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Abstract

Objectives: The aim of this study was to examine the impact of redesigned advance notification letters on screening intention and the
moderating role of screening barriers/facilitators.

Methods: In an online survey, 562 Australians aged 50–74 years were randomised to view one of three letters: the current letter (control) or one

of two redesigns with enhanced graphics and evidence-based messaging. Participants rated their screening intention before and after viewing,

with screening barriers and facilitators also measured.

Results: The redesigned letters did not increase screening intention over the control [control vs. Redesign 1: the estimated effect of the

predictors (b)=0.12, p=0.204; control vs. Redesign 2: b=0.07, p=0.471]. Higher self-efficacy (b=0.12, p<0.001), perceived benefits (b=0.12,
p<0.001), lower autonomy concerns (b=−0.23, p<0.001), avoidance (b=−0.16, p=0.004), disgust (b=−0.12, p=0.011) and perceived difficulty

(b=−0.02, p<0.001) moderated the letters’ effect on intention for all letter versions.

Conclusions: Advance notification letters increase intention, with certain reactions (e.g. high self-efficacy and perceived benefits) enhancing
this effect. Design and content changes may not improve impact beyond the letter’s intrinsic effect.

Implications for Public Health: Multi-pronged approaches may better address individual barriers. Exploring digital formats may enhance

advanced notification effects.

Key words: colorectal cancer screening, colorectal neoplasms, early detection, faecal occult blood test, prenotification
Introduction
S
creening enhances early detection of bowel cancer, thereby

reducing mortality.1 In Australia, the National Bowel Cancer

Screening Program (NBCSP) automatically distributes at-home

bowel screening kits to those aged 50–74 years and invites those

aged 45–49 years to request to a kit in order to participate.2

Participants are 1.7 times more likely to detect bowel cancer early if

present and less than half as likely to die from it compared to non-

participants.3 Despite this, participation remains low, at about 40% in
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2021–2022.4 Increasing screening uptake is essential to reducing the

bowel cancer burden in Australia.

Various interventions to increase screening participation, such as

general practitioner endorsement, reminders and simplified

procedures, have been trialled globally.5 Advanced notification is one
such intervention, in which eligible individuals receive information on

bowel screening before the kit arrives. In the NBCSP, this notification

is a letter mailed four to six weeks before the kit’s arrival, briefly

outlining the importance of screening and prompting recipients to
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expect their kit soon. Although cost-effective,6 the advanced

notification shows only small to moderate effects on participation,

around 4–7%,5,7 suggesting room for improvement.

Theory-informed interventions consistently demonstrate superior

outcomes compared to atheoretical approaches.8 Therefore, it may be

possible to enhance the effectiveness of advance notification letters

through the integration of psychological theory and evidence. Many

prior theories have been applied to conceptualise bowel cancer

screening behaviour, such as the Transtheoretical Model of Behavior
Change,9 the Health Belief Model9 and the Health Action Process

Approach.10 These frameworks share the fundamental proportion that

intention formation is a critical precursor to screening

participation.10,15 The temporal positioning of advance notification

letters, delivered weeks before arrival of the screening kit, aligns with

the theoretical mechanisms of intention formation.11 These letters

may facilitate screening uptake by providing recipients an extended

period for contemplation and development of an intention to screen.
Therefore, modifying the advance notification letter content to target

established determinants of screening intention represents a

theoretically viable approach to enhancing their effectiveness.

Prior studies investigating the effectiveness of theory-informed

modifications to bowel cancer screening invitation letters have
yielded mixed results. Randomised controlled trials in Australia12 and

Canada13 demonstrated that letters incorporating elements from

established frameworks—namely the transtheoretical model,14 Health

Belief Model9 and Theory of Planned Behavior15—significantly

increased actual screening participation compared to standard

invitations. Conversely, studies examining the impact of the letters on

intention to screen, such as those conducted in Italy16 and the United

Kingdom17 found that letters targeting common psychological
barriers to screening, such as disgust and fear, failed to increase

screening intention. Therefore, the optimal application of

psychological theory to enhance screening intention through

advance notification letters remains unclear.

Many factors affect screening intention.18–20 Facilitators like risk

perception, self-efficacy (confidence in completing screening) and

anticipating personal benefit from screening are linked to higher

intention.21 Conversely, anticipating negative outcomes (such as

inconvenience or learning of a cancer diagnosis; Myers et al., 2022),

avoidance tendencies, and perceptions of screening as disgusting,

difficult, or autonomy-violating reduce intention and can be referred to

as barriers.22 It may therefore be possible to enhance the effect of an
advance notification letter on screening intention using messaging,

targeting these known facilitators and alleviating common barriers to

screening. Also, it is important to consider, however, that barriers to

bowel cancer screening are highly variable and that they may exert a

greater influence on screening decisions in some individuals than in

others.22,23 Therefore, it is possible that individual baseline differences

in screening facilitators and barriers moderate the effectiveness of

advance notification letters on screening intention. It is critical to
investigate not only optimal letter modifications but also the

subgroups most responsive to such changes.

Although advance notification letters used in screening programs in

Australia and worldwide include behaviour change messaging, there

is limited evidence to suggest the deliberate or systematic application
of behaviour change theory in their design.24 The NBCSP’s current

advance notification letter remains largely unchanged to date,
providing an opportunity to develop and test behaviour change

theory integration in its design. Therefore, the current study aimed to:

i) test the effect of two redesigned advance notification letters on

bowel cancer screening intention, compared to the current

NBCSP letter (control) and

ii) explore how facilitators and barriers to screening may moderate
the effect of advance notification on screening intention.

Method

Study design and recruitment

This study was designed and conducted in alignment with the 2010

Consolidated Standards of Reporting Trials (CONSORT) Statement:

Updated Guidelines for Reporting Parallel Group Randomised Trials (a

CONSORT checklist is provided in Supplementary File 1). This study used

a parallel randomised controlled trial design in an online survey format

hosted via Qualtrics.25 Participants were randomly assigned 1:1 using
Qualtrics’ inbuilt randomiser function to view one of three advance

notifications letters, with data collected before and after exposure. The

sample (n=562) represented a subset of a larger, unpublished project

investigating consumer perspectives on advance notification letters to

inform theNBCSP. Australian residents aged 48–74 yearswere eligible to

participate in thebroader project; however, only those aged50–74 years

were included in this analysis to reflect the population of Australians

eligible to automatically receive a screening kit from the NBCSP. A post

hoc power analysis confirmed that this sample would retain at least 80%

power to detect a small effect at α=0.05. Recruitmentwas conducted via

an external agency specialising in representative health research

samples.25 A stratified sampling approach ensured balanced

representation by gender, age (i.e. above and below60 years of age) and

previous screening status (i.e. returned vs. did not return their most

recent NBCSP screening kit), accounting for known disparities in

screening participation across these groups.4

Ethical approval was granted by the host institution’s Human

Research Ethics Committee (ref. H21REA152). Data collection took

place from November 2022 to January 2023, with informed consent
obtained from all individual participants.

Materials

Three advance notification letters were tested: a control letter and
two redesigned versions.

Current NBCSP letter (control)

The control letter was the advance notification letter currently (as of

2023–2024) distributed by the Australian NBCSP (see Supplementary

File 2). It briefly outlines the screening program’s purpose, emphasises

its importance for the target age group, provides contact

information and notifies recipients that their test kit will arrive within

4–6 weeks. Whilst it includes motivational elements (e.g. a signed

address from the Australian Chief Medical officer to leverage

healthcare endorsement effects5), it lacks explicit grounding in
behaviour change theory and does not incorporate the latest

evidence on increasing screening intention. This makes it a suitable

control for comparison with the redesigned letters.

Redesigned letters

Two redesigned letters were developed by the authors and the

Australian Government Department of Health and Aged Care NBCSP
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team. Redesign 2 kept a traditional letter format, whereas Redesign 1

adopted a more visually engaging flyer-style layout. Both redesigned

letters, however, incorporated colour, images and enhanced

formatting not featured in the control letter. Though differing slightly

in content, both redefined letters were grounded in current evidence
on screening barriers and facilitators5,12,22,26–29 and developed with

behaviour change experts. They aimed to enhance screening

intention by (i) raising perceived risk, (ii) emphasising screening

participation benefits and (iii) boosting screening self-efficacy. They

also included messaging, targeting common barriers, including

disgust, perceived difficulty, autonomy concerns, anticipated negative

outcomes and avoidance behaviour. Finally, the letters were designed

to reinforce the social normativity of screening participation by
emphasising its widespread adoption (e.g. “Millions of Australians

screen every year”) and included healthcare professional

endorsement.5 Additional design details and expert involvement are

provided in Supplementary File 2.

Measures and procedure

Participants completed a 5- to 10-minute online survey via Qualtrics,30

providing demographic details (age, gender, screening history and

residential postcode). Postcode was used to determine geographical

remoteness and area-level socioeconomic status based on the

Australian Statistical Geography Standard Remoteness Structure31

and the Socio-Economic Index for Areas.32

Participants were shown the NBCSP kit and its contents to (re)
familiarise them with the screening program. At T1, before letter

exposure, screening intention was measured using a single item:

“How likely are you to complete and return your bowel cancer screening

kit when you next receive it in the mail?” rated on a five-point Likert

scale, where 1 = “Extremely unlikely” and 5 = “Extremely likely”.

Participants were then randomly assigned to view one of the three

advance notification letters. At T2, following letter exposure,

participants repeated the measure of screening intention using the
item described earlier. Additionally, participants rated their levels of

screening facilitators (risk perception, self-efficacy and positive-

outcome expectancies) and barriers (avoidance of negative outcomes,

perceived lack of autonomy, difficulty, disgust and negative-outcome

expectancies). Facilitators and barriers were measured using validated

scales, the Process Approach to Mail-Out Screening scale21 and the

Barriers to Bowel Cancer Screening (BB-CanS) scale.22 Measurements

were collected using four- (barriers) or five-point (facilitators) Likert
scales, with high scores representing higher levels of agreement with

each statement. For example, response to the question “After viewing

this letter, how likely do you think a diagnosis of bowel cancer is during

your lifetime?” was used to measure screening facilitator, risk

perception, where 1 = “Extremely unlikely” and 5 = “Extremely likely”.

For a full list of survey items, see Supplementary File 3.

Statistical analysis

Survey data were analysed using a linear mixed model (LMM) in R

version 4.2.2, with the dplyr,33 lme4,34 nlme35 and emmeans36

packages. The LMM included a random intercept to account for the

baseline variation in screening intention and a random slope

accounting for changes in intention following letter exposure.

To address aim one, letter condition was added as a moderator to

examine whether changes in screening intention differed between

participants who viewed the control and redesigned letters. To control
for their effect on screening intention, participant age, gender, area-

level socioeconomic status and prior exposure to an advance

notification letter (determined by whether they had previously received

an NBCSP kit) were included as covariates. For aim two, separate LMMs

were run (with the previously covariates), each testing one barrier or
facilitator as a moderator. Three-way interactions were also tested to

assess whether changes in screening intention were dependent on an

individual’s scores on the barrier and facilitator items and whether this

relationship varied across the three letter conditions.

Results

The sample had a mean age of 60.9 years [standard deviation (SD) =
7.4], with 50.9% participants being male; 45.2% of the participants

reported not completing their most recent NBCSP screening kit. A total

of 190 participants were assigned to view the control letter; 183 viewed

Redesign 1, and 189 viewed Redesign 2. No significant differences in

demographics were found across letter conditions (see Table 1).

Effect of the advance notification letters on screening
intention

Table 2 presents LMM results. Participants’ average screening
intention increased from 3.69 (SD = 1.37) before letter exposure to

3.82 (SD = 1.33) after, indicating a significant rise in intention [the

estimated effect of the predictors (b)=0.13, p<0.001, 95% confidence

interval (CI): (0.05, 0.21)]. However, this increase did not differ

significantly between the control letter and the redesigned letters

[control vs. Redesign 1: b=0.12, p=0.204, 95%CI: (−0.07, 0.31); control
vs. Redesign 2: b=0.07, p=0.471, 95%CI: (−0.12, 0.26)].

Influence of facilitators and barriers on screening intention
Facilitators (Process Approach to Mail-Out Screening)

Anticipating greater personal benefit [b=0.12, p<0.001, 95%CI: (0.06,

0.18)] and higher self-efficacy [i.e. confidence in completing the kit;

b=0.12, p<0.001, 95%CI: (0.06, 0.17)] after viewing the advance

notification letters was associated with greater increase in screening

intention (Figure 1). However, the perceived risk of bowel cancer did
not affect the letters’ impact on intention [b=−0.01, p=0.873, 95%CI:

(−0.09, 0.07)].

Barriers (Barriers to Bowel Cancer Screening)

Participants who reported lower autonomy concerns [b=−0.23,
p<0.001, 95%CI: (−0.33, −0.13)], avoidance [b=−0.16, p=0.004, 95%
CI: (−0.26, −0.05)], perceived test difficulty [b=−0.20, p<0.001, 95%CI:

(−0.30, −0.10)] or disgust [b=−0.12, p=0.011, 95%CI:

(−0.22, −0.03)] after viewing the letters showed a greater increase in

screening intention (see Figure 1). Anticipating negative outcomes

did not moderate the effect of the letters on screening

intention [b=−0.02, p=0.602, 95%CI: (−0.09, 0.05)].
No significant three-way interactions were found; suggesting that the

aforementioned moderating effects on screening intention were

consistent across letter versions (see Supplementary File 4).

Discussion and conclusion

Overall, our findings show that advance notification letters elicit a

small increase in bowel cancer screening intention, aligning with prior

evidence.5,7 Contrary to expectations, redesigning the letters based



Table 1: Sample characteristics.a

Demographic Total sample
(n¼562)

Control letter
(n¼190)

Redesign 1
(n¼183)

Redesign 2
(n¼189)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (years) 60.9 7.4 60.7 7.1 61.3 7.5 60.6 7.5

% (n) % (n) % (n) % (n)

Gender
Male 50.9% 286 47.4% 90 51.9% 95 53.4% 101

Female 48.8% 274 52.1% 99 47.5% 87 46.6% 88

Born in Australia
Yes 73.3% 412 75.3% 143 68.9% 126 75.7% 143

No 26.7% 150 24.7% 47 31.2% 57 24.3% 46

Aboriginal and/or Torres Strait Islander identity
Yes 5.2% 31 6.3% 12 4.9% 9 5.3% 10

No 93.4% 525 92.6% 176 94% 172 93.7% 177

Area-level SES (Quintile)b

1st (most disadvantaged) 20.7% 116 21.6% 41 20.3% 37 20.1% 38

2nd 19.6% 110 22.6% 43 15.9% 29 20.1% 38

3rd 22.6% 127 22.6% 43 19.8% 36 25.4% 48

4th 18% 101 13.7% 26 21.4% 39 19.1% 36

5th (least disadvantaged) 19.1% 107 19.5% 37 22.5% 41 15.3% 29

Regionb

Major city 71.8% 403 74.2% 141 72.5% 132 66.8% 130

Inner regional 19.4% 109 15.3% 29 20.3% 37 22.8% 43

Outer regional/remote 8.7% 49 10.5% 20 7.1% 13 8.5% 16

Previously received an NBCSP kit
Yes 78.5% 441 27.4% 154 143 25.4% 144 25.6%

No/Unsure 21.5% 121 6.4% 36 40 7.1% 45 8%

Completed most recent NBCSP kit
Yes 32% 180 33.2% 63 31.7% 58 31.2% 59

No 45.2% 254 46.8% 89 44.3% 81 44.4% 84

No – regular colonoscopies 22.8% 128 20% 38 25.1% 46 23.8% 45

NBCSP = National Bowel Cancer Screening Program; SD = standard deviation.
aChi-squared tests revealed no significant differences in sample demographics between any of the letter conditions.
bArea-level socioeconomic status (SES) and regional status were calculated using residential postcode and the Australian Bureau of Statistics 2016

geography standards.31
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on expert guidance and behaviour change theory did not enhance

screening intention beyond the current NBCSP letter. One possible

explanation for this finding may be that the effectiveness of advance

notifications may not hinge solely on specific messaging or design.

Rather, the early provision of information, allowing additional time for

contemplation, may be the crucial factor underlying its positive effect

on screening intention and participation. This insight opens new
avenues for exploring modifications to advanced notifications beyond

content-related changes. Evidence indicates that digital notifications

(i.e. via text message or email) can increase bowel cancer screening

participation37–39 and may increase cost-effectiveness by reducing

printing and postal costs. However, these digital notifications remain

underutilised in screening programs and warrant further

investigation.24 Directly comparing the efficacy of digital versus

printed advance notifications could help optimise their use in
screening programs. Additionally, the timing of notification delivery

relative to kit arrival may influence their effectiveness, particularly in

reducing the risk of forgetting. Research has yet to examine whether

manipulating this interval could moderate the letter’s effect on

screening uptake.24 Future research exploring these modifications

could help refine this intervention for maximum effectiveness.

An alternative explanation for the failure of the advance notification

letter redesigns to increase screening intention above the control may
be due to the type of decision-making process engaged. According to

dual process theory,40 decision-making involves two cognitive

systems: fast automatic “Type I” processing and slower, deliberative

“Type II” processing.41,42 The screening intention captured in this

study likely resulted from “Type I” processing as it was measured

immediately following exposure to the notification letter. The

additional motivational content in the redesigned letters may require
more time for Type II processing to engage, process and influence

screening motivation. Whilst immediate responses provide valuable

insights into heuristic-driven health decisions,43 future research could

benefit from multiple measurements of screening intention, spanning

from post-exposure up to the kit’s arrival. Such a longitudinal

approach could offer deeper insights into how and when advance

notifications influence screening intention, optimising delivery

strategies for population screening programs.

Implications for public health

The current results suggest that the immediate impact of advance

notification letters on screening intention may depend less on explicit

behaviour change content and more on individual differences in

perceived screening barriers and facilitators. Specifically, individuals
with high levels of disgust, autonomy concerns, perceived test

difficulty and avoidance tendencies after reading the letters showed



Table 2: Linear mixed-model output (fixed effects).

Effect of advance
notification

Moderating effects of letter
redesigns

Moderating effects of barriers Moderating effects of facilitators

Time (pre-exposure vs.
postexposure)

Time £ letter
version

Time £ autonomy
concerns

Time £ avoidance Time £ difficulty Time £ disgust Time £ negative
outcome

Time £ positive
outcome

Time £ risk
perception

Time £ self-efficacy

AICa 3382.568 3388.646 3247.38 3313.444 3259.502 3293.746 3356.332 3020.138 3339.034 2975.229

BICb 3432.814 3458.991 3307.676 3373.74 3319.798 3354.042 3416.628 3080.433 3399.330 3035.524

LLc −1681.284 −1680.323 −1611.69 −1644.722 −1617.751 −1634.873 −1666.166 −1498.069 −1657.517 −1475.614
(Intercept)
b 4.428*** 4.441*** 4.675*** 4.862*** 5.941*** 4.863*** 4.850*** 1.883*** 2.825*** 2.242***

SE 0.495 0.511 0.473 0.500 0.480 0.485 0.508 0.443 0.562 0.415

t 8.938 8.690 9.884 9.727 10.303 10.032 9.549 4.252 5.031 5.397

Slope
b 0.132*** 0.122/0.069d −0.232*** −0.155** −0.197*** −0.123* −0.019 0.117*** −0.007 0.119***

SE 0.039 0.097/0.096d 0.052 0.054 0.050 0.048 0.037 0.031 0.041 0.029

t 3.347 1.271/0.721d −4.496 −2.873 −3.910 −2.563 −0.521 3.724 −0.160 4.118

Note. Screening facilitators and barriers were tested as moderators of the effect of advance notification on screening intention. b refers to the estimated effect of the predictor(s) on screening intention. For
results of the 3-way moderation analysis (time × mechanisms/barriers × letter version), see Supplementary File 4. SE, Standard error.

*p<0.05, **p<0.01, ***p<0.001.
aAIC = Akaike information criterion.
bBIC = Bayesian information criterion.
cLL = Log likelihood.
dControl letter versus Redesign 1/control letter versus Redesign 2.
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Figure 1: Influence of facilitators and barriers on screening intention. Note. Asterisks denote statistical significance of the moderation effects, where *p<0.05, **p<0.01
and ***p<0.001. SD ¼ standard deviation.

6 Full Length Article
reduced increases in screening intention compared to those who

reported lower levels of these barriers. Conversely, individuals
reporting higher perceived benefits of screening and greater self-

efficacy in response to the letter showed larger increases in screening

intention than those with weaker perceptions of these facilitators.

However, the perceived risk of bowel cancer and anticipating

negative screening consequences did not influence the letters’ effect

on screening intention, suggesting these factors may not contribute

to the effectiveness of advance notification letters.

It was initially surprising that anticipated negative screening

outcomes did not affect the letters’ impact on screening intention,

whilst avoidance tendencies did as both barriers reflect expectations

of adverse screening-related consequences. The key difference may

lie in the emotional response each barrier implies. Since avoidance
behaviour is often associated with anxiety,44 a tendency to avoid

screening may indicate a greater level of anxiety or worry, beyond

merely expecting adverse personal impacts. For those highly anxious

individuals, advance notification letters may not adequately address

their concerns to increase the willingness to participate. Targeted

interventions may be required to support those particularly

concerned or fearful about participating in bowel cancer screening.

Overall, our findings suggest that individual reactions to an advance

notification letter can influence its effectiveness and that this

intervention may primarily enhance screening intention for

individuals whose screening-related concerns are adequately
addressed, who perceive benefits of screening and who have high

self-efficacy regarding completion of the screening kit. This

underscores that advance notification letters are not a “one-size-fits-
all” approach to alleviating screening barriers and enhancing

facilitators amongst all prospective invitees. Prior research has
identified factors that may contribute to individual differences in

screening communications, including the fear of the screening

outcome and prior screening behaviours.45,46 These psychological

and behavioural factors may shape whether an individual perceives

the letter as reassuring or distressing, thereby influencing its impact

on intention. Given this variability, previous research suggests that

combining multiple intervention strategies can increase the

population-level screening participation more effectively than using a
single strategy47 as different strategies may be better suited to

different individuals. As such, advance notifications may be more

effective if delivered in tandem with other intervention strategies to

better address the unique screening barriers faced by individuals.
Study limitations

The findings of this study should be considered in light of its

limitations. The advance notification letters were presented in a

hypothetical scenario, where participants imagined their responses as

if they received the letter by mail. This introduces uncertainty about
whether the observed responses accurately reflect those that would

occur in a more naturalistic setting. The proximity of T1 and T2

measures of screening intention may also have introduced an order-

effect bias, leading participants to maintain consistency in their

ratings of intention before and after letter exposure. Future

exploration of the effect of a redesigned advance notification letter

on intention may yield different results with an increased time delay

between T1 and T2 measurements. Furthermore, design and content
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differences between the letters (see Supplementary File 2) were

modest as policy and practical constraints limited changes to the

redesigned letters. More substantial modifications might have shown

a stronger effect on screening intention than on the control.

Additionally, this study investigated screening intention rather than

behaviour. Although intention is an imperfect predictor of screening
participation,48 understanding the processes which impact it has

important theoretical implications, aligning with the transtheoretical

model’s proposition that advance notification can increase screening

uptake by enhancing “readiness” or motivation to screen. Participants’

levels of screening barriers and facilitators were conceptualised in this

study as individual-level factors that may moderate the impact of an

advance notification letter on intention. However, it is also possible that

exposure to an advance notification letter directly influences these
factors, whichmay in turn shape screening intention. Given the absence

of baseline measures, we could not assess whether changes in

screening barriers and facilitators mediated the effect of the letter on

intention. Mediation analysis was, therefore, beyond the scope for this

study. Future research should obtain both baseline and post-exposure

measures to better understand how advance notifications influence

these psychosocial factors and ultimately, screening intention.

Additionally, this study did not assess the moderating role of
participants’ sociodemographic factors, although prior work suggests

that characteristics such as gender and culture may also influence the

effectiveness of screening interventions.49 However, it is important to

note that whilst such factors may moderate responses to advance

notification letters, they are immutable characteristics the letter itself

cannot influence. Future work should investigate how advance

notification letters can be tailored to engage individuals by

targeting variables modifiable to intervention whilst also
considering the moderating effect of demographic characteristics

and identifying intervention strategies most effective for

different population subgroups. This trial was not prospectively

registered.

Conclusion

Our results indicated that whilst advance notification letters increase

bowel cancer screening intention, our attempts to enhance their

effectiveness through theory-informed modifications to content and
design were ineffective. Future research should explore non–content-

related modifications, such as digital delivery or optimised timing, to

potentially improve efficacy. Additionally, tracking screening intention

over time post exposure may provide insights into how this

intervention influences screening intention as individuals

contemplate the message. Variability in individual responses suggest

that a multi-pronged approach addressing diverse screening barriers

may further enhance population bowel cancer screening in Australia
and beyond.
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34. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using
lme4. J Stat Software 2015;67(1). https://doi.org/10.18637/jss.v067.i01.

35. Pinheiro J, Bates D, Team RC. nlme: Linear and Nonlinear Mixed Effects
Models. 2024.

36. Lenth R, Banfari B, Bolker B, Buerkner P, Gine-Vazquez I, Herve M, et al. emmeans:
Estimated Marginal Means, aka Least-Squares Means [Online]. Available: https://
cran.r-project.org/web/packages/emmeans/index.html, Dec. 18, 2023.
[Accessed 23 January 2024].

37. Coronado GD, Nyongesa DB, Petrik AF, Thompson JH, Escaron A, Younger B,
et al. Randomized controlled trial of advance notification phone calls vs text
messages prior to mailed fecal test outreach. Clin Gastroenterol Hepatol Jul. 2020.
https://doi.org/10.1016/j.cgh.2020.07.053.

38. Huf SW, Asch DA, Volpp KG, Reitz C, Mehta SJ. Text messaging and opt-out
mailed outreach in colorectal cancer screening: a randomized clinical trial.
J Gen Intern Med Jul. 2021;36(7):1958–64. https://doi.org/10.1007/s11606-020-
06415-8.

39. Larsen MB, Hedelund M, Flander L, Andersen B. The impact of pre-notifications
and reminders on participation in colorectal cancer screening – a randomised
controlled trial. Prev Med Nov. 2022;164:107229. https://doi.org/10.1016/
j.ypmed.2022.107229.

40. Gilovich T, Griffin D, Kahneman D. Heuristics and biases: the psychology of
intuitive judgment. In: Representativeness revisited: attribute substitution in intuitive
judgment; 2012 [Online]. Available: https://www-cambridge-org.ezproxy.usq.edu.
au/core/books/heuristics-and-biases/representativeness-revisited-attrib
ute-substitution-in-intuitive-judgment/AAB5D933A3F944CFB5CB02265D376C8F.
[Accessed 8 March 2024].

41. Evans J St BT. Dual-processing accounts of reasoning, judgment, and social
cognition. Annu Rev Psychol Jan. 2008;59(1):255–78. https://doi.org/10.1146/
annurev.psych.59.103006.093629.

42. Kahneman D. Thinking, fast and slow. Penguin; 2012.
43. Peters E, McCaul KD, Stefanek M, Nelson W. A heuristics approach to under-

standing cancer risk perception: contributions from judgment and decision-
making research. Ann Behav Med Feb. 2006;31(1):45–52. https://doi.org/10.1207/
s15324796abm3101_8.

44. Arnaudova I, Kindt M, Fanselow M, Beckers T. Pathways towards the proliferation
of avoidance in anxiety and implications for treatment. Behav Res Ther Sep. 2017;
96:3–13. https://doi.org/10.1016/j.brat.2017.04.004.

45. Scaglioni G, Capasso M, Bianchi M, Caso D, Cavazza N. Facing the emotional
barriers to colorectal cancer screening. The roles of reappraisal and situation
selection. Int J Behav Med Apr. 2024. https://doi.org/10.1007/s12529-024-
10284-4.

46. Lee-Won RJ, Na K, Coduto KD. The effects of social media virality metrics,
message framing, and perceived susceptibility on cancer screening intention:
the mediating role of fear. Telematics Inf Dec. 2017;34(8):1387–97. https://
doi.org/10.1016/j.tele.2017.06.002.

47. Myers L, Goodwin B, March S, Dunn J. Ways to use interventions to increase
participation in mail-out bowel cancer screening: a systematic review and meta-
analysis. Transl Behav Med 2020;10(2):384–93.

48. Orbell S, Sheeran P. Inclined abstainers’: a problem for predicting health-related
behaviour. Br J Soc Psychol 1998;37(2):151–65. https://doi.org/10.1111/j.2044-
8309.1998.tb01162.x.

49. Shankleman J, Massat NJ, Khagram L, Ariyanayagam S, Garner A, Khatoon S,
et al. Evaluation of a service intervention to improve awareness and uptake of
bowel cancer screening in ethnically-diverse areas. Br J Cancer Sep. 2014;111(7):
1440–7. https://doi.org/10.1038/bjc.2014.363.

Appendix A Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.anzjph.2025.100246.

https://consultations.health.gov.au/hearing-and-program-support-division/review-the-national-bowel-cancer-screening-program/
https://consultations.health.gov.au/hearing-and-program-support-division/review-the-national-bowel-cancer-screening-program/
https://www.aihw.gov.au/reports/cancer-screening/nbcsp-monitoring-2024/summary
https://www.aihw.gov.au/reports/cancer-screening/nbcsp-monitoring-2024/summary
https://doi.org/10.1186/s13643-019-1170-x
https://doi.org/10.1017/S0266462313000226
https://doi.org/10.1017/S0266462313000226
https://doi.org/10.1016/j.ypmed.2018.10.021
https://doi.org/10.1016/j.ypmed.2018.10.021
https://doi.org/10.1146/annurev.publhealth.012809.103604
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref9
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref9
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref9
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref9
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref9
https://psycnet-apa-org.ezproxy.library.uq.edu.au/fulltext/2008-06444-006.html
https://psycnet-apa-org.ezproxy.library.uq.edu.au/fulltext/2008-06444-006.html
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref11
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref11
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref11
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref11
https://doi.org/10.1016/j.socscimed.2016.06.036
https://doi.org/10.1016/j.ypmed.2021.106918
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref14
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref14
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref14
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1007/s12529-022-10142-1
https://doi.org/10.1007/s12529-022-10142-1
https://doi.org/10.1111/bjhp.12704
https://doi.org/10.1111/j.1467-842X.2000.tb00526.x
https://doi.org/10.1111/ecc.12582
https://doi.org/10.1016/S0091-7435(03)00016-1
https://doi.org/10.1016/S0091-7435(03)00016-1
https://doi.org/10.1111/aphw.12346
https://doi.org/10.1111/aphw.12346
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref22
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref22
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref22
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref23
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref23
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref23
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref23
https://doi.org/10.1002/pon.6340
https://www.qualtrics.com/au/research-services/online-sample/
https://doi.org/10.1002/pon.5866
https://doi.org/10.1037/0278-6133.21.1.3
https://doi.org/10.1007/s12160-013-9486-6
https://doi.org/10.1007/s12160-013-9486-6
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref29
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref29
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref29
https://www.qualtrics.com/au/
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://www.abs.gov.au/statistics/people/people-and-communities/socio-economic-indexes-areas-seifa-australia/latest-release
https://www.abs.gov.au/statistics/people/people-and-communities/socio-economic-indexes-areas-seifa-australia/latest-release
https://www.abs.gov.au/statistics/people/people-and-communities/socio-economic-indexes-areas-seifa-australia/latest-release
https://dplyr.tidyverse.org
https://github.com/tidyverse/dplyr
https://github.com/tidyverse/dplyr
https://doi.org/10.18637/jss.v067.i01
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref35
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref35
https://cran.r-project.org/web/packages/emmeans/index.html
https://cran.r-project.org/web/packages/emmeans/index.html
https://doi.org/10.1016/j.cgh.2020.07.053
https://doi.org/10.1007/s11606-020-06415-8
https://doi.org/10.1007/s11606-020-06415-8
https://doi.org/10.1016/j.ypmed.2022.107229
https://doi.org/10.1016/j.ypmed.2022.107229
https://www-cambridge-org.ezproxy.usq.edu.au/core/books/heuristics-and-biases/representativeness-revisited-attribute-substitution-in-intuitive-judgment/AAB5D933A3F944CFB5CB02265D376C8F
https://www-cambridge-org.ezproxy.usq.edu.au/core/books/heuristics-and-biases/representativeness-revisited-attribute-substitution-in-intuitive-judgment/AAB5D933A3F944CFB5CB02265D376C8F
https://www-cambridge-org.ezproxy.usq.edu.au/core/books/heuristics-and-biases/representativeness-revisited-attribute-substitution-in-intuitive-judgment/AAB5D933A3F944CFB5CB02265D376C8F
https://doi.org/10.1146/annurev.psych.59.103006.093629
https://doi.org/10.1146/annurev.psych.59.103006.093629
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref42
https://doi.org/10.1207/s15324796abm3101_8
https://doi.org/10.1207/s15324796abm3101_8
https://doi.org/10.1016/j.brat.2017.04.004
https://doi.org/10.1007/s12529-024-10284-4
https://doi.org/10.1007/s12529-024-10284-4
https://doi.org/10.1016/j.tele.2017.06.002
https://doi.org/10.1016/j.tele.2017.06.002
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref47
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref47
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref47
http://refhub.elsevier.com/S1326-0200(25)00027-5/sref47
https://doi.org/10.1111/j.2044-8309.1998.tb01162.x
https://doi.org/10.1111/j.2044-8309.1998.tb01162.x
https://doi.org/10.1038/bjc.2014.363
https://doi.org/10.1016/j.anzjph.2025.100246
https://doi.org/10.1016/j.anzjph.2025.100246

	The impact of redesigned advance notification letters on intention to screen for bowel cancer: a randomised controlled expe ...
	Introduction
	Method
	Study design and recruitment
	Materials
	Current NBCSP letter (control)
	Redesigned letters

	Measures and procedure
	Statistical analysis

	Results
	Effect of the advance notification letters on screening intention
	Influence of facilitators and barriers on screening intention
	Facilitators (Process Approach to Mail-Out Screening)
	Barriers (Barriers to Bowel Cancer Screening)


	Discussion and conclusion
	Implications for public health
	Study limitations

	Conclusion
	flink6
	flink7
	flink8
	flink9
	References


