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Abstract

Introduction: There is a need for home-based alternatives for women to self-manage urinary incontinence (Ul).
Using a real-world data approach, the aim of this analysis was to evaluate whether training with the Perifit device
was effective in reducing Ul symptoms.

Materials and Methods: A total of 6060 women (45 £ 10 years) with Ul who purchased the Perifit device, com-
pleted a validated symptoms questionnaire before training (T1) and again at one or several predefined time-
points during training: T2, after completing 40-60 games; T3, after 90-120 games; and/or T4, after 280-300
games.

Results: Ul symptom score decreased progressively from 8.4+ 4.8 points at T1; to 6.3+4.7 points, 5.5+ 4.5 points,
and 4.6+ 4.5 points at T2, T3, and T4, respectively (all p<0.001). The percentage of respondents reporting objec-
tive improvement in Ul symptoms increased from 71%, to 79%, to 85% at T2, T3, and T4, respectively. Effect size
was medium (T2) to large (T3, T4). Higher symptom score at baseline was associated with higher likelihood of
improvement. There was no effect of other characteristics including respondent age, menopausal status, time
since childbirth, prolapse, or baseline strength on symptom improvement.

Conclusions: This analysis of responses from over 6000 real-world users suggests that home training with the
Perifit may be an effective way to reduce Ul symptoms in women of all ages. Given the quality of life, economic,
and social burdens of living with Ul symptoms, home-based pelvic floor muscle training with the Perifit may be a
promising tool to allow women to self-manage Ul.
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Introduction

Pelvic floor muscle training (PFMT) is a form of exer-
cise intended to strengthen and improve the function
of the pelvic floor muscles. The pelvic floor muscles
are a group of muscles located in the pelvis that support
the pelvic organs, including the bladder, uterus (if pres-
ent), and rectum. These muscles play a vital role in
maintaining urinary and bowel continence, allowing
sexual function, and providing support to the pelvic or-
gans. The pelvic floor muscles can become weakened or
function may be compromised due to various factors
such as pregnancy, childbirth, age, obesity, chronic
cough or constipation, physical activity, and certain
medical conditions." Weak pelvic floor muscles are as-
sociated with issues such as urinary and fecal inconti-
nence, pelvic organ prolapse, sexual dysfunction, and
other issues.”

It is estimated that between 23% and 53% of women
suffer from some form of urinary incontinence (UD),*¢
with wide-ranging impacts including poor quality of
life,> a modification or reduction in their physical activ-
ity,7’8 financial burden,”'° and sexual dysfunction.”’12
PEMT is an effective and widely recommended conser-
vative treatment for reducing stress urinary inconti-
nence (SUI), urge urinary incontinence (UUI), and
mixed urinary incontinence (MUI) in women, with
systematic reviews and expert committees concluding
that PEMT can significantly improve symptoms of Ul
and even eliminate or greatly reduce urine leakage in
many women.'>'* The training helps to strengthen
and improve coordination of the pelvic floor muscles,
increasing their ability to support the bladder and
other pelvic organs and prevent leakage during activi-
ties that may increase intrapelvic pressure.

PEMT, also known as Kegel exercises, involves the
repeated contraction and relaxation of the pelvic floor
muscles, including both short, intense contractions
and longer, endurance-focused contractions. A signifi-
cant advantage is that PFMT can be performed in
nearly any setting, from structured visits with a pelvic
health practitioner to home-based training where
women simply contract and relax their pelvic floor
muscles several times per day.

However, research has shown that not all women
are able to perform an effective pelvic floor muscle
contraction: a study providing verbal instruction on
how to perform a Kegel found that only 49% of
women were able to produce an “ideal” Kegel after
being instructed on how to do so, while about 25%
performed a movement that could potentially pro-
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mote incontinence.'” Similarly, a second study found
that 25% of women were unable to produce an elevat-
ing pelvic floor muscle contraction.'® This is especially
relevant for home-based training, since roughly 2 out
of 3 women with UI symptoms do not speak to a
health care practitioner about their leak issues.*'”'®
There is therefore a real need to provide additional op-
tions to women who want to self-manage UI symp-
toms by performing proper PEMT.

Recently, at-home options including smartphone
app-based guided exercise and force-sensing biofeed-
back devices have improved access to structured
PEMT while also providing guidance and training pro-
grams to women who prefer to train in the privacy of
their home. Use of these systems has the potential to
improve access to and compliance with PEMT pro-
grams, and both app-based and app-and-probe-based
systems have shown to improve Ul symptoms in mon-
itored conditions.'”** Less is known about whether
home-use of app-and-probe systems is effective at re-
ducing UI symptoms in real-life conditions, in which
an individual makes the decision to purchase an app-
and-probe system for home use without clinical follow-
up, or explicit or implicit reminders to train due to
study participation.

One device available for home-use is the Perifit
(www.perifit.co), which is FDA cleared to treat stress,
mild-moderate urge, and mixed urinary incontinence
in women, by strengthening of the pelvic floor muscles
through exercise. The device provides biofeedback via
smart phone technology. A key feature of the Perifit is
that the user interface offers users a gamified experience,
in which pelvic floor training is proposed in the form of
short video games during which users control the game
by contracting and relaxing the pelvic floor muscles to
match programmed contract-relax patterns. It is avail-
able to be purchased over-the-counter and its gamified
format may present an attractive and fun way to encour-
age regular pelvic floor exercise at home.

Furthermore, previous research has shown that the
Perifit’s force sensors can differentiate between a
proper PEM contraction versus a straining or pushing
movement,” suggesting that it may be particularly
helpful in encouraging proper PFMT in the home set-
ting. However, to date, nothing has been published on
its effectiveness in reducing UT symptoms. Using a real-
world data approach, the aim of this analysis was to
evaluate whether the Perifit device was effective in re-
ducing UI symptoms in individuals using the Perifit
probe for PEMT at home.
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Materials and Methods
This was a pragmatic analysis of real-world data gen-
erated by users of the commercially available Perifit
device and its accompanying smartphone app. At no
time were users of the device contacted by the research
team. Before any analyses were performed, data gener-
ated by users of the commercially available device
were de-identified of all personal information using the
“Safe Harbor” method, in which a defined set of variables
that could potentially identify an individual are re-
moved.?® In accordance with 45CFR46.104(d)(4)(ii),
this analysis was exempt of ethics committee approval
as the identity of the device users could not be ascer-
tained directly or indirectly through identifiers, the re-
search team did not contact the device users, and the
research team did not perform any activities that
would allow for the re-identification of device users.

The Perifit smartphone app integrates an optional
symptoms questionnaire that users can fill out to
track their UI symptoms over time. The app is config-
ured to propose the questionnaire to users at set times
in their training program: at the very beginning of
training, and at regular intervals afterward when
users reach certain milestones of games played.
Responding to this questionnaire is not mandatory;
users are free to access the questionnaire at any time
or to never access the questionnaire at all.

To generate the de-identified dataset, a custom code
(Python 3.11, available at www.python.org) was writ-
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ten to extract data for individuals who met the fol-
lowing criteria: (A) women who started using the Perifit
device between April 22, 2022 and May 24, 2023, and
(B) who completed the in-app symptoms questionnaire
before beginning to train with the device (Timepoint 1,
or T1) and reported having symptoms of UI at the
onset of their training, and (C) who also completed the
questionnaire at one or more pre-defined time-points
after training with the device (Timepoint 2, or T2, after
completing 40-60 games; Timepoint 3, or T3, after
completing 90-120 games; and Timepoint 4, or T4,
after completing 280-300 games). This allowed us to
assess short-term (T2), medium-term (T3), and longer-
term (T4) outcomes related to the reduction in Ul
symptoms after training with the Perifit device (Fig. 1).
To retain the most representative dataset possible of
real-world users of the device, no eligible data were
excluded based on other factors, such as gravity of Ul
symptoms, age, menopausal status, parity, or type of UI
(SUIL, UUL or MUI)

UI symptoms were measured using the SUI and
UUI/Overactive Bladder subscales from the Urinary
Symptom Profile (USP), a validated assessment tool
for urinary disorders and their severity.”” The Low
Stream subscale was not included because it was not
relevant to assess Ul symptoms. Total score from the
SUI and UUI subsections was computed to obtain a
UI symptom score, with a higher score indicating
greater symptom severity. A reduction in symptoms

Medium-Term Improvement Long-Term Improvement

-
Baseline Questionnaire Short-Term Improvement
T1 T2
(0-4 games played) (40-60 games played)
N = 6060 N = 4348
b 4348 respondents
6060 respondents
who also completed at least o
one subsequent
questionnaire (at T2, T3,
andlor T4)
FIG. 1.
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T3 T4
(90-120 games played) (280-320 games played)
N = 2574 N =514
1105 respondents assassacceaa- i 86 respondents

87 respondents

1469 respondents 98 respondents

™ 243 respondents



http://www.python.org

Perrier and Aumont; Women'’s Health Reports 2024, 5.1
http://online.liebertpub.com/doi/10.1089/whr.2023.0172

was defined as a decrease in UI symptoms as measured
by a numeric decrease in Ul symptom score derived
from the questionnaire.

Statistical analysis

All statistical analyses were performed in JASP (version
0.17.3.0, Amsterdam, NL, https://jasp-stats.org/). The
change in UI symptom score between timepoints was
assessed using paired-samples t-tests, on the condition
that the normality assumption was met. Effect size for
improvement in Ul symptoms was estimated using
Cohen’s d. The percent of users reporting improve-
ments (i.e., a numeric reduction in UI symptom score)
is also reported for each timepoint. Subgroup analysis
was also performed to assess potential baseline differ-
ences between users reporting improvement and those
reporting no improvement in symptoms.

Results

The final dataset included de-identified data originat-
ing from 6060 unique users of the Perifit device who
reported Ul symptoms at the start of their training
(T1). Because completing the questionnaire is an op-
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tional part of using the device smartphone app, and be-
cause data were collected in a rolling manner, including
users who began using the Perifit as recently as May
2023, and who therefore had reasonably completed
less games, the number of questionnaire responses at
each pair of timepoints varied. The final dataset in-
cluded responses from 4348 users at T2, data from
2574 users at T3, and data from 514 users at T4.

For all timepoints, UI Symptom Score and % respon-
dents reporting improvement are shown in Figure 2.
Results are reported by timepoint, below.

Participant characteristics at baseline

Mean age of respondents was 45+ 10 years (range,
18-87 years). Most respondents were premenopausal
(61%), with 17% reported being postmenopause and
22% not declaring their menopausal status. At baseline,
4388 (72%) of users reported symptoms in both the
SUI and UUI domains of the USP (known as mixed
UI, or MUI). Symptoms of SUI only were reported
by 832 users (14%), and symptoms of UUI only were
reported by 840 users (14%). Mean UI symptom
score was 8.414.8 points at baseline.

Evolution of Ul symptom score (A) and % of respondents reporting symptom improvement over
time (B). *denotes significantly different from T1; Tdenotes significantly different from T1 and T2; tdenotes
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T2 results: short-term improvement

Overall, 3069 of 4348 respondents (71%) reported an
improvement in UI symptoms at T2. Compared to base-
line, mean UI symptom score decreased to 6.31+4.7
points (p<0.001 vs. T1). The effect size for symptom
reduction was medium (Cohen’s d=0.669). On average,
users responded after having completed 515 games,
with 41149 days elapsed since T1.

T3 results: medium-term improvement

Overall, 2034 of 2574 respondents (79%) reported an
improvement in UI symptoms at T3. Mean Ul symptom
score decreased to 5.5+ 4.5 points (p<0.001 vs. T1 and
T2). The effect size for symptom reduction was large
(Cohen’s d=0.881). On average, users responded after
having completed 105+8 games, with 62+53 days
elapsed since T1.

T4 results: long-term improvement

Overall, 437 of 514 respondents (85%) reported an im-
provement in UI symptoms at T4. Mean UI symptom
score decreased to 4.6 £ 4.5 points ( p<0.001 vs. all pre-
vious timepoints). The effect size was large (Cohen’s
d=1.030). On average, users responded after having
completed 301 +11 games, with 125+70 days elapsed
since T1.

Subgroup analysis: responders

versus nonresponders

To assess whether baseline differences may explain re-
sponders versus nonresponders, we conservatively cat-
egorized each subject as a “responder” only if their UI
symptom score at their final response timepoint was
less than their baseline score; and as a “nonresponder”
if their UI symptom score at their final response time-
point was not less than their baseline score, regardless
of what they had reported at any intermediate time-
points. Concretely, this meant that a user whose symp-
tom score at T2 was less than their baseline, but whose
symptom score at T3 or T4 had returned to baseline
values would be counted as a “nonresponder” in the
subgroup analysis.

We found that responders had higher mean symp-
tom scores on both the stress and urge subscales of
the USP (p<0.001, Table 1), but were not different
at baseline in terms of other continuous characteristics
(age, baseline pelvic floor strength). We also evaluated
possible differences in categorical variables (Table 2).
We found no difference between responders and non-
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Table 1. Baseline Characteristics in Responders Versus
Nonresponders, Continuous Variables

Standard p-(difference
N Mean  deviation between groups)
Baseline symptom score, SUI subscale
Responders 4539 3.6 25 <0.001
Nonresponders 1521 29 24
Baseline symptom score, UUI subscale
Responders 4539 53 35 <0.001
Nonresponders 1521 40 35
Year of birth (401 missing values)
Responders 4254 1978 10 0.274
Nonresponders 1405 1978 10
Baseline pelvic floor strength, grams
Responders 4539 186 364 0.186
Nonresponders 1521 198 314

SUI, stress urinary incontinence; UUI, urge urinary incontinence.

responders in menopausal status, time since most re-
cent childbirth, or presence of prolapse; all p>0.05.

Discussion

The main finding of this analysis was that women who
performed structured PFMT exercises at home using
the Perifit device experienced a reduction in UI symp-
toms, with significant improvements observable within
6 weeks of beginning to train. The percentage of respon-
dents who reported an improvement in UI symptoms in-
creased with continued training: after completing
roughly 50 games, 71% of users reported in improvement
in UI symptoms; this increased to 79% after ~ 100 games
and to 85% after completing 300 games.

Similarly, the magnitude of UI symptoms decreased
significantly with continued training, with progres-
sively greater symptom reduction observed at each
timepoint. On average, total symptom score was re-
duced by about half compared to baseline in women
who responded to the symptoms questionnaire at the
fourth and final timepoint (T4). Furthermore, the
large effect size at medium- and long-term timepoints
suggests a strong positive effect of training with the
Perifit to reduce UI symptoms, with real relevance for
women struggling with UL

PEMT represents a particularly interesting area for
home-based interventions because consensus is wide-
spread that PFMT is effective at treating uncomplicated
UL and should be offered as conservative, first-line
treatment to women of all ages.'>'* Despite its demon-
strated effectiveness, exercise adherence is low.”> Addi-
tionally, patients report substantial barriers to
accessing pelvic floor physical therapy, including cost,
time constraints, and issues organizing travel to and
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Table 2. Baseline Characteristics in Responders Versus Nonresponders, Categorical Variables

Subgroup Count (percentage) p-(Chi square)
Menopausal status (missing 401 responses)
Premenopausal (n=3682) Responders 2771 (75%) 0.471
nonresponders 911 (25%)
Postmenopausal (n=1010) Responders 746 (75%)
nonresponders 264 (25%)
Unsure (n=967) Responders 737 (76%)
nonresponders 230 (24%)
Time since most recent childbirth
Never (n=847) Responders 620 (73%) 0.441
nonresponders 227 (27%)
In the past 8 weeks (n=86) Responders 67 (78%)
nonresponders 19 (22%)
More than 8 weeks but less than 1 year ago (n=645) Responders 494 (77%)
nonresponders 151 (23%)
One year ago or longer (n=4472) Responders 3351 (75%)
nonresponders 1121 (25%)
Prolapse
No diagnosed prolapse (n=5147) Responders 3871 (75%) 0.069
nonresponders 1276 (25%)
Grade 1 prolapse (n=343) Responders 238 (69%)
nonresponders 105 (31%)
Grade 2 prolapse (n=414) Responders 312 (75%)
nonresponders 102 (25%)
Grade 3 prolapse (n=145) Responders 112 (77%)
nonresponders 33 (23%)
Grade 4 prolapse (n=11) Responders 6 (55%)
nonresponders 5 (45%)

from appointments.”® Home-based solutions may
therefore play a role in expanding access to care.

The improvements observed after training with the
Perifit device are comparable to success rates com-
monly cited in the literature. The most recent update
to the Cochrane systematic review of PFMT for the
treatment of Ul reported that PFMT is effective in re-
ducing UI symptoms in about 74% of women with SUI
and about 67% of women with any UL'> A recent sys-
tematic review of mobile app-based programs found
variable success rates for mobile app-based training,
reporting improvement in Ul symptoms in 40% to
66% of women at ~4 months, increasing to 92% of
women at 2 years of follow-up.*” In the current analy-
sis, the “short-term” and “long-term” improvement
timepoints corresponded to training durations averag-
ing 41 days (or about 6 weeks) and 125 days (or about 4
months), respectively. The timing of the reduction in
UI symptoms achieved with the Perifit device is there-
fore in line with previous reports of both clinic- and
home-based treatment plans.

Subgroup analysis of responders versus nonrespond-
ers to home PFMT with the Perifit revealed that im-
provement in UI symptoms was unrelated to baseline
pelvic floor strength, age, menopausal status, time
since childbirth, or the presence of prolapse. However,

there was a significant baseline difference in symptom
severity between responders and nonresponders. Users
reporting more severe symptoms at baseline were more
likely to experience symptom reduction. The difference
cannot be attributed to training volume, which was
standardized to collect comparable data on each user.
However, it is possible that this difference may be
due to the measurement instrument used to assess Ul
symptoms. The USP assesses severity of Ul symptoms
using questions with four possible answers that are
sometimes a characterization of frequency; for exam-
ple, never; less than once per week; several times per
week; or several times per day. Users with higher symp-
tom severity at baseline may be more likely to be able to
report a change in response category after PEMT; for
example, reducing leaks from several times per day to
several times per week. For users already in the lower
symptom categories, such as less than once per week,
the questionnaire may lack the necessary granularity
to detect symptom improvement. An objective assess-
ment of leaks using a 24 h pad test, for example, may
have produced a different result.

The effect size of the improvement in UI symptoms
after training with the Perifit device was medium
(at short term) to large (medium to long term). This
is especially relevant because Ul symptoms affect
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between one quarter and one half of all women,*”® and
research has documented that most women with UI
symptoms do not discuss Ul symptoms with their
health care professional. Common reasons include
shame and embarrassment, the belief that their symp-
toms are minor or a “normal” consequence of child-
birth or aging, and not wanting to waste their
doctor’s time.*'”'®

Importantly, the real-world consequences of UI reach
beyond simple pelvic floor dysfunction: women with UI
may reduce or stop their participation in preferred physical
activities,”® experience negative impacts on their sexuality
and sexual function,” and bear a substantial financial
burden associated with physician’s visits, the purchase
of incontinence and odor-control products, and costs as-
sociated with laundry and dry-cleaning.>'****° Addition-
ally, as incontinence is more frequent in women, these
costs are also disproportionately borne by women.
Home-based, over-the-counter options for structured
PEMT address some of the barriers to accessing Ul-
related health care and are thus an important lever for re-
ducing gender gaps in care.

The real-world data design presents some advantages
as well as some substantial limitations. As an observation
of real-world use of a commercially available, over-the-
counter device, this analysis demonstrates that perform-
ing structured PFMT using the Perifit device and its
accompanying app may be an effective option for the
self-management of UI symptoms in real-world condi-
tions. The percentage of women who perform home
training with the Perifit device and experience UI symp-
tom reduction is comparable to what is observed in more
controlled environments.

An additional strength was the use of a validated ques-
tionnaire to assess Ul symptoms. The analysis also in-
cluded an exceptionally wide age range (18-87 years),
and the absence of an effect of age, menopausal status
or other baseline characteristics on symptom reduction
suggests that home-based PFMT with the Perifit may im-
prove PEMT symptoms in a broad range of women.
Finally, the sample size was far larger than most pub-
lished trials, and apart from setting training volume
thresholds for including questionnaire responses in the
short-, medium-, and long-term groups, no data were
omitted, making this dataset quite representative of the
range of users of the Perifit device in the real world.

However, there are also some substantial drawbacks
to the real-world data design: first, because the ques-
tionnaire is an optional feature within the Perifit smart-
phone app, not all users of the Perifit device complete

256

the questionnaire at the a priori defined timepoints
for inclusion in the short-, medium- or long-term anal-
ysis. There is certainly a selection bias in the dataset; for
example, it is possible that women who felt more pos-
itively about their symptom evolution were more likely
to continue to train and to complete the questionnaire
regularly to document their progress. We attempted to
reduce the effect of this bias by proposing the question-
naire as a pop-up prompt to all individuals who opened
the app to train and who had reached the target num-
ber of games, and by using a questionnaire that quan-
tifies symptoms objectively instead of asking for a
subjective rating of improvement. Nonetheless, despite
these mitigation measures, we cannot discount a selec-
tion bias.

Furthermore, since users of the device had to reach
the threshold number of completed games to be in-
cluded in the short-, medium-, or long-term analyses,
users who stopped using the device before reaching
40 games, as well as users who may have continued
to train but who did not complete the questionnaire
during the designated game windows were not in-
cluded in any aspect of this analysis. We recognize
the limitation of this design. In designing this analysis,
we considered binning users either by calendar days
since beginning training (elapsed training time), or
by the number of games played (training volume). Ulti-
mately, since training volume is key to improving mus-
cle strength and function, the current analysis focused
on the number of games completed instead of a specific
duration for follow-up. This allowed us to compare in-
dividuals who had completed the same training volume
and accounted for the fact that in the real world, users
will train with the device at different frequencies.

Additionally, this analysis was unable to follow users
who did not continue to train with the device. Previous
research has suggested that adherence to home-based
PEMT is variable, and that patient-related factors
including perceived self-efficacy,”” having adequate
knowledge of the benefits of PEMT, knowing an incon-
tinent woman of the same age, and having a regular cue
to exercise influence exercise adherence.”> While the
app-based environment of the Perifit includes features
that align with these factors, the current analysis did
not assess the adherence dimension of PFMT. Much
like the effectiveness of exercise on cardiovascular fit-
ness would not be assessed by evaluating users who
had purchased and worn athletic shoes at least once,
the effectiveness of PEMT on UI symptoms depends
on users completing a certain amount of training. In
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this sense, this study was limited to assessing the real-
world effectiveness of the Perifit device in users who ac-
tually trained with the device.

It is also important to note that women who pur-
chased the Perifit device are not necessarily representa-
tive of all segments of the population. Women needed
to be aware that their pelvic floor symptoms were po-
tentially treatable with PEMT, be able to afford to pur-
chase the device, be able to dedicate 10-15 minutes per
training session to performing pelvic floor exercise, and
be sufficiently literate to understand the symptoms
questionnaire and respond. Further work is needed to
better understand how digital devices may be used to
reach populations who are less likely to seek treatment
for pelvic floor dysfunction or who face other barriers
to exercise adherence.

Finally, while PEMT is broadly endorsed as first-line,
conservative therapy for Ul symptoms, there are cer-
tain populations for whom PFMT, with or without a
device, is not necessarily recommended or effective. It
is often thought that UI is caused by weak pelvic
floor muscles, but counterintuitively, hypertonicity of
the pelvic floor may also cause Ul symptoms. In this
case, PFMT may exacerbate symptoms. Moreover,
some women with hypertonicity, vaginismus, or vagi-
nal atrophy may find the insertion of a biofeedback de-
vice for home training to be painful or impossible.
Therefore, while home-based training may remove
some barriers to training, it remains important to bal-
ance the relative benefits and risks of PEMT in the
event of comorbidities or potential contraindications.

In conclusion, this analysis of responses from over
6000 real-world users suggests that home training
with the Perifit may be an effective tool to reduce Ul
symptoms in women of all ages. The percentage of
women who reported a quantitative reduction in UI
symptoms increased from 71% after completing 50
games (on average, 6 weeks of training), to 85% after
completing 300 games (on average, 4 months of train-
ing). The effect size of symptom reduction was medium
to large, suggesting a relevant impact on UI symptoms
in women who adhered to home training. Further re-
search is needed to assess the effectiveness of home-
based biofeedback devices on factors such as exercise
adherence, motivation, and barriers to exercise. Given
the quality of life, economic, and social burdens of liv-
ing with UI symptoms, home-based PFMT with the
Perifit may be a promising tool to allow women to
self-manage UL
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Abbreviations Used

MUI = mixed urinary incontinence
PFMT = pelvic floor muscle training
SUI = stress urinary incontinence
Ul = urinary incontinence
USP = urinary symptom profile
UUI = urge urinary incontinence
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