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OBJECTIVE: To evaluate whether pelvic floor muscle

training using a motion-based digital intravaginal device

is more effective than home pelvic floor muscle training

for treatment of stress or stress-predominant mixed

urinary incontinence (UI).

METHODS: In a remote, virtually executed 8-week pro-

spective randomized controlled superiority trial, women

with stress or stress-predominant mixed UI were random-

ized to pelvic floor muscle training using a motion-based

digital therapeutic device or a home training program

using written and narrated instructions. Primary outcomes

were change in UDI-6 (Urogenital Distress Inventory, Short

Form) score and stress urinary incontinence (SUI) episodes

on a 3-day bladder diary. A sample size of 139 per group

(n5278) was planned to meet the power analysis require-

ments for the UDI-6 score (n5278) and the bladder diary

(n578). Prespecified secondary outcomes included

quality-of-life surveys and adherence reporting.

RESULTS: From September 2020 to March 2021, 5,353

participants were screened, and 363 were randomized: 182

in the intervention and 181 in the control group. There

were no baseline clinicodemographic differences between

groups. The mean change in UDI-6 score was significantly

greater for the intervention group compared with the

control group (18.8 vs 14.7, P5.01). The median (interquar-

tile range) number of SUI episodes on the 3-day bladder

diary was significantly reduced from 5 (3–8) and 5 (3–8)

episodes to 1 (0–3) and 2 (1–4) (P5.005) in the intervention

group compared with control group, respectively. A signif-

icantly greater number of participants in the intervention

group than in the control group reported they were “much

improved” or “very much improved” on the PGI-I (Patient

Global Impression of Improvement) (63/143 [44.1% vs 45/

156 [28.8%], odds ratio 1.94, 95% CI 1.21–3.15). There were

no device-related severe adverse events.

CONCLUSION: In this all-remote, virtually conducted

trial, pelvic floor muscle training guided by a motion-

based digital therapeutic device resulted in significantly

improved UI symptoms and reduction of UI episodes

compared with a home training program.
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U rinary incontinence (UI) affects as many as 50%
of women across their lifespans.1 Prevalence
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estimates rise with each decade of life, and symptom
severity and related quality of life tend to worsen over
time.2–4 Pelvic floor muscle training represents first-
line conservative treatment for UI, including stress
urinary incontinence (SUI), urgency UI, and mixed
UI subtypes. Though level I evidence supports the
application of pelvic floor muscle training to improve
and resolve UI symptoms,5 uptake and adherence to
training programs remain suboptimal, with multiple
individual and institutional barriers to care.6–8 These
include limited patient knowledge about how to per-
form pelvic floor muscle training and limited access to
care owing to a deficit of skilled professionals (ie,
physical therapists, continence nurse specialists).7,9

In the absence of supervised care, women may
embark on an unsupervised pelvic floor muscle
training regimen, often with limited efficacy.10 Digital
health technologies have attempted to facilitate adher-
ence to pelvic floor muscle training for this popula-
tion, and early data suggest there is a role for mobile
applications (apps) in the treatment of female UI.11

Digital therapeutics represent a specialized niche
within digital health as evidence-based, regulated, pre-
scription products that incorporate digital systems,
such as smartphone apps, to manage or treat a specific
health condition.12 Early feasibility studies using a
motion-based digital therapeutic device to guide at-
home pelvic floor muscle training provided limited
efficacy data, because they were not adequately pow-
ered to show a difference between the device and
home pelvic floor muscle training.13,14 The device is
composed of a small, flexible vaginal insert that takes
the shape of the vagina when placed, and using accel-
erometers, reflects the motion of the vagina when pel-
vic floor muscles are contracted. Data are wirelessly
communicated to the users’ smartphone app, and
adherence to the exercise program is transmitted for
cloud-based storage (Fig. 1).

The current study is a larger, adequately pow-
ered, randomized controlled trial using this same
device. The primary aim was to compare the efficacy
of pelvic floor muscle training by using this digital
therapeutic device with a home training program in
reducing the severity of stress-predominant or stress-
predominant mixed UI symptoms and incontinent
episodes. Secondary aims were to assess health-related
quality of life, adherence to pelvic floor muscle
training, and other non-UI pelvic floor symptoms, as
well as to examine safety.

METHODS

This was a prospective randomized controlled
superiority trial evaluating the efficacy and safety

of a motion-based digital therapeutic device used to
perform pelvic floor muscle training, compared
with a standard home exercise program for the
treatment of female SUI and stress-predominant
mixed UI. The leva Pelvic Health System is
indicated for the treatment of female SUI, urgency
UI, mixed UI, and pelvic floor muscle weakness
(U.S. Food and Drug Administration–cleared 510[k]
K133990 and K180637). The device incorporates
an intravaginal biofeedback component with a
smartphone app. The intravaginal insert uses
accelerometers to detect pelvic floor motion, and
this motion-based biofeedback is visually depicted
in the app. This is represented as a dial that shows
correct and incorrect motion during pelvic floor
muscle training. Data were cloud-captured and
relayed to the prescribing health care professionals
to enable remote monitoring of adherence using
embedded validated surveys.

Fig. 1. Digital therapeutic device. Image courtesy of Ren-
ovia Inc.
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The study was conducted virtually in response to
limitations on research imposed by the coronavirus
disease 2019 (COVID-19) pandemic, in addition to
literature supporting initiation of nonsurgical therapy
after virtual visits in the absence of physical exami-
nation.15 All screening and data collection were com-
pleted remotely. Women were recruited through
advertising on social media outlets including Face-
book, Instagram, and Twitter in the United States
from October 2020 through March 2021. Ethics
approval was obtained from Western Institutional
Review Board (study no.1287912). The comprehen-
sive study protocol (methods paper) has been
published.16

Women at least 18 years of age with SUI or
stress-dominant mixed UI symptoms for 3 months or
longer were eligible. Before screening, participants
provided informed consent by e-signature. Urinary
incontinence type was determined by responses on
the MESA (Medical, Epidemiologic and Social
Aspects of Aging) questionnaire, where the MESA
stress incontinence score was required to be greater
than the MESA urgency incontinence score.17 Before
randomization, participants who met study criteria
were prompted to download the study app (Claim-
It!2020) and were required to supply demographic
and medical history data, complete baseline ques-
tionnaires, and provide a 3-day bladder diary with
a minimum of two stress incontinence episodes over
the 3 days. Owing to the virtual nature of the study,
these requirements served to minimize withdrawals
and loss to follow-up. Race was included to deter-
mine whether our study population was representa-
tive of women with UI and was self-reported during
the baseline assessment. Once completed, partici-
pants were randomized (1:1) to one of two study
arms using computer-generated block randomiza-
tion. Investigators were masked to group assignment.
Participants were compensated $350 over the course
of the study.

Participants in the intervention arm were mailed
the device and written instructions (Appendix 1,
available online at http://links.lww.com/AOG/
C636) for use. After installing the device app, partic-
ipants followed in-app instructions to set up the device
and complete pelvic floor muscle training. The device
was programmed to guide users through a two-and-a-
half minute program of five 15-second contractions,
followed by a 15-second relaxation period. Partici-
pants were asked to complete this training regimen
three times per day.

Participants in the control arm were mailed
written and video instructions (on a thumb drive)

regarding performance of pelvic floor muscle training.
These were adapted from the patient advocacy group
affiliated with the American Urogynecologic Society
(Voices of PFD)18 and included an exercise frequency
of three times per day with self-guided exercise pro-
gression from supine to standing positions as toler-
ated. The information provided to the control group
is included in the supplemental materials (Appendix
2, available online at http://links.lww.com/AOG/
C636).

All participants were asked to confirm receipt of
their mailings within the data-collection app and were
asked to schedule three phone calls. All participants
were instructed to complete 8 weeks of daily training
according to their group assignment. Eight weeks was
chosen as the timing of the primary outcome based on
prior research using the study device, as well as the
authors’ experience with the duration of supervised
pelvic floor muscle training under the care of a phys-
ical therapist. Data were captured at baseline, 4 weeks,
and 8 weeks. Participants in both arms scheduled
three phone calls with clinical study staff to ensure
they were comfortable with the education they
received about the use of the device (intervention
arm) or pelvic floor muscle training (control arm).
These conversations were conducted with a script to
ensure standardization of points addressed and
answers to questions.

The two primary outcomes included change in
UDI-6 (Urogenital Distress Inventory, Short Form)
score from baseline to 8 weeks and change in number
of SUI episodes on a 3-day bladder diary from
baseline to 8 weeks. The UDI-6 is a validated
questionnaire assessing the presence and degree of
bother of UI symptoms and is scored 0–100 points.19

Secondary outcomes included the following val-
idated measures: PGI-I (Patient Global Impression of
Improvement); PGI-S (Patient Global Impression of
Severity); PFIQ (Pelvic Floor Impact Questionnaire),
highlighting the IIQ-7 (Incontinence Impact Ques-
tionnaire, short form); POPDI-6 (Pelvic Organ Pro-
lapse Distress Inventory-6); CRADI-8 (Colorectal-
Anal Distress Inventory-8); and PISQ-IR (Pelvic
Organ Prolapse/Urinary Incontinence Sexual Ques-
tionnaire, IUGA-revised).

Participants completed all questionnaires using
the study app at baseline, 4 weeks, and 8 weeks. Self-
reported adherence within each group was captured
using a visual analog scale at 4 weeks and 8 weeks.
Participants were asked to indicate what percentage of
the time they completed pelvic floor muscle training,
as directed (three times daily). In the intervention
arm, device-reported adherence was recorded
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automatically on each use of the device and reported
as a cumulative percentage of adherence to a three-
times-daily regimen at 4 weeks and at 8 weeks. Safety
and adverse events data were captured throughout the
duration of the trial.

Sample size calculation was performed using
results from a pilot randomized trial that followed a
similar protocol,14 comparing baseline with 8-week
results of the UDI-6 (subjective outcome measure)
and SUI episodes on a bladder diary (objective out-
come measure). The prior trial, though not ade-
quately powered, demonstrated superior outcomes
for the intervention device when compared with
home pelvic floor muscle training alone; thus, a
one-tailed t test was selected. The difference in
scores for the UDI-6 was 213.7 (SD 18.7) in the
treatment arm and 27.5 (SD 21.1) in the control
arm, resulting in an effect size of 0.3. Power analysis
was determined using this 0.3 effect size
(alpha50.05, power50.8, using a one-tailed t test),
with a calculated sample size of 278. Allowing for an
attrition rate of 20% owing to the uncertainty intro-
duced with a virtual trial format, 350 participants
were targeted for randomization. Because we elec-
ted to use both a subjective and an objective pri-
mary outcome, we performed a power analysis for
the bladder diary measure as well. The difference in
scores for SUI episodes on a bladder diary in the
same trial was 0.6 (SD 1.7) in the control arm and
1.9 (SD 2.2) in the intervention arm, with an effect
size of 0.6. The sample size needed to adequately
power this outcome from baseline to week 8 using
alpha50.05, and power of 0.8, resulted in a needed
sample of 78 participants.

Participant demographics, medical history, and
baseline UDI-6 scores and data from 3-day bladder
diaries were collected. Mean scores were calculated
for each measure, including the POPDI-6, CRADI-8,
PISQ-IR, and PFIQ (with IIQ), for each group. Paired
t tests or Wilcoxon rank-sum tests were applied to
determine score differences in baseline and posttreat-
ment scores within and between treatment groups, as
appropriate. The x2 test was used to analyze the PGI-I
and PGI-S measures.

Because the UDI-6 does not have an
established minimum clinically important difference,
UDI-6 scores were converted to UDI long form scores
to determine whether a minimum clinically important
difference of 11 points was met for each group.20,21

The Wilcoxon signed-rank test was used to determine
the 8-week treatment differences in median SUI epi-
sodes within and between treatment groups. Partici-
pant self-reported adherence was plotted against

device-reported adherence for the intervention group
at 8 weeks to assess the relationship between these two
variables. P,.05 was considered statistically signifi-
cant. R 1.4.113 software was used for statistical
analyses.

A modified intention-to-treat analysis was
applied for the primary outcome analysis, where
participants with at least one data point reported at
8 weeks were included in the final analysis.

ROLE OF THE FUNDING SOURCE

The sponsor fully funded all aspects of the study and
partnered with the authors on the study design,
performance of the trial and manuscript preparation.
Execution and analyses were mediated by a Clinical
Research Organization. The authors had access to
and reviewed relevant aggregated study data and
other information (such as study protocol, analytic
plan and report, validated data table, and clinical
study report) required to understand and report the
research findings. The authors take responsibility for
the presentation and publication of the research
findings, have been fully involved at all stages of
publication and presentation development, and are
willing to take public responsibility for all aspects of
the work. All individuals included as authors and
contributors who made substantial intellectual con-
tributions to the research, data analysis, and publi-
cation or presentation development are listed
appropriately. The role of the sponsor in the design,
execution, analysis, reporting, and funding is fully
disclosed. The authors’ personal interests, financial
or nonfinancial, relating to this research and its pub-
lication have been disclosed.

RESULTS

A total of 5,353 women were consented and com-
pleted online screening; 363 participants were ran-
domized. Data were available for analysis for 299
participants, with 143 in the intervention group and
156 in the control group. The CONSORT (Consol-
idated Standards of Reporting Trials) study flow
diagram is illustrated in Figure 2. Participants’ demo-
graphics and clinical characteristics are presented in
Table 1. Overall, mean age of participants was
51.7613 years and mean body mass index (BMI,
calculated as weight in kilograms divided by height
in meters squared) was 31.767.4; racial and ethnic
distribution is summarized in Table 1. There were no
significant differences between groups in any charac-
teristics at baseline. There were no significant base-
line differences between those who were excluded
from analysis and those who were included (data
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not shown). Additionally, there were no significant
differences in the number of individuals who partic-
ipated in the three scheduled phone calls between the
intervention group (86/143, 60%) and the control
group (107/156, 69%) (P5.13).

Results of the primary outcomes are noted in
Tables 2 and 3. Both groups achieved improvement
in UDI-6 scores over the treatment period with the
intervention group reaching a significantly greater
score improvement compared with the control
group. The percentage difference between the mean
change in UDI-6 scores was 34.5%. Responses to
individual UDI-6 questions are presented in Appen-
dix 3, available online at http://links.lww.com/
AOG/C636. UDI-6 score was significantly
improved in both groups from baseline to 4 weeks
and from 4 weeks to 8 weeks. However, the inter-
vention group reached significantly greater
improvement than the control group at both time-
points (absolute mean change: baseline–4 weeks, 15.

3613.3 vs 12.1610.8, P5.026; 4–8 weeks, 13.2611.
2 vs 8.968.8, P,.001), with the overall absolute
mean change between baseline and week 8 at 18.8
compared with 14.7 (P5.011) for the intervention
and control groups, respectively. The intervention
group met or exceeded the minimum clinically
important difference of 11 points at both the 4- and
8-week postintervention timepoints; the control
group met minimum clinically important difference
at 4 weeks but not at 8 weeks. The 3-day bladder
diary results showed that the median (interquartile
range) number of SUI episodes at 8 weeks was sig-
nificantly fewer in the intervention arm (1 [0–3])
than in the control arm (2 [1–4]) (z522.9, P5.
005). More participants in the intervention group
(59/143) than in the control group (37/139) (P5.
036) reported a 50% or greater reduction in SUI
episodes (odds ratio 1.7, 95% CI 1.03–2.81).

Overall, 36% (108/299) of participants reported
they were “much better” or “very much better” on

Fig. 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. ITT, intention-to-treat. *Coronavirus disease
2019 (COVID-19).
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the PGI-I. A significantly greater number of partici-
pants in the intervention group than in the control
group reported this improvement (63/143 [44.1%] vs
45/156 [28.8%], odds ratio 1.9, 95% CI 1.2–3.2).
Each group achieved significant improvement in
IIQ-7 scores over the 8-week period (absolute differ-
ence 18.4 [intervention] and 18.4 [control], P5.001),
with no significant difference between groups
(P5.99). At week 8, there was no difference in per-
ception of disease severity (PGI-S) between groups
(P5.51).

Additional secondary outcome measures are
noted in Table 4. Both groups achieved significant
improvement from baseline to 8 weeks on the
CRADI-8, POPDI-6, PISQ-IR, and PFIQ, and
there were no significant differences between
groups on these measures (P5.65, .93, .96, and
0.14, respectively).

Self-reported adherence over 8 weeks was 84%
in the intervention group and 89% in the control
group; device-reported adherence for the interven-
tion group was 69%. The differences between self-
and device-reported adherence in the intervention
group are presented in Figure 3. At week 8, 78.5%
of participants (106/143) self-reported their adher-
ence as higher than the device reported, and 21.5%
agreed with or underreported when compared with
the device. Participants in the lowest quartile of
device-reported adherence had a greater diver-
gence between device- and self-report (mean diver-
gence 37.3% 628.8) compared with those in the
highest quartile of device-reported performance
(mean divergence 8.8% 66.6, P5.001, 95% CI
19.4–37.6).

There were no device-related serious adverse
events reported. Five participants reported urinary

Table 1. Participant Demographics and Baseline Characteristics

Characteristic Control Group (n5156) Intervention Group (n5143) Total (N5299)

Age (y) 51.5612.6 52.02612.9 51.74612.7
50 (18–78) 53 (22–75) 52 (18–78)

Race
Asian 8 (5.1) 3 (2.1) 11 (3.7)
Black 12 (7.7) 17 (11.9) 29 (9.7)
Middle Eastern, North African 0 (0.0) 1 (0.7) 1 (0.3)
Multi* 2 (1.3) 7 (4.9) 9 (3.0)
Pacific Islander, Native Hawaiian 0 (0) 0 (0) 0 (0)
Unknown 0 (0) 1 (0.7) 1 (0.3)
White 131 (84.0) 109 (76.2) 240 (80.3)
None of the above† 3 (1.9) 5 (3.5) 8 (2.7)

Ethnicity
Hispanic, Latina 14 (9.0) 17 (11.9) 31 (10.4)
Not Hispanic, Latina 142 (91.0) 124 (86.7) 266 (89.0)
Declined to answer 0 (0.00) 2 (1.4) 2 (0.7)

BMI (kg/m2) 31.867.5 31.567.3 31.767.4
31.3 (18.1–63.9) 30.9 (16.7–50.0) 31.0 (16.7–63.9)

No. of pregnancies
0 22 (14.1) 15 (10.5) 37 (12.4)
1 23 (17.2) 19 (14.8) 42 (14.1)
2 44 (32.8) 34 (26.6) 78 (26.1)
3 or more 67 (43.0) 75 (52.5) 142 (47.5)

Mode of delivery
Vaginal 76 (48.7) 79 (55.2) 155 (51.8)
Forceps or vacuum 32 (20.5) 28 (19.6) 60 (20.1)
Cesarean 19 (12.2) 18 (12.6) 37 (12.4)

Menopausal status‡

Postmenopausal 83 (53.2) 79 (55.2) 162 (54.2)
Premenopausal 73 (46.8) 64 (44.8) 137 (45.8)

SF-20 score 67.0618.3 70.3617.5 68.5618.0

BMI, body mass index; SF-20, Short Form Health Survey.
Data are mean6SD, median (range), or n (%).
* Participant self-identified two or more categories.
† Participant identified as "other."
‡ If menopausal status was not specified, participants aged 55 years and older were assumed to be menopausal.
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tract infections: 1.7% in the control group (3/181) and
1.1% in the intervention group (2/182). Six partici-
pants reported vaginal irritation: 0.55% in the control
group (1/181) and 2.7% in the intervention group (5/
182). Of 363 participants, 11 had treatment interrup-
tions due to COVID-19 illness.

DISCUSSION

In this robustly designed virtually conducted ran-
domized controlled trial, pelvic floor muscle train-
ing guided by a motion-based digital therapeutic
device yielded greater improvement of urinary
symptom severity and degree of bother as mea-
sured by UDI-6 and by a 3-day bladder diary,
compared with a home training program. In both
groups, baseline UDI-6 scores were high (greater
than 50), indicating severe incontinence symptoms
and bother, with a score of 25 being associated with
treatment seeking for UI.22 Mean UDI-6 improve-
ment reached statistical significance for both
groups by 4 weeks, with the intervention arm sig-
nificantly more improved than the control arm at
both 4 and 8 weeks. Women in both groups saw
clinical symptom improvement as measured
by minimum clinically important difference on
UDI change scores. The intervention group met
or exceeded the minimum clinically important
difference of 11 points at both the 4- and 8-week
timepoints, whereas the control group met

the minimum clinically important difference at 4
weeks but not again at 8 weeks. Early and contin-
ued symptom improvement may enhance patient
self-efficacy regarding pelvic floor muscle training
and positively influence adherence to treatment
over time.

A greater number of participants in the interven-
tion group than the control group indicated that their
symptoms were “much better” or “very much better”
on the PGI-I. This is consistent with the greater symp-
tom improvement identified on the UDI-6. Although
both groups demonstrated significant improvement
on the IIQ and PFIQ scales, there was no significant
difference between them. This is a somewhat surpris-
ing finding given that the PGI-I was validated in part
using correlations with incontinence-specific quality-
of-life questionnaires.23 It is possible that the value of
these questionnaires during the COVID-19 pandemic
may be limited, because many questions relate to
activities that were affected by quarantine restrictions,
such as attending movies or concerts, participating in
social activities outside the home, travel, or going to
the gym. A few publications have explored the effect
of the COVID-19 pandemic restrictions on survey
results for sexual health and UI,24,25 but there is a
paucity of data reporting UI-specific quality-of-life
surveys within the pandemic.

Among those using the device, there was a
discrepancy between self-reported adherence and

Table 2. Baseline and Week 8 Primary Subjective Outcome

Group

UDI-6 Score

Within-Group P* Between-Groups P†Baseline Week 8

Control 54.6618.8 42.8619.3 ,.001 .01
Intervention 52.9619.8 36.3620.8 ,.001

UDI-6, Urogenital Distress Inventory, Short Form.
Data are mean6SD unless otherwise specified.
* Paired t test.
† t test.

Table 3. Baseline and Week 8 Primary Objective Outcome

Group

SUI Episodes (3-d Diary)

Within-Group P* Between-Groups P†Baseline Week 8

Control 5 (3–8) 2 (1–4) ,.001 .005
Intervention 5 (3–8) 1 (0–3) ,.001

SUI, stress urinary incontinence.
Data are median (interquartile range) unless otherwise specified.
* Wilcoxon signed-rank test.
† Wilcoxon rank-sum test.
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device-reported adherence, such that most users over-
estimated their adherence, and infrequent users over-
estimated adherence by a greater amount than those
who were more adherent. This finding underscores
the challenges in self-reporting and renders the
validity of self-reported adherence questionable.
Device-reported adherence in the current study aligns
with the 70% adherence reported in a study of
physiotherapy-guided home pelvic floor muscle
training.26

Strengths of this study include the large sample
size, with power to detect clinically important differ-
ences and minimal loss to follow-up over the 8-week
period. The virtual nature of the study was novel and
permitted nationwide recruitment of community-
dwelling participants despite the COVID-19 pan-
demic, including those outside the reach of major
academic medical centers, where large trials often take
place. The virtual study design also allowed for
uninterrupted data collection during the COVID-19
pandemic. The large number of participants screened
compared with participants eligible and randomized
may be typical of virtually conducted studies,27

although this is a successful virtually conducted study
using social media recruitment among women with
UI. A weakness of the study was the inability to con-
duct a physical examination before enrollment. For
example, pelvic organ prolapse beyond the introitus
was an exclusion criterion, and participants were
asked about “seeing or feeling a bulge,” a question

that has been used in other epidemiologic studies.28

Baseline pelvic floor muscle strength assessment may
have added value to a study of first-line UI treatment,

Table 4. Baseline and Week 8 Secondary Outcomes

Outcome Measure Baseline Week 8 P* Absolute Difference P†

POPDI-6
Control 15.2616.9 8.9612.7 ,.001 8.2 (9.9) .93
Intervention 15.4617.6 10.4615.0 ,.001 8.3 (10.6)

CRADI-8
Control 22.1620.1 16.8 (18.5) ,.001 10.8 (10.8) .65
Intervention 19.8620.1 17.0 (19.0) .02 10.3 (11.3)

PFIQ
Control 59.1651.4 36.17641.7 ,.001 29.9 (27.7) .96
Intervention 58.2651.8 32.1634.2 ,.001 30.0 (32.2)

IIQ-7
Control 40.6626.8 25.6622.9 ,.001 18.4 (15.8) .99
Intervention 38.4625.7 22.2619.2 ,.001 18.4 (16.6)

PISQ-IR
Control 2.760.3 4.260.9 ,.001 1.6 (1.0) .14
Intervention 2.760.3 4.061.0 ,.001 1.4 (1.0)

POPDI-6, Pelvic Organ Prolapse Distress Inventory-6; CRADI-8, Colorectal-Anal Distress Inventory-8; PFIQ, Pelvic Floor Impact
Questionnaire; IIQ, Incontinence Impact Questionnaire; PISQ-IR, Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire,
IUGA-Revised.

Data are mean6SD unless otherwise specified.
* Paired t test.
† t test.

Fig. 3. Device- vs self-reported adherence (intervention
group only). Adherence of each participant in the inter-
vention group is plotted as percent of use based on perfect
use of three times daily. The black line indicates ideal fit for
assuming perfect match for self- vs device-reported adher-
ence. The blue line is the trend line for the actual self- vs
device-reported adherence.
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although research and expert consensus supports dig-
ital health in the remote context, including initiation
of pelvic floor muscle training in the absence of a
physical examination.15

This study used a conservative version of the
device available for use incorporating motion-based
biofeedback and remote monitoring. Components,
including audio–visual evidence-based education,
remote coaching, and monthly patient progress
reports to prescribing health care professionals, of
the commercial version of the device were removed
from the system used in the trial. Future work will
investigate these additional components and poten-
tial added benefits to pelvic floor muscle training
alone.

This study demonstrates efficacy and safety of a
motion-based digital therapeutic device to guide
pelvic floor muscle training for women with SUI
and stress-dominant mixed UI, yielding superior
results compared with a home program of written
and verbal instructions. Additionally, the device
enables remote monitoring of adherence to pelvic
floor muscle training, which offers a new opportunity
for obstetrician-gynecologists to monitor and engage
with patients during first-line care. Longer-term fol-
low-up is underway to better understand the durabil-
ity of the treatment regimen and evaluate the need for
maintenance exercises to maintain the benefits of
therapy.

REFERENCES
1. Abufaraj M, Xu T, Cao C, Siyam A, Isleem U, Massad A, et al.

Prevalence and trends in urinary incontinence among women
in the United States 2005-2018. Am J Obstet Gynecol 2021;
225:166.e1–12. doi: 10.1016/j.ajog.2021.03.016

2. Wu JM, Hundley AF, Fulton RG, Myers ER. Forecasting the
prevalence of pelvic floor disorders in U.S. women: 2010 to
2050. Obstet Gynecol 2009;114:1278–83. doi: 10.1097/AOG.
0b013e3181c2ce96

3. Minassian VA, Yan X, Pilzek AL, Platte R, Stewart WF. Does
transition of urinary incontinence from one subtype to another
represent progression of the disease? Int Urogynecol J 2018;29:
1179–85. doi: 10.1007/s00192-018-3596-4

4. Hagan KA, Erekson E, Austin A, Minassian VA, Townsend
MK, Bynum JPW, et al. A prospective study of the natural
history of urinary incontinence in women. Am J Obstet Gyne-
col 2018;218:502.e1–8. doi: 10.1016/j.ajog.2018.01.045

5. Dumoulin C, Cacciari L, Hay-Smith EJC. Pelvic floor muscle
training versus no treatment, or inactive control treatments, for
urinary incontinence in women. The Cochrane Database of
Systematic Reviews 2018, Issue 10. Art. No.: CD005654. doi:
10.1002/14651858.CD005654.pub4

6. Waetjen LE, Xing G, Johnson WO, Melnikow J, Gold EB.
Factors associated with reasons incontinent midlife women
report for not seeking urinary incontinence treatment over 9
years across the menopausal transition. Menopause 2018;25:
29–37. doi: 10.1097/GME.0000000000000943

7. Lamin E, Parrillo LM, Newman DK, Smith AL. Pelvic floor
muscle training: underutilization in the USA. Curr Urol Rep
2016;17:10–7. doi: 10.1007/s11934-015-0572-0

8. Salmon VE, Hay-Smith EJC, Jarvie R, Dean S, Terry R, Fraw-
ley H, et al. Implementing pelvic floor muscle training in wom-
en’s childbearing years: a critical interpretive synthesis of
individual, professional, and service issues. Neurourol Urodyn
2020;39:863–70. doi: 10.1002/nau.24256

9. Hay-Smith J, Dean S, Burgio KL, McClurg D, Frawley H, Du-
moulin C. Pelvic floor muscle training adherence “modifiers”: a
review of primary qualitative studies - 2011 ICS state-of-the-
science seminar research paper III of IV. Neurourol Urodyn
2015;34:622–31. doi: 10.1002/nau

10. Hay-smith E, Herderschee R, Dumoulin C, Herbison G. Com-
parisons of approaches to pelvic floor muscle training for uri-
nary incontinence in women. The Cochrane Database of
Systematic Reviews 2011, Issue 12. Art. No.: CD009508. doi:
10.1002/14651858.CD009508

11. Bernard S, Boucher S, McLean L, Moffet H. Mobile technolo-
gies for the conservative self-management of urinary inconti-
nence: a systematic scoping review. Int Urogynecol J 2020;
31:1163–74. doi: 10.1007/s00192-019-04012-w

12. Sverdlov O, van Dam J, Hannesdottir K, Thornton-Wells T.
Digital therapeutics: an integral component of digital innova-
tion in drug development. Clin Pharmacol Ther 2018;104:72–
80. doi: 10.1002/cpt.1036

13. Rosenblatt P, McKinney J, Rosenberg RA, Iglesias RJ, Suther-
land RC, Pulliam SJ. Evaluation of an accelerometer‐based dig-
ital health system for the treatment of female urinary
incontinence: a pilot study. Neurourol Urodyn 2019;38:1944–
52. doi: 10.1002/nau.24097

14. Weinstein MM, Collins S, Quiroz L, Anger JT, Paraiso MFR,
DeLong J, et al. Multicenter randomized controlled trial of
pelvic floor muscle training with a motion-based digital thera-
peutic device versus pelvic floor muscle training alone for treat-
ment of stress-predominant urinary incontinence. Female Pelvic
Med Reconstr Surg 2021;28:1–6. doi: 10.1097/SPV.
0000000000001052

15. Grimes CL, Balk EM, Crisp CC, Antosh DD, Murphy M,
Halder GE, et al. A guide for urogynecologic patient care uti-
lizing telemedicine during the COVID-19 pandemic: review of
existing evidence. Int Urogynecol J 2020;31:1063–89. doi: 10.
1007/s00192-020-04314-4

16. Weinstein MM, Pulliam SJ, Richter HE. Randomized trial com-
paring efficacy of pelvic floor muscle training with a digital
therapeutic motion-based device to standard pelvic floor exer-
cises for treatment of stress urinary incontinence (SUV trial): an
all-virtual trial design. Contemp Clin Trials 2021;105:106406.
doi: 10.1016/j.cct.2021.106406

17. Diokno AC, Brock BM, Brown MB, Herzog AR. Prevalence of
urinary incontinence and other urological symptoms in the
noninstitutionalized elderly. J Urol 1986;136:1021–5. doi: 10.
1016/S0022-5347(17)45194-9

18. American Urogynecologic Society. Pelvic floor muscle exer-
cises and bladder training. Accessed June 1, 2020. https://
www.voicesforpfd.org/assets/2/6/Bladder_Training_Large_
Print.pdf

19. Barber MD, Walters MD, Bump RC. Short forms of two
condition-specific quality-of-life questionnaires for women with
pelvic floor disorders (PFDI-20 and PFIQ-7). Am J Obstet Gy-
necol 2005;193:103–13. doi: 10.1016/j.ajog.2004.12.025

20. Barber MD, Spino C, Janz NK, Brubaker L, Nygaard I, Nager
CW, et al. The minimum important differences for the urinary
scales of the Pelvic Floor Distress Inventory and Pelvic Floor

614 Weinstein et al Digital Therapeutic Device for Urinary Incontinence OBSTETRICS & GYNECOLOGY

https://www.voicesforpfd.org/assets/2/6/Bladder_Training_Large_Print.pdf
https://www.voicesforpfd.org/assets/2/6/Bladder_Training_Large_Print.pdf
https://www.voicesforpfd.org/assets/2/6/Bladder_Training_Large_Print.pdf


Impact Questionnaire. Am J Obstet Gynecol 2009;200:580. e1–
7. doi: 10.1016/j.ajog.2009.02.007

21. Barber MD, Kuchibhatla MN, Pieper CF, Bump RC. Psycho-
metric evaluation of 2 comprehensive condition-specific quality
of life instruments for women with pelvic floor disorders. Am J
Obstet Gynecol 2001;185:1388–95. doi: 10.1067/mob.2001.
118659

22. Gafni-Kane A, Zhou Y, Botros SM. Predictive modeling and
threshold scores for care seeking among women with urinary
incontinence: the short forms of the Pelvic Floor Distress Inven-
tory and Urogenital Distress Inventory. Neurourol Urodyn
2016;35:949–54. doi: 10.1002/nau

23. Yalcin I, Bump RC. Validation of two global impression ques-
tionnaires for incontinence. Am J Obstet Gynecol 2003;189:
98–101. doi: 10.1067/mob.2003.379

24. Schiavi MC, Zullo MA, Luffarelli P, Di Pinto A, Oliva C, Pal-
azzetti P. Urogynecological survey in a group of Italian women
treated for overactive bladder: symptoms and quality of life
analysis during the Covid-19 period. Taiwan J Obstet Gynecol
2021;60:674–8. doi: 10.1016/j.tjog.2021.05.015

25. Schiavi MC, Spina V, Zullo MA, Colagiovanni V, Luffarelli P,
Rago R, et al. Love in the time of COVID-19: sexual function
and quality of life analysis during the social distancing measures
in a group of Italian reproductive-age women. J Sex Med 2020;
17:1407–13. doi: 10.1016/j.jsxm.2020.06.006

26. Sacomori C, Berghmans B, Mesters I, de Bie R, Cardoso FL.
Strategies to enhance self-efficacy and adherence to home-
based pelvic floor muscle exercises did not improve adher-
ence in women with urinary incontinence: a randomised
trial. J Physiother 2015;61:190–8. doi: 10.1016/j.jphys.
2015.08.005

27. Orri M, Lipset CH, Jacobs BP, Costello AJ, Cummings SR.
Web-based trial to evaluate the efficacy and safety of toltero-
dine ER 4 mg in participants with overactive bladder:
REMOTE trial. Contemp Clin Trials 2014;38:190–7. doi: 10.
1016/j.cct.2014.04.009

28. Barber MD, Neubauer NL, Klein-Olarte V. Can we screen for
pelvic organ prolapse without a physical examination in epide-
miologic studies? Am J Obstet Gynecol 2006;195:942–8. doi:
10.1016/j.ajog.2006.02.050

Authors’ Data Sharing Statement

Will individual participant data be available (including
data dictionaries)? Data are available upon request.

What data in particular will be shared? Deidentified data
from the trial (core variables and outcomes) are avail-
able upon request.

What other documents will be available? Statistical anal-
ysis plan, protocols, and ethics approvals are all avail-
able upon request.

When we data be available (start and end dates)? Data
will be available for 5 years from the submission of the
manuscript.

By what access criteria will data be shared (include
whom, for what types of analyses, and by what mech-
anism)? Deidentified data from the trial (core variables
and outcomes) can be made available to investigators
who provide a written request to the corresponding
author, regarding systematic review and meta-
analysis. Decisions regarding data sharing will be
made in conjunction with the sponsor.

PEER REVIEW HISTORY
Received October 23, 2021. Received in revised form December
17, 2021. Accepted December 30, 2021. Peer reviews and author
correspondence are available at http://links.lww.com/AOG/C637.

VOL. 139, NO. 4, APRIL 2022 Weinstein et al Digital Therapeutic Device for Urinary Incontinence 615

http://links.lww.com/AOG/C637

