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SUMMARY

Aim: The aim of our study was to find statistical associations including trends of standardised rate ratio of age-adjusted mortality rates for the
male population as compared to the female population, in relation to available demographic factors (Chapter Il - neoplasms vs. Chapter IX — Dis-
eases of the circulatory system, Slovak region and calendar year of death).

Methods: Dataset of individual cases of death in Slovakia with some demographic factors during 1996-2013 were provided by Slovak National
Health Information Center. We used regression and correlation analyses, as well as analyses of variance and covariance along with descriptive

statistics.

Results: The standardised rate ratio of age adjusted mortality rates of men versus age-adjusted mortality rates of women differs between
Chapter Il and Chapter IX (mean 2.08 vs. 1.35, p<0.001). There are also significant differences of standardised rate ratio among regions (p<0.05).
Trends show that the standardised rate ratio has significant regional decline for Chapter II: Kogice (p <0.01), Trenéin (p<0.001) and Zilina (p <0.05)
whereas in Chapter IX Zilina region (p <0.01) is implicated. In other Slovak regions standardised rate ratio stagnates.

Conclusions: Standardised rate ratios of age-adjusted mortality rates for the male population compared to the female population are significantly
dependent on chapter, sex and region. Standardised rate ratios either decline or stagnate.
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INTRODUCTION

Many foreign research studies deal with examining the basic
biosocial characteristics (age, sex, marital and social status, etc.)
because of the revealing of priority classification line when consid-
ering the development of mortality and morbidity diagnoses, resp.
groups of diagnoses. Gender as a basic classificatory character in
many research studies allows deeper study of other related socio-
economic determinants of mortality development of the region,
standard of living and its impact on population health, risk impact,
environmental factors, etc. For example, the study by Mikkola et
al. (1) that shows an increase in mortality from cardiovascular
disease in men of younger age opposite to women, in women it
increases sharply after 60 years of age. The study does not specify
or examine why are so significant age differences registered. Rea-
son is multi-dimensional impacts associated with the heterogeneity
of the socio-economic conditions in the regions of the country.

A research study by Roth et al. (2) dealt with the deeper re-
search on regional disparities in the development of cardiovascular
mortality in the years 1990-2013. The results of the analysis
declare the fact that in the long term is a clear decline in cardio-
vascular mortality, but also the diagnosis is shifting increasingly to
the lower ages, which is negative phenomena in the context of the
set of prevention programs. The authors highlight the importance
of studying the development of mortality differentiated not only
by age and sex, but also regions, because there is a large varia-
tion in mortality between regions and within them. These facts
raise logical place to appeal for the creation of overall regional
health plans, which would reflect the current state of health of
the population of the region and all its determinants which acts
on it. This would support the creation of regional platforms and
the comparative production of specific health policies.

Regional disparities in the development of mortality at a higher
geographical level (countries and continents) were examined by

S80



experts in the study by Naghavi et al. (3), which aimed at exam-
ining epidemiological differences in the evolution of mortality
in 188 countries between 1990 and 2013. The increase in age-
standardised mortality rates in some countries indicates a serious
failure in health policy in selected countries and regions that pro-
mote many research teams to examine deeper and detect causes.

Indian study of research experts Gupta et al. (4) confirms the
existence of significant regional differences in risk factors. At the
macro level significant regional differences in mortality due to
cardiovascular disease were analysed and confirmed. The authors
of the study appeal on the need for the implementation of further
analysis of the different risk factors that cause different mortal-
ity of cardiovascular diseases to compare the results between
regions to one another within the same country. Also, Moran et
al. (5) explore the deep difference in mortality between countries
(21 countries were surveyed), and came to the conclusion that in
most regions of the world, particularly in high-income world, the
age-standardised mortality from ischemic heart disease declines
since 1980. In the countries of Eastern Europe, Central Asia and
South Asia, where high age-standardised mortality from ischemic
heart disease have been recorded the authors appeal on the need
of active prevention and permanent monitoring of risk factors.
They also highlight the importance of the research of unique be-
havioural and environmental determinants of increased mortality
from ischemic heart disease.

There are many similar research studies (3, 5-8), their impor-
tance results from the detection of context and regional disparities
in mortality in specific groups of diseases, in order to subsequently
detect all determinants that cause these disparities and thus con-
tribute to the deepening of inequalities in health between regions
and between countries. European Union programs clearly put
pressure to eliminate these inequalities in health and to the devel-
opment of active policies and international benchmarks that would
support improving the health of populations worldwide (9-11).

Despite the availability of a wide range of research studies
addressing the issue of the impact of socioeconomic factors on
mortality, currently it is very difficult to find recommendations
on how to proceed in developing the concept of national health
policy, the creation of regional health plans or prevention pro-
grams (12, 13). It can result from the significant heterogeneity of
health systems in individual countries, lower availability of their
database, as well as the rate of adaptability and acceptability of
the results of research teams for health policy of the country (14,
15). Ones of the forms of elimination of low rates of knowledge
dissemination between countries in the field of effective preven-
tion programs are the active cooperation between countries in the
field of public health, sharing research results and improving data
base that provides for national as well as international benchmark-
ing in this area (16-18).

In Slovak Republic, more than three fourths of deaths are
caused by diseases either from Chapter Il (ICD — International
Statistical Classification of Diseases and Related Health Problems,
neoplasms, C00-D48,) or from Chapter X (circulatory system dis-
eases, 100-199). The corresponding proportions during 1996-2013
were 22.7% and 54.0% (together 76.7%). Main objective of our
paper is to find statistical associations including trends of stand-
ardised rate ratio of age-adjusted mortality rates for population of
men compared to population of women in relation with available
demographic factors (chapter, region and calendar year of death).

MATERIALS AND METHODS

Slovak National Health Information Center kindly gave us
data about individual cases of deaths in Slovakia with some de-
mographic factors during 1996-2013. Aggregated death counts
according to chapter, sex region and calendar year of death were
then adjusted by direct standardisation according to age and
sex for purpose of comparisons. Reference population was EU
population in standard 5-year age intervals for both sexes. But
adjusted rate has meaning only when compared with a similarly
adjusted rate. Its value means little itself (19). Therefore, we
used the ratio of age-adjusted mortality rates of men versus
age-adjusted mortality rates of women. It is called standardised
rate ratio (SRR) (20).

Beside basic descriptive statistics we used regression and
correlation analyses and analysis of variance (ANOVA) and
analysis of covariance (ANCOVA). Regression and correlation
analyses were used for trend estimations of standardised rate
ratios in separate regions during 1996-2013. Analysis of covari-
ance was used for comparisons based on two categorical factors
(chapter and region) and one continuous variable (calendar year
of death). We have found ANCOVA useful in testing of regres-
sion (slope) parameters equality. One of assumptions of ANOVA
and ANCOVA is homogeneity of variances in compared groups
(tested by Levene’s homogeneity-of-variance test). In our case
it is not fulfilled. So we used nonparametric Kruskal-Wallis test
with stepwise stepdown multiple comparisons for attainment of
homogenous subgroups. Another assumption is that each group
is an independent random sample from a normal population.
ANOVA is robust to departures from normality but the data should
be symmetric. All statistical reports and graphs were made in
statistical software IBM SPSS version 19.

RESULTS

Let us present results of analyses for standardised rate ratio
(SRR) of adjusted mortality rates of men versus adjusted mortality
rates of women. We can see from Table 1 that maximum value
of standardised rate ratio (1.595) in Chapter IX is smaller than
is minimum value of standardised rate ratio (1.616) in Chapter
I1. So ranges of standardised rate ratio values in chapters did not
overlap at all. It means significant difference (p<0.001) in case
of so many values. Now we can make conclusions about meaning
of SRR values. Maximum value in Chapter Il is 2.467. It means
that age-adjusted mortality rate of men in comparison with age-
adjusted mortality rate of women is by 146.7% larger. In case of
minimum value, it is larger by 61.6%. In Chapter 1X range of
relative difference between men and women of SRR values is
smaller (from 18.6% to 59.5%)

We present here also ten extreme (the largest and the smallest)
values of SRR according to chapter, region and year of death. In
tables and in graphs we use common abbreviations of Slovak
regions: BC (Banska Bystrica), BL (Bratislava), KE (Kosice), NI
(Nitra), PV (Predov), TA (Trnava), TC (Trenéin) and ZA (Zilina).

Two regions are remarkable at first sight in Chapter 11 (Table
2). Region PreSov occurs in seven cases of ten largest values. On
contrary Bratislava region is by far the best region. All 10 smallest
SRR values belong to Bratislava. In Chapter IX the situation is not
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Table 1. Statistical parameters of standardised rate ratio by chapter

Chapter N Mean Median SD Minimum Maximum
Il - neoplasms 144 2.077 2.069 0.1891 1.616 2.467
IX - diseases of the circulatory system 144 1.354 1.352 0.0577 1.186 1.595

so clear. Extreme values are distributed more uniformly among
regions. No region prevails as in case of Chapter II.

Now we can use analysis of covariance to test influence
of chapter, region and calendar year of death on standardised
rate ratio. Levene’s homogeneity of variance test is significant
(p<0.001). That is why we use nonparametric Kruskal-Wallis test.

From ANCOVA table it is clear that there are significant differ-
ences of SRR between chapters (p<0.001) (Table 3). Also there
are significant differences of SRR among regions (p=0.016) and
among years (p<0.001). What else all interaction terms — chap-
ter *region (p<0.001), chapter * year (p<0.001) and region * year
(p=0.017) are significant. In our case the effect of region on SRR
is different in Chapter 11 in comparison with Chapter IX. Second
significant interaction term tells us that effect of year on SRR is
dependent on chapter. And last, effect of calendar year of death
on SRR is dependent on region. An assumption underlying the
correct usage of ANCOVA is that the regression slopes associ-
ated with the categorical factors are equal (21). In our case this
assumption is violated. So we split reports by regions.

Histogram of standardised rate ratio by chapter presents differ-
ence between standardised rate ratios of Chapter Il and of Chapter
IX (Fig. 1). Difference is clear not only in parameters of location
and scale but also in shape of empirical distributions.

In case of standardised rate ratio by regions in Chapter Il it is
not so clear. In Figure 2 are depicted corresponding boxplots by
region. We can see for example downward positive shift in values
of standardised rate ratio in Bratislava region in comparison with
all other Slovak regions. In case of Chapter IX (Fig. 3) we are
not able to say any reliable conclusions about differences among
Slovak regions.

Because of non-homogeneity of variance, we used Kruskal-
Wallis test to test equality of regions based on standardised rate
ratio values. By stepwise stepdown multiple comparisons, we
found homogenous subsets of regions.

We see that in case of Chapter Il three of four homogenous
subsets of Slovak regions overlap (Table 4). Each cell shows the
sample average rank of SRR. The first subset of Bratislava is
distinct. Bratislava is relatively the best region with the smallest
standardised rate ratio values. The worst region is PreSov but it
is not statistically worse than are other two regions — Banska
Bystrica and Zilina.

Stepwise stepdown test confirms situation of standardised rate
ratio in Chapter IX which we presented in boxplots of regions.
There are only two homogenous subsets that really overlap (Table
5). Relatively the best region with smallest standardised rate ratio
values is Trnava but it is not statistically better than are other five

Table 2. Extreme values of standardised rate ratio by chapter, by region and by year of death

Chapter Il Chapter IX
Region Year SRR Extremes Region Year SRR Extremes
PV 2002 2.467 Max. ZA 2001 1.595 Max.
ZA 2002 2.459 Max. BL 1996 1.507 Max.
PV 1996 2.456 Max. BC 2007 1.492 Max.
PV 1998 2.419 Max. ZA 1996 1.481 Max.
PV 2013 2.406 Max. TC 2003 1.475 Max.
BC 1998 2.397 Max. TC 1997 1.458 Max.
KE 1999 2.396 Max. NI 2008 1.454 Max.
PV 2010 2.395 Max. ZA 2002 1.439 Max.
PV 1999 2.395 Max. ZA 2003 1.435 Max.
PV 2005 2.377 Max. TC 2004 1.430 Max.
BL 1997 1.750 Min. PV 2001 1.274 Min.
BL 2002 1.739 Min. BL 2003 1.272 Min.
BL 1996 1.737 Min. TC 2012 1.265 Min.
BL 2008 1.712 Min. BL 1999 1.261 Min.
BL 2012 1.690 Min. KE 2001 1.255 Min.
BL 2010 1.674 Min. TA 2013 1.254 Min.
BL 2013 1.667 Min. TA 2000 1.251 Min.
BL 2006 1.665 Min. PV 2005 1.231 Min.
BL 2001 1.651 Min. NI 2013 1.229 Min.
BL 1999 1.616 Min. PV 2011 1.186 Min.
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Table 3. ANCOVA table of standardised rate ratio by chapter, by region and by year

Source Sungfp :qI::ares Degrees of freedom Mean square F p-value
Corrected model 41.115 24 1.713 213.338 <0.001
Intercept 0.292 1 0.292 36.338 <0.001
Chapter 0.097 1 0.097 12.128 <0.001
Region 0.141 7 0.020 2513 0.016
Year 0.216 1 0.216 26.907 <0.001
Chapter *region 1.354 7 0.193 24.081 <0.001
Chapter*year 0.088 1 0.088 10.926 <0.001
Region *year 0.140 7 0.020 2.493 0.017
Error 2112 263 0.008

Total 890.772 288

Corrected total 43.227 287

regions — Bratislava, PreSov, Trenc¢in, Nitra and KoSice. The worst
region is Zilina and it is not different from all other regions with
exception of Trnava.

Now we can test possible trends of standardised rate ratio in
separate Slovak regions and in both chapters. We present here
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Fig. 1. Histogram of standardised rate ratio by chapter.

robust Spearman correlation coefficients of time dependence of
SRR values. Results are presented in Table 6. From sixteen Spear-
man correlation coefficients four ones are significant.

Standardised rate ratio of age-adjusted mortality rates between
men and women declines significantly in Chapter Il in regions
Kosice (coefficient of determination = 39.4%, p<0.01), Tren¢in
(see Fig. 4, coefficient of determination = 58.5%, p<0.001) and
Zilina (coefficient of determination = 32.3%, p<0.05) In Chapter
IX it is the case of Zilina region (see Fig. 5, coefficient of deter-
mination = 32.4%), p<0.01). In other Slovak regions standardised
rate ratio stagnates.

DISCUSSION

We wanted to find some statistical associations including
possible trends of standardised rate ratio of age-adjusted mor-
tality rates between men and women in relation with available
demographic factors (Chapter Il and Chapter 1X of International
Statistical Classification of Diseases, region and calendar year of
death) during 1996-2013 in Slovak regions.

Standardised rate ratio of age-adjusted mortality rates between
men and women is different between chapters (p<0.001). Also
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Fig. 2. Boxplot of standardised rate ratio by regions in Chapter
Il.

Fig. 3. Boxplot of standardised rate ratio by regions in Chapter
IX.
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Table 4. Homogenous subsets of regions based on standard-
ised rate ratio in Chapter Il

Subset
1 2 3 4

BL 10.111

TC 65.444

TA 65.444
Region NI 65.667

KE 71.500 71.500

ZA 88.667 88.667 88.667

BC 98.778 98.778

PV 114.389
Test statistic - 4.790 4.389 5.508
Adjusted p-value - 0.447 0.270 0.161

Table 5. Homogenous subsets of regions based on standard-
ised rate ratio in Chapter IX

Subset
1 2

TA 40.389

BL 55.111 55.111

PV 67.000 67.000
Region TC 75.778 75.778

NI 76.833 76.833

KE 77.500 77.500

BC 93.222

ZA 94.167
Test statistic 11.052 11.053
Adjusted p-value 0.067 0.087

Table 6. Spearman correlation coefficients of standardised
rates ratio and time by Slovak regions

Region Chapter Il Chapter IX
Banska Bystrica -0.304 -0.189
Bratislava -0.075 0.011
KoSice -0.692* 0.243
Nitra -0.307 -0.189
PreSov -0.329 0.024
Trnava 0.199 0.148
TrenCin -0.732*** -0.290
Zilina -0.540* -0.635*

*p<0.05, *p<0.01, **p<0.001

there are significant differences of SRR among regions (p<0.05)
and among years (p<0.001).

Standardised rate ratio declines significantly in Chapter Il in
regions Kosice (p<0.01), Trenéin (p<0.001) and Zilina (p<0.05).
In Chapter IX it is the case of Zilina region (p<0.01).

Fig. 4. Linear significant trend of standardised rate ratio in
Chapter Il and in Trencin region.

SRR
B
¢

Fig. 5. Linear significant trend of standardised rate ratio in
Chapter IX and in Zilina region.

In our analysis we want to emphasise the importance of re-
gional prevention programs aiming at the most serious causes of
deaths, circulatory system diseases and neoplasms, considering
sex differences. Our findings about gender gap are consistent
with the mentioned studies. Unfortunately, there are no active
prevention programs in Slovakia at present. Attention should
be paid to optimising the major factors of prevention, such as
health nutrition as well as physical activity in relation to age, sex,
employment and living conditions. Health is a key determinant
of economic growth and development of the society. The central
task is the cooperation with other players to create an environ-
ment that allows and encourages such changes in the behaviour
of individuals, families and communities that are beneficial to
health and will lead to a reduction in morbidity and mortality.

CONCLUSIONS

We have got interesting results of standardised rate ratio of
age-adjusted mortality rates in group of men in comparison with
group of women in Slovak regions in most frequent causes of
death (Chapter Il and Chapter IX).

Population studies are important but we must keep in mind also
limits of such results because quite a few important determinants
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are not available. At individual level we can mention genetics,
lifestyle, income, education and living conditions. At macro level
there are other possible determinants e.g. environment, popula-
tion composition, medical care disposal and medical care quality.
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