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I Abstract

The aim of the study was to analyse the level and the trends of Potential Years of Life Lost due to main causes of deaths
in Poland in 2002-2011, with consideration of place of residence, urban-rural. The material for the study was the number
of deaths due to main causes in Poland in years 2002-2011, based on data from the Central Statistical Office. Premature
mortality analysis was conducted with the use of PYLL indicator (PYLL - Potential Years of Life Lost). PYLL rate was calculated
according to the method proposed by J. Romeder, according to which the premature mortality was defined as death before
the age of 70. Time trends of PYLL rate and the annual percent change (APC) were assessed using the Joinpoint Regression
Programme. Rural/urban ratio was used to presented the differences in premature mortality between rural and urban areas.
In years2002-2011, the PYLL rate for all-cause deaths decreased by 13.2% among men and 16.0% among women in rural
areas, whereas in urban decreased it decreased by 15.7% among men and 14.9% among women. In 2011, the main causes
of PYLL among men in rural areas were: external causes (32.3%), cardiovascular diseases (23.5%) and cancers (19.4%); in
urban areas: cardiovascular diseases (24.7%), external causes (24.3%) and cancers (20.9%). Among women in rural areas,
the leading causes were: cancers (39.9%), cardiovascular diseases (20.1%) and external causes (15.1%). The main causes of
premature mortality among women in urban areas were: cancers (41.7%), cardiovascular diseases (19.6%) and external causes
(11.1%). Premature mortality among men in rural areas was significantly higher than in urban for all analysed causes of death,
with the exception of ischaemic heart diseases and colorectal cancer. Premature mortality among women in rural areas
was significantly lower than in urban for all analysed cause of deaths, except of cerebrovascular diseases, external causes,
suicides and traffic accidents. The presented epidemiological situation for premature mortality indicate differences in the
state of health of the inhabitants in urban and rural areas in Poland. The leading causes of premature mortality are caused
by preventable deaths, which leads to a need to intensify measures in primary and secondary prevention.
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INTRODUCTION

Inequalities in health are found across the whole of Europe
[1]. The main reasons for this are socioeconomic disparities.
In Poland, and in other economic transition countries, one
of the most important factors determining socioeconomic
status is place of residence (urban-rural) [2], its impact on
health might be associated with the environment, social
and demographic factors, lifestyle, and also access to health
care, prevention, early detection of diseases and treatment.
Factors related to place of residence may also have different
effects on men and women, the young and the old. Urban-
rural inequalities in health have long been present and are
an important area of public health research in Poland [3, 4,
5, 6, 7, 8]. Reduction of health inequalities, including those

Address for correspondence: Michalina Krzyzak Department of Public
Health, Faculty of Health Sciences, Medical University, Bialystok, Szpitalna 37,
15-295 Biatystok, Poland

E-mail: michalina.krzyzak@umb.edu.pl

Received: 03 July 2015; accepted: 02 September 2015

between urban and rural, is also one of the most important
goals for public health policy in Poland [9]. Assessment of
their effectiveness requires monitoring and comparing the
health situation between populations.

The concept of preventable deaths assumes that the aim
of the public health strategies is to save lives; first of all,
by the avoidance of premature deaths which would not
occur whenever it had been possible to prevent, detect
early and treat illnesses, as well as provide rehabilitation
thanks to health education, health care and health promotion
(10, 11].

The traditional premature mortality indicator shows the
rate of deaths in a population, allows the analysis of time
trends and comparison of premature mortality in various
populations; however, it does not include the social and
economic burdens of premature deaths imposed on society.
Therefore, the PYLL (Potential Years of Life Lost) rate was
introduced, which is an addition to the premature mortality
analysis as it includes the number of deaths resulting from a
particular cause, as well as the age at death [12, 13].
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The PYLL rate is an indicator which arbitrarily assumes
life expectancy, e.g. in OECD countries this is set at the
age of 70 [14]. In considering a death at the age of 20, it is
accountable for 50 potential years of life lost. Therefore,
deaths in younger age groups cause a greater social and
economic loss burden because they are the reason for more
potential years of life lost.

The purpose of the study was to analyse the level and the
trends of Potential Years of Life Lost due to main causes of
deaths in Poland in 2002-2011, with consideration of place
of residence, urban-rural.

MATERIALS AND METHOD

The material was based on data from the Central Statistical
Office of Poland on the number of deaths registered in urban
and rural population in 2002-2011. Causes of deaths were
coded according to the 10" revision of the International
Classification of Diseases [15].

‘Urban area’ was defined by the Central Statistical Office as
an area having the status of a town, established in accordance
with the relevant legal Act. The population of Poland between
2002-2011 consisted, on average, of 38,235,267 inhabitants,
61.2% of whom were living in urban areas [16].

Potential Years of Life Lost (PYLL) were calculated
according to the method proposed by J. Romeder [12].

The number of deaths in 5-year age groups was used to
calculate PYLL in Poland in 2002-2011. The calculations
were made according to the formula:

70

PYLL = Z dyx (70 — )
i=1

where

70 - is the cut-oft age before the death occurrence;

i - is the average number of potential years of life lost due
to death causes registered at the given age group (e.g. 32.5
years for the age group 15-19);

d, - is the number of deaths in i age group.

PYLL rate was calculated as a quotient of the PYLL number
and the number of inhabitants in urban and rural in the age
group 1-69. PYLL rate was calculated per 100,000 people,
separately for both genders.

Age-standardised PYLL rate was also calculated.
Standardization for age was performed by the direct method
using the European population as the standard.

Time trends for the age-standarised PYLL rate in years
2002-2011 were analysed for general-causes of deaths and 3
main categories of deaths: cancer, cardiovascular diseases,
and external causes. Moreover, some causes with a more
relevant impact on premature mortality were selected from
the main causes of deaths. The category of causes of death
used in the analysis is shown in Table 1.

The changes in PYLL rates for each cause were analysed
using joinpoint models. This method is an extension of the
linear regression model, in which the time trend is determined
by the joined segments (joinpoints) in which changes in time
trends occur in a statistically significant way [17].

On the basis of the linear regression model, in which the
natural logarithm of PYLL rate was a dependent variable,
and the calendar year was an independent variable

(y=a + bx. where y=In (PYLL rate). x = calendar year).

Table 1. Categories of causes of death used in the analysis

Categories of causes of death Classification of diseases according to ICD 10

All causes A02.0 - Y89.9
Cancer C00-C97
Colorectal cancer C18-C21
Lung cancer C33-C34
Breast cancer C50
Cervical cancer 53
Cardiovascular diseases 100 - 199
Ischemic heart diseases 120 - 125
Cerebrovascular diseases 160 - 169
External causes V01 -Y89
Traffic accidents VO1-V99
Suicides X60 - X84

The annual percent change (APC) of PYLL rate for each
trend was determined according to the following formula:

APC =100 * (exp®-1).

A confidence interval of 95% was set in order to estimate
the statistical significance of APClevel in the analysed period.

The trends were analysed using the Joinpoint Regression
Programme (Version 4.0.4, May 2013) [18].

Differences in PYLL rate between urban and rural areas
were presented with the use of the rural/urban ratio. This was
calculated as a quotient of the PYLL rate in rural and urban
areas. The values of rural/urban ratio and 95% confidence
interval were determined using the Health Disparities
Calculator (Version 1.2.4, October 2013) [19].

RESULTS

In 2002-2011, the PYLL rate for men for all-cause deaths
decreased in urban and rural areas, but in both populations
occurred significant changes in 2008, in urban areas by
4.5% per year (p<0.05) and in rural areas by 3.8% per year
(p<0.05) (Tab. 2).

In 2011, among men in urban areas, the main causes
of premature mortality were cardiovascular diseases,
responsible for 24.7% of PYLL, followed by external causes —
24.3% and cancers 20.9%. For men in rural areas, theleading
causes for premature mortality were external causes — 32.3%
of PYLL, followed by cardiovascular diseases — 23.5% and
cancers — 19.4%.

In 2002-2011, the PYLL rate for men in urban areas
systematically decreased, due to all cancers (APC=2.8%;
p<0.05): colorectal cancer (APC=0.9%; p<0.05), lung cancer
(APC=3.6%; p<0.05), ischemic heart diseases (APC=5.1%;
p<0.05), cerebrovascular diseases (APC=3.3%; p<0.05),
external causes (APC=2.0%; p<0.05), traffic accidents
(APC=4.1%; p<0.05), and for cardiovascular diseases in
2002-2009, by 1.2% per year (p<0.05) and until 2011 by
6.1% per year (p<0.05). For men in rural areas, premature
mortality systematically decreased for all cancers (APC=2.4%;
p<0.05), lung cancer (APC=3.7%; p<0.05), ischemic heart
diseases (APC=4.9%; p<0.05), external causes (APC=1.3%;
p<0.05) and traffic accidents (APC=3.2%; p<0.05), and for
cerebrovascular diseases in 2002-2008, by 2.1% per year
(p<0.05) and then by 6.2% per year (p<0.05).
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Figure 1 presents the differences in rate of PYLL between
rural and urban areas using the rural/urban ratio. Premature
mortality among men in rural areas was significantly higher
than in urban areas for all analysed causes of death, with the
exception of ischemic heart diseases and colorectal cancer.
The biggest differences were due to external causes (29%),
suicides (35%) and traffic accidents (46%).
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Figure 1. Rural/urban ratio of rate of PYLL among men and women in
Poland in 2011

The PYLL rate for all-cause deaths was almost 3 times
higher among men than women, both in the urban and rural
areas (Tab. 2 and 3).

Among women in urban in 2002-2011, the PYLL rate for
all-cause deaths decreased, but a significant change occurred
in 2008, by 4.1% per year (p<0.05). In rural areas, the PYLL
rate decreased systematically in the analysed period, by 1.5%
per year (p<0.05).

In 2002-2011, systematically positive changes were noted
among women in urban areas for all cancers (APC=1, 9%;
p<0.05), breast cancer (APC=1.7%; p<0.05), cervix cancer
(APC=3.4%; p<0.05), ischemic heart diseases (APC=5.4%;
p<0.05), cerebrovascular diseases (APC=5.1%; p<0.05), external
causes (APC=3.5%; p<0.05), traffic accidents (APC=4.1%;
p<0.05), suicides (APC=3.5%; p<0.05). The PYLL rate for
cardiovascular diseases in 2002-2009 decreased by 2.0% per
year (p<0.05), and after 2009, by 6.8% per year (p<0.05).

During the analysed period, the PYLL rate decreased
among women in rural areas for all cancers (APC=1.5%;
P<0.05): breast cancer (APC=1.5%; p<0.05), cervical cancer
(APC=3.0%; p<0.05), cardiovascular diseases (APC=3.1%;
p<0.05) ischemic heart diseases (APC=5.2%; p<0.05),
cerebrovascular diseases (APC=5.0%; p<0.05), external
causes (APC=2.0%; p<0.05), and traffic accidents (APC=3.2%;
p<0.05). The PYLL rate for lung cancer in 2002-2011 increased
by 3.4% per year (p<0.05).

Premature mortality among women in rural areas was
significantly lower than in urban areas for all analysed causes
of deaths, with the exception of cerebrovascular diseases (7%
higher), external causes (8% higher), suicides (19% higher),
with the biggest increase noted for traffic accidents — 35%.

DISCUSSION

The results of the presented study indicate a continuous
decrease in premature mortality in Poland. Throughout the
analysed period, the PYLL rate declined for all-causes of

deaths among men and women in urban and rural areas. In
Poland, from the mid 1960s until the end of 1980s, premature
mortality among men increased systematically, whereas
among women it remained on the same level. After 1991, a
slowing down was seen in the trend in both men and women,
followed by a reverse change and a decrease in premature
mortality [20]. The results of the research show that since
2008, the PYLL rate decreased among men in urban and
rural, and among women in urban areas, due to all-causes
death. Among women in rural areas, premature mortality
decreased systematically in 2002-2011.

The results of the current study indicate differences in the
state of health of the inhabitants in urban and rural areas,
and such a diversity in health between urban and rural
areas is observed worldwide. In most Western and Northen
European countries, as well as in the United States, better
health situations exist among inhabitants of rural areas [21,
22, 23]. In Central and Eastern European countries, the
reverse prevails [24, 25, 26].

The results of the presented study show that the place of
residence affects men and women in a different way. The
PYLL rate among men in rural areas was significantly higher
than in urban areas for all analysed causes of death, with the
exception of ischemic heart diseases and colorectal cancer.
Among women, the higher level of premature mortality
in rural areas occurred only for cerebrovascular diseases,
external causes, traffic accidents and suicides. A similar
urban-rural inequality in premature mortality was observed
among the inhabitants of Lodz Province in Poland [5].

Throughout the analysed period, the PYLL rate due to all-
causes of death for men, both in urban and rural areas, was
higher than for women, and the differences were larger in
rural areas. The biggest surplus of PYLL rate between men
and women was for cardiovascular diseases (urban - 8 times
higher; rural -10 times higher) and suicides (urban - 7.5 times
higher; rural - 9 times higher). Higher premature mortality
rates for men than for women are common in all parts of the
world [27]. In all EU countries, men die earlier than women,
and in 2010, an average surplus in mortality among men in
comparison to women amounted to approximately 65%; in
Poland, it was higher and amounted to 91%. Higher mortality
among men in Poland occurred in all age groups, but was
the highest in those over the age of 60 [28].

The results of the research indicate that the main causes of
premature mortality are preventable. In 2002, the structure
of causes of premature mortality for men in urban and
rural areas was similar, and the prime category of causes for
potential years of life lost before the age of 70 were external
causes, cancers and cardiovascular diseases. In 2011, the
leading causes of premature mortality among men in urban
areas were cardiovascular diseases, but in rural areas the
structure did not change. For women, both in urban and
rural areas, the main causes were cancers, cardiovascular
diseases and external causes.

The biggest differences in premature mortality between
urban and rural residents occurred due to external causes,
and in 2011 it was higher in rural inhabitants, among
women by 8% and among men by 29%. Traffic accidences
and suicides were the leading external causes of PYLL. In the
study period, the PYLL rate for traffic accidences decreased
in urban and rural areas among men and women. However,
the change was faster in urban areas which caused an increase
in the differences in premature mortality due to external
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causes. Variations in premature mortality between urban
and rural areas also increased for suicide in both genders.
Unfortunately, the PYLL rate for suicides among men in rural
areas increased by 9.0%; in urban areas, whereas the PYLL
rate decreased by 12.9%. Premature mortality for this reason
significantly decreased only among women in urban areas.

The results of the presented study are consistent with those
of Kulaga et al., which show that in 1999-2006, mortality
due to suicides increased among rural adolescent boys by
9.5% per year, and decreased by 4.2% per year in urban areas
[29]. The results obtained by the researches indicates for the
need for a public health strategy which includes a target in
the reduction of suicides, and aimed at the high risk group
- young men living in rural areas.

Premature mortality due to cardiovascular diseases in
Poland has declined since 1991 [20], as confirmed by the
current study. The trends were similar in urban and rural
inhabitants. During the period under analysis, the rate of PYLL
due to ischemic heart diseases and cerebrovascular diseases
among men and women decreased in both populations.
Premature mortality from cardiovascular diseases can be
prevented through a healthier lifestyle and timely access to
medical treatment. According to a Polish study on the decline
in mortality from coronary heart disease after socioeconomic
transformation, over half of the reduction in mortality was
associated with favourable changes in major cardiovascular
risk factors, and about a third was attributable to modern
treatments [30]. The results of the presented study indicate
that changes in the factors influencing premature mortality
due to cardiovascular diseases are similar in urban and
rural areas.

The results of the research show that the PYLL rate due
to overall cancers since 2002 has decreased for men and
women in both urban and rural areas. However, unfavourable
changes were prevalent for lung cancer and colorectal cancer
among women in rural areas. There was a favourable and
statistically significant change for lung cancer in men and
breast and cervical cancer in women. Among men, premature
mortality from all cancers and lung cancer was higher in
rural areas than urban. Among women, the PYLL rate from
all analysed cancers was higher among women in urban
areas.

In Poland, lung cancer is still the leading cause of deaths;
however, the trends are different for each gender. Among
men, the general mortality trend has decreased slowly,
whereas among women it has increased rapidly. Similar
changes, especially in the female population, have also been
noticed in many EU countries [31]. In other countries, for
example: France, Spain and Italy, the trend is either stable
or has decreased [32]. The results of the research indicate a
reduction in the inequalities in premature mortality from
lung cancer among women between urban and rural areas -
from 53% to 17%. Unfortunately, this was due to an increase
in the of PYLL rate by 25.7% in rural areas. The results of
Global Adult Tobacco Survey (GATS) in Poland showed that
in 2009-2010, daily smoking among men did not differ
between urban (34.2%) and rural (32.2%) areas, but among
women it was higher in urban (23.5%) areas (rural - 16.8%)
[33], which was reflected in higher premature mortality due
to lung cancer in urban areas. The results of trends analysis
in the current study and studies published for the country,
show that measures undertaken to fight tobacco smoking
have had a certain favourable influence among men; however,

they have had little effect among women. At the beginning of
the 1990s in Poland, 50.5% of adult men and 26.1% women
smoked daily; in 2009-2011, the percentage was 35.1% for
men and 22.1 for women [33].

In the last 30 years in Poland, the incidence and mortality
due to colorectal cancer have increased. Among men, the
increase occurred fastest as far as cancers are concerned
[34]. The results of the presented study show that the trend
in premature mortality has changed significant only among
men in urban areas — decreased by 0.9% per year. The risk of
death due to colorectal cancer in Poland, the Czech Republic,
Slovakia and Hungary, is among the highest in Europe, and
the divergence between Poland and North-West European
countries is increasing systematically [35].

Premature deaths due to colorectal cancer are preventable
through intensified primary prevention based on modification
of risk factors related to lifestyle, secondary prevention based
on colonoscopy and faecal occult blood tests, and finally,
the improvement of standards of diagnosis and treatment.
Population screenings carried out in the 1990s, however,
showed that standards of diagnosis and treatment were rarely
followed [36].

Cervical cancer is a cancer which can also be effectively
prevented, and Poland is a country of mid/high risk of
incidence and mortality due to this cancer. In Europe,
the risk is higher in Romania and Bulgaria. Although in
Poland general mortality due to cervical cancer decreases,
the divergence between Poland and Western European
countries does not diminish [37]. One of the main reasons
for this situation is the low attendance rate in the Polish
Cervical Cancer Screening Programme. The results of the
presented study indicate that premature mortality due to
cervical cancer is higher among women living in urban areas
by about 27%, which may be related to lower participation in
the screening by women living in urban areas [38].

The presented results show that the premature mortality
trend due to cervical cancer in urban and rural population
was similar to the general mortality trend, which was also too
slow, and calls for the need of intensification of prevention
and improvement of treatment standards.

The results of this study confirm that premature mortality
due to breast cancer is also higher in the urban female
population. The PYLL rate in urban areas was about 17%
higher than in rural areas. The traditional mortality rate in
2002-2011 among urban women was higher by about 26%
than in rural areas, but in the young age group (15-49), the
differences were smaller and amounted to 15% [39]. Research
carried out in Europe [40, 41], North America [42] and
Australia [43] confirm that the risk of breast cancer is related
to urbanization and improvement in living conditions. The
dissemination of an ‘urban lifestyle’ is characterized by
high exposure to breast cancer incidence risks which are
linked to the lifestyle. The higher premature mortality in
urban areas than in rural areas is reflected with a higher
incidence rate. Research conducted at the beginning of the
21st century in Malopolskie and Podlaskie Provinces of
Poland showed a higher breast cancer incidence among
female population in urban areas - the urban/ rural ratio
was 1.5 and 1.4, respectively [44, 45]. In Lodz Province in
2008, the breast cancer mortality rate was 41% higher among
urban residents [5].

The results of the presented study also confirm a similar
decrease in premature mortality due to breast cancer in both
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populations, which amounted to 1.7% per year in urban and
1.5% in rural areas. In Poland, the traditional mortality rate
in 2002-2011 among urban women decreased significant by
1.0% per year, but among rural women the trend remained
unchanged. However, in the youngest age group, mortality
significantly decreased both in urban (4% per year) and rural
(2.3% per year) areas [39]. In the European Union countries,
such as Germany or the UK, the traditional mortality rate
due to breast cancer has been decreasing since the end of the
1980s. In Poland, a decrease in mortality has been observed
since the mid-1990s. In 2000-2008, in France, Germany and
Italy, mortality due to breast cancer decreased by 1.5-1.8%
per year. In Spain and the UK, the decrease in mortality
amounted to approximately 2.4% per year. In the same period
in Poland, mortality decreased slightly — 0.2% per year [46].

In many countries in Europe, North Americaand Australia,
breast cancer risk has decreased [47]. Progress in breast
cancer control results from dissemination of population
cancer screening programmes for early detection based on
mammography, which has contributed to an increase in the
proportion of patients diagnosed with breast cancer and
treated at its early stage. At the same time, development of
effective diagnostic methods and improvement in treatment
standards, as well as access to the newest drugs, contributed to
the improvement of patients’ prognosis at all cancer stages [48].

In the majority of highly developed countries, deaths due
to cardiovascular diseases, cancers and external reasons,
constitute over 70% of potential years of life lost before the
age of 70, for both men and women [49]. In most cases, these
deaths are preventable, thanks to measures undertaken in the
field of health promotion, social education, early detection
of diseases, and effective treatment. It is important to know
the magnitude and causes of premature mortality in different
populations for the purposes of social planning and public
health decision making. Moreover, analysis of premature
mortality in urban and rural areas provides important
insights into the role of health-policy interventions and of
behavioural and healthcare factors, such as obesity, smoking,
physical activity, and differential access to health services, as
well as changing socioeconomic conditions. Such an analysis
is also important for allocating critical social and public
health resources towards those in rural or urban areas who
may be at higher risk of premature mortality from major
chronic conditions and external causes.

CONCLUSIONS

The results of the presented study show the following:

1. The place of residence affects men and women in a different
way. Premature morality among men was markedly higher
in the rural population for all analysed causes, except for
colorectal cancer and ischemic heart diseases. Among
women, premature mortality was higher in urban areas,
except for external causes, traffic accidents, suicides and
cerebrovascular diseases.

2. The largest differences in premature mortality between
urban and rural residents occurred due to external causes,
traffic accidents and suicides in men, and traffic accidents
and suicides in women.

3. Among men, in both populations, for all analysed groups of
deaths except for suicides in rural areas, favourable changes
were noted. Among women, also in urban and rural areas,

favourable changes were noted for all analysed groups of
deaths, except for lung cancer among women in rural areas.
4. The presented epidemiological situation for premature
mortality in Poland shows that in the majority of cases it
is caused by preventable deaths, which leads to a need to
intensify measures in primary and secondary prevention.
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