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Abstract

Objective: To develop a cystic fibrosis (CF)—specific patient-reported outcome measure (PROM) to
measure the daily burden of gastrointestinal symptoms for people with cystic fibrosis (pwCF) aged 12
years and older and address the lack of validated outcome measures for gastrointestinal symptoms in CF.
Patients and Methods: CF Tummy Tracker was developed through a 5-stage approach in accordance
with regulatory guidance. This included development and refinement of a conceptual framework; item
generation; refinement; reduction; selection; and initial PROM testing. A mixed-methods approach,
consisting of expert panel discussions, a focus group, interviews, and an online survey, was used. In initial
testing, participants completed the PROM daily for 14 days via a smartphone application. This study was
performed from March 14, 2022, December 12, 2023.

Results: The CF community were involved throughout the development via a focus group (n=7 pwCF),
interviews (n=11 pwCF), and an online survey (n=180 pwCF). A formative model was confirmed for the
PROM. The final PROM, CF Tummy Tracker, consists of 10 items capturing gastrointestinal symptom
burden, tested in 151 pwCF. The PROM reported no floor or ceiling effects, high test—retest reliability
(intra-class correlation coefficient=0.94), and strong correlation with the anchor question.

Conclusion: CF Tummy Tracker aims to address the gap in validated CF-specific PROMs for daily
completion. Further testing of the psychometric properties of the PROM are planned in a new patient
cohort to validate its use in clinical trials and support its use in both electronic and paper formats to
increase accessibility.
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G stool COl’lSiStel’le are prevalent in

people with cystic fibrosis (pwCF) and signifi-
cantly impact on quality of life, with 2 in 3
pwCF reporting missing school or work
because of these symptoms.' People with CF
are at risk of developing serious gastrointestinal
complications including meconium ileus
(affecting ~10% of newbomn infants with
cystic fibrosis [CF]) and distal intestinal
obstruction syndrome. Approximately 82% of

pwCF  experience pancreatic insufficiency,
requiring pancreatic enzyme replacement ther-
apy (PERT) with every meal.” The introduction
of cystic fibrosis transmembrane conductance
regulator (CFTR) modulators, particularly elex-
acaftor/tezacaftor/ivacaftor, has improved respi-
ratory health and life expectancy for eligible
prF3 ; however, their gastrointestinal effects
are not fully determined.

Reducing gastrointestinal symptoms and un-
derstanding extrapulmonary effects of modula-
tors are key research priorities.” However, a
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challenge is the lack of validated patient-reported
outcome measures (PROMs) specifically develop-
ment within the CF population for clinical trials.
The US Food and Drug Administration’ and
COnsensus-based Standards for the selection of
health Measurement INstruments guidance®’
recommend PROMs have short recall periods,
and where the PROM is designed to evaluate
treatment efficacy” or to record symptoms such
as pain, which have substantial day-to-day vari-
ability, a 24-hour recall period is preferred.” How-
ever, there are relatively few CF-specific PROMs
and most have recall periods of weeks, rather
than days. Shorter recall periods could be advan-
tageous in the context of early elexacaftor/tezacaf-
tor/ivacaftor treatment where some patients
report transient worsening of symptoms, which
may not be adequately captured by 2-week recall.
This study aimed to develop, in conjunc-
tion with the CF community, an electronic
PROM to capture daily gastrointestinal symp-
tom burden in pwCF. This will complement
existing PROMs with longer recall periods by
providing insights into daily symptom vari-
ability not captured by current measures.

PATIENTS AND METHODS

Study Design and Recruitment
CF Tummy Tracker was developed through 5
stages (Figure 1) using a mixed-methods

approach following COnsensus-
based Standards for the selection of health
Measurement INstruments”’ and Food and
Drug Administration guidance.™ An expert
panel guided study development, comprising
CF researchers and those with experience in
PROM development methodology, CF clini-
cians, a gastroenterologist, and 3 members of
the CF patient community. Meetings were
held online to mitigate the crossinfection risks
for pwCF and to broaden accessibility.

Study participation was promoted through
online platforms such as social media, email,
and CF organizations including CF Europe,
CF Australia, and the US CF Foundation to
promote international involvement, with
recruitment also through participating UK
CF centers. Targeted recruitment aimed for a
diverse and representative sample of pwCF
and participants who could engage with mul-
tiple study stages. The study received ethical
approval through the UK Health Research Au-
thority (reference: 21/NW/0345) and is regis-
tered on clinicaltrials.gov (NCT05251467).

Stages of PROM Development

Stage 1—Aim: Develop the Conceptual
Framework. The PROM construct of interest
was “experience of gastrointestinal symptom
burden,” encompassing gastrointestinal symp-
tom severity and associated impact for pwCF.

Stage 1: Develop and refine the
conceptual framework

Stage 2: Primary item generation

Stage 3: ltem refinement

Stage 4: ltem selection

Stage 5: Pilot testing of the PROM

* Defined the purpose of the PROM.

* Review of the literature, survey of the CF community, supported by
the research team to draft conceptual framework

» Confirmed with focus group (n=7 pwCF) and expert panel

* Expert panel suggest items for consideration for the PROM based
on the conceptual framework

* Cognitive think aloud interviews (n=11 pwCF) in 4 rounds to test
relevance, understandability and comprehensiveness of items

* Expert panel discussion between rounds

l » Conceptual framework refined

* Online survey (n=180 pwCF) to assess the importance of each
of the items and remove less relevant ones

* Expert panel discussion

l » Conceptual framework refined

* Pilot testing (n=151 pwCF) of the PROM, CF Tummy Tracker,
in a smartphone app for testing of the PROM including distribution
of scores and initial testing of construct validity

FIGURE 1. Stages of PROM development for CF Tummy Tracker. CF, cystic fibrosis; PROM, patient-
reported outcome measure; pwCF, people with cystic fibrosis.

Mayo Clin Proc Digital Health ® June 2025;3(2):100203 ®m https://doi.org/10.1016/j.mcpdig.2025.100203

www.mcpdigitalhealth.org


http://clinicaltrials.gov
https://doi.org/10.1016/j.mcpdig.2025.100203
http://www.mcpdigitalhealth.org

A CF-SPECIFIC PROM FOR DAILY GI SYMPTOM BURDEN

The target population was pwCF aged 12
years and older, able to answer questions inde-
pendently or with minimal assistance. It was
designed for use in clinical trials to assess in-
terventions on gastrointestinal symptoms and
associated burden.

The conceptual framework was developed
by the expert panel, informed by a systematic
review of symptoms'” and existing PROMs,
and an international survey among the CF
community.'" 1t was presented in a online
focus group of pwCF. The focus group dis-
cussed the impact of gastrointestinal symptom
burden and reviewed the framework to ensure
all relevant aspects were captured. The focus
group discussion was recorded and tran-
scribed verbatim, and key findings were
shared with the expert panel. The conceptual
framework was modified and finalized before
item generation (stage 2).

Stage 2—Aim: ltem Generation. On the ba-
sis of the conceptual framework, expert panel
members proposed items for the PROM. These
were reviewed and included, discarded, or
modified by the expert panel. Related items
were consolidated into umbrella questions to
avoid redundancy.

Stage 3—Aim: Item Refinement Through
Think-Aloud Interviews. Cognitive think-
aloud interviews were conducted with pwCF
online, in-person, or over the phone and were
recorded and transcribed verbatim. Electronic
consent was obtained, including parental
consent and assent from those younger than
16 years. Interviews followed a semistructured
guide, using think-aloud and probing tech-
niques to test the relevance, comprehensive-
ness, and comprehensibility of the items and
response options.

Interviews were completed in rounds.
Initial data were analyzed by RJ.C., who iden-
tified potential problems that were discussed
with a subgroup of the expert panel (R].C,
LM.H., KS.T, AR.S.). Items were refined be-
tween rounds with subsequent interviews
focusing on whether the changes had resolved
the initial difficulties. This iterative process
continued until saturation was achieved, and
no significant changes were needed. Items un-
related to the construct of interest or causing
confusion were removed.

Stage 4—Aim: ltem Reduction and Selection
Through an Online Survey. The importance
of the items was evaluated in an online survey.
People with CF rated their experience of an
item over the past 24 hours (part A, 5-point
Likert scale), the past year (part B: yes/no),
and its perceived importance (part C: 5-point
Likert scale, 1, not important at all, to 5,
very important). An anchor question, “In the
past 24 hours, how much have tummy
symptoms bothered you?” (0, not bothered
you at all; 10, very severely bothered you) was
included for comparison because it closely
aligned with the concept of interest, was
acceptable in the think-aloud interviews, and
had been used in similar PROM development
research. '

For each participant, an impact score was
calculated for each item by multiplying their
experience of an item over the past year by
its perceived importance. Mean impact score
(0-5) for each item was calculated, with sub-
group analysis by modulator status. A prede-
fined impact score of less than 2 was used to
remove any items with perceived low impact,
and remaining items were assessed for collin-
earity. Highly correlated items (>0.8) were
consolidated, retaining those with the highest
impact score.

Lasso (Least Absolute Shrinkage and Selec-
tion Operator) regression was applied to iden-
tify the most important items for predicting
gastrointestinal symptom burden, but avoid-
ing overfitting.'” The broad scope of the global
items meant certain specific, but important
items were excluded when all items were
considered together in the regression analysis.
Therefore, items were divided into 2 groups:
those assessing specific symptoms or impact
and those evaluating overall impact. Regres-
sion was then performed to select the specific
items for the PROM.

Stage 5—Aim: Initial PROM Testing in a
Smartphone Application. The final PROM,
CF Tummy Tracker, was integrated into a
smartphone application on the uMotif plat-
form. Participants provided electronic consent
within the application and completed the
PROM every 24 hours for 14 days. Items
were rated on a 5-point Likert scale and
assigned numerical values (0 to 4, best to
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worst). Total combined scores ranged from
0 to 40, and higher scores indicated worse
gastrointestinal symptom burden. Additional
questionnaires were administered on days 1,
7,and 12 (available for 2 subsequent days) for
initial ~ validation and user feedback
(Supplementary Material 1, available online at
https://www.mcpdigitalhealth.org/).  Partici-
pants received emails and push notifications
reminders to encourage engagement after pe-
riods of inactivity or on targeted days.
Adequate PROM completion was defined
as answering at least 9 of the 10 questions. If
1 question was missed, it was assumed to
have minimal impact and scored 0. Partici-
pants missing more than 1 question were not
scored and excluded from that day’s analysis.
Adequate study engagement was defined as
completing at least 9 of the 10 questions on
10 of the 14 days. Median completion days
and daily adherence were calculated with
post hoc subanalysis by gender, recruitment
site (participating UK CF centers vs online),
and modulator use (Mann—Whitney U test).
Descriptive statistics assessed total score
distribution and whether floor or ceiling ef-
fects occurred (greater than 15% scoring the
lowest or highest possible scores). Data were
collected on a validated CF-specific PROM
with 2-week recall to assess construct valid-
ity.'" However, permission for its use has
since been revoked by the license holder.
Instead, Spearman correlation coefficient
assessed the correlation between total scores
and the anchor question, “In the past 24
hours, how much have tummy symptoms
bothered you?” on days 1, 7, and 12.
Test—retest reliability was evaluated on
day 7 using the question, “How much have
your tummy symptoms bothered you today
compared to yesterday?” (5-point Likert scale).
For participants reporting stable symptoms,
intra-class  correlation  coefficient  and
Spearman correlation coefficient compared to-
tal scores over 2 consecutive days. Inter-rater
reliability for individual items was assessed us-
ing percentage agreement and Gwet’s AC.
Responsiveness was evaluated by exam-
ining the replies to the test—retest question
(5-point Likert scale: “A lot more today than
yesterday” to “A lot less today than yesterday”
[Supplementary Material 2, available online at
https://www.mcpdigitalhealth.org/]). Changes

in total scores in each of the 5 test—retest
response categories were examined using
Spearman correlation coefficient and median
and IQR to assess how well the PROM re-
sponds to change.

RESULTS

Stage 1: Development and Refinement of the
Conceptual Framework

The focus group included 7 pwCF (aged
14—59; 4 males). Six participants were on
CFTR modulators and 5 on prescribed
PERT. Disruptive symptoms experienced by
participants included bloating; unacceptable
stool frequency and consistency; and urgency.
Participants highlighted the impact of gastro-
intestinal symptoms on sleep and social
situations.

The conceptual framework consisted of 5
sections (Figure 2). Participants confirmed
the framework was comprehensive and accu-
rately represented gastrointestinal symptom
burden but suggested refining the wording
used within the overarching theme “impact
on daily living” and expanding items within
the “impact on eating” concept.

The group confirmed a formative model
for PROM development was most appropriate
as there were multiple distinctive factors that
combined build a comprehensive picture on
gastrointestinal symptom burden. The frame-
work was further refined through stages 2 to
4 (Supplementary Material 3, available online
at https://www.mcpdigitalhealth.org/).

Stage 2: ltem Generation

In total, 93-item ideas were suggested by the
expert panel, although many were consolidated
into umbrella questions. A common stem was
agreed for all items: “In the past 24 hours....”
Likert scales were also selected. An initial 30
questions and 2 Likert scales (numeric and
descriptive) were agreed for further develop-
ment (Supplementary Material 4, available on-
line at https://www.mcpdigitalhealth.org/).

Stage 3: ltem Refinement—Think-Aloud
Interviews

Think-aloud interviews with 11 participants
(14-74 years; 5 males) were conducted over
4 rounds with questions refined or removed
between rounds on the basis of participant
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* Enjoyment of food vs stress of eating in social situations
* Having to plan what to eat in social situations
« Forcing self to eat/ eating too much
* Reduced appetite

* Feeling full

* Predictability of eating on
symptoms
* Needing to be near a toilet

Predictability
of symptoms

* Bloating

* Present

« Visible

* Needing different clothes

Physical
appearance

« Abdominal (tummy)
bloating

« Abdominal (tummy)
pain/cramps - present/intensity

* Abdominal (tummy) noises

* Nausea or vomiting

* Wind/gas

Type of gut
symptoms
experienced

Bowel

* Frequency
* Urgency

* Foul smelling stools (poo) or wind/gas
« Stool (poo) consistency (diarrhoea/constipation)

Impact on
eating

movements

FIGURE 2. Conceptual framework of gastrointestinal symptom burden confirmed after the focus group. ADL, activity of daily living.

« Difficulty falling asleep

\mpact on daily ”Ving » Disturbed sleep

* Symptoms preventing or disrupting;
* ADLs/daily life

* School/work

* Exercise

Impact on
sleep

Impact on
regular
activities

* Amount of effort needed with
treatments to achieve symptom
control

Treatment
burden

A person's
experience of
gut symptom
burden

* Social isolation

* Family relationships

* Friendships/ significant
relationships

Impact on
relationships

« Concentration

* Feelings of stress

* Feeling of tiredness

* Mental exhaustion of managing gut
symptoms

« Cognitive load

Emotional

* Embarrassment
* Feeling self-conscious
* Body image

feedback. Ten participants were on CFIR
modulators and 10 on prescribed PERT.

Modifications included simplifying ques-
tions that combined 2 concepts. For example,
“In the past 24 hours, how much has the
unpredictability of tummy symptoms affected
your day” was split to capture unpredictability
and impact separately. Pain and discomfort
were also separated because they were consid-
ered distinct concepts. Some questions were
removed, particularly those that captured
symptoms with minimal associated impact
(eg, borborygmi) or overlapped with other
concepts (eg, embarrassment).

The recall period was evaluated, and items or
concepts that required a longer recall than 24
hours were removed. The recall period “24
hours” was preferred over “today” because it pro-
vided better clarity. New questions were intro-
duced to address underrepresented concepts.
Participants preferred an ordinal Likert scale,
and 19 questions were finalized for stage 4.

Stage 4: ltem Reduction—Online Survey

In total, 180 participants consented to take part
in the online survey, although only 17
completed the  consent.  Demographic

characteristics are available in Supplementary
Material 5 (n=163; available online at https://
www.mcpdigitalhealth.org/). Not all partici-
pants responded to every question, so percent-
ages were calculated on the basis of the number
of responses for each question. Just over half
(55% [n=89]) of participants were from
participating UK CF centers. Adults accounted
for 90% (n=146) of responses, with 9%
(n=15) aged 12-15 years. Participants repre-
sented 15 countries, with the majority from
the United Kingdom (79%, n=110).

Impact Analysis

Seventeen items were considered for impact
analysis, all of which scored above the prede-
fined threshold of 2 (Table). Items were also
separated by modulator status (Supplementary
Material 6, available online at https//www.
mcpdigitalhealth.org)).

The items pain and discomfort, and
impact on daily routine and impact on day re-
ported high collinearity (both r=0.87). On the
basis of their impact scores, pain and impact
on daily routine were removed. Two questions
on bloating were reviewed because they were
felt to be similar, potentially overrepresenting
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TABLE. Impact Analysis for Each of the 17 Items for All Participants

All participants
Frequency (mean) Importance (mean) Mean Impact score No. of responses Rank
Discomfort 0.88 378 352 [51 I
Consistency 0.89 3.64 343 [51 2
Pain 0.87 373 341 148 3
Bloating 093 357 339 145 4
Number of times open bowels 0.8l 374 327 [51 5
Urgency 0.84 349 3.12 152 6
Impact on day 0.78 3.62 303 145 7
Self-conscious/embarrassed 0.74 3.50 301 145 8
Daily routine 0.80 3.55 299 146 9
Unpredictability 0.85 339 291 152 10
Bloating and clothes 0.69 324 261 150 Il
Sleep 0.72 329 2.60 148 12
Ability to cope 0.68 3.50 2.60 143 12
Concentration 0.72 313 2.58 143 14
Enjoyment of eating 0.66 3.55 253 148 I5
Interactions with others 0.65 322 247 144 16
Nausea or vomiting 0.58 3.13 203 149 |7

the same concept. Consequently, bloating and
its impact on clothes was removed owing to it
combining 2 questions in 1 and a lower
impact score. Two global questions impact
on day and ability to cope were considered
for the final PROM with impact on day chosen
as this scored higher on impact analysis.

Lasso Regression

Twelve specific items were considered for the
lasso  regression model (Supplementary
Material 7, available online at https://www.
mcpdigitalhealth.org/). The best model was
identified at A=0.073 and selected 8 variables,
with a mean predicted error of 3.605.

The expert panel felt eating was not
adequately represented within the final ques-
tions, despite its earlier importance. As a
result, the item enjoyment of eating previ-
ously developed was added into the model.
The final PROM consisted of 10 items
(Figure 3), represented by the conceptual
model (Supplementary Material 8, available
online at https://www.mcpdigitalhealth.org/).

Stage 5: PROM Scoring and Initial Testing
In total, 151 people consented to participate
in stage 5. One was excluded owing to a fault

in how their questions were displayed by the
application, and only 5 completed the con-
sent. A total of 145 participants submitted
PROM data, resulting in 1378 data entry
days for analysis. Demographic characteristics
for those who provided PROM data were
reflective of the population in which the
items were developed (Supplementary
Material 5). The average age was 35.8 years
(range, 12-67 years), and most were identi-
fied as White (94%, 133/141). A small num-
ber (12%, n=17/141) were involved in the
previous study stages. Three in 4 (76%) par-
ticipants were resident in the United
Kingdom.

Median daily completion was 10 of 14
days (IQR, 5-12 days), with 57% participants
achieving adequate study engagement. How-
ever, engagement declined over time
(Figure 4). Post hoc subanalysis revealed that
daily completion was significantly higher in
participants receiving care from one of the
participating UK CF centers (median, 11
days; IQR, 7-13 days) compared with those
recruited online (median, 10 days; IQR, 4-12
days; P=.018). No differences in engagement
were observed on the basis of gender or
modulator use.
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—_

. In the last 24 hours, how much tummy discomfort have you had?
A lot (scores 4)
Quite a bit (scores 3)
Somewhat (scores 2)
A little bit (scores I)
None (scores 0)
2. In the last 24 hours, how much tummy bloating have you had?
A lot (scores 4)
Quite a bit (scores 3)
Somewhat (scores 2)
A little bit (scores I)
None (scores 0)

3. In the last 24 hours, how do you feel the consistency of your poos has been (too loose/ hard)?
Very bad (scores 4)
Bad (scores 3)
OK (scores 2)
Good (scores |)
Very good (scores 0)

4. In the last 24 hours, how much nausea or vomiting have you had?
Severe vomiting (scores 4)
Mild vomiting (scores 3)
Severe nausea (scores 2)
Mild nausea (scores |)
No nausea or vomiting (scores 0)

o

. In the last 24 hours, how much have you been able to enjoy what you have been eating?
Not at all (scores 4)
A little bit (scores 3)
Somewhat (scores 2)
Quite a bit (scores |)
A lot (scores 0)
. In the last 24 hours, how unpredictable have your tummy symptoms been?
Very unpredictable (scores 4)
Quite unpredictable (scores 3)
Somewhat unpredictable (scores 2)
A bit unpredictable (scores |)
Not unpredictable at all (scores 0)

o~

~

. In the last 24 hours, how much have tummy symptoms affected the quality of your sleep?
A lot (scores 4)
Quite a bit (scores 3)
Somewhat (scores 2)
A little bit (scores I)
Not at all (scores 0)
8. In the last 24 hours, how much have tummy symptoms affected your concentration?
A lot (scores 4)
Quite a bit (scores 3)
Somewhat (scores 2)
A little bit (scores I)
Not at all (scores 0)
. In the last 24 hours, how much have tummy symptoms made you feel self-conscious/embarrassed?
A lot (scores 4)
Quite a bit (scores 3)
Somewhat (scores 2)
A little bit (scores I)
Not at all (scores 0)
10. In the last 24 hours, how much have tummy symptoms had an impact on your day?
A lot (scores 4)
Quite a bit (scores 3)
Somewhat (scores 2)
A little bit (scores I)
Not at all (scores 0)

hed

FIGURE 3. The PROM consisted of 10 questions, each contributing to the understanding of gastrointestinal symptom burden. CF
Tummy Tracker is under the copyright of Nottingham University Hospitals NHS Trust.
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FIGURE 4. Completion rate per day within the study period. Blue, complete
PROM entry; yellow, incomplete PROM entry; red, no data submited.
PROM, patient-reported outcome measure.

Daily Scores

Median total daily scores were 12 (IQR, 5-19), 8
(IQR, 3-15),and 7 IQR, 2-13) for days 1, 7, and
12 respectively. No floor or ceiling effects were
observed, although there was a rightward skew
toward lower scores, indicating milder symp-
toms. Total scores positively correlated with
the anchor question at all 3 time points (day 1:
r=0.77; day 7: r=0.80; day 12: r=0.84; all
P<.001) (Supplementary Material 9, available
online at https:/www.mcpdigitalhealth.org)).

Test—Retest Reliability and Responsiveness
Preliminary analysis found good test—retest
reliability in participants reporting stable
symptoms (n=22). Spearman correlation coef-
ficient reported a strong positive correlation
(r=0.90; P<.001) between total scores 24
hours apart, with a mean difference of 0.136
(limits ~ of  agreement, —5.80, 6.07)
(Supplementary Material 10, available online
at https://www.mcpdigitalhealth.org/). Intra-
class correlation coefficient using a 2-way

mixed-effects model for individual absolute
agreement was 0.94 (95% CI. 0.86, 0.97),
indicating strong reliability. Percent agreement
and Gwet's AC indicated good to very good
reliability for each of the individual items
(Supplementary Material 11, available online
at https://www.mcpdigitalhealth.org/). Prelim-
inary assessment of responsiveness found a
moderate correlation between changes in total
scores in the 5 test—retest groups (r=0.657)
(Supplementary Material 2).

User Feedback

User feedback was provided by 97 of the 150
participants (64%) on day 7 and 74 partici-
pants (49%) on day 12. Of those, 93%
(n=90) agreed or strongly agreed that remote
sign up—downloading the application,
creating an account, and giving consent—was
easy. Most participants agreed or strongly
agreed that the questions were relevant (day
7,90% [n=87]; day 12, 93% [n=69]), under-
standable (day 7, 98% [n=95]; day 12, 96%
[n=71]), whereas 66% (n=64) and 73%
(n=54) reported improved symptom aware-
ness on days 7 and 12, respectively. Usability
was highly rated. It was quick (day 7, 97%
[n=94]; day 12, 97% [n=72]), easy to use
(day 7, 97% [n=94]; day 12, 99% [n=73]),
and helpful to track symptoms (day 7, 87%
[n=84]; day 12, 85% [n=85]). Furthermore,
69% (n=51) indicated they would use the
application again.

DISCUSSION

Through this research, the CF community, ac-
ademics, and clinicians developed CF Tummy
Tracker, a CF-specific PROM for daily
recording of gastrointestinal  symptoms
burden. It comprises 10 questions (which
can be completed quickly), being acceptable,
comprehensive, and relevant to pwCF aged
12 years and older. It records daily variability,
providing a snapshot of gastrointestinal symp-
toms. Preliminary validation found good
test—retest reliability with total scores posi-
tively correlating with the construct of interest.
Electronic data capture was found to be
feasible. It aims to address a gap in validated
CF-specific PROMs with daily recall. Although
a small number of CF-specific PROMs with
longer recalls exist, such as the CFAbd-Score '
and CF PedsQL GI,” currently, the only other
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CF-specific PROM for daily completion is the
CFAbd-day2day diary questionnaire, currently
undergoing validation.'®

We found that 57% of participants
achieved satisfactory engagement. The low
number of incomplete daily submissions and
positive user feedback suggests the issue was
potentially due to reporting fatigue rather
than the application’s usability. Despite re-
minders sent after inactivity or on targeted
days, engagement still waned throughout the
study with similar rates of completion and
noncompletion by day 14. A decline in elec-
tronic PROM completion over time was previ-
ously reported in a systematic review of the
benefits and disadvantages of ePROMs.'’
Our results also reflects trends in other studies
involving electronic data capture in CF such as
the GALAXY study, which used weekly
completion of electronic PROMs to capture
gastrointestinal symptomatology over a 4-
week period'® and CFHealthHub. "’

A strength of CF Tummy Tracker was its
development through integral involvement of
pwCEF. A previous review of the evidence for
the use of digital technology for home moni-
toring, adherence, and self-management in
CF stressed the need for patient involvement
in the design process of digital tools.”” Elec-
tronic recruitment methods alongside tradi-
tional ones broadened participation, whereas
consent via the application enabled partici-
pants to join the study when convenient for
them. However, we acknowledge that
although digital technology has advantages,
it also introduces the risk of digital exclusion
for those without internet access or a suitable
device.”' Future aims include making CF
Tummy Tracker available in both electronic
and paper formats and different languages
for increased accessibility.

Limitations included the inability to assess
construct validity against an existing validated
PROM and a small sample size for test—retest
reliability, and some participants were involved
in both the development and testing stages.
Further testing of the psychometric properties
will be conducted in a new independent cohort
alongside  crosscultural  validation. We
acknowledge that a higher proportion of partic-
ipants were females, possibly reflecting findings
that report higher rates of gastrointestinal
symptoms in womern.

CONCLUSION

In conclusion, CF Tummy Tracker is a CF-
specific PROM suitable for electronic use,
capturing daily gastrointestinal symptom
burden in pwCF. Further psychometric testing
is planned to validate its use for clinical trials
and additional formats to improve accessibility.

POTENTIAL COMPETING INTERESTS

Rebecca Calthorpe reports payments made to
National Institute for Health and Care Research
(NIHR)  Programme Development Grant
(PDGNIHR202952) to support salary. Alex-
ander Horsley reports payments from NIHR
Programme Development Grants (PDG) made
to institution; NIHR Manchester BRC payments
made to institution to support his time; Vertex
Pharmaceuticals personal payment for educa-
tion activities and advisory work; and NIHR
Respiratory Translational Research Collabora-
tion—chair unpaid role. Helen Barr reports
grants from Cystic Fibrosis Trust and Life Arc
and Cystic Fibrosis Trust and Cystic Fibrosis
foundation, paid to her institution; holds Pub-
Chem Patent Summary for US-2016131648-A1
patent (Camara M, Williams P, Barrett D, Halli-
day N, Knox A, Smyth A, Fogarty A, Barr H,
Forrester D. Alkyl quinolones as biomarkers
of Pseudomonas aeruginosa infection and uses
thereof. PubChem Internet. National Library
of Medicine, National Center for Biotechnology
Information; 2004, cited 2020 Nov 17; https://
pubchem.ncbi.nlm.nih.gov/patent/US-2016131
648-A1.); is a Member of Cystic Fibrosis Trust
Research and scientific Oversight committee,
NIHR translational research collaboration in
Cystic Fibrosis committee, ECFS society Scien-
tific Committee for Milan ECFS meeting 2025,
and NUH bioresource access committee; and is
a Chief Medical Advisor for MiDx company.
Siobhan Carr reports payments from NIHR
PDG made to institution; reports grants from
NIHR HTA and the CF Trust. Support from
Chiesi for travel and accommodation to educa-
tional meeting; and works with the CF registry
and ECFS registry (no financial involvement).
Alan Smyth reports payments from NIHR
PDG made to institution; patent on Alkyl quin-
olones as biomarkers of Pseudomonas aeruginosa
infection and uses thereof (as above); and
participation on the Data Safety Monitoring
Board and US Cystic Fibrosis Foundation

Mayo Clin Proc Digital Health ® June 2025:3(2):100203 m https://doi.org/10.1016/j.mcpdig.2025.100203

www.mcpdigitalhealth.org


https://www.clinicaltrials.gov/study/NCT03801993?cond=Cystic%20Fibrosis%26term=GALAXY%20study%26rank=1
https://pubchem.ncbi.nlm.nih.gov/patent/US-2016131648-A1
https://pubchem.ncbi.nlm.nih.gov/patent/US-2016131648-A1
https://pubchem.ncbi.nlm.nih.gov/patent/US-2016131648-A1
https://doi.org/10.1016/j.mcpdig.2025.100203
http://www.mcpdigitalhealth.org

MAYO CLINIC PROCEEDINGS: DIGITAL HEALTH

(2019-present). Giles Major reports grants from
Nestlé Health Sciences, Switzerland, and
employment by Société Produits Nestlé S.A.
from 2021 to 2024. Laura Howells is a co-
investigator on MAGNIFY SRC funded by the
Cystic Fibrosis Trust. No other conflicts of in-
terest were disclosed by the other authors.

ETHICS STATEMENT

The study received ethical approval through the
UK Health Research Authority (reference: 21/
NW/0345) and is registered on clinicaltrials.
gov (NCT05251467). Electronic consent was
obtained, including parental consent and assent
from those younger than 16 years.

ACKNOWLEDGMENTS

The authors thank all participants who took
the time to contribute to the development of
CF Tummy Tracker and be part of this study
and the staff involved at the study’s NHS
research and participant identification sites
for their involvement in this study and to the
National Institute for Health and Care
Research for funding this work.

DECLARATION OF GENERATIVE Al AND Al-
ASSISTED TECHNOLOGIES IN THE WRITING
PROCESS

During the preparation of this work the au-
thors used Microsoft Word in order to check
for grammatical and spelling inaccuracies
within the final manuscript. After using this
tool/service, the authors reviewed and edited
the content as needed and takes full responsi-
bility for the content of the publication.

SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at
https://www.mcpdigitalhealth.org/.  Supple-
mental material attached to journal articles
has not been edited, and the authors take re-
sponsibility for the accuracy of all data.

Abbreviations and Acronyms: CF, cystic fibrosis; CFTR,
cystic fibrosis transmembrane conductance regulator; PERT,
pancreatic enzyme replacement therapy; PROM, patient-
reported outcome measure; pwCF, people with cystic
fibrosis

Affiliations (Continued from the first page of this
article.): Evidence Based Dermatology, University of

Nottingham, Nottingham, United Kingdom (LM.H. KS.T.);
Patient representative (B.CE, ZE, NJG)); King's College
Hospital NHS Foundation Trust, London, United Kingdom
(BH., CME); National Heart and Lung Institute, Imperial
College, London, United Kingdom (S.B.C.); Royal Brompton
Hospital, part of GSTT, London, United Kingdom (S.B.C);
Division of Infection, Immunity and Respiratory Medicine,
University of Manchester, Manchester, United Kingdom
(AARH.); Nottingham University Hospitals NHS Trust,
United Kingdom (H.LB.); Centre Hospitalier Universitaire
Vaudois, Lausanne, Switzerland (G.A.D.M.); Margaret Turmer
Warwick Centre for Fibrosing Lung Disease, National Heart
and Lung Institute, Imperial College London, United
Kingdom (LD.S.); and School of Medicine, Dentistry and
Biomedical Sciences, Queen’s University Belfast, United
Kingdom and NIHR Nottingham Biomedical Research
Centre, Nottingham, United Kingdom (ARS.).

Grant Support: This project is funded by the National Insti-
tute for Health and Care Research (NIHR) under its Pro-
gramme  Development = Grants  Programme  (Grant
Reference Number NIHR202952). AH. is supported by
the NIHR Manchester Biomedical Research Centre
(NIHR203308). The views expressed are those of the au-
thor(s) and not necessarily those of the NIHR or the
Department of Health and Social Care.

Data Previously Presented: This work was previously pre-
sented as a poster at the European Cystic Fibrosis Society
Conference 2024, Glasgow, United Kingdom, and published
as an abstract in the Journal of Cystic Fibrosis (https:/doi.
org/10.1016/S1569-1993(24)00579-4).  This  work has
been submitted to the European Cystic Fibrosis Society
Conference 2025.

Correspondence: Rebecca J. Calthorpe, School of Medicine
and NIHR Nottingham Biomedical Research Centre, Not-
tingham, United Kingdom (Rebecca.calthorpe@nottingham.
ac.uk).

ORCID

Rebecca ). Calthorpe:
2712; Alan R, Smyth:
5438

https://orcid.org/0000-0003-3676-
https://orcid.org/0000-000 | -5494-

REFERENCES

1. Sherie S, Nicola R, Gwyneth D, et al. How can we relieve
gastrointestinal symptoms in people with cystic fibrosis?
An international qualitative survey. BMJ Open Respir Res.
2020;7(1):e000614. https://doi.org/10.1 136/bmjresp-2020-
000614.

2. Cystic Fibrosis Foundation. 2022 patient registry annual data
report. 2023: https//www.cfforg/medical-professionals/patient-
registry. Accessed September 9, 2024.

3. Middleton PG, Mall MA, Drevinek P, et al. Elexacaftor-tezacaf-
tor-ivacaftor for cystic fibrosis with a single Phe508del allele.
N Engl | Med. 2019;381(19):1809-1819. https://doi.org/|0.
1056/NEJMoal908639.

4. Rowbotham NJ, Smith S, Elliott ZC, et al. A refresh of the top
10 research priorities in cystic fibrosis. Thorax. 2023;78(8):840-
843. https.//doi.org/10.1 | 36/thorax-2023-220100.

Mayo Clin Proc Digital Health ® June 2025;3(2):100203 ®m https://doi.org/10.1016/j.mcpdig.2025.100203

www.mcpdigitalhealth.org


http://clinicaltrials.gov
http://clinicaltrials.gov
https://www.mcpdigitalhealth.org/
https://doi.org/10.1016/S1569-1993(24)00579-4
https://doi.org/10.1016/S1569-1993(24)00579-4
mailto:Rebecca.calthorpe@nottingham.ac.uk
mailto:Rebecca.calthorpe@nottingham.ac.uk
https://orcid.org/0000-0003-3676-2712
https://orcid.org/0000-0003-3676-2712
https://orcid.org/0000-0001-5494-5438
https://orcid.org/0000-0001-5494-5438
https://doi.org/10.1136/bmjresp-2020-000614
https://doi.org/10.1136/bmjresp-2020-000614
https://www.cff.org/medical-professionals/patient-registry
https://www.cff.org/medical-professionals/patient-registry
https://doi.org/10.1056/NEJMoa1908639
https://doi.org/10.1056/NEJMoa1908639
https://doi.org/10.1136/thorax-2023-220100
https://doi.org/10.1016/j.mcpdig.2025.100203
http://www.mcpdigitalhealth.org

A CF-SPECIFIC PROM FOR DAILY GI SYMPTOM BURDEN

US. Food and Drug Administration. Patient-reported outcome
measures: use in medical product development to support labeling
claims. 2009: https://www.fda.gov/regulatory-information/search-
fda-guidance-documents/patient-reported-outcome-measures-
use-medical-product-development-support-labeling-claims.
Accessed September 9, 2024.

Mokkink L, Prinsen C, Patrick D, et al. COSMIN methodology
for systematic reviews of patient-reported outcome measures
(PROMs). 2018:  https://www.cosmin.nl/wp-content/uploads/
COSMIN-syst-review-for-PROMs-manual_version-1_feb-2018-
|.pdf. Accessed September 9, 2024.

COSMIN. COSMIN study design checklist for patient-reported
outcome measurement instruments. 201 9: https://www.cosmin.
nl/wp-content/uploads/ COSMIN-study-designing-checklist_final.
pdf. Accessed September 9, 2024.

US Department of Health and Human Services Food and Drug
Administration. Guidance for industry irritable bowel syndro-
me—clinical evaluation of drugs for treatment. 2012: https://
www.fda.gov/regulatory-information/search-fda-guidance-
documents/irritable-bowel-syndrome-clinical-evaluation-
products-treatment. Accessed September 9, 2024.

. Varma R, Richman EA, Ferris FL Ill, Bressler NM. Use of patient-

reported outcomes in medical product development: a report
from the 2009 NEI/FDA Clinical Trial Endpoints Symposium.
Invest Ophthalmol Vis Sci. 2010;51(12):6095-6103. https://doi.
org/10.1167/iovs.10-5627.

. Yule A Sills D, Smith S, Spiller R, Smyth AR. Thinking outside

the box: a review of gastrointestinal symptoms and complica-
tions in cystic fibrosis. Expert Rev Respir Med. 2023;17(7):
547-561. https/doi.org/10.1080/17476348.2023.2228194.
Calthorpe RJ, Goodchild N, Gleetus V, et al. A grumbling
concem: an intemational survey of gastrointestinal symptoms
in cystic fibrosis in the modulator era. NIHR Open Res. 2023;
3:18. https://doi.org/10.3310/nihropenres.| 3384.1.

Howells LM, Chalmers JR, Gran S, et al. Development and initial
testing of a new instrument to measure the experience of
eczema control in adults and children: Recap of atopic eczema
(RECAP). Br J Dermatol. 2020;183(3):524-536. https://doi.org/
10.111 1/bjd.18780.

w

20.

21.

Ranstam J, Cook JA. LASSO regression. Br | Surg. 2018;105(10):
1348. https:/doi.org/10.1002/bjs.10895.

. Jaudszus A, Zeman E, Jans T, et al. Validity and reliability of a novel

muttimodal questionnaire for the assessment of abdominal symp-
toms in people with cystic fibrosis (CFAbd-Score). Patient. 2019;
12(4):419-428. https//doi.org/10.1007/s40271-019-00361-2.
Boon M, Claes |, Havermans T, et al. Assessing gastro-intestinal
related quality of life in cystic fibrosis: Validation of PedsQL Gl
in children and their parents. PLoS One. 2019;14(12):€0225004.
https://doi.org/10.137 | /journal. pone.0225004.

Mainz ]G, Barucha A, Huang P, et al. Dynamics of abdominal
symptoms during the start of a new therapy with elexacaftor/
tezacaftor/ivacaftor using the novel CFAbd-day2day question-
naire. Front Pharmacol. 2023;14:1167407. https://doi.org/10.
3389/fphar.2023.1167407.

Meirte ], Hellemans N, Anthonissen M, et al. Benefits and dis-
advantages of electronic patient-reported outcome measures:
systematic review. JMIR Perioper Med. 2020;3(1):el5588.
https://doi.org/10.2196/15588.

Sathe M, Moshiree B, Vu PT, et al. Utilization of electronic
patient-reported outcome measures in cystic fibrosis research:
Application to the GALAXY study. | Cyst Fibros. 2021;20(4):
605-61 1. https/doi.org/10.1016/}cf.2021.07.002.

. Wildman MJ, O'Cathain A, Maguire C, et al. Self-management

intervention to reduce pulmonary exacerbations by supporting
treatment adherence in adults with cystic fibrosis: a randomised
controlled trial. Thorax. 2022;77(5):46 | https://doi.org/10.1 136/
thoraxjnl-2021-217594.

Calthorpe R], Smith S, Gathercole K, Smyth AR Using digital tech-
nology for home monitoring, adherence and self-management in
cystic fibrosis: a state-of-the-art review. Thorax. 2020;75(1):72-77.
httpsy//doi.org/ 0.1 1 36/thoraxjnl-2019-213233.

Calthorpe RJ, Smyth AR. Telehealth after the pandemic: Will
the inverse care law apply? (Commentary). | Cyst Fibros. 2021;
20(Supp! 3):47-48. httpsi//doi.org/10.1016/}jcf2021.08.023.
Schwarzenberg SJ, Vu PT, Skalland M, et al. Elexacaftor/tezacaf-
tor/ivacaftor and gastrointestinal outcomes in cystic fibrosis:
report of promise-Gl. | Cyst Fibros. 2023;22(2):282-289.
https://doi.org/10.1016/},jcf2022.10.003.

Mayo Clin Proc Digital Health ® June 2025:3(2):100203 m https://doi.org/10.1016/j.mcpdig.2025.100203
www.mcpdigitalhealth.org

1


https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
https://www.cosmin.nl/wp-content/uploads/COSMIN-syst-review-for-PROMs-manual_version-1_feb-2018-1.pdf
https://www.cosmin.nl/wp-content/uploads/COSMIN-syst-review-for-PROMs-manual_version-1_feb-2018-1.pdf
https://www.cosmin.nl/wp-content/uploads/COSMIN-syst-review-for-PROMs-manual_version-1_feb-2018-1.pdf
https://www.cosmin.nl/wp-content/uploads/COSMIN-study-designing-checklist_final.pdf
https://www.cosmin.nl/wp-content/uploads/COSMIN-study-designing-checklist_final.pdf
https://www.cosmin.nl/wp-content/uploads/COSMIN-study-designing-checklist_final.pdf
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/irritable-bowel-syndrome-clinical-evaluation-products-treatment
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/irritable-bowel-syndrome-clinical-evaluation-products-treatment
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/irritable-bowel-syndrome-clinical-evaluation-products-treatment
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/irritable-bowel-syndrome-clinical-evaluation-products-treatment
https://doi.org/10.1167/iovs.10-5627
https://doi.org/10.1167/iovs.10-5627
https://doi.org/10.1080/17476348.2023.2228194
https://doi.org/10.3310/nihropenres.13384.1
https://doi.org/10.1111/bjd.18780
https://doi.org/10.1111/bjd.18780
https://doi.org/10.1002/bjs.10895
https://doi.org/10.1007/s40271-019-00361-2
https://doi.org/10.1371/journal.pone.0225004
https://doi.org/10.1371/journal.pone.0225004
https://doi.org/10.3389/fphar.2023.1167407
https://doi.org/10.3389/fphar.2023.1167407
https://doi.org/10.2196/15588
https://doi.org/10.2196/15588
https://doi.org/10.1016/j.jcf.2021.07.002
https://doi.org/10.1136/thoraxjnl-2021-217594
https://doi.org/10.1136/thoraxjnl-2021-217594
https://doi.org/10.1136/thoraxjnl-2019-213233
https://doi.org/10.1136/thoraxjnl-2019-213233
https://doi.org/10.1016/j.jcf.2021.08.023
https://doi.org/10.1016/j.jcf.2022.10.003
https://doi.org/10.1016/j.jcf.2022.10.003
https://doi.org/10.1016/j.mcpdig.2025.100203
http://www.mcpdigitalhealth.org

	CF Tummy Tracker: A Cystic Fibrosis–Specific Patient-Reported Outcome Measure for Daily Gastrointestinal Symptom Burden
	Patients and Methods
	Study Design and Recruitment
	Stages of PROM Development
	Stage 1—Aim: Develop the Conceptual Framework
	Stage 2—Aim: Item Generation
	Stage 3—Aim: Item Refinement Through Think-Aloud Interviews
	Stage 4—Aim: Item Reduction and Selection Through an Online Survey
	Stage 5—Aim: Initial PROM Testing in a Smartphone Application


	Results
	Stage 1: Development and Refinement of the Conceptual Framework
	Stage 2: Item Generation
	Stage 3: Item Refinement—Think-Aloud Interviews
	Stage 4: Item Reduction—Online Survey
	Impact Analysis
	Lasso Regression
	Stage 5: PROM Scoring and Initial Testing
	Daily Scores
	Test–Retest Reliability and Responsiveness
	User Feedback

	Discussion
	Conclusion
	Potential Competing Interests
	Ethics Statement
	Acknowledgments
	Declaration of Generative AI and AI-Assisted Technologies in the Writing Process
	Supplemental Online Material
	References


