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Abstract

Public health systems should guarantee universal access to health care services,

including cancer screening. We assessed whether certain population subgroups were

underrepresented among participants in colorectal cancer screening with
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sigmoidoscopy and faecal immunochemical testing (FIT). Between 2012 and 2019,

about 140 000 individuals aged 50 to 74 years were randomly invited to once-only

sigmoidoscopy or first round of FIT screening. Our study included 46 919 individuals

invited to sigmoidoscopy and 70 019 to FIT between 2012 and 2017. We used logis-

tic regression models to evaluate if demographic and socioeconomic factors and use

of certain drugs were associated with participation. Twenty-four thousand one hun-

dred and fifty-nine (51.5%) individuals attended sigmoidoscopy and 40 931 (58.5%)

FIT screening. Male gender, young age, low education and income, being retired or

unemployed, living alone, being an immigrant, long driving time to screening centre,

and use of antidiabetic and psychotropic drugs were associated with low participation

in both screening groups. Many of these factors also predicted low acceptance of

colonoscopy after positive FIT. While male gender, young age and living alone were

more strongly associated with nonparticipation in FIT than sigmoidoscopy, low edu-

cation and income, being retired or immigrant and long driving time were more

strongly associated with nonparticipation in sigmoidoscopy than FIT. In conclusion,

participation was lower in sigmoidoscopy than FIT. Predictors of nonparticipation

were similar between arms. However, low socioeconomic status, being an immigrant

and long driving time affected participation more in sigmoidoscopy screening,

suggesting that FIT may guarantee more equal access to screening services than

sigmoidoscopy.

K E YWORD S

colorectal cancer screening, faecal immunochemical testing, participation, sigmoidoscopy,
socioeconomic status

What's new?

Participation rates in European screening programmes vary broadly. Whether sociodemographic

factors predict participation in faecal-based and sigmoidoscopy screening differently remains to

be determined. Our study linking data from a large randomised screening trial and population-

based registries shows that male gender and young age are more strongly associated with non-

participation in faecal immunochemical testing than sigmoidoscopy screening. Low education

and income, retirement, immigration background and long driving time to the screening centre

are more strongly associated with nonparticipation in sigmoidoscopy than faecal immunochemi-

cal screening. Faecal immunochemical testing might guarantee more equal access to screening

services compared to sigmoidoscopy.

1 | INTRODUCTION

Colorectal cancer (CRC) is the cancer type with the third highest mor-

tality rate globally.1 Nationwide organised CRC screening programmes

have been established or are being planned in most developed coun-

tries around the world, repeated faecal testing being the most com-

mon screening method in European,2 East Asian and South-East Asian

countries.3 Among programmes using endoscopy as the primary

screening method, colonoscopy is used in Poland and parts of

Germany, sigmoidoscopy has been used in parts of the

United Kingdom, while colonoscopy is the most common method in

the United States.

Reported participation rates in the European organised screening

programmes or trials targeting 50 to 70 year-old individuals vary between

10% and 73% for faecal tests, between 15% and 52% for colonoscopy

screening2,4,5 and between 19% and 52% for sigmoidoscopy screening.6

According to studies that used public registries, vulnerable demographic

characteristics and low socioeconomic status are predictors of non-

participation. In European nationwide organised screening programmes,

uptake in faecal-based screening has been shown to be higher in women

than in men and to increase with age up to 70 years.5,7,8 Participation is

lowest in the lowest socioeconomic groups,5,7-10 population with non-

native ethnicity,5,8,9 those living without a partner,5,8 with earlier non-

participation8 and with major chronic diseases.11 The socioeconomic
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gradient is also important in sigmoidoscopy screening, where participation

is lower than in faecal-based screening.12,13 However, it is unknown

whether sociodemographic factors predict participation in faecal-based

and sigmoidoscopy screening differently.

Demographic and sociodemographic factors, such as male gender

and low education, are risk factors of CRC14,15; certain comorbidities

associated with nonparticipation, including metabolic syndrome and

diabetes mellitus, also predict CRC risk.16,17 Together, this indicates

that people with the highest risk of CRC might be the ones who par-

ticipate the least in screening, a paradox long observed in medical

care.18

In the present study, we linked data from an ongoing large ran-

domised screening trial with data from population-based registries.

The primary aim was to identify demographic, socioeconomic and

comorbidity-related factors associated with nonparticipation in faecal

immunochemical test (FIT) and sigmoidoscopy screening. As second-

ary aims, we investigated whether predictive factors for non-

participation also predict nonacceptance of follow-up colonoscopy

after a positive FIT, and whether these factors were associated with

neoplasia detected at the screening among those who participated.

2 | METHODS

2.1 | Design and participants

In 2012, 140 000 out of 154 000 individuals 50 to 74 years old living

in two geographical areas in South-East part of Norway, identified

through the population registry, were randomly invited to CRC

screening by either once-only sigmoidoscopy or a FIT every second

year in a 1:1 ratio.12 For the current study, we included participants

invited to sigmoidoscopy and the first round of FIT between March

2012 and April 2017. Data extraction was conducted in October

2017. Attenders in the sigmoidoscopy group provided written

informed consent on attendance at the screening centre, while return

of the faecal sample was considered as consent to participate in the

FIT group.

2.2 | Screening invitation procedure

Participants were invited by mail and reminded once in case of no-

response after 6 weeks.12 Individuals randomised to FIT were mailed

an invitation together with a FIT sampling kit (OC Sensor, Eiken

Chemicals) and instructions. The participants were instructed to

return the faecal sample in a prepaid return envelope. Individuals ran-

domised to sigmoidoscopy were mailed an invitation letter with a

prespecified time for out-patient sigmoidoscopy (n = 36 293, 77.4%)

or were invited to sigmoidoscopy by an open invitation with an

opportunity to book the time in the screening centre at a suitable time

point (10 626, 22.6%). No preparations were required from the partic-

ipants prior to the examination. Bowel cleansing was conducted at the

screening centre. Participation in FIT and sigmoidoscopy screening

was free of charge for the participant, but the sigmoidoscopy partici-

pants had to arrange and cover costs for their travel to the screening

centre. Parking at the screening centre was free of charge. In both

modalities, participants with a positive screening test, that is, blood

detected in the FIT sample, or any significant lesions detected in sig-

moidoscopy, were referred to a follow-up colonoscopy.12 Participants

themselves had to cover a copayment of NOK 450 (approximately

45 €) for the colonoscopy examination.

2.3 | Data variables and sources

Data on marital status, immigration status, education, employment

and household income for all invited individuals were retrieved from

Statistics Norway. Status “immigrant” was defined as being born out-

side Norway by two non-Norwegian parents. All others were defined

as “nonimmigrants.” Data on drug prescriptions were obtained from

the Norwegian Prescription Database. We included the prescriptions

of the following drugs as surrogates for major comorbidities: drugs

used in diabetes (anatomical therapeutic chemical code A10), anti-

thrombotic agents (B01), cardiac therapy (C01), antihypertensives

(C07, C08 and C09), psychotropic drugs (N05A, N05B, N05C and

N06A), anti-Parkinson drugs (N04) and drugs for obstructive airway

diseases (R03). We defined an individual as a user of a particular drug

class if he/she received two prescriptions of that drug class during the

year before invitation. These data from individual level records were

merged with additional information obtained from the trial: demo-

graphic data, driving time to the screening centre, participation in sig-

moidoscopy and FIT screening (yes/no), acceptance of work-up

colonoscopy after a positive screening test (yes/no) and the screening

findings. We used predefined cut-off times of 20 and 40 minutes to

categorise driving time to the screening centre from the participant's

registered address of residence, based on a digital map estimate.

2.4 | Outcomes

The outcomes of interest were participation in sigmoidoscopy and FIT

arms, acceptance of colonoscopy after a positive screening test, and final

screening outcome among those who participated. Participation in FIT

was defined as participating in the first round, however we ran an addi-

tional analysis of participation in two rounds of FIT among those who

were invited twice before the extraction of the data (n = 57 119). The

final screening outcome was dichotomized into “advanced neoplasia”
(an adenoma with either size ≥10 mm, villous components of at least

25% or high-grade dysplasia, or adenocarcinoma) and “no advanced neo-

plasia” (any other outcome or negative primary screening test).

2.5 | Statistical methods

The Chi-square test or the Chi-square test for trend were used to

evaluate the differences in categorical and ordinal variables,
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TABLE 1 Characteristics of the invited population and association with participation

Sigmoidoscopy Faecal immunochemical test

Characteristic Category
Invited
(col%)

Participated
(row %) P

Invited
(col%)

Participated
(row %) P

All 46 919 (100.0) 24 159 (51.5) 70 019 (100.0) 40 931 (58.5%)

Sex Females 23 844 (50.8) 12 250 (51.4) .61 35 455 (50.6) 21 774 (61.4) <.01

Males 23 075 (49.2) 11 909 (51.6) 34 564 (49.4) 19 157 (55.4)

Age (years) 50-55 8420 (17.9) 4033 (47.9) <.01 13 787 (19.7) 7154 (51.9) <.01

56-60 10 884 (23.2) 5474 (50.3) 16 325 (23.3) 9156 (56.1)

61-65 9781 (20.8) 5291 (54.1) 14 566 (20.8) 8865 (60.9)

66-70 9551 (20.4) 5298 (55.5) 14 327 (20.5) 9222 (64.4)

>70 8283 (17.7) 4063 (49.1) 11 014 (15.7) 6534 (59.3)

Education Primary school 10 305 (22.3) 3681 (35.7) <.01 15 235 (22.0) 7065 (46.4) <.01

High school 21 452 (46.3) 11 324 (52.8) 32 051 (46.3) 19 142 (59.7)

1-4 years university 10 481 (22.6) 6459 (61.6) 15 624 (22.6) 10 372 (66.4)

>4 years university 4061 (8.8) 2590 (63.8) 6276 (9.1) 4124 (65.7)

Occupation Employed 28 006 (59.7) 15 865 (56.6) <.01 42 157 (60.2) 25 762 (61.1) <.01

Retired 18 596 (39.7) 8188 (44.0) 27 358 (39.1) 14 971 (54.7)

Unemployed 297 (0.6) 104 (35.0) 476 (0.7) 194 (40.8)

Household income (NOK) ≤484 000 11 864 (25.3) 4028 (34.0) <.01 17 351 (24.8) 7777 (44.8) <.01

484 001-755 000 11 755 (25.1) 6044 (51.4) 17 456 (24.9) 10 385 (59.5)

755 001-1 130 000 11 703 (25.0) 6753 (57.7) 17 537 (25.1) 11 076 (63.2)

>1 130 000 11 566 (24.7) 7331 (63.4) 17 638 (25.2) 11 689 (66.3)

Marital status Cohabit/married 34 953 (74.3) 19 437 (55.6) <.01 52 351 (74.6) 32 517 (62.3) <.01

Single/widow 12 072 (25.7) 4719 (39.5) 17 638 (25.4) 8324 (47.2)

Immigration background Norwegian 42 852 (91.3) 22 810 (53.2) <.01 63 843 (91.2) 38 114 (59.7) <.01

Immigrant 4067 (8.7) 1349 (33.2) 6175 (8.8) 2816 (45.6)

Centre Moss 25 056 (53.4) 12 334 (49.2) <.01 36 367 (51.9) 20 831 (57.3) <.01

Bærum 21 863 (46.6) 11 825 (54.1) 33 652 (48.1) 20 100 (59.7)

Driving time (minutes) ≤20 19 733 (42.8) 11 233 (56.9) <.01 29 546 (43.1) 18 083 (61.2) <.01

21-40 17 297 (37.5) 8555 (49.5) 25 677 (37.4) 14 845 (57.8)

>40 9046 (19.6) 4123 (45.6) 13 401 (19.5) 7517 (56.1)

Drugs used in diabetes No use 43 699 (93.1) 22 906 (52.4) <.01 65 367 (93.4) 38 683 (59.2) <.01

Use 3220 (6.9) 1253 (38.9) 4652 (6.6) 2248 (48.3)

Drugs for obstructive airway

diseases

No use 42 580 (90.8) 22 178 (52.1) <.01 63 553 (90.8) 37 354 (58.8) <.01

Use 4339 (9.2) 1981 (45.7) 6466 (9.2) 3577 (55.3)

Antithrombotic agents No use 37 210 (79.3) 19 289 (51.8) <.01 55 803 (79.7) 32 552 (58.3) .19

Use 9709 (20.7) 4870 (50.2) 14 216 (20.3) 8379 (58.9)

Antihypertensives No use 30 208 (64.4) 15 782 (52.2) <.01 45 397 (64.8) 26 681 (58.8) .02

Use 16 711 (35.6) 8377 (50.1) 24 622 (35.2) 14 250 (57.9)

Cardiac therapy No use 45 937 (97.9) 23 708 (51.6) <.01 68 545 (97.9) 40 096 (58.5) .16

Use 982 (2.1) 451 (45.9) 1474 (2.1) 835 (56.6)

Anti-Parkinson drugs No use 46 577 (99.3) 24 008 (51.5) <.01 69 477 (99.2) 40 662 (58.5) <.01

Use 342 (0.7) 151 (44.2) 542 (0.8) 269 (49.6)

Psychotropic drugs No use 37 855 (80.7) 20 283 (53.6) <.01 56 622 (80.9) 33 888 (59.9) <.01

Use 9064 (19.3) 3876 (42.8) 13 397 (19.1) 7043 (52.6)
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respectively, between participants and nonparticipants, in sigmoidos-

copy and FIT arms separately. We also examined the association

between these factors and participation in follow-up colonoscopy

invitation after a positive FIT result. We did not analyse predictors of

follow-up colonoscopy invitation after a positive sigmoidoscopy result

because of almost complete participation in that arm (97.8%).
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F IGURE 1 Participation rates by age in the sigmoidoscopy group, FIT round 1 and FIT rounds 1 and 2 for (A) men and (B) women,
respectively. For FIT rounds 1 and 2, participation was defined as at least once across the two FIT rounds. Dotted lines represent 95% confidence
bands

TABLE 2 Odds ratios for nonparticipation in colorectal cancer screening from multivariable logistic regression models

Characteristic Comparison

Sigmoidoscopy Faecal immunochemical test

OR (95% CI) OR (95% CI) Pa

Sex Males vs females 1.13 (1.08-1.17) 1.44 (1.40-1.49) <.01

Age (years) ≤55 vs >70 1.59 (1.48-1.71) 1.77 (1.67-1.88) <.01

56-60 vs >70 1.41 (1.32-1.51) 1.49 (1.40-1.57)

61-65 vs >70 1.16 (1.09-1.24) 1.17 (1.11-1.24)

66-70 vs >70 0.92 (0.86-0.98) 0.91 (0.86-0.96)

Education Primary school vs >4 years university 2.06 (1.89-2.24) 1.80 (1.68-1.93) .03

High school vs >4 years university 1.28 (1.19-1.38) 1.22 (1.15-1.30)

1-4 years vs >4 years university 0.99 (0.91-1.07) 0.97 (0.91-1.03)

Occupation Unemployed vs employed 1.55 (1.20-2.00) 1.64 (1.35-1.99) .02

Retired vs employed 1.31 (1.25-1.38) 1.19 (1.14-1.24)

Household income (NOK) ≤484 000 vs >1 130 000 1.99 (1.85-2.14) 1.66 (1.56-1.76) <.01

484 001-755 000 vs >1 130 000 1.28 (1.20-1.36) 1.17 (1.12-1.23)

755 001-1 130 000 vs >1 130 000 1.11 (1.05-1.17) 1.07 (1.01-1.12)

Marital status Single/widow vs married/cohabiting 1.31 (1.24-1.38) 1.41 (1.35-1.47) .04

Immigration background Immigrant vs Norwegian 1.96 (1.82-2.11) 1.46 (1.38-1.55) <.01

Driving time (minutes) 21-40 vs ≤20 1.20 (1.15-1.26) 1.06 (1.01-1.10) <.01

>40 vs ≤20 1.36 (1.29-1.44) 1.09 (1.04-1.14)

Drugs used in diabetes Use vs no use 1.41 (1.30-1.52) 1.38 (1.29-1.47) .68

Drugs for obstructive airways disease Use vs no use 1.06 (0.99-1.13) 1.05 (1.00-1.11) .86

Antithrombotic agents Use vs no use 0.96 (0.91-1.02) 0.89 (0.85-0.93) .04

Antihypertensives Use vs no use 1.00 (0.95-1.05) 1.04 (1.01-1.08) .17

Cardiac therapy Use vs no use 1.03 (0.89-1.18) 0.97 (0.86-1.08) .52

Anti-Parkinson drugs Use vs no use 1.12 (0.91-1.43) 1.29 (1.08-1.54) .37

Psychotropic drugs Use vs no use 1.23 (1.17-1.29) 1.18 (1.13-1.23) .22

Abbreviations: OR, odds ratio.
aTesting heterogeneity between sigmoidoscopy and faecal immunochemical test. Estimates were additionally adjusted by screening centre.
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Multivariable logistic regression models were used to estimate the

association between the possible predictors of participation and each

outcome. We report odds ratios (OR) with 95% confidence intervals

(CI). All ORs reported in the tables were mutually adjusted and addi-

tionally adjusted by screening centre. To test for the interaction

between each factor and arm, gender or age (≤60 years vs >60 years),

TABLE 3 Characteristics of the population invited to colonoscopy after a positive faecal immunochemical test and multivariable logistic
regression analyses with odds ratios for nonparticipation to colonoscopy

Characteristic Category Invited (col%) Participated (row %) P OR (95% CI) for nonparticipation

All 3300 (100.0) 3100 (93.9)

Sex Females 1454 (44.1) 1358 (93.4) .25 Ref.

Males 1846 (55.9) 1742 (94.4) 1.04 (0.76-1.42)

Age (years) 50-55 400 (12.1) 378 (94.5) <.01 1.05 (0.59-1.86)

56-60 607 (18.4) 583 (96.0) 0.65 (0.38-1.11)

61-65 704 (21.3) 663 (94.2) 0.92 (0.59-1.44)

66-70 823 (24.9) 774 (94.0) 0.83 (0.55-1.24)

>70 766 (23.2) 702 (91.6) Ref.

Education Primary school 730 (22.3) 661 (90.5) <.01 1.59 (0.75-3.37)

High school 1593 (48.6) 1503 (94.4) 1.12 (0.55-2.29)

1-4 years university 698 (21.3) 670 (96.0) 0.87 (0.40-1.86)

>4 years university 256 (7.8) 246 (96.1) Ref.

Occupation Employed 1779 (53.9) 1707 (96.0) <.01 Ref.

Retired 1504 (45.6) 1377 (91.6) 1.42 (0.98-2.06)

Unemployed 17 (0.5) 16 (94.1) 1.37 (0.17-10.9)

Household income (NOK) ≤484 000 822 (24.9) 735 (89.4) <.01 1.66 (0.92-3.01)

484 001-755 000 898 (27.2) 844 (94.0) 1.18 (0.68-2.05)

755 001-1 130 000 849 (25.7) 814 (95.9) 1.05 (0.60-1.82)

>1 130 000 731 (22.2) 707 (96.7) Ref.

Marital status Cohabit/married 2548 (77.2) 2419 (94.9) <.01 Ref.

Single/widow 752 (22.8) 681 (90.6) 1.41 (0.97-2.04)

Immigration background Norwegian 3069 (93.0) 2895 (94.3) <.01 Ref.

Immigrant 231 (7.0) 205 (88.7) 2.19 (1.37-3.49)

Driving time (minutes) ≤20 1322 (40.6) 1257 (95.1) <.01 Ref.

21-40 1303 (40.1) 1230 (94.4) 1.54 (1.03-2.30)

>40 628 (19.3) 575 (91.6) 1.94 (1.29-2.92)

Drugs used in diabetes No use 3042 (92.2) 2873 (94.4) <.01 Ref.

Use 258 (7.8) 227 (88.0) 1.68 (1.08-2.61)

Drugs for obstructive airway diseases No use 2873 (87.1) 2711 (94.4) <.01 Ref.

Use 427 (12.9) 389 (91.1) 1.15 (0.77-1.70)

Antithrombotic agents No use 2271 (68.8) 2154 (94.8) <.01 Ref.

Use 1029 (31.2) 946 (91.9) 1.24 (0.87-1.77)

Antihypertensives No use 1795 (54.4) 1703 (94.9) .01 Ref.

Use 1505 (45.6) 1397 (92.8) 1.07 (0.76-1.50)

Cardiac therapy No use 3185 (96.5) 2994 (94.0) .42 Ref.

Use 115 (3.5) 106 (92.2) 0.78 (0.37-1.63)

Anti-Parkinson drugs No use 3273 (99.2) 3077 (94.0) .08 Ref.

Use 27 (0.8) 23 (85.2) 2.47 (0.81-7.59)

Psychotropic drugs No use 2589 (78.5) 2464 (95.2) <.01 Ref.

Use 711 (21.5) 636 (89.5) 1.75 (1.26-2.44)

Note: Estimates were additionally adjusted by screening centre.

Abbreviations: CI, confidence interval; OR, odds ratio.
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interaction terms were added to the multivariable models. To test for

the linear association of education and income with nonacceptance of

colonoscopy in FIT-positive participants, we entered the two ordinal

variables as continuous variables in the multivariable logistic regres-

sion models. To illustrate participation rates by age and stratified by

sex, we present restricted cubic splines from univariate logistic

models, with knots placed at the four quartiles of age.

All tests were 2-sided, and P-values <.05 were considered statisti-

cally significant. Statistical analyses were performed by using SAS

software, version 9.4 (SAS Institute, Inc, Cary, NC).

3 | RESULTS

We included 46 919 individuals invited to sigmoidoscopy screening

and 70 019 invited to FIT screening (Table 1). Of those invited,

24 159 (51.5%) individuals participated in the sigmoidoscopy

screening and 40 931 (58.5%) in the first round of FIT screening. Par-

ticipation rates by age and sex are presented in Figure 1. In both

screening arms, male gender, younger age, low education, being

retired or unemployed, low income, living alone, being an immigrant,

living far from the screening centre and use of antidiabetic and psy-

chotropic drugs, were associated with a low participation (Table 2).

When including the first two rounds in the FIT arm, participation in at

least one of the two rounds was 64.7% (Figure 1) but results on the

predictors of participation did not change substantially (data not

shown).

Participation was higher in females than males, especially

in the FIT arm (P-value for between-arms heterogeneity <.01;

Table 2). While male gender, young age and living alone were

more strongly associated with nonparticipation in FIT, low

education and income, being retired or immigrant and long

driving time were more strongly associated with non-

participation in sigmoidoscopy.

TABLE 4 Odds ratios for advanced neoplasia among participants in the screening from multivariable logistic regression modelsa

Advanced neoplasia

Sigmoidoscopy Faecal immunochemical test

Characteristic Comparison OR (95% CI) OR (95% CI)

Sex Males vs females 1.81 (1.60-2.04) 1.98 (1.74-2.26)

Age (years) ≤55 vs >70 0.48 (0.39-0.61) 0.42 (0.32-0.54)

56-60 vs >70 0.49 (0.40-0.61) 0.53 (0.43-0.66)

61-65 vs >70 0.74 (0.61-0.88) 0.73 (0.60-0.88)

66-70 vs >70 0.93 (0.79-1.10) 0.78 (0.66-0.93)

Education Primary school vs >4 years university 1.75 (1.36-2.24) 1.62 (1.23-2.14)

High school vs >4 years university 1.52 (1.22-1.88) 1.50 (1.18-1.94)

1-4 years vs >4 years university 1.20 (0.95-1.51) 1.23 (0.95-1.60)

Occupation Unemployed vs employed 0.62 (0.23-1.70) 1.43 (0.67-3.06)

Retired vs employed 0.94 (0.81-1.08) 1.14 (0.98-1.33)

Household income (NOK) ≤484 000 vs >1 130 000 1.09 (0.87-1.36) 1.23 (0.96-1.56)

484 001-755 000 vs >1 130 000 1.05 (0.88-1.25) 1.25 (1.02-1.52)

755 001-1 130 000 vs >1 130 000 1.06 (0.90-1.24) 1.27 (1.06-1.52)

Marital status Single/widow vs married/cohabiting 1.12 (0.95-1.32) 1.02 (0.86-1.22)

Immigration background Immigrant vs Norwegian 0.84 (0.64-1.10) 0.94 (0.73-1.22)

Driving time (minutes) 21-40 vs ≤20 1.01 (0.88-1.17) 1.03 (0.88-1.20)

>40 vs ≤20 1.03 (0.87-1.21) 1.06 (0.89-1.25)

Drugs used in diabetes Use vs no use 1.21 (0.97-1.50) 1.00 (0.79-1.26)

Drugs for obstructive airways disease Use vs no use 1.36 (1.14-1.63) 1.31 (1.09-1.58)

Antithrombotic agents Use vs no use 1.02 (0.88-1.18) 1.12 (0.96-1.30)

Antihypertensives Use vs no use 1.06 (0.93-1.20) 1.15 (1.00-1.32)

Cardiac therapy Use vs no use 1.03 (0.72-1.49) 0.93 (0.65-1.34)

Anti-Parkinson drugs Use vs no use 0.68 (0.32-1.46) 0.65 (0.29-1.46)

Psychotropic drugs Use vs no use 0.96 (0.82-1.12) 1.00 (0.65-1.17)

Abbreviations: CI, confidence interval; OR, odds ratio.
aTwo hundred faecal immunochemical test attendees did not undergo a colonoscopy, and were excluded from the analysis. Estimates were additionally

adjusted by screening centre.
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When stratified by screening method and sex, in the FIT arm we

found that age and living alone were more strongly associated with

nonparticipation in men than in women, while driving time counted

more for women than men (Table S1). When stratified by arm and

age, we found that being retired or unemployed and low income were

predictors of nonparticipation more among those aged 60 years or

younger, while living alone and use of psychotropic drugs were pre-

dictors of nonparticipation more among those above 60 (Table S2).

Finally, when stratified by arm and education, we found that, in both

arms, living alone had a stronger association with nonparticipation in

those with a primary education than in those with secondary or higher

education. In the sigmoidoscopy arm, being unemployed had a stron-

ger association with nonparticipation in those with a primary educa-

tion; in the FIT arm, low income had a stronger association with

nonparticipation in those with a university education (data not

shown).

Among the participants in the first FIT round, the 3300 (8.1%)

individuals with a positive result were invited to undergo a colonos-

copy, and 3100 (93.9%) accepted (Table 3). Nonacceptance of colo-

noscopy was associated with being an immigrant, living far from the

screening centre, and use of antidiabetic and psychotropic drugs.

Moreover, a higher, borderline significant odds for nonacceptance of

colonoscopy was observed for retirement and living alone. Finally, we

also found evidence of a linear association between nonacceptance of

colonoscopy and education (P-value for linear trend .03) and income

(P-value for linear trend .06).

Among participants in both arms, male gender, older age, lower

education, and use of drugs for obstructive airway diseases were

associated with a higher likelihood of advanced neoplasia detection

(Tables 4 and S3). Among participants in the FIT arm, lower income

and use of antihypertensives, and among participants in the sigmoid-

oscopy arm, use of antidiabetics were borderline significantly associ-

ated with a higher odds of advanced neoplasia detection.

4 | DISCUSSION

In this large randomised Norwegian colorectal cancer screening trial,

we identified several factors associated with participation in FIT and

sigmoidoscopy screening. We showed that young age was associated

with nonparticipation in both arms, but particularly in the FIT screen-

ing arm. Females were more willing than males to participate in FIT

screening. Socioeconomic and immigration status and long driving

time to the screening centre were associated with nonparticipation in

both arms, but more strongly in sigmoidoscopy screening. Individuals

who used antidiabetic and psychotropic drugs had a lower participa-

tion in both arms. In addition, the acceptance of follow-up colonos-

copy after a positive FIT was lower in participants with immigrant

status, those who lived far from the screening centre, and those using

antidiabetic and psychotropic drugs. Among the factors associated

with nonparticipation, male sex and low education were associated

with the detection of advanced neoplasia in the participants in

both arms.

Our results in the FIT arm are comparable with studies from

European CRC screening programmes. In the publicly funded screen-

ing programmes in Denmark, Finland and Spain, uptake in faecal-

based screening was shown to increase by increasing age,5,7,8 but,

similarly to our findings, it decreased from the top participation rate

after reaching 70 years of age in Denmark.5 A common feature with

our and the other European studies is that participation in faecal-

based screening was higher in women than men.8,19,20 We observed

that the difference in uptake between males and females was stronger

in the FIT than in the sigmoidoscopy arm. Similarly, the Spanish COL-

ONPREV study observed that sex difference was greater in screening

with FIT than with primary colonoscopy screening. Women had a

higher preference for FIT than colonoscopy as compared to men

when given an opportunity to choose.20 These results, together with

ours, indicate that screening participation of women is higher if FIT is

the offered method, while for men the method of choice does not sig-

nificantly affect screening participation. Anxiety related to the proce-

dures has been observed as a major barrier to sigmoidoscopy

screening, particularly in women.21 In our study, screening uptake

was, as in other European studies in faecal-based5,7,8,10 and

sigmoidoscopy-based22 screening, lowest in the lowest socioeco-

nomic status groups. Like in Denmark and Finland, we found that FIT

uptake was lower in immigrants than native residents.5,8 We also

showed that this association was stronger in the sigmoidoscopy than

in the FIT arm. All this indicates that individuals with low socioeco-

nomic status, immigrants and those living far from the screening cen-

tre may perceive greater barriers to meeting up at a screening centre

for an invasive examination than to follow written instructions to take

a faecal test at home. In our study, living without a partner was a pre-

dictor for not participating, slightly more for men than women. In two

studies in Denmark and Finland, living without a partner was also a

predictor for nonparticipation in faecal-based screening, but no differ-

ence between men and women was evident.8,19 Although we

observed heterogeneity between FIT and sigmoidoscopy for several

socio-demographic factors, the difference in odds for nonparticipation

between the screening methods are truly large only for some of them,

such as immigrants vs nonimmigrants, high vs low income and long vs

short travel time to screening centre.

Our results indicate that individuals on antidiabetic or psychotro-

pic drugs were less likely to participate in both sigmoidoscopy and FIT

screening. Importantly, FIT participants with a positive screening test

who used antidiabetic or psychotropic drugs were less likely to accept

the follow-up colonoscopy than other FIT-positive participants. These

findings suggest certain health conditions constitute an impairment to

attending or completing the screening. In the Spanish FIT screening

programme, lower uptake was reported for those with several domi-

nant chronic diseases.11 Comorbidity has been found as a predictor

for low compliance in follow-up colonoscopy after a positive FIT

screening test by several studies.23-25 The Danish screening pro-

gramme, similarly to our study, found that individuals with diabetes

represented one group with low participation.25 Given the increased

risk of colorectal cancer in diabetic individuals,16 this group might

benefit from specially targeted invitations to primary screening and
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work-up colonoscopy. Our results also suggest that several other

groups may need additional assistance to attend the work-up colonos-

copy after a positive FIT result. These include retired people, immi-

grant population, individuals living far from the screening centre and

individuals suffering from mental health conditions. Without addi-

tional support, access to appropriate screening appear to be reduced

for these groups. However, using socioeconomic and health data to

identify and offer tailored invitations for certain subgroups of the

population raises a number of ethical and privacy issues.

Detection of advanced neoplasia in participants was associated

with male gender, low education and use of drugs for obstructive air-

way diseases. This last observation is not surprising, as use of drugs

for airway diseases might be linked to smoking, which in turn is asso-

ciated with advanced neoplasia.26 Because low education predicted

both nonparticipation and adverse screening findings, our results

stress that invitations to screening must be written in a language

understandable by people with low health literacy.

An important aspect is the balance between providing informa-

tion on screening and respecting the individual's own decision to par-

ticipate. A shared decision-making process between the health

providers and the population, entails that the provider should avoid

crossing the line between “persuasive facilitation” of screening and

“too good to be rejected” (such as monetary stimuli being used to pro-

mote covid19 vaccination).27 We believe that the goal in cancer

screening should not be to persuade people to participate, but to

ensure equal access and opportunity to participate. Making the

screening free of charge for the participants may be a significant mea-

sure to reduce inequity. Equal access can further be achieved by

improving the understanding of screening aims and procedures in

identified demographic groups (eg, immigrants or those with low edu-

cation) and by facilitating the participation of people with com-

orbidities that impede access to the screening.28,29 An invitee without

symptoms may perceive a preventive health examination as meaning-

less if not having understood the purpose of screening. FIT screening,

which requires less time and effort for the participant, may be a more

acceptable examination for the population groups with low participa-

tion rate. At the same time, it should be kept in mind that subjects

with certain comorbidities, such as severe lung/heart disease, are

advised not to participate because the possible harms of the screening

might outweigh its benefits. Earlier successful measures to improve

screening participation rates include prenotification of the FIT screen-

ing invitation (37.6% vs 32.1% participation rate by sending vs not

sending a prenotification, respectively)30 and reminder letters to long-

term sigmoidoscopy nonparticipants (45.7% vs 41.6% participation by

sending vs not sending reminders, respectively).31 In the present

study, all nonparticipants received a reminder after 6 weeks of the ini-

tial invitation, and we did not test the effect of reminders. No pre-

notification was sent in the present study, but that is planned as a

standard invitation procedure in the upcoming national screening

programme.

The present study has several strengths: the large sample size and

the individual data on demographic and socioeconomic status as well

as drug prescriptions, all of which were drawn from population

registries, the registry data ensuring reduced risk of selection bias.

Limitations of the present study include lack of information on previ-

ous colonoscopies, which may explain nonparticipation. Also, we had

no data on lifestyle behaviours, such as smoking, body mass index,

alcohol intake or dietary habits.

5 | CONCLUSION

In this randomised clinical trial of two colorectal cancer screening

methods, participation was lower in sigmoidoscopy than FIT screen-

ing. Female participated more than males in the FIT screening. The

predictors of nonparticipation were similar for both methods and

included young age, low education and income, being retired or immi-

grant, living alone, long driving time to screening centre, and use of

antidiabetics and psychotropic drugs. However, several socioeco-

nomic factors affected participation in the sigmoidoscopy more than

in the FIT arm. The results suggest that FIT may be more acceptable

in the population and might guarantee more equal access to screening

services than sigmoidoscopy.
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