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Abstract

Background: The use and sharing of patient-generated health data (PGHD) by clinicians or researchers is expected to enhance
the remote monitoring of specific behaviorsthat affect patient health. In addition, PGHD use could support patients' decision-making
on preventive care management, resulting in reduced medical expenses. However, sufficient evidence on the use and sharing of
PGHD islacking, and the impact of PGHD recording on patients' health behavior changes remains unclear.

Objective: Thisstudy aimed to assess patients’ engagement with PGHD recording and to examine theimpact of PGHD recording
on their health behavior changes.

Methods: This supplementary analysis used the data of 47 postpartum women who had been assigned to the intervention group
of our previous study for managing urinary incontinence. To assess the patients' engagement with PGHD recording during the
intervention period (8 weeks), thefluctuation in the number of patientswho record their PGHD (ie, PGHD recorders) was evaluated
by an approximate curve. In addition, to assess adherence to the pelvic floor muscle training (PFMT), the weekly mean number
of pelvic floor muscle contractions performed per day among 17 PGHD recorders was examined by latent class growth modeling
(LCGM).

Results: The fluctuation in the number of PGHD recorders was eval uated using the sigmoid curve formula (R?=0.91). During
the first week of the intervention, the percentage of PGHD recorders was around 64% (30/47) and then decreased rapidly from
the second to the third week. After the fourth week, the percentage of PGHD recorderswas 36% (17/47), which remained constant
until the end of the intervention. When analyzing the data of these 17 PGHD recorders, PFMT adherence was categorized into 3
classesby LCGM: high (7/17, 41%), moderate (3/17, 18%), and low (7/17, 41%).

Conclusions: The number of PGHD recorders declined over timein asigmoid curve. A small number of users recorded PGHD
continuously; therefore, patients' engagement with PGHD recording was low. In addition, more than half of the PGHD recorders
(moderate- and low-level classes combined: 10/17, 59%) had poor PFM T adherence. These results suggest that PGHD recording
does not always promote health behavior changes.

(JMIR Form Res 2022;6(5):€35471) doi: 10.2196/35471
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Introduction

Background

According to the Office of the National Coordinator for Health
Information Technol ogy, patient-generated health data (PGHD)
is defined as health-related data created, recorded, or gathered
by or from patients (or family members or other caregivers) to
help address a health concern [1,2]. In 2018, the term PGHD
was introduced into the Medical Subject Headings thesaurus
[3]—a controlled and hierarchically organized vocabulary
produced by the National Library of Medicine for indexing,
cataloging, and searching of biomedical and health-related
information—and the term became widely known. PGHD in
paper form have been used in the past, but the devel opment of
digital health innovations has enabled the collection of alarge
amount of electronic PGHD easily through mobile phones,
wearable devices, and severa types of sensors. The use and
sharing of PGHD by clinicians or researchersis expected to not
only enhance the remote monitoring of specific behaviors that
affect patient health, but al so support patients’ decision-making
on preventive care management, resulting in reduced medical
expenses [4]. However, sufficient evidence on the use and
sharing of PGHD in clinical settings is lacking [5], and the
impact of PGHD recording on health behavior changesremains
unclear [6-8]. Previous studies have incorporated PGHD
techniquesinto multicomponent interventions. A scoping review
[9] reported that multicomponent interventions used the
following techniques to mativate users for PGHD recording:
the provision of rewards and incentives, goal setting, reminders,
feedback, social support, and entertainment elements such as
gamification. Given the complexity and diversity of
multicomponent interventions, it is difficult to evaluate the
effect of PGHD recording, and there is no conclusive evidence
that it improves health behavior [9,10].

Our Previous Study

We conducted multicomponent interventions with reminder
emails for pelvic floor muscle training (PFMT) to manage
urinary incontinence (Ul), in which users manually recorded
the number of pelvic floor muscle contractions (PFMCs)
performed as PGHD [11]. Daily reminder emails for PFMT
were sent to the postpartum women’s smartphonesfor 8 weeks,
and the number of PFM Cs performed was recorded on awebsite
via smartphone. Our results showed that this multicomponent
intervention improved PFMT adherence (implementation rate
and the number of times implemented per day and per week)
and reduced theincidence of Ul [11]. PFMT isasimpleexercise
to strengthen the muscles of the pelvic floor—participants
contract and relax the pelvic floor muscle repeatedly—and it
effectively treatsand prevents Ul [12,13]. However, it isdifficult
to maintain PFMT adherence in patients with only verbal
instructions and leaflets[14,15]. Although our multicomponent
intervention was expected to improve PFMT adherence,
problems arose because the participants were not recording the
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number of PFM Cs performed as PGHD every day asinstructed
by the researchers.

Additional Rationalefor This Study

Many users of digital behavior change interventions (DBCIs)
that use technologies such as the internet, telephones, mobile
phones, and environmental sensors [16] do not use these
technol ogies as intended by researchers, and the number of users
declines over time [17,18]. The attrition of DBCI users may
impact the effectiveness of the interventions. Therefore,
“effective engagement” that is sufficient to achieve theintended
outcomes should be established [16,19]. Engagement with
DBCIs is conceptuaized as two synthetic constructs,
“engagement as behavior” (eg, the extent of use of DBClIs or
their components) and “ engagement as subjective experience”
(eg, intrinsicinterest and enjoyment), and it isadynamic process
that is expected to vary both within and across individuals over
time[20-22]. A scalefor assessing engagement with DBCI has
recently been developed [20,21]. It has been suggested that, by
ng engagement, researchers can determine when and how
totailor interventionsto theindividual, supplement with human
support when needed, and i dentify the componentsrequired for
intervention design [19,23].

Goal of This Study

We conducted a supplementary analysis of the PFMC data
stored on the server of our previous study [11]. Thisstudy aimed
to assess patients engagement with PGHD recording (ie,
“engagement as behavior”) and participants' usability of PGHD
recording (ie, “engagement as subjective experience”).
Furthermore, we aimed to examine the impact of PGHD
recording on health behavior changes in PFMT adherence
among PGHD users who recorded their PFMCs consistently
using latent class growth modeling (LCGM).

Methods

Recruitment and Sample

The participants were postpartum women who had delivered
from January to August 2014 at an obstetric clinic in Osaka
Prefecture, Japan, which performs approximately 600 deliveries
per year, and had been assigned to theintervention group of our
previous study [11]. The inclusion criterion of our previous
study [11] was postpartum women with a smartphone and the
exclusion criteria were participants with a history of pelvic
surgery and cerebral infarction, as well as those with current
hypertension, diabetes, hemorrhage, cystitis, neurological
disease of the urinary system, chronic cough, and diuretic use.
For postpartum care, a midwife provided the participants with
verbal instructions on how to perform PFMT as detailed in a
leaflet. The PFMT regimen included 3 sets of 6 PFMCs every
day (ie, atotal of 18 PFMCs per day), and the training duration
was at least 8 weeks.
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Data I nclusion and Exclusion

Thisstudy used the data of 47 postpartum women who had been
assigned to the intervention group of our previous study [11]
for managing Ul. There were no exclusion criteria, and no data
were excluded from analyses.

Study Design

Thisresearch isasupplementary analysis of our previous study,
which improved PFMT adherence and reduced the number of
postpartum women with Ul. A detailed description of the study
has been published in full [11]. In our previous study,
participants received PFMT reminder emails via smartphone

every day for 8 weeks, which contained aURL link to awebsite
for manually recording the number of PFMCs performed.

Ethics Approval

This study uses data collected during our previous study [11],
which was approved by Osaka University Medical Science
Department of Health Ethics Committee (approval number 268).

Evaluation Outcomes

Data collected by the above procedure were classified into the
following four categories: (1) participants demographic
characteristics, including age, BMI before pregnancy, weight
gain during pregnancy, and their child's birth weight; (2) the
number of participants who recorded their PGHD (ie, PGHD
recorders); (3) each participants' status of PGHD recording;
and (4) weekly mean number of PFMCs performed per day
among those who recorded it continuously. The participants
usability of PGHD recording was evaluated after the 8-week
intervention period with the question “ Wasiit difficult to record
the PFM Csevery day?’ The participants responded on a5-point
Likert scale (“Strongly agree,” “Agree alittle,” “Neither agree
nor disagree” “Disagree a little)” or “Strongly disagree”).
Furthermore, comments on the participants’ usability of PGHD
recording were collected with the prompt: “ Please comment on
your experience of recording PFMCs on our system in the
free-text field.” Participants voluntarily answered these two
questions about usability. These data were encrypted using
Secure Sockets L ayer to prevent leakage of personal information
during transmission and were stored on the server through the
website. All datawere downloaded in .csv format.

Statistical Analysis

The participants' demographic characteristics were described
as continuous variables (reported as median values with IQRs)
and categorical variables (reported as humber of cases with
percentages). To assess engagement with PGHD recording
during the intervention period, a graph was plotted with the
number of PGHD recorders on the y-axis and the number of
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days on the x-axis, and the approximate equation of the curve
was calculated. To visualize each participant’s status of PGHD
recording during the intervention period, a figure was created
with gray-shaded cells indicating the days that a given
participant recorded PGHD and the numbers within cells
denoting how many PFMCs were performed that day. On the
y-axis, participants are arranged based on the total number of
timesthat PFM Cswererecorded and thetotal number of PFMCs
performed during the intervention period. Based on the lower
asymptote that was obtained from the approximate curve, 17
participants (IDs 1-17) were classified as the high-engagement
group and the remaining participants (IDs 18-47) were classified
as the low-engagement group. Fisher exact test and
Mann-Whitney U test were used to examine the differencesin
each group. To evaluate PFMT adherence among the 17
participants in the high-engagement group, the weekly mean
number of PFMCs performed per day was calculated. To
determine the modél fit, we employed entropy and the Bayesian
Information Criterion, and to determine the model number of
the weekly mean number of PFMCs performed per day, we
employed the Lo-Mendell-Rubin likelihood ratio test and the
bootstrap likelihood ratio test [24,25]. LCGM is a statistical
method that uses specific combinations of observed variables
and can be used to identify groups of people with similar
characteristics. Additionally, LCGM can determine individual
phenotypes by identifying subgroups that follow similar
trajectories over time [26]. LCGM in eHedth research is
commonly used to determine potential trajectories and groups
of engagement with DBCls [27-33]. In this study, we used
LCGM to determine PFMT adherence. The usability of PGHD
recording was determined by organizing the participants
comment data into qualitatively and inductively meaningful
groups and cal cul ating the number of cases and percentagesfor
each group. A P value of <.05 was considered statistically
significant for all analyses. LCGM analyses were performed
using Mplus (version 8.6; Muthen & Muthen). Other analyses
were conducted using IMP PRO software (version 15.1.0; SAS
Ingtitute Inc).

Results

Participants Demographic Characteristics

The participants demographic characteristics are shown in
Table 1. The percentage of participants with Ul at the baseline
was 6% (3/47). The median age of the participantswas 34 (IQR
31-36) years and 70% (33/47) were multiparous women. For
BMI before pregnancy and weight gain during pregnancy, 72%
(34/47) and 57% (27/47) of the participants were in the normal
range, respectively. For child's birth weight, 98% (46/47) of
the participants reported birth weight of less than 4000 g.
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Table 1. Comparison of demographic characteristics of participants having high and low engagement with patient-generated health data recording.

Characteristic Total participants Engagement with PGHD? P value
(N=47)
High (n=17) Low (n=30)
UIP at basline, n (%) 3(6) 12 2(4) 99°
Age (years), median (IQR) 34 (31-36) 34 (32-37) 33 (30-36) 21d
Multipara, n (%) 33(70) 14 (30) 19 (40) 20°
BMI before pregnancy (kg/mz), median (IQR) 20 (19-21) 20 (18-21) 20 (19-21) 964
Weight gain during pregnancy (kg), median (IQR) 10 (8-12) 10(9-12) 11 (89-12) 8o
Child's birth weight (g), median (IQR) 3104 (2760-3384) 2885 (2736-3196) 3160 (2945-3480) 059

8PGHD: patient-generated health data.
bUI: uri nary incontinence.

CFisher exact test.

dm ann-Whitney U test.

Engagement With PGHD Recording

Engagement with PGHD recording is shown in Figure 1. The
number of PGHD recorders was the highest at 3 days after the
start of theintervention (31/47, 66%) and the lowest at 42 days
(14/47, 30%). The approximate curve of the number of PGHD
recorders (y) and the days (x) during the intervention period
was calculated by the following sigmoid curve formula:

299-17.0

y =170+ g

In the approximate curve, there was an inflection point at 14.2
days (95% CI 11.1-17.3; P<.001), with the upper asymptote at
29.9 participants (95% CI 27.2-32.6; P<.001) and the lower
asymptote at 17.0 participants (95% Cl 16.4-17.6; P<.001), and

Figure 1. Engagement with patient-generated health data recording.

an R? value of 0.91. The percentage of PGHD recorders during
week 1 of the intervention was constant at 64% (30/47) and
then decreased rapidly from week 2 to week 3. After week 4,
36% (17/47) of the participants continued to record the number
of PFMCs performed until the end of the intervention.

Figure 2 shows each participant’s status of PGHD recording.
IDs 1 and 2 (2/47, 4%) completed PFMC recording every day.
Conversely, IDs 44-47 (4/47, 9%) never recorded any data.
High engagement with PGHD recording was observed for IDs
1-17 (17/47, 36%) and low engagement was observed for IDs
18-47 (30/47, 64%). A low number of participants recorded
their PFMCs consistently. No significant difference was
observed in basdline Ul, age, birth history, BMI before
preghancy, weight gain during pregnancy, and birth weight
between the two groups (Table 1).
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Figure 2. Status of patient-generated health data recording.
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The Impact on Health Behavior Changes

Table 2 shows the model information obtained through LCGM
for the PFMT adherence of the high-engagement group. The
value of entropy of the 2-class model was 0.911 and that of the
3-class model was 1.000, indicating that the high-engagement
group could be subdivided into 2 or more groups. No significant
difference was found in the Lo-Mendell-Rubin likelihood ratio
test and the bootstrap likelihood ratio test; however, the
Bayesian Information Criterion was small, indicating a better
fit in the 3-class model than the 2-class model. Finaly, the
3-class model was selected. A 4-class model could not be
produced.

The 3-classmodel produced | atent trajectoriesthat corresponded
to the weekly mean number of PFM Cs performed per day. The
following groups were defined: “high” for PGHD recorders
who started with high PFMT adherence levels (7/17, 41%;
Figure 3); “moderate” for PGHD recorders who started with
moderate PFMT adherence levels (3/17, 17.6%; Figure 3); and
“low” for PGHD recorders who started with low PFMT
adherence levels (7/17, 41%). Of the 17 participants who
continued to record data until the end of the intervention, 10
participants were in the moderate- and low-adherence groups,
indicating that overall PFM T adherence was poor. Table 3 shows
the characteristics of the 3 groups by PFMT adherence level.

Table 2. Model information by number of classes obtained through latent class growth modeling.

Test Number of classes
2 3
Percent per class 41/59 41/18/41
Entropy 0.991 1.000
Bayesian Information Criterion 592.6 590.0
L o-Mendell-Rubin likelihood ratio test —285.6 —270.8
P value 43 .18
bootstrap likelihood ratio test —288.6 -270.8
P value .29 17

https:/formative.,jmir.org/2022/5/€35471

XSL-FO

RenderX

IMIR Form Res 2022 | vol. 6 | iss. 5| €35471 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Kinouchi & Ohashi

Figure 3. Pelvic floor muscle training adherence levels among patient-generated health data recorders. Green line: high; red line: moderate; blue line:
low.

Weekly mean number of pelvic floor
muscle contractions per day

week 1 week 2 week 3 week 4 week 5 week 6 week 7 week 8
Days (week)
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Table 3. Characteristics of the 3 groups by PFM T2 adherence level.

Characteristic PFMT adherence level P value
High (n=7) Moderate (n=3) Low (n=7)
UIP at basdline (n=1), n (%) 0(0) 0(0) 1 (100) 99°
Age (years), median (IQR) 34 (32-36) 41 (37-42) 33 (30-36) 03¢
Multipara (n=14), n (%) 6(43) 2(14) 6 (43) 99°
BMI before pregnancy (kg/m?), median (IQR) 21 (19-29) 20(19-21) 18 (17-20) o7
Weight gain during pregnancy (kg), median (IQR) 12 (10-13) 10 (6-16) 10 (8-10) 35d
Child’s birth weight (g), median (IQR) 3213 (3060-3530) 2722 (2704-2885) 2752 (2675-2932) 019

Weekly mean number of PFM Cs® performed per day (times), median (IQR)

Week 1 18 (17-18) 11 (5-12) 3(27) 0049
Week 2 17 (15-18) 13 (8-15) 2(2-49 .003¢
Week 3 18 (17-18) 11 (9-15) 2(41 .001¢
Week 4 18 (17-18) 9 (8-18) 2(1-3) .002¢
Week 5 18 (18-18) 15 (7-15) 2(1-3) .001¢
Week 6 18 (14-18) 8(6-15) 2(1-3 .001¢
Week 7 18 (17-18) 9 (6-14) 1(1-3) <0014
Week 8 18 (18-18) 7(59) 2(1-3 .001¢
Total PGHD (times) 53 (43-56) 54 (46-54) 52 (40-54) 649

“Wasit difficult to record the PFMCsevery day?’ (n=12), n (%) 17¢
“Strongly agree” and “Agree alittle” (n=1) 0(0) 1(100) 0(0)

“Neither agree nor disagree,” “Disagree alittle,” and 4 (36) 1(9 6 (54)

“Strongly disagree” (n=11)

3PFEMT: pelvic floor muscle training.
bUI: uri nary incontinence.

CFisher exact test.

dm ann-Whitney U test.

EPFMC: pelvic floor muscle contraction.
'PGHD: patient-generated health data.

of participants who answered “ Strongly agree” and “Agree a

Usability of PGHD Recording little” to the question “Was it difficult to record the PFMCs
After the intervention period, some participants (27/47, 57%)  every day?” was 37% (10/27).

answered questions about the usability of PGHD recording . o _
(Table 4). The number of responses was approximately equal anategon;ed comments by th(_a participants were as foIonvs.
for both high (15/27, 56%) and low (12/27, 44%) categoriesof  BY réporting the number of times, 1 felt as if | was being

engagement with PGHD recording. Furthermore, a significant watched for not being lazy, and | think | was able to continue,”
difference between the level of engagement with PGHD “1 did not report PFMCs, but | was able to perform them every

recording and usability was found (P=.01, Fisher exact test), day,” “When | receive emails three i m&ada_y, the importance
indicating that those who found PFMC recording difficult had  ©f @mailsgradualy decreased for me, and I wish | could set the

low engagement with PGHD recording. The total percentage number of times emails were sent individually,” and “At first,
| was motivated, but | tended to skip halfway through.”
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Table 4. Usability of patient-generated health data recording.
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Response

Participants (n=27), n (%)

“Wasit difficult to record the PFM Cs® every day?”
Strongly agree
Agreealittle
Neither agree nor disagree
Disagree alittle
Disagree
Categorized comments
“1 was able to continue training by reminder email.”
“1t was difficult to secure time for training while raising children.”
“Nothing in particular.”

Other

3(11)
7(26)
4(15)
12 (44)
1(4)

14 (52)
6(22)
3(11)
4(15)

3PFMC: pelvic floor muscle contraction.

Discussion

Principal Findings

In this study, we examined patients’ engagement with PGHD
recording integrated into a multicomponent intervention and
evaluated the impact of PGHD recording on their health
behavior changes. The following findings were obtained. First,
engagement with PGHD recording might be low. This could
be because the number of PGHD recorders declined over time,
as indicated on a sigmoid curve. Moreover, a small number of
participants recorded PGHD continuously (17/47, 36%). Second,
PGHD recording may not promote health behavior changes.
This was suggested by the overall poor PFMT adherence
observed (10/17, 59%).

Comparison With Prior Work

Eysenbach [17] has hypothesized that fluctuationsin the number
of users and dropouts in digital health can be classified into
Phases I-111 in “sigmoid attrition curves” Phase | is the stage
where users initially stay because of curiosity, Phase Il is the
stage where the number of users decreasesrapidly (ie, the stage
where the users’ expectations are not met), and Phase Il isthe
stage where “hardcore” users stabilize. We derived a“ sigmoid
attrition curve” from the obtained data, which aligned with
Eysenbach’s attrition hypothesis. However, not all attrition
curves for fluctuations in the number of users and dropoutsin
digital health are sigmoidal. The app-based intervention for
diabetes prevention used by Fukuokaet a [34] for obese adults
a risk for type 2 diabetes incorporated a core curriculum
consisting of PGHD recording (daily steps), reminders, and
face-to-face sessions, with the proportion of PGHD recorders
declining in alinear function from approximately 80% at the
start of theintervention to approximately 40% over the 20-week
intervention period. Similarly, Carter et al [35] have reported
interventions for weight loss in overweight volunteers using a
smartphone app that included PGHD recording of food diaries
and physical activity, sending SMS text messages to reinforce
health behaviors, and feedback on the recorded physical
activities in combination with face-to-face group sessions with

https://formative.jmir.org/2022/5/€35471

the number of PGHD recorders declining progressively in a
linear function from 43 recorders at the start of theintervention
to 7 recorders (16%) over the 6-month intervention period. In
either study, the attrition curve was not mathematically derived,
and a sigmoid curve was not obtained. The shape and slope of
these attrition curves are reportedly dependent on the age and
sex of the PGHD recorders[36], the type of PGHD [37,38], the
lack of relative advantages over digital health for users, usability
(complexity), trial settings (such as trial management or
reminders by researchers), and user attributes [17]. Possible
reasons for the small number of PGHD recordersin this study
include the following usability issues: 37% (10/27) of usersfelt
that PFMC recording was burdensome, and those who found
PFMC input difficult had low engagement with PGHD
recording. In addition, 22% (6/27) of the users mentioned that
“it was difficult to secure time for training while raising
children” in the usability comments, which may be partly due
to the participants of this study being postpartum women who
were busy with childcare, had no time to perform PFMT, and
could not record the number of PFM Cs performed. In this study,
PGHD recorders abruptly decreased from week 2 to week 3,
which may be an appropriate time period to reinforce
individualized interventions with personal support for users. In
addition, since the number of participants who recorded PGHD
stabilized after week 4, it isdesirableto perform theintervention
evaluation after this period. Thus, analyzing and understanding
changes in the number of users and dropouts is important to
enhance the efficacy of the intervention.

PFMT adherence in the 17 participants who recorded PGHD
continuously could be clearly categorized into 3 latent classes.
The moderate- and low-level classes (combined: 10/17, 59%)
were considered to have poor PFM T adherence, and the weekly
mean number of PFMCs performed per day was low even in
PGHD recorders. In the present analysis, data that were not
recorded as PGHD were treated as missing data. The comment
“1 did not report PFMCs, but | was able to perform them every
day” by some participants suggests that some of those who did
not record PGHD actually performed PFMT without recording
it; thus, we considered an input of 0 for PFMCs performed as
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invalid. Accordingly, PFMT adherence may have been higher
than shown in the data However, as PFMT is a
muscle-strengthening exercise, a minimum number of
contractions and consistent practice (for at least 8 weeks) are
both required. Therefore, treatment and prevention of Ul cannot
be expected unless the PFMT adherence pattern is similar to
that of the high-level class drawn by LCGM.

Even userswho showed high engagement with PGHD recording
did not necessarily adhere to the PFMT regimen as instructed.
These data suggest that PGHD recording may not promote
health behavior changes. One of the PGHD usability comments
was “ By reporting the number of times, | felt asif | was being
watched for not being lazy, and | think | was able to continue”
A previous study [23] reported that PGHD recording leads to
positive attitudes among users, such as increased awareness of
health behaviors. However, in our study, the finding that less
than half of the usersadhered to the PFMT regimen asinstructed
suggests that although PGHD recording may have a promotive
effect on the users' awareness of changing their health behavior,
it might not be sufficient to promote health behavior changes.
Steinberg et a [39] implemented an intervention combining
recording of the previous day’s steps as PGHD, feedback on
the recorded number of steps, and group sessions in women

withaBMI =25 kg/m?. Of the 26 participantsin theintervention
group, 8 stopped recording PGHD during the intervention
period, and the proportion of participantswho recorded PGHD,
which was approximately 80% at the start of the intervention,
gradually declined to approximately 25% during the 24-week
intervention period. They aso reported that there was no
correlation between the rate of PGHD recording during the
intervention period and the number of steps as a measure of
change in health behavior. Although it has been reported that
PGHD recording is independent of health behavior changes,
there is a possibility that intervention studies have been
conducted and analyzed on the assumption that PGHD recording
promotes health behaviors. Few studies have shown the impact
of PGHD recording on health behavior outcomes, and the
evidence is il lacking. Recently, it has been reported that
effective use patterns of multicomponent interventions might
differ across users, and that users do not always have to use all
of the intervention elements [40]. In addition, the possibility
that PGHD recording itself may lead to lower engagement for
health behavior changes cannot be ruled out [9]. Based on
previous studies and our results, clinicians and researchers must
understand that all userswho record PGHD in multicomponent
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interventions do not necessarily adhere to health behavior
changes.

Limitations

There are 3 limitations of this study. First, the sample size was
too small to clearly demonstrate associations between PGHD
recording and health behavior changes. Onereason for the small
sample size is that participants did not receive explicit
instructions that they had to record PGHD, which was a
component of the system, at thetime of study participation. The
participants recorded, or did not record, PGHD at their own
discretion. Therefore, those who did not consider the PGHD
recording of their PFMT necessary might not have continued
PGHD recording. When participants use a multicomponent
system, such asthe onein our study, it is difficult to ensure that
all components are used. Despite this limitation, thisis one of
the few studies that used LCGM to evaluate PFMT adherence,
ameasure of health behavior change, and investigated theimpact
of PGHD recording on health behavior change. Therefore, we
believe that this case study will lead to a larger-scale survey.
Second, the intervention in this study was a multicomponent
intervention combining PGHD recording and PFMT reminder
emails; as such, the effect of PGHD recording alone could not
be evaluated. However, it is commonly accepted in PGHD
research that evaluation of PGHD recording alone is difficult
because it is an integral part of multicomponent interventions.
In the future, aresearch design that can evaluate the impact of
PGHD recording alone on health behavior changes needsto be
established. Third, the number of PFMCs performed as a
measure of PFMT adherence is a self-reported outcome and
could not be confirmed. Therefore, systemic errors could occur
as a result of participants reporting an inaccurate number of
PFMCs performed. Given this limitation, the results must be
carefully interpreted.

Conclusions

The number of userswho recorded PGHD in amulticomponent
intervention declined over time in a sigmoid curve. A small
number of users recorded PGHD continuously, and users felt
that PGHD recording was burdensome. Therefore, PGHD
engagement was found to be low. In addition, more than half
of the PGHD recorders had poor PFMT adherence. Theseresults
suggest that PGHD recording may not always promote health
behavior changes. Clinicians and researchers must understand
that users who record PGHD in multicomponent interventions
do not necessarily adhere to health behavior changes.

The kind cooperation of al the participants is gratefully acknowledged. This study was supported by a Grant-in-Aid for Young
Scientists (B), grant A227922240, from the Ministry of Education, Culture, Sports, Science and Technology. We thank Dr
Tomoharu Sato (Department of Biostatistics & Data Science, Graduate School of Medicine, Osaka University) for providing

expert advice on statistics.

Conflictsof I nterest
None declared.

References

https://formative.jmir.org/2022/5/€35471

JMIR Form Res 2022 | vol. 6 | iss. 5| €35471 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Kinouchi & Ohashi

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Shapiro M, Johnston D, Wald J, Mon D. Patient-generated health data. RTI International. 2012. URL : https.//www.
healthit.gov/sites/default/files/rti_pghd_whitepaper april_2012.pdf [accessed 2022-04-15]

PGHD definition. The Office of the National Coordinator for Health Information Technology. 2018. URL: https://www.
heal thit.gov/topic/otherhot-topi cs/what-are-patient-generated-heal th-data [accessed 2022-04-15]

Patient generated health data. National Center for Biotechnology Information. 2018. URL : https.//www.ncbi.nlm.nih.gov/
mesh/?term=pati ent+generated+heal th+data [accessed 2022-04-15]

Cortez A, Hsii P, Mitchell E, Riehl V, Smith P. Conceptualizing a data infrastructure for the capture, use, and sharing of
patient-generated health datain care delivery and research through 2024. The Office of the National Coordinator for Health
Information Technology. 2018 Jan. URL : https.//www.healthit.gov/sites/default/files’onc_pghd final_white paper.pdf
[accessed 2022-04-15]

DemirisG, Iribarren SJ, Sward K, Lee S, Yang R. Patient generated health datausein clinical practice: A systematic review.
Nurs Outlook 2019;67(4):311-330 [FREE Full text] [doi: 10.1016/j.outlook.2019.04.005] [Medline: 31277895]
Abdolkhani R, Gray K, BordaA, De Souza R. Patient-generated health data quality for clinical use: human and technology
factors. iproc 2018 Sep 17;4(2):€11703. [doi: 10.2196/11703]

Lai AM, Hsueh PS, Choi YK, Austin RR. Present and future trends in consumer health informatics and patient-generated
health data. Yearb Med Inform 2017 Aug;26(1):152-159 [FREE Full text] [doi: 10.15265/1 Y-2017-016] [Medline: 29063559)]
Cohen DJ, Keller SR, Hayes GR, Dorr DA, Ash JS, Sittig DF. Integrating patient-generated health data into clinical care
settings or clinical decision-making: lessons learned from Project healthDesign. IMIR Hum Factors 2016 Oct 19;3(2):e26
[EREE Full text] [doi: 10.2196/humanfactors.5919] [Medline: 27760726]

Nittas V, Lun B, Ehrler F, Puhan MA, Miitsch M. Electronic patient-generated health data to facilitate disease prevention
and health promotion: scoping review. JMed Internet Res 2019 Oct 14;21(10):€13320 [ FREE Full text] [doi: 10.2196/13320]
[Medline: 31613225]

Nittas V, Mutsch M, Ehrler F, Puhan MA. Electronic patient-generated health data to facilitate prevention and health
promotion: a scoping review protocol. BMJ Open 2018 Aug 10;8(8):€021245 [FREE Full text] [doi:
10.1136/bmjopen-2017-021245] [Medline: 30099392]

Kinouchi K, Ohashi K. Smartphone-based reminder system to promote pelvic floor muscle training for the management
of postnatal urinary incontinence: historical control study with propensity score-matched analysis. Peerd 2018 Feb;6:e4372
[FREE Full text] [doi: 10.7717/peerj.4372] [Medline: 29441244]

Dumoulin C, Hay-Smith J, Habée-Séguin GM, Mercier J. Pelvic floor muscle training versus no treatment, or inactive
control treatments, for urinary incontinence in women: a short version Cochrane systematic review with meta-analysis.
Neurourol Urodyn 2015 Apr;34(4):300-308. [doi: 10.1002/nau.22700] [Medline: 25408383]

Woodley S, Lawrenson P, Boyle R, Cody JD, Mgrkved S, Kernohan A, et al. Pelvic floor muscle training for preventing
and treating urinary and faecal incontinence in antenatal and postnatal women. Cochrane Database Syst Rev 2020 May
06;5:CD007471 [FREE Full text] [doi: 10.1002/14651858.CD007471.pub4] [Medline: 32378735]

Dumoulin C, Alewijnse D, Bo K, Hagen S, Stark D, Van Kampen M, et al. Pelvic-floor-muscle training adherence: tools,
measurements and strategies-2011 ICS State-of-the-Science seminar research paper 11 of IV. Neurourol Urodyn 2015
Sep;34(7):615-621. [doi: 10.1002/nau.22794] [Medline: 25998493]

Hay-Smith J, Dean S, Burgio K, McClurg D, Frawley H, Dumoulin C. Pelvic-floor-muscle-training adherence "modifiers':
areview of primary qualitative studies-2011 | CS State-of -the-Science Seminar research paper |11 of 1V. Neurourol Urodyn
2015 Sep;34(7):622-631. [doi: 10.1002/nau.22771] [Medline: 25998067]

Yardley L, Spring B, Riper H, Morrison LG, Crane DH, CurtisK, et al. Understanding and promoting effective engagement
with digital behavior change interventions. Am J Prev Med 2016 Nov 01;51(5):833-842 [EREE Full text] [doi:
10.1016/j.amepre.2016.06.015] [Medline: 27745683]

Eysenbach G. Thelaw of attrition. JMed Internet Res 2005 Mar 31;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11]
[Medline: 15829473]

Short CE, DeSmet A, Woods C, Williams SL, Maher C, Middelweerd A, et al. Measuring engagement in eHealth and
mHealth behavior change interventions: viewpoint of methodologies. JMed Internet Res 2018 Nov 16;20(11):e292 [FREE
Full text] [doi: 10.2196/jmir.9397] [Medline: 30446482]

Michie S, Yardley L, West R, Patrick K, Greaves F. Devel oping and evaluating digital interventions to promote behavior
changein health and health care: recommendations resulting from an international workshop. JMed Internet Res 2017 Jun
29;19(6):€232 [FREE Full text] [doi: 10.2196/jmir.7126] [Medline: 28663162]

Perski O, Blandford A, Garnett C, Crane D, West R, Michie S. A self-report measure of engagement with digital behavior
change interventions (DBCIs): devel opment and psychometric evaluation of the "DBCI Engagement Scale”. Transl Behav
Med 2020 Feb 03;10(1):267-277 [FREE Full text] [doi: 10.1093/tbm/ibz039] [Medline: 30927357]

Perski O, Lumsden J, Garnett C, Blandford A, West R, Michie S. Assessing the psychometric properties of the digital
behavior change intervention engagement scale in users of an app for reducing alcohol consumption: evaluation study. J
Med Internet Res 2019 Nov 20;21(11):e16197 [FREE Full text] [doi: 10.2196/16197] [Medline: 31746771]

https:/formative.,jmir.org/2022/5/€35471 JMIR Form Res 2022 | vol. 6 | iss. 5 | €35471 | p. 10

(page number not for citation purposes)


https://www.healthit.gov/sites/default/files/rti_pghd_whitepaper_april_2012.pdf
https://www.healthit.gov/sites/default/files/rti_pghd_whitepaper_april_2012.pdf
https://www.healthit.gov/topic/otherhot-topics/what-are-patient-generated-health-data
https://www.healthit.gov/topic/otherhot-topics/what-are-patient-generated-health-data
https://www.ncbi.nlm.nih.gov/mesh/?term=patient+generated+health+data
https://www.ncbi.nlm.nih.gov/mesh/?term=patient+generated+health+data
https://www.healthit.gov/sites/default/files/onc_pghd_final_white_paper.pdf
http://europepmc.org/abstract/MED/31277895
http://dx.doi.org/10.1016/j.outlook.2019.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31277895&dopt=Abstract
http://dx.doi.org/10.2196/11703
http://www.thieme-connect.com/DOI/DOI?10.15265/IY-2017-016
http://dx.doi.org/10.15265/IY-2017-016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29063559&dopt=Abstract
https://humanfactors.jmir.org/2016/2/e26/
http://dx.doi.org/10.2196/humanfactors.5919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27760726&dopt=Abstract
https://www.jmir.org/2019/10/e13320/
http://dx.doi.org/10.2196/13320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31613225&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=30099392
http://dx.doi.org/10.1136/bmjopen-2017-021245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30099392&dopt=Abstract
https://doi.org/10.7717/peerj.4372
http://dx.doi.org/10.7717/peerj.4372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29441244&dopt=Abstract
http://dx.doi.org/10.1002/nau.22700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25408383&dopt=Abstract
http://europepmc.org/abstract/MED/32378735
http://dx.doi.org/10.1002/14651858.CD007471.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32378735&dopt=Abstract
http://dx.doi.org/10.1002/nau.22794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25998493&dopt=Abstract
http://dx.doi.org/10.1002/nau.22771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25998067&dopt=Abstract
https://doi.org/10.1016/j.amepre.2016.06.015
http://dx.doi.org/10.1016/j.amepre.2016.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27745683&dopt=Abstract
https://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
https://www.jmir.org/2018/11/e292/
https://www.jmir.org/2018/11/e292/
http://dx.doi.org/10.2196/jmir.9397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30446482&dopt=Abstract
https://www.jmir.org/2017/6/e232/
http://dx.doi.org/10.2196/jmir.7126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28663162&dopt=Abstract
http://europepmc.org/abstract/MED/30927357
http://dx.doi.org/10.1093/tbm/ibz039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30927357&dopt=Abstract
https://www.jmir.org/2019/11/e16197/
http://dx.doi.org/10.2196/16197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31746771&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Kinouchi & Ohashi

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principlesfrom critical interpretive synthesis. Trans Behav Med 2017 Jun 13;7(2):254-267 [FREE
Full text] [doi: 10.1007/s13142-016-0453-1] [Medline: 27966189]

Lentferink AJ, OldenhuisHK, de Groot M, Polstral, Velthuijsen H, van Gemert-Pijnen JEWC. Key componentsin eHealth
interventions combining self-tracking and persuasive eCoaching to promote a healthier lifestyle: a scoping review. JMed
Internet Res 2017 Aug 01;19(8):e277 [FREE Full text] [doi: 10.2196/jmir.7288] [Medline: 28765103]

Goh G, TanNC, MahotraR, Padmanabhan U, Barbier S, Allen JC, et a. Short-term trgjectories of use of acaloric-monitoring
mobile phone app among patients with type 2 diabetes mellitusin a primary care setting. J Med Internet Res 2015 Feb
03;17(2):€33 [FREE Full text] [doi: 10.2196/jmir.3938] [Medline: 25648130]

Nagin DS, Odgers CL . Group-based trajectory modeling in clinical research. Annu Rev Clin Psychol 2010 Mar;6:109-138.
[doi: 10.1146/annurev.clinpsy.121208.131413] [Medline: 20192788]

Mori M, Krumholz HM, Allore HG. Using latent class analysisto identify hidden clinical phenotypes. JAMA 2020 Aug
18;324(7):700-701. [doi: 10.1001/jama.2020.2278] [Medline: 32808993]

Yang Q, Hatch D, Crowley MJ, Lewinski AA, Vaughn J, Steinberg D, et al. Digital phenotyping self-monitoring behaviors
for individual swith type 2 diabetes mellitus: observational study using latent class growth analysis. IMIR mHealth uHealth
2020 Jun 11;8(6):e17730 [FREE Full text] [doi: 10.2196/17730] [Medline: 32525492]

CoaKI, Wiseman KP, Higgins B, Augustson E. Associations between engagement and outcomes in the SmokefreeTXT
program: a growth mixture modeling analysis. Nicotine Tob Res 2019 Apr 17;21(5):663-669 [ FREE Full text] [doi:
10.1093/ntr/nty073] [Medline: 29668984]

Liu D, Yamashita T, Burston B. Identifying consumers who search for long-term care on the web: latent class analysis.
JMIR Aging 2018 Nov 02;1(2):e10763 [FREE Full text] [doi: 10.2196/10763] [Medline: 31518237]

Ye T, Zhang P, Ouyang Z, Yang J, Xu C, Pan Z, et al. Multi-trgjectory modeling of home blood pressure telemonitoring
utilization among hypertensive patients in China: alatent class growth analysis. Int JMed Inform 2018 Nov;119:70-74.
[doi: 10.1016/j.ijmedinf.2018.09.005] [Medline: 30342688]

van Boekel LC, Peek ST, Luijkx KG. Diversity in older adults use of the internet: identifying subgroups through latent
classanalysis. JMed Internet Res 2017 May 24;19(5):e180 [FREE Full text] [doi: 10.2196/jmir.6853] [Medline: 28539302]
Graham ML, Strawderman M S, Demment M, Olson CM. Does usage of an eHealth intervention reduce therisk of excessive
gestational weight gain? Secondary analysis from arandomized controlled trial. JMed Internet Res 2017 Jan 09;19(1):€6
[FREE Full text] [doi: 10.2196/jmir.6644] [Medline: 28069560]

Christofferson DE, Hertzberg JS, Beckham JC, Dennis PA, Hamlett-Berry K. Engagement and abstinence among users of
a smoking cessation text message program for veterans. Addict Behav 2016 Nov;62:47-53 [FREE Full text] [doi:
10.1016/j.addbeh.2016.06.016] [Medline: 27318948]

FukuokaY, Gay CL, Joiner KL, Vittinghoff E. A novel diabetes prevention intervention using a mobile app: arandomized
controlled trial with overweight adults at risk. Am J Prev Med 2015 Aug;49(2):223-237 [EREE Full text] [doi:
10.1016/j.amepre.2015.01.003] [Medline: 26033349]

Carter MC, Burley VJ, Nykjaer C, Cade JE. Adherence to a smartphone application for weight loss compared to website
and paper diary: pilot randomized controlled trial. JMed Internet Res 2013 Apr 15;15(4):e32 [FREE Full text] [doi:
10.2196/jmir.2283] [Medline: 23587561]

Park YR, Lee Y, Kim JY, Kim J, Kim HR, Kim Y, et al. Managing patient-generated health data through mobile personal
health records: analysis of usage data. JIMIR mHealth uHealth 2018 Apr 09;6(4):e89 [FREE Full text] [doi:
10.2196/mhealth.9620] [Medline: 29631989]

Seo D, Park YR, Lee Y, Kim JY, Park J, Lee J. The use of mobile personal health records for hemoglobin Alc regulation
in patients with diabetes: retrospective observational study. JMed Internet Res 2020 Jun 02;22(6):€15372 [FREE Full text]
[doi: 10.2196/15372] [Medline: 32484447)

Jung SY, Kim J, Hwang H, LeeK, Baek R, Lee H, et a. Devel opment of comprehensive personal health recordsintegrating
patient-generated health data directly from Samsung S-Health and Apple Health apps: retrospective cross-sectional
observational study. IMIR mHealth uHealth 2019 May 28;7(5):€12691 [ FREE Full text] [doi: 10.2196/12691] [Medline:
31140446]

Steinberg DM, LevineEL, Askew S, Foley P, Bennett GG. Daily text messaging for weight control among racial and ethnic
minority women: randomized controlled pilot study. JMed Internet Res 2013 Nov 18;15(11):e244 [FREE Full text] [doi:
10.2196/jmir.2844] [Medline: 24246427]

Sieverink F, Kelders SM, van Gemert-Pijnen JEWC. Clarifying the concept of adherence to eHealth technology: systematic
review on when usage becomes adherence. JMed Internet Res 2017 Dec 06;19(12):e402 [FREE Full text] [doi:
10.2196/jmir.8578] [Medline: 29212630]

Abbreviations

DBCI: digital behavior change intervention
LCGM: latent class growth modeling

https:/formative.,jmir.org/2022/5/€35471 JMIR Form Res 2022 | vol. 6 | iss. 5| €35471 | p. 11

(page number not for citation purposes)


http://europepmc.org/abstract/MED/27966189
http://europepmc.org/abstract/MED/27966189
http://dx.doi.org/10.1007/s13142-016-0453-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27966189&dopt=Abstract
https://www.jmir.org/2017/8/e277/
http://dx.doi.org/10.2196/jmir.7288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28765103&dopt=Abstract
https://www.jmir.org/2015/2/e33/
http://dx.doi.org/10.2196/jmir.3938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25648130&dopt=Abstract
http://dx.doi.org/10.1146/annurev.clinpsy.121208.131413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20192788&dopt=Abstract
http://dx.doi.org/10.1001/jama.2020.2278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32808993&dopt=Abstract
https://mhealth.jmir.org/2020/6/e17730/
http://dx.doi.org/10.2196/17730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32525492&dopt=Abstract
http://europepmc.org/abstract/MED/29668984
http://dx.doi.org/10.1093/ntr/nty073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29668984&dopt=Abstract
https://aging.jmir.org/2018/2/e10763/
http://dx.doi.org/10.2196/10763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31518237&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2018.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30342688&dopt=Abstract
https://www.jmir.org/2017/5/e180/
http://dx.doi.org/10.2196/jmir.6853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28539302&dopt=Abstract
https://www.jmir.org/2017/1/e6/
http://dx.doi.org/10.2196/jmir.6644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28069560&dopt=Abstract
http://europepmc.org/abstract/MED/27318948
http://dx.doi.org/10.1016/j.addbeh.2016.06.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27318948&dopt=Abstract
http://europepmc.org/abstract/MED/26033349
http://dx.doi.org/10.1016/j.amepre.2015.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26033349&dopt=Abstract
https://www.jmir.org/2013/4/e32/
http://dx.doi.org/10.2196/jmir.2283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587561&dopt=Abstract
https://mhealth.jmir.org/2018/4/e89/
http://dx.doi.org/10.2196/mhealth.9620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29631989&dopt=Abstract
https://www.jmir.org/2020/6/e15372/
http://dx.doi.org/10.2196/15372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32484447&dopt=Abstract
https://mhealth.jmir.org/2019/5/e12691/
http://dx.doi.org/10.2196/12691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31140446&dopt=Abstract
https://www.jmir.org/2013/11/e244/
http://dx.doi.org/10.2196/jmir.2844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24246427&dopt=Abstract
https://www.jmir.org/2017/12/e402/
http://dx.doi.org/10.2196/jmir.8578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29212630&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Kinouchi & Ohashi

PFMC: pelvic floor muscle contraction
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