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Abstract

Objectives: At the end of the 20th century, after years of negligence in the prevention of cardiovascular diseases, Poland was struggling with
very high premature mortality. The period of 1991-2005 brought significant improvements since the general public introduced beneficial dietary
modifications. This paper aims to analyze the changes in the rate of premature mortality due to tobacco-dependent cardiovascular diseases in
Poland in 2008-2017. Material and Methods: The time trends of deaths occurring under the age of 65 years caused by ischemic heart disease,
cerebrovascular disease, atherosclerosis and aortic aneurysm were analyzed. Both standardized and crude premature mortality rates were used, as
well as mortality rates for patients grouped into 5-year age ranges with a breakdown by gender. The joinpoint model was used to determine these
time trends. Results: Premature mortality due to the analyzed cardiovascular diseases decreased linearly in 2008-2017. In the case of ischemic
heart disease and cerebrovascular diseases, the decrease amounted to approx. 5% per year, both in the female and male population. However, in
the case of atherosclerosis and aortic aneurysms, the rate of mortality reduction ranged 4-7% per year. The reduction concerned all the examined
age groups, but with different dynamics. The most considerable annual decrease was observed in the group of patients aged 40-44 years (7.9% for
females and 8.9% for males). Along with the increase in age, the dynamics of reduction decreased. Conclusions: In 2008-2017, Poland experienced
a decline in premature mortality due to tobacco-related cardiovascular diseases, particularly in the age group of 40-44 years. The decline may have
been associated, among other things, with a reduction in exposure to tobacco smoke, one of the cardiovascular risk factors. Int ] Occup Med Environ
Health. 2022;35(1):27-38
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INTRODUCTION

Cardiovascular diseases have been the main cause of

ronmental ones [2]. In response to this, highly developed

countries have begun to take measures leading to a decline

death in Poland for many years. The mortality rate caused
by these diseases is higher than in most EU countries and
over the years has contributed to shorter life expectancy
for women and men, compared to the average life expec-
tancy in other highly developed countries [1].

Owing to the results of the Framingham Heart Study [2],
the 1960s and 1970s brought the first reports on cardio-
vascular risk factors, and behavioral as well as the envi-
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in tobacco consumption and changes in eating habits, and
thus, to a reduction in mortality from cardiovascular dis-
eases [3]. Meanwhile, Poland pursued a policy of subsi-
dizing tobacco products and animal food products, which
kept both tobacco consumption rates and cardiovascular
mortality rates on an upward trend [3].

In Poland, the increase in mortality rates caused by cardio-
vascular diseases lasted until the early 1990s, and the mor-
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tality rate in the population of people aged 20-64 years
was by then already twice as high as the average for their
peers in the countries of the then European Union [4].
However, the 1990s brought a sharp decline in cardiovas-
cular mortality. It was a time of rapid social and political
changes in Poland, connected with the political transfor-
mation and the end of the communist period. The analy-
ses concerning this unprecedented period and the impact
of the decisions made at that time on the health situation
of the Polish population emphasized the importance of
changes in exposure to environmental and behavioral risk
factors of cardiovascular diseases, and the effect they had
on the decrease in cardiovascular mortality. More than
half of the total mortality reduction in 1991-2005 was
attributed to the decrease in exposure to modifiable risk
factors, with particular emphasis on changes in the diet
of Poles. During that period, the subsidization of food and
tobacco products was discontinued, and the availability of
fresh fruit and vegetables was increased by all-year-round
imports [5].

At the beginning of the 21st century, after 4 decades of
reducing mortality, a slowdown in the downward trend in
the young population was observed in highly developed
countries [6-8]. At the same time, there was a dramatic
increase in the number of deaths from cardiovascular
diseases in developing countries, affecting mainly people
aged 40-59 years [9].

In 2013, the World Health Organization (WHO) drew at-
tention to the need to reduce premature mortality due
to cardiovascular diseases, with a particular focus on
reducing the exposure to behavioral and environmental
risk factors. The target for 2013-2025 was to reduce at
least 25% of premature deaths caused by cardiovascular
diseases [10]. In the face of these global changes, fur-
ther decisions were made in Poland in order to maintain
the downward trend in mortality. In 2008, Poland rati-
fied the MPOWER anti-smoking strategy to reduce both

active and passive exposure to tobacco smoke. Within
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the framework of this program, among other things, in
2010, a general ban on smoking in public places was intro-
duced in Poland [11]. The successive implementation of
the solutions proposed by the WHO resulted in a decrease
in the prevalence of nicotinism in Poland in 2008-2017
by 9.4% for men and by 16.7% for women, according to
the Polish Central Sanitary Inspectorate [12].

This study aimed to analyze the changes in the level of
premature mortality of males and females due to cardio-

vascular diseases in 2008-2017 in Poland.

MATERIAL AND METHODS

The presented paper analyzes all registered deaths of
Polish residents aged <65 years in 2008-2017. The data
concerning the number of deaths and the size of the pop-
ulation in age ranges come from Statistics Poland.
The analysis includes deaths from selected cardiovas-
cular diseases, where the mortality rate depends largely
on the prevalence of smoking, based on Cancer Preven-
tion Study II Nutrition Cohort [13]. The initial cause
of death was classified according to the International
Statistical Classification, Diseases and Health Problems
(ICD-10) [14]. The time trends were determined for se-
lected groups - ischemic heart disease (120-125), cere-
brovascular disease (160-169), atherosclerosis (I70) and
aortic aneurysm (I71) (Table 1).

Unfortunately, the mortality statistics for cardiovascular
diseases in Poland in the years analyzed were charac-
terized by the low quality of data, especially as regards
cardiovascular diseases. In 2016, according to Statistics
Poland and the National Institute of Public Health and
Hygiene, almost half of all cardiovascular deaths (46.7%)
were related to the use of the so-called “garbage codes”
defined by the WHO [15,16]. For this reason, the authors
excluded the following from the analysis: rheumatic heart
disease 100-109, pulmonary heart disease and diseases of
pulmonary circulation 126-128, other heart diseases
(129-151) and other arterial diseases (I72-178). Pulmo-
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nary heart disease and heart failure were excluded be-
cause they are the consequences of the disease and not
the underlying cause of death [17]. The inclusion of ath-
erosclerosis, one of the most commonly misdiagnosed
underlying causes of death in cardiovascular diseases,
also in the population of young people, was to demon-
strate the scale of the problem.

In the analysis of the mortality of the population of men
and women aged <65 years, the mortality rates used
were those standardized based on the standard Europe-
an population of 2013 and crude mortality rates for age
groups [18]. Mortality trends were determined for 5-year
age groups (20-24, 25-29, 30-34, 35-39, 40-44, 45-49,
50-54, 55-59, and 60-64 years of age) with a breakdown
by gender.

In the determination of mortality time trends, the join-
point model was used, i.e., a special version of linear regres-
sion presenting time trends by means of a broken curve,
consisting of segments joining at points where a change in
the time trend is significant. The analysis was conducted
with the minimum number of 0 joinpoints (a straight
line), followed by tests for model fit with a maximum
of 1 joinpoint. The Monte Carlo permutation method
for tests of significance was used. The homoscedasticity
model was selected (errors are assumed to have constant
variance). Using the Monte Carlo permutation technique
with 4499 randomly selected data sets, the numbers and
locations of the joinpoints, with the best-fitted models
for mortality trend were estimated. When the single
joinpoint model more accurately described the mortality
trend, the location of the joinpoint on the timeline deter-
mined the year of the mortality trend change.

Based on the calculated models, the annual percentage
change (APC) between points and the average APC over
the whole analyzed period were determined for mortality
rates [19]. The statistical software Joinpoint Regression
v. 4.7.0.0 (the U.S. National Cancer Institute) was used
to determine the regression models. Both for the APC

Table 1.The analyzed groups of cardiovascular diseases causing
premature mortality in Poland in 2008—2017, according to ICD-10

(ardiovascular diseases causing premature mortality (ICD-10)

120—125 Ischemic heart disease
120 Angina pectoris
121 Acute myocardial infarction
122 Subsequent myocardial infarction
123 Complications following acute myocardial infarction
124 Other acute ischemic heart diseases
125 Chronicischemic heart disease
160169 Cerebrovascular diseases
160 Subarachnoid haemorrhage
167 Intracerebral haemorrhage
162 Other nontraumatic intracranial haemorrhage
163 Cerebral infarction
164 Stroke, not specified
165 Occlusion and stenosis of precerebral arteries,
not resulting in cerebral infarction
166 Occlusion and stenosis of cerebral arteries,
not resulting in cerebral infarction
167 Other cerebrovascular diseases
168 Cerebrovascular disorders in diseases classified elsewhere
169 Sequelae of cerebrovascular disease
170 Atherosclerosis
171 Aortic aneurysm and dissection

between points and the average APC of the coefficients,
95% confidence intervals (CI) were determined and
p < 0.05 was taken as the significance level.

The study was reviewed and approved by the Ethics Com-
mittee of the Poznan University of Medical Sciences.
No potentially identifiable human images or data are pre-

sented in this study.

RESULTS

In 2008, selected cardiovascular diseases caused 4473 pre-
mature deaths in females and 14 554 premature deaths
in males, which corresponded to 13.4% of all female pre-
mature deaths and 17.6% of all male premature deaths.
The cardiovascular diseases with the highest impact on
premature mortality among both women and men in-
cluded ischemic heart disease (10.5% and 5.9% of all

premature deaths among men and women, respectively),
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and cerebrovascular diseases (5.4% of all premature
deaths among men and 6.4% among women) (Table 2).
In the case of all analyzed diseases, the vast majority of
premature deaths occurred at >39 years of age. Moreover,
in all age groups, mortality rates were higher in the male
population. Detailed data on mortality in particular age
groups of males and females are presented in Table 3.
Premature mortality due to the above cardiovascular dis-
eases decreased over the discussed period, both in men
and women. The decrease was linear and amounted to
5.2% per year for women and 5% for men. The reduction of
premature mortality due to particular groups and diseases
was also linear. Premature mortality due to ischemic heart
disease decreased by 4.4% for females and 5.1% for males
per year. The annual decline in cerebrovascular mortal-
ity was similar, at 5.9% for females and 4.4% for males.
Premature mortality due to atherosclerosis, on the other
hand, decreased from year to year by 5.6% for females
and 7.3% for males, whereas for aortic aneurysms by 3.9%
and 5%, respectively. All identified trends in standardized
mortality rates, except for premature female mortality due
to atherosclerosis, are statistically significant (Table 4).
Mortality due to the cardiovascular diseases under analy-
sis decreased in all the examined age groups of female
and male patients, although at different rates. The highest
annual decrease in mortality was observed in the group
of 40-44 years of age, with 7.9% for females and 8.9%
for males. With an increase in the age of the surveyed,
the dynamics of mortality reduction decreased. However,
even in the oldest group analyzed, i.e., those 60-64 years
of age, it amounted from year to year to 4.7% for females
and 4% for males (Table 4).

Ischemic heart disease

Both male and female mortality reduction rates were
the highest in the age group of 30-44 years, with 11%
for men and 10% for women per year. The dynamics

of mortality reduction decreased in proportion to age.

Table 3. Premature mortality in the Polish population due to selected cardiovascular diseases by gender and age in 2008 according to the analyzed 5-year age ranges (crude rates/100 000 population)

Premature mortality rate in age groups

[crude rates/100 000 population]

35-39 years

Cause of death

45-49 years 50-54 years 55-59 years 60—64 years

40-44 years

25-29 years 30-34 years

20-24 years

Women

75.47
67.46
11.82
3.53

42.07

2091

11.80
15.18
0.45
0.90

497
8.48
0.34
0.60

1.43
2.77
0.00
0.08

0.82
231
0.00
0.07

0.19
1.07
0.00
0.19

0.00
0.93
0.00
0.00

ischemic heart disease

40.49
5.92
241

26.83

cerebrovascular disease

1.48
1.9

atherosclerosis

aortic aneurysm

Men

1.22 4.51 10.40 28.88 69.88 132.53 202.23 295.04

0.19

1.

ischemic heart disease

1.65 4.44 5 18.04 35.86 57.25 102.31 154.99
0.00 0.00 0.23 0.93 3.44 10.14 23.33 4.
0.43 0.53 1.32 2.20 3.59 8 10.28 19.13

28
0.00
0.38

cerebrovascular disease

atherosclerosis
aortic aneurysm
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Table 4. Time trends of standardized mortality rates due to the analyzed cardiovascular diseases in Poland in 20082017

Time trends of standardized mortality rates

Variable men
APC(95% CI) AAPC(95% Cl) APC(95% CI) AAPC(95% CI)
Cardiovascular disease
ischemic heart disease —4.4* (-5.3—(-3.5)) —4.4% (-5.3—(-3.5)) —5.1%(=5.7-(-4.4)) —5.1%(=5.7-(-4.4))
cerebrovascular disease -5.9% (-6.6—(-5.2)) -5.9% (—6.6—(-5.2)) —4.4% (-5.1-(-3.7)) —4.4% (-5.1-(-3.7))
atherosclerosis -5.6(=11.7-0.9) -5.6(=11.7-0.9) —7.3*% (-13.3—(-0.8)) —-7.3*(-13.3-(-0.8))
aortic aneurysm -3.9%(-6.9-(-0.9)) —3.9% (-6.9—(-0.9)) —4.5% (-5.8—(=3.1)) —4.5% (-5.8—(=3.1))
total —5.2% (-5.9-(-4.5)) -5.2%(-5.9—(-4.5)) 5.0% (-5.6—(-4.4)) 5.0% (-5.6—-(-4.4))
Age
20-24 years -24(-11.2-7.2) -24(-11.2-7.2) -3.7(-9.5-2.4) -3.7(-9.5-2.4)
25-29 years -5.0% (-9.5-(-0.2)) -5.0% (-9.5-(-0.2)) -3.6(-7.8-0.9) -3.6(-7.8-0.9)
30-34 years =5.7%(-9.6-(-1.7)) =5.7% (-9.6—(-1.7)) -5.3*(-8.4—(-2.0)) -5.3*(-8.4—(-2.0))
35-39 years -3.8%(-7.1-(-0.2)) -3.8%(-7.1-(-0.2)) -7.9%(-9.7-(-6.1)) -7.9%(-9.7-(-6.1))
40-44 years -7.9% (=10.0~(=5.7)) -7.9% (- 5.7)) -8.9%(-10.2-(~7.7)) -8.9%(~10.2-(~7.7))
45-49 years —5.8% (-8.4-(-3.1)) -5.8% (- 3.1) -7.0%(-8.1-(-5.8)) -7.0% (-8.1-(-5.8))
50-54 years —6.6% (—7.8—(-5.4)) —6.6* (-7.8—(-5.4)) —6.1* (-6.6—(-5.5)) —6.1* (-6.6—(-5.5))
55-59 years —4.7% (-5.9—(-3.5)) —4.7* (- -3.5)) -5.3*(-5.9-(-4.7)) -5.3%(-5.9-(-4.7))
60-64 years —4.7% (-5.4—(-3.9)) —4.7% (- -3.9)) —4.0% (-4.8—(-3.2)) —4.0* (-4.8—(-3.2))

AAPC — average annual percentage change; APC — annual percentage change.
*The significant values were marked at p < 0.05.

In the oldest groups analyzed, i.e., 55-64 years of age,
the decrease in the mortality rate was 4% per year. All
identified mortality trends for groups >30 years of age
were statistically significant (Table 5).

Cerebrovascular diseases

The decline in mortality in both sexes in all age groups
was similar to that of the entire population of people aged
<65 years (6% per year for women and 5% for men).
The mortality trends for women aged >40 years and men

aged >35 years were statistically significant (Table 5).

Atherosclerosis
The diagnosis of atherosclerosis as the cause of death

occurred mostly in the 2 oldest age groups, 92% of pre-

IJOMEH 2022;35(1)

mature deaths due to atherosclerosis referred to people
aged >55 years. Mortality reduction was observed in
all age groups. It was higher in younger groups, reach-
ing 20% per year, and decreased with age, reaching 3%
in females and 2% in males per year among the patients
aged 60-64 years. Only the trends observed among
males aged 45-54 years were statistically significant
(Table 5).

Aortic aneurysm

A decrease in mortality rates was observed in all age
groups, with the exception of males aged 30-34 years
and females aged 45-49 years, among whom the mor-
tality due to aortic aneurysm remained unchanged.

Among men, these trends were statistically significant
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for all males aged >45 years, whereas among females
the statistical significance pertained only to those aged
50-59 years (Table 5).

DISCUSSION

Among the former Eastern Bloc states, Poland is the larg-
est member of the EU. The county has been classified by
the World Bank as a high income economy since 2009 [20].
Polish economy has been growing steadily since 1992 re-
sulting in the country’s 7-fold increase in gross domestic
product (GDP) [21]. In 2017, the GDP per capita in Poland
amounted to 70% of the EU average [22].

In Poland, the decade 2008-2017 saw a reduction in pre-
mature mortality caused by the analyzed cardiovascular
diseases by nearly 37%, both among males and females.
The observed dynamics significantly exceeded the rate
of reduction of premature mortality due to cardiovas-
cular diseases, estimated by the WHO for 2013-2025
at 25% [10].

The highest mortality rates were observed in the case
of ischemic heart disease and cerebrovascular diseases.
The level of reduction of premature mortality due to
these 2 diseases oscillated around 5% per year, both in
the female and male populations. In the case of athero-
sclerosis and aortic aneurysms, the diseases responsible
for a much lower number of premature deaths, the rate of
mortality reduction ranged 4-7% per year.

In the case of cerebrovascular diseases and aortic aneu-
rysm, a similar rate of mortality reduction was observed
in all age groups, whereas in the case of ischemic heart
disease and atherosclerosis the reduction of mortal-
ity was higher in the younger age groups. This situation
corresponds with the model of decreasing cardiovascu-
lar mortality in highly developed countries in the 1980s.
At the beginning of the 21st century, in Great Britain,
the United States and Australia, a decrease in the reduc-
tion of cardiovascular mortality among younger people

was observed [6-8].

At the end of the analyzed period, the epidemiological
situation of Poland in terms of mortality from cardio-
vascular diseases was completely different than it was at
the beginning of the 1990s. In the 25-year period since
the beginning of the political transformation, Poland has
transitioned to a country in which mortality rates, both
due to ischemic heart disease and cerebrovascular diseas-
es, have reached the level of the European average [23].
This positive phenomenon was associated with changes
in exposure to risk factors that began in the early 1990s.
The results of the IMPACT study indicated the complex
nature of the changes affecting the reduction in mortal-
ity from coronary heart disease in 1991-2005 in Poland.
However, those results highlighted the greatest impor-
tance of the reduction in blood cholesterol levels due to
dietary modifications and the introduction of new treat-
ment methods [5].

This work is designed as a descriptive epidemiologi-
cal study. It aims to describe the trends in premature
mortality due to cardiovascular diseases in Poland.
The methodology used does not make it possible to show
the cause-and-effect correlation between any risk factors
and reduced premature mortality. However, the results of
the above analysis indicate that the subsequent preventive
health care decisions in Poland have ensured the continu-
ation of the downward trend in premature mortality due
to cardiovascular diseases observed since the early 1990s.
Cigarette smoking is one of the most important risk fac-
tors for cardiovascular diseases whose changes have been
observed in Poland over the past 25 years [24].

In 1994, Lopez [25] described a model of the nicotinism
epidemic according to which the effect of a change in
nicotinism prevalence in a population is reflected in
nicotinism-related mortality with a time lag of several
decades. Thus, due to the different course of the nico-
tinism epidemic in Poland, in comparison with Western
European countries and other developed countries where

a decrease in the number of smokers had already taken
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place in the 1960s, a reduction in the prevalence of nico-
tinism took place only in the second half of the 1990s,
i.e., about 20 years before the period covered by this
study [26]. In 1996-2014, the proportion of daily smok-
ers in Poland decreased from 31.5% to 22.7% [24]. In ad-
dition, the current smoke-free policy in Poland, based on
the WHO MPOWER strategy, contributed to a further de-
crease in the proportion of daily smokers by 9.4% for men
and 16.7% for women in 2009-2017, and to a significant
reduction in passive exposure to tobacco smoke in public
places [12].

Poland, due to its similar geographic location and
a similar history of being part of the Eastern Blog, is
considered within a group of countries such as Bulga-
ria, Croatia, the Czech Republic, Estonia, Latvia, Lithu-
ania, Romania, Hungary and Slovakia in the analyses on
the subject of cardiovascular mortality worldwide [27].
Many of these countries continue to exhibit the high-
est cardiovascular mortality rates in the world [28].
The authors of the aforementioned analyses indicate
a growing disproportion in mortality from cardiovascu-
lar diseases between the former Eastern Bloc countries
and Western European countries [29]. In this respect,
a significant change seems to be worth emphasizing,
concerning the mortality from cardiovascular diseases
in Poland and the difference in mortality due to the an-
alyzed diseases among the countries of the former East-
ern Bloc.

The described reduction in premature mortality did not
result in a significant decrease in the percentage of people
dying from cardiovascular diseases in Poland. Cardiovas-
cular diseases are still the most common cause of death,
accounting for 48.8% of female and 38.2% of male deaths.
The decline in premature mortality contributed to the in-
crease in the life expectancy of Polish citizens in 1991-
2016 by 4 years for males and 4.3 years for females [1].
In 2015, the values of standardized mortality rates for

ischemic heart disease and cerebrovascular disease were

IJOMEH 2022;35(1)

closer to Western European countries such as France,
Germany or Spain, than to the former Eastern Bloc coun-
tries such as Hungary, Estonia or Slovakia [28].

In the early 1990s, after years of neglecting the preven-
tion of cardiovascular diseases, having experienced
high mortality rates from those diseases, Poland was
facing a much more difficult challenge to reduce pre-
mature mortality than Western European countries did.
In the early 1990s, the mortality rate due to cardiovas-
cular diseases in Poland, both for females and males
aged 20-64, more than doubled the average observed in
the 15 states that comprised the EU in 1995-2004 [4].
The dynamic decline in mortality due to beneficial
social and organizational changes in the health care
system resulted in such a significant decline in mortal-
ity since the early 1990s that in 2015 Poland’s mortality
rate caused by ischemic heart disease and cerebrovas-
cular disease (the most common cardiovascular causes
of mortality) was at the level of the European Union
average [23]. The effective implementation of further
solutions, such as anti-smoking measures, expressed
as a further reduction of premature mortality, makes it
possible for Poland to easily implement the WHO rec-
ommended reduction of premature mortality related to

cardiovascular diseases.

CONCLUSIONS

In 2008-2017, Poland experienced a decrease in prema-
ture mortality due to ischemic heart disease, cerebrovas-
cular diseases, atherosclerosis and aortic aneurysm, es-
pecially in the youngest age group of 40-44 years, which
may be associated, among other things, with a reduction
in exposure to smoking as one of the risk factors for car-
diovascular diseases.

The reduction in premature mortality due to athero-
sclerosis may result from improving the quality of
an assessment of the root cause of death in Poland by

physicians as well as recording the correct codes of
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the root cause of death instead of using the “garbage

codes”
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