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A b s t r a c t

Introduction: Cancer remains a major public health burden in Poland, with 
a substantial proportion of cases attributable to modifiable behavioral risk 
factors such as smoking, obesity, and physical inactivity. These factors are 
socially patterned, contributing to health inequalities across socioeconomic 
groups. The study aimed to quantify socioeconomic gradients in key behav-
ioral cancer risk factors in Poland.
Material and methods: A cross-sectional analysis was conducted using data 
from the Polish wave of the European Health Interview Survey (EHIS) 2019, 
covering a nationally representative sample of individuals aged ≥ 15 years. 
Educational attainment was used as an indicator of socioeconomic status 
(SES; high, middle, low). Prevalence of smoking, obesity (body mass index  
≥ 30 kg/m²), and lack of recreational physical activity were estimated across 
educational groups. Socioeconomic gradients were assessed using preva-
lence ratios (PRs), and the estimated number of individuals exposed to each 
risk factor was calculated using national population estimates.
Results: Clear socioeconomic gradients were observed for all analyzed risk 
factors. Individuals with low education had higher prevalence of smoking 
(23.6% vs. 11.6%, PR = 2.03), obesity (21.9% vs. 11.9%; PR = 1.84), and 
physical inactivity (59.5% vs. 39.3%; PR = 1.51) compared to those with 
high education. The low-education group (41% of the population) accounted 
for ~47–49% of all exposures, indicating a disproportionate concentration 
of behavioral cancer risk. Reducing these inequalities could substantially 
decrease the population burden of risk factors.
Conclusions: Behavioral cancer risk factors in Poland are unequally distrib-
uted and disproportionately concentrated among socioeconomically dis-
advantaged groups. Addressing these inequalities through targeted, equi-
ty-oriented prevention strategies may help reduce the future cancer burden.
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Introduction

Poland faces a substantial burden of cancer, which remains one of the 
leading causes of death in the population [1]. A substantial share of this 
burden is attributable to modifiable behavioral risk factors and therefore 
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largely preventable. In Poland, the most important 
of these include tobacco use, obesity, alcohol con-
sumption, and low levels of physical activity, all of 
which contribute significantly to cancer incidence 
and mortality [2]. 

Tobacco remains the single most important be-
havioral risk factor for cancer mortality in Poland, 
accounting for a  substantial proportion of can-
cer-related deaths [3]. Although some improve-
ments in smoking patterns have been observed 
over time, tobacco use continues to shape long-
term cancer trends, including lung cancer mortali-
ty, which remains a leading cause of cancer death 
in both men and women [1]. At the same time, 
new challenges are emerging in younger popula-
tions. Data from the Global Youth Tobacco Survey 
indicate that Polish adolescents remain highly 
exposed to tobacco-related influences, including 
declining awareness of the harms of smoking 
and secondhand smoke, as well as persistent 
exposure to tobacco marketing and pro-smoking 
norms. These patterns may translate into sus-
tained or even increasing exposure to tobacco in 
future adult populations [4].

Beyond tobacco, other modifiable behavior-
al risk factors are also highly prevalent. Alcohol 
consumption is an important modifiable cancer 
risk factor in Poland. OECD data indicate that the 
prevalence of alcohol consumption in the coun-
try is higher than the European Union (EU) aver-
age, placing Poland among countries performing 
worse in this domain. Moreover, overweight and 
obesity, as well as insufficient physical activity, are 
widespread in Poland and show marked variation 
across population groups [2]. These factors not 
only increase the risk of several common cancers, 
but also interact with broader social and environ-
mental determinants, amplifying health inequal-
ities. Evidence from European studies suggests 
that cancer prevention behaviors are shaped by 
a complex interplay of individual capabilities, so-
cial norms and structural conditions, including 
education, economic resources and access to 
health-promoting environments [5]. In this con-
text, socioeconomic inequalities play a  key role 
in the distribution of cancer risk. Individuals with 
lower socioeconomic status (SES) are more likely 
to be exposed to behavioral risk factors and face 
barriers to adopting healthier lifestyles, leading to 
unequal cancer outcomes across the population. 
Understanding how these risk factors are distrib-
uted across socioeconomic groups is therefore es-
sential for designing effective and equitable pre-
vention strategies [2, 5].

The aim of this study was to quantify socio-
economic gradients in major modifiable behav-
ioral cancer risk factors in Poland using nationally 
representative health survey data. Specifically, 

the study assessed differences in the prevalence 
of smoking, obesity and recreational physical in-
activity across educational groups and estimated 
the population distribution of these exposures. 
The findings were intended to identify the extent 
to which behavioral cancer risk factors are con-
centrated in socioeconomically disadvantaged 
populations and to inform equity-oriented cancer 
prevention strategies using the most recent na-
tionally available data. Although socioeconomic 
gradients in behavioral risk factors are well doc-
umented internationally, recent nationally rep-
resentative evidence quantifying the population 
distribution of major cancer-related behavioral 
risks across educational groups in Poland remains 
limited. The added value of the present study is 
therefore not in identifying socioeconomic in-
equalities as a new phenomenon, but in providing 
an updated, transparent and population-based 
quantification of their scale in the Polish context. 
By combining prevalence estimates with national 
population data, the study illustrates how these 
inequalities translate into the distribution of 
risk-factor burden at the population level.

Material and methods

Study design and data source

This study was a cross-sectional analysis based 
on data from the Polish wave of the European 
Health Interview Survey (EHIS) [6]. EHIS is a har-
monized population health survey conducted pe-
riodically across European Union Member States 
to support the development of a European public 
health monitoring system. The survey collects in-
formation on health status, health determinants, 
health care utilization, and preventive health be-
haviors in the general population.

In Poland, EHIS is implemented by Statistics 
Poland as part of the national program of statisti-
cal surveys. Data are collected using standardized 
questionnaires developed at the European level and 
adapted for national implementation. The survey 
includes modules covering health status, chronic 
conditions, mental health, lifestyle behaviors, pre-
ventive practices, and the use of health services. 

The target population of the survey consists 
of individuals aged 15 years and older living in 
private households in Poland. Persons residing in 
institutional settings such as hospitals, nursing 
homes, or other collective households are not in-
cluded in the sampling frame. The survey there-
fore represents the non-institutionalized popula-
tion of the country.

Sampling design

The survey uses a  multistage stratified sam-
pling design to ensure representativeness of the 
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national population. Households are selected from 
the national sampling frame maintained by Sta-
tistics Poland. In the first stage, primary sampling 
units are selected from territorial strata, and in 
the second stage households are randomly select-
ed within these units.

Within each sampled household, individual 
respondents are selected for participation in the 
survey. The sampling procedure ensures adequate 
representation across regions, urban and rural ar-
eas, and major demographic groups.

Sampling weights provided in the survey data-
set allow extrapolation of survey results to the 
national population. The analyzed data represent 
approximately 31.6 million persons aged 15 years 
and older living in Poland.

Data collection

Data were collected as part of the Polish imple-
mentation of the EHIS conducted in 2019. The sur-
vey was carried out by Statistics Poland as part of 
the national statistical program and followed the 
methodological guidelines developed by Eurostat.

Fieldwork was conducted throughout 2019, 
with data collected from individuals aged 15 years 
and older living in private households in Poland. 
Information was obtained through structured 
questionnaires administered by trained interview-
ers using computer-assisted personal interview-
ing, complemented by self-administered modules 
for selected topics.

In total, interviews were completed in 11,024 
households, yielding information on 23,753 in-
dividuals, including 19,959 adults aged 15 years 
and older. Sampling weights provided by the sur-
vey allow extrapolation of results to the national 
population.

The results of the survey were published in 2021 
in the report Health Status of Population in Poland 
in 2019 prepared by Statistics Poland. At the time 
of analysis, these represented the most recent na-
tionally representative data available for Poland.

The analysis was based on publicly available 
aggregated results from the Polish EHIS 2019 
published online by Statistics Poland, rather than 
on individual-level raw survey data. The authors 
recalculated and summarized these publicly avail-
able aggregated data for the purposes of the pres-
ent study.

Socioeconomic indicator

Educational attainment was used as the prima-
ry indicator of socioeconomic status. Education 
is commonly used in epidemiological research as 
a stable measure of socioeconomic position and 
is generally considered less affected by reverse 
causation than income or employment status.

Education was used as a pragmatic and stable 
measure of socioeconomic position available in 
the EHIS dataset. However, education does not 
capture all dimensions of socioeconomic status, 
such as income, wealth, occupational class, mate-
rial deprivation, or neighborhood-level disadvan-
tage. Therefore, the findings should be interpreted 
as educational inequalities in behavioral cancer 
risk factors rather than a comprehensive assess-
ment of all socioeconomic inequalities.

Educational attainment was categorized into 
three groups: (1) high education – tertiary ed-
ucation; (2) middle education – secondary or 
post-secondary education; (3) low education – ba-
sic vocational education, primary education, low-
er secondary education, or no formal education. 
These categories were defined to reflect meaning-
ful gradients in socioeconomic position within the 
Polish population.

Behavioral cancer risk factors

The analysis focused on major behavioral risk 
factors associated with cancer development: 
(1) Smoking status was determined based on 
self-reported current smoking behavior. Respon-
dents reporting daily or occasional use of tobac-
co products were classified as current smokers. 
(2) Obesity was defined as body mass index (BMI) 
≥ 30 kg/m². BMI was calculated from self-reported 
body weight and height reported by respondents 
during the survey interview. (3) Physical inactivity 
was defined as absence of recreational physical 
activity, operationalized as reporting no bicycling 
or sports activity during a typical week. (4) Alco-
hol consumption was measured in the survey as 
drinking alcohol at least once per week. Because 
this indicator primarily reflects drinking frequen-
cy rather than harmful alcohol consumption pat-
terns, it was not included in the primary inequality 
analysis of behavioral cancer risk factors. The vari-
able was analyzed descriptively but excluded from 
the main gradient analysis.

Statistical analysis

Prevalence estimates were calculated for each 
behavioral risk factor across educational groups. 
Socioeconomic gradients were quantified using 
prevalence ratios (PRs) comparing the prevalence 
of each risk factor in the low-education group with 
that observed in the high-education group.

To assess the population distribution of cancer 
risk exposures, prevalence estimates were com-
bined with national population size to estimate the 
number of individuals exposed to each risk factor. 
The distribution of exposures across educational 
groups was used to assess the concentration of be-
havioral cancer risk factors within the population.
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Population estimates were derived from na-
tional demographic statistics published by Statis-
tics Poland [7].

The analysis was descriptive in nature and was 
intended to quantify the distribution of selected 
behavioral risk factors across educational groups. 
No causal interpretation was assumed. The prev-
alence ratios should therefore be interpreted as 
descriptive measures of relative inequality rather 
than adjusted estimates of independent associ-
ations. Similarly, the estimates of the population 
burden of behavioral risk factors were used to  
illustrate the scale and distribution of exposures, 
not to estimate the effect of a specific interven-
tion.

Ethical considerations

The study used publicly available aggregated 
results from the Polish EHIS 2019 published by 
Statistics Poland. The authors did not access in-

dividual-level raw survey data and did not process 
any identifiable personal data. Therefore, the anal-
ysis did not require additional ethical approval.

Results

Clear and consistent socioeconomic gradients 
were observed across all analyzed behavioral can-
cer risk factors. Individuals with lower educational 
attainment had substantially higher prevalence of 
smoking, obesity, and lack of recreational physical 
activity compared to those with higher education 
(Table I, Figure 1). 

Smoking prevalence was more than twofold 
higher in the low- than in the high-education 
group (23.6% vs. 11.6%, PR = 2.03) (Table II). 
Similarly, obesity prevalence was nearly doubled 
(21.9% vs. 11.9%, PR = 1.84), while lack of recre-
ational physical activity was also markedly more 
common (59.5% vs. 39.3%, PR = 1.51). 

In contrast, alcohol consumption at least once 
per week was more frequently reported among 
individuals with higher education (21.2%) than 
those with lower education (16.5%) (Table I).

An estimated 6.2 million individuals were cur-
rent smokers, 5.9 million had obesity, and 16.5 
million reported no recreational physical activity 
(Table III). 

Despite representing approximately 41% of the 
population, individuals with low educational at-
tainment accounted for nearly half of exposures 
(47-49%), indicating a  disproportionate concen-
tration of behavioral cancer risk in socioeconomi-
cally disadvantaged groups (Table II).

In a  descriptive counterfactual scenario, ap-
plying the risk-factor prevalence observed in the 
high-education group to all educational groups 
would correspond to approximately 2.5 million 
fewer smokers, 2.1 million fewer individuals with 
obesity, and 4.0 million fewer individuals reporting 
no recreational physical activity (Table III, Figure 2).  
These figures should be interpreted as an illustra-

Table I. Population characteristics and prevalence of behavioral cancer risk factors by educational attainment in 
Poland

Educational attainment Population  
share (%)

Smoking  
(%)

Obesity  
(BMI ≥ 30 kg/m²) 

(%)

No recreational 
physical activity 

(%)

Alcohol  
≥ 1×/week  

(%)

High (tertiary education) 24.3 11.6 11.9 39.3 21.2

Middle (secondary 
or post-secondary 
education)

34.5 20.8 19.2 52.7 18.2

Low (vocational, primary, 
lower secondary or none)

41.0 23.6 21.9 59.5 16.5

Total population 100 19.7 18.5 52.1 18.2

Data source: Polish wave of the European Health Interview Survey (EHIS). Population aged 15 years and older living in private households. 
Physical inactivity defined as no bicycling or sports activity during a typical week. Alcohol consumption presented descriptively and not 
included in the main inequality analysis. Percentages may not sum to 100% because observations with missing values were excluded from 
the denominator for individual variables.

Figure 1. Socioeconomic gradients in major be-
havioral cancer risk factors in Poland. Prevalence 
of smoking, obesity (body mass index ≥ 30 kg/m²) 
and absence of recreational physical activity by 
educational attainment among individuals aged 
15 years and older in Poland. Data are derived 
from the European Health Interview Survey (EHIS). 
Educational attainment was categorized as high 
(tertiary education), middle (secondary or post-sec-
ondary education), and low (basic vocational, pri-
mary, lower secondary, or no formal education)
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tion of the magnitude of educational inequalities 
in exposure distribution, rather than as estimates 
of directly achievable reductions through policy in-
tervention.

Together, these findings indicate that socioeco-
nomic inequalities are a major determinant of the 
overall population distribution of behavioral can-
cer risk factors.

Discussion

The present study does not suggest that socio-
economic gradients in smoking, obesity or physi-
cal inactivity are a new phenomenon. Rather, its 
contribution lies in providing an updated, nation-
ally representative and policy-relevant description 
of how major behavioral cancer risk factors are 
distributed across educational groups in Poland. 
By combining prevalence estimates with national 
population data, the analysis illustrates not only 
relative differences between educational groups, 
but also the extent to which exposures are con-
centrated in the lower education group at the 
population level. This descriptive perspective may 
be useful for public health planning, particularly in 
settings where prevention strategies increasingly 
aim to address social inequalities in cancer risk.

The particularly strong gradient for smoking 
is in line with previous evidence from Europe. To-
bacco use has long been recognized as a behav-
ior that is socially patterned, with higher preva-
lence, earlier initiation, and lower cessation rates 
among individuals with lower socioeconomic sta-
tus. These differences are not solely the result of 

Table II. Socioeconomic gradients and population distribution of behavioral cancer risk factors in Poland

Risk factor Prevalence,  
high education 

(%)

Prevalence,  
low education 

(%)

Prevalence ratio 
(low vs. high 
education)

Estimated  
population  

exposed (millions)

Share of  
exposure in low 
education (%)

Smoking 11.6 23.6 2.03 6.2 49

Obesity  
(BMI ≥ 30 kg/m²)

11.9 21.9 1.84 5.9 48

No recreational 
physical activity

39.3 59.5 1.51 16.5 47

Data source: Polish wave of the European Health Interview Survey (EHIS). Population aged 15 years and older living in private households. 
Estimated population aged 15 years and older ≈31.6 million. Prevalence ratios calculated as prevalence in the low-education group divided 
by prevalence in the high-education group. Percentages may not sum to 100% because observations with missing values were excluded 
from the denominator for individual variables.

Table III. Potential reduction in population exposure if educational inequalities were eliminated

Risk factor Expected prevalence if all 
groups had the prevalence 

observed in the high-education 
group (%)

Current number of exposed 
individuals (millions)

Potential reduction in exposed 
individuals (millions)

Smoking 11.6 6.2 ~2.5

Obesity 11.9 5.9 ~2.1

Physical 
inactivity

39.3 16.5 ~4.0

Figure 2. Population exposure to behavioral cancer 
risk factors attributable to educational inequal-
ities in Poland. Estimated number of individuals 
exposed to smoking, obesity, and absence of rec-
reational physical activity attributable to educa-
tional inequalities. The figure shows the excess 
population exposed in middle- and low-education 
groups compared with the prevalence observed 
in the high-education group. Estimates are based 
on prevalence data from the European Health In-
terview Survey (EHIS) and national population 
statistics. Results illustrate the concentration of 
behavioral cancer risk exposures among socioeco-
nomically disadvantaged populations
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individual choices but reflect broader structural 
factors, including differential exposure to tobac-
co marketing, access to cessation support, and 
varying responsiveness to public health policies. 
Consequently, smoking continues to play a major 
role in generating inequalities in cancer outcomes 
across populations [8, 9]. 

A  similar, although slightly weaker, gradient 
was observed for obesity. The higher prevalence of 
obesity among individuals with lower educational 
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attainment is consistent with a large body of ev-
idence indicating that, in high-income countries, 
obesity is more common in socioeconomically 
disadvantaged groups. This relationship has been 
shown to persist over several decades and across 
different measures of body composition. The as-
sociation between socioeconomic status and obe-
sity is complex and potentially bidirectional, with 
both social disadvantages contributing to weight 
gain and obesity affecting socioeconomic trajec-
tories. Recent research has also highlighted mul-
tiple pathways underlying this gradient, including 
behavioral, environmental, psychological, and bi-
ological mechanisms. These findings support the 
interpretation that the observed inequalities in 
obesity are not solely driven by individual choices 
but reflect broader social and structural determi-
nants [10, 11].

Unlike smoking and obesity, physical inactiv-
ity was highly prevalent across all educational 
groups, suggesting that it represents a  popula-
tion-wide issue rather than a risk factor concen-
trated primarily in disadvantaged groups. Physical 
inactivity did not differ as sharply as other risk 
factors, but a clear gradient was still present. Rec-
reational activity was low in all groups, yet individ-
uals with lower education were less likely to be ac-
tive in their leisure time. This reflects well-known 
differences between domains of physical activity. 
Individuals with higher socioeconomic status are 
more likely to engage in leisure-time physical ac-
tivity, which is the form most strongly associated 
with health benefits. In contrast, those with lower 
status may be more physically active at work, but 
this type of activity does not confer the same pro-
tective effects. This distinction is important when 
interpreting inequalities in physical activity and 
their implications for cancer prevention [12].

From a population perspective, the concentra-
tion of risk factors in the lower education group 
is particularly notable. Although this group rep-
resents approximately two-fifths of the popula-
tion, it accounts for nearly half of all exposures to 
the examined risk factors in the present analysis. 
This disproportionate concentration of behavioral 
risk factor exposure suggests that reducing socio-
economic inequalities could have a substantial im-
pact on overall population health. Previous studies 
have shown that socioeconomic disadvantage is 
itself strongly associated with premature mortali-
ty, with an effect size comparable to that of major 
behavioral risk factors. This underscores the im-
portance of addressing social determinants along-
side traditional prevention strategies [13]. Howev-
er, the counterfactual estimates presented in this 
study should not be interpreted as predictions of 
the effects of specific interventions. Equalizing be-
havioral risk-factor prevalence across education-

al groups would require changes in the broader 
social, economic and environmental determinants 
that shape health behaviors. Therefore, these es-
timates are best understood as an indication of 
the scale of inequality-related exposure differenc-
es, rather than as a directly attainable reduction 
under any single policy scenario.

Alcohol consumption did not follow the same 
pattern as the other risk factors. In the present 
study, more frequent alcohol use was reported 
among individuals with higher educational attain-
ment. This finding should be interpreted with cau-
tion, as frequency of drinking does not necessarily 
reflect the level of risk. Evidence suggests that 
individuals with lower socioeconomic status are 
more likely to engage in harmful drinking patterns 
and to experience alcohol-related health conse-
quences, despite not always drinking more often. 
This phenomenon, often described as the “alcohol 
harm paradox,” indicates that simple measures of 
frequency may underestimate inequalities in al-
cohol-related cancer risk. For this reason, exclud-
ing alcohol from the main inequality analysis was 
considered justified [14, 15].

Finally, the clustering of behavioral risk factors 
within disadvantaged groups may have implica-
tions beyond exposure alone. There is evidence 
that individuals with lower socioeconomic status 
are less likely to participate in preventive services, 
including cancer screening. When combined with 
higher exposure to risk factors, this may contrib-
ute to widening inequalities in cancer incidence 
and outcomes. Addressing these disparities there-
fore requires a comprehensive approach that inte-
grates risk factor reduction with improved access 
to prevention and early detection services [16, 17].

Several methodological limitations are related 
to the descriptive design of the analysis. The study 
did not adjust prevalence ratios for potential con-
founders such as age, sex, place of residence, or 
other socioeconomic characteristics. Therefore, 
the estimates should not be interpreted as inde-
pendent effects of educational attainment. In ad-
dition, statistical uncertainty measures were not 
presented, which limits the ability to assess the 
precision of the estimates. Future studies using 
individual-level survey data should apply multi-
variable models and report confidence intervals to 
further examine these associations.

Further, key variables such as smoking, body 
weight, height and physical activity were self-re-
ported and may be subject to reporting bias. In 
particular, body mass index derived from self-re-
ported data may underestimate the true preva-
lence of obesity. The definition of physical inac-
tivity was limited to the absence of recreational 
bicycling or sports activity and did not capture 
other domains of physical activity, including occu-
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pational, household or transport-related activity. 
As a  result, the measure should be interpreted 
specifically as lack of recreational physical activity 
rather than total physical inactivity.

Moreover, the survey includes only individuals 
living in private households and excludes people 
residing in institutional settings, which may limit 
the generalizability of the findings to the entire 
population. Apart from that, alcohol consumption 
in the survey reflects drinking frequency rather 
than harmful drinking patterns and was therefore 
not included in the main inequality analysis.

Finally, the counterfactual population expo-
sure estimates are based on simplified assump-
tions and should be interpreted cautiously. They 
do not account for the structural determinants 
of health behaviors or for the feasibility, timing 
or effectiveness of specific interventions. Their 
purpose is illustrative: to show the scale of ex-
posure differences associated with educational 
inequalities.

Despite these limitations, the use of nation-
ally representative health survey data provides 
valuable insights into the socioeconomic distri-
bution of major behavioral cancer risk factors in 
Poland.

This study demonstrates clear socioeconomic 
gradients in major behavioral cancer risk factors 
in Poland. Smoking, obesity and lack of recreation-
al physical activity were consistently more prev-
alent among individuals with lower educational 
attainment, indicating a substantial concentration 
of modifiable cancer risk factors in socioeconomi-
cally disadvantaged groups.

These findings suggest that behavioral risk 
exposures relevant to cancer prevention are not 
evenly distributed across the population. A  con-
siderable share of these exposures occurs among 
individuals with lower socioeconomic status, 
highlighting the importance of addressing social 
inequalities in cancer prevention strategies.

These findings also support the need to consid-
er educational inequalities when designing cancer 
prevention strategies in Poland. However, because 
the analysis was descriptive and cross-sectional, 
the results should not be interpreted as evidence 
of causal effects of education on behavioral risk 
factors or as estimates of the expected impact 
of specific interventions. Equity-oriented public 
health policies may contribute to reducing the 
future burden of cancer, but such efforts should 
address not only individual behaviors, but also the 
broader social and structural determinants that 
shape them.
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