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system diseases in Poland?

Jacek Jamiotkowski" ®, Agnieszka Genowska’® and Andrzej Pajak’

Abstract

Background: Socioeconomic deprivation (SED) is known to influence cardiovascular health. However, studies analyz-
ing the relationship between deprivation and circulatory system diseases (CSD) in Central and Eastern Europe are
limited. This study aimed to assess the relationship between SED and mortality due to CSD at a population level in 66
sub-regions of Poland.

Methods: The 2010-2014 data regarding mortality and SED components were obtained from the Central Statistical
Office. An area-based SED index was calculated based on the higher education rates, employment structure, wages,
unemployment, and poverty. The dynamics of changes in mortality due to CSD was expressed by the number of
deaths prevented or postponed (DPP) in terciles of the SED index. The associations between the mortality from CSD
and SED index were analyzed using multivariate Poisson regression models and generalized estimating equations.

Results: Among men, the percentage of DPP in 2014 was 13.1% for CSD, 23.4% for ischemic heart disease (IHD), and
21.4% for cerebrovascular diseases (CeVD). In the case of women, the proportion of DPP was 12.8, 25.6, and 21.6%,
respectively. More deprived sub-regions experienced a greater decrease in CSD-related mortality than less deprived
sub-regions. The disparity in mortality reduction between more deprived and less deprived sub-regions was even
more pronounced for women. After adjusting for smoking prevalence, average BMI, population density, and changes
in mortality over time, it was found that the SED index over the 2010-2014 time period was significantly associated
with CSD- and IHD-related mortality for men (respectively 5.3 and 19.5% expected mortality increase per 1-unit
increase of SED index), and with IHD- and CeVD-related mortality for women (respectively 30.3 and 23.0% expected
mortality increase per 1-unit increase of SED index).

Conclusions: Significant differences in mortality changes due to CSD in Poland could be observed in relation to
socioeconomic deprivation, resulting in reduced health inequalities. To reduce CSD mortality, more comprehensive
preventive measures, including approaches addressing the socioeconomic factors, mainly poverty, education and
employment, are needed, particularly in less urbanized areas.
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Background
Circulatory system diseases (CSD), which originate from
atherosclerotic disease and include both the ischemic
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Medical University of Bialystok, Biatystok, Poland common causes of death in the developed countries. In
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nonfatal cases, long-term treatment is required, which
limits an individual’s capacity to work and consequently
incurs a high cost in terms of both treatment and loss
of professional productivity, particularly in those over
50vyears of age [1, 2].

The burden of CSD is unequally distributed across
Europe, with higher mortality in the central and eastern
regions [3, 4]. This higher burden reported in post-com-
munist countries has been somewhat inherited due to
several historical reasons associated with the socioeco-
nomic system of that time. Central and Eastern European
countries are characterized by a lower gross domestic
product per capita, and thereby, a lower expenditure on
health care, and also limited access to health care and
prevention services. Furthermore, the health care gap
between the Eastern and Western populations may result
from, or could be explained by, lifestyle and differences in
socioeconomic influences [5]. The difference in mortality
due to CSD depends on socioeconomic position (SEP),
which is determined mainly by education, type of occu-
pation, and income. This indicates the need to include
SEP in the risk assessment of CSD along with the clas-
sical factors: smoking, high blood pressure, hypercholes-
terolemia, overweight and obesity, sedentary lifestyle and
diabetes [6, 7]. Low SEP may contribute to stress-related
biological risk factors associated with the development of
cardiovascular diseases (hypertension, proinflammatory
cytokines, diabetes, obesity) [8].

Furthermore, it may lead to poorer health as a result
of harmful health behaviors, such as tobacco smoking,
an unhealthy diet, and lower physical activity [9, 10]. In
addition to individual factors, CSD-related mortality
could be linked with socioeconomic deprivation (SED) at
the area level [11-15]. Deprivation is a state of observ-
able and demonstrable disadvantages, which can be of
social or material nature, compared to the local commu-
nity or the wider society to which an individual, family, or
group belongs [16]. The area-related deprivation serves
as a proxy for the SEP of the people who live in those
regions, and characterizes the living environment which
can influence an individual’s prospects for education,
profession, income, or access to resources, and hence,
health outcomes [7, 17]. Furthermore, neighborhood
factors could have an impact on health through a lack
of investments or inequality in resource redistribution
in society. Moreover, chronic exposure to psychosocial
stress, caused by poverty areas, is linked to the develop-
ment of multisystemic adverse biological changes, i.e.,
allostatic burden, which results in cardiovascular diseases
[18]. Studies indicate that factors associated with area
SED could significantly affect short-term survival, while
individual factors may considerably impact long-term
survival [12].
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The majority of information on the relationship between
SED and cardiovascular disease-related mortality comes
from studies conducted in Western Europe and the United
States [13-15, 19, 20]. At the same time, much fewer data
are available from the Central and Eastern European coun-
tries [21, 22]. Recent studies conducted in Poland, Russia,
and the Czech Republic have confirmed a strong association
between the risk of death from CSD and psycho-socioeco-
nomic factors [23, 24]. However, there is a need for a more
extensive assessment of the factors determining health ine-
qualities among people in the Central European countries,
including Poland. The political transformation that occurred
in 1989 in Poland led to significant changes in educational
and occupational structures [25, 26]. Despite the considera-
ble increase in SEP, some groups adapted to the new market
economy at a slower rate. The initial post-transition period
in the 1990s brought adverse consequences to those enter-
ing the labor market. In particular, young people with low
levels of education, whose poorer material status contrib-
uted to poorer health outcomes, were less resistant to these
changes [27]. Furthermore, economic changes have clearly
reduced employment in the heavy industry and national
farm holdings [27, 28], leading to economic and social ine-
qualities in the area of residence, i.e., impoverishment and
social exclusion, and consequently excessive alcohol con-
sumption due to changes in availability and affordability
[25, 29]. These educational and economic inequalities that
occurred in the early years of the transformation may now
be affecting CSD mortality, including premature mortality
under the age of 65 [30]. Thus far, analyses have primarily
focused on changes in CSD mortality caused by changes in
exposure to some of classical risk factors (cholesterol level,
blood pressure), lifestyle changes, and health care services
improvement [31, 32]. No study has investigated the socio-
economic factors at the population level. Territorial varia-
tions in CSD mortality in Poland may likely be explained by
SED differences and their changes over time.

This study aimed to assess the relationship between
SED and mortality due to CSD at a population level in 66
sub-regions of Poland.

Methods

An ecological study was performed using the data on
SED, lifestyle, urbanization, and mortality due to CSD
collected from 66 administrative sub-regions of Poland.
The sub-regions were defined according to the Nomen-
clature des Unités Territoriales Statistiques (NUTS-
3) in 2006 [33]. The mean size of the sub-regions was
4738km?, with a wide range of variation between eight
urban-type sub-regions (from 262 to 517km?) and 58
remaining sub-regions (from 878 to 12,090km?). Aver-
age number of population per sub-region (in year 2010)
was 583,786, and ranged from 279,491 to 1,700,112.
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Descriptive statistics for the sub-regions were weighted
to the population of sub-regions using weights as follows:

__ populationy e n
"~ population,y,

where:

population, is the population of sub-region x,

population,,,, is the total population of Poland, and.

n is the number of sub-regions.

The sum of weights for all sub-regions equals the num-
ber of sub-regions.

Annual data for mortality, all components of the
SED index, and population density in 2010-2014 were
obtained from the Central Statistical Office. In some
analyses - where explicitly stated - the data were aver-
aged over this period. Otherwise - like in longitudinal
statistical models, separate data for each year were used.
Information on average population BMI and proportion
of smokers come from the panel Social Diagnosis Survey
conducted repeatedly since 2000 on the same sample of
households [34]. For these variables, data from the 2011
survey was used and treated as static for the whole 5-year
period between 2010 and 2014.

Mortality

Data on deaths during 2010-2014 was used to ana-
lyze mortality. According to the International Statistical
Classification of Diseases and Related Health Problems,
Tenth Revision (ICD-10), the causes for the deaths were
encoded as CSD (codes: 100-199), including IHD (120-
125) and CeVD (160-169).

The age-standardized number of deaths was used for
statistical analyses. A direct standardization method was
utilized for the analyses, considering the demographic
structure in 5-year age groups (from 15 to 19years to
8084 years, and above 84years old) separately for each
of the 66 sub-regions of Poland [35]. European Standard
Population — 2013 edition was assumed as the standard
population, and standardized mortality coefficients were
determined accordingly [36]. The coefficients of stand-
ardized mortality were calculated as 95% confidence
intervals (CIs).

The dynamics of changes in mortality rates in 2010-
2014 were assessed by calculating the deaths prevented
or postponed (DPP) index [37]. The index value was
expressed in percentage and estimated as the difference
between the expected number of deaths in 2014, assum-
ing that the mortality rate in 2014 was the same as in
2010, and the actual number of deaths in 2014 relative to
the expected number of deaths in 2014:
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deaths expected.y,, — deaths observed, ,

DPP = » 100%

deaths expected.yy,,

Area-level SED index

Five SED indicators were selected from the available
variables in the system of routine statistical records
from the Central Statistical Office. The selected indi-
cators of SED were as follows: people with higher edu-
cation, people employed in industry and construction,
average monthly salary, unemployment rate, and peo-
ple on social support due to poverty. These variables
were chosen as they showed a strong correlation with
all-cause mortality [38]. According to published lit-
erature data, the SED variables are potential predic-
tors of the geographical distribution of CSD mortality
[39-44]. Education not only increases the awareness of
beneficial health behaviors through medical and pro-
phylactic care and treatment recommendations, but is
also one of the essential determinants of employment
[39, 40]. The professional class, characterized by a
balance between effort and reward, is associated with
health. Similarly, people employed in industry and
construction are manual workers and exhibit worse
health outcomes [41]. Income determines an individ-
ual’s access to better-quality goods, services and hous-
ing to stay healthy [42]. Thus, unemployment is linked
with disease development due to reduced access to
medical care and screening programs resulting from
the lack of health insurance [43]. Poverty associated
with a lack of social support leads to chronic stress and
adverse health behaviors [18, 44]. To calculate the SED
index, its component variables were standardized via
linear transformation such that the expected value of
the variables was equal to 0 and the standard devia-
tion was equal to 1. In addition, the sign was reversed
for destimulants (proportion of people with higher
education and average monthly salary). Finally, the
SED index was assumed to be the arithmetic mean of
the transformed components and calculated from the
averaged values of component variables separately for
the years 2010-2014. Therefore, the proposed SED
index might be considered the mean of Z-Scores of
its components, taking into account inverted scales
for destimulant variables. The calculated index values
were used to explain the differences in mortality across
sub-regions of Poland. In addition, based on the 5-year
averaged values of the SED index, the 66 sub-regions
were divided into three groups with equal number of
areas and with lower and upper tercile of averaged SED
index as cut-off points:
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+ the group with the lowest index values and thus the
lowest deprivation level (less deprived),

+ the middle group,

+ the group with the highest index values (more
deprived).

This classification was used to emphasize the inequali-
ties in mortality for descriptive purposes.

Other explanatory variables

Tobacco consumption and body mass index (BMI) were
calculated for the 66 sub-regions based on the results
of the Social Diagnosis Survey conducted in 2011. The
survey involved 12,386 households selected based on
the two-stage stratified sampling method—first at the
voivodeship level, followed by sampling based on resi-
dential location (large cities, small cities, and villages)
[34]. The study sample comprised 36,753 persons aged
16years and over. The participation rate of the study
was 72% (i.e., 26,453 persons were finally examined). To
eliminate the socioeconomic differences in urbanization
between the sub-regions in the model, population density
was included as a standardizing factor [19, 45].

Statistical analysis

The relationship between mortality and the SED index
was determined using the multivariate Poisson regression
model for count data. As this model reflected the mortal-
ity coeflicient per 100,000 residents rather than the num-
ber of deaths, the age-standardized number of deaths in
individual sub-regions was taken as a dependent variable,
with the number of people in sub-regions serving as the
offset. The generalized linear models with Poisson distri-
bution as probability distribution and logarithm as a link
function were used for calculations.

Due to repeated measurements in the same statisti-
cal units (mortality in sub-regions in subsequent years
during 2010-2014), generalized estimating equations
(GEE) were used to obtain generalized linear models
for the correlated data [46]. An exchangeable structure
was assumed for the working correlation matrix in GEE
models.

The Poisson models were presented with exponen-
tially transformed regression coefficients. Therefore,
they can be interpreted as the expected relative change
of the dependent variable (number of deaths standard-
ized for the age) calculated for a one-unit increase of the
independent variable, i.e., relative risk. Therefore, the
reported coefficients can also be interpreted as a rela-
tive change in mortality coefficients, and not just death
numbers. Furthermore, 95% Cls were calculated for the
coefficients of the regression model and their p-values of
corresponding Wald’s tests.

Page 4 of 15

Variance Inflation Factors were calculated to check
the presence of a potential multicollinearity problem in
multivariable models. In no case did the VIF exceed the
value of 4 taken as a threshold, and the maximum value
observed was 3.84.

The regression models developed for the study included
three causes of death (CSD, IHD, CeVD) for men and
women. Furthermore, as independent variables, calendar
year (for assessing the time effect on the dependent vari-
able) and the aforementioned index - level of socioeco-
nomic deprivation in the sub-regions - were included in
the models. In addition, the models included lifestyle fac-
tors, such as mean BMI and the average percent of smok-
ers in the sub-region (for the female and male population,
respectively) and population density in the sub-region
using logistic transformation at base 2.

Simple, univariate relationships between the SED index
and mortality have been assessed with Spearman’s non-
parametric correlation coefficients.

Statistical calculations were performed in the IBM®
SPSS® Statistics for Windows statistical package, version
20.0 (IBM Corporation, Armonk, NY, USA). The level of
statistical significance was assumed at a =0.05.

Results

During 2010-2014, a total of 868,418 deaths due to CSD
were recorded in Poland, which included 405,235 deaths
among men (46.7%). Of the overall death number, the
deaths due to CSD in men accounted for 40.6%, while the
death proportion in women reached 51.2%. Among CSD,
IHD (32.0%) and CeVD (24.6%) were the leading causes
of death.

The descriptive statistics for socioeconomic variables,
lifestyle, and urbanization, by three sub-groups of Pol-
ish sub-regions (classified based on the SED index val-
ues), are presented in Table 1. The mean values of the
index variables in sub-groups reflect their role as stimu-
lants or destimulants—in the sub-regions character-
ized by the highest SED index (a more deprived), high
values were attained by stimulants and low values by
destimulants. Therefore, this group of sub-regions had
the highest percentage of unemployment rate (18.4%),
percentage of people who are on social support due to
poverty (11.1%) and people employed in industry and
construction (31.1.%), as well as the lowest percentage
of people with university education (12.9%) and people
with average monthly salary (3108 PLN). Opposite char-
acteristics occurred in the sub-regions with the lowest
SED index values (less deprived), which had the lowest
unemployment rate (8.9%) and the lowest percentage of
people on social support due to poverty (5.3%). On the
other hand, these sub-regions had the highest percent-
age of people with a university education (22.5%) and the
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Table 1 Descriptive statistics for SED, lifestyle characteristics, and urbanization in 66 sub-regions of Poland during the period 2010-
2014 (averaged annual data) by categories of SED index weighted for the size of sub-region population

Index of socioeconomic deprivation (tercile) 1st tercile 2nd tercile 3rd tercile
(less deprived) (middle) (more deprived)
SED index range —2.66to —0.07 —0.071t0 033 03410 1.15
SED INDEX and its components
SED index —092+0.82 0.17+0.10 0.63+0.28
(—1.64/—0.58/—0.27) (0.10/0.18/0.26) (0.42/0.50/0.88)
University education [%)] 2248+7.66 13624175 12.92+1.68
(17.14/20.36/28.49) (12.60/13.38/14.12) (12.00/12.69/14.07)
Employed in industry and construction [%] 27544941 27.304+10.04 31054533
(20.54/25.24/34.72) (18.47/27.16/35.20) (27.57/33.20/34.83)
Average salary [PLN] 3916550 31734207 3108+ 156
(3463/3852/4260) (3048/3135/3237) (2972/3113/3227)
Unemployment rate [%] 8.93+334 13.90+£233 1837 +£3.66
(5.54/9.49/11.26) (13.14/14.33/15.17) (16.09/18.56/20.49)
People on social support due to poverty [%)] 53041.70 9.10+2.16 11.10£2.25
(3.44/5.33/6.35) (7.24/9.44/10.56) (8.85/11.62/13.33)
Lifestyle indicators
Smoking (men) [%] 323444 315449 358463
(28.6/32.9/35.3) (28.4/30.8/34.1) (31.5/35.9/41.8)
Smoking (women) [%] 224+44 16.9+4.1 209451
(20.5/22.8/26.2) (14.4/16.2/19.4) (18.4/20.4/25.5)
BMI (men) [kg/m?] 264104 264+03 266104
(26.0/26.3/26.8) (26.2/26.3/26.5) (26.4/26.6/26.8)
BMI (women) [kg/m?] 250404 254403 254404

Urbanization
Population density [n/km?]

(24.6/25.1/25.3)

11248+£11674
(171.4/395.6/2141.9)

(25.1/25.3/25.6)

127.3+£79.7
(78.0/97.7/163.2)

(25.1/254/25.6)

89.54+304
(62.3/88.6/106.0)

Values are presented as mean + standard deviation (first quartile/median/third quartile)

Abbreviation: SED-socioeconomic deprivation, BMI—body mass index

highest average monthly salary (3916 PLN). The precise
distributions of SED components are shown on the maps
presented in Supplemental Fig. 1.

A substantial difference in population density was
noted between the three groups of sub-regions. In the
more deprived sub-regions, it was on average 89 peo-
ple/km? In contrast in the less deprived sub-regions, it
was over 13 times higher—1125 people/km?, which indi-
cates that low SED index values are mainly linked with
highly urbanized areas. The percentage of smoking men
was similar in all the three groups of sub-regions, rang-
ing from 32.3 to 35.8%, and in women from 20.9 to 22.4%,
whereas a higher proportion of smoking men was found
in the tercile representing those more deprived, while for
women the highest proportion of smokers was observed
in less deprived group. No significant differences were
found in nutritional behaviors. The mean BMI of male
and female populations was very similar in all three
groups of sub-regions (26.4—26.6kg/m? for males and
25.0-25.4kg/m? for females).

The territorial distribution of sub-regions by SED index
is presented in Fig. 1. The less deprived sub-regions with
the lowest SED index value primarily had large urban
agglomerations.

The highest mortality due to CSD was in the more
deprived sub-regions and the middle group, and the
lowest in those less deprived. At the same time, it can
be observed that the dynamics of change in mortality
expressed as a percentage of DPP varied among depri-
vation-defined tercile groups of sub-regions. The per-
centage of avoided deaths increased significantly with
an increase in the SED index (p <0.001). In the case of
men, the IHD-related mortality was the lowest in the
more deprived sub-regions. In addition, an increase
in the percentage of DPP was observed in these sub-
regions (p <0.001). The relationship between the deaths
due to CeVD in men and the SED index was unambigu-
ous. The highest CeVD-related mortality was observed
in the sub-regions characterized by an average level of
socioeconomic deprivation. However, a statistically
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Fig. 1 Geographic variation of mean socioeconomic deprivation index (66 sub-regions of Poland, averaged data over the years 2010-2014). Map
created using IBM SPSS Statistics for Windows ver. 20.0 - https://www.ibm.com/products/spss-statistics

significant linear increase in the percentage of DPP was
observed in these sub-regions (p <0.01) (Table 2).

The relationship between the SED index and CSD-
related mortality in women was similar to that in men.
The age-standardized CSD mortality was the lowest in
the sub-regions with the lowest deprivation, while the
highest occurred in the middle group sub-regions. The
percentage of prevented deaths increased significantly
with the SED index value (p <0.001). Similarly, mortal-
ity due to IHD was the lowest in the more deprived sub-
regions and the highest (in 2014) in the less deprived
sub-regions. The percentage of DPP increased signifi-
cantly (p<0.001) with an increase in the SED index
value. Similar to men, mortality due to CeVD in women
was the highest in middle sub-regions and the lowest
in less deprived sub-regions. No significant differences
were observed in the percentage of prevented deaths
(p=0.11). The differences were found at the same level
in all the three groups of sub-regions studied (Table 3).

Univariate relationships between the SED index and
age-standardized mortality in 66 sub-regions of Poland
averaged over the 2010-2014 period are presented in
Fig. 2. Statistically significant positive correlations were
observed for CSD mortality both in males (r=0.46) and
females (r=0.38) and also for CeVD in males (r=0.31),
however no significant correlations for IHD were
observed.

As univariate analysis neglects other potentially impor-
tant variables, the relationships between CSD mortal-
ity and time, SED, lifestyle, and population density are
presented in Table 4. As the model is more detailed and
adjusts for additional sources of variability, its results
are not the same. The relationship between the SED and
increased mortality was found for deaths due to CSD and
IHD in men and deaths due to IHD and CeVD in women.
For both women and men, a statistically significant
decrease was observed in mortality due to CSD (2.9%
for men and 2.8% for women annually), IHD (6.6% for



https://www.ibm.com/products/spss-statistics

Page 7 of 15

7

(2023) 23

Jamiotkowski et al. BMC Public Health

‘leassiul 2duspyuod—|D ‘uoeindod 00’00 L 42d d3el AJije3IOW PIZIPIEPURIS—YINS ‘UOIIRALIASP JIWLOUOIS

10z u13sisiad L0z woly sdnoub abe Ag sarel yieap eyl buiwnssy,

0S—J3S .‘Uwcoaumoa 10 _owur_w>w‘_Q sylesp—dddq ‘saseasip walsAs >‘_Oum_:u:u| dsD suoneinliqqy

(%v'10) 1€9€

L6691

09¢€l
(Cr6€1-0SPEL) 96°9€ L

(%v'€0) STy

89v'L¢C

EV0'LT
(0¥'60¢-8v'€00) ¥¥'90C

©L€l)or8'LL

6906

€08'8L
(9€'8¢8-/¥'918) Tv'Te8

8Ces1
OLLLLLVLY) LLYLL

€/8%C
(S€'6/2-10890) 89'LLC

L7718
(69'156-€6'L€6) L8116

(%£°17) 7901

968

123549
(680vL—CL'LEL) 009€L

(%8'90) /881

6¢0L

wls
(cL061-596/1) 61581

(%L€L) YOveE

16T'ST

LT8'1T
(17°0£8-90'9v8) €1'858

LSy
(l¥'6£1-09£91) 0S€LL

we9
(0€'99¢-€1'C50) CT65C

sos'ze
(€1°£101-90'686) 0L'€001

GleD) vLEL

1695

€8¢ty
(98°091-St'1S1) 91951

(%T90) tLEC

£906

5699
(08°€1C-1C°€02) 05°80C

(%0¥1) ¥81¥

6€8'6C

§59'sT
(68'8/8-£0'/58) 96298

67LS
(51'50-98°€61) 05661

L6C8
(€0'56¢-59'180) ¥€'88¢C

8cl'LT
(95°7101-65'£86) 800001

(%561) 9vCl

68¢9

1348
(9T LT1-0T0Cl) €L€Ct

(%681) L¥lC

€5€ELL

90¢6
(wl'cee-v8elo 6vLie

%91 €LLY

YEY'SE

le'Le
(68'9//—4'65/) 91'89/

loo>d

s
(611'91-5%7S1) T89S 1L

1000>d

0oL
(0ScLT=CE190) 16'99¢C

1000>d

r19'le
(€6'£/8-89'/58) 08'/98

ddQ@ 10 puas leaur]

syiesp
pa12adxa 031 aAleRI dda
Jo (3bryuaIad) JaqUINN

«Syiesp
JO Jsquinu pa12adx]

syieap
4O JaquINU PaAISqO

(1D %56) HINS
S35B3SIP JB|NJSRAOIGRID)
dd@ Joj puaiy Jeaur]

sueap
pa10adxa 01 dAneRI ddd
4o (3be1uadiad) JaquinN

ASUieap
Jo Jaquinu pa1>adxg

syeap
O Jaquinu paAIsqO

(1D %56) YINS
25D3SIP 1UD3Y JJWayIs|
ddQ o) puai seaur]

suiesap
pa12adxa 01 aAneaI ddd
40 (96r1Ua2Iad) JaqUINN

xSyieap
4O Jaquinu pa1dadxy

suyleap
JO Jaquinu panasqo

(1D 9%S6) YINS
SaSDASIP WAlSAS A1010|n2i1)

L1S'199'SL =N CI86YISL=N v09'L6V'Y =N 8SL'l6Y'y=N SEL'E66T=N 860’1867 =N TLLU9LI9=N 9SS'LLI9=N Jaguwinu uonejndog
14114 oLoz vioc oLoc 10T oLoz 10T oLoc Jeak sepuajed
|eloL (paAudap a1ow) 8)1243) pIg (31ppiw) 3|1D13) puz (panudap ssa)) 91191315 a3s Jo xapu|

sdnoib 912191 O3S 4O Xapul Y3 AQ 107 PUe 0107 Ul UdW Ul 4 0 uoiiodoid pue s Wolj saiel A1jeriow paziplepuels-aby g ajqel



Page 8 of 15

7

(2023) 23

Jamiotkowski et al. BMC Public Health

10z u13sisiad 00z woly sdnoub abe Ag sarel yieap eyl buiwnssy,

‘leassiul 22uspyuod—|D ‘uoieindod 00’00 L 42d d3e A)ije3IOW PIZIPIRPURIS—YIAS {UOIBALIASP JIWOU0D301205— IS ‘pauodisod 10 pajuaAald syieap—ddq ‘soseasip waisks £103endid— gsD SUOIRIAIGYY

(%9'10) LS8Y

005'CC

EV9'/L
(€5'801-9€°501) ¥6'901

(%9'50) 6209

€C5'€C

vev'LL
(9¥'£01-0€101) 88'50L

(%8C1) Lov'EL

LOEY0L

906'06
(SL'ESSL'9YS) S96¥S

Lez'or
(80'8E1-057€L) 6€°9€ 1L

656'0C
(LS¥Y1-69071) €9 L

8/v't6
(£5%€9-6599) 85°0€9

(%8°00) 691 |

1295

85t
(L1'S01-£0'66) 6001

(%£°0€) 65L1

YeLS

S/6¢
(ri7°€6-9£°£8) 0906

(%0°S1) €59%

866'0¢

090¢
(£8'955-81'€¥S) €00SS

€905
(L0'zel-16vCL) 6V'8CL

6605
(rSEl-vL'8Cl) 6L71€EL

17454
(LT 09971 1779) 9€'TS9

(%9'10) 6€£1

6108

0Le9
(66vCL-v6'8LL) L6'LCL

(%8°0€) £5v¢

V.64

LCss
(55°601-68°€01) 7901

(%£'51) 82TS

96£'ce

761°0¢
(¢9£85-6L%.5) 0T 18S

L0€L
OV'6S1-LTTS1) L8SSL

L91L
(€9£51-9¥051) SOPSL

Ogg'Le
(1€'789-0£'£99) 10°SL9

(%6'10) LE6L

9088

5/89
(£1'101-81'96) £8'86

(%¥'81) Y081

086

866/
(ces11-8CCLL) 08¥FLL

(%£°8) €87€

9/8'6€

759'9¢
(¢6'0£5-5€°025) ¥9'5¢S

Lro=d

198/
(er6Tl-6L€T1) 099CL

1000>d

€698
(SLev1-08LE1) 820V L

1000>d

€68'S€
(C0685-/1'//5) 60°€8S

ddQ@ 104 puaiy Jeaur]

syleap
pa12adxa 031 aAneRI ddd
Jo (9bryuadiad) JaquinN

«Syresp
JO Jsquinu pa1oadx]

syesp

JO Jaquinu panIasqo
(1D 9%56) YAS

595D3SIP IDINISDA0IGDID)
ddq o puaiy Jeaur]

syleap
pa1oadxa 01 aAeRI ddd
4o (3beuadiad) saquunN

«SY1eap
Jo Jaquinu pa1dadx3

syeap
4O Jaquinu paAIsqO

(ID %S6) YNS
2SDASIP LIP3 JIWBYIS]
dd@ Joj pualy Jeaur]

syiesp
pa12adxa 01 aAneRI ddd
4o (9be1UadIad) JaqUUnN

xsyieap
JO Jaquinu pa1dadxy

suyleap
JO Jaquinu panasqo

(1D 9%S6) YINS
SaSDASIP WAlSAS £1010|n2i1)

0V6'CSO'LL=N 88TVCOLL=N 89L'9/LY =N YIT8LLY=N 0C9'€0E'S=N y'S8T'S=N TSS'TU6'9=N €9'096'9=N Jaguwinu uonejndog
14114 oLoz 14114 oLoc vioc oLoc 10T oLoc Jeak sepuajed
|eloL (paAldap a1ow) 9)12431 pIg (31ppiw) 3|1D13) puz (panudap ssa)) 91191 35| a3s Jo xapuj

sdnolb 3]12431 03S JO XapUl 3Y1 AQ #7107 PUB 0107 Ul USWOM Ul ddd Jo uoiiodoid pue gsd wioly saiel A1jje1iow paziplepuels-aby € ajqer



Jamiotkowski et al. BMC Public Health

(2023) 23:7 Page 9 of 15
Men Women
° o
600~ 600~ °o
[} o O o
g ) ° . g e ® PO DU 30 o
& 550- r=0.46* 2O = [ o © % °
2 =0. o [R%9 ‘@ 550- r=0.38*
Q Q
o — population & o population
8 2 density 3 ° density
S s0- ® 1000 g s00 © 1000
*3 @ 2000 '3 © 2000
3 © s00 2 O© s000
2 450~ 2 (@)
s S 450- o
% ?g; o C0
6 400- 5 O © °
400 -
o
2 1 0 1 2 -1 0 1
SED index SED index
240- ° 200 - @)
L] ?® o
o]
— o 5 —
T (] 05 T o
% 200- r=0.03 ° (% © o
1A o © - °
2 population g 150- r=0.03 5] 3 population
ks ° ° density bt o o density
2 o % 2 ° o A
S 160 $ Og ° ® 1000 s o C %0, ° O 1000
je j= o
§ o 1 & e o @ 2000 § © o . © 2000
3000 3000
£ [0) ° 5o o ® -Emo_o © o 0 ° o
[} ° @ ° °
2 ) s © £ ®
9 120 ) 4]
2 O @ 5)0 ° ® Z © o o8 p
o o °
) ° °® o @) . o, ! S
°
° 50 ° o
80~ T T v v L . ' s
-2 -1 0 1 -2 -1 0 1
SED index SED index
160 -
L] (o]
L] ° °
* © T °
& 120- r=0.31 o 140- r=0.23 S °®
= ° s
%3 123
0 ® N Ce R population 3 population
& 100- ° density g 1201 density
S ® 1000 T @ 1000
‘—g @ 2000 % © 2000
g . @ w00 § 10071 Q@ 3000
5 8
e 8
60~
0 0 I 0 60- 0 I
-2 -1 0 1 -2 -1 0 1
SED index SED index
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sub-regions of Poland (data averaged over the 2010-2014 period) * statistically significant correlations at p <0.05

men and 7.7% for women annually), and CeVD (6.1% for
men and 6.6% for women annually). A higher mean BMI
was associated with higher mortality due to CSD among
women, but no significant relationship was observed
between BMI and mortality due to IHD and CeVD. In the
case of men, a relationship was noted between smoking
and mortality due to CSD. Low SED index (by and large
related to urban agglomerations) was found to be related
to lower mortality. In comparison, a high population

density was associated with greater IHD mortality in
women and men and CeVD mortality only in women.

Discussion

Main findings

The study showed a considerable geographic varia-
tion in CSD mortality and SED in the 66 sub-regions of
Poland. For both men and women, the largest mortality



Jamiotkowski et al. BMC Public Health (2023) 23:7

Page 10 of 15

Table 4 Relation between mortality from CSD and SED index (as a continuous variable), lifestyle, and population density in 66 sub-

regions of Poland in the period 2010-2014

Group diseases Variables in the model Men Women
exp(B) with 95% ClI p exp(B) with 95% ClI P
Circulatory system diseases Time [1-year increase] 0.971 (0.967, 0.976) 0.000 0.972 (0.966, 0.978) 0.000
(ICD-10:100-199) SED index [1-unit increase] 1.053(1.008,1.100)  0.020 1.047 (0.992, 1.106) 0,092
BMI [1-kg/m? increase] 1.018 (0.956, 1.084) 0.584 1.076 (1.009, 1.148) 0.026
Smoking [1% increase] 1.005 (1.002, 1.009) 0.004 0.996 (0.991, 1.001) 0111
Population density [twofold increase] 0.995 (0.972,1.017) 0.639 1.004 (0.978, 1.030) 0.776
Ischemic heart disease Time [1-year increase] 0.934 (0.914, 0.955) 0.000 0.923 (0.891, 0.956) 0.000
(ICD-10:120-125) SED index [1-unit increase] 1.195(1.005,1.419)  0.043 1.303 (1.025, 1.657) 0.031
BMI [1-kg/m? increase] 1.079 (0.895, 1.300) 0426 0.994 (0.764, 1.293) 0.963
Smoking [1% increase] 1.003 (0.990, 1.015) 0.698 0.994 (0.977,1.012) 0.520
Population density [twofold increase] 1.094 (1.006, 1.189) 0.036 1.145(1.018, 1.288) 0.024
Cerebrovascular diseases Time [1-year increase] 0.939 (0.930, 0.949) 0.000 0.934 (0.914, 0.955) 0.000
(ICD-10:160-169) SED index [1-unit increase] 1008 (0921, 1.102) 0.869 1.230 (1.025, 1.477) 0.026
BMI [1-kg/m? increase] 1.090 (0.979, 1.213) 0.117 0.983 (0.809, 1.194) 0.862
Smoking [1% increase] 1.006 (0.998, 1.014) 0113 0.993 (0.977, 1.008) 0.342
Population density [twofold increase] 0.967 (0918, 1.019) 0.208 1.107 (1.012,1.211) 0.027

CSD —circulatory system diseases; SED—socioeconomic deprivation

Separate models for each disease group by gender including the effects of time trend, SED index, BMI, prevalence of smoking, and population density. Due to data

availability BMI and smoking were treated as static over the whole time period
Significant results are shown in bold

Abbreviations: exp.(3)—exponentiated coefficient of Poisson regression model, Cl—confidence interval, ICD-10—International Statistical Classification of Diseases

and Related Health Problems, Tenth Revision; BMI—body mass index

was found in the more deprived and middle group sub-
regions, and the lowest in the less deprived sub-regions.
However, the more deprived and middle group sub-
regions benefited more from decreased CSD mortality
in men and women. This indicates a reduction in health
inequalities, which was also observed in other European
countries [47, 48]. In women, the differences in the num-
ber of DPP between the SED groups were similar to that
in men, except in the case of CeVD for which a nonsignif-
icant trend was observed. The relationship between SED
and CSD mortality was significant in men after adjusting
for mean BMI, mean smoking rate, and population den-
sity. In women, a significant relationship was observed
with mean BMI. However, the relationship between CSD
mortality and SED was insignificant after adjusting for
covariates, although the 5 coefficients were similar to
that of men.

Interpretation of results

Our study indicates that the variation of CSD mortality
in Poland’s sub-regions can be explained at least par-
tially by the differences in SED. The results comply with
the studies in which synthetic SED indexes were used to
assess the relationship between deprivation and mortal-
ity due to CSD, IHD and CeVD [13-15, 19-22, 49]. It

has been suggested that deprivation significantly influ-
ences the mortality due to CSD in men, but not women
[13, 50]. We did not show a significant relationship in
women, however the effect of SED is similar in size to
that in model for men, which may indicate insufficient
statistical power of the study.

While the impact of lifestyle on cardiovascular health is
well known, it should be noted that there are gender dif-
ferences in behavioral risk factors. For example, smoking
prevalence traditionally affected more men than women
[51]. In our study, CSD mortality was shown to be asso-
ciated with tobacco smoking only in men. This could
reflect the higher smoking rates in the group of more
deprived sub-regions compared with the less deprived
sub-regions. According to the MORGAM study, in
Poland, smoking is less prevalent among women with low
and secondary education than women with higher edu-
cation, particularly in less urbanized areas [52]. A study
indicated that in Eastern European countries, economic
development and social and cultural processes associ-
ated with gender empowerment affect the differences in
smoking between educated and uneducated women. It
appears that the education related different patterns for
smoking in Eastern European countries may interfere
with the relationship between SED and mortality due
to CSD in women, which may have influenced the lack
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of significance of the association [52, 53]. In our study,
another important behavioral factor was BMI, which was
associated with mortality due to CSD only in women.
Although the prevalence of BMI varies by gender, obe-
sity is more common in men below 45years old, but at
later ages above 45years old, it predominates in women
[54]. Some studies suggest that the risk of developing
heart disease in women is increased by obesity coexisting
with some classical CSD factors, i.e. diabetes, hyperten-
sion and hypercholesterolemia. Compared to men, these
factors predispose women to heart disease to a greater
extent [55].

It is worth noting the results obtained in assessing the
association between SED and IHD mortality. A significant
relationship was not found in univariate analysis, but the
inclusion of additional explanatory variables neverthe-
less showed the existence of such a relationship. This may
be related to the problem of omitted-variable bias: in the
analysis ignoring the additional variables, the univariable
model necessarily imputed their effect to the SED scale.
By adding the omitted variables, the SED scale no longer
assumes their partial effect, but reflects its “true” effect,
which turns out to be statistically significant. Further-
more, this study confirmed the relationship between SED
and mortality from IHD, with increased deprivation more
strongly increasing mortality in women than in men (by
30.3% vs. 19.5% per SED scale unit). This significant result
in both sexes may indicate similar risk factors for IHD,
which may be explained by the fact that deprivation co-
occurs with stress-related biological risk factors such as
hypertension and diabetes [8, 18]. However, for the higher
score in women, significant hormonal changes during
menopause may play a role, which may also aggravate pre-
existing risk factors [56]. As in other studies [57, 58], we
found the relationship between SED and mortality due to
CeVD only in women. An explanation for this meaning-
ful relationship may be psychosocial factors, which play
a more significant role in women; for instance, depres-
sion may mediate the relationship between low SED and
stroke [57]. However, the unclear result in the male popu-
lation may be associated with a lower risk of stroke among
unskilled manual workers compared with high-grade civil
servants and executives [58].

Our results showed inequalities in mortality across
sub-regions ranked by deprivation. The lowest CSD
mortality was found in the less deprived sub-regions,
which predominantly include large urban agglomera-
tions and small cities. This observation may be associ-
ated with the fact that these sub-regions have access to
different resources, including educational infrastruc-
ture, services, and job opportunities [59]. Furthermore,
these sub-regions offer a more favorable environment,
such as access to gyms and shops selling healthy foods,
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as well as health care services, which may contribute to
better health outcomes in their residents [45, 60, 61].
The more deprived sub-regions are located in the east-
ern and northwest parts of Poland and are character-
ized by a low population density. These are considered
less attractive to investors, which affects economic
development. This confirms, among others, the fact
that the areas of many sub-regions with more deprived
sub-regions overlap with those areas in which national
farm holdings had been liquidated and more harm-
ful effects of the economic transformation are expe-
rienced. These areas lack support programs targeting
social groups deprived of earlier forms of employment,
and are consequently linked with poor health outcomes
[26, 27].

Furthermore, the area encompassing sub-regions with
a high deprivation in the western part of the country was
associated with a more clear trend toward job migrations
to work legally abroad. The migrations may exacerbate
the optimal development of these areas due to the out-
flow of human capital and are also associated with a prev-
alence of social exclusion and poverty, leading altogether
to health hazards [26, 62]. Some analyses indicate that the
eastern and northwestern parts of the country have high
total mortality due to CSD of the age group 25-64years
[63]. The issue of worse cardiovascular health in areas
where national farm holdings were eliminated and areas
with intensive labor migration is an interesting topic that
needs further research.

For IHD, mortality was the highest in the less deprived
sub-region group. In the case of CeVD, the highest mor-
tality was found in middle sub-regions, which may sug-
gest the occurrence of other specific factors that are not
included in the analysis [64]. Indeed, for both IHD mor-
tality and CeVD, positive relationship with the SED index
has been confirmed using multivariable models that
account for additional sources of mortality variation. It
should also be emphasized that a rapid decrease in CSD
mortality was noted in more deprived sub-regions with
high SED index values. In the more deprived and mid-
dle group sub-regions, the percentage of DPP was higher
compared to the less deprived sub-regions.

While the mortality due to CSD and CeVD was the
lowest in the less deprived sub-regions, the reduction of
mortality between 2010 and 2014 in these sub-regions
was smaller compared to the sub-regions with the high
SED index. This could be explained by the fact that in
the best-developed—highly urbanized—sub-regions,
mortality (due to better availability of cardiologic care
services and invasive cardiology procedures) had been
reduced in earlier years and the scope for improvement
of cardiovascular health was narrower [65]. Simultane-
ously, modern prevention and therapeutic methods are
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increasingly becoming accessible in more deprived and
middle sub-regions. For example, life-saving invasive
cardiology procedures have been available after 2000 not
only in academic centers but also in district hospitals,
which might have resulted in reduced mortality even
in smaller centers with a higher SED index. This is also
supported by the results of other analyses [65], accord-
ing to which the reduction of mortality due to CSD
among people with higher education was particularly
pronounced between 1991 and 1993 and 2001-2003,
whereas during the period 2001-2003 and 2010-2012,
the reduction was considerably lower. Noticeably, this
mortality reduction was observed at a lower rate in peo-
ple with low education compared to those with higher
education.

Our results have shown that mortality from CSD, IHD
and CeVD has decreased, and similar trends prevail in
most European Union (EU) countries [1, 4, 5, 63]. It is
also worth noting the progressive improvement in the
health status of the Polish population, as evidenced by
the systematically decreasing mortality rate of both
younger and older people [63, 66]. At the same time,
however, it must be said, against the background of the
EU countries in the analyzed period 2010-2014, the
mortality rates due to CSD in Poland were 60% higher
compared to the average level for the EU, but already
comparing to the old EU-15 countries were higher by
90%. For example, the level of mortality due to CSD in
Poland is three times higher compared to France and the
Netherlands. In contrast, against the background of the
EU-13 countries that joined the EU after 2003, the level
of mortality due to CSD in Poland is relatively low, i.e.
the rates are 15% lower. Among Poland’s neighboring
countries, the level of mortality due to CSD in Poland
was 50% higher compared to Germany and similar to
the level of mortality in the Czech Republic and Slovakia
[67]. The existence of significant disparities in the level
of mortality due to CSD between Poland and EU coun-
tries, especially the old EU-15, may indicate that there
are opportunities for further mortality reduction. The
stratification using terciles allowed to identify the resi-
dence-related deprivation, which may be necessary at
intervention strategies and activities addressing improv-
ing cardiovascular health. In the policy process aimed to
alleviate health inequalities, the activities should focus
not only on poverty reduction throughout income redis-
tribution. It is also critical ensuring equality of health
opportunity in the entire population, through education,
employment, improved working conditions and preven-
tive care [68]. Decreasing health inequalities ought to be
a political and social priority, given that they deteriorate
economic productivity and the potential for sustainable
and inclusive growth.
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Strengths and limitations

To our knowledge, this study is the first to use the SED
index to assess the relationship with mortality due to
CSD at the population level in Poland. The study was
performed considering the whole population of the
country. In the 66 sub-regions, a large variation was
found in CSD mortality and SED. Furthermore, the
sub-regions represented all the characteristics that are
typical for Poland. The synthetic SED index enabled an
approximate estimation of the singular variables (educa-
tion, structure in employment, salary, unemployment,
and poverty). A database concerning sub-regions defined
based on NUTS-3 classification, which is used in the EU
member states, was used for the first time in this study
[32]. A unique strength of this study was the comparison
of mortality due to CSD and the time-related changes
using the DPP index in three different environments
regarding deprivation level, thus, contrary to other stud-
ies reporting mortality trends in administrative areas
of the country [65]. Our results showed a potent effect
of health inequalities. Therefore, they may contribute
to limited literature field dealing with the associations
between area-related deprivation and mortality from
CSD in Central and Eastern European countries [21, 22].
Similar and comparable socioeconomic levels in specific
countries of this region may facilitate cross-comparisons
and allow consistently conducting research across the
populations.

The results of the study should be interpreted in
light of certain limitations. The ecological design does
not allow addressing the causality of the relationships.
As sub-regions were considered as statistical units in
this study, instead of individual persons, it was possi-
ble to investigate the inequalities between them, while
inequalities within them remain unexplored. Epide-
miological analyses for geographical areas lead to
the best results when statistical units are populations
of small size [69, 70]. It allows for better homogene-
ity and decreases the problem of averaging of differ-
ent populations within a single geographical area. Such
averaging results in attenuation of studied effects in
statistical models. In this paper, population sizes in
sub-regions were relatively large, so it was expectable
that real effects might be significantly stronger and
so their detection could be difficult, if not impossible.
However, we were able to confirm statistically signifi-
cant associations of the SED index with mortality from
each of the three causes of death analyzed, although
not always for both sexes. One explanation for the dif-
ficulty in demonstrating these relationships in each
case may be the aforementioned high level data aggre-
gation at the sub-regional level and the blurring of the
relationships studied. In contrast to mortality and SED,
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information on covariates such as education, smoking,
and BMI was based on one-point observation (Cen-
sus 2011, Social Diagnosis Survey 2011), which was
the only available for the studied sub-regions within
the study period. It is unlikely that these characteris-
tics changed much within the observation time. The
relationship between SED and mortality due to CSD
could be confounded by the sub-region differences in
the exposure to the other uncontrolled factors; there-
fore, residual confounding should be considered. For
example, we did not utilize stress, an important vari-
able, because of the limited accessibility of such data.
However, stress is regarded as a significant mediator
linking the associations between deprivation and mor-
tality due to cardiovascular diseases [71]. Noticeably,
some components of the SED (e.g. percent of people
on social support due to poverty) may have, at least
partly, reflected chronic stress [18]. Thus, the role
of stress should be investigated in future research.
Another limitation of the study is the quality of the
data on deaths associated with the differences in the
reliability of death-cause coding by physicians who
filled out death certificates. Our results showed that
the highest mortality due to IHD was observed in the
less deprived (most urbanized) sub-regions. This may
be partially explained by the discrepancies in death
certification encoding described earlier in Poland
[72]. Such an issue was even reported in countries
with highly advanced health information systems [73].
However, territorial differences in death-cause coding
could rather contribute to the greater impact of ran-
dom variability on our results, and it is less likely that
the occurrence of a systematic error would explain the
observed relationships. The latter is supported by the
overall consistency of relationships found for IHD,
CeVD, and CSD.

Conclusions

Significant differences in mortality changes due to CSD
in Poland could be observed in relation to socioeco-
nomic deprivation, resulting in reduced health inequal-
ity. To reduce CSD mortality, more comprehensive
preventive measures, including approaches address-
ing the socioeconomic factors, mainly poverty, educa-
tion and employment, are needed, particularly in less
urbanized areas. Further, well-designed studies should
consider the contribution of psychosocial factors and
their effect on cardiovascular health.
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