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Effect of pelvic floor muscle training using ===

mobile health applications for stress urinary
incontinence in women: a systematic review

Yuging Hou, Suwen Feng, Baogin Tong, Shuping Lu and Ying Jin"

Abstract

Background: Pelvic floor muscle training (PFMT) is the first-line treatment for urinary incontinence, but adherence
to PFMT is generally poor. Currently, a number of novel strategies exist to facilitate adherence of PFMT. We sought to
determine effectiveness of mHealth app-based PFMT for treating stress urinary incontinence (SUI) or stress-predomi-
nant mixed urinary incontinence (MUI) in women. The primary objective was to assess the effects of mHealth app-
based PFMT and usual treatment on severity of the symptom, the quality of life (Qol) of users and the patient’s global
impression of improvement. The secondary objective was to assess how mHealth app use affects adherence of PFMT.

Methods: All randomized controlled trials and quasi-randomized controlled trials aimed at evaluating the effects of
mHealth app-based PFMT in women with SUI or stress-predominant MUl were included. Twelve electronic databases,
namely the Cochrane Library, PubMed, CINAHL, Embase, Web of science, OVID, SciELO, REHABDATA, PEDro database,
Chinese CNKI'and Wanfang and the Open Grey databases were used as search sources. The protocol was registered
in PROSPERO (CRD 42020183515). This systematic review was developed following the PRISMA 2020 Checklist. The
Cochrane Handbook for Systematic Reviews of Interventions for Randomized Controlled Trials was used to assess risk
of bias in included studies. Two authors extracted the data into a standardized spreadsheet.

Results: Six studies that met the eligibility criteria were included. The full sample included 439 patients with treat-
ment via mHealth app and 442 controls of usual treatment. ICIQ-UI SF, ICIQ-VS, and QUID scores decreased after
follow-up in the mHealth app and control groups in six studies. ICIQ-LUTS QoL scores decreased after follow-up in
the mHealth app and control groups in three studies. In only one study, ICIQ-VS QoL scores decreased after T month
and 2 months of follow-up in the mHealth app group, but increased abruptly after 3 months of follow-up. EQ5D-VAS
scores increased in both groups in one study. The percentage of PGl-l increased in the mHealth app group in three
studies after follow-up. After follow-up in three studies, BPMSES scores and self-reported adherence scores increased
in the mHealth app group relative to the initial time point, but in one study, at 6 months compared with 3 months of
follow-up, adherence scores decreased slightly in the mHealth app group.

Conclusions: This systematic review determined that mHealth app-based PFMT showed promise from the perspec-
tive of improving both outcomes and exercise adherence.
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Introduction
SUI is defined by the International Continence Soci-
ety as “complaint of involuntary loss of urine on effort
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sneezing or coughing” [1], and it is common among
women and often leads to a significant decline in their
QoL [2]. Accumulating epidemiological evidence indi-
cated that the prevalence of SUI across studies varied
from 10 to 39% and increased with age [3-5]. Data
released by the United States Census Bureau recently
showed that the demand for care for pelvic floor dis-
orders will increase by 35% between 2010 and 2030 [6].

Evidence-based incontinence treatment can be
separated broadly into stress incontinence surgery,
medications, behavior and lifestyle modification, with
the PFMT most commonly undertaken [7]. PEMT is
the first-line conservative management programme
for SUI with no adverse reaction [8]. The ideal treat-
ment requires patients to be instructed to perform
the exercises properly and persistently commit to it
[9-11]. There is evidence that women perform bet-
ter with exercise regimes supervised by medical staff
and supervised PEMT showed satisfactory results in
alleviating SUI symptoms [12, 13]. However, super-
vised PFMT is time-consuming, costly, and requires
frequent visits to relevant medical institutions, which
may hinder long-term treatment adherence. Adher-
ence is considered crucial to PFMT success [14].
Unfortunately, treatment adherence to PFMT is still
poor [15].

Mobile health applications (mHealth app) are
increasingly being used in health care and public
health practice for patient communication, monitor-
ing, education, and to promote adherence to chronic
diseases management [16]. A cross-sectional study of
200 adult women in Pennsylvania showed high rates
of overall mHealth app ownership, with smartphones
accounting for 92%, and women with pelvic floor dis-
orders have high capability of using mHealth app to
communicate with their health care providers [17].
MHealth app for PFMT are personal care apps that
assist users in training their pelvic floor muscles. A
recent systematic review including three eligible stud-
ies showed that mHealth app-based PFMT can reduce
urinary symptoms [18].

Therefore, this systematic review extends the cur-
rent literature providing meta-analysis of the most
recent RCTs and quasi-randomized controlled trials
evaluating mHealth app to deliver PEMT for SUI or
stress-predominant MUI. The primary objective was
to assess the effects of mHealth app-based PFMT and
usual treatment on symptom severity, the QoL of users
and the patient’s global impression of improvement.
The secondary objective was to assess how mHealth
app use affects adherence of PFMT.
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Materials and methods

Protocol and registration

This systematic review was developed following the
PRISMA 2020 Checklist [19]. The systematic review pro-
tocol was registered in the PROSPERO database under
number CRD 42020183515.

Study design and eligibility criteria

This systematic review aimed to answer the follow-
ing guiding question based on the PICO strategy: “Do
women with SUI or stress-predominant MUI (P) who
use mHealth app for PFMT (I) have better results (O)
when compared with women using the usual treatment
(C)?” (1) Participants: participants were women who
were diagnosed with SUI or stress-predominant MUIL;
(2) Intervention: in the intervention group, participants
received mHealth app-based PFMT to help women treat
or prevent SUI or stress-predominant MUI; (3) Com-
parison: traditional care (e.g., conventional home-based
training without mHealth app) or no treatment in the
control group; (4) Outcome: one or more of the following
interesting outcomes have been reported (e.g., the sever-
ity of symptoms, QoL and the patient’s global impression
of improvement were included as main outcome indica-
tors; a secondary outcome measure was adherence to
PEMT).

All RCTs and quasi-randomized controlled trials were
included and there were no restrictions on year, language,
publication status and type of setting.

The studies about qualitative studies, observational
studies, review studies, case reports, case control studies,
cohort studies, letters to the editor, conference abstracts,
personal opinions, and books or book chapters were
excluded.

Sources of information and search

We searched the Cochrane Library, PubMed, CINAHL,
Embase, Web of science, OVID, SciELO, REHABDATA,
PEDro database, Chinese CNKI, Chinese Wanfang, and
the Open Grey databases, a total of twelve electronic
databases, each from their date of inception to October
2021. Our search strategy involved a combination of the
following MeSH and free word [PubMed for example,
(“Urinary Incontinence” OR “Stress Urinary Inconti-
nence”) AND (“Pelvic Floor” OR “Pelvic Floor Muscle”
OR “Pelvic Floor Muscle Training”) AND (“Woman” OR
“Women” OR “Girl” OR “Female”) AND (“Mobile” OR
“Portable” OR “Electronic” OR “eHealth” OR “mHealth”
OR “App” OR “Software” OR “Reminder Therapy” OR
“Programme” OR “Program” OR “System” OR “phone”
OR “smartphone” OR “application” OR “web-based”).
A reviewer first drafted the search strategy and then
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defined it through discussions with team members. Two
reviewers conducted an independent literature search
and thoroughly checked the reference lists of included
studies to avoid omitting relevant studies.

Study selection

During the literature screening process, search results
from different electronic databases were imported into
EndNote Version X9. These studies were selected at
three distinct stages. In the first stage, two reviewers per-
formed a methodical analysis of all study titles indepen-
dently, and titles that did not meet the eligibility criteria
were removed.

In the second stage, two reviewers read the abstracts
independently for the initial application of the eligibil-
ity criteria. Studies containing titles that met the study
objectives but did not have abstracts and full text avail-
able were removed.

In the last stage, the preliminary eligible studies were
assessed in full text to verify whether they met the eligi-
bility criteria. When reviewers disagreed about a particu-
lar study, a third reviewer was consulted to make a final
decision. All stages were performed to reduce the litera-
ture search bias and literature screening bias.

Process of data collection and extraction

After the selection, we used structured forms to extract
data from each study, such as authors, year, place of
the study, sample characteristics including number of
participants and age, SUI diagnosis, name of mHealth
app used, control group, information contained in the
mHealth app, timing of outcome measurement, reminder
frequency and outcome measurement tools.

In the PROSPERO database, the systematic review pro-
tocol took adherence as the main outcome measure and
incontinence severity as an additional measure. But when
we read the relevant literature, we found that mHealth
app-based PFMT should first be able to improve the
severity of SUI symptoms, and then improve the patient’s
adherence on the basis of SUI symptom improvement,
so that the research will make sense. If the study used
adherence as the primary outcome measure, we do not
know whether the SUI symptom severity improved if
adherence improved. Therefore, after the formal start of
the study, we included symptom severity as the primary
outcome measure and adherence as the secondary out-
come measure.

To assess the impact of mHealth app-based PEMT on
SUI symptoms (primary outcomes), the following data
were extracted: the assessment of SUI symptoms based
on the ICIQ-UI SF, ICIQ-VS and QUID. The ICIQ-UIL
SF is developed for assessing the prevalence, severity
and impact on quality of life. It includes three scored
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items and one non-scored item, the sum-scores for the
ICIQ-UI SF with (total score 0-21). Higher scores indi-
cate more severe symptoms [20]. The ICIQ-VS is a ques-
tionnaire for assessing a range of pelvic floor dysfunction
symptoms such as bowel, vaginal, and sexual matters. It
consists of 14 questions, including 3 separate domains:
the vaginal symptom (score from 0 to 53), sexual ques-
tion (score from 0 to 58) and quality of life (score from
0 to 10). The higher the scores are, the worse the sever-
ity of the symptoms is [21]. The QUID consists of two
subscales to identify SUI and/or urge urinary inconti-
nence. Each subscale consists of three items to measure
the symptom severity of the respective type of Ul Each
item includes 6 frequency-based response options, rang-
ing from “none of the time” to “all of the time,” which are
scored from O to 5 points. The higher the scores are, the
worse the severity of the symptoms is [22]. To assess how
mHealth app use affects the QoL of users (primary out-
comes), the following data were extracted: assessment of
QoL specific to the condition based on the ICIQ-LUTS
QoL and ICIQ-VS QoL. The ICIQ-LUTS QoL is a condi-
tion-specific quality of life questionnaire consisting of 19
items covering different aspects of everyday life that may
be affected by leakage or other bladder conditions. These
scores add up to a total of 19 to 76 points. A higher score
indicates worser QoL [23]. The ICIQ-VS QoL is a ques-
tionnaire for assessing a range of pelvic floor dysfunction
symptoms such as bowel, vaginal and sexual matters. It
is composed of 14 questions, divided into 3 independ-
ent domains: the domain of the vaginal symptom, sexual
question, and quality of life. The higher the scores are,
the worse the severity of the symptoms is [21]. And the
assessment of health specific QoL based on the EQ5D-
VAS, a vertical VAS with the endpoints 0 (worst imagi-
nable health state) and 100 (best imaginable health state).
The higher scores indicate better QoL [24]. To assess
the impact of mHealth app use on the patient’s global
impression of improvement (primary outcomes) through
the PGI-I. PGI-I is a validated questionnaire asking the
participants to rate their current condition compared to
pre-treatment status. There are seven response options,
including very much better, much better, a little better, no
change, a little worse, much worse, very much worse [25].
Assessing how mHealth app use affects adherence to
PEMT (secondary outcome), the following data were
extracted: the assessment of the adherence based on
the BPMSES and self-reported adherence (from 0 to 10,
regarding their commitment to exercises where 0 means
“no exercise at all” and 10 means “maximal adherence”).
We resolved any differences by discussions and when
both reviewers disagreed, a third one was consulted to
make a final decision. Where trial data were possibly col-
lected but not reported, we sought further clarification
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from the trialists. We processed all included trial data
as described in the Cochrane Handbook for Systematic
Reviews of Interventions.

Risk of individual bias of the studies

The “Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0” [26] was used to assess risk
of bias for selected studies. Two authors assessed inde-
pendently each domain regarding the potential risk of
bias.

We considered random sequence generation, alloca-
tion concealment, blinding of participants and inter-
vention implementers, blinding of outcome evaluator,
incomplete outcome data, reporting bias and other bias
and deemed each category at low, high or unclear risk of
bias. Where there was insufficient information to make a
clear decision, trials were rated at “unclear risk of bias”.
If the research fully meets these criteria, the possibility
of various biases is low, and the quality level is A grade;
If the research partially meets these standards, the prob-
ability of bias is moderate, and the quality level is B grade;
If these criteria are not met at all, the possibility of bias is
high, and the quality level is C grade. Any disagreements
were resolved by discussion.

Summary measures and syntheses of results

The mean scores of the ICIQ-UI SF, ICIQ-VS, and QUID
were described to assess the improvement of SUI symp-
toms. The impact of SUI on the QoL of the individuals
was described from the mean scores of the ICIQ-LUTS
QoL, ICIQ-VS QoL and EQ5D-VAS. The improvement
based on PGI-I results were described by frequency (per-
centage). The impact of mHealth app-based PFMT on
the adherence was described from the mean scores of the
BPMSES and the self-reported adherence.

The mean scores of symptoms severity, QoL and adher-
ence were compared between studies by calculating the
standardized mean difference (SMD) using the method
of Yange and Dalton [18]. The standardized difference
was obtained by subtracting the mean post-intervention
scores from the mean scores in the initial period of the
study, which was weighted by the standard deviation of
the between-group differences. Since the post-inter-
vention period varied among eligible studies, the SMD
was also weighted according to the number of months
between the pre-intervention and post-intervention
periods.

Results

Study selection

We found five studies in English and one study in Chi-
nese, all six studies in women with SUIL. We ultimately
included six studies that have important implications for
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current clinical practice and constructed summary tables
of that evidence for SUL Figure 1 illustrated the detailed
process of search, identification, inclusion, and exclusion
of studies.

Characteristics of eligible studies

The summary of the main features of the studies can be
found in Table 1. The studies were published between
2013 and 2021 and conducted in Sweden [27-30], Bra-
zil [31], China [32, 33] and Netherlands [34, 35]. The full
sample included 439 patients with treatment via mHealth
app and 442 controls of usual treatment. Age ranged
from 18 to 86 years and all studies informed the ethical
criteria involved, including the use of a consent agree-
ment. One study used the URinControl [34, 35], one
study used the Tat.nu [27, 28], while another study used
the Tét [29, 30]. And one study used the Didrio Saude
[31], one study used the Hospital-Community-Family
home care [32] and lastly, one study used the Pen Yi Kang
[33]. All studies reported that mHealth app provided
information about SUI and instructions about PFMT.
The follow-up periods consisted in 1 month [31], 6 weeks
[33], 2 months [31], 3 months [29, 31, 33], 4 months [27,
34], 6 months [32, 33], 1 year [28, 35] and 2 years [28, 30].
The reminders were sent three times per day [27-30, 32],
twice per day [31], reminders frequency set by the par-
ticipant [34, 35] and regularly audio reminders during the
training [33].

Risk of individual bias of the studies

The risk of bias graph and the risk of bias summary were
shown in Figs. 2 and 3. For random sequence generation,
six studies were assessed as low risk because the method
of random sequence generation was described in detail in
the original study [27-35]. Six studies reported adequate
allocation concealment, three of which were assessed
as low risk [29, 31, 33] and the other three as high risk
[27, 32, 34]. For blinding of participants and intervention
implementers, six studies were considered “not applica-
ble” because intervention group participants cannot be
blinded for mHealth app use. For the blinding of outcome
evaluator, three studies were assessed as low risk [31, 33,
34], and the other three studies were considered unclear
risk due to insufficient descriptions [27, 29, 32]. With
regard to the assessment of incomplete outcome data, six
studies were rated as low risk. Six studies were judged to
be at low risk for reporting bias, and a low risk of other
bias was given to six studies.

Primary results of the eligible studies

This systematic review included six original studies, we
extracted the data about the severity of symptoms, QoL
and adherence, as showed in Tables 2, 3 and 4. Table 2 for
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Fig. 1 Flow diagram of the study selection process

example, at the same time point of follow-up, data from
up to three studies used the same assessment tool. There
were few data at the same time point, so this systematic
review provided a narrative synthesis about symptoms
severity, QoL and adherence.

Table 2 provides the overall results of symptoms sever-
ity assessments based on the ICIQ-UI SF, ICIQ-VS and
QUID. Loohuis et al. reported that the change in ICIQ-
Ul SF symptom score with mHealth app-based treat-
ment (— 2.16 points) was noninferior to that with usual
care (— 2.56 points), with a mean difference of 0.06 points
between groups after 4 months of follow-up [34], and the
ICIQ-UI SF score reduced from 9.5 to 7.0 in the mHealth
app group and from 10.3 to 7.1 in the control group after
12 months of follow-up [35]. Wang et al. [33] reported
that the ICIQ-UI SF score reduced from 5.7 to 0.3 in
the mHealth app group and from 6.1 to 0.4 in the con-
trol group after 6 months of follow-up. Araujo et al. [31]
showed that after 3 months of follow-up, the ICIQ-UI
SF score decreased from 16.3 to 9.1 in the mHealth app
group and from 15.9 to 9.7 in the control group, and the
ICIQ-VS score reduced from 11.8 to 6.8 in the mHealth
app group and from 13.7 to 6.0 in the control group, and
finally the QUID score reduced from 14.4 to 7.5 in the
mHealth app group and from 15.6 to 3.9 in the control
group. Jia et al. [32] verified a reduction of the ICIQ-UI

SF score from 8.5 to 4.4 in the mHealth app group and
from 8.5 to 8.0 in the control group after 6 months of
follow-up. Asklund et al. [29] verified that after 3 months
of follow-up, the ICIQ-UI SF score decreased from 11.1
to 7.0 in the mHealth app group and from 11.0 to 10.2
in the control group, and Hoffman et al. [30] found that
the ICIQ-UI SF score decreased from 11.1 to 8.1 in
the mHealth app group after 2 years of follow-up [30].
Sjostrom et al. showed that after 4 months of follow-up,
the ICIQ-UI SF score decreased from 10.4 to 6.9 in the
mHealth app group and from 10.3 to 7.3 in the control
group [27], and after 2 years of follow-up, the ICIQ-UI
SF score decreased from 10.4 to 6.5 in the mHealth app
group and from 10.3 to 6.4 in the control group [28].
Table 3 shows summary results of the assessment
of condition-specific and health-specific QoL to the
SUI based on the ICIQ-LUTS QoL, ICIQ-VS QoL and
EQ5D-VAS. Loohuis et al. reported that after 4 months
of follow-up, the change in ICIQ-LUTS QoL score with
mHealth app group (—4.3 points) and usual care group
(— 3.8 points), with a mean difference of —0.57 points
between groups [35], and the ICIQ-LUTS QoL score
reduced from 33.9 to 28.4 in the mHealth app group and
from 33.4 to 29.1 in the control group after 12 months
of follow-up [36]. Asklund et al. [30] verified that after
3 months of follow-up, the ICIQ-LUTS QoL score



Page 6 of 15

(2022) 22:400

Hou et al. BMC Women'’s Health

‘pasn

QU1 spulwal ey}

u2312s
DNIS e ybnoayy
pauleigo eyl
01 Je|ILUIS SeM
Jaded ayy ul
pajussaid uon

JdualBype ullefe uy N4d -DRJIUOD Jejnd papnjaul
payiodal-j|os syluow ¢ Jojopinbese  -snwi jo abewl TELFEES  2uam swordwiAs
700 SA-OIDI Kep pue syuow ¢ DNISJOIUSU  DIelS 3y ‘suon joluoD)  |NS panodal-fas 91 :j0luoD
diNO SA-ODI - /siopuiwial oM ‘Yuow Ly -odwod [ensiA - -Dndisul paaullg apnesoueld 90l F ¢/t ddy YHM USWIOM /1:ddy €€ lizeig  [L€] [e 19 ofnesy
2bJeYdSIp 910)9G
pue sul3seq
1e 9duepinb
2onoeld [N4d
3U0-0}-3U0
pue ('salsnb 01
Jamsue ‘suols
-SNOsIp ‘sainy
wnyed 1IN4d -33| ybnoiyy)
Buluien sy bur - -150d SYIUOW 9 1NOQR JSPUILISY  UONEINPS UoN 67F 1'6:01U0D S :|01u0D
S3ISWdE  -Inpsispulal pue Ssyluow ¢ ‘1Ndd  -BM|igeyas Jooy ¢Fc6ddy Yiuow G :ddy
4S1N-0IDI  olpne Ajie|nbay 'SPIM QY JOsuondNIIsU| IR UlW-G v buey| 1A uad yE-€¢ /oposida |ng L < 801 eulyd  [e€] e 1 buepm
suondo uaw
30eqPa’y pue -1eaJ1 SSNSIP
sisAjeue eleQ 01 Jauonnoeid
1WA4d Inoge |esauab umo
19pUIWRY ‘JN4d  J19Y3 01 palidjal SOLFELS
I-19d J195IN0A Aq 4O SUORDNAISU| 2lam dnolb H[eilep)
700 S1NT-0DI 195 Aouanbayy syuowl 7| In uo 2JeD |ensn ayy 7L Fres ddy NEEIY L€1 :jonuod [S€ 'v€]
4S1N-01DI Jopulley 'SyIuow 7 1y uopeulloju| ur syuedidiied [0UODUIYN 98-0¢ /oposidaing< LeL:ddy g9z spuepsyleN 832 sinyooT
sjooy jusWAINseaw
judwainsesaw fouanbaiy awodIno
awodInQ I9puiwady Jo Buiwi uonpuny ddy aAesedwod sweuddy (gs)ueaw ‘aby  sisoubeip |NS 9|dwes A13uno> salpnis

SaIPN3s 9|q161|S 3y} JO SHNSJ pue $3IN1ea) Ulew dy3 Jo Alewwns | ajqeL



Page 7 of 15

(2022) 22:400

Hou et al. BMC Women'’s Health

(,92UBI3YPE [BWIIXEW, SUBIW (| PUB || }B DSIDIDXS OU, SUBIW () DIDYM SISIDISX3 0} JUSWHWIWOD J13y} Buipiebal ‘0| 03 0 Woly) duaiaype payiodal-§9s ‘9]eds anbojeuy [ensiA-as [0D04NT 3Y} ‘SYA
-A507 ‘2|eds A>edLy3-419S 3PSNIA dIA]9d dWo0oIg Y] ‘SISING ‘Sisoubelq aouauiuodu| Aieulin 1oy aileuuonsan ‘ainNd “uswanoidw Jo uoissaidwi [eqo|D s,3udled ‘|-|Dd ‘swoldwAs [euibep—aileuuonsang aduauiuodu|
UO UOI3R}|NSUOD) [RUOIIBUIRIU| ‘SA-DIDI ‘2417 JO AHjenD swoldwiAs 1oel) A1eutin 19MoT DI 100D SLNT-OIDI ‘W04 10YS 95Uauuodu| A1euLif) 412UUOISINY SUSUIIUODU| UO U013} NSUOY) [BUOIIRUISIU| 4S |N-OIDI

uoddns
1sidesayroin
Buluren

InoA noge
SONSNelS ‘| N4d
JO suondNISUY|

'$10108§ 3|A153)|| S6F 6y
SYA-AQSO3 IF19d sieah 7 pa1e1d0sse Hlelililep}
100 SLMT Aep/siz pueJesak | pueinsinoge 90LF6LY AoIM 9¢| flonuoc) [a
-0ODI4SIN-DIDI -pulWaI 321y ‘SYIUOW { 3Y1 1y UoeWIOjU|  JUSWIES] [elsOd nue| 'ddy 0/-81 /aposida|ng | < ¥zl :ddy 0S¢ UspamS  [e 18 wonsols
1\4d 1noge pouad Apnis
Jspuiway ‘bur oy buunp dde
-UleJ}INOAINOGe 33 Ul papNn|dul
SOIS1eIS (N4d |els1eW Aue
4O sUORdNIISU| Joddeay L'6F Lir
'91A1s9y1 lo0Y}  dAI9D3I 10U PIP Hlelililep}
[-19d 100 S1M Aep/siz sieak g pue  diAppd pue |ngs pue juswiesan L6F8Yy HoIM 19:j01u0D (671
-0ODI4SIN-0IDI -PuUlWaI 921y SYIUOW € 3Ylly U0 UOIeUOu| pauodisod e «ddy ¢/-/z /oposidaing | < 79:ddy 71 uspams  [e19 punpisy
1W4d
10y suondudsaid
uoeJNpa Yijeay
aNssI pue ‘Ins
40 2d>uepodwii
pue suonnedaid
‘AKousnbaly ‘spo
RHETENRIENE
3|2sNW J00y SUOMPUIWIEXD
dInjRd ‘spoylaw pa1ejai pue
1W4d jusuilean K10351Y [PDIPRW
INoge Japuluiay 'S9sNed ay3 uo ybnoiyx |ns se
‘bututen ;noA  2duepinb [eqian pasoubelp pue
Inoge sonsnels  dAIb ‘sojuld aied S8YLF8YLS 4S-DIDIAg pareb
‘]W4d Josuon  2duaunuodUl Ul 2JeD WOy OJU0D  -IIS3AUI dUBUN
S3ISNGG Kep/sia -DNIISU| {|NS  uonesNpa yijeay Ajlwe4-Auunwi /0€1F897S -uodul Aleupn S :|o1uoD
4SIN-ODI -pulwal 324y SYIUOW 91y U0 UoneWIOU|  JenbalaAlday  -WoD-[eldsoH :ddy YUM USUWIOM 1G:ddy 801 eulyd I4INEREE
sjooy jusWAINseaw
juswainsesaw Aouanbaiy sawodIno
awodIno J9puiway Jo Buiwi uonduny ddy aAnesedwod sweuddy (gs)ueaw ‘aby  sisoubeip |NS 9|dwes A13uno> salpnis

(Panuiuod) L 3|qel



Hou et al. BMC Women'’s Health (2022) 22:400

Page 8 of 15

Random sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other bias

0% 25% 50% 75%  100%

B Low risk of bias

[ Junciear risk of bias

B High risk of bias

Fig. 2 Risk of bias graph

Blinding of participants and personnel (performance hias)

@ | Blinding of outcome assessment (detection bias)

® O O S| ®|® | ncomplete outcome data (attrition bias)

Araujo 2019

Asklund 2016

JiaJ 2018

Loohuis 2021

Sjostrdm 2013

® O | S| ®| @ |selectvereporting (reporting bias)

® O O O ®| O | Anocationconcealment (selection bias)
a . " N
® OO S S| ®|othernias

® O O S| ®|® |Rrandomsequence generation (selection bias)

Wang 2020

Fig. 3 Risk of bias summary

reduced from 34.1 to 28.8 in the mHealth app group and
from 34.8 to 34.1 in the control group, and Hoffman et al.

[31] found that the ICIQ-LUTS QoL score decreased
from 34.1 to 30.2 in the mHealth app group after 2 years
of follow-up. Sjostrom et al. showed that after 4 months
of follow-up, the ICIQ-LUTS QoL score reduced from
33.6 to 27.8 in the mHealth app group and from 33.6 to
28.8 in the control group [28], and the ICIQ-LUTS QoL
score reduced from 33.6 to 26.5 in the mHealth app
group and from 33.6 to 27.2 in the control group after
2 years of follow-up [29]. Health-specific QoL was evalu-
ated with the EQ5D-VAS [37]. After 4 months of follow-
up, the EQ5D-VAS score improved from 79.1 to 83.3 in
the mHealth app group and improved from 79.2 to 81.8
in the control group, and after 2 years of follow-up, the
EQ5D-VAS score increased from 79.1 to 83.3 in the
mHealth app group and from 79.2 to 83.5 in the control
group. Araujo et al. [32] revealed that the ICIQ-VS QoL
score increased from 5.0 to 5.6 in the mHealth app group
and reduced from 5.9 to 1.3 in the control group after
3 months of follow-up.

We provided a detailed overview of the patient global
impression of improvement of incontinence. Loohuis
et al. reported that the majority of women in both the
mHealth app-based treatment group (65.7%) and the
usual care group (66.6%) had improved overall impres-
sions after a follow-up of 4 months [34]. Asklund et al.
[29] provided that the follow-up showed that mHealth
app group participants reported much improved or very
much improved urinary incontinence more often than
control group participants, with an outcome of 91.8% in
the mHealth app group. In the analysis of Sjostrom et al.
[27], participants in the mHealth app group rated their
leakage as much better or very much better after treat-
ment (40.9%), compared with participants in the control
group (26.5%) after 4 months of follow-up. After a two-
year follow-up [28], more participants in the mHealth
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Table 5 SMD in the scores of ICIQ-UI SF, ICIQ-LUTS QoL and BPMSES comparing initial value with the scores in post-intervention
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period

Studies ICIQ-UI SF ICIQ-LUTS QoL BPMSES
Assessment SMD SMD/month Assessment SMD SMD/month Assessment SMD SMD/month
period period period

Loohuis et al. [34,

35]

Control 1 year —083 —0.07 1 year —054 —0.05

App 1 year —-0.78 —0.07 1 year —072 —0.06

Wang et al. [33]

Control 3 months —271 =090

App 3 months —290 —097

Control 6 months —393 —066

App 6 months —429 —0.72

Araujoetal. [31]

Control 1 month —0.60 —060

App 1 month —-079 —079

Control 2 months —095 —048

App 2 months —096 —048

Control 3 months —1.08 —036

App 3 months —132 —044

Jiaetal [32]

Control 6 months —023 —004 6 months 082 0.14

App 6 months —195 —033 6 months 311 052

Asklund et al. [29]

Control 3 months —027 —009 3 months —-011 =004

App 3 months —126 —042 3 months —085 —028

Control 2 years None None 2 years None None

App 2 years —086 —0.04 2 years —-056 —0.02

Sjostrém et al.

SPSirefid:bib27(27]

Control 4 months —081 =020 4 months —062 —-0.16

App 4 months —1.13 —-028 4 months —090 —023

Control 1 year —1.07 —0.09 1 year —-082 —007

App 1 year —123 —-0.10 1 year —094 —-0.08

Control 2 years —1.11 =005 2 years —-087 —004

App 2 years —1.28 —0.05 2 years —1.17 =005

None means the score was not mentioned in the original study
SMD standardized mean difference

app group believed that their leakage improvement was
very high (39.2%) compared to the control group partici-
pants (23.8%).

Secondary results of the eligible studies

Table 4 shows summary results for assessment of the
adherence. Wang et al. [33] reported that the average
efficacy score improved from 59.9 at 6 weeks to 62.0 at
3 months then declined slightly to 60.4 at 6 months in
the mHealth app group, while in the control group, the
average score declined continuously from 55.5 at 6 weeks
to 51.5 at 6 months. Araujo et al. [31] reported that

self-reported adherence rate (attribute a score, from 0
to 10) showed better results during the treatment, which
increased from 9.5 to 9.9 in the mHealth app group after
3 months of follow-up. The study of Jia et al. [32] verified
an increase in the BPMSES score from 53.8 (average) to
105.4 in the mHealth app group and from 56.5 to 72.9 in
the control group after a follow-up of 6 months.

Syntheses of results

Table 5 presented the SMD in ICIQ-UI SF, ICIQ-LUTS
QoL and BPMSES scores for the control and mHealth
app group in each eligible study. In the studies of
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Loohuis et al., Wang et al., Araujo et al., Asklund et al.
and Sjostrom et al. (both for the control group and the
mHealth app group), the values of SMD/month for ICIQ-
UI SF and ICIQ-LUTS QoL decreased as the follow-up
time increased [27-29, 31, 33, 35]. Jia et al. showed that
the SMD of BPMSES in the control and mHealth app
group were 0.82 and 3.11, respectively, after 6 months
follow-up [32].

Discussion

This systematic review aimed to summarize the evidence
on the effectiveness of mHealth app-based PFMT on out-
comes, including SUI symptom severity, QoL, and the
patient’s global impression of improvement. In addition,
this systematic review summarized the evidence on the
impact of mHealth app-based PFMT on adherence. We
found that mHealth app-based PEMT showed positive
effects on primary and secondary indicators. Compared
with control group, the mHealth app group had signifi-
cant improvement in severity of SUI symptoms, QoL
and the global impression of patients. The mHealth app
group also showed a significant improvement in adher-
ence to PEFMT.

PEMT is a first-line strategy for SUI [36]. One possible
way to meet the future needs of the medical industry is to
enhance patients’ self-management capabilities through
mHealth app [37, 38]. A number of studies show that
mHealth app improve health outcomes [39]. MHealth
app are potentially effective for delivering PFMT to
women, which is convenient, flexible, and time-saving
[40]. Use of mHealth app for PFMT expands access to
care and aids the management of patients [27].

Effects of mHealth app-based PFMT on primary objectives
The severity of SUI symptoms

In this systematic review, all original studies that met the
inclusion criteria used ICIQ-UI SF to analyze the severity
of SUI symptoms. Based on this, when comparing partic-
ipants in the mHealth app group with those in the control
group, a significant decrease in ICIQ-UI SF scores was
seen. The summary results of all RCTs and quasi-rand-
omized controlled trials showed that mHealth app-based
PEMT improved the severity of SUI symptoms, which is
consistent with other studies [18, 41].

QoL

SUI can affect the QoL. This systematic review showed
that mHealth app-based PFMT exercises are effective in
treating SUI and will improve the QoL of patients. This
was probably due to the fact that these women have less
SUI symptoms than before and enhanced their self-confi-
dence in daily activities [42].
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The patient’s global impression of improvement

The PGI-I is an outcome measure that is readily under-
stood by both the patient and the clinician, and it gives
a direct reflection of the patient’s overall opinion. The
follow-up PGI-I results in our systematic review showed
that mHealth app group participants reported much
improved. This could be associated with improved uri-
nary symptoms and QoL.

Effects of mHealth app-based PFMT on secondary
objective

Adherence

MHealth app-based PFMT works better among people
who are interested in it and have higher expectations
[41], it has the potential to improve adherence of PFMT
[42]. The eligible studies for adherence assessment used
the BPMSES and self-reported adherence rate, verify-
ing an increase in the self-efficacy scores of patients in
the mHealth app group [32, 33]. This could be explained
by the mHealth app group exhibited greater self-effi-
cacy across the follow-up, indicating the efficacy of the
mHealth app in improving and maintaining adherence
to training. Evidence suggests that participants with
higher self-efficacy are more likely to seek out and stick
to PFMT protocols [42].

This systematic review assessed the SMD of the ICIQ-
UI SE, ICIQ-LUTS QoL and BPMSES scores, comparing
initial values with scores in the post-intervention period.
In most studies, we found that the SMD was higher in
mHealth app group for the ICIQ-UI SE, ICIQ-LUTS QoL
and BPMSES than in the control group [27-29, 31-33].
But the values of SMD/month reduced as the follow-up
time increased, it may be associated with the sample loss
over time, which is consistent with previous study [18].

Strengths and limitations
Strengths of this systematic review are as follows. First, it
offers a literature review on the impact of mHealth app-
based PFMT on SUI or stress-predominant MUI. Cur-
rently, only two systematic reviews have evaluated the
impact of mHealth app-based PFMT on urinary inconti-
nence, but these were limited to qualitative analyses of the
results and included an insufficient number of articles. Our
systematic review included more studies to evaluate multi-
ple outcomes of the impact of mHealth app-based PEMT
on SUI or stress-predominant MUI, including the severity
of SUI symptoms, QoL, the patient’s global impression of
improvement and adherence. Second, we searched a total
of 12 databases and systematically reviewed articles using
an integrated search strategy, ultimately including six
studies.

However, this study also has some limitations. Six stud-
ies that meet the inclusion criteria, and three of these trials
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conducted follow-up studies of the same original popula-
tion for several years [27-30, 34, 35], we completed a nar-
rative analysis. Future research should aim to capture more
high quality RCTs to allow for statistical analysis of effects
on outcomes.

Conclusion

This systematic review determined that mHealth app-
based PFMT showed promise from the perspective of
improving both outcomes and exercise adherence.
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