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ABSTRACT

Introduction: Colorectal cancer (CRC) does not affect different sociodemographic groups uniformly.
CRC screening programmes could seek to reduce this inequality; however, the screening programmes
themselves might be subject to differential participation across sociodemographic groups. This study
investigates the sociodemographic inequality at all steps in Denmark’s nationwide CRC screening pro-
gramme: screening participation, faecal immunochemical test (FIT) results, colonoscopy compliance,
CRC diagnosis, and cancer stage.

Material and methods: This cohort study includes all first-time invitees from the beginning of the
Danish population-based CRC screening programme from 1 March 2014 to 31 December 2017.
Results: Sixty-four percent of the invitees participated in the screening programme, and of those 7%
were FIT-positive. After being invited to further diagnostic procedures, 90% responded to the invita-
tion, and among those 5% were CRC-positive. Among those diagnosed with CRC, 9% were stage IV.
Through multivariable analyses, we identified sociodemographic inequalities in all steps of the screen-
ing programme from returning a stool sample to being diagnosed with CRC. Specifically, we identified
inequalities across sex, age, migration status, relationship status, the screening status of one’s partner,
education, income, and use of health services. Women were more likely to participate compared to
men (RR = 1.13; 95% Cl: 1.12-1.13), but had a lower risk of a positive FIT result (RR = 0.67; 95% Cl:
0.66-0.68) and of a CRC diagnosis (RR = 0.88; 95% Cl: 0.82-0.93) compared to men. The likelihood of
participating as well as the risk of positive FIT results and CRC diagnosis increased with age.
Conclusion: All steps of the screening programme were subject to sociodemographic inequalities.
Interventions are needed to target groups identified as having lower uptake as well as high-risk of
being FIT- and/or CRC-positive. These groups include males, individuals aged 60+ years and individu-
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als who do not visit their GP regularly.

Introduction

Colorectal cancer (CRQ) is the second most commonly diag-
nosed cancer, as well as being the second leading cause of
cancer death in Europe [1]. CRC develops through a slow
process where adenomas stepwise transform into adenocar-
cinomas. The progression from adenoma to cancer takes
about 10-15 years, which makes it possible to intervene
early and prevent the development of CRC [2]. The Council
of the European Union recommended CRC screening in
2003, which led to the implementation of regional and
nationwide CRC screening programmes in the majority of
the member states of the European Union [3,4]. These
programmes seek to detect signs of CRC either through col-
onoscopy, sigmoidoscopy, or most often through the non-
invasive procedure entitled faecal immunochemical test (FIT),
which identifies the haemoglobin concentration in a stool

sample [4]. The FIT procedure has proved to be effective in
detecting possible signs of CRC [3,5-7], hence detecting ear-
lier-stage cancer and reducing CRC mortality. Thus, a Spanish
study found that among people who were diagnosed with
CRC in a screening programme using the FIT procedure, 90%
was alive after five years of the time of diagnosis, while this
was the case for only 67% of people with nonscreening-
detected CRC [8].

In Denmark, colon and rectum cancers are among the top
five cancers with most social inequality in incidence and sur-
vival, and several studies indicate that these inequalities
have widened over time [9,10]. The CRC screening pro-
grammes provide equal opportunity to access screening
across all population groups; hence, a possible side effect of
the screening programme could be a reduction in the social
inequality in CRC through early detection of cancer in all
population groups. However, this positive side effect is
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threatened by selective uptake, which has been identified
across socioeconomic and demographic groups in previous
studies [11-14]. Moreover, additional aspects of the screen-
ing programmes could influence the overall inequality in
CRC: specifically, little is known about the distribution of the
screening outcomes (e.g., FIT results, cancer diagnosis, and
cancer stage) among participants and therefore this warrants
more attention in order to fully grasp the inequalities related
to the screening programmes. If the screening outcomes are
not equally distributed among participants it could be an
indication that the screening programmes serve some popu-
lation groups more efficiently than others. Consequently, the
CRC screening programme could actually widen the sociode-
mographic inequality in CRC incidence and/or survival.

This study aims to explore sociodemographic (in)equalities
in all steps of Denmark’s nationwide CRC screening pro-
gramme. Specifically, we investigate inequalities across socio-
demographic groups in terms of: participation, the risk of
receiving a positive FIT result, compliance to further diagnos-
tic procedures, and the risk of being diagnosed with CRC
within the screening programme. Furthermore, we examine
the distribution of cancer stage across sociodemographic fac-
tors in order to uncover whether the screening programme
detects early-stage cancer in all population groups.

Material and methods

This study is a register-based retrospective cohort study
using data from the Danish Colorectal Cancer Screening
Database, the Danish Colorectal Cancer Group Database, the
National Patient Registry, the National Health Insurance
Service Registry, the Danish Civil Registration System register
and social registries at Statistics Denmark.

Study population

The national CRC screening programme in Denmark invites
all individuals in the age group 50-74 years to be screened.
People are invited biennially. However, the first round was
conducted over four years in 2014-2017, while the biennial
invitations were introduced in the second screening round,
which began during 2017. In this study, we included all first-
time invitees, regardless of whether the invitation was
received in the first or in the second screening round, from 1
March 2014 to 31 December 2017. We excluded individuals
who had been diagnosed with CRC prior to the invitation (as
most of these are enrolled in a cancer follow-up pro-
gramme), as well as individuals diagnosed with Crohn’s dis-
ease and ulcerative colitis (as their participation depends on
recommendations from their GP). Additionally, we excluded
individuals who died before receiving the invitation and indi-
viduals who died or emigrated within three months of the
invitation and did not participate.

Outcome measures

Five outcomes were addressed: participation, positive FIT test
result, colonoscopy compliance, CRC diagnosis, and cancer

stage at diagnosis. Participation was defined as returning a
stool sample to the laboratory for testing at any point after
receiving the invitation, however, at the latest on 31
December 2018. A positive FIT test was defined as a stool
sample with high levels of haemoglobin defined as 100 ng/
ml faeces (equal to 20 pg hgb./g faeces) [15]. Colonoscopy
compliance was defined according to the annual national
report by the Danish Colorectal Cancer Screening Database
as complying to further diagnostic procedures (colonoscopy,
CT, or sigmoidoscopy) within two months of receiving a posi-
tive FIT test [16]. Individuals who had a histologically verified
diagnosis of CRC during these diagnostic procedures were
identified as CRC cases within the screening programme.
However, it is important to note that for some of these par-
ticipants, several diagnostic procedures were conducted due
to inconclusive results or various complications. As a conse-
quence, some participants were not diagnosed until several
months after the first procedure. Lastly, we used data from
the Danish Colorectal Cancer Screening Database to deter-
mine cancer stage at the time of diagnosis using the UICC
classification [17].

Covariates

As covariates we included age, sex, regional residence,
migration status, birth country, marital status, income, high-
est attained educational level, partner's screenings status,
and use of health services including consultations with a
general practitioner (GP) or dentist. Birth country was split
into three categories (1) Denmark, (2) other Western, and (3)
non-Western. Marital status differentiates between being in a
relationship and being single, whereas being in a relation-
ship covers individuals who are married or in a cohabiting
relationship. Income was divided into five categories: one for
each income quartile, with the first quartile consisting of
individuals with the lowest income; plus a category consist-
ing of individuals with unknown income. Use of healthcare
services (GP and dentist) was determined based on utilisation
during the entire year prior to the time individuals were
invited to screening and dichotomised into a binary variable
with 0 consultations and 14 consultations.

Statistics

The distribution of population characteristics was examined
according to participation using descriptive statistics.
Incidence proportion, relative risk estimates, and confidence
intervals (95% Cl) for each outcome measure for each socio-
demographic category were produced using multivariable
logistic regression models. Estimates for each outcome were
made at different stages in the screening process, hence esti-
mates for participation were produced among all invitees
(N = 1,921,489), estimates for positive FIT results were made
among all participants (N = 1,223,743), estimates for colon-
oscopy compliance were recorded among all individuals with
positive FIT results (N = 82,304) and estimates for CRC diag-
nosis were made among all who complied with further diag-
nostic procedures (N = 74,838). This is illustrated in Figure 1.
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2,000,844 invitations sent out during 1/3/2014-31/12-2017

\4

1,970,448 first-time invitations

Definition of study population

A

Exclusion due to death before receiving the invitation:
256

Exclusion due to death within three months of
receiving the invitation without participating: 4,137

Exclusion due to migration within three months of
receiving the invitation without participating before
migration: 1,066

Exclusion due to prior diagnosis:
CRC: 16,126
Crohns Disease and/or ulcerative colitis: 27,374

Final study population N = 1,921,489

A

1,223,743 returned a stool
sample for analysis (64 %)

82,304 screened positive (7 %)

Study outcomes

A

73,838 complied with further
diagnostic procedures (90 %)

v

CRC (5 %)

4,011 were diagnosed with

Figure 1. Flowchart of the study population.

Moreover, we estimated the positive predictive value, which
is often estimated in studies on CRC screening, to ensure
comparability. These results are reported in Table S1. In the
multivariable analyses, we adjusted all estimates for sex, age,
education, and income. We examined the distribution of can-
cer stages among those with a known cancer stage at the
time of diagnosis (N = 3,172) using a Chi-squared test to
look into possible inequalities across socioeconomic and
demographic factors. All statistical analyses were performed
using R statistical software, version 3.5.0 (Vienna,
Austria) [18].

Results

In total, 1,921,489 individuals were eligible for analysis
(Figure 1). The characteristics of the study population are
presented in Table 1. The sexes were almost equally distrib-
uted with 49% males and 51% females. The largest propor-
tion of the invitees were <54 years old, which is due to the
ongoing policy of inviting people reaching the age of 50. In
the first screening round, some individuals who were aged
more than 74 years, which is the upper age limit to receive
an invitation, were invited to participate, which may explain
the higher proportion of individuals in the oldest age group


https://doi.org/10.1080/0284186X.2020.1869829

326 A. V. J. PALLESEN ET AL.

Table 1. Population characteristics.

Invitees (N = 1,921,489)

Number Percent (%)

Sex

Male 949,823 49

Female 971,666 51
Age

<54 years 537,093 28

55-59 years 347,783 18

60-64 years 325,719 17

65-69 years 325,808 17

70+ years 385,086 20
Region of residence

Northern Jutland Region 206,466 1

Mid Jutland Region 425,538 22

Region of Southern Denmark 428,869 22

Capital region of Denmark 548,767 29

Region Zealand 311,849 16
Migration status

Danish-born 1,772,527 92

Migrant 148,962 8
Country of birth

Denmark 1,769,366 92

Other Western 63,598 3

Non-Western 88,525 5
Marital status

In a relationship 1,327,402 69

Single 594,087 31
Highest completed education

Secondary school 497,638 26

High school/skilled education 839,748 44

Short higher education 85,635 4

Middle higher education 321,924 17

Long higher education 139,606 7

Unknown 36,938 2
Income

First quartile 478,525 25

Second quartile 478,523 25

Third quartile 478,518 25

Fourth quartile 478,521 25

Unknown 7402 0
Consultations with GP

0 223,962 12

1+ 1,697,527 88
Consultations with dentist

0 567,749 30

1+ 1,353,740 70
Partner’s screening status

Participated 772,170 40

Did not participate 324,258 17

Not invited 230,974 12

No partner 594,087 31
(20%) than in some of the younger (eg., 17% were

65-69 years). The minority were migrants (8%) and born out-
side of Denmark; 3% in other Western countries and 5% in
non-Western countries. Additionally, the majority were mar-
ried (69%). The highest-attained educational level was either
secondary school (26%) or high school/skilled education
(44%), whereas 4% had finished a short higher education,
17% a middle-length higher education, and 7% a long higher
education. The majority of the invitees had visited their GP
(88%) and/or dentist (70%) within the last year. Lastly, 40%
of the invitees had a partner who participated in the screen-
ing programme, whereas 17% had a partner who did not
participate. The remainder did not have a partner or had a
partner not eligible for screening.

Overall, 64% of the invitees (N = 1,223,743) participated
by returning a stool sample for examination. Of those who
participated, 7% received a positive FIT result (N = 82,304).

After being invited to further diagnostic procedures due to a
positive FIT result, 90% complied with the invitation
(N = 74,838), and among those 5% (N = 4,011) were diag-
nosed with CRC. Out of the 4011 individuals who were diag-
nosed with CRC, 3172 (79%) were registered with a known
UICC stage: 36% were diagnosed with stage |, 27% with
stage I, 27% with stage lll, and 9% with stage IV.

Social inequality across the screening programme

Women were more likely to participate in the screening pro-
gramme (RR = 1.13; 95% Cl: 1.12-1.13); however, they had a
reduced risk of being FIT-positive (RR = 0.63; 95% Cl:
0.66-1.68) and of being diagnosed with CRC (RR = 0.88; 95%
Cl: 0.82-0.93) compared to men (see Tables 2 and 3). The
likelihood of participating increased with age, where the
65-69 years old invitees were the most likely, with an RR of
1.21 (95% CI: 1.21-1.22). A similar increase with age was
observed in regard to the risk of receiving a positive FIT
result and the risk of being diagnosed with CRC. Invitees liv-
ing in Region Zealand (RR = 0.92; 95% Cl: 0.92-0.92) and the
Capital Region (RR = 0.89; 95% ClI: 0.89-0.89) were most
unlikely to participate, and living in the Capital region was
associated with a slightly reduced likelihood of colonoscopy
compliance. Invitees living in Region Zealand had an
increased risk of being diagnosed with CRC (RR = 1.15; 95%
Cl: 1.03-1.29).

Migrants were less likely to participate (RR = 0.92; 95% Cl:
0.91-0.92), be FIT-positive (RR = 0.86; 95% Cl: 0.84-0.89) or
comply with further diagnostic procedures (RR = 0.96; 95%
Cl:  0.94-0.97) compared to Danish-born individuals.
Participants born in non-Western countries had a reduced
risk of 0.73 (95% Cl: 0.73-0.76) of being FIT-positive and 0.77
(95% ClI: 0.59-0.98) of being CRC-positive.

Singles were less likely to participate (RR = 0.82; 95% Cl:
0.82-0.82), had an increased risk of being FIT-positive
(RR = 1.17; 95% Cl: 1.16-1.19), were slightly less likely to
comply to further diagnostic procedures (RR = 0.95; 95% Cl:
0.94-0.95), and had a reduced risk of being CRC-positive
(RR = 0.85; 95% Cl: 0.79-0.91) compared to individuals in a
relationship. Those who had a partner who was also invited
but did not participate were less likely to participate
(RR = 0.53; 95% Cl: 0.53-0.54), had an increased risk of being
FIT positive (RR = 1.27; 95% Cl: 1.25-1.30), were slightly less
likely to comply to further diagnostic procedures (RR = 0.95;
95% Cl: 0.94-0.95) and had a reduced risk of being CRC-posi-
tive (RR = 0.78; 95% Cl: 0.70-0.87) compared to those whose
partner did participate. Those whose partner was not invited
to the screening programme were less likely to participate
(RR = 0.81; 95% CI: 0.81-0.81).

Those with a short higher education were most likely to
participate (RR = 1.10; 95% Cl: 1.10-1.11), while those with
unknown educational level were the least (RR = 0.89; 95%
Cl: 0.88-0.89). In regards to the risk of being FIT-positive, the
risk reduced with higher educational level. There was no
noteworthy difference in the likelihood of colonoscopy com-
pliance and risk of a CRC diagnosis across educational levels.
The likelihood of participating, complying to further
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Participation FIT positive
Invited Participated Adjusted RR (95% Cl) Participated FIT positive Adjusted RR (95% Cl)

ALL 1,921,489 64% 1,223,743 7%
Sex

Male 949,823 60% 1.0 566,509 8% 1.0

Female 971,666 68% 1.13 (1.12-1.13) 657,234 6% 0.67 (0.66-0.68)
Age

<54 years 537,093 58% 1.0 313,685 4% 1.0

55-59 years 347,783 62% 1.06 (1.05-1.06) 216,669 5% 1.25 (1.22-1.28)

60-64 years 325,719 66% 1.12 (1.12-1.13) 214,252 7% 1.58 (1.54-1.61)

65-69 years 325,808 69% 1.21 (1.21-1.22) 225,279 8% 1.78 (1.74-1.82)

70+ years 385,086 66% 1.20 (1.20-1.21) 253,858 10% 2.09 (2.04-2.13)
Region of residence

Northern Jutland 206,466 66% 1.0 136,905 7% 1.0

Mid Jutland 425,538 66% 0.98 (0.98-0.99) 281,967 7% 0.97 (0.94-0.99)

Southern Denmark 428,869 66% 1.00 (1.00-1.00) 284,435 7% 0.97 (0.94-0.99)

Capital region 548,767 60% 0.89 (0.89-0.89) 328,877 7% 1.03 (1.00-1.05)

Zealand 311,849 61% 0.92 (0.92-0.92) 191,559 7% 1.04 (1.01-1.06)
Migration status

Danish 1,772,527 64% 1.0 1,145,800 7% 1.0

Migrant 148,962 52% 0.92 (0.91-0.92) 77,943 6% 0.86 (0.84-0.89)
Country of birth

Denmark 1,769,366 65% 1.0 1,143,986 7% 1.0

Other Western 63,598 55% 0.90 (0.90-0.91) 34914 7% 1.03 (0.99-1.07)

Non-Western 88,525 53% 0.93 (0.92-0.93) 44,843 5% 0.73 (0.70-0.76)
Marital status

In relationship 1,327,402 69% 1.0 915,766 6% 1.0

Single 594,087 52% 0.82 (0.82-0.82) 307,977 8% 1.18 (1.16-1.19)
Educational level

Secondary school 497,638 58% 1.0 287,478 8% 1.0

High school/skilled education 839,748 65% 1.08 (1.08-1.08) 548,644 7% 0.95 (0.93-0.96)

Short higher education 85,635 67% 1.10 (1.10-1.11) 57,803 6% 0.86 (0.83-0.89)

Middle higher education 321,924 69% 1.06 (1.06-1.07) 223,318 5% 0.83 (0.81-0.85)

Long higher education 139,606 64% 0.99 (0.98-0.99) 88,871 5% 0.74 (0.72-0.76)

Unknown 36,938 49% 0.89 (0.88-0.89) 17,629 8% 1.00 (0.95-1.05)
Income

First quartile 478,525 51% 1.0 245,568 9% 1.0

Second quartile 478,523 63% 1.23 (1.22-1.23) 302,639 8% 0.88 (0.86-0.89)

Third quartile 478,518 69% 1.35 (1.35-1.36) 328,917 6% 0.78 (0.77-0.80)

Fourth quartile 478,521 72% 1.42 (1.42-1.43) 343,623 5% 0.72 (0.70-0.73)

Unknown 7402 40% 0.81 (0.78-0.83) 2996 13% 1.50 (1.37-1.65)
Consultations with GP

0 223,962 47% 1.0 105,225 5% 1.0

1+ 1,697,527 66% 1.34 (1.34-1.35) 1,118,518 7% 1.16 (1.13-1.19)
Consultations with dentist

0 567,749 45% 1.0 254,650 8% 1.0

1+ 1,353,740 72% 147 (1.47-1.47) 969,093 6% 0.84 (0.85-0.85)
Partner’s screening status

Participated 772,170 82% 1.0 634,910 6% 1.0

Did not participate 324,258 42% 0.53 (0.53-0.54) 137,260 7% 1.27 (1.25-1.30)

Not invited 230,974 62% 0.81 (0.81-0.81) 143,596 6% 1.04 (1.02-1.07)

No partner 594,087 52% 0.69 (0.68-0.69) 307,977 8% 1.23 (1.21-1.25)

Estimates were adjusted for age, sex, educational level, and income.

diagnostic procedures and the risk of being diagnosed with
CRC increased with higher income quartile, whereas the risk
of being FIT-positive decreased.

In regard to use of healthcare, those who visited either
their GP or dentist within the last year were more likely to
participate. However, they were not, or only slightly more,
likely to comply with further diagnostic procedures com-
pared to individuals who did not see their GP or dentist.
Individuals who visited their GP had an increased risk of
being FIT-positive (RR = 1.16; 95% Cl: 1.13-1.19) but a
reduced risk of being CRC-positive (RR = 0.68; 95% ClI:
0.61-0.76), whereas those who visited their dentist had a
reduced risk of being FIT-positive (RR = 0.84; 95%
Cl: 0.85-0.85).

Cancer stage

Individuals diagnosed with CRC from Northern Jutland
had the lowest levels of stage IV (6%), whereas individu-
als living in Southern Denmark had the highest (11%),
which is reported in Table 4. Individuals with a secondary
school educational level or a short-length higher educa-
tional level had the highest proportions of stage IV CRC,
of 11% and 13%, whereas individuals with a long higher
education or an unknown educational level had the low-
est proportion of 5%. Furthermore, those with a long
higher education or an unknown educational level had
the highest proportion of stage | CRC, of 43% and 49%,
respectively.
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Table 3. Multivariable analysis of the rates of compliance and risk of being diagnosed with CRC within the screening programme across socioeconomic and

demographic groups.

Colonoscopy compliance

Diagnosed with CRC

Fit positive Complied (%) Adjusted RR (95% CI) Complied

CRC diagnosed (%) Adjusted RR (95% Cl)

ALL 82,304 90 73,838 5
Sex

Male 46,142 920 1.0 41,485 6 1.0

Female 36,162 90 1.00 (0.99-1.00) 32,353 5 0.88 (0.82-0.93)
Age

<54 years 13,182 91 1.0 11,926 3 1.0

55-59 years 11,259 91 1.00 (0.99-1.01) 10,201 4 1.54 (1.33-1.79)

60-64 years 14,408 91 1.00 (0.99-1.01) 13,064 5 2.08 (1.82-2.38)

65-69 years 18,189 90 1.00 (0.99-1.01) 16,338 6 2.52 (2.15-2.86)

70+ years 25,266 88 0.99 (0.99-1.00) 22,309 7 3.09 (2.73-3.50)
Region of residence

Northern Jutland 9587 92 1.0 8836 5 1.0

Mid Jutland 18,439 93 1.00 (0.99-1.01) 17,070 5 1.06 (0.95-1.18)

Southern Denmark 19,012 920 0.98 (0.97-0.98) 17,075 5 1.10 (0.99-1.23)

Capital region 21,560 86 0.93 (0.92-0.94) 18,530 5 0.97 (0.87-1.09)

Zealand 13,706 90 0.97 (0.97-0.98) 12,327 6 1.15 (1.03-1.29)
Migration status

Danish-born 77,815 90 1.0 72,436 6 1.0

Migrant 4489 85 0.96 (0.94-0.97) 4026 4 0.88 (0.75-1.03)
Country of birth

Denmark 77,716 90 1.0 69,960 6 1.0

Other Western 2391 85 0.96 (0.94-0.97) 2041 5 0.98 (0.81-1.17)

Non-Western 2197 84 0.95 (0.94-0.97) 1837 3 0.77 (0.59-0.98)
Marital status

In relationship 58,312 92 1.0 53,428 6 1.0

Single 23,992 85 0.95 (0.94-0.95) 20,428 5 0.85 (0.79-0.91)
Educational level

Secondary school 23,071 88 1.0 20,294 5 1.0

High school/skilled education 38,159 91 1.01 (1.01-1.02) 34,541 5 1.01 (0.94-1.09)

Short higher education 3440 92 1.02 (1.00-1.03) 3148 5 1.00 (0.85-1.17)

Middle higher education 11,914 91 1.00 (0.99-1.01) 10,801 6 1.05 (0.95-1.16)

Long higher education 4321 90 0.99 (0.98-1.00) 3893 6 1.00 (0.86-1.16)

Unknown 1399 83 0.95 (0.93-0.97) 1161 5 0.87 (0.66-1.13)
Income

First quartile 22,234 85 1.0 19,967 5 1.0

Second quartile 22,744 90 1.05 (1.04-1.06) 20,421 6 1.11 (1.02-1.21)

Third quartile 19,510 93 1.08 (1.07-1.09) 18,057 5 1.22 (1.11-1.33)

Fourth quartile 17,425 93 1.08 (1.07-1.09) 16,136 5 1.20 (1.09-1.33)

Unknown 391 66 0.77 (0.71-0.82) 257 13 243 (1.72-3.29)
Consultations with GP

0 5685 90 1.0 5137 7 1.0

14 76,619 920 1.00 (0.99-1.01) 68,701 5 0.68 (0.61-0.76)
Consultations with dentist

0 20,398 85 1.0 17,304 5 1.0

1+ 61,906 91 1.06 (1.05-1.07) 56,534 6 1.05 (0.98-1.13)
Partner’s screening status

Participated 39,598 93 1.0 36,808 6 1.0

Did not participate 9913 88 0.95 (0.94-0.95) 8684 4 0.78 (0.70-0.86)

Not invited 8801 90 0.98 (0.97-0.99) 7936 6 1.11 (1.00-1.22)

No partner 23,992 85 0.94 (0.93-0.94) 20,410 5 0.83 (0.77-0.90)

Estimates were adjusted for age, sex, educational level, and income.

Discussion

In this nationwide register-based study, we investigated soci-
odemographic inequality in several steps of the Danish
population-based CRC screening programme. Overall, we
identified patterns of inequality across sociodemographic fac-
tors in participation, FIT result, colonoscopy compliance, CRC
diagnosis, and cancer stage at the time of diagnosis. We
found sex differences across the screening programme, with
women being more likely to participate but at lower risk of
either a positive FIT result or a CRC diagnosis. The sex differ-
ences in participation are similar to findings in other studies
[11,12,19,20]; however, a systematic review by Wools et al.
[21] found that being female was most often found to be a
barrier for participation in CRC screening programmes.

However, it is important to note that this systematic review
investigated factors associated with CRC screening using any
screening method, whereas the present study focuses solely
on the FIT test used in the Danish programme. With regards
to screening outcomes, we identified men as a high-risk
population for negative screening outcomes (positive FIT
results and CRC diagnoses). Our findings correspond to
results from a Spanish study, where FIT results showed that
men on average had markedly higher levels of haemoglobin
in their faeces than women, and that almost twice as many
CRC cases were diagnosed among men compared to women
[22]. Furthermore, this study found that the majority of
advanced CRC cases were found among men, whereas we
did not identify any sex differences in cancer stage [22]. We
found that the likelihood of participating in the CRC
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Table 4. Univariate analysis of the association between socioeconomic and demographic factors and cancer stage at the time of diagnosis.

Number Stage | (%) Stage Il (%) Stage Il (%) Stage IV (%) p Value
ALL 3172 36 27 27 9
Sex
Male 1885 37 27 27 9 .821
Female 1287 35 27 28 9
Age
<54 years 238 38 19 34 8 198
55-59 years 294 38 24 26
60-64 years 530 35 29 27 0
65-69 years 787 37 28 27 9
70+ years 1323 36 28 27 9
Region of residence
Northern Jutland 355 36 30 27 6 .01
Mid Jutland 736 39 26 26 9
Southern Denmark 745 37 26 26 1
Capital region 765 36 24 31 9
Zealand 571 32 32 26 10
Migration status
Danish 3043 36 27 27 9 416
Migrant 129 33 23 33 10
Country of birth
Denmark 3038 36 27 27 9 .700
Other Western 89 33 26 30 1
Non-Western 45 33 20 38
Marital status
In relationship 2414 36 27 27 9 844
Single 758 35 27 28 10
Educational level
Secondary school 875 35 28 26 1 .008
High school/skilled education 1442 36 27 29 8
Short higher education 127 27 35 24 13
Middle higher education 516 38 26 27 9
Long higher education 173 43 21 31 5
Unknown 39 49 21 26 5
Income
First quartile 798 37 28 25 1 .030
Second quartile 918 36 26 29 9
Third quartile 774 36 31 25 8
Fourth quartile 654 36 24 31 10
Unknown 28 32 18 29 21
Consultations with GP
0 272 39 28 24 9 531
1+ 2900 36 27 28 9
Consultations with dentist
0 673 35 27 28 10 .758
1+ 2499 36 27 27 9
Partner’s screening status
Participated 1735 37 27 27 9 817
Did not participate 303 35 30 28 8
Not invited 376 36 25 28 1
No partner 758 35 27 28 10

programme increased with age. These results are similar to
those from other studies finding the lowest participation
rates among the youngest age groups [11,12,19,201.
Additionally, we identified that the risk of being FIT-positive
and CRC-positive increased with age as the risk was much
higher among individuals in the oldest age groups. The
increased risk of being FIT-positive and CRC-positive among
men and persons of higher age may reflect inequalities in
CRC incidence rather than inequalities in screening as these
characteristics have been associated with a higher occur-
rence of CRC. In particular, the age effect on the develop-
ment of CRC highlights the importance of the age-span in
which people are invited to the screening. This age-span is
determined based on the estimated risk of negative screen-
ing outcomes; hence, one could argue that the age-span
should begin later than 50 years of age, which is the case in

some other screening programmes where CRC screening
starts at age 55 or 60 years. No conclusion to this discussion
can be made based on results from the present study, how-
ever, the low participation rates among the youngest age
groups and the higher risk of being FIT and CRC positive
among the oldest age groups could support an increase of
the lower age limit. Hence, this would likely make the pro-
gramme more cost-effective.

We found that migrants, independent of country of origin,
were less likely to participate or comply with further diagnos-
tic procedures; however, only participants from non-Western
countries had a difference in risk of being FIT- and CRC-posi-
tive compared with Danish-born individuals. Other studies
[11,21,23] have similarly found lower participation rates in
CRC screening programmes among ethnic minorities, which
could reflect lower health literacy levels among this group
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[24]. Specifically for the Danish programme, invitations are
sent out in Danish. Hence, the lower participation rates
among migrants could be a result of language barriers.

Being in a relationship was found to affect the risk of
screening participation and screening outcomes. We found
that singles were less likely to participate or comply with fur-
ther diagnostic procedures, which may suggest that social
context affects one’s health behaviour. We investigated this
further by looking into the screening status of one’s partner.
As expected, we found that invitees whose partner was
invited but did not participate had a lower participation rate
and colonoscopy compliance, actually much similar to the
estimates for those with no partner. Also, invitees whose
partner was not invited to the screening had a lower partici-
pation rate. These findings support the general belief that
behaviour is motivated by the behaviour of others, in par-
ticular of those who are close to the individual [25].
Furthermore, a study conducted in the UK [26] investigated
the effect of being married on participation in a flexible sig-
moidoscopy trial and found much higher participation rates
among married adults, while inviting partners together
increased participation even further.

In terms of socioeconomic background, we identified
inequalities according to educational level and income. The
likelihood of participating and complying with further diag-
nostic procedures increased with higher income quartile
equally to findings in previous studies [19,21]. This may be
an indication that those with higher income have a higher
health literacy level and better health status overall.
Individuals with lower income levels tend to have a higher
risk of multimorbidity, which has been linked to non-compli-
ance to diagnostic colonoscopy [27]. Furthermore, we found
a U-shaped curve in the association between educational
level and participation. This association contradicts earlier
findings, where lower educational level, but not higher, has
been found to be associated with non-participation [21].
However, a similar association has been observed in the
Danish breast cancer screening programme [28]. One explan-
ation for this U-shaped curve may be that highly educated
individuals follow the ongoing debate regarding harms and
benefits of screening. Consequently, highly educated individ-
uals may decline the invitation to screening. Moreover, lack
of time due to competing time demands from occupational
responsibilities among the highly educated may interfere
with health behaviour.

Visiting one’s GP or dentist was associated with increased
participation, which was expected. Regular use of healthcare
services is an indication of health-seeking behaviour reflect-
ing self-care, higher health literacy levels and improved
access to recommendations for participating in for example,
screening programmes [29]. With regard to screening out-
comes, the risks were different among those who visited
their GP compared to those who visited their dentist. Visiting
one’'s GP was associated with increased risk of being FIT-
positive, whereas visiting the dentist was associated with a
reduced risk of being FIT-positive. Individuals visiting their
GP could more likely experience symptoms or being ill of
any kind, which might increase their risk of having blood in

their faeces, which then could be detected during a FIT test.
Individuals visiting their dentist, however, would just do so
as a regular check-up.

Strengths and limitations

The main strength of this study is the wide coverage of data
from the national Danish registries [30-34]. These registries
make it possible to link data across different registries and to
include covariates with low risk of selection bias. We
excluded only 2.5% of all first-time invitees according to our
exclusion criteria, which limit the risk of selection bias. Some
of the participants failed to provide a stool sample eligible
for analysis. In these cases, the participants would receive
another test kit in order to provide an adequate sample;
however, some participants (N = 1135) did not deliver a
second stool sample. These were categorised as participants,
which could have a minor impact on our estimates. Another
challenge is the fact that there is no deadline for participat-
ing. Most studies identify participation as returning a stool
sample within three months of receiving the invitation. We
did not include a deadline in our definition of participation;
also, follow-up continued until December 2018 with the lat-
est invitations being sent out in December 2017, which gave
the invitees at least a year to participate. This means we
might have categorised more invitees as participants than
other studies, although our participation rate (64%) is similar
to the findings of the official monitoring report [35].
Furthermore, the distribution analysis of cancer stages is sub-
ject to an important limitation since 21% of the CRC cases
did not have a registered stage defined by UICC. We there-
fore lack information on the distribution among this rather
large proportion of the CRC cases, which likely has affected
our results. Lastly, an important indicator when monitoring a
CRC screening programme is the identification of interval
cancers. This, however, was not possible as the Danish
Colorectal Cancer Screening Database did not contain infor-
mation on results from diagnostic procedures that were con-
ducted outside of the screening program.

Conclusion

Sociodemographic inequalities exist in all steps of the
screening programme from returning a stool sample to
being diagnosed with CRC. Specifically, we identified sex and
age inequalities across the CRC screening programme as well
as inequalities in migration status, relationship status, the
screening status of one’s partner, education, income, and use
of health services. Results from the present study contribute
to the existing evidence of social inequalities in cancer
screening and may inform future screening programs as we
identify subpopulations, who should be more efficiently tar-
geted to ensure early detection of CRC. We identified men,
individuals aged 60+ years, singles, individuals with low edu-
cational level and those with high income as high-risk sub-
populations for being FIT positive and/or being diagnosed
with CRC. Furthermore, we identified subpopulations with
lower participation rates and lower colonoscopy compliance



including men, the youngest age groups, migrants, singles,
individuals with low and high educational level, low income,
and individuals who do not visit their GP and dentist regu-
larly. Generally, the screening programme should aim to
increase the overall uptake as this will increase the value of
the screening programme in terms of ensuring early detec-
tion of CRC cases. Based on our results, we argue that most
efforts should be made to ensure high participation among
those subpopulations at high risk of being FIT positive or
being diagnosed with CRC. In particular, the programme
should aim to ensure high colonoscopy compliance among
those subpopulations who are more likely to be FIT positive.

This study uncovers the inequalities within the screening
programme; however, the link between the screening pro-
gramme and the cancer pathways when CRC cases are
detected could also be subject to inequalities (e.g., waiting
times for treatment). Future studies should investigate
inequalities in this link as well as other aspects of the screen-
ing programme that this study does not investigate.
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