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Abstract

Background: Mobile phone SMS text message reminders have shown moderate effects in improving participation rates in
ongoing colorectal cancer screening programs.

Objective: This study aimed to assess the effectiveness of SM S text messages as a replacement for routine postal remindersin
afecal immunochemical test—based colorectal cancer screening program in Catalonia, Spain.

Methods: We conducted a randomized controlled trial among individuals aged 50 to 69 years who were invited to screening
but had not completed their fecal immunochemical test within 6 weeks. The intervention group (n=12,167) received an SM Stext
message reminder, while the control group (n=12,221) followed the standard procedure of receiving areminder |etter. The primary
outcome was participation within 18 weeks of theinvitation. Thetrial was stopped early, and arecovery strategy wasimplemented
for nonparticipants in the intervention group. We performed a final analysis to evaluate the impact of the recovery strategy on
the main outcome of the trial. Participation was assessed using a logistic regression model adjusting for potential confounders
(sex, age, and deprivation score index) globally and by screening behavior.

Results: The trial was discontinued early in September 2022 due to the results of the interim analysis. The interim analysis
included 5570 individuals who had completed 18 weeks of follow-up (intention-to-treat). The SMS text message group had a
participation rate of 17.2% (477/2781), whereas the control group had a participation rate of 21.9% (610/2789; odds ratio 0.71,
95% CI 0.62-0.82; P<.001). As arecovery strategy, 7591 (72.7%) out of 10,442 nonparticipantsin the SM S text message group
had an open screening episode and received a second reminder by letter, reaching a participation rate of 23% (1748/7591). The
final analysis (N=24,388) showed a participation rate of 29.3% (3561/12,167) in the intervention group, which received 2
reminders, while the participation rate was 26.5% (3235/12,221) in the control group (oddsratio 1.16, 95% CI 1.09-1.23; P<.001).

Conclusions: Replacing SM S text messages with reminder letters did not increase the participation rate but also led to adecline
in participation among nonparticipants 6 weeks after the invitation. However, sending a second reminder by letter significantly
increased participation rates among nonparticipants within 6 weeks in the SM S text message group compared with those who
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received 1 postal reminder (control group). Additional researchisessential to determine the best timing and frequency of reminders
to boost participation without being intrusive in their choice of participation.

Trial Registration:

(IMIR Mhealth Uhealth 2025;13:€64243) doi: 10.2196/64243
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Introduction

Colorecta cancer (CRC) isasignificant global health concern,
with millions of new cases diagnosed and thousands of lives
lost each year [1,2]. Early detection through screening is vital
for reducing the morbidity and mortality associated with CRC
[3,4]. However, despite the proven benefits of early detection,
participation rates in CRC screening programs remain
suboptimal in most parts of the world [5]. A recent systematic
review that analyzed the effectiveness of invitation schemesin
fecal occult blood test (FOBT)-based CRC screening found
that reminders had a positive impact, increasing participation
by 8.5% to 15.8% points depending on the method used [6].
The current European guidelinesfor CRC screening recommend
using reminders through evidence-based communication
channels such as letters and telephone reminders to improve
cancer screening rates; however, some of these approaches can
be costly [4]. Therefore, in order to broaden the reach of
screening efforts, there is a need to explore and establish
innovative and cost-effective strategies aimed at improving
screening uptake among the target popul ation.

In the contemporary era of digital communication, mobile
phones have become indispensable tools that can influence
various aspects of health care delivery. SMS text messaging
has emerged as a versatile and convenient channel for health
care professionals to connect with patients. Its utility liesin its
accessibility, affordability, and effectiveness as a platform for
conveying hedlth-related information, reminders, and motivation
[7-9]. SM Stext messaging has a so shown promising resultsin
addressing some challenges presented by CRC screening
programs to overcome certain traditional barriers. A study
conducted in Israel found that sending SMSremindersincreased
participation by 1.8% points compared with no reminder [10].
However, a study in the United Kingdom showed that adding
an SMSreminder to the standard letter reminder resulted in an
increase in participation only among first-time invitees[11]. In
addition, asystematic review of SM Stext message interventions
for cancer screening found that they had a small effect on CRC
screening rates, ranging from 0.6% to 3.3% [12]. There is,
therefore, aneed for further research to explore the potential of
this approach more comprehensively.

This randomized controlled trial (RCT) assessed the
effectiveness of SM S text messages versus postal remindersin
a feca immunochemical test (FIT)-based CRC screening
program and is part of the larger Mobile Phone Messaging as
a Tool to Improve Cancer Screening (M-TICS) study, which
aims to evaluate the impact of different SMS text messaging
interventions on participation in the ongoing colorectal and
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breast cancer screening programs in the metropolitan area of
Barcelona, Catalonia, Spain [13].

Methods

Study Design

We conducted an RCT that compared an SMS text message
reminder with the standard reminder procedure (aletter sent by
postat mail) in a FIT-based CRC screening program.
Recruitment was conducted from May 9, 2022, to September
9, 2022. Thetria was stopped early, and we launched arecovery
strategy for nonparticipants in the intervention group.

Ethical Considerations

The study received ethical approval from the Ethics Committee
of the Bellvitge University Hospital (reference PR042/20),
which waived the requirement to obtain the participant’s
signature as part of the consent process, astheintervention was
a minor variation on the invitation practice. The study was
performed under Good Clinical Practice and the Declaration of
Helsinki. The datautilized in this study were de-identified prior
to analysis to ensure the protection of individuas privacy. The
participants in this study did not receive any form of
compensation.

Setting

The Catalan Institute of Oncology screening hub, as part of the
CRC screening program in Catalonia, Spain, managesabiennial
FIT-based program for CRC in northern and southern
metropolitan areas of Barcelona and covers atarget population
of 502,348 men and women aged 50-69 years (January 1, 2022).
The hub identifiesindividuals duefor screening from the Central
Register of Insured Persons of the Catalan Health Service.
Eligibleindividuals receive an invitation letter to pick upaFIT
kit at any pharmacy participating in the CRC program. A
reminder invitation letter is sent to those nonparticipants in the
sixth week. A total of 10 weeks after the reminder letter, the
screening episode is automatically closed as a nonparticipant
if no response is received. Community pharmacies collect and
send completed FIT kits to their allocated laboratory to be
processed. Individuals with positive FIT results are offered a
diagnostic colonoscopy. If an invitation letter isreturned to our
hub due to an incorrect mailing address, we verify its current
and correct status. If the addressiswrong, we send anew letter
to the updated address.

Participants and Randomization

Eligible individuals were men and women who received an
invitation letter but did not participate within 6 weeks. Simple

IMIR Mhealth Uhealth 2025 | vol. 13 | 64243 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/64243
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

randomization was performed to allocate the participants. We
designed an application using JavaScript’s built-in Math.random
function to select and randomize eligible individualsin a 1:1
ratio stratified by previous screening behavior to either the
intervention or the control group. From May 9, 2022, onward,
eligibleindividual swere randomized to the intervention weekly
until the target sample size was achieved. Individuals without
a registered mobile phone were excluded. No blinding was
considered at any step. However, the end point of this study did
not require subjective judgment.

I ntervention Description

Individuals randomly assigned to the control group received
the standard reminder procedure: areminder |etter 6 weeks after
theinvitation. Individualsrandomly assigned to theintervention
group received an SMS text message reminder 6 weeks after
theinvitation instead of the reminder |etter. SM S text messages
were bidirectional (enabling 2-way messaging) and fully
automated delivery through a platform. The screening hub staff
members managed the incoming individual responses. The
initial of thefirst name and the entire last name were part of the
SM Stext message. A link to request ahard copy of the original
invitation letter was provided, as this includes a unique code
needed to pick up the FIT kit in their local pharmacy. A
reminder letter was sent to individual swhose SM Stext messages
failed to be delivered (Multimedia Appendix 1).

Outcomes and Baseline Variables

The primary outcome was the screening participation defined
as individuals who completed an adequate FIT kit (positive or
negative) within 18 weeks of theinvitation. When the laboratory
is unable to analyze a test (spoilt kit or technical failure), the
participant is asked to repeat the FIT. If they refuse, the final
test result is coded as indeterminate. Baseline variables were
sex, age at theinvitation, previous screening behavior (first-time
invitees, previous nonparticipants, and previous screenees), and
tertiles of deprivation score (DS) index based on theindividual’s
Catalan primary health carereferral area[14].

Sample Size

The sample size was estimated to detect differential effectson
previous screening behavior (first-time invitees, previous
nonparticipants, and previous screenees). We hypothesi zed that
SMSS text message reminders would boost the participation of
first-time invitees. A small, nonsignificant effect was expected
for previous nonparticipants or previous screenees.

We considered a proportion difference in participation of 3%
points between the intervention and control groups for each
previous screening stratum.

Participation rates after 6 weeks from the invitation letter of
9%, 17%, and 52% were considered for first-time invitees,
previous nonparticipants, and previous screenees (based on our
retrospective data). We anticipated that 10% of the phone
numbers would be wrongly recorded. Finally, accepting an o
risk of .05 and apower of 0.90in a2-tailed test, thetotal sample
size was estimated at 25,572 individuals.
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Interim Analysis

We performed an interim analysis when about 25% of the
individuals recruited had completed the 18-week follow-up
period. The criterion we used to stop the trial early was based
on the Haybhittle-Peto boundary, which sets a threshold of
P<.001 when 1 interim analysisis performed while maintaining
the a level and statistical power determined in the sample size
calculation [15].

Recovery Strategy

A recovery strategy was designed to be implemented if results
from interim analyses met the criteria for stopping the
intervention. The recovery strategy involved a postal reminder
for all nonrespondents within the intervention group if they
were still eligible to participate (SMS text message reminder
received within thelast 10 weeks). This strategy aimed to reduce
nonparticipation in the intervention group and, therefore,
mitigate theimpact of the nonresponse of the intervention group
and prevent ethical issues.

Statistical Analysis

All primary analyses were conducted as an intention-to-treat
analysis, including all eigibleindividual s, regardless of whether
they received the complete or partial intended intervention. We
compared baseline characteristics between the study groups
using the 2-tailed Student t test for continuous data and
chi-square tests for categorical data to identify imbalances
during randomization. Similarly, we made comparisons of
baseline characteristics in trial groups based on previous
screening behavior. The effectiveness of the SM S text message
reminders in participation was assessed using a logistic
regression model adjusting for potential confounders (sex, age,
and DSindex) globally and by screening behavior. Resultswere
reported as odds ratio (OR) and 95% Cls. A 2-sided P value of
less than .05 was considered statistically significant. We also
performed a post hoc subgroup analysis according to sex, age,
and DS index. For the post hoc comparisons, we applied the
Bonferroni correction by setting a significance level of P<.03
when 2 tests were conducted (for each sex and each age group)
and athreshold of P<.02 when 3 tests were performed (one for
each DS index). All the analyses were performed using Stata
(version 18.0; StataCorp LP).

Results

Participants

Between May 9 and September 9, 2022, a total of 24,388
individuals were enrolled in this study. A total of 12,167
individuals were randomly assigned to the SM S text message
group and 12,221 to the control group (Figure 1). SMS text
messages failed to be delivered to 457 (3.8%) out of 12,167
individuals in the intervention group, and letters failed to be
delivered to 625 (5.1%) out of 12,221 individualsin the control
group. Furthermore, a total of 113 individuals who were lost
follow-up due to changes in their individual addresses were
classified as nonparticipants. The intention-to-treat approach
included all individuals selected and randomized, regardless of
their final status.
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Figurel. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of reminder intervention to participatein acolorectal cancer screening

program.

Eligible individuals
(nonparticipants at week 6 of initial invitation)
N=24,388

Randomization (1:1)

Control group
n=12,221
Intention-to-treat population

Interim analysis
n=2789

Discontinuation

Final analysis
n=12,221

Interim Analysis

Theinterim analysisincluded asample of 5570 individualswho
had completed the 18 weeks of follow-up, thus representing
23% of the total 24,388 individuals recruited. Among these
5570 individuals, 2825 (50.7%) were women, the mean age was
57.1 (SD 5.78) years, 2123 (38.1%) were from the high DS
area, and 2613 (46.9%) had previously undergone a screening
test. Baseline characteristics were similar in both groups

Intervention group
n=12,167
Intention-to-treat population

Interim analysis
n=2781

Recovery strategy
(reminder letter)

|

Final analysis
n= 12,167

(Multimedia Appendix 2). The participation rate of
nonparticipants within 6 weeks of invitation was significantly
higher in theletter group (610/2789, 21.9%) compared with the
SM S text message group (477/2781, 17.2%) at 18 weeks, with
an OR of 0.71 (95% CI 0.62-0.82). The stratified analysis by
previous screening behavior also showed differences in
participation between the two groups, favoring the letter group
(Table 1).

Table 1. Interim analysis of the participation by previous screening behavior among nonparticipants within 6 weeks of invitation (intention-to-treat).

Previous screening behavior Letter, n/N (%) SMS text message, n/N (%) OR?(95% Cl) P value
Previous screenees 475/1315 (36.1) 400/1298 (30.8) 0.79 (0.67-0.92) .004
First-timeinvitees 135/1474 (9.2) 77/1483 (5.2) 0.55 (0.4-0.76) <.001
Previous nonparticipants 32/651 (4.9) 11/585 (1.9) 0.38 (0.19-0.76) .004
Global 610/2789 (21.9) 4772781 (17.2) 0.71 (0.62-0.82) <.001

80R: odds ratio.

Recovery Strategy of sending reminder letters varied between 11 and 103 days

At the time of the trial interruption, we identified 10,431
individuals who did not participate in the SMS text message
group. Of these individuals, 7591 (72.7%) were still eligibleto
participate as they received a reminder (SMS text message)
fewer than 10 weeks ago. Therefore, we sent asecond reminder
by letter to encourage them to participate and help mitigate the
negative impact of the SM S text message (Figure 2). Thetime
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after receiving the SMS text message. The screening
participation rate among those who received a second reminder
by letter was 23% (1748/7591). However, participation was
higher among those to whom we sent the reminder letter fewer
than 30 days before (528/1652, 31%) than when the reminder
letter was sent more than 60 days after the initial SMS text
message reminder (594/3221, 18.4%; Table 2)
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Figure 2. Diagram of the recovery strategy launched in the intervention group among individuals with an open screening episode. If no response is
received 6 weeks after the reminder |etter, the screening episode is automatically closed as a nonparticipant.

1. Discontinuation of the trial 2. Identification of 3. Selection of nonparticipants G IREEDER) MiERETE 5. Participation

(September 9th, 2022) nonparticipants within 6 weeks of the reminder ~ 'aunched (gggtze)mber 20th, assessment
Closed
screening
Intervention episode
group (text Nonparticipants n=2840 N
message) N=10,431 Participants
n=12,167 n=1748 (23%)
Oper) Reminder
scrc;;:gldr‘:g letter sent
7591 ot

Nonparticipants
n=3843 (77%)

Table 2. Participation in the intervention group by the time the recovery strategy was launched following the SM 'S text message reminder.

Participants, n/N (%) P vaue
Fewer than or equal to 30 days 528/1652 (32) <.001
Between 31 and 60 days 626/2718 (23) <001
More than 60 days 594/3221 (18.4) <.001
Global 1748/7591 (23) _a
3ot applicable.

The overall population baseline characteristics distribution was
similar in both trials' groups (Multimedia Appendix 2). When
stratified by previous screening behavior, overall population
baseline characteristics also remained similar (Multimedia
Appendix 3). According to the data presented in Figure 3, the
sending of a reminder letter as a recovery strategy for
nonparticipants from the intervention group resulted in a
significantly higher final screening participation rate of 29.3%
(3561/12,167) as compared with the letter group (3235/12,221,

26.5%), with an OR of 1.16 (95% CI 1.09-1.23). The stratified
analysis by previous screening behavior showed a higher
participation rate in the SMS text message group after the
recovery strategy was launched compared with the letter group
among previous screenees (OR 1.22, 95% Cl 1.14-1.31). No
significant differences were observed in participation rates of
first-time invitees and previous nonparticipants after sending
the reminder letter in the intervention group compared with the
letter group (Figure 3).

Figure 3. Impact of the recovery strategy on participation globally and by screening behavior (intention-to-treat). The analysis was adjusted for sex,

age, and deprivation score, considering the letter group as areference.

Letter

n/IN (%)
Previous screening behavior
Previous screenees

Text message+ Letter
niN (%)

2575/6185 (41.6)
508/3350 (15.2)
152/2686 (5.7)
3235/12,221 (26.5)

2900/6230 (46.6)
493/3338 (14.8)
168/2599 (6.5)
3561/12,167 (29.3)

First-time invitees
Previous nonparticipants
Qverall population

0.5

Post hoc subgroup analyses showed that the recovery strategy
of sending areminder |etter to previous nonparticipants in the
SMS text message group significantly increased overal final
participation, regardless of sex and age group, compared with
the control group. However, when compared with the control
group, significant increases in participation in the intervention
group were only observed in thefirst and third tertile of the DS
index (Multimedia Appendix 4).
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OR (95% Cl) P value
. 1.22 (1.14-1.31) <.001
e 0.97 (0.85-1.11) .73
. 1.14 (0.91-1.43) .22
e 1.16 (1.09-1.23) <001
1.0 1.5

Odds ratio (OR)

Discussion

Principal Findings

This 2-arm RCT examined an SMS text message reminder
intervention versus the usual reminder letter to nonparticipants
in a FIT-based CRC screening program within 6 weeks of the
invitation. The interim analysis showed that the participation
rate was 4.5% pointslower when an SM S text message reminder
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was sent than the usual reminder letter. This decline in
participation in the intervention group was consistent when
stratified by previous screening behavior. As a result, the
intervention was discontinued, and a recovery strategy was
implemented, which involved sending a second reminder by
letter to nonparticipants in the intervention group. These
combined reminders (SMS text message followed by a letter)
led to an increase of 2.8% pointsin thefinal participationinthe
intervention group after the recovery strategy compared with
the usual reminder letter group.

Previously published studies have shown variable results
regarding the effectiveness of SM S text message remindersfor
increasing uptakein CRC screening, depending on theinvitation
scheme used. Our program’s global participation rateisaround
45%. Out of the total participants, 70% participated within 6
weeks, while the remaining 30% required a reminder to
participate. Therefore, using reminders is crucial to ensure
acceptablelevelsof participation. Asfar aswe know, no studies
compared theimpact of replacing aletter reminder withan SMS
text message reminder. However, astudy in the United Kingdom
found that adding a second reminder through SM S text message
did not improve overall participation compared with areminder
letter. Still, it did show a small benefit for newly screened
participants [11]. In contrast, our study showed that replacing
aletter with SM S text message reminders had a negative effect
on both global participation and on each stratum of previous
screening behavior. First-time invitees are crucial population
subgroups for boosting participation in cancer screening
programs because they are more likely to adhere to regular
screening if engaged positively. On the other hand, previous
nonparticipants have missed earlier opportunities, and efforts
to engage them might require more intensive interventions, such
as addressing specific concerns or barriers. Previous screenees
have already participated, indicating they understand the
importance of screening. Efforts to boost their participation
might beless critical sincethey arelikely to continue attending
screenings without additional encouragement.

The obtained results were unexpected, as SM S text messaging
is currently a routine part of cancer screening programsin the
metropolitan Area of Barcelona. For example, SMS text
messaging has been used as an appointment reminder for
screening mammography since 2019, with an improvement in
attendance rates [16]. Also, in other studies of the M-TICS
project, we found that an SMS text message reminder to
completethe FIT kit increased participation among individuals
who had picked up the kit from the pharmacy but did not return
it within 14 days[17]. There are different possible explanations
for thisunexpected result. First, letters (invitations or reminders)
from our CRC screening program contain specific codes
required for picking up FIT kitsfrom the pharmacy. These codes

Viveset a

serve as a unique identification for the recipients and are
necessary for acquiring the kits. This requirement may have
created alogistical barrier to access screening in theintervention
group because the SM S text message alone did not allow them
to pick up the test kit [18]. As aresult, they had to present the
invitation letter to the pharmacy, and if they were unable to
locateit, they had to contact the screening hub to request anew
invitation letter to be sent to them. Second, pharmacists who
collaborated with the CRC screening program were informed
by email that SMS text message reminders would be sent as
part of a study to improve participation in the program.
However, it ispossiblethat not all the pharmacy clerksreceived
the information, or its content was not sufficiently clear
instructions about what they should explain to individuals who
show up at their pharmacy with an SM S text message to pick
up a FIT kit. This lack of dissemination may be partly
responsible for the failure of the SMS text message approach.
Providing precise and easy-to-follow instructionsto all involved
partiesis essential to ensure better participation ratesin similar
programs.

In our study, we randomly assigned nonparticipants to receive
asinglereminder through letter or SM Stext message at 6 weeks.
When we stopped the intervention and sent a second reminder
by letter to those nonparticipantsin the SM S text message arm,
we finally reached higher participation in the intervention than
those in the letter arm, where individuals only received one
reminder to participate in our CRC screening program. These
findings are of particular importance as they highlight that the
use of more than 1 reminder, such as SM S text messaging and
postal delivery, can be more effective than using only one. In
this regard, 2 previous studies found that the sending of 2
reminders combined with a prenctification message significantly
increased participation rates compared with a single reminder
[19,20]. We should investigate the potential impact of sending
more than one SMS text message reminder in our program,
carefully establishing the timing and frequency of remindersto
maximize effectiveness without causing annoyance or being
intrusive in their choice of participation [21].

Conclusions

Although our initial attempt to replace aletter with an SM Stext
message reminder did not achieve the desired result, we
eventually found that sending more than 1 reminder combining
both SMS text messaging and postal delivery methods may
increase participation rates. Integrating SM S text messagesinto
cancer screening should ensure that the screening process is
streamlined and minimize access barriers. When implementing
anintervention, all stakeholders should beinformed and receive
clear and concise instructions. In doing so, we will facilitate
that more people participate in cancer screening programs and
receive the benefits of early detection and timely treatment.
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