Public Health 248 (2025) 105938

o %

ELSEVIER

Contents lists available at ScienceDirect

PUBLIC
HEALTH

Public Health

journal homepage: www.elsevier.com/locate/puhe

Original Research

Check for

Risk of colorectal cancer and participation in fecal immunochemical | usded

test-based screening

H.J. van de Schootbrugge-Vandermeer @, L. de Jonge®, M.E. van Leerdam " ®,
A.J. van Vuuren ‘, E. Dekker “®, M.C.W. Spaander “®, L.D. Nagtegaalf , F.J. van Kemenade 5 ®,
I. Lansdorp-Vogelaar “©, E. Toes-Zoutendijk *

@ Department of Public Health, Erasmus MC University Medical Center, Rotterdam, the Netherlands

Y Department of Gastrointestinal Oncology, Netherlands Cancer Institute — Antoni van Leeuwenhoek Hospital, Amsterdam, the Netherlands
¢ Department of Gastroenterology and Hepatology, Leiden University Medical Center, Leiden, the Netherlands

4 Department of Gastroenterology and Hepatology, Erasmus MC University Medical Center, Rotterdam, the Netherlands

¢ Department of Gastroenterology and Hepatology, Amsterdam University Medical Centers, location AMC, Amsterdam, the Netherlands

f Department of Pathology, Radboud University Medical Center, Nijmegen, the Netherlands

8 Department of Pathology, Erasmus MC University Medical Center, Rotterdam, the Netherlands

ARTICLE INFO

Keywords:

Colorectal cancer
Colorectal cancer screening
health inequities

ABSTRACT

Objectives: Participation rates in fecal immunochemical test (FIT)-based colorectal cancer (CRC) screening differ
across socio-demographic subgroups. The largest health gains could be achieved in subgroups with low partic-
ipation rates and high risk of CRC. We investigated the CRC risk within different socio-demographic subgroups
with low participation in the Dutch CRC screening program.

Study design: Population-based cohort study.

Methods: All individuals invited for the Dutch CRC screening program in 2018 and 2019 were included. Data
from a previous study, including screening data and demographic characteristics, were augmented with CRC
diagnoses in 2018 and 2019. A multivariable logistic regression was used to assess the association between socio-
demographic factors and risk of CRC.

Results: Overall participation was 72.3% and age-adjusted CRC incidence was 30.3 per 10,000 individuals. Males
showed lower participation (69.7 %) but had a higher-than-average CRC risk (35.1). The difference in CRC risk
between males and females was less pronounced among non-participants (OR: 1.28, 95% CI: 1.20-1.36) than
participants (OR: 1.41, 95% CI: 1.35-1.47). Lower income groups also had lower participation (down to 60.0 %)
and higher risk of CRC (down to 30.7), but the difference in CRC risk between low-income groups and high-
income groups was only significant among participants (OR lowest vs highest quintile: 1.22, 95% CI:
1.14-1.32). Conversely, individuals with a Turkish/Moroccan migration background had lower participation
(48.7 %), but their CRC risk was also lower (18.8; OR: 0.54, 95% CI: 0.46-0.63).

Conclusions: CRC risk varies significantly between low-participation groups in the Dutch CRC screening program.
Interventions should prioritize the most vulnerable groups, considering both participation and risk of CRC.

1. Introduction

organized CRC screening programs, participation is known to differ
across socio-demographic and cultural subgroups.”° Previous research

Colorectal cancer (CRC) is the second most commonly diagnosed
cancer and the second most common cause of cancer death in Europe.'
Aiming to strengthen prevention and early detection of CRC, the Euro-
pean Commission recommends CRC screening in all its member states.>*
Organized screening is suggested, as it effectively reduces inequities in
screening access compared to opportunistic screening.4 However, also in

demonstrated that males, migrants, singles and individuals with low
income are least likely to participate in the Dutch fecal immunochemical
test (FIT)-based CRC screening program.’ The identification of
non-participants and understanding of their characteristics can help
tailor interventions to reach non-participants more effectively and in-
crease the yield of screening.'®!! The health gains that can be achieved
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with such interventions depend not only on the participation rate of the
target population, but also on their risk of CRC. Certain
low-participation groups are known to have a higher risk of CRC, such as
males or those with low socioeconomic status (SES).'>'® However, an
extensive multifaceted analysis of both participation in screening and
risk of CRC is lacking. We therefore investigated the risk of CRC within
different socio-demographic subgroups of invitees to the Dutch CRC
screening program, focusing on subgroups with low participation rates.
In addition, we assessed the yield of screening in these subgroups.

2. Methods
2.1. The Dutch CRC screening program

In our study, data from the Dutch CRC screening program were used.
In the Netherlands, individuals aged 55 to 75 are invited biennially for
FIT-based CRC screening. Invitation packages include an invitation let-
ter, information folder, reply envelope and a FIT kit. First-time invitees
receive an advance notification letter three weeks prior to their invita-
tion. Non-responders receive a reminder six weeks after the initial
invitation. A detailed description of the Dutch CRC screening program
can be found elsewhere.*

2.2. Study population

Data from a previous study on non-participation in CRC screening
were used for the analyses.” In brief, the data included information of all
invitees to the Dutch CRC screening program in 2018 and 2019. Data on
invitation and participation were selected in the Dutch national
screening database (ScreenIT) and linked to demographic characteristics
in Statistics Netherlands, such as sex, age, migration background, level
of education, household characteristics, income and SES score. For the
current study, these data were augmented with additional data from
ScreenlIT, including test results, yield of screening and screening history,
and data from the Netherlands Cancer Registry (NCR), which included
the incidence date, cancer stage and cancer location from all individuals
aged 55 to 75 with a CRC diagnosis between 2018 and 2020. Diagnoses
after 2019 were only used to determine the yield of screening among
individuals invited in 2018 or 2019, as there is a delay between the date
of invitation and diagnosis of CRC. Data from the NCR were linked to the
original dataset using postal code, date of birth and sex. The linkage rate
was 97.2%.

2.3. Definitions

A participant was defined as an invitee for CRC screening who
returned a test kit. The participation rate was defined as the percentage
of invitees who participated in the CRC screening program.

CRCs were categorized into cancers detected in participants
(participant cancers) and non-participants (non-participant cancers).
Participant cancers comprised screen-detected CRCs, FIT interval CRCs
(cancers detected after a negative FIT and before the invitation to the
next screening) and post-colonoscopy CRCs (cancers detected after a
colonoscopy following a positive FIT). For individuals with multiple
CRCs at diagnosis, the stage and location of the most advanced cancer
was used.

CRC incidence per sociodemographic subgroup was defined as the
number of CRC diagnoses divided by the number of individuals in that
group. The detection rate was defined as the number of participants
diagnosed with an advanced adenoma or CRC divided by the total
number of participants in each subgroup.

Staging of CRCs was based on the Americal Joint Committee on
Cancer TNM Classifcation, 8th edition.'®

A more detailed description of the definitions, including the defini-
tions of the sociodemographic variables, can be found in the Supple-
mentary Materials.
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2.4. Analyses

CRC incidence in 2018 and 2019 was calculated per subgroup and
age-standardized using the direct method, with the total study popula-
tion as reference. The relative risk of non-participants compared to
participants was calculated and tested using a Mid-p Fisher Exact test.

To investigate the yield of screening in different sociodemographic
subgroups, the detection rate of participants in 2018 and 2019 was
calculated per subgroup, including all screen-detected CRCs until the
end of the follow-up period (i.e. December 31, 2020).

The effect of each sociodemographic factor on the risk of CRC was
estimated in a multivariable logistic regression using CRC diagnosis in
2018 or 2019 as dependent variable. In the regression, strongly corre-
lated variables (i.e., variables with Variance Inflation Factor >5) were
not included simultaneously within one model; the model with the
lowest Akaike Information Criterium was chosen. Relevant interaction
terms based on literature were added to the model and tested using a
likelihood ratio test. Odds ratios (ORs) were calculated for the final
model, which included participation, sex, age, migration background,
socioeconomic category, household type and household income as
explanatory variables. Participation interacted significantly with both
sex and household income. Therefore, ORs of these variables were
calculated for participants and non-participants separately.

To further investigate the difference in risk of CRC between non-
participants and participants, we built distinct models for both sexes
and each income group (i.e., the variables that interacted significantly
with participation). In each model, we calculated the OR of non-
participants in reference to participants. These ORs were also cor-
rected for confounding; only significant explanatory variables were
included (OR females: corrected for age, migration background, level of
education and household income; OR males: corrected for age, migra-
tion background, household size and household income; ORs for each
income group: corrected for sex, age and migration background).

Statistical analyses were conducted in R, version 4.2.3.'° A signifi-
cance level of 5% was used throughout. All data were analysed in a
secure environment provided by Statistics Netherlands. Before expor-
tation, the results were thoroughly checked for compliance with the
most stringent requirements of the General Data Protection Regulation.

3. Results
3.1. Descriptive statistics

A total of 4,383,668 individuals were invited for CRC screening in
2018 and 2019, of which 3,167,680 (72.3%) participated. Males
accounted for 49.3% of the sample and the mean age of invitees was
63.4 years (standard deviation 6.3 years). Irrespective of participation
status, 13,302 invitees were diagnosed with CRC in 2018 or 2019. Of
these cancers, 4148 (31.2%) were non-participant CRCs and 9154
(68.8%) were participant CRCs, of which 6757 (73.8 %) screen-detected
CRCs, 2278 (24.9%) FIT interval CRCs and 119 (1.3%) post-colonoscopy
CRGCs.

Screen-detected CRCs were diagnosed most often in stage I (47.4%),
followed by post-colonoscopy CRCs (33.1%) and FIT interval CRCs
(21.5 %; Table 1). Non-participant CRCs were diagnosed least often in
stage I (15.0%). Furthermore, screen-detected CRCs were diagnosed
most often in the left side of the colon, while FIT interval CRCs and post-
colonoscopy CRCs were more often detected right-sided. Non-partici-
pant CRCs were evenly distributed across the left colon, right colon or
rectum.

Overall CRC risk was 30.3 per 10,000 individuals. Non-participants
had a 1.16 times (95% confidence interval [CI]: 1.12-1.20, p < 0.01)
higher risk of CRC than participants: 33.7 versus 29.0 per 10,000
individuals.
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Table 1
Stage distribution and location of cancers.
Screen- FIT Post- Non-
detected CRC  interval colonoscopy participant
CRC CRC CRC
n=6757 n= 2278 n=119 n = 4148
Stage
I 47.4% 21.5% 33.1% 15.0%
I 18.6% 23.5% 20.3% 23.3%
111 26.5% 31.2% 29.7% 33.9%
v 6.4% 22.6% 15.3% 26.7%
Unknown 1.0% 1.1% 1.7% 1.1%
Location
Right 30.9% 51.7% 46.6% 33.8%
colon
Left colon 40.7% 20.3% 25.4% 34.5%
Rectum 27.1% 26.4% 24.6% 30.4%
Unknown 1.3% 1.6% 3.4% 1.4%

Abbreviations: CRC = colorectal cancer; FIT = fecal immunochemical test.
3.2. Risk of CRC in subgroups with low participation

Risk of CRC differed across the previously identified subgroups with
low participation in screening. Individuals with a non-Western migra-
tion background had the lowest risk of CRC (e.g. age-standardized
incidence per 10,000 individuals with a Turkish/Moroccan migration
background: 18.8; see Fig. 1, Table 2) in the entire study population.
Singles had a slightly lower risk of CRC compared to couples (29.8 vs
30.5). On the other hand, males had a higher risk of CRC compared to

100
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females (35.1 vs 25.8) and CRC risk increased slightly with decreasing
income (from 29.5 in the highest quintile to 30.2 in the lowest quintile)
or SES (from 29.1 in the highest quintile to 31.1 in the lowest quintile).
Notably, this pattern was only observed among participants; CRC risk
decreased slightly with decreasing income among non-participants in
screening (Table 2, Table S1).

The multivariable logistic regression model confirmed that in-
dividuals with a Dutch-Indian (OR: 0.80 [95°% CI: 0.71-0.91], Table 3),
Surinamese (OR: 0.70 [95°%CI: 0.59-0.81]) or Turkish/Moroccan (OR:
0.54 [95°% CI: 0.46-0.63]) migration background had a significantly
lower risk of CRC compared to individuals with a Dutch background.
Males had a higher risk of CRC than females, though the difference was
less pronounced for non-participants (OR: 1.28 [95°% CI: 1.20-1.36])
compared to participants (OR: 1.41 [95°% CI: 1.35-1.47]). Low income
was not significantly associated with risk of CRC among non-
participants, only among participants (OR lowest vs highest quintile:
1.22 [95°% CI: 1.14-1.32]).

The model also confirmed that non-participants had a significantly
higher risk of CRC than participants (OR: 1.44 [95°% CIL: 1.29-1.60],
Table 3). However, the extent of the risk difference varied across sub-
groups: the OR of CRC of non-participants compared to participants was
1.26 (95°% CI: 1.18-1.33) among females, as opposed to 1.17 (95°% CI:
1.11-1.23) among males. The risk difference increased with income,
from an OR of 1.06 (95°% CIL: 0.98-1.15) for the lowest quintile to 1.34
(95°% CI: 1.22-1.47) for the highest quintile.
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Fig. 1. Participation rate (green line) and CRC incidence per 10,000 individuals (coloured bars, split into unadjusted incidence in participants and unadjusted
incidence in non-participants, labeled with age-standardized incidence rates) in different socio-demographic subgroups.

Abbreviation: CRC = colorectal cancer.
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Table 3
Odds ratio per explanatory variable.

Odds ratio (95°%CI)

Participant

Yes ref

No 1.44 (1.29-1.60)"
Sex

Non-participants

Female ref

Male 1.28 (1.20-1.36)"

Participants

Female ref

Male 1.41 (1.35-1.47)"
Age category

55-59 years ref

60-64 years 1.02 (0.97-1.08)

65-69 years 1.24 (1.15-1.34)"

70+ years 2.04 (1.88-2.21)"
Migration background

Dutch ref

Germany 1.00 (0.90-1.11)

Dutch Indies 0.80 (0.71-0.91)"

Surinam 0.70 (0.59-0.81)"

Turkey + Morocco 0.54 (0.46-0.63)"

Other 0.73 (0.67-0.78)"
Socioeconomic category

Employed ref

Retired 1.15 (1.07-1.23)"

Social welfare 1.10 (1.02-1.18)"

Other 1.13 (1.02-1.26)"
Household type

Single-person ref

Couple 1.02 (0.98-1.07)

Single with other residents

Couple with other ents

Institutional household

Other multi-person household
Household income

Non-participants

0.94 (0.84-1.06)
0.99 (0.93-1.05)
0.60 (0.48-0.74)"
1.11 (0.91-1.34)

Quintile 1 (highest) Ref

Quintile 2 (0.90-1.13)
Quintile 3 1.00 (0.90-1.12)
Quintile 4 1.00 (0.90-1.11)
Quintile 5 (lowest) 0.96 (0.87-1.07)
Participants

Quintile 1 (highest) ref

Quintile 2 1.07 (0.99-1.14)
Quintile 3 1.12 (1.04-1.20)"
Quintile 4 1.15 (1.08-1.24)"

Quintile 5 (lowest)

1.22 (1.14-1.32)"

Table 2
CRC incidence and yield of screening per sociodemographic subgroup.
Incidence Age-stand. Age-stand. Detection
(x10,000) incidence” incidence” non- rate”
(x10,000) participants
(x10,000)
Population 30.3 30.3 34.4 1.4%
average
Sex
Female 26.0 25.8 30.2 1.0%
Male 34.8 35.1 38.5 1.8%
Age category
55-59 years 21.5 21.5 24.0 1.4%
60-64 years 23.2 23.2 26.4 1.2%
65-69 years 30.3 30.3 34.5 1.3%
70+ years 51.6 51.6 58.9 1.9%
Migration background
Dutch 31.7 31.5 37.4 1.5%
Germany 37.8 31.9 37.3 1.6%
Dutch Indies 24.4 25.4 29.1 1.3%
Surinam 21.0 23.8 21.0 1.0%
Turkey + 17.1 18.8 17.7 0.9%
Morocco
Other 21.1 23.4 22.9 1.1%
Level of education
Low 26.5 27.7 29.6 1.5%
Medium 26.3 30.3 34.2 1.4%
High 24.0 27.7 31.0 1.2%
Socioeconomic category
Employed 22.1 27.5 31.2 1.3%
Retired 40.3 29.9 33.6 1.6%
Social welfare 23.4 20.5 20.0 1.4%
Other 21.9 20.4 32.3 1.0%
Socioeconomic status score
Quintile 1 22.6 29.1 37.5 1.1%
(highest)
Quintile 2 26.3 28.5 34.3 1.3%
Quintile 3 315 30.3 33.7 1.5%
Quintile 4 36.3 30.3 34.7 1.6%
Quintile 5 34.1 31.1 32.6 1.6%
(lowest)
Household size
1 30.9 29.4 31.7 1.5%
2 32.0 30.5 35.7 1.4%
3 23.9 28.7 32.2 1.3%
4 or more 23.0 30.1 29.2 1.3%
Household type
Single-person 31.3 29.8 325 1.5%
Couple 32.4 30.6 36.4 1.4%
Single with 223 26.9 28.7 1.2%
other residents
Couple with 23.5 29.2 31.5 1.3%
other residents
Institutional 21.1 20.8 18.5 1.1%
household
Other multi- 32.2 335 31.4 1.5%
person
household
Household income
Quintile 1 24.7 28.0 34.9 1.2%
(highest)
Quintile 2 27.7 29.4 35.1 1.3%
Quintile 3 31.1 30.5 34.9 1.5%
Quintile 4 34.7 30.7 34.3 1.6%
Quintile 5 31.8 30.2 31.1 1.5%
(lowest)

Abbreviations: CRC = colorectal cancer; age-stand. = age-standardized.

@ Age-standardized incidence using the direct method, with the total study
population as reference. Unadjusted incidence rates are used for the different
age groups.

b The percentage of participants with an advanced adenoma or CRC.

Abbreviation: CI = confidence interval.
 significant at a 5% significance level.

3.3. Yield of screening in subgroups with low participation

The pattern of the detection rate in subgroups with low participation
was similar to the patteren of overall CRC incidence: it was lower for
individuals with a Turkish/Moroccan migration background (0.9%;
Table 2, Fig. S3) and higher for males (1.8%) and individuals with low
income (1.5% in the lowest quintile) or low SES (1.6% in the lowest
quintile).

4. Discussion

Individuals with a Turkish/Moroccan migration background have
both the lowest participation rates in CRC screening and the lowest risk
of CRC within the entire study population. Males and low-income groups
also have lower participation rates in screening, but they had a higher
risk of CRC. For males, the difference was less pronounced, yet still
significant-for non-participants. For low-income groups, the difference
was not significant for non-participants, only for participants.

The combination of lower participation and an increased CRC risk
among males has been demonstrated previously.'*'® The risk of males
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can be caused by biological and/or lifestyle-related factors. For example,
males are more likely to accumulate abdominal visceral fat than fe-
males,'” which increases their risk of CRC.'® Moreover, males consume
more red meat'® and alcohol,?’ and smoke more often than females.”!
However, previous studies did not stratify results by participation status.
We found that the difference in risk between males and females was less
pronounced for non-participants compared to participants. The reason
for this is not entirely clear, but our findings suggest a stronger healthy
user bias in females compared to males. This would lead to a lower CRC
risk among female participants, thus widening the gap between males
and females among participants. Nonetheless, the higher risk of males
implies that bigger health gains could be achieved if their screening
rates would increase.

Overall risk of CRC increased slightly with decreasing income, in line
with a previous Dutch publication.'>'® This can also be partly attributed
to unhealthy behaviors, such as physical inactivity and smoking.?* In
addition, unhealthy diets are more common in low-income groups as
they are typically more affordable and accessible in low-SES neighbor-
hoods.?” However, our analyses revealed that low income was not
associated with higher CRC risk among non-participants, only among
participants. This finding suggests the presence of complex interactions
between income, screening participation and CRC risk factors; it appears
that healthy user bias is primarily present in higher income groups. In
addition, this finding demonstrates that non-participants constitute a
selective subset of the target population.

Interestingly, some groups with low participation rates had a lower
risk of CRC, such as those with a Dutch-Indian, Surinamese or Turkish/
Moroccan migration background. The lower risk of non-Western immi-
grants has been confirmed in previous studies.”>2° Again, these differ-
ences are likely due to dietary and lifestyle differences.? Yet, it has also
been shown that the risk of immigrants increases with time since
immigration, as a consequence of adaptation to a Western lifestyle and
increased exposure to risk factors.”” This is consistent with the observed
higher participation rates of second-generation migrants compared to
first-generation migrants.q

Lastly, we showed that non-participants in the screening program
have a significantly higher risk of CRC compared to participants. The
difference can be explained by two main reasons. On the one hand, non-
participants are more likely to have an unhealthy lifestyle, which in-
creases their risk of CRC.”” On the other hand, participants are more
likely to have also participated in previous screening rounds, as reflected
in the high rescreening rates in the Netherlands (92% in 2019), which
decreases their risk of CRC.

Although we are not aware of other studies that investigate multiple
sociodemographic and cultural risk factors for CRC and CRC screening
rates simultaneously, our results are in line with existing literature
regarding each factor individually. For example, male sex'*?® and low
income®® have been associated with an increased risk of CRC, and a
non-Western migration background has been associated with a
decreased risk of CRC.*"

A major strength of this study is the use of registry-based individual-
level data, which enhanced the reliability of our results. We adopted a
multifaceted approach, using data on both CRC incidence and partici-
pation in screening, and included numerous sociodemographic and
cultural factors. With participation status being a potential mediator,’
adding it to our multivariable model accommodated a more accurate
estimation of the direct effect of each sociodemographic factor on risk of
CRC. A limitation of this study is that, due to its cross-sectional design,
participation and CRC risk could not be fully disentangled, as partici-
pation in previous screening rounds also influences CRC risk. However,
this effect is likely to be limited given the high rescreening rates in the
Netherlands. Another limitation is that non-participants might have had
a valid reason to not participate in screening, such as a previous CRC
diagnosis, which might have led to a. In addition, the yield of screening
was incomplete due to incomplete follow-up. Invitation data were
available until December 31, 2019, whereas CRC data were available
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until December 31, 2020, which implies that not all participants could
be followed up until their next invitation for screening. However, since
the average duration between a positive FIT result and subsequent co-
lonoscopy is less than three weeks,*' the majority of screen-detected
CRCs will have been included and only a small number of FIT interval
CRCs and post-colonoscopy CRCs will be missing. Lastly, heterogeneity
within different migrant groups because of unobserved variables such as
time since immigration and degree of acculturation could not be
accounted for. Although time since immigration is known to be related
to risk of CRC,>* we could not differentiate between first- and
second-generation migrants due to small numbers.

For a screening program to be effective on a population level, high
participation rates are essential.>? For that reason, interventions are
being designed to reach out to non-participants. The largest health gains
can be achieved in those subgroups that exhibit the lowest participation
rates, as their potential for increasing participation is greatest, or in
subgroups with the highest risk of CRC, as their yield of screening will be
higher. Several interventions have been proven effective already. Ex-
amples among males include theory-based modifications of the advance
notification letter,'’ reminder letters®® and a brief informative phone
call prior to the invitation.>* Interventions among low-income groups
also include reminders,>” telephone support>® and several other patient
navigation initiatives.*” Prioritizing the most vulnerable groups in terms
of both participation and risk of CRC will improve the effectiveness of
interventions. Nonetheless, this raises an ethical dilemma, where equity
in screening outcomes may conflict with equal access to screening.
Health inequity concerns should therefore be incorporated in the eval-
uation and optimization of screening, for instance using distributional
cost-effectivenss analyses, which assesses both cost-effectiveness and the
distribution of health effects across subpopulations.

To conclude, we investigated the risk of CRC across various socio-
demographic and cultural subgroups with low participation rates in
screening. We found that individuals with a non-Western migration
background had a lower risk, whereas males had a higher risk of CRC.
Individuals with low income did not have a higher risk among non-
participants, only among participants. Targeted interventions should
be designed to better reach the non-participants. Prioritizing those at
higher risk of CRC would not only enhance more equitable access to CRC
screening, but also contribute to reducing disparities in CRC outcomes.
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