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Abstract Background: High participation rates are essential for a screening programme to 
be beneficial. To reach non-participants in a targeted manner, insight in characteristics of non- 
participants is needed. We investigated demographic differences between participants and 
non-participants in the Dutch faecal immunochemical test-based colorectal cancer (CRC) 
screening programme.
Methods: In this population-based cohort study, we included all invitees for CRC screening 
in 2018 and 2019. Participation status, birth year, and sex were extracted from the Dutch 
national screening information system and linked to demographic characteristics from 
Statistics Netherlands, including migration background, level of education, socioeconomic 
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category, household composition, and household income. A multivariable logistic regression 
was used to assess the association between demographic factors and participation. 
Results: A total of 4,383,861 individuals were invited for CRC screening in 2018 and 2019, of 
which 3,170,349 (72.3%) participated. Individuals were less likely to participate when they 
were single and/or living with others (single with other residents versus couple: odds ratio 
[OR] 0.34, 95% confidence interval [CI]: 0.31–0.38), had a migration background (e.g. 
Moroccan migrant versus Dutch background: OR 0.43, 95% CI: 0.42–0.44), or had a low 
income (lowest versus highest quintile: OR 0.45, 95% CI: 0.44–0.45). Although to a lesser 
extent, non-participation was also significantly associated with being male, being younger, 
receiving social welfare benefits and having a low level of education. 
Conclusion: We found that individuals who were single and/or living with others, immigrants 
from Morocco or individuals with low income were the least likely to participate in the Dutch 
CRC screening programme. Targeted interventions are needed to minimise inequities in CRC 
screening. 
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC 
BY license (http://creativecommons.org/licenses/by/4.0/).    

1. Introduction 

Colorectal cancer (CRC) screening has been proven ef
fective in the prevention and early detection of CRC [1]. 
As such, screening may reduce the burden of disease and 
prevent CRC-related death [2]. For a screening pro
gramme to be beneficial, high and consistent participa
tion rates are essential [3,4]. Population-based CRC 
screening has been introduced in the Netherlands in 
2014, inviting individuals aged 55 to 75 biennially for 
faecal immunochemical test (FIT)-based screening. Al
though the participation rate is one of the highest 
globally [5], participation dropped slightly from 73.3% 
in 2016 to 70.6% in 2021 [5–7]. 

There is a considerable amount of literature on fac
tors related to non-participation in CRC screening. As 
such, it has been shown that individual’s demographic 
characteristics are more strongly associated with parti
cipation than organisational factors of a screening 
programme, such as screen-test modality and test fre
quency [8]. For example, male sex and having a non- 
Western migration background are proven to be asso
ciated with non-participation [9–11]. Up to now, studies 
that investigated factors related to non-participation in 
the Netherlands were only based on age, sex, and postal 
code of invitees: van der Meulen et al. found that a 
lower area-level socioeconomic status (SES) was asso
ciated with lower participation [12], and de Klerk et al. 
found that the willingness to participate was lower in 
areas with a high urban density [13]. However, these 
factors are still relatively broad, and insight into the 
effect of other demographic factors on participation is 
needed to develop a tailored approach to reach non- 
participants in the Dutch CRC screening programme. 

We therefore aimed to investigate individual-level 
demographic differences between participants and non- 
participants in the Dutch CRC screening programme. 

2. Methods 

2.1. The Dutch setting 

Population-based CRC screening has been introduced 
gradually in the Netherlands since 2014, offering bien
nial FIT-based screening. After a phased rollout period 
between 2014 and 2017, the entire target population of 
55- to 75-year-olds was invited from 2018 onwards. All 
screen-eligible individuals who are registered in the 
Netherlands are invited through the use of the Dutch 
Personal Records Database (BRP). Invitation packages 
containing an invitation letter, a FIT kit, and a prepaid 
return envelope are mailed to the invitees. First-time 
invitees receive a notification letter prior to their first 
invitation. Non-responders receive a reminder after 6 
weeks. All primary correspondence is in Dutch, but the 
Dutch National Institute for Public Health and the 
Environment provides all information materials on their 
website in Dutch, English, Turkish, Arabic, Ukrainian, 
and Russian, and the Dutch screening organisation 
provides additional information about the screening 
programme on their website in Dutch, English, Turkish, 
and Arabic. Participation in the screening programme is 
free of charge. In 2020, the programme was suspended 
from March till May due to the COVID19-pandemic  
[14]. The backlog was caught up in 2021. More details 
on the Dutch CRC screening programme can be found 
elsewhere [15,16]. 

2.2. Study population 

All invitees to the Dutch CRC screening programme in 
2018 and 2019 were included in this study. We in
tentionally selected invitees in 2018 and 2019 to ensure 
that the entire target population was invited once during 
our study period, since this was the first invitation round 

H.J. van de Schootbrugge-Vandermeer et al. / European Journal of Cancer 190 (2023) 112942 2 

http://creativecommons.org/licenses/by/4.0/


after the phased rollout period but before the suspen
sion of the screening programme due to the pandemic. 
Of these invitees, participation status, birth year, and 
sex were selected from the Dutch screening information 
system (ScreenIT). The invitees were linked to demo
graphic characteristics from Statistics Netherlands 
(Centraal Bureau voor de Statistiek, CBS) based on 
their unique Dutch personal identification number. 
Data on these characteristics were retrieved on 
1st January 2019, and included municipality, migration 
background, level of education, household character
istics, SES, and income. CBS managed the linking 
process and made the anonymized data available to the 
researchers. 

2.3. Definitions 

A participant was defined as an invitee who returned the 
FIT. The participation rate was defined as the percen
tage of invitees that participated in the CRC screening 
programme. Age was determined by subtracting an in
dividual’s birth year from the year of invitation to 
screening. 

2.3.1. Migration background 
Migration background was based on two different vari
ables: country of origin and generation of the migrant. A 
first-generation migrant was defined as a person who was 
born abroad and has at least one parent who was also 
born abroad, whereas a second-generation migrant was a 
person who was born in the Netherlands with at least one 
parent born abroad, following the CBS classification. We 
subdivided migration background into different cate
gories using the most common countries of origin in our 
data: The Netherlands, Germany first generation, 
Germany second generation, Dutch East Indies first 
generation, Dutch East Indies second generation, 
Surinam first generation, Surinam second generation, 
Turkey, Morocco, Other first generation, and Other 
second generation. The distinction by generation was not 
made for migrants from Turkey and Morocco, since 
these migrants were almost exclusively first-generation 
migrants in our sample (99.8% of the Turkish migrants 
and 99.9% of the Moroccan migrants). 

2.3.2. Level of education 
Level of education was divided in the categories low 
(e.g. primary education and preparatory secondary vo
cational education), medium (vocational education and 
training), and high (university) according to the CBS 
definition [17]. 

2.3.3. Socioeconomic category 
Socioeconomic category was classified as retired, em
ployed (either self-employed or employee), receiving 
social welfare, and other. 

2.3.4. Household income and SES 
Household SES score was based on financial welfare, 
level of education, and employment history [18]. For the 
sake of interpretability, both household income and SES 
score were divided into quintiles, with the highest values 
in the first quintile and the lowest values in the fifth 
quintile. 

2.3.5. Household characteristics 
The number of people living in a household was divided 
into four categories: 1, 2, 3, and 4 or more persons. 
Household type was divided into eight categories: 
couple, single-person, couple with child(ren), single 
parent with child(ren), couple with other residents, 
single with other residents, institutional household, and 
other multiperson household. 

2.4. Analyses 

Differences in demographic characteristics between par
ticipants and non-participants were tested using a Chi- 
squared test. The effect of each factor on participation 
was estimated in a multivariable logistic regression with 
participation as dependent variable (0 for non-partici
pation and 1 for participation). The variance inflation 
factor (VIF) was used to identify strongly correlated ex
planatory variables. Variables with VIF > 5 were not in
cluded simultaneously within one model. Model selection 
was based on the Akaike Information Criterium (AIC), 
and the model with the lowest AIC score was chosen. 
Odds ratios were calculated for the final model. A sig
nificance level of 5% was used throughout. 

3. Results 

3.1. Demographic characteristics 

A total of 4,383,861 individuals were invited for CRC 
screening in 2018 and 2019, of which 3,170,349 (72.3%) 
participated. The linkage rate was 100%, implying that all 
ScreenIT records could be matched with a unique CBS 
identifier. Males comprised 49.3% of the sample and the 
mean age of invitees was 63.9 (standard deviation 6.3) 
years. All demographic characteristics were statistically 
different between participants and non-participants. Both  
Fig. 1 and the participation rates in Table 1 show that the 
participation rate was lower among males, younger in
vitees, individuals with a migration background, single 
persons and singles or couples living in a household with 
other residents, individuals with a lower level of educa
tion, recipients of social welfare benefits, individuals with 
a lower income, and individuals with a lower SES score. 
For example, participation was 44.6% in individuals with 
a Moroccan migration background versus 74.7% in in
dividuals with a Dutch background; 55.7% in single 
persons living with other residents versus 78.9% in cou
ples in a two-person household; and 55.7% in individuals 
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in the lowest income quintile versus 77.2% in individuals 
in the second quintile. Of all invitees with a migration 
background, relatively more German migrants and less 
Turkish and Moroccan migrants participated in the 
screening programme. 

3.2. Regression outcomes 

The final logistic regression model included sex, age 
category, migration background, level of education, 
socioeconomic category, household type, and household 

Fig. 1. Participation rates per demographic group.  
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income as explanatory variables (Table 1). Household 
size and SES score were not included in the model due 
to multicollinearity with household type and household 
income, respectively. The model confirmed that parti
cipation was lower for invitees who were single and/or 
living with other residents compared to a couple in a 
two-person household (odds ratio [OR] single with other 
residents versus couple: 0.34 [95% confidence interval 
[CI]: 0.31–0.38]). Moreover, compared to invitees with a 
Dutch background, participation was lower in first- 
generation migrants from the Dutch East Indies (OR: 
0.56 [95% CI: 0.53–0.59]), Surinam (OR: 0.64 [95% CI: 
0.62–0.65]), Turkey (OR: 0.62 [95% CI: 0.60–0.64]), and 
Morocco (OR: 0.43 [95% CI: 0.42–0.44]). Second- 

generation migrants showed higher participation than 
first-generation migrants, but still lower than invitees 
with a Dutch background. Furthermore, participation 
decreased with income (OR fifth versus first quintile: 
0.45 [95% CI: 0.44–0.45]) and participation was lower in 
males than in females (OR male versus female: 0.68 
[95% CI: 0.68–0.69]). Although to a lesser extent, par
ticipation was significantly higher for older invitees (OR 
60–64, 65–69 and 70+ versus 55–59 years: 1.10 [95% CI: 
1.09–1.11], 1.24 [95% CI: 1.23–1.26] and 1.17 [95% CI: 
1.15–1.19] respectively), and lower for employed invitees 
and recipients of social welfare benefits compared to 
retired invitees (OR employed and social welfare versus 
retired: 0.89 [95% CI: 0.88–0.90] and 0.81 [95% CI: 

Table 1 
Participation rate and odds ratio per explanatory variable.      

Variable N Participation rate Odds ratio (95% CI)  

Sex    
Female 2,223,274 74.9% Ref 
Male 2,160,587 69.7% 0.68 (0.68–0.69)* 

Age category    
55–59 years 965,695 69.8% Ref 
60–64 years 841,358 71.9% 1.10 (1.09–1.11)* 
65–69 years 1,091,904 75.8% 1.24 (1.23–1.26)* 
70+ years 968,943 73.7% 1.17 (1.15–1.19)* 

Migration background    
Dutch 3,654,730 74.7% Ref 
Germany first generation 14,085 64.8% 0.66 (0.62–0.70)* 
Germany second generation 85,545 72.3% 0.92 (0.89–0.94)* 
Dutch East Indies first generation 18,205 64.2% 0.56 (0.53–0.59)* 
Dutch East Indies second generation 93,120 64.9% 0.67 (0.65–0.68)* 
Surinam first generation 76,147 56.8% 0.64 (0.62–0.65)* 
Surinam second generation 3,974 62.7% 0.66 (0.59–0.73)* 
Turkey 52,258 53.4% 0.62 (0.60–0.64)* 
Morocco 46,924 44.6% 0.43 (0.42–0.44)* 
Other first generation 285,454 57.7% 0.68 (0.67–0.68)* 
Other second generation 53,412 70.4% 0.86 (0.83–0.89)* 

Level of education    
High 543,109 73.7% Ref 
Medium 688,614 72.8% 1.05 (1.04–1.06)* 
Low 626,987 66.1% 0.90 (0.89–0.91)* 

Socioeconomic category    
Retired 1,852,285 75.4% Ref 
Employed 1,807,886 73.2% 0.89 (0.88–0.90)* 
Social welfare 485,889 60.4% 0.81 (0.80–0.83)* 
Other 202,185 72.0% 0.77 (0.76–0.79)* 

Household type    
Couple 2,355,207 78.9% Ref 
Single-person 922,331 61.5% 0.61 (0.61–0.62)* 
Couple with child(ren) 775,227 71.9% 0.68 (0.67–0.69)* 
Single parent with child(ren) 141,561 60.0% 0.46 (0.45–0.46)* 
Couple with other residents 81,840 65.9% 0.49 (0.48–0.51)* 
Single with other residents 3,991 55.7% 0.34 (0.31–0.38)* 
Other multi-person household 34,758 56.3% 0.36 (0.35–0.38)* 

Household income    
Quintile 1 (highest income) 1,031,980 77.0% Ref 
Quintile 2 982,129 77.2% 0.87 (0.86–0.88)* 
Quintile 3 1,033,933 75.8% 0.77 (0.76–0.78)* 
Quintile 4 755,868 69.2% 0.60 (0.59–0.60)* 
Quintile 5 (lowest income) 502,301 55.7% 0.45 (0.44–0.45)* 

Abbreviations: CI = confidence interval; Ref = reference category.  
* Significant at a significance level of 5%.    
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0.80–0.83], respectively), as well as for invitees with a 
low level of education (OR low versus high level of 
education: 0.90 [95% CI: 0.89–0.91]). The relation be
tween participation and both age and education level 
was U-shaped; after an increase for the lowest levels, it 
decreased for the highest age group and highest educa
tion level. 

4. Discussion 

This study demonstrated that being single and/or living 
with other residents, having a migration background, 
low income, and male sex were negatively associated 
with participation in a FIT-based CRC screening pro
gramme. This unveils, at least in part, the relationship 
between inequity and CRC screening, and our results 
may suggest that the screening programme increases 
inequity rather than reducing it. 

Of all the factors accounted for in our analysis, sin
gles living with other residents were the least likely to 
participate. The finding that singles participate less is 
consistent with the idea that married people have a 
healthier lifestyle. Moreover, there is more social control 
within couples [19]. Secondly, the odds of participation 
decreased with up to 57% for individuals with a mi
gration background compared to individuals with a 
Dutch background. In particular migrants from Mor
occo, Turkey, and first-generation migrants from Sur
inam and the Dutch East Indies participated less. 
Possible explanations for this lower participation in
clude a language barrier, (cultural) differences in health 
beliefs, and the level of acculturation [20,21]. The effect 
of acculturation is confirmed by the fact that partici
pation was higher for second-generation migrants than 
for first-generation migrants. Thirdly, the odds of par
ticipation were 55% lower in the lowest income group 
compared to the highest income group. A possible ex
planation is that low-income groups consider potential 
costs of colonoscopy in case of a positive test result 
when deciding whether or not to participate [22]. In the 
Netherlands, the FIT test is free, but colonoscopy is 
paid for through health insurance and this is susceptible 
to a deductible between 385 and 885 Euros. Also, low- 
income groups are known to have less knowledge of (the 
risk of) CRC and the effect of screening [23]. Lastly, the 
odds of participation was 32% lower in men than in 
women. Potential reasons for this include a lack of 
confidence in the screening test and lower self-efficacy 
among men [24]. Another possible explanation is that 
women have previously been exposed to screening due 
to invitation to breast and cervical cancer screening at a 
younger age, which could enhance participation [8]. 

Our results are in line with existing literature  
[9–11,25–30]. Also the U-shaped associations between 
participation and age, and participation and level of 
education have been observed elsewhere [11,27]. 
Looking at the migration background of invitees, 

previous research demonstrated that non-Western im
migrants are less likely to participate in CRC screening 
than Western immigrants [10,11], and even within these 
categories participation rates differ [27]. Our study adds 
to the existing body of literature that first-generation 
migrants show lower participation than second-genera
tion migrants. Regarding household type, previous stu
dies confirmed that single persons are less likely to 
participate compared to those who have a registered 
partner [10,11,19]. We differentiated even more within 
these categories and demonstrated that cohabitation with 
children and/or other residents decreased participation 
further, for both single persons and those with a partner. 

One of the main strengths of this study is the com
prehensiveness and reliability of our data. The data 
contained information of over 4 million invitees of a 
nationwide population-based screening programme and 
covered the entire target population. Moreover, since 
our study was registry-based, potential biases due to 
self-report were nullified. Lastly, individual-level data 
were available for all variables. Apart from the quantity 
and quality of the data, the multivariate design of our 
model allowed us to take multiple demographic factors 
into account simultaneously. This is an advantage 
compared to previous studies in the Netherlands, which 
only estimated the relation between SES and participa
tion [12], and urban density and participation [13]. 

Nonetheless, our study has several limitations. First, 
there was no information on comorbidities available. 
This may have led to a slight underestimation of the 
participation rate, since non-participants might have 
had a valid reason to not participate in screening. In 
addition, since comorbidities may be related to both 
participation and receiving welfare benefits, the absence 
of information on comorbidities may have led to con
founding bias in the estimated association between so
cioeconomic category and participation. Secondly, there 
may be heterogeneity within the different migration 
background groups due to unobserved factors such as 
the time since migration and the level of acculturation. 
However, by differentiating between different countries 
of origin and between first- and second-generation mi
grants, we aimed to minimise this heterogeneity. 

Participation rates should be high enough for the 
screening programme to be effective. Moreover, some of 
the underserved groups are known to have a higher a 
priori risk of CRC [12,13], so the yield of screening 
could potentially be higher in these groups than in the 
general population. It is therefore important that these 
groups, as well as the entire target population, are 
adequately informed about the benefits and harms of 
CRC screening. This is confirmed by a previous study, 
which showed that only 12% of the non-participants in 
CRC screening in the Netherlands made an informed 
choice [31]. 

Now that we have identified the underserved groups, 
targeted interventions are needed to ensure that these 

H.J. van de Schootbrugge-Vandermeer et al. / European Journal of Cancer 190 (2023) 112942 6 



groups are reached well. Several initiatives have been 
proven effective already. For example, implementing 
theory-based modifications to the advance notification 
letter led to an increase in participation among males  
[32]. Additionally, interviews among ethnic minority 
women in Denmark showed that information provided 
in their native language may improve knowledge of 
screening [33]. Nonetheless, the effect of interventions 
should be monitored carefully, since the impact may be 
ambiguous. For instance, sending out reminders after 
non-participation decreased differences in participation 
between age groups, but slightly increased differences in 
participation between income quartiles [34]. Further
more, tailored information on the benefits and harms of 
CRC screening may have to be disseminated in an al
ternative fashion, as the majority of non-participants 
reported that they did not read the standard informa
tion booklet [35]. Lastly, certain demographic sub
groups may be more challenging to target in particular, 
such as single persons. 

Apart from targeted interventions to reach non-par
ticipants, future research should investigate the back
ground CRC risk and screening yield of the underserved 
groups, in order to estimate the potential health gain 
achieved when participation rates would increase in 
these groups. This will help prioritise who should be 
targeted first. For males and individuals with a low SES, 
it has already been shown that they are at higher risk of 
CRC [12,36]. Future research should investigate whe
ther that is the case for the other groups as well, such as 
individuals with a migration background. In addition, 
future research should identify reasons for non-partici
pation within different demographic subgroups, such as 
culture-specific barriers for specific immigrant groups. 
Interventions can then be designed accordingly, as has 
been done for cervical cancer screening in the Nether
lands recently [37]. 

In conclusion, we have identified the non-participants 
in the Dutch CRC screening and found that singles 
living with others, Moroccan migrants, and individuals 
with a low income participated the least. The next step is 
to take action to reach the underserved groups better. 
Nationwide multimedia campaigns, local initiatives 
focussing on specific underscreened communities, and a 
combination of both should be considered [38]. Ex
amples include culturally sensitive educational in
formation materials and multiwave integrated national 
media campaigns [37,39]. 
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