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Introduction: Fecal occult blood tests are recommended for colorectal cancer (CRC) screening 

in Europe. Recently, the fecal immunochemical test (FIT) has come into use. Sociodemographic 

differences between participants and nonparticipants may be less pronounced when using FIT 

as there are no preceding dietary restrictions and only one specimen is required.  The aim of 

this study was to examine the associations between sociodemographic characteristics and 

nonparticipation for both genders, with special emphasis on those who actively unsubscribe 

from the program.

Methods: The study was a national, register-based, cross-sectional study among men and women 

randomized to be invited to participate in the prevalence round of the Danish CRC screening 

program between March 1 and  December 31, 2014. Prevalence ratios (PRs) were used to quan-

tify the association between sociodemographic characteristics and nonparticipation (including 

active nonparticipation). PRs were assessed using Poisson regression with robust error variance.

Results: The likelihood of being a nonparticipant was highest in the younger part of the popula-

tion; however, for women, the association across age groups was U-shaped. Female immigrants 

were more likely to be nonparticipants. Living alone, being on social welfare, and having lower 

income were factors that were associated with nonparticipation among both men and women. For 

both men and women, there was a U-shaped association between education and nonparticipation. 

For both men and women, the likelihood of active nonparticipation rose with age; it was lowest 

among non-western immigrants and highest among social welfare recipients.

Conclusion: Social inequality in screening uptake was evident among both men and women 

in the Danish CRC screening program, even though the program is free of charge and the 

screening kit is based on FIT and mailed directly to the individuals. Interventions are needed 

to bridge this gap if CRC screening is to avoid aggravating existing inequalities in CRC-related 

morbidity and mortality.

Keywords: colorectal neoplasms, mass screening, early detection of cancer, socioeconomic 

factors, demography

Introduction
Colorectal cancer (CRC) is the second most common cancer in Europe with ~447,000 

new cases and 215,000 deaths per year. Among the Northern European countries, 

Denmark has the highest age-standardized incidence rate of CRC for men (69.2 per 

100,000) and the second-highest for women (53.4 per 100,000).1 Most cases of CRC 

arise from adenomas. Progression from this precursor lesion to CRC is a multistep 

process with a natural history of at least 10 years.2,3 Survival is strongly associated 
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with stage at time of diagnosis. Hence, 5-year stage-specific 

survival rates range from above 90% for patients diagnosed 

at an early stage to <10% for patients diagnosed with distant 

organ metastasis.4 Symptoms of CRC are diffuse with low 

positive predictive values, often presenting at advanced stages 

of the disease.5 Early detection by screening can, therefore, 

help reduce morbidity and mortality caused by CRC as it 

makes it possible to remove adenomas or detect cancers at 

an early stage.6–9

European guidelines for quality assurance in CRC 

screening and diagnosis10 recommend the noninvasive 

fecal occult blood test (FOBT), of which the guaiac FOBT 

(gFOBT) is the oldest and most thoroughly studied.11–13 

More recently, the fecal immunochemical test (FIT) has 

come into widespread use as studies have found it to be 

superior to gFOBT with respect to detection rate, positive 

predictive value, participation rate, and cost-effective-

ness.14–19 Earlier studies of nonparticipation in CRC screen-

ing were based on gFOBT or primary colonoscopy, and 

sociodemographic data were self-reported. These studies 

found that younger age, male gender, living alone, low 

educational attainment, low income, and belonging to an 

ethnic minority were associated with a higher likelihood of 

nonparticipation in CRC screening programs.20–25 As these 

sociodemographic factors have also been associated with 

poorer CRC prognosis,26–29 it could be argued that CRC 

screening widens health inequalities. However, sociode-

mographic differences between participants and nonpar-

ticipants may be less pronounced in programs using FIT 

as there are no preceding dietary restrictions and only one 

fecal sample is required from each participant. In previous 

studies,20–25 nonparticipants were described as a homoge-

neous group, although individuals who actively decide not 

to participate and unsubscribe from the program may differ 

from those who simply do not participate. Therefore, the 

effect of interventions may be different than expected if 

expectations are based on studies considering nonpartici-

pants as a homogeneous group.

In the present nationwide cross-sectional study, we 

used register data to examine the associations between 

sociodemographic characteristics and nonparticipation 

in the FIT-based Danish CRC screening program. With 

regard to nonparticipation, our specific aim was to evaluate 

if there were gender differences in the associations and to 

investigate whether associations between sociodemographic 

charactaristics and overall nonparticipation differed from 

associations between sociodemographic characteristics and 

active nonparticipation.

Methods
Setting
In Denmark, health care is organized in five administrative 

regions, and cancer screening is offered free of charge to 

all citizens. The Danish CRC screening program was intro-

duced nationally in March 2014. It includes all individuals 

aged 50–74 years. Invitations are posted to the individuals 

along with the screening kit and a preaddressed, prepaid 

return envelope. If the screening kit is not returned within 45 

days, a reminder is sent. All individuals in the age group are 

invited. However, in the invitation letter, it is specified that 

those who are already participating in a surveillance program 

after having received a CRC or adenoma diagnosis should 

not participate in the screening program, and those with 

ulcerative colitis or Crohn’s disease should discuss with their 

physician whether participation would be relevant for them.

The national program is phased in over a 4-year period 

(prevalence round), during which all individuals in the target 

population are invited once before the end of 2017. After this, 

the target population will receive biennial invitations. During 

the prevalence round, individuals aged between 50 and 75 

years on  January 1, 2014, are invited randomly according 

to month of birth, and individuals turning 50 and 75 years 

are invited just before their birthday, if they have not been 

invited earlier.

Design
The study was designed as a nationwide cross-sectional study 

of men and women randomized to be invited to participate in 

CRC screening between  March 1 and  December 31, 2014 

(born between January 1, 1940, and  December 31, 1963). 

Individuals turning 50 and 75 years of age during the period 

were excluded because they were not randomly invited to 

participate in screening and thus would be overrepresented in 

the study population. Individuals registered with a diagnosis 

of CRC prior to  January 1, 2014, were excluded as the invita-

tion letter recommended that they refrain from participation 

in the screening program (Figure 1).

Data
The study population was identified using the Danish CRC 

Screening Database, which monitors the quality of the screen-

ing program in relation to different parameters including 

participation.30 Data on nonparticipation and active nonpar-

ticipation were also collected from the Danish CRC Screen-

ing Database. Individuals were categorized as participants if 

they had returned an FIT kit within 3 months after receiving 

the reminder. Nonparticipants were categorized as active 
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nonparticipants if they had actively unsubscribed from the 

program either via telephone or a web-based self-service.

Data on CRC cancer diagnoses prior to  March 1, 2014, 

were collected from the Danish National Patient Registry 

(NPR).31,32 In the NPR, CRC diagnoses were classified 

according to the International Classification of Diseases 

(ICD) version 8 (codes: 153 and 154) until the end of 1993, 

and the ICD10 thereafter (codes: DC18 and DC20). 

Data on sociodemographic variables were obtained from 

Statistics Denmark.33 Using Statistics Denmark’s classification, 

ethnic status was categorized either as Danish, immigrant from 

western countries (EU, Andorra, Australia, Canada, Iceland, 

Liechtenstein, Monaco, New Zealand, Norway, San Marino, 

Switzerland, and the USA), or immigrant from non-western 

countries (others). Marital status was classified as married/

living in a registered partnership, cohabitating, or living alone. 

Occupation was classified as self-employed and chief execu-

tive, employed, social welfare recipient (including unemploy-

ment benefits, social security, and sick leave), retired or other. 

Educational level was classified according to the classifica-

tion of United Nations Educational,  Scientific and Cultural 

 Organization as low (≤10 years), middle (11–15 years), or 

higher education (>15 years).34 To assess disposable household 

income, we used the Organisation for Economic Co-operation 

and Development (OECD)-modified equivalence scale.35 

Based on tertiles and rounded off to the nearest 100 Euros, 

household income was categorized as low (<27,000 Euros), 

middle (≤27,000–41,000 Euros), and high (≥41,000 Euros). 

We linked data using the individuals’ unique civil registration 

number.36

Analyses
Differences in sample characteristics between participants 

and nonparticipants were tested using Pearson’s chi-square 

test. Prevalence ratios (PRs) with 95% confidence interval 

(CI) were used to quantify associations between sociode-

mographic characteristics and nonparticipation (including 

active nonparticipation). PRs were assessed using Pois-

son regression with robust error variance.37,38 Unadjusted 

analyses were performed for each independent variable 

along with a multivariate model adjusting for age, ethnicity, 

marital status, education, occupation, household income, 

and region of residence. All analyses were stratified accord-

ing to gender.

Invited to participate in CRC screening in 2014
1 March 2014 – 31 December 2014

N=384,043

Turning 50 in 2014: 83,867
Turning 75 in 2014: 42,714

CRC before 1 January 2014: 2,150

Study population
N=255,312

Men: 125,920 (49.3%)
Women: 129,392 (50.7%)

Participants
n=171,540 (67.2%)

Men: 80,028 (46.7%)
Women: 91,512 (53.3%)

Non-participants
n=83,772 (32.8%)

Men: 45,892 (54.8%)
Women: 37,880 (45.2%)

Active non-participants
n=8,690 (10.4%)

Men: 3,818 (43.9%)
Women: 4,872 (56.1%)

Passive non-participants
n=75,082 (89.6%)

Men: 42,074 (56.0%)
Women: 33,008 (44.0%)

Figure 1 Flow chart of individuals invited to participate in colorectal cancer screening in 2014.
Abbreviation: CRC, colorectal cancer.
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Statistical analyses were conducted using STATA version 

14 (STATA Corp., College Station, TX, USA).

Approval
According to Danish legislation and the Central Denmark 

Region Committees on Biomedical Research Ethics, the 

study did not require ethical approval because it was based 

on register data. The same institutions waived patient consent 

for use of register data. In accordance with Danish law, the 

study was approved by the Danish Data Protection Agency 

(J.No.: 2012-58-0006/1-16-02-590-15).

Results
Characteristics of participants and overall 
nonparticipants
A total of 384,043 individuals were invited to participate in the 

Danish CRC screening program in 2014. Of these, 255,312 

were eligible for study inclusion (49.3% men and 50.7% 

women). The overall participation rate was 67.2% (46.7% men 

and 53.3% women) (Figure 1). Table 1 shows the distribu-

tion of sociodemographic characteristics for participants and 

overall nonparticipants. Differences between participants and 

nonparticipants for all sociodemographic characteristics were 

Table 1 Characteristics of men and women participants and overall nonparticipants 

Men Women

Participants Nonparticipants Participants Nonparticipants
n (%) n (%) n (%) n (%)

Total 80,028 45,892 91,512 37,880
Age (years)
Mean (years) 62.4 61.1 62.2 62.1
50–54 14,352 (17.9) 11,118 (24.2) 17,376 (19.0) 7,989 (21.1)
55–59 16,774 (21.0) 11,073 (24.1) 19,789 (21.6) 8,274 (21.8)
60–64 17,061 (21.3) 9,243 (20.1) 19,292 (21.1) 7,318 (19.3)
65–69 19,507 (24.4) 8,644 (18.8) 21,264 (23.2) 7,969 (21.0)
70–74 12,334 (15.4) 5,814 (12.7) 13,791 (15.1) 6,330 (16.7)
Ethnicity
Danish 75,272 (94.1)  41,666 (91.0) 86,259 (94.3) 3,340 (90.8)
Western immigrants 2,141 (2.7) 1,675 (3.7) 2,548 (2.8) 1,414 (3.7)
Non-western immigrants 2,548 (3.2) 2,466 (5.4) 2,664 (2.9) 2,085 (5.5)
Marital status
Married/registered partnership 57,689 (72.2) 23,504 (51.3) 59,633 (65..2) 18,645 (49.3)
Cohabiting 6,285 (7.9) 4,504 (9.8) 6,440 (7.0) 3,025 (8.0)
Living alone 15,987 (20.0) 17,799 (38.9) 25,398 (27.8) 16,169 (42.7)
Occupation
Self-employed/chief executive 8,088 (10.1) 4,279 (9.3) 3,547 (3.9) 1,447 (3.8)
Employed 34,450 (43.1) 18,604 (40.5) 38,527 (42.1) 13,369 (35.3)
Social welfare benefits* 5,058 (6.3)  6,148 (13.4) 7,945 (8.7)  5,766 (15.2)
Retired 31,697 (39.6) 15,743 (34.3) 40,155 (43.9) 16,286 (43.0)
Other 733 (0.9) 1,111 (2.4) 1,338 (1.5) 1,011 (2.7)
Education (years)
≤10 56,330 (71.7) 33,753 (76.4) 61,702 (68.5) 26,575 (72.6)
11–15 3,392 (4.3) 1,522 (3.5) 3,149 (3.5) 1,038 (2.8)
>15 18,807 (24.0) 8,904 (20.2) 25,224 (28.0) 8,993 (24.6)
Income**
Low tertile 20,343 (25.4) 18,826 (41.0) 28,325 (31.0) 17,249 (45.5)
Middle tertile 27,739 (34.7) 14,138 (30.8) 31,438 (34.4) 11,417 (30.1)
High tertile 31,946 (39.9) 12,928 (28.2) 31,749 (34.7) 9,214 (24.3)
Region of residence
Capital Region of Denmark 23,078 (28.9) 15,966 (34.9) 28,104 (30.7) 13,761 (36.4)
North Denmark Region 10,571 (13.2) 5,344 (11.7) 11,324 (12.4) 4,424 (11.7)
Central Denmark Region 16,522 (20.7) 8,356 (18.2) 18,116 (19.8) 6,734 (17.8)
Region of Southern Denmark 21,826 (27.3) 11,351 (24.8) 24,789 (27.1) 9,004 (23.8)
Region Zealand 7,964 (10.0) 4,790 (10.5)  9,138 (10.0) 3,916 (10.4)
Type of nonparticipation
Active 3,818 (8.3) 4,872 (12.9)
Passive 42,074  (91.7) 33,008  (87.1)

Notes: *Including social security, unemployment benefit, and sick leave. **Organisation for Economic Co-operation and Development–adjusted household income. All 
differences between participants and nonparticipants were statistically significant (p<0.001).

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Epidemiology 2017:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

349

Danish colorectal cancer screening program

statistically significant. In all sociodemographic subgroups, 

women participated more often than men; and for both men 

and women, nonparticipation was highest among non-western 

immigrants, individuals living alone, social welfare recipients, 

and those with a low income (Figure 2).

Associations between sociodemographic 
characteristics and overall 
nonparticipation
Table 2 presents adjusted and unadjusted associations between 

sociodemographic characteristics and nonparticipation. The 

likelihood of being a nonparticipant was highest in the 

younger part of the population. For women, the association 

across age groups was slightly U-shaped, and the adjusted 

PR for being a nonparticipant was 0.86 (95% CI: 0.84–0.89) 

in the age group 60–64 compared with the age group 50–54, 

while the adjusted PR increased to 0.97 (95% CI: 0.93–1.01) 

in the age group 70–74 years compared with the age group 

50–54. The U-shaped curve was not observed among men. 

Immigrants had a higher probability of being nonparticipants 

than ethnic Danes, and this tendency was most pronounced 

for non-western female immigrants (adjusted PR: 1.16 [95% 

CI: 1.12–1.21]). Living alone compared with being married, 

being on social welfare compared with being employed, and 

having lower income were associated with nonparticipation 

for both men and women. There was a U-shaped association 

for both men and women between education and nonpartici-

pation, with the lowest likelihood of nonparticipation evident 

among individuals with 11–15 years of education (adjusted 

PR
men

: 0.87 [95% CI: 0.84–0.91] and adjusted PR
women

: 0.88 

[95%CI: 0.84–0.93]). Furthermore, participation differed 

between the regions, with the likelihood of nonparticipation 

being highest in citizens in the Capital Region of Denmark 

followed by Region Zealand.

Association between sociodemographic 
characteristics and active 
nonparticipation
Table 3 presents adjusted and unadjusted associations 

between sociodemographic characteristics and active non-

participation as opposed to participation. For both men and 

women, the likelihood of active nonparticipation compared 

with participation increased with age, peaking with an 

adjusted  PR of 2.12 (95% CI: 1.81–2.47) for men aged 70–74 

years compared with 50–54 years and an adjusted PR of 2.26 

(95% CI: 1.97–2.59) for women aged 70–74 years compared 

with 50–54 years. The likelihood of active nonparticipation 

was lowest among non-western immigrants compared with 

ethnic Danes; for women, the adjusted PR was 0.56 (95% 

CI: 0.45–0.71), and for men the adjusted PR was 0.74 (95% 

CI: 0.61–0.91). The likelihood of active nonparticipation was 

higher among social welfare recipients than among those in 

employment (PR
men

: 4.12 [95% CI: 3.64–4.66]; PR
women

: 2.68 

[95% CI: 2.41–2.98]).
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Figure 2 Overall nonparticipation in percent by sociodemographic groups for men and women, respectively.
Notes: *Including social security, unemployment benefit, and sick leave. **Organisation for Economic Co-operation and Development–adjusted household income.
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Table 2 Unadjusted and adjusted prevalence ratios (PRs) with 95% confidence interval (CI) for associations between sociodemographic 
characteristics and overall nonparticipation compared with participation for men and women, respectively

Men Women

Unadjusted PR  
(95% CI)

Adjusted PR***  
(95% CI)

Unadjusted PR  
(95% CI)

Adjusted PR***  
(95% CI)

Age (years)
50–54 1 (ref) 1 (ref) 1 (ref) 1 (ref)
55–59 0.91 (0.89–0.93) 0.94 (0.92–0.96) 0.94 (0.91–0.96) 0.94 (0.91–0.96)
60–64 0.80 (0.79–0.82) 0.85 (0.83–0.87) 0.87 (0.85–0.90) 0.86 (0.84–0.89)
65–69 0.70 (0.69–0.72) 0.77 (0.75–0.79) 0.87 (0.84–0.89) 0.89 (0.86–0.92)
70–74 0.73 (0.72–0.75) 0.78 (0.75–0.80) 1.00 (0.97–1.03) 0.97 (0.93–1.01)
Ethnicity
Danish 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Western immigrants 1.23 (1.19–1.28) 1.03 (0.99–1.08) 1.25 (1.20–1.31) 1.11 (1.05–1.16)
Non-western immigrants 1.38 (1.34–1.42) 1.07 (1.04–1.11) 1.54 (1.49–1.59) 1.16 (1.12–1.21)
Marital status
Living alone 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Cohabiting 0.79 (0.77–0.81) 0.88 (0.86–0.90) 0.82 (0.80–0.85) 0.91 (0.88–0.94)
Married/registered partnership 0.55 (0.54–0.56) 0.66 (0.65–0.67) 0.61 (0.60–0.62) 0.71 (0.70–0.72)
Occupation
Employed 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Self-employed/chief executive 0.99 (0.96–1.01) 1.05 (1.02–1.08) 1.12 (1.07–1.18) 1.13 (1.08–1.19)
Social welfare recipients* 1.56 (1.53–1.60) 1.07 (1.05–1.10) 1.63 (1.59–1.67) 1.28 (1.25–1.32)
Retired 0.95 (0.93–0.96) 0.90 (0.87–0.92) 1.12 (1.10–1.14) 0.95 (0.92–0.98)
Other 1.71 (1.65–1.79) 1.20 (1.15–1.26) 1.67 (1.59–1.75) 1.42 (1.35–1.50)
Education (years)
≤10 1 (ref) 1 (ref) 1 (ref) 1 (ref)
11–15 0.83 (0.79–0.86) 0.87 (0.84–0.91) 0.82 (0.78–0.87) 0.88 (0.84–0.93)
>15 0.86 (0.84–0.87) 0.98 (0.96–1.00) 0.87 (0.86–0.89) 0.97 (0.95–0.99)
Income**
Low tertile 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Middle tertile 0.70 (0.69–0.71) 0.76 (0.74–0.77) 0.70 (0.69–0.72) 0.77 (0.76–0.79)
High tertile 0.60 (0.59–0.61) 0.64 (0.62–0.65) 0.59 (0.58–0.61) 0.68 (0.67–0.70)
Region of residence 
Capital Region of Denmark 1 (ref) 1 (ref) 1 (ref) 1 (ref)
North Denmark Region 0.82 (0.80–0.84) 0.84 (0.82–0.86) 0.85 (0.83–0.88) 0.88 (0.85–0.90)
Central Denmark Region 0.82 (0.80–0.84) 0.85 (0.83–0.87) 0.82 (0.80–0.85) 0.86 (0.84–0.88)
Region of Southern Denmark 0.84 (0.82–0.85) 0.85 (0.84–0.87) 0.81 (0.79–0.83) 0.82 (0.80–0.84)
Region Zealand 0.92 (0.90–0.94) 0.95 (0.92–0.97) 0.91 (0.89–0.94) 0.94 (0.91–0.97)

Notes: *Including social security, unemployment benefit, and sick leave. **Organisation for Economic Co-operation and Development–adjusted household income. 
***Adjusted for age, ethnicity, marital status, education, occupation, income, and region of residence.

Discussion
In this nationwide register-based study, we examined 

sociodemographic differences between participants and 

nonparticipants in a random sample of the Danish popula-

tion invited in the prevalence round of the FIT-based CRC 

screening program. The overall patterns of the association 

between sociodemographic characteristics and nonparticipa-

tion were similar for men and women; compared with par-

ticipants, nonparticipants were more likely to be younger, 

non-western immigrants, to live alone, have a low income, 

and to have 11–15 years of education. By contrast, compared 

with participants, active nonparticipants were more likely 

to be older, ethnic Danes, to be receiving social welfare, 

and to be retired.

A major strength of this study is the register-based 

approach, which minimizes the risk of both classification 

and information bias because data on sociodemographic 

characteristics and participation were collected indepen-

dently and without the potential bias of self-reported data. 

The Danish CRC Screening Database was used to identify 

the study population and their participation (including active 

nonparticipation). This database is linked to the system 

administrating the CRC screening program, which, in turn, is 

linked to the Danish Civil Registration System where infor-

mation on immigration/migration and death is updated on a 

daily basis. Thus, all invited individuals are included, which 

minimizes the risk of selection bias. Data on CRC diagnoses 

were retrieved from the NPR, which has been shown to have 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Epidemiology 2017:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

351

Danish colorectal cancer screening program

high validity.31 However, it is known that coding practices 

and, therefore, data quality in the NPR have improved over 

time, which means that some CRC patients might have been 

included who should have been excluded. As such, nonpar-

ticipation might be overestimated, but we have no reason 

to believe that this should be related to sociodemographic 

characteristics. Data from Statistics Denmark on sociodemo-

graphic characteristics have been classified as high-quality 

variables and are highly valid with very few missing values.39

This study was conducted within the prevalence round 

of the Danish CRC screening program, and the included 

sample, therefore, represents the entire target population as 

noone could have unsubscribed from the program before it 

started. Furthermore, the study population was invited to 

CRC screening randomly according to month of birth and 

is, therefore, representative of the total Danish population in 

the target group for CRC screening. 

Lack of information on comorbidity is a limitation of 

our study. In some cases, that is, individuals with inflamma-

tory bowel diseases who routinely undergo colonoscopies, 

comorbidity should lead to nonparticipation; however, in 

other cases, comorbidity may have constituted a barrier 

for participation even though screening would have been 

relevant. A Danish study found that chronic diseases and 

multimorbidity were associated with nonparticipation 

in breast cancer screening.40 Moreover, the association 

between receiving social welfare and nonparticipation may 

be particularly influenced by confounding by indication if 

Table 3 Unadjusted and adjusted prevalence ratios (PRs) with 95% confidence interval (CI) for associations between sociodemographic 
characteristics and active nonparticipation compared with participation for men and women, respectively

Men Women

Unadjusted PR  
(95% CI)

Adjusted PR***  
(95% CI)

Unadjusted PR  
(95% CI)

Adjusted PR***  
(95% CI)

Age (years)
50–54 1 (ref) 1 (ref) 1 (ref) 1 (ref)
55–59 1.18 (1.04–1.33) 1.15 (1.01–1.32) 1.24 (1.11–1.39) 1.20 (1.07–1.35)
60–64 1.55 (1.38–1.74) 1.40 (1.23–1.59) 1.69 (1.52–1.88) 1.43 (1.28–1.61)
65–69 1.91 (1.71–2.14) 1.66 (1.44–1.93) 2.25 (2.04–2.49) 1.85 (1.62–2.12)
70–74 2.66 (2.37–2.97) 2.12 (1.81–2.47) 2.98 (2.69–3.30) 2.26 (1.97–2.59)
Ethnicity
Danish 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Western immigrants 1.79 (1.55–2.07) 1.10 (0.92–1.33) 1.42 (1.24–1.63) 1.12 (0.96–1.31)
Non-western immigrants 1.04 (0.87–1.24) 0.74 (0.61–0.91) 0.72 (0.59–0.87) 0.56 (0.45–0.71)
Marital status
Living alone 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Cohabiting 0.44 (0.39–0.51) 0.58 (0.50–0.66) 0.49 (0.43–0.56) 0.63 (0.55–0.72)
Married/registered partnership 0.41 (0.38–0.43) 0.49 (0.45–0.52) 0.57 (0.54–0.60) 0.65 (0.61–0.69)
Occupation
Employed 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Self-employed/chief executive 1.03 (0.88–1.20) 0.97 (0.83–1.14) 1.38 (1.16–1.65) 1.29 (1.08–1.55)
Social welfare recipients* 4.51 (4.06–5.00) 4.12 (3.64–4.66) 2.79 (2.53–3.07) 2.68 (2.41–2.98)
Retired 2.83 (2.61–3.06) 2.17 (1.91–2.46) 2.58 (2.41–2.77) 1.61 (1.45–1.80)
Other 5.48 (4.51–6.64) 4.05 (3.18–5.15) 3.55 (3.00–4.21) 3.11 (2.57–3.78)
Education (years)
≤10 1 (ref) 1 (ref) 1 (ref) 1 (ref)
11–15 0.66 (0.54–0.79) 0.75 (0.62–0.90) 0.75 (0.63–0.89) 0.88 (0.74–1.05)
>15 0.79 (0.73–0.86) 0.83 (0.76–0.91) 0.77 (0.72–0.83) 0.88 (0.82–0.94)
Income**
Low tertile 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Middle tertile 0.47 (0.44–0.51) 0.80 (0.74–0.87) 0.60 (0.57–0.65) 0.87 (0.81–0.94)
High tertile 0.52 (0.48–0.56) 1.28 (1.15–1.42) 0.56 (0.52–0.60) 1.08 (0.98–1.18)
Region of residence
Capital Region of Denmark 1 (ref) 1 (ref) 1 (ref) 1 (ref)
North Denmark Region 0.73 (0.66–0.81) 0.76 (0.69–0.85) 0.87 (0.80–0.95) 0.90 (0.82–0.98)
Central Denmark Region 0.61 (0.56–0.67) 0.64 (0.58–0.71) 0.64 (0.58–0.70) 0.66 (0.61–0.72)
Region of Southern Denmark 0.74 (0.69–0.80) 0.77 (0.70–0.83) 0.79 (0.74–0.85) 0.80 (0.74–0.86)
Region Zealand 0.75 (0.67–0.84) 0.77 (0.69–0.87) 0.77 (0.69–0.85) 0.77 (0.69–0.85)

Notes: *Including social security, unemployment benefit, and sick leave. **Organisation for Economic Co-operation and Development–adjusted household income. 
***Adjusted for age, ethnicity, marital status, education, occupation, income, and region of residence.
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comorbidity is associated with nonparticipation and is also 

the reason for becoming a social welfare recipient. Further-

more, it is a limitation that we have  no available data on 

psycosocial factors, for example, degree of social network, 

which most likely is related both to sociodemographic fac-

tors and nonparticipation.

Even though using FIT instead of gFOBT may decrease 

the social inequalities associated with uneven screening 

uptake,41 the present study supports earlier findings from 

gFOBT-based programs regarding lower screening par-

ticipation among the least affluent citizens.20–25 In our study, 

similar associations were found for both men and women, 

even though women participated more often than men. The 

U-shaped association between educational attainment and 

nonparticipation contrasts with earlier findings where lower 

educational attainment, but not higher educational attain-

ment, was associated with nonparticipation.20 However, a 

similar U-shaped association was observed among partici-

pants in the prevalence round of the Danish breast cancer 

screening program.42 It has been shown that informed choice 

is more difficult for individuals with low educational attain-

ment.43 Moreover, discussions in the media, for example, 

about the harms and benefits of CRC screening may influence 

screening behavior in the two groups differently.

Our study showed that nonparticipants in CRC screen-

ing are a diverse group. Regarding ethnicity, we found 

an increased likelihood of overall nonparticipation and a 

decreased likelihood of active nonparticipation for non-

western immigrants compared with ethnic Danes. There may 

be several reasons for this, but one explanation could be lan-

guage barriers. If non-western immigrants have reasons not to 

participate in CRC screening, they may not have the language 

skills to unsubscribe, and if they wish to participate, there 

may be barriers related to understanding the invitation and 

the instructions. Interventions may be needed to ensure that 

minority groups obtain the same benefits from the national 

CRC screening program as the rest of the population.

We found the likelihood of overall nonparticipation to 

be highest among the youngest individuals in the study 

population, whereas the likelihood of active nonparticipation 

increased with age. This indicates that the youngest may just 

not get around to doing it as they are people of working age, 

and they may not consider the offer of CRC screening to be 

relevant because they do not feel at risk of getting CRC.44

Our study calls for interventions designed to reduce 

the sociodemographic gradient in screening uptake. A few 

studies have examined this issue and they demonstrate that 

enhanced reminder letters have some effect.45 Other sug-

gested strategies include “nudging” where decision-making 

processes or subjective assessments of the risk of CRC are 

influenced, for example, by creating images of peers with 

CRC or showing people similar to the target population 

undergoing screening.44,46,47 Interventions targeting the 

younger age groups may be particularly effective because 

they have low participation rates and are likely to benefit 

the most from CRC screening because the risk of advanced 

CRC increases with age.

In conclusion, social inequality in screening uptake was 

evident among both men and women in the Danish CRC 

screening program even though the program is free of charge 

and the screening kit is based on FIT and mailed directly to 

individuals. Interventions are needed to bridge this gap if 

CRC screening is to avoid aggravating existing inequalities 

in CRC-related morbidity and mortality.
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