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Abstract

Background: Many women experience urgency (UUI) and mixed (MUI) urinary incontinence but commonly hesitate to seek
care. Treatment access and self-management for these conditions can be supported through eHealth approaches.

Objective: This study aimed to investigate the efficacy of the mobile app Tét Il for self-management of UUI and MUI in
women.

Methods: This randomized controlled trial included women >18 years old with UUI or MUI and >2 leakages per week. Those
with red-flag symptoms were excluded. Participants were recruited via analog and digital advertisements and screened for initial
selection through a web-based questionnaire. Data were collected using another questionnaire and a 2-day bladder diary. A
telephone interview confirmed the symptom diagnosis. Participants were randomized (1:1) to receive access to a treatment app
(including pelvic floor muscle training, bladder training, psychoeducation, lifestyle advice, tailored advice, exercise log,
reinforcement messages, and reminders) or an information app (control group), with no external treatment guidance provided.
The primary outcome was incontinence symptoms at the 15-week follow-up, measured using the International Consultation on
Incontinence Questionnaire (IC1Q)-Urinary Incontinence Short Form (ICIQ-Ul SF). Urgency symptoms were assessed using
the ICIQ-Overactive Bladder Module (ICIQ-OAB) and quality of life using the ICIQ-Lower Urinary Tract Symptoms Quality
of Life Module (ICIQ-LUTSqoal). Incontinence episode frequency (IEF) was calculated per bladder diary entries. Improvement
was measured using the Patient’s Global Impression of Improvement. All outcomes were self-reported. Cure was defined as no
leakages per the bladder diary. Intention-to-treat analysis was performed.

Results. Between April 2017 and March 2018, 123 women (mean age 58.3, SD 9.6 years) were randomized to the treatment
(n=60, 2 lost to follow-up) or information (n=63) group. Of these, 35 (28%) women had UUI, and 88 (72%) had MUI. Mean
ICIQ-UI SF score at follow-up was lower in the treatment group than in the information group (estimated difference —3.1, 95%
Cl -4.8 to —1.3). The estimated between-group difference was —1.8 (95% Cl —2.8 to —0.99) for mean ICIQ-OAB score and —6.3
(95% Cl —-10.5 to —2.1) for the mean ICIQ-LUTSqol score at follow-up. IEF reduction from baseline to follow-up was greater
in the treatment group (-10.5, IQR -17.5 to —3.5) than in the information group (P<.001). Improvement was reported by 87%
(52/60) of treatment group participants and by 30% (19/63) of information group participants. The cure rate was 32% in the
treatment group, and 6% in the information group (odds ratio 5.4, 95% Cl 1.9-15.6; P=.002). About 67% (40/60) of the treatment
group participants used the app more than thrice a week.
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Conclusions: Thetreatment app was effective for improving urgency and mixed incontinencein women. When self-management
isappropriate, thisapp may be agood alternative to pharmacol ogical treatment or other conservative management, thusincreasing

accessto care.
Trial Registration:

(J Med Internet Res 2021;23(4):€19439) doi: 10.2196/19439
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Introduction

Urinary incontinence is a common problem that affects many
women at sometimeduring their lives, with reported prevalence
rates ranging between 25% and 45%, depending on the
population and study design [1-4]. There are several types of
urinary incontinence. Stress urinary incontinence (SUI) is
defined as leakage upon exertion (eg, during coughing or
jumping), urgency urinary incontinence (UUI) involves urinary
leakage combined with an urge to void, and mixed urinary
incontinence (MUI) manifests asacombination of SUI and UUI
symptoms [5]. Prevalence rates vary from 1% to 11% for UUI
and from 2% to 36% for MUI [1,4]. Overactive bladder is a
broad term that includes UUI, and it is defined as the experience
of a compelling urgency to void, often combined with more
frequent voiding, and sometimes nocturia[5]. These conditions
can lead to a sense of shame, social isolation, and lower
self-esteem—with asignificant impact on health-related quality
of life [6-8].

For the three main types of urinary incontinence, the
recommended first-line treatment includes pelvic floor muscle
training (PFMT) and, where appropriate, lifestyle changes (eg,
reduced caffeine intake, modified fluid intake, and weight
reduction if overweight) [9,10]. Unsupervised PFMT has been
recommended in cases wherein an underlying pathology is
absent [9]. For women with urgency-predominant urinary
incontinence and small micturition volumes, bladder training
is recommended, with scheduled voiding or prolonged voiding
intervals [3,9,10]. According to a recent review, PFMT might
also be useful in overactive bladder treatment, but more evidence
is needed in this regard [11]. As a second line of treatment,
pharmacological therapy isrecommended and widely used, but
it often exhibits only modest effectiveness and commonly leads
to side effects [3,10].

Although effective treatments for urinary incontinence are
available, they do not cater to all individuals who may benefit
from them [9,12]. Some studies describe patients’ reluctance
to seek help for urinary incontinence, sometimes explained by
a sense of embarrassment or mistrust in health care [6,13].
Self-management or treatment options that do not require
face-to-face contact might be suitable ways to provide carein
some of these cases. Web-based platforms and smartphone apps
represent an increasingly common way of supporting
self-management or providing treatment for various conditions
[14-16]. In the context of the current COVD-19 pandemic, the
interest in these kinds of technical solutions hasincreased even
further, and wurology is one such field where
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technology-supported treatment or self-management might be
useful [17,18]. However, among the currently available
treatment apps related to urinary incontinence, only few have
been evaluated with regard to their efficacy [19].

As part of the current research project, we examined the effects
of an internet-based treatment program and a smartphone app
designed for women with SUI. Both programs were found to
be effective treatment options with regard to short-term and
long-term improvement of clinically relevant symptomsaswell
as cost-effectiveness [20-24]. However, evidence regarding
app-based treatment for women with UUI or MUI remains
scarce. Since urgency-predominant urinary incontinence may
be associated with an underlying disease, physical examination
is recommended before treatment. An algorithm comprising
structured questions combined with dipstick urinalysis hasbeen
found to be useful in identifying women who may benefit from
management in ways other than the usual care provided [25].
Along with other innovative options for providing
non—face-to-face diagnosis and treatment for UUI and MUI,
this approach might facilitate patients to seek help regarding
urinary incontinence and enable increased access to treatment.

We have devel oped anew smartphone app featuring acomplex,
individually tailored treatment program designed to hel p patients
self-manage UUI and MUI. In this study, we aimed to evaluate
whether this app was effective for improvement and cure of
UUI and MUI in women.

Methods

Study Design and Participants

This 1:1 randomized, controlled, parallel-arm trial was
performed in Sweden between April 2017 and September 2018.
Community-dwelling adult women were recruited via
information broadcasted on TV, radio, and newspapers in
Sweden, and via targeted Facebook advertisements. The
inclusion criteria were as follows: female sex, age =18 years,
experiencing UUI or MUI with >2 |eakages/week and symptoms
lasting for =12 months, accessto a smartphone (at least i0OS 8.0
or Android 4.0.3), and the ability to send and receive email.
Theexclusion criteriawere asfollows: pregnancy, use of another
PFMT app, use of mirabegron or antimuscarinic drugs, and
incontinence surgery within the last 5 years. Additional
exclusion criteria related to red-flag symptoms and certain
medical conditions were also considered, namely, painful
urgency; previous pyelonephritis; =3 urinary tract infectionsin
the last 12 months; dysuria (burning sensation when voiding);
visible hematuria; noninvestigated bladder-emptying difficulties;

JMed Internet Res 2021 | vol. 23 | iss. 4| €19439 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/19439
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

metrorrhagia; cancer in the pelvic area, bladder, or bowels;
decreased mobility or sensitivity in the legs or pelvic area;
history of stroke; neurological disease; or diabetes.

Initial selection was performed using a web-based screening
guestionnaire that included questions regarding education level,
postal code, and inclusion and exclusion criteria, which was
available on the eContinence project website. To distinguish
sex from gender, the question “Are you a woman?' was
followed by the question “Were you assigned female sex at
birth?” Toidentify red flags, an algorithm containing structured
guestions about the presence of relevant symptoms was
integrated into the questionnaire (Multimedia Appendix 1). This
algorithm was developed through several workshops with
researchersand clinicians, and it was based on the best available
evidence and clinical experience. Respondents presenting any
red flags or other exclusion criteriawere not allowed to proceed
with the questionnaire, and they were automaticaly
recommended to seek usual care (ie, contact their ordinary health
care provider). After completing the full questionnaire and
submitting their email address, eligible respondents received
an email with an informed consent form and a printable 2-day
bladder diary. Respondents with a maximum voided volume of
<150 mL were deemed ineligible and were contacted by a
physician (ES) who redirected them to their usual health care
provider asaprecautionary measure. The remaining respondents
completed a web-based inclusion questionnaire comprising
items regarding background information, medical history and
lifestyle, more detailed symptom questions, as well as forms
related to the outcome measures. In &l web-based
guestionnaires, respondents were required to answer each
guestion in order to proceed to the next. Nonrespondents who
did not submit their informed consent and bladder diary, or
those who did not answer theinclusion questionnaire, were sent
two reminders via email.

Finally, each respondent was contacted via telephone by a
specialist incontinence nurse or general practitioner (ES). A
telephone interview was conducted with the objectives of
confirming the symptom diagnosis (ie, UUI or MUI),
reconfirming the absence of exclusion criteria, and ensuring
that the participant was fully informed about the study.

This study was approved by the regional ethical review board
of Umed, Sweden (registry number 2016/523-31) and registered
at Clinicaltrials.gov (NCT03097549). Before and during the
study, and after completion, on-site monitoring was conducted
by an independent monitor. The monitor ensured study
performance according to the protocol, and the collection,
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documentation, and reporting of data following good clinical
practice and applicable ethical and regulatory requirements.

Randomization and Blinding

The participants included in the study were randomized to one
of two study groups:. the treatment group or the information
group. An independent administrator generated the allocation
sequence and prepared 130 numbered, opague, sealed envel opes,
with assignments equally distributed between the two study
groups. The study coordinator opened one envelope for each
participant, in the order in which they received an email from
the interviewer indicating that they were ready for
randomization. The participants were not blinded to their
allocation. Each participant received an email informing them
of their assigned group and providing instructions on how to
access the relevant app. Participants randomized to the
information group were notified that they would gain accessto
the intervention once of their follow-up data for the trial was
complete.

Intervention and Procedures

The Tat 11 mobile app was designed for both Android and iOS
devices. The contents of the app were developed based on
research and clinical experience and were discussed in
2015-2016 with a multi-professional group comprising
researchers and clinicians with expertise in family medicine,
urogynecology, urology, specialized incontinence care, and
psychology. The app was developed during 2016-2018 by ES
and TW, in collaboration with other researchersinvolved in the
project and the technical development division at Umed
University. The development process also incorporated user
feedback—both from users of the previous app devel oped within
this research project and from a test group of women outside
the medical professions. The Téat Il app is focused on four
themes: PFMT, bladder training, psychoeducation, and lifestyle
advice. It aso contains automatic reinforcement messages and
an exerciselog. Tailored advice, based on information from the
user’sbladder diary and responsesto theinclusion questionnaire,
was designed to guide the user to the features of the app that
would be most relevant to her symptoms and lifestyle (eg,
bladder training was recommended if the user had small
micturition portions, or weight reduction was recommended if
the user was overweight). The different components of the Téat
Il app are detailed below (Figure 1, Table 1, and Multimedia
Appendices 2 and 3). The PFMT treatment program in the app
has been previously described and evaluated as part of a
smartphone app developed earlier [20].
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Figure 1. Screenshots from the treatment app (Tét 11). Upper-left corner: main (home) screen; upper-right corner: active view of an exercise in the
bladder training program; lower-left corner: textual description of another bladder training exercise; lower-right corner: information from the lifestyle
section. Text has been translated from Swedish to English for illustration purposes.

Tat®ll < Bladder exercise 1

Bladder exercise 1

00:00:57

PAUSE

Endurance contraction

MY ADVICE MY TRAINING
Contract for 15 seconds p—
PELVIC FLOOR | BLADDER
EXERCISES ‘ TRAINING
|
PSYCHOLOGY LIFESTYLE
|
= PR
SETTINGS ABOUT
PAUSE
& Bladder exercise 6 & Sexuality
Running tap water ;
AT Sexuality

Urine leakage can affect your sex life.
Worrying about leakage and odors can
lead to withdrawal and avoiding
initiating sex. This worry can also
disrupt the ability to let go and relax in
close, intimate situations. There is a
risk of self-esteem being negatively
affected, which can have
consequences for relationships and
emotional intimacy.

Turn on a tap and let the water run.
When an urge to void occurs, make an
endurance contraction for as long as
you can. Try squeezing your toes for
strength. If the urge recurs, repeat the
contraction. Delay voiding for 15
minutes.

Use the tips in your training.
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Table 1. Contents of the Téat |1 treatment app and information app.
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Topic

Treatment app

Information app

Pelvic floor muscle training

Bladder training

Psychological education

Lifestyle advice

Reinforcement

Other functions

Extensive information on anatomy and pelvic floor
muscle training
A pelvic floor muscle training program in 11 steps

Extensive information on bladder physiology and
bladder training

A bladder training program in 7 steps®

Extensiveinformation on psychological topicsrelated
to urgency symptoms

Three tasks based on cognitive behaviora therapy
theory

Information on topics of estrogen, fluid intake, physi-
cal activity, overweight, smoking, sexuality, constipa-
tion, foods, and incontinence aids

Recurring questions on degree of bother?
Automatic reinforcement messages based on progress
Three customizable notifications for daily reminders

Exerciselog
Tailored advice on what areas to focus on in the app,
based on information from bladder diary and question-

naire?

Very brief information on pelvic floor muscletraining

Very brief information on bladder training

Very brief information on psychological topicsrelated
to urgency symptoms

Summarized information on lifestyle advice

N/A®

N/A

«  Optiona 4-digit password protection

#The bladder training program featured exercises for enduring urgency to achieve longer voiding intervals. It did not feature scheduled voiding.

by n-app questions about the degree of bother from leakage, urgency, and worry about leaking. The user is asked these questions directly after installing
and activating the treatment app, and after 4, 8, and 12 weeks of intervention.

®Not applicable.

duseris provided 4-10 advices, as relevant, on the following topics: pelvic floor muscle training, bladder training, fluid intake, psychoeducation, local

estrogen treatment, obesity, smoking, and constipation.

Activation of the treatment app enabled complete accessto all
components of the Tat Il app. For activation, participants
randomized to the treatment group were registered in adatabase
stored on a secure server. A unique one-time activation code
was generated and used as a password along with the user 1D.
The tailored advice was automatically downloaded from the
database into the app during the activation process. If the app
was not activated within 2 weeks, an email reminder was sent
to the participant, and if it was not activated within another
week, the participant was contacted via telephone and offered
technical guidance. Apart from this, the participants received
no guidance from the researchers during the study.

The information app is a limited version of Tat Il, which is
freely downloadable from app stores. It includes a short
summary of lifestyle advice and brief information about the
various app components (Table 1).

At the 15-week follow-up, participants were asked to complete
aweb-based questionnaire and a new 2-day bladder diary. The
follow-up questionnaire also included the possibility to add
qualitative user feedback. After collection of thefollow-up data
for the trial, participants in the information group received
accessto thefull treatment app, and participantsin the treatment
group received information on maintenance training. The
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different data collection time points of the trial are detailed in
Multimedia Appendix 4.

No datawere transmitted from the app apart from the voluntary
submission of user statistics at follow-up. Participants were
encouraged to report any potential side-effects to the research
team via email or telephone. Participants were also instructed
to seek usual careif any red-flag symptoms appeared.

Outcomes

The primary outcome was the between-group difference in
incontinence symptom severity at follow-up, as measured using
the Swedish version of a validated questionnaire: the
International Consultation on Incontinence
Questionnaire-Urinary Incontinence Short Form (1CIQ-UI SF)
[26]. TheICIQ-UI SFincludes 3 questions about the frequency
and amount of urinary leakage and its effect on everyday life.
The responses are summed to obtain atotal score ranging from
0 to 21 points. The severity of incontinence symptoms was
categorized asdight (1-5 points), moderate (6-12 points), severe
(13-18 points), or very severe (19-21 points) [27].

Secondary outcomes included urgency symptoms, quality of
life, and catastrophizing. The International Consultation on
Incontinence Questionnaire-Overactive Bladder Module
(ICIQ-OAB) includes 4 items on the frequency of day and night
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micturition, urgency, and urgency leakage, and the responses
are summed to obtain atotal score ranging from O to 16 points
[28]. The International Consultation on Incontinence
Questionnaire-L ower Urinary Tract Symptoms Quality of Life
Module (ICIQ-LUTSqol) includes 19 items regarding the impact
of urinary leakage on the quality of life, and the responses are
summed to obtain an overall score ranging from 19 to 76 points
[28]. We adso used a nonvalidated score, the Incontinence
Catastrophizing (IC) Scale, which was adapted from a short
version of the validated Pain Catastrophizing Scale [29]. This
scale was tranglated to Swedish by the research group by using
a structured procedure. The IC Scale comprises 7 items
regarding fear of leakage and urgency, and the responses are
summed to obtain atotal score ranging from 0 to 21 points. For
all the above-mentioned scores, areductionin the scoreindicates
an improvement of the symptoms.

Other secondary outcomes included the number of leakages,
use of incontinence aids, impression of improvement, and patient
satisfaction. Incontinence episode frequency (IEF) was
calculated as the number of |eakages reported in a2-day bladder
diary multiplied by 3.5 to generate the weekly number of
incontinence episodes. Participants were asked about their use
of incontinence aids over the last 4 weeks, and they were
provided 6 response options ranging from “No, never” to “ Yes,
more than 1 pad per day.” The Patient Global Impression of
Improvement (PGI-1) is a validated questionnaire evaluating
improvement, which was only used at follow-up. Participants
rated their follow-up condition as compared with their
pretreatment condition, using a 7-item scale with answer options
ranging from “Very much better” to “Very much worse” [30].
Patient satisfaction was evaluated only in the treatment group
at follow-up. Thisitem asked whether the current treatment was
perceived as sufficient, with 3 response options regarding
satisfaction and intention to seek further care.

We used information from the bladder diary and follow-up
guestionnaire to assess cure and improvement. Cure was defined
as no leakage episodes recorded in the bladder diary at
follow-up, and improvement was defined as any improvement
on the PGI-I.

Performance and Adherence

At both the baseline and follow-up, participants were asked
whether they perceived themselves as ableto correctly perform
pelvic floor contractions. At the follow-up, they were also asked
to appraise their current ability to contract their pelvic floor
muscles as compared with before they had accessto the assigned
treatment or information app, with responses ranging from
“Much better” to “Much worse,” and to appraise the ability to
resist urgency through a corresponding question, with similar
response options.

Furthermore, the follow-up questionnaire included a question
on how often the participants had used their assigned app during
the study period. Response options ranged from “Never” to
“Daily, three times a day, or more often.” There was also a
guestion on whether the participant had used another
incontinence app or participated in another incontinence
treatment program during the study period.

https://www.jmir.org/2021/4/€19439
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Technical |1ssues and User Feedback

Participants were informed that they could contact the
researchers via email in case of technical problems with the
app. Thefollow-up questionnaire allowed participantsto provide
qualitative feedback via nonmandatory open-ended questions
about how they perceived the assigned app, in general, and the
specific contents of the app. Participants in the treatment app
group were a so asked to rank the 6 treatment app components
(tailored advice, exercise log, PFMT, bladder training,
psychoeducation, and lifestyle advice) from most useful to least
useful.

Sample Size

The expected response was based on results from our previous
smartphone study, and the findings of Albers-Heitner et al
[20,31]. Weanticipated | CIQ-UI SFimprovements of 2.5 points
in the treatment group and 0.9 points in the information group.
This level of change has aso been found to reflect aclinically
important differencein women with stress urinary incontinence
after treatment via eHealth [22]. Detecting this difference with
80% power, atwo-sided test, and a significance level of P<.05
would require a sample size of 49 in each group. With an
expected drop-out rate of 20%, we needed approximately 60
participantsin each group. Thus, we aimed to recruit 120 women
for this study.

Statistical Analysis

For al outcome measures, we performed an intention-to-treat
analysis. To andyze the ICIQ-Ul SF ICIQ-LUTSqoal,
ICIQ-OAB, and IC scale, we used analytical methods that
accounted for all available data. We used the last observation
carried forward method for | EF and incontinence aid usage, and
we applied imputation of values corresponding to no changein
the PGI-I.

Baseline datawere described in terms of age, BMI, educational
level, medication use, and al primary and secondary outcomes
that were measured at the baseline. For the primary outcome,
we examined the between-group differencein the mean 1CIQ-UI
SF score at the 15-week follow-up using alinear mixed-model
analysis incorporating baseline data. For the secondary
outcomes, between-group comparisonswere made using alinear
mixed-model analysis for the difference in mean values for
continuous variables, and the Mann-Whitney U test for the
distribution of categorical variables and for the difference in
median for nonnormally distributed continuous variables. For
within-group comparisons (ie, between baseline and follow-up),
we used a paired t test for continuous variables and a Wilcoxon
signed-rank test for nonnormally distributed continuous
variables. For | EF, we calculated the difference between baseline
and follow-up scores for each individual, presented as median
and IQR values. Since | EF data were not normally distributed,
they were analyzed using the Wilcoxon signed-rank test. We
used a chi-sgquare test with continuity correction to calculate
the odds ratios (ORs) for cure and improvement.

All statistical analyseswere performed using SPSS (version 25;
IBM Corp).
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Results

Study Flow and Participant Characteristics

The web-based screening questionnaire was initiated by 1241
individuals, of whom 1099 were ineligible. A total of 142
women were interviewed, of which 123 were included in the

Figure2. Tria profile.

Wadensten et al

study and randomized to receive either the treatment app (n=60)
or the information app (n=63). Two women (both in the
treatment group) werelost to follow-up. Five women submitted
incomplete follow-up data regarding two secondary outcomes
(Figure 2). The median time from randomization to follow-up
was 16.1 (IQR 15.0-18.1) weeks in the treatment group and
15.5 (IQR 14.6-17.6) weeks in the information group (P=.14).

1241 persons assessed for
eligibility via web-based
screening

1099 persons found ineligible

did not meet inclusion
criteria (n=476)
redirected to usual care
(n=242)

could not be contacted
(n=381)

142 women

enrolled

123 women
randomized

Intervention

Treatment app
assigned (n=60)

2 women lost to follow-up

1 withdrew
1 could not be
reached

3 missing data from
bladder diary and patient
satisfaction

Included in intention-
to-treat analysis
(n=60)

Baseline characteristics did not differ between the two groups.
The mean age of women included was 58 (range 31-77) years.
Half of the women (64/123, 52%) were overweight or obese.
The majority of participants had received university-level
education, and 95% (117/123) of them classified themselves as
being quite or very knowledgeablein using computers or tablets.

https://www.jmir.org/2021/4/€19439
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19 women found ineligible at
telephone interview

did not meet inclusion
criteria (n=3)
redirected to usual care
(n=16)

Control

Information app
assigned (n=63)

None lost to follow-up

2 missing data from
bladder diary

Included in intention-
to-treat analysis
(n=63)

Three-quarters of the participants (88/123, 72%) were diagnosed
with MUI, and 69% (85/123) had not previously sought care
for their incontinence (Table 2). Severe or very severe
incontinence was reported by 38% (47/123) of the participants,
and the mean symptom severity score was 11.6 (SD 3.3).
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Table 2. Baseline characteristics of study participants.

Characteristic Treatment group Information group
(n=60) (n=63)
General information
Agein years, mean (SD) 58.9 (9.2) 57.7 (9.9)
BMI in kg/m?, mean (SD) 26.5(3.6) 25.9(5.2)
University education =3 years, n (%) 44 (73.3) 35 (55.6)
Self-rated knowledge in using computers or tablets (1-4 points?), mean (SD) 35(06) 34(06)
eHEAL S score, mean (SD) 32.9(5.6) 33.8(4.5)
Lifestyle
Physical activity >3 hours/week, n (%) 33 (55.0) 40 (63.5)
Smoker©, n (%) 1(17) 2(32)
Coffee consumption =5 cups/day, n (%) 717 10 (15.9)
Tea consumption =5 cups/day, n (%) 4(6.7) 2(3.2
Often or always constipated, n (%) 6 (10) 3(4.8)
Gynecology
Parity, n (%)
0 8(13.3) 7(11.1)
1 4(6.7) 7 (11.1)
>2 48 (80) 49 (77.8)
Postmenopausal >1 year, n (%) 42 (70) 47 (74.6)

Current estrogen usage, n (%)
Local estrogen 11 (18.3) 13 (20.6)
Systemic estrogen 1(1.7) 1(1.6)
Gynecological surgery, n (%)

Hysterectomy 4(6.7) 7(11.1)
Prolapse surgery 3(5) 0(0)
Incontinence surgeryd 309 3(48)

Urinary incontinence

Symptom diagnosis, n (%)

Mixed urinary incontinence 45 (75) 43 (68.3)

Urgency urinary incontinence 15 (25) 20 (3L.7)
Duration of symptoms >5 years, n (%) 37 (61.7) 38 (60.3)
Previous health care contact for incontinence symptoms, n (%) 19 (31.7) 19(30.2)
ICIQ-UI SF® score, mean (SD) 11735 11432
IEF per week, mean (SD)? 21.8(16.8) 21.1(13.7)

8A higher score indicates higher self-perceived knowledge.

PeHEALS: eHedlth Literacy Scale, a self-reported 8-item scale assessing an individual’s ability to identify, evaluate, and use eHealth resources.
®No daily smokers, only weekly smokers, participated in the study.

YPartici pants who had undergone incontinence surgery in the last 5 years were not included in the study.

€ICIQ-UI SF: International Consultation on Incontinence Questionnaire-Urinary Incontinence Short Form.

fIEF: incontinence episode frequency.

9Mean (SD) values presented to facilitate comparison with other populations.
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Outcomes

At the 15-week follow-up, women in the treatment group had
significantly lower incontinence symptom scores than those in
theinformation group. The estimated between-group difference

Wadensten et al

in mean in the primary outcome, the ICIQ-Ul SF score, was
-31 (95% CI -4.8 to -1.3). Both groups showed an
improvement from the baseline but a larger improvement was
noted in the treatment group (Table 3).

Table 3. Continuous outcomes compared between the treatment group (n=60) and information group (n=63) at follow-up.

Outcome measure and group allocation

Baseline, mean (SD)  Follow-up, mean (SD)

Between-group comparison at follow-up

Estimated difference (95% CI)2 P value
Primary outcome
ICIQ-UI SF® -3.1(-48t0-13) .001
Treatment group (n=60) 11.7 (35) 7.0(3.7)°
Information group (n=63) 11.4(3.2) 9.8 (3.5)
Secondary outcomes
1C1Q-OAB® -18(-2.8t0-0.9) <.001
Treatment group (n=60) 6.8 (1.8) 47(2.0)°
Information group (N=63) 6.7 (1.8) 6.4 (2.0)
1C1Q-LUTSqol®f -6.3(-105t0-2.1) .004
Treatment group (n=60) 37.6 (8.3 29.8 (7.8)°
Information group (n=63) 38.0(8.1) 36.5(9.0)
I ncontinence Catastrophizing Scale -1.6(-2.8t0-0.3) .016
Treatment group (n=60) 4.4 (2.8) 23(2.1)°
Information group (n=63) 4.7 (2.5) 4.1 (25)

8Comparison of mean scores using a linear mixed model.

bici Q-UI SF: International Consultation on Incontinence Questionnaire-Urinary Incontinence Short Form.

®Mean values based on the scores of the 58 treatment app users who completed the follow-up questionnaire.

dICIQ-OAB: International Consultation on Incontinence Questionnaire-Overactive Bladder Module.

€ICIQ-LUTSqol: International Consuiltation on Incontinence Questionnaire-Lower Urinary Tract Symptoms Quality of Life Module.

MThree of the itemsin the ICI Q-LUTSqol included an additional response option, “Not applicable” (these questions concerned partner relations, sex
life, and family life). For this study, we set this response option as equal to 1 point, corresponding to the response option “Not at al” (ie, no impact).

Compared with those in the information group, participantsin
the treatment group also showed significantly greater
improvements in the secondary outcomes, with lower scores
for urgency symptoms, condition-specific quality of life, and
catastrophizing at follow-up. Within-group comparisons
reveded statistically significant improvements from baseline
to follow-up in al outcomes, except urgency symptoms in the
information group (Table 3 and Multimedia Appendix 5).

Participants in both the treatment and information groups
exhibited a significant reduction in the number of incontinence

https://www.jmir.org/2021/4/€19439
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episodes (IEF) from the basdlineto follow-up. Thisimprovement
was greater in the treatment group than in the information group
(Table 4). The number of incontinence episodes was reduced
by 50% or more in 68% (41/60) of the participants in the
treatment group and 30% (19/63) of the participants in the
information group. Incontinence aids were used less than once
aweek at follow-up by the mgjority of participants (38/60, 63%)
in thetreatment group compared with those (25/60, 40%) in the
information group (Table 5).
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Table4. Differencesinincontinence episode frequency from the baselineto follow-up compared between the treatment group (n=60) and theinformation

group (n=63).

Group allocation Baseline, median Follow-up, median  \pjithi n-group comparison® Between-group comparison
(IQR) (IQR) at follow-up®
Difference®, median (IQR) Pvalue Pvalue
Treatment app 17.5(10.5t0 27.1) 3.5(0.0t0 10.5) -10.5(-17.5t0 -3.5) <.001 <.001
Information app 21.0(7.0to 31.5) 10.5(7.0t0 21.0) -3.5(-14.0t0 3.5) .003

For within-group comparisons, we calculated the difference from baseline to follow-up for each individual and performed analyses using a Wilcoxon

signed-rank test.
&Y ann-Whitney U test.

%5 participantsin the treatment group and 2 participants in the information group had amissing value at follow-up, and for those, the difference was set

to O (ie, no change).

Table5. Incontinence aid usage by participants in the treatment group (n=60) and information group (n=63), reported at baseline and at follow-up.

Allocation and incontinence aid usage Participants, n (%) P value
Basdline Follow-up Within-group comparison® Between-group com-
parison at follow-upb
Treatment app <.001 .01
Never 11 (18.3) 26 (43.3)°
<1/week 10 (16.7) 12 (20)
1-3/week 12 (20) 4(6.7)
>3/week, not daily 4(6.7) 2(3.3)
Uday 12 (20.0) 10 (16.7)
>1/day 11(18.3) 6 (10)°
Information app A5
Never 14 (22.2) 14(22.2)
<1/week 11 (17.5) 11 (17.5)
1-3/week 7(11.1) 8(12.7)
>3/week, not daily 4(6.3) 6 (9.5
Uday 11 (17.5) 13(20.6)
>1/day 16 (25.4) 11 (17.5)

Ailcoxon signed-rank test.

By ann-Whitney U test.

CImputed baseline value for 1 participant lost to follow-up.

PGI-1 scores indicated that 87% (52/60) of the participants in
thetreatment group reported animprovement as compared with
30% (19/63) in the information group. Figure 3 details the
distribution of the responses. Cure was reported by 32% (19/60)
of the participants in the treatment group and by 8% (5/63) of

https://www.jmir.org/2021/4/€19439
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the participantsin the information group. The OR for cure was
5.4 (95% Cl 1.9-15.6, P=.002) for the treatment group with the
information group as reference. Moreover, the OR for
improvement was 15.1 (95% CI 6.0-37.7, P<.001) for the
treatment group with the information group as reference.
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Figure 3. Patient’s Global Impression of Improvement responses reported by the participants at follow-up. Comparison between the treatment group
(n=60) and the information group (n=63). *P<.001 (Mann-Whitney U test). Two participants were lost to follow-up in the treatment group and imputed

as “no change’ for thisanalysis.
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In the treatment group, 7% (4/60) of the participants reported
their current satisfaction with the treatment and that they were
completely free from urinary leakage and urgency symptoms,
whereas 52% (31/60) of the women reported their satisfaction
with the treatment despite some remaining symptoms. The
remaining 33% (20/60) of the participants reported that they
were not satisfied with the treatment, but only 7 of these 20
considered seeking additional care.

Performance and Adherence

At baseline, 40% (49/123) of the participants were confident
that they correctly performed pelvic floor contractions, with no
between-group difference. At follow-up, thisrate wasincreased
to 62% (37/60) of the participants in the treatment group, and
52% (33/63) of the participantsin theinformation group (P=.39).
At follow-up, 85% (51/60) of the participants in the treatment
group stated that their ability to contract their pelvic floor
muscles was dlightly or much improved, compared with 16%
(10/63) of the participants in the information group (P<.001).
Similarly, the ability to resist an urge to void was dightly or
much improved for 80% (48/60) of the participants in the
treatment group, compared with 27% (17/63) of the participants
in the information group (P<.001).

During the 15-week treatment period, 40 (67%) of the 60
participantsin the treatment group used the app more than three
times per week, and 6 (10%) participants used it at least three
times per day. None of the treatment group participants used
other incontinence apps or treatment programs during the study
period. In the information group, 2 of the 63 (3%) participants
used another PFMT app, and 1 (2%) participant practiced PFMT
and tried to resist urgency. Moreover, 1 (2%) participant in the
information group sought help from usual care for
incontinence-related symptoms during the study period and
received incontinence aids, advice on PFMT, and treatment
with intravesical hyaluronic acid-chondroitin sulphate. The

https://www.jmir.org/2021/4/€19439
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adherence to the tailored advice is described in Multimedia
Appendix 3.

Technical Issues and User Feedback

No participants reported technical problems with the apps, and
no privacy breaches occurred. Many participants in the
information group thought that the information was too brief
and, therefore, they rarely used the app. Most participants in
the treatment group were satisfied with their experience of the
app in terms of contents and usability. The users ranked the
various treatment app components, with the PFMT portion
deemed most useful (ranked 1, 2, or 3 by 95% of al users),
followed by the exercise log (ranked 1, 2, or 3 by 80% of all
users) and tailored advice (ranked 1, 2, or 3 by 66% of all users).

Adver se Events

Two participants (both in the treatment group) reported potential
adverse events. one of them reported the development of an
inguinal herniaduring the treatment period, which later required
surgery. Discussion of this case with the specidlists in the
research group, an independent specialist in herniasurgery, and
an official at Medical Products Agency, Sweden, led to the
conclusion that the herniawas likely not related with the use of
the treatment app. The other participant reported altered
incontinence symptoms, with decreased urgency but increased
episodes of spontaneous urinary leakage.

Discussion

Principal Results

In the present randomized controlled trial among women with
mixed and urgency urinary incontinence, we found that the
treatment app was effective in reducing incontinence symptoms
(our primary outcome), with lower scores observed at the
15-week follow-up in the treatment group compared with those
intheinformation group. We also found that treatment app users
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showed greater improvements regarding quality of life, urgency
symptoms, number of incontinence episodes, use of incontinence
aids, and catastrophizing, compared with the information app
users.

Clinical Relevance

About 87% (52/60) of the treatment app users reported an
improvement, and half of them (28/60, 47%) reported much or
very much improvement. A 50% reduction in the frequency of
incontinence episodesis considered clinically relevant, and this
degree of reduction was observed for the majority of the
treatment app users in our study [32]. For women with SUI,
reductions of 2.5 pointsin the ICIQ-UI SF scoreand 3.7 points
in the ICIQ-LUTSqgol score has been considered to reflect
clinicaly relevant improvement after pelvic floor muscle
training via an eHeath approach [22]. The within-group
reductions observed in our study were larger than these
thresholds and also larger than the 4- and 6-point reduction in
the ICIQ-UI SF and ICIQ-LUTSqol scores established by Lim
et a as minimum important differences for other conservative
management [33]. To our knowledge, thereareno similar studies
of women with UUlI and MUI, but minimum important
differencesarelikely to be at asimilar level compared with the
studies mentioned above. The PGI-I and comparison with
minimum important differences indicate that the changes in
symptoms and quality of life for the treatment group observed
in our study are clinically relevant.

Strengths and Limitations

One of the strengths of our study was that we used clinically
relevant outcomesthat were carefully selected to cover different
aspects of UUI and MUI, including symptoms, quantification,
quality of life, and subjective improvement. The three ICIQ
scores, including the one used as the primary outcome (1CIQ-UI
SF), are all Grade A or A+ recommended outcome measures
according to the International Continence Society [3]. These
guestionnaires are also validated for electronic use [34,35].
Additionally, our study was adequately sized and conducted
with external monitoring, asamark of quality. There were very
small losses to follow-up and no internal losses, except for the
secondary outcome of IEF. We developed and utilized an
algorithm to identify suitable participants, and all participants
experienced extensive incontinence symptoms at the baseline,
strengthening the need for treatment. Another strength of our
study was that the app was thoroughly designed and stable and
required no updates during the study period. No users
experienced technical issues. The treatment app included a
patient-centered design, such that the user herself decided which
parts of the app to use. Tailored advice, based on information
about the user’s lifestyle and incontinence symptoms, offered
guidance on what might be the most beneficial component or
feature of the app for her to focus on. All participants in the
treatment group downloaded and activated the app, and most
of them regularly used the app. The risk for contamination
between the two groups was negligible since activation of the
treatment app required a unique one-time authorization code.
The treatment app featured information and exercises covering
multiple topics related to UUI and MUI, resembling a clinical
reality with a multi-faceted intervention. Therefore, this study
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cannot discriminate how different parts of the app contributed
to the various effects.

A potential limitation of this study is that we cannot yet assess
the long-term effects of the app. However, we previously
reported that our smartphone app targeted at women with SUI
had a long-lasting effect at the 2-year follow-up [21]. Similar
to most other investigations of eHealth or behavioral therapy
interventions, another limitation of our study was that the
participants could not be blinded to their group allocation. Our
choiceto not use care-as-usua as acontrol group could also be
viewed asalimitation. However, seeking care-as-usual was not
alikely option for most of our intended target population; thus,
we argue that the information app was the most comparable
control. Another potential concern is the lack of face-to-face
contact with a health care provider and that there was no
professional assessment of the participants' ability to perform
correct PFMT contractions. However, in aJAMA review from
2017, unsupervised PFMT is recommended as a first-line
treatment after exclusion of serious underlying pathologies[9].
The treatment app included information on how to correctly
perform contractions, and it recommended women who were
uncertain of their contraction technique to contact their ordinary
health care provider for advice. At follow-up, no treatment app
users had sought help from usual care, and the majority stated
that their ability to perform PFMT contractions had improved.
Most of the women in the treatment group were satisfied with
the treatment, and of those who were not satisfied, only a few
intended to seek care el sawhere. However, since the qualitative
feedback was optional, we do not know the reason behind their
decision not to seek further care despite not being satisfied.
Furthermore, this study focused on the presentation of
guantitative data, and while thisis a strength when investigating
efficacy, adeeper analysis of the qualitative data collected might
provide valuable information about the experiences of the
participants in the trial. A common issue in research, and
particularly in studies of eHedlth interventions, is that the
participants’ education level is often higher than that of the
genera population. The average education level of people in
Sweden is higher than that of people in many other countries;
nonetheless, women with a university-level education were
over-represented among our participants, which may potentially
affect the generalizability of our results.

Comparison With Prior Work

Several systematic reviewsreport that antimuscarinic drugsand
mirabegron yield a mean reduction corresponding to half a
leakage per 24 hours at the 3-month follow-up when compared
with the placebo [36-39]. The median reduction for the treatment
group in our study was twice as large as this. Moreover,
antimuscarinic medication is commonly associated with
side-effects, such as dry mouth and constipation. Mirabegron
is better tolerated but has side-effects, such as urinary tract
infections, irregular heartrate, and palpitations [3,36,37]. In
contrast, behavioral treatment and lifestyle advice carry no
known side-effects. Women with urgency urinary incontinence
are more likely to achieve improvement, cure, and satisfaction
with behavioral therapy than with anticholinergics [40]. The
cure and improvement ratesin our treatment app group werein
line with the findings from other studies. A systematic review
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update from 2018 reported a 25%-30% cure rate of urgency
urinary incontinence with neuromodulation, behavioral therapy,
or combined anticholinergic and behavioral therapy. The OR
for cure of urgency incontinence with behavioral therapy was
2.75 (95% CI 1.53-4.92) compared with the placebo, sham, or
no treatment [40].

Conclusions and Outlook

Wadensten et al

waysto improve the interventions, or the development process,
to make eHealth treatment options more accessible or relevant
for new user groups. Further investigations are also needed to
evaluate the use of algorithms to select patients for
self-management of these conditions, with regard to medical
safety. For popul ations similar to the participantsin our present
study, our results indicate that the treatment app is already an

effective treatment option. There remains a need to study the
long-term effects, and to decide how to make this app available
to patients—that is, whether the app can be offered as a
stand-alone, first-line intervention for women with an
uncomplicated medical history, or whether it should be regulated
and prescribed only by health care professionals.

UUI and MUI affect many women and can have a potentially
largeimpact on their quality of life. Thus, it isimportant to offer
effective treatment options that can reach many patients, and
eHealth methods are a new potential means of supporting
self-management. Providing treatment that does not require
face-to-face contact with the health care service provider might
facilitate increased care-seeking among these women.
Additionally, eHealth tools (eg, smartphone apps) provide
possibilities for adherence-promotion, such as reminder
notifications, and can be tailored for the specific user, such as
through the tailored advice provided in our presently tested
treatment app. Concerns have recently been raised about adigital
divide such that some groups might be less able to use these
digital health aids[41-43]. Futureresearch is needed to identify

To our knowledge, this is the first study to demonstrate the
potential to provide an effective, tailored, app-based treatment
to women with urgency or mixed urinary incontinence suited
for self-management. Our results show an efficacy that is
comparable to other first-line treatments available. Therefore,
we propose that this app could be added to the treatment options
offered as part of usual care for women presenting with these
conditions.
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