased by 2.7% (Table 3).

Diseases of the musculoskeletal system and connective tissue
occur as a cause of death rarely, in only 935 cases. The risk of
demise because of Diseases of the musculoskeletal system and

connective tissue is smaller in Trnava region by 29%, in Tren¢in
region by 25% and in Zilina region by 45% than in Bratislava
region and relative to Diseases of the circulatory system. Coeffi-
cients for other regions are not statistically significant. Concerning
generic differences, we observe that males are by 65% less prone
to die because of Diseases of the musculoskeletal system and
connective tissue relative to Diseases of the circulatory system
by 25% than females are. With age, the risk of dying because of
Diseases of the musculoskeletal system and connective tissue
decrease by 6% relative to Diseases of the circulatory system.
Over time, the risk of dying because of Diseases of the muscu-
loskeletal system and connective tissue as compared to Diseases
of the circulatory system has increased by 2.6% (Table 3).

Diseases of the genitourinary system caused death in 13,624
cases. In this category of diseases the relative risk of dying for
reasons of Diseases of the genitourinary system is lower in the
Kosice region by 43%, in Trnava region by 22%, in Tren¢in
region by 37%, in Nitra region by 25%, in Zilina region by
38%, in Banské Bystrica region by 20% and in PreSov region by
40% compared to Bratislava region and relative to Diseases of
the circulatory system. In case of Diseases of the genitourinary
system, males are by 10% less likely to die than females relative
to Diseases of the circulatory system. By aging, the risk of dying
because of Diseases of the nervous decrease by 3% relative to
Diseases of the circulatory system. Within the observed period,
the risk of dying because of Diseases of the genitourinary system
as compared to Diseases of the circulatory system has increased
by 0.6% (Table 3).

Certain conditions originating in the perinatal period are con-
cerning fetuses and newborns. We count here 3,275 deaths. The
interpretation of obtained coefficients is here a little bit strange,
as this cluster is different from others in terms, that already living
individuals can not have as a cause of death diagnose from this
cluster. Anyway, we will interpret the coefficients about generic
differences and time aspect, but keep in mind about stated fact.
Males are by 65% more likely to die because of Certain condi-
tions originating in the perinatal period than females. Over time,
the risk of dying because of Certain conditions originating in the
perinatal period compared to Diseases of the circulatory system
has increased by 1.5% (Table 3).

2,970 deaths occurred in observed period in Congenital mal-
formations, deformations and chromosomal abnormalities group
of deseases. The relative risk of dying because of Congenital
malformations, deformations and chromosomal abnormalities is
by 46% smaller in KoSice region and by 28% smaller in PreSov
region compared to Bratislava region and relative to Diseases
of the circulatory system. Females are by 8% less likely to die
because of Congenital malformations, deformations and chro-
mosomal abnormalities than males relative to Diseases of the
circulatory system. As age increase by one year, the risk of dying
because of Congenital malformations, deformations and chromo-
somal abnormalities as compared to Diseases of the circulatory
system diminish by 18%. Over time, the risk of dying because
of Congenital malformations, deformations and chromosomal
abnormalities as compared to Diseases of the circulatory system
has increased by 5.2% (Table 3).

Exactly 1% of the population died for the reasons of Symptoms,
signs and abnormal clinical and laboratory findings, not elsewhere
classified. The relative risk of dying for reasons of Symptoms,
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signs and abnormal clinical and laboratory findings, not elsewhere
classified is by 24% lower in KoSice region, by 40% lower in
Trnava region, by 18% lower in Trencin region, by 19% lower
in Nitra region, by 12% lower in Zilina region, by 38% lower in
Banska Bystrica region and 26% lower in PreSov region compared
to Bratislava region and relative to Diseases of the circulatory
system. Relative risk of dying becase of Symptoms, signs and
abnormal clinical and laboratory findings, not elsewhere classified
is by 21% higher in case of males than in case of females relative
to Diseases of the circulatory system. By aging, the risk of dying
because of Symptoms, signs and abnormal clinical and labora-
tory findings, not elsewhere classified decrease by 9% relative to
Diseases of the circulatory system. Over time, the risk of dying
because of Symptoms, signs and abnormal clinical and laboratory
findings, not elsewhere classified as compared to Diseases of the
circulatory system has increased by 5.8% (Table 3).

Injuries, poisoning and certain other consequences of exter-
nal causes contributed to total number of deaths by 6%, what
makes 58,396 deaths. Here again, the interpretation of obtained
coefficients is a little bit vague, because of coincidence. The
relative risk of dying because of Injuries, poisoning and certain
other consequences of external causes is by 34% lower in KoSice
region, by 15% lower in the Trnava region, by 22% lower in the
Trencin region, by 14% lower in Nitra region, by 14% lower in
Zilina region, by 24% lower in Banska Bystrica region and by
46% lower in PreSov region in comparison to Bratislava region
and relative to Diseases of the circulatory system. Males are
more than twice more likely to die because of Injuries, poison-
ing and certain other consequences of external causes relative to
Diseases of the circulatory system compared to females. With
age, the risk of dying because of Injuries, poisoning and certain
other consequences of external causes decrease by 10% relative
to Diseases of the circulatory system. Over time, the risk of dying
because of Injuries, poisoning and certain other consequences of
external causes as compared to Diseases of the circulatory system
has increased by 1.6% (Table 3).

DISCUSSION

Early in the last century, infectious diseases were the most
common cause of mortality in the world. The discovery of an-
tibiotics and anti-tuberculotics, major socio-economic changes,
and lifestyle modification have changed the structure of mortal-
ity over the last 70 years. Diseases of the circulatory system,
neoplasms, Diseases of the respiratory system, Injury, poisoning
and certain other consequences of external causes and Digestive
system diseases are the most frequent causes of death in Slovak
republic in the years 1996-2014. The above-mentioned diseases
caused the deaths of about 94 percent of the Slovak population,
while other diseases have led to death rarely.

Cardiovascular diseases consequenced aproximately 54 per-
cent of all deaths in Slovakia. In Western European countries,
cardiovascular morality has a decreasing trend, while in Slovakia
it has not declined significantly in the first years of this decade. In
addition, standardised mortality ratio for ischemic heart disease
in Slovakia is the second highest from all countries of the Euro-
pean Union and is more than 1.5 times higher than in the Czech
Republic (21). Genetic predisposition, stress, smoking, consumer

lifestyle and civilization diseases (hypertension, diabetes, hy-
perlipidemia) increase the risk of cardiovascular mortality.
Lack of movement, excessive fat intake and inadequate intake
of polyunsaturated fatty acids in Slovak males and females
accelerate atherogenesis (22). About one quarter of the adult
population in Slovakia smokes cigarettes (23). 40% of young
adults in Slovakia suffer from hypertension, the prevalence of
hypertension in this age group is one third higher than in Aus-
tria or in Hungary. Only a small part of hypertonic patients is
regularly managed (24). The prevalence of diabetes in Slovakia
is more than 6% and it has increased in last years (25). 95% of
patients with acute coronary syndrome have at least one of the
following risk factors: hypertension, smoking, diabetes mellitus
or hyperlipidemia (26).

Changes in the external environment and lifestyle, as well
as the prolongation of mean life expectancy, have resulted in
increased mortality in oncological diseases in last decades. Inci-
dence and mortality of oncological diseases is higher in both men
and women in Slovakia than in the EU. The three most common
oncological causes of mortality in Slovakia are lung cancer,
colorectal cancer and cancers of the neck and head in the male
population and breast cancer, colorectal cancer and lung cancer
in the female population (27).

The most common cause of death among digestive diseases in
Slovakia is liver cirrhosis. Mortality on liver disease is on the rise
in developed countries. Liver disease mortality increased in the
United Kingdom between 1970 and 2010 almost six times (28).

Slovakia is at 4th place in men and 5th in women in liver cir-
rhosis mortality among the European Union countries, although
the prevalence of viral hepatitis is not high (29).

Slovakia is one of the countries with the highest consumption
of alcohol, alcoholic liver disease is the most common cause of
advanced liver diseases in Slovakia.

Our manuscript analyzes the causes of death in Slovakia and its
individual regions and the influence of gender and age on causes
of mortality. The higher prevalence of cardiovascular morbidity
and mortality in rural areas is explained by higher proportion of
older population, lower income, unhealthy lifestyle and less ac-
cessible specialised cardiology medical care (30). There are large
differences in cardiovascular mortality among individual regions
in Slovakia. Cardiovascular mortality in the Bratislava region,
where more than 85% of the population lives in the Bratislava
urban area, is 50.8%, while cardiovascular mortality in the PreSov
region with the majority of the population living in the rural area
is 56.3%. On the other hand, oncological mortality is higher in
the Bratislava region than in other Slovak regions.

Although cardiovascular disease is the most common cause of
death in the Slovak Republic, the mean age of death is the high-
est in this group of patients. All other groups of diseases have a
shorter life expectancy. The lowest average age of death among
the common causes of mortality was in the group Injury, poisoning
and certain other consequences of external causes followed by
digestive diseases and malignancies. Unhelathy lifestyle shortens
life expectancy, many premature deaths in Slovakia are associ-
ated with excessive alcohol or tobacco consumption. Smoking
reduces the age at the time of a major cardiovascular event, on
average, by 10.0 years in men and by 12.4 years in women (26).

Health policy in Slovakia in the coming years must be targeted
at reducing cardiovascular morbidity and mortality, early detection
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of malignant diseases and lifestyle improvement including lower
consumption of alcohol and tobacco products.

CONCLUSIONS

Our results can be useful for the setting active prevention
programs, as well as a hospital network specialising on the high
risky type of diagnosis in the regions of Slovak Republic. Regional
differences in mortality are also determined by the limited access
to health care which is often the reason of mortality due to the
neglect of health care, or the increase of chronic illnesses, what
can significantly burden the health care system. By prevention
programmes targeted to the selected groups of population as
well as the selected regions, the morbidity and mortality can be
actively controlled what leads to increasing the effectiveness of
health care system.
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