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Abstract
Introduction and objective. With respect to the increasing numbers of deaths due to colorectal cancer in Poland, the aim 
of the study was to investigate socio-demographic characteristics which influence colorectal cancer screening acceptance 
and to assess spatial variation of colorectal cancer mortality.  
Materials and method. An age-period-cohort model was estimated to assess mortality trends in colorectal cancer in 
Poland. A geographical analysis was performed by spatial regression. Factors influencing participation in colorectal cancer 
screening were identified using structural equation modelling.  
Results. In 2014 in Poland, 6.4 thousand men and 5.0 thousand women died due to colorectal cancer. In total, by 2030 
this number is expected to rise to nearly 14.4 thousand. Observed spatial clustering of age-adjusted colorectal cancer 
mortality is associated with spatial variation in tobacco use, employment in industry, and consumption of red meat. Patient-
physician communication, advanced age, and healthy diet are the most important predictors of colorectal cancer screening 
acceptance. Tobacco and alcohol users are not more likely to participate in colorectal cancer screening, adjusting for other 
variables.  
Conclusions. Self-selection of patients who follow healthy diet means that individuals at higher risk of colorectal cancer 
are less likely to participate in colorectal cancer screening. Therefore, screening should be more targeted. According to the 
structural equation modelling results, the phenomenon of ‘no-show’ for screening can be mitigated by patient-physician 
communication. The inhabitants of the Greater Poland region are at the highest risk of dying due to colorectal cancer, which 
may have public health policy implications.
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INTRODUCTION

The number of deaths from colorectal cancer (ICD-10: 
C18-C21, ICD-9: 153–154) has been increasing in Poland 
since the 1980s. Colorectal cancer screening programmes 
are running in most EU countries. European guidelines 
for quality assurance in colorectal cancer screening and 
diagnosis were issued by the European Commission in 
2010. The target population refers to men and women aged 
50–74 years. The invitation-reminder system aims to give 
each eligible individual an equal chance of benefiting from 
screening. To identify what socio-demographic factors 
influence participation in colorectal cancer screening, a 
structural equation model was estimated. A hypothesis of 
self-selection of participants at lower risk of colorectal cancer 
was examined.

Most colorectal cancer prevention programmes are 
implemented at the country level; however, mortality and 
incidence of colorectal cancer vary with geography, as will be 
shown later. In this study, the main determinants of spatial 
clustering of colorectal cancer mortality in Poland were 

examined by spatial lag model. In prior research, the risk 
of developing colorectal cancer was found to be associated 
with smoking tobacco, being overweight or obese, drinking 
excessive alcohol, consuming processed and red meat, 
having a family history of colorectal cancer, and having 
inflammatory bowel disease [1].

OBJECTIVE

This article is aimed at the identification of hard-to-reach 
groups and the detection of spatial clusters of elevated cancer 
risk, with respect to the increasing numbers of deaths due 
to colorectal cancer in Poland. Both tasks were shown to be 
useful tools for optimising colorectal cancer screening [2, 3]. 
Spatial clusters should form geographic targets for colorectal 
cancer screening interventions. The identification of hard-
to-reach groups for screening is the first step in improving 
participation and coverage rates.

MATERIALS AND METHOD

Age-Period-Cohort Model. According to the age-period-
cohort model, hazard rate of mortality, lij, at age i and in 
year j is given by [4, 5]:
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loglij = ai + pj + cj-i,  i = 1, …, na, j = 1, …, nc

where a describes the age effect, p the year effect, and c 
the cohort effect. Perfect collinearity between variables of 
age, period, and cohort presents a methodological challenge 
and standard regression techniques cannot be applied. To 
achieve identifiability, parameters must respect the particular 
constraints employed. Most common mortality models can 
be estimated using the language of generalised linear or non-
linear models [6]. The R package StMoMo provides tools for 
fitting stochastic mortality models, including the age-period-
cohort model, Lee-Carter model, Renshaw-Haberman 
model, and Cairns-Blake-Dowd model [7]. Among these, 
the specification of the age-period-cohort model was chosen 
based on Akaike’s and Bayesian information criteria. In the 
forecast one assumed that the cohort index follows an ARIMA 
(1,1,0) process with drift. For the period index, the random 
walk process with drift was assumed. These assumptions 
are in line with the previous research on forecasting using 
parametric mortality models [7, 8].

Prediction of number of colorectal cancer deaths up to 2035 
has been based on the historical trends of mortality in Poland 
in 1980–2014 and the demographical prognosis made by 
the Polish Central Statistical Office [9]. Mortality rates were 
standardised to the 2014 Polish census population. Mortality 
data comes from the Polish National Cancer Registry and 
was obtained from death certificates collected by the Polish 
Central Statistical Office.

Spatial Model. Spatial clusters were identified by Kulldorff’s 
scan statistic [10]. Kulldorff’s approach tests the hypothesis 
that there is an elevated risk within a window centred at some 
point compared with outside it. Since the distribution of test 
statistic is not determined, Monte Carlo simulation was used 
to perform the hypothesis test (Nrep = 9,999 replicates). The 
rank of the likelihood ratio among all randomisation tests 
determines the P-value. The most likely cluster is the window 
which attains the maximum likelihood value. Secondary 
clusters have significantly large likelihood ratio, but less 
than the most likely one. Clustering hypothesis was tested at 
a = 0.001 level of significance using data from the 2010–2014 
and, for comparison, the 1980–1984 period.

Causes of spatial clustering of colorectal cancer mortality 
were identified using a spatial regression model. A problem of 
endogeneity emerges in that the spatially lagged dependent 
variable is correlated with the stochastic disturbance. 
Lagged endogenous variable is used to incorporate spatial 
autocorrelation and to capture the effects of omitted variables. 
Spatial lag model allows assessment of the degree of spatial 
dependence and significance of other (aspatial) predictor 
variables [11]:

y = rWy + Xb + e, |r|<1,

where r is the spatial autoregressive coefficient, y is endogenous 
variable (age-adjusted colorectal cancer mortality rate), X is 
matrix of exogenous variables, and W is the spatial weights 
matrix.

Dietary data used in the regression as exogenous variables 
are based on the Target Group Index survey conducted on 
a quota random sample of N = 251,688 Polish residents in 
the 2001–2007 period. Its sample is representative for the 
population aged 15–75. A mixed mode design was used, 

where respondents were approached by computer-assisted 
personal interviewing, paper-based personal interviewing, 
and computer-assisted web interviewing. Data were 
aggregated to produce county estimates. Data on industry 
employment, registered unemployment, number of out-
patient departments, wages, and salaries by county were 
obtained from the Polish Central Statistical Office.

Structural Equation Model. Factors inf luencing 
participation in colorectal cancer screening (manifested 
by having a colonoscopy or having a faecal occult blood 
test) were identified using a structural equation model. This 
was fitted using weighted least squares means and variance 
adjusted (WLSMV) estimation [12]. The WLSMV estimator 
is an appropriate choice for models including categorical 
indicators. Latent variables included in the model are listed in 
Table 1. Internal consistency was investigated for all reflective 
measurement models. The proposed measurement scales 
demonstrated high levels of reliability with McDonald’s 
omega [13] ranging from w = 0.695 to w = 0.922. The estimated 
structural equation model also included a single-item variable 
of age (a1).

Goodness of fit of the structural equation model was 
assessed by root mean square error of approximation 
(RMSEA), comparative fit index (CFI), and Tucker-Lewis 
Index (TLI). RMSEA is an absolute fit index, whereas CFI 
and TLI are relative fit indices. According to conventional 
criteria, RMSEA values below 0.05 and CFI, TLI values of 
0.95 or higher indicate a good fit of the model [14, 15].

This part of the analysis was based on nationally 
representative data from the 2014 survey Awareness of Cancer 
and its Prevention, which was carried out on a stratified 
random sample of N = 8,000 adults living in Poland. The survey 
was conducted by computer-assisted personal interviewing 
during the second half of 2014. The survey was contracted 
by the Maria Skłodowska-Curie Institute – Oncology Centre 
and financed by the Ministry of Health of Poland within the 
National Programme for Combating Cancer. The survey 
questions were focused on awareness of prevention advice 
of the European Code Against Cancer. For the structural 
equation model presented further, the investigation was 
limited to a subsample of men and women older than 40 
years (N = 4,500). The WLSMV estimator provided a good 
approximation and reliable estimates for this sample size [16].

RESULTS

Colorectal Cancer Mortality. In 2014 in Poland, 6.4 thousand 
men and 5.0 thousand women died due to colorectal cancer. 
The upward trend in the number of deaths from colorectal 
cancer is expected to continue until the 2030s (Fig. 1). The 
male-to-female gap in colorectal cancer mortality rate has 
widened since the 1980s. In 2010–2014, the male-to-female 
mortality ratio was 1.29–1.38. In the 2020s, this ratio is 
expected to exceed 1.40 each year.

The increasing number of deaths from colorectal cancer 
can be illustrated by maps (Fig. 2). Spatial distribution of 
colorectal cancer mortality has changed considerably in the 
last three decades. In 1980–1984, the primary clusters of male 
and female mortality due to colorectal cancer were placed in 
the central-southern Poland (Upper Silesia). These clusters 
were centred in the Siemianowice City (male population, 
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log likelihood ratio: logl = 84.69, p = 0.001) and Pszczyński 
County (female population, log likelihood ratio: logl = 62.74, 
p = 0.001). Probability value of p = 0.001 for detected spatial 
clusters means, the observed rank of the log-likelihood ratio 
statistic is 1, using Monte Carlo testing with 999 replicates. 
Therefore, it is extremely unlikely that the elevated mortality 
in specified areas in 1980–1984 was a result of random 
processes. However, spatial autocorrelation of colorectal 
cancer mortality across the country was relatively low in 
both periods and both genders, which is demonstrated by 
global Moran’s statistic (Imen,1980–1984 = 0.256, Imen,2010–2014 = 0.251 
and Iwomen,1980–1984 = 0.246, Iwomen,2010–2014 = 0.310).

The Upper-Silesian cluster of elevated colorectal cancer 
mortality did not disappear in 2010–2014; however, the 
cluster of elevated colorectal cancer mortality in Upper Silesia 
has become smaller and less statistically significant, both 
in males (logl = 26.65, p = 0.002) and females (logl = 18.13, 
p = 0.001). This can be considered a secondary cluster in 

2010–2014. For the 2010–2014 period, test statistics were 
greater for clusters situated in Greater Poland. The centre 
of this cluster was situated in the city of Śrem for the male 
population (logl = 26.6, p = 0.001) and in Obornicki County 
for the female population (logl = 25.7, p = 0.001). Clusters 
of elevated mortality for both genders were placed close 
together, which means that spatial distribution of risk factors 
was similar for both genders.

Factors Influencing Spatial Variation in Colorectal Cancer 
Mortality. Tobacco use is the most important factor for 
spatial variation of age-adjusted colorectal cancer mortality 
in Poland (Tab. 2). The proportion of tobacco smokers is 
higher in northern and western Poland. A spatial relationship 
between employment in industry and colorectal cancer has 
been established. This finding is consistent with the location 
of the spatial cluster in Upper Silesia, both in the 1980–1984 
and 2010–2014 periods. Geographical differences in red 

Table 1. Reflective, formative and manifest variables included in the structural equation model

Latent variable Observed measures of latent variables Data type of observed variables Scale reliability (McDonald’s omega)

Participation in 
colorectal cancer 
screening (η1)

y1 – Have you ever had a colonoscopy? What was the reason for your last 
colonoscopy?
y2 – Have you ever had a blood stool test? What was the reason for your 
last blood stool test?

Responses were coded as 1 
if the respondent had a 
preventive measures (without 
symptoms observed) and 0 
otherwise.

Formative measurement model.

Knowledge of 
colorectal cancer 
(η2)

y3 – Can the following lifestyle changes lower the colorectal cancer risk? 
Eating more fruits and vegetables.
y4 – Can the following lifestyle changes lower the colorectal cancer risk? 
Avoiding fatty foods.
y5 − Can the following lifestyle changes lower the colorectal cancer 
risk? Eating more food such as buckwheat, barley groats, pearl barley, 
oatmeal, brown bread.
y6 − Can the following lifestyle changes lower the colorectal cancer risk? 
More physical activity, including walking and gymnastics.

Three-category variables.
Reflective measurement model: 
0.885 (95% CI using percentile 
bootstrap: 0.876 – 0.893).

Healthy diet (η3)
y7 – How often do you eat vegetables, excluding potatoes, chips?
y8 – How often do you eat fruits?
y9 – Do you eat reasonably healthy meals and avoid overeating?

Two six-category variables (y7-
y8) and a binary item (y9).

Reflective measurement model: 
0.716 (95% CI: 0.698 – 0.736).

Addictive 
behaviours (η4)

y10 – Do you smoke tobacco? How many factory-made cigarettes, hand-
rolled cigarettes, cigars, tobacco pipes do you smoke a day?
y11 – How often have you drunk alcohol in the last year?
y12 – How many servings of alcohol do you drink a day, when you drink 
alcohol?

Two continuous variables (y10, 
y12) and a five-category item 
(y11).

Reflective measurement model: 
0.695 (95% CI: 0.676 – 0.715).

Physical activity (η5)

y13 – Do you perform intensive physical activity, including: jogging, 
swimming, aerobics, cycling. How much time do you spend on it in a 
typical week?
y14 – Do you perform intensive physical training, including: gymnasium, 
practice of sport. How much time do you spend on it in a typical week?

Continuous variables.
Reflective measurement model: 
0.922 (95% CI: 0.905 – 0.936).

Physician’s passivity 
(ξ1)

x1 – I do not have preventive blood tests, because a doctor does not 
order it.
x2 − I do not do preventive urine tests, because a doctor does not order it.
x3 – I do not do preventive cholesterol tests, because a doctor does not 
order it.
x4 − I do not do preventive blood sugar tests, because a doctor does not 
order it.
x5 − I do not measure blood pressure for preventing diseases, because a 
doctor does not recommend it.

Binary variables.
Reflective measurement model: 
0.892 (95% CI: 0.882 – 0.903).

Local availability of 
healthcare (ξ2)

x6 – Number of appointments with a family doctor per capita in the 
commune (gmina) where the respondent lives.
x7 – Number of appointments with a specialised doctor per capita in the 
commune (gmina) where the respondent lives.
x8 – Number of clinics per 10,000 residents in the district (powiat) where 
the respondent lives.
x9 – Number of appointments with any doctor per capita in the district 
(powiat) where the respondent lives.

Continuous variables.
Reflective measurement model: 
0.869 (95% CI: 0.860 – 0.876).

Socio-economic 
status (ξ3)

x10 – Please rate living conditions of your household in general.
x11 – What level of education have you completed?

A five-category item (x10) and 
a three-category item (x11).

Formative measurement model.
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meat consumption are another highly likely reason for the 
spatial clustering of colorectal cancer mortality in Poland. 
The model identifies a possible association between fish 
consumption and colorectal cancer, hypothesising also a 
protective role of fish in colorectal cancer. Mortality rates 
of colorectal cancer are slightly higher in counties with a 
higher obesity rate (BMI ≥ 30) according to the spatial lag 
model. However, both latter variables demonstrate p-values 
far greater than 0.05. Similar results were obtained after 
adjusting for socio-economic background (Tab. 2, column 
B). Data on other risk factors for colorectal cancer [1] are not 
available at the county level. As noted, the spatial lag model 
captures the effects of omitted variables, which is often the 
case in spatial epidemiology.

Factors Influencing Participation in Colorectal Cancer 
Screening. The structural equation model was built using 
previously validated constructs, which are discussed in 
the methodological part of the study. For the postulated 
model, all the goodness-of-fit indices met the cut-off 
criteria (RMSEA = 0.039, CFI = 0.973, TLI = 0.969). The eight 
unobservable (latent) indicators are represented by ovals 
(Fig. 3). The arrows between indicators represent regression 
paths. The direct effects are causal pathways between 
variables while controlling for mediators. The total effect 
is a sum of direct and indirect effects. The double-headed 
arrows represent covariances.

Structural equation modelling analysis found statistically 
significant direct effects of variables of physician’s passivity, 

Figure 1. Colorectal cancer deaths and age-adjusted mortality rate in Poland. Registry data for 1980–2014 and forecast until 2035
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age, and healthy diet on participation in colorectal cancer 
screening (Tab. 3). The total effects of knowledge of socio-
economic status, knowledge of colorectal cancer, and local 
availability of healthcare on participation in colorectal 
cancer screening tests are much lower and, at least in part, 
indirect. Tobacco and alcohol users are not likely to self-select 
themselves for colorectal cancer screening, adjusting for 

other variables. The latent variable of addictive behaviours 
is not significantly related to colorectal cancer screening 
acceptance.

The results shown in Tab. 4 suggest that patient-physician 
communication, socio-economic status, and local availability 
of healthcare are strongly associated with knowledge of 
colorectal cancer. As discussed previously, participation rates 

Figure 2. Spatial distribution of age-adjusted colorectal cancer mortality in Poland. Clusters identified by the Kulldorff’s scan statistic
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are likely to increase with age, adjusting for other variables 
included in the model. However, the level of knowledge 
regarding risk factors of colorectal is not age dependent, 
adjusting for other factors. Socio-economic status has a direct 
positive effect both on participation in colorectal cancer 
screening and knowledge of colorectal cancer. However, the 
effect of socio-economic status on the latter variable only is 
highly statistically significant.

Table 2. Spatial lag model of age-adjusted lung cancer mortality: [A] – 
epidemiological model; [B] – epidemiological–economic model (with the 
inclusion of socio-economic controls). Estimation results for 380 counties

[A] [B]

estimate p-value estimate p-value

Spatial lag (ρ) 0.31521 <0.00001 0.312145 <0.00001

Constant 0.00032 0.00594 0.00048 0.00078

Share of daily smokers (%) 0.00165 <0.00001 0.00174 <0.00001

Employment in industry (% 
of total employment)

0.00025 0.02331 0.00027 0.01854

Per-capita red meat 
consumption (Kg/month)

0.00004 0.06333 0.00004 0.07133

Per-capita fish consumption 
(Kg/month)

-0.00028 0.23404 -0.00023 0.34015

Obesity rate (%) 0.00055 0.25674 0.00060 0.21897

Average monthly gross 
wages and salaries (PLN)

* * <0.00001 0.04802

Registered unemployment 
rate (%)

* * <0.00001 0.38974

Out-patient departments 
(No. per 10,000 population)

* * <0.00001 0.22394

Table 3. Standardised direct, indirect and total effects on participation 
in colorectal cancer screening (η1)

Total effect Direct effect Indirect effect

estimate p-value estimate p-value estimate p-value

Physician’s passivity 
(ξ1)

-0.667 <0.001 -0.549 0.001 -0.118 0.001

Age (a1) 0.585 <0.001 0.585 <0.001 – –

Healthy diet (η3) 0.534 0.001 0.534 0.001 – –

Socio-economic 
status (ξ3)

0.272 0.047 0.208 0.126 0.065 0.003

Knowledge of
 colorectal cancer (η2)

0.134 0.001 – – 0.134 0.001

Local availability of 
healthcare (ξ2)

0.011 0.010 – – 0.011 0.010

Table 4. Standardised direct, indirect and total effects on knowledge 
of colorectal cancer (η2)

Total effect Direct effect Indirect effect

estimate p-value estimate p-value estimate p-value

Physician’s passivity 
(ξ1)

-0.221 <0.001 -0.221 <0.001 – –

Socio-economic 
status (ξ3)

0.101 <0.001 0.101 <0.001 – –

Local availability of 
healthcare (ξ2)

0.085 <0.001 0.085 <0.001 – –

Figure 3. Path diagram of structural equation model – structural part
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DISCUSSION

In Poland, age-adjusted mortality of colorectal cancer is 
expected to continue to fall in the next two decades. This 
trend started in the early 2000s in the female population and 
in the 2010s in the male population. Decreasing age-adjusted 
mortality is observed (particularly in women) also in other 
Central European countries, including the Czech Republic, 
Hungary, and Slovakia [17]. However, owing to demographic 
trends, the total number of deaths due to colorectal cancer is 
expected to increase. This highlights the need for increased 
attention to and efforts for optimising colorectal cancer 
screening.

Participation in colorectal cancer is spatially differentiated 
and varies among programmes. A colonoscopy has been 
introduced, either as the only method of screening (as in 
Poland) or the method of choice [18]. In 2015 in Poland, the 
participation rate in colorectal cancer screening amounted 
to 17%. The Netherlands showed the highest participation 
rates worldwide (68%), followed by Denmark (65%) [19]. 
Participation in colorectal cancer screening is voluntary 
and, therefore, a self-selection of patients at lower risk for 
colorectal cancer can be observed, as shown by the model.

Most of the previous evaluations of the factors and 
strategies of uptake in colorectal cancer screening for the 
hard-to-reach population have focused on socio-economic 
status and socio-economic deprivation. Far fewer studies 
have investigated the association between participation in 
colorectal cancer screening and knowledge, attitudes, beliefs, 
health-related behaviours [20]. There was no consistent 
pattern for all variables measured in more than one study 
with the exception of perceived susceptibility. However, most 
previous studies found a positive univariate association of 
adherence to faecal occult blood testing and physician advice, 
health orientation, and knowledge of cancer risk factors 
[20]. In prior research, the association between diet and 
colorectal cancer acceptance was rarely examined. Results 
of the structural equation model provide evidence of positive 
self-selection in colorectal cancer screening, making the 
intervention less effective. Using the same data and method, 
the importance of individual factors (including following 
healthy diet) on prostate cancer screening uptake could not 
be found [21].

In the English National Health Service (NHS) colorectal 
cancer screening programme, the proportion screened 
is higher in older individuals and decreases with area 
deprivation [22]. According to a large-sample study 
conducted in Scotland in 1996–1998, socio-economic 
deprivation is a factor decreasing the probability of returning 
a screening questionnaire, expression of interest in screening, 
and attendance at screening [23]. In Denmark, the highest 
participation rate is observed in the highest income quartile 
and those aged 66–70 [24]. In Poland, individuals at old age 
and of high socio-economic status are also more likely to 
participate in colorectal cancer screening (Tab. 3).

The detected spatial clusters of colorectal cancer mortality 
constitute priority areas for screening intervention. In the 
current study, ecological inference was used to confirm the 
non-randomness of spatial distributions (given by likelihood 
ratios) rather than to reconstruct individual associations 
from group-level data. Geographical distribution of 
colorectal cancer mortality and incidence in many world 
regions has been examined to date [25, 26]. Colorectal cancer 

mortality was found to be higher in high-income countries 
[27], which is consistent with the interrelation between 
colorectal cancer mortality and salaries and wages observed 
in Poland (Tab. 2). Tobacco use is the most significant factor 
of spatial variation of colorectal cancer mortality according 
to the postulated spatial lag model. Two more covariates 
appeared to be statistically important at the 0.10 level: 
employment in industry and red meat consumption. The 
link between cigarette smoking and colorectal cancer risk 
was controversial; however, it was proved that relative to non-
smokers, current and former smokers have a significantly 
increased risk of colorectal cancer incidence and mortality 
[28]. An inverse relationship between fish consumption and 
colorectal cancer was found in most previous studies [29], 
whereas the relationship between red meat consumption and 
colorectal cancer remains a subject of scientific debate. This 
association is possibly weak in magnitude and heterogeneous 
across the subgroup analyses [30]. Obesity is linked with 
an increased risk of colon cancer in men; however, the 
association is less consistent in women [31].

Some limitations to the performed ecological regression 
(spatial lag model) should be noted. First, the analysed data 
on consumption and health behaviours are not available 
for the period prior to 2001. Intergenerational transmission 
of dietary behaviours in Poland has not been analysed. 
Second, factors for spatial variation of cancer mortality 
may differ from factors for developing cancer. Third, some 
characteristics have a low spatial variation (e.g. CV = 13% 
for red meat consumption, compared to CV = 42% for 
employment in industry). The data are retrospective and 
self-reported.

In prior research, certain occupations and occupational 
exposures have been linked to the risk of colorectal cancer. 
This relationship varies between branches. Elevated risks of 
colorectal cancer were identified for labourers occupied in 
industries with a wide use of chemical compounds, basic 
metals, plastic, rubber and asbestos [32]. Upper Silesia was 
once the centre of heavy industry of Poland, but during the 
last 30 years a distinct decrease in employment in industry 
in Upper Silesia region and the reduction in the clustering 
of colorectal cancer mortality in this region (measured by 
likelihood ratio), has taken place, as discussed previously. 
Due to Poland’s economic transition from planned economy 
to market economy, during the 1990s industry in the country 
was modernised and declined considerably.

CONCLUSIONS

The upward trend in colorectal cancer deaths is expected to 
continue until the 2030s. A non-random pattern in the spatial 
distribution of colorectal cancer mortality was found. Spatial 
clustering is determined mostly by tobacco use differences. 
The inhabitants of the Greater Poland region are of the 
highest risk of dying due to colorectal cancer. The structural 
equation model indicated the existence of self-selection in 
participation in colorectal cancer screening. Individuals 
who follow a healthy diet are much more likely to undergo 
colorectal cancer screening. This means that individuals with 
lower risk of colorectal cancer due to following a healthy diet 
are more likely to participate in colorectal cancer screening. 
Addictive behaviours are not related to colorectal cancer 
screening acceptance, adjusting for other variables. Patient-
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physician communication is the most important factor of 
patients’ knowledge of colorectal cancer. Reducing the size of 
the self-selection could make screening more cost-effective.
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