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Abstract

Background: Many countries have established organized colorectal cancer

screening programs because they can reduce mortality and incidence from the

disease; however, they rely on high participation rates, which are often suboptimal.

This study examined the effectiveness of two reminder interventions on uptake

rates in Ireland’s population‐based BowelScreen program.

Methods: Employing a quasi‐experimental design, one intervention mailed the fecal‐
immunochemical test (FIT) directly to clients not responding to an initial invitation;

the other mailed a reminder letter modified with behavioral insights. Interventions

were tested separately and in combination and compared to the standard reminder

letter (1: standard reminder letter [SRL]; 2: modified reminder letter [MRL]; 3:

SRL þ FIT direct [FITD]; and 4: MRL þ FITD). Primary outcome: overall uptake rate

(test completion at 5 months); Subgroup outcome: uptake rate among only those

receiving reminders. Outcomes were modeled using multivariable logistic regres-

sion with group allocation as a fixed effect, adjusted for sex and deprivation.

Results: Uptake was significantly higher in the FITD groups (SRL: 48%; MRL: 50%;

SRL þ FITD: 54%; MRL þ FITD: 54%; p < .001). After adjustment, compared to the

SRL group, FITD groups had significantly higher odds of uptake (MRL: odds ratio

[OR], 1.09; 95% confidence interval [CI], 0.96–1.23; SRL þ FITD: OR, 1.30; 95% CI,

1.14–1.48; MRL þ FITD: OR, 1.26; 95% CI, 1.11–1.44). This was also the case for

subgroup analysis. The MRL did not result in higher uptake compared to SRL.

Conclusion: Mailing the FIT kit directly to nonresponders resulted in improved FIT

uptake. Organized FIT‐based screening programs not reaching uptake targets

should consider implementing this strategy if not already in place.
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INTRODUCTION

Colorectal cancer screening is an important public health interven-

tion that has been shown to be effective in reducing both incidence

and mortality from the disease.1,2 Many high income countries have

implemented colorectal cancer screening using various screening

procedures, including colonoscopy, flexible sigmoidoscopy, and stool‐
based tests such as guaiac fecal occult blood test (gFOBT) and, in

recent years, fecal immunochemical testing (FIT).2–4

To optimize health gains at the population‐level, high screening

uptake is essential.5,6 However, even with the implementation of

noninvasive home‐based screening tests, and in particular the simple,
sensitive, and specific FIT test,7 uptake remains suboptimal, even in

organized programs with systematic call–recall systems in place.4,8 A

recent study on utilization of colorectal cancer screening across

Europe reported few countries achieved rates above 65%, with the

majority being below 50%.9 Uptake rates also vary by socioeconomic

status, sex, and ethnicity,1,10–12 highlighting the need to focus on

both improving uptake overall, while reducing differentials.13 Beyond

socioeconomic determinants, beliefs about screening (such as

fatalism and defensive reactions) are also important influences on

uptake.14–16

Numerous interventions have been developed to tackle low

uptake in colorectal cancer screening. Some have shown effective-

ness, but these have tended to have small effect sizes.17 The United

Kingdom Medical Research Council (MRC) framework for the

development of complex interventions for health recommends that

interventions are designed and underpinned by evidence and the-

ory.18 Our previous work,14–16,19,20 guided by the MRC frame-

work,18 has established an evidence‐base, underpinned by the

Theoretical Domains Framework (TDF),21 to conceptualize a

behavioral intervention aimed at increasing colorectal cancer

screening uptake.

The Irish BowelScreen program,22 which is based on biennial FIT,

systematically offered to people 59–69 years old (60–69 years old at

the time of this study) in the general population, has 20%–25% lower

uptake than other similar FIT‐based European screening pro-

grams.23–25 One key feature of BowelScreen is the requirement for

first‐time invitees to contact a call center to consent and request the
FIT kit, whereas in some other countries, the FIT kit is sent directly

with the screening invitation.23–25 Reviews of uptake interventions

have reported that directly mailing FIT kits to screening clients is

effective in achieving higher uptake.26,27

In this study, we aimed to test the individual and combined ef-

fects on the uptake rate of 1) our behavioral intervention (imple-

mented as a behaviorally modified reminder letter), and 2) provision

of a FIT kit, compared to standard reminder letter among first‐time
screening clients who did not respond to the initial screening invi-

tation after the first invitation letter (primary outcome) and at 3

months after the delivery of the reminder interventions (subgroup

outcome). The study is reported in line with the TREND (Reporting

Guidelines for Nonrandomized/Quasi‐Experimental Study Designs)

checklist.28

MATERIALS AND METHODS

Setting and design

BowelScreen is an organized national population‐based screening

program that operates on a call–recall basis. Although Ireland does

not have a population register, the program systematically builds a

database of invitees from Department of Social Protection sources,

while also encouraging clients to self‐register for the program.

Randomization was not possible within the BowelScreen system that

manages screening administration on a day‐to‐day basis so a quasi‐
experimental design (nonequivalent control group posttest only)

was used. The target population was newly invited screening clients

who had not responded to the initial invitation letter by 8 weeks

after the initial screening invitation letter and so were eligible, under

“usual care,” to be sent a standard reminder letter. The two in-

terventions were tested individually and in combination and

compared to the current standard reminder letter, resulting in a

control group (group 1) and three intervention groups (group 2:

behavioral intervention; group 3: FIT kit; group 4; behavioral

intervention þ FIT kit). Clients who had not completed a FIT by 8

weeks after the initial invitation were allocated—according to date of

initial screening invitation—to one of these groups (Figure 1). The

study was approved by the Dublin City University Research Ethics

Committee and received a waiver of consent (REC approval no.

DCUREC/2022/014).

Conditions

All clients within the study received the same initial invitation letter

to participate in screening.

• Control

Clients allocated to the control group (group 1) received the

BowelScreen standard reminder letter (SRL) (SRL: Supporting Infor-

mation 1) mailed, as per the program protocol, 8 weeks after the initial

BowelScreen invitation. Clients wishing to take part in screening on

receipt of the SRL were advised to contact the call center to request a

FIT kit.

• Interventions

The intervention groups were a modified reminder letter (MRL),

where clientswere required to contact a call center to request the FIT kit

if they wished to take part in screening (MRL: group 2; Supporting In-

formation 1); a FIT kit enclosed with the SRL (and no requirement to

contact the call center; SRL þ FIT direct [FITD]: group 3); and the

modified reminder letter and, enclosed with it, a FIT kit (and no

requirement to contact the call center; MRLþ FITD: group 4).

MRL development

The MRL reminder letter included key messages that aimed to tackle

barriers to screening participation identified in our previous
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research14–16,20 and within the literature.10,29 This evidence was drawn

together, mapped to the TDF21 and the behavior change taxonomy30 to

specify the active ingredients of the intervention. The content of the

MRL was co‐designed within workshops with public and patient

involvement (PPI) and National Screening Service representatives.

The key messages within the MRL were:

“Bowel cancer is one of the most common cancers in Ireland, but the

good news is, it is easier to treat if found early.”

This statement attempted to overcome negative beliefs about

the consequences of cancer, specifically fatalistic cancer beliefs and

beliefs that cancer cannot be cured.

“This is the best home test available and is a good way of looking after

your health, even if you feel healthy.”

This statement attempted to overcome defensive reactions to

screening, namely suppression by self‐exemption and denial of the

immediacy to be screened.

F I GUR E 1 Consolidated Standards of Reporting Trials flow diagram of study recruitment and uptake.
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Recruitment and participants

Participants were first‐time clients (90% were 60–62 years old; 10%

were 63 years old and over due to COVID‐related delays) invited to
take part in the nationwide BowelScreen program. First invitation

letters were mailed to clients during May 2022. Clients who had not

responded to the initial invitation after 8 weeks were eligible to

receive a reminder.

Control and intervention groups were allocated by week. In week

1 of May 2022, clients were assigned to the SRL group (control;

group 1); week 2 to the MRL group (group 2); week 3 to the

SRL þ FITD group (group 3); and in week 4 to the MRL þ FITD group

(group 4). This meant that those who did not participate in the initial

screening invitation would receive the allocated intervention or

control reminder.

Sample size

At the time of study design, overall screening uptake was 40%

(subsequently rising to 47%31). BowelScreen estimated that 10% of

those who participate do so following a reminder. A sample size of

3554 nonresponders to the initial screening invitation would have

90% power to detect a 3.5% absolute change in uptake (α = 0.05,

two‐sided) following a reminder (taking overall uptake to 43.5%).

This improvement is consistent with those achieved when testing

uptake interventions in other screening programs.32,33

Outcome and statistical analysis

The primary outcome was overall uptake proportion: this was defined

as the proportion of individuals sent an initial invitation (denomina-

tor) who had satisfactorily completed the FIT by 3 months after the

reminder (numerator: i.e., they had completed the FIT either

following the initial invitation or following the reminder). Subgroup

analysis was post‐reminder uptake: this was defined as the propor-

tion of individuals, from among those sent a reminder (denominator),

who had satisfactorily completed the FIT 3 months after the delivery

of the reminder. We excluded from analyses clients who were not at

the address listed, were deceased, or had de‐consented from

screening. We also conducted additional supplementary analysis with

no exclusions (i.e., de‐consented, not at address or deceased, being
categorized as nonparticipants) as per BowelScreen’s routine calcu-

lation of program uptake rates.

Characteristics of participants (by allocation group, sex, and

deprivation) were compared using χ2 tests; age was not considered

because all individuals were 60–63 years old inclusive and first‐time
invitees. Characteristics, descriptives, and outcomes are described

separately for 1) all clients invited to be screened (primary analysis),

and 2) only clients who were sent the reminders (subgroup analysis).

Area level deprivation was assigned (to individual cases) based

on the Pobal Haase Pratschke (HP) deprivation index34 (eight

categories based on characteristics of the population resident in the

area), ranging from extremely disadvantaged to extremely affluent.

Deprivation was collapsed into two categories for analysis (disad-

vantaged and affluent).

Multivariable logistic regression was used to model the outcome

(FIT completion) with group allocation (SRL as the reference group)

as a fixed effect and adjusting for sex and deprivation as these have

previously been shown to be associated with uptake16,19 and were

included in the final multivariable model (the p value from the

associated likelihood ratio test (LRT) was <0.05). Odds ratios (OR)
and 95% confidence intervals (CI) are presented. We tested for in-

teractions between the covariates and group by fitting cross‐
product terms (i.e. sex*group allocation; deprivation*group alloca-

tion) to a model containing all main effects. Statistical analysis was

performed with STATA 16. Significance at p < 0.05 (two‐sided tests)
is assumed.

RESULTS

Study participants

A total of 8424 clients were included in the study (Figure 1). After

exclusions (i.e., opted out of screening, deceased, and not at address)

the data set included 7718 clients; their characteristics are described

in Table 1. The distribution of sex and deprivation across groups was

similar, although a higher percentage of individuals in the

MRL þ FITD group was resident in disadvantaged areas (p = .05).

By 8 weeks following the initial invitation letter, and before de-

livery of the reminders, overall uptake (FIT satisfactorily completed)

across all four groups combined was 32%. A higher proportion of the

control group (SRL) and the MRL group had completed the FIT test

(35%–37%) at this point, compared to the SRL þ FITD group (28%)

and the MRL þ FITD group (26%; p < .001) (Table 1). By 5 months

following the initial invitation letter, and after delivery of the re-

minders, overall uptake across all four groups combined was 51%.

Primary outcome—overall uptake: FIT completion
among all invited clients

There was a statistically significant association between overall up-

take (FIT completion following the initial invitation and reminder) and

group (p < .001) (Table 2). Overall uptake was higher in the two FITD

groups (SRL þ FITD: 54% and MRL þ FITD: 54%) compared to the

SRL group (48%; p < .001) (Table 2). It was intermediate in the MRL

group (50%).

In the multivariable model adjusted for sex and deprivation, the

odds of FIT completion were significantly higher among the

SRL þ FITD group (OR, 1.30; 95% CI, 1.14–1.48; p < .001) and the

MRL þ FITD group (OR, 1.26; 95% CI, 1.11–1.44; p < .001) compared

to the SRL group, whereas a similar odds of completion was observed

in the MRL group (OR, 1.09; 95% CI, 0.96–1.23) (Table 2).
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Although overall uptake did not differ across groups among

males, higher percentages of females completed the test in the two

FITD groups (58%–59%) compared to the SRL group (51%), whereas

the MRL group was intermediate (54%; p < .001) (Table 2).

Within the disadvantaged deprivation category, compared to the

SRL group (47%), overall uptake was similar in the MRL group (47%)

and higher in the two FITD groups (SRL þ FITD, 52%; MRL þ FITD,

51%; p = .049) (Table 2). Among the affluent category, overall uptake

was 8%–9% higher in the FITD groups, and almost 4% higher in the

MRL group, than in the SRL group (50%; p = .001).

However, in the multivariable model, no significant interactions

were found between socio‐demographic variables and group alloca-

tion for all invited clients (data not shown).

Subgroup analysis—Post‐reminder test completion:
FIT completion among those who received the
reminders

Among those eligible to receive reminders, compared to the SRL

control group (23%), uptake was at least 15% higher in the

SRL þ FITD (38%) and the MRL þ FITD (39%) groups but was similar

among the MRL group (24%; p < .001) (Table 2).

In the multivariable model the odds of FIT completion were

significantly higher among the SRL þ FITD (OR, 2.10; 95% CI, 1.77–

2.50; p < .001) and the MRL þ FITD groups (OR, 2.18; 95% CI, 1.82–

2.60; p < .001) compared to the SRL group (Table 2); a nonsignificant

5% higher odds of FIT completion was observed in the MRL group

(OR, 1.05; 95% CI, 0.88–1.27).

Male uptake varied by group (p < .001) (Table 2). Compared to

the SRL group (20%) it was higher in the SRL þ FITD (35%) and

MRL þ FITD groups (35%) but did not differ in the MRL group (21%).

A similar pattern was seen among females: SRL: 25%; SRL þ FITD:

42%; MRL þ FITD: 44%; MRL: 27%; p < .001 (Table 2).

Uptake also varied significantly by group in both the disad-

vantaged and affluent groups (p < .001 for both) (Table 2). For the

disadvantaged group, uptake did not differ in the MRL compared to

the SRL groups (22%), but was at least 13% higher in the FITD

groups (SRL þ FITD: 35%; MRL þ FITD: 38%). Although uptake was

slightly higher in the affluent group, the same pattern across groups

(SRL: 24%; MRL: 26%; SRL þ FITD: 44%; MRL þ FITD: 41%) was

observed.

No significant interactions were found between socio‐
demographic variables and group allocation for those eligible to

receive reminders (data not shown).

Additional supplementary analysis that categorized all excluded

clients (screening de‐consented, deceased, and not at address) as

nonparticipants (note significantly higher rates of excluded clients in

the MRL þ FITD group), had minimal effect on the adjusted ORs

reported above (Supporting Information 2).

DISCUSSION

This study tested two interventions, individually and combined, to

increase uptake in Ireland’s BowelScreen program. Mailing the FIT kit

directly to clients who had not responded to the initial invitation

letter resulted in significantly higher uptake of FIT‐based screening

TAB L E 1 Screening client characteristics by allocation (after exclusionsa).

SRL MRL SRL þ FITDb MRL þ FITDc

pNo. (%) No. (%) No. (%) No. (%)

All 2005 (26.0) 2074 (26.9) 1844 (23.9) 1795 (23.3)

Sex .219

Male 1013 (50.5) 1023 (49.3) 971 (52.7) 908 (50.6)

Female 992 (49.5) 1051 (50.7) 873 (47.3) 887 (49.4)

Deprivationd .050

Disadvantagede 1050 (54.4) 1113 (55.9) 980 (54.8) 1005 (58.6)

Affluentf 881 (45.6) 880 (44.2) 807 (45.2) 709 (41.4)

Responds to first invitation letter <.001

Test completed 698 (34.8) 760 (36.6) 510 (27.7) 470 (26.2)

Sent reminder and interventions 1307 (65.2) 1314 (63.4) 1334 (72.3) 1325 (73.8)

Abbreviations: FIT, fecal‐immunochemical test; FITD, SRL þ FIT direct; MRL, modified reminder letter; SRL, standard reminder letter (control).
aExcluded: n = 706 (625 of which were incorrect addresses).
bStandard reminder letter plus the FIT mailed directly.
cModified reminder letter plus the FIT mailed directly.
dDeprivation category not allocated for 293 individuals.
eDisadvantaged includes very disadvantaged, disadvantaged, and marginally below average.
fAffluent includes marginally above average, affluent, and very affluent.
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compared to the current standard BowelScreen invitation and

reminder approach (as observed in the control group), when both all

clients and those eligible for a reminder were considered.

FIT direct mailing

Interventions that included the FIT mailed directly to clients resulted

in 6% higher overall uptake (and 26%–30% higher odds of test

completion), bringing uptake to 54%. Systematic reviews have indi-

cated that mailing the FIT kit directly to screening clients is an

effective way of increasing uptake; however, many of the studies

were based in the United States and often within low‐income set-

tings.35–37 Our study extends the evidence base to European

populations and specifically among first time invitees and, impor-

tantly, shows this strategy is effective at a population level.

It is important to note here a key study limitation. Allocation

began immediately after Bowel Cancer Awareness month. Uptake in

response to the initial BowelScreen invitation letter (before re-

minders issued) was significantly higher in the first 2 weeks of the

study (when allocating to the SRL and MRL groups) than the final 2

weeks, possibly reflecting the impact of that public health campaign.

The overall (primary outcome) results are therefore biased toward

the standard reminder approach and the MRL approach. It is likely,

therefore, that the effect of directly mailing FIT was underestimated.

It is also notable that although mailing the FIT directly to clients

in the reminder significantly increased uptake (54%), it still did not

reach European Union recommended uptake (65%). Although this

TAB L E 2 Uptake by allocation (after exclusionsa) for primary and secondary outcomes and univariable and multivariable ORs and 95%
CIs with p values.

SRL MRL SRL þ FITD MRL þ FITD

pTotal n Uptake, No. (%) Total n Uptake, No. (%) Total n
Uptake,
No. (%) Total n

Uptake,
No. (%)

Primary outcome: overall test completion

All 2005 961 (47.9) 2074 1042 (50.2) 1844 998 (54.1) 1795 967 (53.9) <.001

Sex

Male 992 442 (44.6) 1051 486 (46.2) 873 431 (49.4) 887 431 (48.6) .140

Female 1013 519 (51.2) 1023 556 (54.4) 971 567 (58.4) 908 536 (59.0) .001

Deprivationb

Disadvantagedc 1050 489 (46.6) 1113 525 (47.2) 980 505 (51.5) 1005 511 (50.9) .049

Affluentd 881 439 (49.8) 880 471 (53.5) 807 473 (58.6) 709 409 (57.7) .001

Univariable: OR (95% CI; LRT) Ref — 1.10 0.97–1.24 1.28 1.13–1.45 1.27 1.12–1.44 <.001

Multivariablee: OR (95%

CI; LRT)

Ref — 1.09 0.96–1.23 1.30 1.14–1.48 1.26 1.11–1.44 <.001

Subgroup outcome: post‐reminder test completion

All 1307 297 (22.7) 1314 312 (23.7) 1334 510 (38.2) 1325 522 (39.4) <.001

Sex

Male 669 135 (20.2) 693 145 (20.9) 657 228 (34.7) 677 234 (34.6) <.001

Female 638 162 (25.4) 621 167 (26.9) 677 282 (41.7) 648 288 (44.4) <.001

Deprivationa

Disadvantagedc 700 153 (21.9) 740 164 (22.2) 702 243 (34.6) 767 289 (37.7) <.001

Affluentd 559 136 (24.3) 528 137 (26.0) 584 254 (43.5) 497 205 (41.3) <.001

Univariable: OR (95% CI; LRT) Ref — 1.06 0.88–1.27 2.10 1.78–2.50 2.21 1.87–2.62 <.001

Multivariable: OR (95% CI; LRT) Ref — 1.05 0.88–1.27 2.10 1.77–2.50 2.18 1.82–2.60 <.001

Abbreviations: CI, confidence interval; FIT, fecal‐immunochemical test; FITD, SRL þ FIT direct; OR, odds ratio; LRT, likelihood ratio test; MRL, modified

reminder letter; SRL, standard reminder letter (control).
aExcluded: n = 706 (625 of which were incorrect addresses).
bDeprivation category not allocated for 293 cases.
cDisadvantaged includes very disadvantaged, disadvantaged, and marginally below average.
dAffluent includes marginally above average, affluent, and very affluent.
eAdjusted for sex and deprivation.
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level of first‐time uptake is lower than other programs such as

Denmark (64% first‐time uptake38), it is similar to first‐time uptake

reported in the English bowel screening program (52%).39

It is worth considering implementation ofmailing FIT directly to all

screening clients given the results here, and in the hope of further

improvements, although considering evidence of the implications in

terms of costs to the program and the exchequer,40 warranting eco-

nomic evaluation of this approach. Although there were no additional

labor requirements to implement the interventions in this study,

scaling up to a population level would require additional resources that

can only be evaluated within a full cost‐effectiveness analysis.

Sex

When considered from the perspective of sex, the interventions that

mailed the FIT directly to clients performed better among females,

with overall uptake increasing to 58%–59%. Although this in part

reflects higher uptake following the initial invitation letter among

females than males it is worth noting that, among males, overall

uptake did not vary across groups. The reason why uptake is higher in

females is still unclear, but it may be associated with a longer history

of cancer screening in women (with programs for breast and cervical

cancer, which have rather high uptake41,42) and greater acceptability

of noninvasive home‐based testing for colorectal cancer.10,43

In terms of why the intervention did not impact overall uptake in

males, several studies, including our work in Ireland, have reported

male‐specific barriers to colorectal cancer screening participation;

these include factors such as cancer fatalism, fear of cancer, ambig-

uous procrastination, less knowledge about cancer and cancer

screening, less consistent relationships with general practitioners,

living alone, and a lack of social support.14–16,44,45 Further behavioral

research among males (particularly from deprived areas) would be

useful in advancing understanding of the gender gap in participation.

Deprivation

Colorectal cancer incidence is significantly higher in males from more

deprived areas, whereas both males and females from more deprived

areas have significantly higher mortality.46 The importance of

ensuring that interventions do not exacerbate inequalities has been

highlighted13; this has been suggested to be a particular risk with

“downstream” preventive interventions.47 Although direct provision

of FIT resulted in higher uptake in people resident in affluent areas, it

was particularly encouraging that this beneficial effect was also seen

among those resident in more disadvantaged areas.

Behavioral intervention

Results indicate that the behavioral intervention (i.e., the MRL) did

not have a significant effect on uptake. Although tests for

interactions were nonsignificant, there was a suggestion in the data

that disadvantaged females responded well to the combined FIT

direct and modified reminder letter (primary outcome, overall up-

take: disadvantaged MRL þ FITD; OR, 1.30; 95% CI, 1.01–1.67;

subgroup outcome: OR, 2.42; 95% CI, 1.75–3.34) (see Supporting

Information 3). Although this should be taken with caution, the

modified reminder letter combined with the mailed FIT may have

specific utility among females within more deprived areas. Develop-

ment of behavioral interventions is complex, and although we fol-

lowed guidance,18 we were still unsuccessful. This may be as a result

of the selection of the active ingredients of the intervention (either

not enough or different ingredients) or that the intervention required

more effective subgroup targeting. Behavioral messaging may be

more useful in uptake interventions targeting specific subgroups

within populations but more in‐depth research is required; thus, the

main challenge is in identifying “what works” and “for whom.” In this

regard, several studies have indicated potential utility of social norm‐
based interventions,48,49 whereas behavior change interventions

targeting access to resources, material incentives, and descriptive

norms show promise.50

Limitations

We were unable to randomize the sample to the four study groups

within the BowelScreen system, and this is an important limitation

because the possibility remains that the findings could have resulted

from an uncontrolled confounder. Although the quasi‐experimental
design, with allocation by week, resulted in broadly equal distribu-

tion of characteristics, there was a somewhat higher (p = .05) per-

centage of client’s resident in disadvantaged areas in the

MRL þ FITD group. We did, however, adjust for deprivation in our

models and uptake remained significantly higher in the FIT direct

groups, despite the deprivation gradient. However, there may have

been some residual confounding present.

In conclusion, mailing a FIT kit directly to clients within the

reminder letter is an effective strategy to increase BowelScreen

uptake. Organized FIT‐based screening programs not reaching up-

take targets should consider implementing this strategy if not already

in place. Further research is needed to better understand how de-

terminants of colorectal cancer screening participation can be

translated into effective, low cost, behavioral interventions.
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