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Summary
BackgroundWe have addressed health equity attained by fecal immunochemical testing (FIT) and primary colonos-
copy (PCOL), respectively, in the randomised controlled screening trial SCREESCO conducted in Sweden.

MethodsWe analysed data on the individuals recruited between March 2014, and March 2020, within the study reg-
istered with ClinicalTrials.gov, NCT02078804. Swedish population registry data on educational level, household
income, country of birth, and marital status were linked to each 60-year-old man and woman who had been rando-
mised to two rounds of FIT 2 years apart (n = 60,123) or once-only PCOL (n = 30,390). Furthermore, we geo-coded
each study individual to his/her residential area and assessed neighbourhood-level data on deprivation, proportion
of non-Western immigrants, population density, and average distance to healthcare center for colonoscopy. We esti-
mated adjusted associations of each covariate with the colonoscopy attendance proportion out of all invited to respective
arms; ie, the preferred outcome for addressing health equity. In the FIT arm, the test uptake and the colonoscopy
uptake among the test positives were considered as the secondary outcomes.

Findings We found a marked socioeconomic gradient in the colonoscopy attendance proportion in the PCOL arm
(adjusted odds ratio [95% credibility interval] between the groups categorised in the highest vs. lowest national quar-
tile for household income: 2¢20 [2¢01−2¢42]) in parallel with the gradient in the test uptake of the FIT £ 2 screening
(2¢08 [1¢96−2¢20]). The corresponding gradient in the colonoscopy attendance proportion out of all invited to FIT
was less pronounced (1¢29 [1¢16−1¢42]), due to higher proportions of FIT positives in socioeconomically disadvan-
taged groups.

Interpretation The unintended risk of exacerbating inequalities in health by organised colorectal cancer screening
may be higher with a PCOL strategy than a FIT strategy, despite parallel socioeconomic gradients in uptake.

Funding This work was supported by the Swedish Cancer Society under Grant 20 0719. CB and US provided eco-
nomic support from the Swedish Research Council for Health, Working life, and Welfare under Grant 2020
−00962.

Copyright � 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

This study addresses health equity in organised colorec-
tal cancer (CRC) screening. We searched PubMed on
November 10, 2021, using the following search terms:
(uptake OR equity OR inequities OR inequalities) AND
(socioeconomic) AND (cancer screening) AND (colorec-
tal neoplasms OR colorectal cancer). Socioeconomic
inequalities in the uptake of organised screening with
fecal immunochemical testing (FIT) are well docu-
mented, whereas analogous reports for organised
screening with primary colonoscopy (PCOL) are scarce.

Added value of this study

To our knowledge, this analysis is the first to address
health equity based on two large intention-to-screen
populations randomly invited to PCOL and FIT. Our
analysis showed parallel, marked socioeconomic gra-
dients in the (colonoscopy) uptake of a once-only
PCOL strategy and the (test) uptake of a two rounds of
FIT 2 years apart (FIT£ 2) strategy. Yet, we found only
small variations in the colonoscopy attendance propor-
tion at the intention-to-screen level across various popu-
lation groups in the FIT£ 2 arm, due to higher
proportions of FIT positives in socioeconomically disad-
vantaged groups.

Implications of all the available evidence

The unintended risk of exacerbating inequalities in
health by an organised CRC screening program may
be higher with a once-only PCOL strategy than a
FIT£ 2 strategy, despite parallel socioeconomic gra-
dients in the uptake of each approach. Future cost-
effectiveness evaluations should provide information
about the health equity impacts of the alternative
strategies and the trade-offs that may arise between
equity and efficacy.
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Introduction
Currently, the two most widely employed colorectal can-
cer (CRC) screening strategies are fecal immunochemi-
cal testing (FIT) and primary colonoscopy (PCOL).
Socioeconomic inequalities in the uptake of organised
screening with FIT are well documented.1,2 However, it
remains unclear whether such inequalities exacerbate
health inequities. Work-up colonoscopy after a positive
FIT detects existing invasive cancers, and colonoscopic
removal of premalignant lesions is crucially important
for preventing CRC.3 To address health equity with
regard to the potential health benefit of organised CRC
screening from a population perspective, we analysed
socioeconomic associations with the colonoscopy atten-
dance proportion out of all those invited to FIT (ie, at the
intention-to-screen level). This outcome depends on
the test uptake, the proportion of test positives among
the tested, and the work-up colonoscopy uptake among
the test positives.

The health benefit of a PCOL strategy depends on
the proportion of the invited who attend colonoscopy;
ie, the PCOL uptake. Reports on socioeconomic inequal-
ities in the uptake of organised screening with PCOL
only are scarce.2 Decreasing uptake with lower neigh-
bourhood-level socioeconomic status has been reported
in the PCOL arm of a randomised controlled trial (RCT)
conducted in the regions of Amsterdam and Rotterdam
(where colonography was tested as the alternative
screening method).4

We aimed to evaluate the health equity attained by
the FIT and PCOL screening strategies, respectively, in
a nationwide RCT conducted in Sweden (SCREESCO
[SCREEning of Swedish Colons]; ClinicalTrials.gov
number NCT02078804).5
Methods

Study population
SCREESCO is a Swedish RCT with assignment of study
subjects to one of three groups: once-only primary colo-
noscopy (PCOL arm), invitations to two rounds of high-
sensitive FIT using a home test kit two years apart
(FIT £ 2 arm), or no intervention (control arm).5

Sweden is divided in 21 regions and each region is
responsible for providing healthcare services. These
regions are further organised into six collaborative
health care regions. Two of the Swedish regions, which
together form the health care region Stockholm-Got-
land, started to implement CRC screening programmes
in 2008/2009.6 Eighteen of the other 19 regions, all
naÿve to organised CRC screening, participated in the
trial.

At the end of 2013, there were 437,000 registered
inhabitants aged between 55 and 59 years (50.26%
men) in the participating regions. SCREESCO started
recruiting in March 2014, and finished the recruitment
phase (including both invitations to FIT) in March
2020. The recruitment and screening procedures have
been described in detail elsewhere.5 In brief, the follow-
ing approach was applied: Sixty-year-old men and
women born in the period 1954−1958 were randomly
selected and allocated to PCOL or FIT £ 2. Randomised
sampling of individuals from the population was per-
formed within each combination of region and sex, and
the number of individuals within each such stratum
was defined following the population distribution. A
randomised block method allocated individuals to the
respective arms. In total, 31,440 individuals were rando-
mised to the PCOL arm and 60,300 to the FIT £ 2 arm.
Ultimately, 30,400 (96.8%) and 60,137 (99.7%) were
invited to each screening strategy. All invitees received a
letter describing the study and a leaflet about CRC and
screening (a reminder was sent after eight weeks). In
www.thelancet.com Vol 47 Month May, 2022
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the PCOL arm, a second letter offered a scheduled time
for a colonoscopy or to arrange a time by phone. In the
FIT £ 2 arm, the invitation letter included kits for stool
samples and a positive FIT triggered an invitation to a
colonoscopy identical to that offered to the colonoscopy
group. Information on personal history of cancer was
obtained from the Swedish Cancer Registry and 48 per-
sons (21 in the PCOL arm, 27 in the FIT £ 2 arm) with
a previous CRC diagnosis did not attend colonoscopy.

The Ethics Committee at Karolinska Institutet
approved the study, including the linkage to Swedish
population registers for obtaining sociodemographic
data (as described below).
Data
Individual data registered in the SCREESCO database
up to February 2020 were sent to Statistics Sweden.
Register holders in Sweden use the unique Swedish per-
sonal numbers for data linkage.7 Statistics Sweden’s
population registry data on educational level (classified
according to number of school years: >12 school years
[corresponding to some education at university level] or
≤12 school years [no university education]), household
income (disposable income per household per consump-
tion unit [Statistics Sweden applies the following
weights: 1¢0 for single or living alone, 1¢51 for cohabiting
couple, 0¢6 for each additional adult, 0¢52 for first child
0−19 years, and 0¢42 for each additional child 0−19
years] classified into national quartiles), country of birth
(Western vs non-Western [Eastern Europe, Asia, Africa,
and South America] countries), marital status (married,
never married, or divorced/widowed/other), and residen-
tial neighbourhood (see below) were linked to each 60-
year-old man/woman allocated to PCOL or FIT £ 2.
Time-varying data were assessed with regard to the year
of invitation (first round in the FIT £ 2 arm). Statistics
Sweden delivered a pseudoanonymised data file for the
present analysis.

Each study individual was geo-coded to residential
neighbourhood at the time of (first) invitation, accord-
ing to a small-area division of Sweden referred to as
DeSO (“Demografiska StatistikOmra

�
den” [in Swedish]).

Statistics Sweden launched the DeSO division in 2018,
to facilitate the monitoring of segregation and socioeco-
nomic conditions in small geographic areas. In Decem-
ber 2018, the population sizes across the 5985 DeSO in
Sweden varied between 653 and 4243. Str€omberg and
colleagues have demonstrated that these neighbour-
hoods can be used for monitoring influence of neigh-
bourhood deprivation in public health.8 They also
suggested a DeSO-level deprivation index.8 In the pres-
ent analysis, we considered the following neighbour-
hood-level data: deprivation (neighbourhoods classified
into national quintiles Q1 [least deprived] to Q5 [most
deprived]), proportion of non-Western immigrants (propor-
tion of inhabitants born in Eastern Europe, Asia, Africa,
www.thelancet.com Vol 47 Month May, 2022
or South America in each neighbourhood assessed and,
furthermore, classified into a national quintiles Q1-Q5),
population density (total population size per km2 in each
neighbourhood assessed and, furthermore, classified
into national quintiles Q1-Q5), and distance to healthcare
center (straight line distance [km] from midpoint of
neighbourhood to healthcare center for colonoscopy
assessed and, furthermore, classified into quintiles Q1-Q5
based on all distances for the participating neighbour-
hoods). In the appendix, we provide maps visualizing the
participating regions, neighbourhoods, healthcare centres
for colonoscopy, and distances between neighbourhoods
and healthcare centres (appendix Figure A1).

We defined the primary outcome of each study indi-
vidual as colonoscopy attendance or not ie, a binary out-
come taking the value 1 if the individual attended the
healthcare center for colonoscopy after an invitation.
For the individuals in the FIT £ 2 arm, such an invita-
tion was sent out provided a positive test in round 1 or 2
(410 individuals participated in a colonoscopy in both
rounds5; their outcomes were set to 1). We also analysed
test attendance (the test uptake) in the FIT £ 2 arm,
using binary outcomes equal to 1 for each individual
who participated in the stool-based testing in round 1 or
2. In the FIT £ 2 arm, we regarded the test uptake and
the (work-up) colonoscopy uptake among the test posi-
tives as secondary outcomes in our evaluation of health
equity.
Statistical methods
We modelled the colonoscopy attendance in the respec-
tive arms of the trial, and the test attendance in the
FIT £ 2 arm, using Bayesian logit models with individ-
ual-level and neighbourhood-level covariates. Missing
data were classified in the dominant category of the
covariate in question.

We obtained unadjusted odds ratios (ORs) with 95%
credible interval (CI) from single-covariate models and
adjusted ORs with 95% CI, together with predicted
attendance proportions with 95% CI, from multivari-
able models with: (1) the individual-level covariates and
(2) the neighbourhood-level covariates. The covariates
year of invitation and gender were incorporated into both
models. Neighbourhood-level random intercepts were
modelled by including spatially unstructured, indepen-
dent, and identically distributed Gaussian random
effects in each model. In the modeling of neighbour-
hood-level associations (model 2), spatially structured
random effects were enforced, using an intrinsic condi-
tional autoregressive prior.9,10 Thereby, in model 2, we
allowed for attendance proportions to be more similar
across adjacent neighbourhoods than those at distant
locations. We specified a minimally informative prior on
the hyper-parameters: logGamma(1, 0¢0005).10 The
Appendix contains a detailed description of the statisti-
cal models.
3
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The models were fitted by Integrated Nested Laplace
Approximation (INLA) using the R-INLA software pack-
age.10 All analyses were carried out in R version 4.0.0
(R Core Team, Vienna, Austria).
Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. US, CB, MW, LH, AF, and RH
had access to the included study data. All authors agreed
with the final decision to submit for publication.
Results
We excluded 24 individuals (10 in PCOL and 14 in
FIT £ 2) for whom we lacked register data necessary for
the geocoding to residential neighbourhood. Two indi-
viduals had missing data on country of birth and 215
individuals had missing data on educational attainment;
these data were classified into the categories “Western”
and “no university education”, respectively. Thus, the
completed data sample for our analysis included 30,390
individuals invited to PCOL and 60,123 individuals
invited to FIT £ 2.

Table 1 shows that this large RCT yielded balanced
covariate distributions between the two intention-to-
screen populations (except for the covariate year of invi-
tation5).
Individual-level associations with attendance among
those invited to PCOL
In the PCOL arm, there was a pronounced variation in
the attendance proportion around the overall proportion
of 34¢7% − between 20¢3% and 40¢7% (Table 1).

Women were less likely to attend colonoscopy than
men (adjusted OR 0¢87 [95% CI 0¢83−0¢91]; Table 2).

We found a marked socioeconomic gradient in the
colonoscopy attendance proportion in the PCOL arm
(adjusted OR 2¢20 [95% CI 2¢01−2¢42] between the
groups categorised in the highest vs. lowest national
quartile for household income; Table 2). The colonos-
copy attendance proportion was significantly lower
among the people without university education com-
pared to those with some university education (adjusted
OR 0¢75 [95% CI 0¢71−0¢79]), as well as among the
non-Western immigrants compared to the people born
in a Western country (adjusted OR 0¢75 [95% CI 0¢68
−0¢84]) (Table 2). With regard to marital status, we
found that the colonoscopy attendance proportion was
higher among married persons (Table 2).
Individual-level associations with attendance among
those invited to FIT £ 2
In the FIT £ 2 arm, the colonoscopy attendance propor-
tion at the intention-to-screen level varied modestly
around the overall proportion of 9¢7% − between 7¢7%
and 10¢4% across the population groups categorised by
each covariate (Table 1). The test attendance proportion
varied pronouncedly around the average of 55¢3% −
between 39¢9% and 63¢4% across the variously defined
population groups (Table 1).

Women invited to the FIT £ 2 arm were less likely to
attend colonoscopy than men (adjusted OR women/
men 0¢90 [95% CI 0¢86−0¢95]), while the test atten-
dance proportion was higher among women (adjusted
OR women/men 1¢35 [95% CI 1¢31−1¢40]) (Table 2).
Men were more frequently tested positive than women
(appendix Table A1).

The comparison between the groups categorised in
the highest vs. lowest national quartile for household
income showed a weaker association with the colonos-
copy attendance at the intention-to-screen level
(adjusted OR 1¢29 [95% CI 1¢16−1¢42]) than with the
test attendance (adjusted OR 2¢08 [95% CI 1¢96−2¢20])
(Table 2). Furthermore, in comparison to the people
with some university education, those without univer-
sity education showed a similar colonoscopy attendance
proportion at the intention-to-screen level (adjusted OR
0¢99 [95% CI 0¢94−1¢06]), but a significantly lower test
attendance proportion (adjusted OR 0¢71 [0¢69−0¢74])
(Table 2). Hence, the socioeconomically related gra-
dients in the colonoscopy attendance at the intention-to-
screen level was notably less pronounced than the corre-
sponding gradients in the test attendance (Table 2).
These results can be explained by higher proportions of
FIT positives and sufficiently high work-up colonoscopy
uptakes in socioeconomically disadvantaged groups
(appendix Table A1). For example, among the individu-
als in the lowest household income group who attended
FIT, 20¢7% (24¢6% test positives among the
tested £ 78¢4% work-up colonoscopy uptake) also
attended colonoscopy, whereas the corresponding pro-
portion among the individuals in the highest income
group was 16¢6% (17¢7% £ 93¢8%) (appendix Table A1).

We obtained strikingly different associations of eth-
nic origin with the test and colonoscopy attendances at
the intention-to-screen level in the FIT £ 2 arm. The
test attendance was higher among the non-Western
immigrants (adjusted OR 1¢14 [1¢06−1¢22]), whereas the
colonoscopy attendance proportion out of those
invited to the FIT £ 2 arm was lower among the
non-Western immigrants (adjusted OR 0¢83 [0¢74
−0¢94]) (Table 2). The proportion of test positives
out of all tested did not differ between the two
groups reflecting ethnic origin, but the test-positive
non-Western immigrants attended colonoscopy less
frequently than the test positives from a Western
country (appendix Table A1).

With regard to marital status, we found that the colo-
noscopy attendance proportion at the intention to
screen level, as well as the test attendance proportion,
was higher among married people (Table 2).
www.thelancet.com Vol 47 Month May, 2022



Covariate Covariate distribution
of the invited

Attendees out of the invited
in each covariate category

PCOL,% (n) FIT £ 2,% (n) PCOL FIT £ 2
Colonoscopy,%
(n)

Colonoscopy in
round 1 or 2,% (n)

Test in round 1
or 2,% (n)

Year of invitation (first round in FIT £ 2)

2014 15¢0% (4573) 14¢5% (8726) 36¢6% (1672) 11¢7% (1024) 58¢3% (5091)

2015 16¢2% (4924) 36¢6% (21,983) 34¢9% (1717) 8¢9% (1953) 55¢9% (12,289)

2016 21¢3% (6465) 42¢6% (25,592) 34¢5% (2228) 9¢6% (2460) 53¢9% (13,800)

2017 or later 47¢5% (14,428) 6¢4% (3822) 34¢1% (4923) 10¢1% (385) 54¢3% (2076)

Gender

Men 49¢9% (15,159) 50¢0% (30,034) 35¢8% (5433) 10¢1% (3038) 51¢4% (15,451)

Women 50¢1% (15,231) 50¢0% (30,089) 33¢5% (5107) 9¢3% (2784) 59¢2% (17,805)

Marital status

Married 56¢3% (17,123) 57¢4% (34,540) 38¢3% (6566) 10¢2% (3506) 60¢2% (20,778)

Never married 21¢3% (6474) 20¢0% (12,050) 28¢7% (1861) 8¢9% (1069) 46¢1% (5559)

Divorced, widowed or other 22¢4% (6793) 22¢5% (13,533) 31¢1% (2113) 9¢2% (1247) 51¢1% (6919)

Household disposable income per consumption unit

National quartile 1 11¢7% (3560) 12¢0% (7209) 20¢3% (722) 7¢7% (555) 39¢9% (2874)

National quartile 2 13¢6% (4119) 13¢6% (8200) 28¢1% (1157) 9¢5% (779) 48¢5% (3975)

National quartile 3 26¢7% (8108) 26¢4% (15,869) 33¢7% (2729) 9¢5% (1513) 53¢6% (8507)

National quartile 4 48¢1% (14,603) 48¢0% (28,845) 40¢6% (5932) 10¢3% (2975) 62¢1% (17,900)

University education

Yes 32¢7% (9933) 32¢1% (19,279) 40¢7% (4045) 9¢9% (1904) 63¢4% (12,215)

No 67¢3% (20,457) 67¢9% (40,844) 31¢7% (6495) 9¢6% (3918) 51¢5% (21,041)

Country of birth

Western country 92¢9% (28,229) 93¢3% (56,071) 35¢4% (9982) 9¢8% (5498) 55¢4% (31,067)

Non-Western country 7¢1% (2161) 6¢7% (4052) 25¢8% (558) 8¢0% (324) 54¢0% (2189)

Neighbourhood deprivation (deprivation index divided into national quintiles Q1-Q5)

Q1 (least deprived) 15¢0% (4566) 15¢1% (9108) 37¢7% (1721) 10¢3% (940) 60¢6% (5518)

Q2 20¢8% (6332) 20¢6% (12,412) 37¢4% (2366) 9¢6% (1191) 57¢2% (7107)

Q3 22¢6% (6857) 22¢8% (13,683) 36¢4% (2498) 9¢7% (1333) 56¢4% (7722)

Q4 23¢0% (6984) 22¢8% (13,710) 33¢5% (2337) 9¢8% (1337) 54¢1% (7414)

Q5 (most deprived) 18¢6% (5651) 18¢6% (11,210) 28¢6% (1618) 9¢1% (1021) 49¢1% (5501)

Proportion of non-Western immigrants in neighbourhood (divided into national quintiles Q1-Q5)

Q1 (≥ 0¢000 to ≤ 0¢014) 25¢6% (7786) 26¢1% (15,677) 38¢9% (3027) 10¢3% (1616) 57¢9% (9071)

Q2 (> 0¢014 to ≤ 0¢023) 22¢0% (6680) 21¢8% (13,118) 36¢0% (2404) 10¢2% (1339) 57¢0% (7481)

Q3 (> 0¢023 to ≤ 0¢036) 19¢2% (5836) 19¢6% (11,760) 34¢4% (2008) 9¢6% (1134) 55¢5% (6521)

Q4 (> 0¢036 to ≤ 0¢060) 17¢2% (5229) 16¢8% (10,120) 33¢7% (1761) 9¢1% (916) 54¢2% (5489)

Q5 (> 0¢060 to ≤ 0¢391) 16¢0% (4859) 15¢7% (9448) 27¢6% (1340) 8¢6% (817) 49¢7% (4694)

Distance to healthcare center for colonoscopy (residential neighbourhood average distance [km] divided into quintiles Q1-Q5)

Q1 (≥ 0¢05 to ≤ 3¢85) 19¢9% (6036) 20¢1% (12,075) 34¢6% (2089) 9¢2% (1107) 55¢1% (6654)

Q2 (> 3¢85 to ≤ 15¢7) 20¢3% (6163) 19¢9% (11,936) 34¢4% (2121) 9¢9% (1184) 56¢2% (6704)

Q3 (> 15¢7 to ≤ 30¢9) 20¢1% (6095) 20¢0% (12,008) 35¢3% (2150) 9¢7% (1166) 55¢3% (6641)

Q4 (> 30¢9 to ≤ 46¢4) 19¢8% (6005) 20¢1% (12,096) 34¢5% (2073) 9¢3% (1128) 55¢2% (6673)

Q5 (> 46¢4 to ≤ 303) 20¢0% (6091) 20¢0% (12,008) 34¢6% (2107) 10¢3% (1237) 54¢8% (6584)

Population density in neighbourhood (inhabitants per km2 divided into national quintiles Q1-Q5)

Q1 (≥ 0¢0682 to ≤ 94¢2) 26¢7% (8115) 26¢9% (16,180) 37¢5% (3045) 10¢4% (1680) 56¢5% (9140)

Q2 (> 94¢2 to ≤ 383) 22¢3% (6762) 22¢3% (13,435) 35¢9% (2426) 10¢0% (1340) 55¢0% (7392)

Q3 (> 383 to ≤ 1470) 21¢9% (6651) 21¢4% (12,885) 34¢1% (2265) 9¢4% (1207) 56¢3% (7253)

Q4 (> 1470 to ≤ 4850) 17¢4% (5277) 17¢3% (10,396) 33¢3% (1757) 9¢4% (978) 55¢6% (5776)

Q5 (> 4850 to ≤ 57,500) 11¢8% (3585) 12¢0% (7227) 29¢2% (1047) 8¢5% (617) 51¢1% (3695)

Table 1: Covariate distributions and attendance proportions observed among 30,390 60-year-old men and women in Sweden invited to
once-only primary colonoscopy (PCOL) and 60,123 invited to biennial fecal immunochemical testing (FIT £ 2).
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Covariate PCOL FIT £ 2

Colonoscopy attendance (ie, uptake) Colonoscopy attendance (out of all invited) Tes dance (ie, test uptake)

Unadjusted OR

(95% CI)

Adjusted OR

(95% CI)

Predicted attendance

proportion (95% CI)

Unadjusted OR

(95% CI)

Adjusted OR

(95% CI)

Predicted attendance

proportion (95% CI)

Unadjusted OR

(95% CI)

sted OR

CI)

Predicted attendance

proportion (95% CI)

Year of (first) invitation

2014 1 1 0¢41 (0¢40−0¢43) 1 1 0¢13 (0¢12−0¢14) 1 0¢63 (0¢62−0¢65)
2015 0¢93 (0¢85−1¢01) 0¢92 (0¢84−1¢00) 0¢39 (0¢38−0¢41) 0¢73 (0¢68−0¢79) 0¢74 (0¢68−0¢80) 0¢10 (0¢09−0¢10) 0¢90 (0¢86−0¢95) (0¢87−0¢97) 0¢61 (0¢60−0¢62)
2016 0¢91 (0¢84−0¢99) 0¢90 (0¢83−0¢98) 0¢39 (0¢37−0¢41) 0¢80 (0¢74−0¢86) 0¢80 (0¢74−0¢87) 0¢10 (0¢10−0¢11) 0¢83 (0¢79−0¢87) (0¢80−0¢89) 0¢59 (0¢58−0¢61)
2017 or later 0¢90 (0¢84−0¢96) 0¢89 (0¢83−0¢95) 0¢39 (0¢37−0¢40) 0¢84 (0¢74−0¢95) 0¢85 (0¢75−0¢96) 0¢11 (0¢10−0¢12) 0¢85 (0¢78−0¢92) (0¢79−0¢92) 0¢59 (0¢58−0¢61)

Gender

Men 1 1 0¢41 (0¢39−0¢42) 1 1 0¢11 (0¢10−0¢12) 1 0¢56 (0¢55−0¢57)
Women 0¢90 (0¢86−0¢95) 0¢87 (0¢83−0¢91) 0¢37 (0¢36−0¢39) 0¢91 (0¢86−0¢96) 0¢90 (0¢85−0¢95) 0¢10 (0¢09−0¢11) 1¢37 (1¢33−1¢42) (1¢31−1¢40) 0¢63 (0¢62−0¢64)

Marital status

Married 1 1 0¢39 (0¢37−0¢41) 1 1 0¢10 (0¢10−0¢11) 1 0¢41 (0¢40−0¢43)
Never married 0¢65 (0¢61−0¢69) 0¢75 (0¢70−0¢80) 0¢32 (0¢31−0¢34) 0¢86 (0¢80−0¢93) 0¢89 (0¢82−0¢96) 0¢09 (0¢09−0¢10) 0¢57 (0¢54−0¢59) (0¢67−0¢73) 0¢49 (0¢48−0¢50)
Divorced, widowed

or other

0¢73 (0¢68−0¢77) 0¢85 (0¢80−0¢91) 0¢35 (0¢33−0¢37) 0¢90 (0¢84−0¢96) 0¢95 (0¢88−1¢01) 0¢10 (0¢09−0¢11) 0¢69 (0¢67−0¢72) (0¢76−0¢83) 0¢54 (0¢53−0¢55)

Household income

Quartile 1 1 1 0¢23 (0¢21−0¢24) 1 1 0¢08 (0¢08−0¢09) 1 0¢41 (0¢40−0¢43)
Quartile 2 1¢54 (1¢38−1¢71) 1¢47 (1¢32−1¢64) 0¢30 (0¢28−0¢32) 1¢26 (1¢12−1¢41) 1¢23 (1¢10−1¢38) 0¢10 (0¢09−0¢11) 1¢42 (1¢33−1¢51) (1¢27−1¢45) 0¢49 (0¢48−0¢50)
Quartile 3 1¢99 (1¢82−2¢19) 1¢82 (1¢65−2¢00) 0¢35 (0¢33−0¢36) 1¢26 (1¢14−1¢40) 1¢21 (1¢10−1¢35) 0¢10 (0¢09−0¢11) 1¢74 (1¢65−1¢84) (1¢52−1¢71) 0¢53 (0¢52−0¢54)
Quartile 4 2¢69 (2¢46−2¢94) 2¢20 (2¢01−2¢42) 0¢39 (0¢37−0¢41) 1¢38 (1¢26−1¢52) 1¢29 (1¢16−1¢42) 0¢10 (0¢10−0¢11) 2¢47 (2¢34−2¢60) (1¢96−2¢20) 0¢59 (0¢58−0¢60)

University education

Yes 1 1 0¢46 (0¢44−0¢48) 1 1 0¢11 (0¢10−0¢11) 1 0¢67 (0¢66−0¢68)
No 0¢68 (0¢64−0¢71) 0¢75 (0¢71−0¢79) 0¢39 (0¢37−0¢41) 0¢97 (0¢91−1¢03) 0¢99 (0¢94−1¢06) 0¢10 (0¢10−0¢11) 0¢61 (0¢59−0¢64) (0¢69−0¢74) 0¢59 (0¢58−0¢60)

Country of birth

Western country 1 1 0¢39 (0¢37−0¢41) 1 1 0¢10 (0¢10−0¢11) 1 0¢59 (0¢58−0¢60)
Non-Western 0¢64 (0¢58−0¢70) 0¢75 (0¢68−0¢84) 0¢33 (0¢30−0¢35) 0¢80 (0¢71−0¢90) 0¢83 (0¢74−0¢94) 0¢09 (0¢08−0¢10) 0¢96 (0¢90−1¢03) (1¢06−1¢22) 0¢62 (0¢61−0¢64)

Table 2: Associations of sociodemographic and spatial covariates with colonoscopy attendance proportion among 30,390 60-year-old men and women in Swed vited to primary colonoscopy
(PCOL); and with test and colonoscopy attendance proportions among 60,123 invited to biennial fecal immunochemical testing (FIT £ 2).
Odds ratios (ORs) with 95% credible interval (CI) obtained from the corresponding Bayesian logistic regression model including a single covariate (unadjusted ORs) or all covariates (adj ORs). Predicted attendance proportions

are also shown for each covariate. These predicted proportions were obtained by keeping each other covariate constant at their most common category (ie, [except for the varying ate] Year of invitation = 2016, Marital

status = married, Household income = quartile 4, University education = no, and Country of birth = Western), and taking the mean of the gender-specific predicted proportions.
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The FIT uptake increased slightly between the first and
second rounds (+0¢9 percentage points). The change in
FIT uptake over time differed somewhat between the
population groups categorised in the highest vs. lowest
national quartile for household income (+1¢6 vs. �0¢5
percentage points).
Neighbourhood-level associations
The socioeconomic gradients in the uptakes of PCOL
and FIT£ 2, respectively, were apparent also when cate-
gorizing population groups according to neighbourhood
deprivation (appendix Table A2). By contrast, there was
no such apparent gradient in the colonoscopy atten-
dance proportion at the intention-screen-level of the
FIT £ 2 arm (appendix Table A2).

We found higher attendance proportions in the
PCOL arm in neighbourhoods in close proximity to a
screening center. The study persons living in the neigh-
bourhoods classified in the distance quintiles Q2-Q4, ie,
having a distance from the midpoint of their neighbour-
hood to the healthcare center for colonoscopy longer
than 3¢85 km (Table 1), showed lower adjusted ORs
(varying between 0¢86 [95% CI 0¢77−0¢96] and 0¢88
[0¢80−0¢98]), as compared with those classified in Q1
(distance ≤3¢85 km) (appendix Table A2).
Discussion
Based on the nationwide two-armed RCT SCREESCO
conducted in Sweden, including 60,123 60-year-olds
invited to CRC screening with a two rounds of FIT
2 years apart strategy and 30,390 invited to once-only
primary colonoscopy, we found only small variations in
the proportion who underwent colonoscopy out of all
invited to FIT across variously defined population
groups. In contrast, the colonoscopy attendance propor-
tion in the PCOL arm was markedly lower in socioeco-
nomically disadvantaged groups. The socioeconomic
gradients in the uptake of the PCOL strategy were paral-
lel with the corresponding gradients in the test uptake of
the FIT £ 2 strategy.

To our knowledge, this analysis is the first to com-
pare colonoscopy attendance proportions between two
large intention-to-screen populations randomly invited
to FIT and PCOL, respectively, with consideration of
several sociodemographic covariates. The large RCT
design will have ensured comparable groups invited to
the two screening approaches in terms of known and
unknown confounders. Such comparability of the
groups allocated to FIT £ 2 and once-only PCOL strate-
gies, may not be guaranteed in other RCTs that allow
for a choice between FIT and PCOL within a screening
arm. There are two other ongoing RCTs11,12 which have
been designed with separate FIT and PCOL arms,
whereas another RCT13 allowed for crossover between
the PCOL and FIT arms and two other RCTs14,15 have
www.thelancet.com Vol 47 Month May, 2022
been designed to compare hybrid PCOL+FIT strategies
against either PCOL or FIT as the control arm.

For each screening arm, FIT £ 2 or PCOL, we con-
sidered an invariable colonoscopy attendance proportion
across variously defined population groups within the inten-
tion-to-screen population as the primary criterion for
attaining health equity, based on the rationale that an
individual’s potential health benefit related to CRC is
conditional on colonoscopy. A limitation is that colo-
noscopy attendance in itself does not provide the full
picture of the potential health benefit; the health out-
come depends on the diagnostic yield, the effect of
detecting a tumor earlier, and the long-term effect of
polypectomy.

In screening with FIT, the predictive value of a posi-
tive test on the diagnostic yield may differ across various
population groups; eg, if the risk of comorbidities that
require anticoagulation therapy differs between popula-
tion groups. On the other hand, the risk of CRC may
also differ between population groups. Increased inci-
dences of CRC, in particular stage II-IV tumours, with
lower socioeconomic status have been observed among
55−74-year-old people in Sweden.16 Most likely, in a
FIT-followed-by-colonoscopy approach, the increasing
likelihood of a positive FIT with deceasing socioeco-
nomic status, as the present data from SCREESCO
clearly indicate (appendix Table A1), helps to avoid
exacerbation of health inequity. Steele and colleagues
have reported increasing proportions of test positives
with increasing neighbourhood deprivation in screen-
ing with biennial guaiac fecal occult blood test (gFOBT)
in Scotland.17 Furthermore, the present data from
SCREESCO showed colonoscopy uptakes among the
test positives in the FIT £ 2 arm between 83¢6% and
93¢8% in all but two of the population groups that we
considered (appendix Table A1). Lower uptakes were
observed for the individuals born in a non-Western
country (76¢4%) and the individuals with a household
income in the lowest national quartile (78¢4%). Morris
and colleagues have reported small socioeconomic varia-
tions in the colonoscopy uptake among the fecal occult
blood test positives in the NHS Bowel Cancer Screening
Programme in England (between 84¢6% and 90¢6%).18

The analysis of the PCOL arm revealed markedly
lower colonoscopy attendance proportions in socioeco-
nomically disadvantaged groups. However, we cannot
infer exacerbated health inequities from these results
with certainty. We have not addressed whether or not
the diagnostic yield was higher among the attendees in
socioeconomically disadvantaged groups. If so, the rela-
tion between the colonoscopy attendance proportion
and the number of tumours detected earlier and poten-
tially prevented may be inconsistent across different
population groups. Analyses of sociodemographic varia-
tions in diagnostic yield among the attendees could gen-
erate further understanding about health inequities
implied by the PCOL strategy.
7
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A relatively small number of invitees were registered
as participants in the SCREESCO database in the period
March-December 2020 (delayed reporting occurred), ie,
after the data for this analysis were prepared. Therefore,
the total numbers of registered attendees in each arm
were somewhat lower in the data set for the present
analysis than reported in another report based on data
registered until December 20205 (in the PCOL arm:
10,540 vs. 10,679 attendees; in the FIT £ 2 arm:
33,256 vs 33,383 test attendees and 5822 vs 5876 colo-
noscopy attendees).

We had access to both individual-level and neigh-
bourhood-level data. We used two types of models for
estimation of 1) associations based on the individual-
level data and 2) neighbourhood-level associations. Type
2 models may be applicable also in other countries
where individual-level data are not available but neigh-
bourhood-level data are commonly used. However, our
analysis demonstrated that more distinct socioeconomic
gradients can be obtained from individual-level data.

Several studies have analysed associations of ethnic-
ity with the test uptake of organised FIT screening,
using individual indicators of ethnicity and neighbour-
hood-based indicators of ethnic diversity.1,2 Inferences
from such studies should be made with caution due to
possible residual confounding by socioeconomic factors.
In our analysis of the test attendance proportion in the
FIT £ 2 arm, the unadjusted OR for non-Western
immigrants versus people born in a Western country
was estimated to be 0¢96 (95% CI 0¢90−1¢03), whereas
the multivariable adjustments changed the OR estimate
to 1¢14 (1¢06−1¢22). However, a comparable analysis,
based on sociodemographic data linked to the organised
FIT screening program in Denmark, has indicated
lower test uptake among non-Western immigrants,
even after adjustments for confounders.19 Our analysis
of the colonoscopy attendance proportion at the inten-
tion-to-screen level in the FIT £ 2 arm showed a
decreasing gradient across the two groups reflecting
Western and non-Western origins. This results, in con-
trast to the increasing gradient in the test uptake, was
understandable from the data showing that the test-pos-
itive non-Western immigrants attended colonoscopy
less frequently than the test positives from a Western
country (appendix Table A1).

Another noticeable result revealed that men attended
more frequently in the PCOL screening than did
women, while the test attendance proportion in the
FIT £ 2 arm was higher among women. Such gender
differences have been reported previously.2,20 Possible
explanations may be that FIT participation is influ-
enced by traditional gender roles in health, while
women’s embarrassment and worry for pain are
more strongly linked to the invasive characteristics
of colonoscopy.2,21 Among the test attendees in the
FIT £ 2 arm, the proportion of test positives was
higher among men than among women; this is
probably related to biological factors rather than psy-
chosocial/cultural factors.5,20

Future economic evaluations could provide informa-
tion about the equity impacts of the alternative strate-
gies and the trade-offs that may arise between equity in
health and cost-effectiveness. A distributional cost-effec-
tiveness analysis provides such information.22,23 A com-
parative cost-effectiveness analyses of PCOL versus FIT
based on early experiences of participation in the
SCREESCO study have shown that screening with
PCOL could be more cost-effective than FIT when life-
long effects and costs were considered.24 Our finding
indicates that PCOL screening might increase the
inequalities in the population health distribution and,
thereby, bringing to the fore the choice between efficacy
and equal health distribution.

Previous research has emphasised efforts to reduce
socioeconomic inequalities in the uptake of stool-based
testing.25 However, in the future efforts should be
focused on reducing socioeconomic inequalities in the
uptake of PCOL screening, and, in organised screening
with FIT, increasing the colonoscopy uptake among the
test positives, not least in groups of people from non-
Western countries. We found that the distance to the
endoscopy center could have an impact on the uptake of
organised PCOL screening, rather than on the colonos-
copy uptake of organised FIT screening with a home
test kit (where the distance is of potential concern only
for test positives invited to work-up colonoscopy).
Whether the distance between home and endoscopy
center affects the uptake of CRC screening has been
addressed in a few studies, but with inconsistent
results.2 However, those results were obtained in set-
tings with opportunistic rather than organised screen-
ing. Interestingly, for another type of organised
screening, namely, atrial fibrillation screening aimed at
men and women around 75 years of age, participation
was improved greatly among socioeconomically disad-
vantaged people in Sweden by introducing a new
screening center close to their neighbourhoods.26

In conclusion, the unintended risk of exacerbating
inequalities in health by an organised CRC screening
may be higher with a once-only PCOL strategy than a
two rounds of FIT 2 years apart strategy, despite parallel
socioeconomic gradients in the uptake of each
approach. We recommend that future cost-effectiveness
evaluations provide information about the health equity
impacts of the alternative strategies and the trade-offs
that may arise between equity and efficacy.
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