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Abstract

Background: Pregnant patients with overweight or obesity are at high risk for perinatal complications. Excess gestational
weight gain (GWG) further exacerbates this risk. Mobile health (mHealth) lifestyle interventions that leverage technology to
facilitate self-monitoring and provide just-in-time feedback may motivate behavior change to reduce excess GWG, reduce
intervention costs, and increase scalability by improving access.

Objective: Thisstudy aimed to test the acceptability and feasibility of apilot mHealth lifestyleintervention for pregnant patients
with overweight or obesity to promote moderate intensity physical activity (PA), encourage guideline-concordant GWG, and
inform the design of alarger pragmatic cluster randomized controlled trial.

Methods: We conducted a mixed methods acceptability and feasibility randomized controlled trial among pregnant patients

with a prepregnancy BMI of 25 to 40 kg/m?. Patients with singletons at 8 to 15 weeks of gestation who were aged >21 years and
had Wi-Fi accesswererecruited viaemail from 2 clinicswithin Kaiser Permanente Northern Californiaand randomized to receive
usua prenatal care or an mHealth lifestyle intervention. Participants in the intervention arm received wireless scales, access to
an intervention website, activity trackersto receive automated feedback on weight gain and activity goals, and monthly callsfrom
alifestyle coach. Surveys and focus groups with intervention participants assessed intervention satisfaction and ways to improve
the intervention. PA outcomes were self-assessed using the Pregnancy Physical Activity Questionnaire, and GWG was assessed
using electronic health record data for both arms.

Results. Overall, 33 patients were randomly assigned to the intervention arm, and 35 patients were randomly assigned to the
usua care arm. All participantsin the intervention arm weighed themselves at least once a week, compared with 20% (7/35) of
the participantsin the usual care arm. Participantsin theintervention arm wore the activity tracker 6.4 days per week and weighed
themselves 5.3 times per week, and 88% (29/33) of them rated the program “good to excellent.” Focus groups found that participants
desired more nutrition-related support to hel p them manage GWG and would have preferred an app instead of awebsite. Participants
in the intervention arm had a 23.46 metabolic equivalent of task hours greater change in total PA per week and a 247.2-minute
greater change in moderate intensity PA per week in unadjusted models, but these effects were attenuated in adjusted models
(change in total PA: 15.55 metabolic equivalent of task hours per week; change in moderate intensity PA: 199.6 minutes per
week). We found no difference in total GWG (mean difference 1.14 kg) compared with usual care.
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Conclusions: The pilot mHealth lifestyle intervention was feasible, highly acceptable, and promoted self-monitoring. Refined
interventions are needed to effectively affect PA and GWG among pregnant patients with overweight or obesity.

Trial Registration:

(IMIR Form Res 2022;6(6):€33929) doi: 10.2196/33929
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Introduction

Background

Pregnant patients with overweight or obesity (BMI =25 kg/m?)
areat highrisk for perinatal complications, including gestational
diabetes, pre-eclampsia, excessfetal growth, birth injuries, and
cesarean section [1,2]. Excess gestational weight gain (GWG)
further exacerbates the elevated risk of perinatal complications
in pregnant patients with overweight or obesity. More than half
of pregnant patients with overweight or obesity exceed the
recommended amount of GWG [3,4].

Pregnancy is a unique window in which patients are often
motivated to make heathy changes, which presents an
unparalleled opportunity to intervene in health behaviors.
Intensive behavioral interventionsrequiring in-person counseling
with multiple clinic visits may not be feasible for many patients.
Technology such as mobile health (mHealth) interventions can
deliver automated, standardized information that eliminates
social barriers [5-7], while potentially reducing intervention
costs [8-12] and improving quality [10,13-15].

Usual prenatal care includes regular weight measurements at
prenatal care visits; however, during early pregnancy, these
visitsareinfrequent, and patients may gain more weight between
visits than that suggested by the Institute of Medicine (IOM)
GWG guidelines. This makesit critical to assess the impact of
promoting self-weighing between visits and sharing this
information with the patients' clinical care team to better
evaluate and support guideline-concordant weight gain.

Research has shown that physical activity (PA) alone can reduce
GWG [16-19]. For example, ameta-analysis of 12 intervention
trials assessing the association between PA during pregnancy
and GWG found a significantly lower average GWG in the
intervention group than in the control group [19]. Current
guidelines recommend pregnant patients get =30 minutes per
day of moderate intensity PA, most days of the week [20], but
this goal is rarely achieved [21]. Therefore, interventions to
improve PA, especidly among pregnant patients with
overweight and obesity are needed. Commercialy available
technologies such as activity trackers (shown to increase PA in
nonpregnant adults [22]) and wireless scales enable real-time
self-monitoring, goal setting, and tailored feedback on goals.
Tailored feedback has been successful in reinforcing motivation
for behavior change, especially when delivered in relation to
goad attainment [23-25]. Using technology to facilitate behavior
change has the advantage of providing aresource that patients
can use conveniently without disrupting their busy lives. In
addition, self-monitoring of weight with wireless scales can
transmit weight data directly to health coaches and clinicians,
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allow for objective measurement of daily weight, increase
adherence compared with paper monitoring [26], and promote
weight loss in adults with overweight BMI when used in
conjunction with additional behavior change techniques [27].
Although wireless scales and activity trackers may facilitate
self-monitoring, provide just-in-time feedback, and motivate
change, few studies have both quantitatively and qualitatively
evaluated the feasihility, acceptability, and efficacy of
technology-based mHealth lifestyle interventions in pregnant
patients with overweight or obesity.

Objectives

This pilot acceptability and feasibility randomized controlled
trial was developed to inform the design of a larger pragmatic
cluster randomized controlled trial. The objective of this mixed
methods study was to test the acceptability and feasibility of a
pilot mHealth lifestyle intervention for pregnant patients with
overweight or obesity to promote self-monitoring of weight and
PA and encourage guideline-concordant GWG. As such, the
primary aim was to investigate whether it was feasible to
implement the intervention with the target population. The study
also assessed the perceived usefulness of the intervention to
determine whether it was acceptable to the study participants.
Finaly, the pilot acceptability and feasibility randomized
controlled trial explored the preliminary efficacy findings (ie,
PA and GWG) using adjusted intention-to-treat analyses.

Methods

Study Design

Sudy of a Randomized Intervention Designed to Increase
Exercise in Pregnancy (STRIDE) is a 2-arm, parallel group
pilot randomized controlled trial (Clinical Trials.gov identifier:
NCT03936283) conducted between May 2017 and May 2018.
We used a mixed methods study design to assess the
acceptability and feasibility of the STRIDE mHealth lifestyle
intervention in a sample of pregnant patients with overweight
or obesity from 2 Kaiser Permanente Northern California
(KPNC) medical clinics. Participants were randomized to
receive usual care (n=35) or usual care plusan mHealthlifestyle
intervention (n=33). Participants completed aweb-based survey
at 10 and 33 weeks of gestation. To better understand the
perspectives of intervention participants, participants in the
i ntervention arm compl eted a program eval uation survey (n=33)
and participated in 3 focus groups (n=14).

Ethics Approval

STRIDE wasapproved by the KPNC I nstitutional Review Board
(approval number 1278778).
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Eligibility

Pregnant patients who were at <12 gestational weeks and
received care at KPNC medical centers were first identified in
the electronic health record (EHR). Eligibility criteriawere as
follows: (1) aged =21 years; (2) prepregnancy BMI between 25
and 40 kg/m? (based on weight measured in the clinical setting
within 12 months before the last menstrual period, or if
unavailable, thefirst weight measured within thefirst 10 weeks
of pregnancy); and (3) a singleton pregnancy. Eligibility was
further assessed through a tiered process beginning with
approval from medical providers to contact each patient and
EHR review. Medical exclusion criteriathat may affect outcome
assessment, eval uated by the EHR review and interview during
a recruitment screening call, included multiple gestation,
pregnancy loss, high-risk pregnancy (ie, drug or alcohol abuse,
chronic health problems, or pregnancy complications), thyroid
discase diagnosed in the last 30 days, and use of
glucose-lowering medications or corticosteroids. Exclusion
criteriathat may interfere with full participationinthetrial were
assessed starting at the recruitment call and included plans to
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move out of the area or change health plan membership during
pregnancy, no reliable access to a smartphone and Wi-Fi at
home, inability to communicate in English, and unwillingness
to be randomized.

Randomization, Recruitment, and Masking

Patients were randomly assigned to the mHedlth lifestyle
intervention arm or the usual care control arm upon completion
of a consent form and survey 1 (Figure 1). The adaptive
randomization procedure ensured that equivalent numbers of
patients were assigned to each study arm and that the 2 study
arms remained balanced overall and at each level of key
characteristics: age (21-29.9, 30-34.9, and =35 vyears),
prepregnancy BM1 (25.0-29.9, 30.0-34.9, and 35.0-39.9 kg/m?),
and race and ethnicity (Asian or Pacific Islander, Black,
Hispanic, White, and multiethnic or other or unknown). Study
participants were recruited via email by the study staff with a
follow-up phonecall 1 week later. The biostatistician, clinicians,
and research assistants (LN and Socorro Dalton) who sent out
study-related emails and surveys and investigators were masked
to study arm assignment.

Figure 1. Flowchart of the Study of a Randomized Intervention Designed to Increase Exercise in Pregnancy (STRIDE).
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Usual Care

Parti cipants were randomized to the usual carearm and received
standard KPNC prenatal medical care. Thisincludes an initial
prenatal visit at 7 to 10 weeks of gestation and a newsletter
containing the IOM GWG guideines and advice on healthy
eating. Participants with routine pregnancies received an
additional 7 prenatal visits between 16 weeks of gestation and
delivery. Medical staff weighed the patients at each visit per
the standard care.

Intervention

In addition to the aforementioned usual care, patients
randomized to the intervention arm received a multicomponent
mHealth lifestyle intervention. The intervention targeted
behavior changes for PA and weight management to help
patients gain within the IOM recommended range for GWG
according to their prepregnancy BMI category (7-11.5 kg for
women with overweight and 5-9 kg for women with obesity
[28]). Our mHealth pilot intervention was adapted from the
Gestational Weight Gain and Optimal Wellness (GLOW) trial,
atheory-based behavioral intervention that adapted the National
Diabetes Prevention Program [29], and was delivered primarily
by telehealth, for pregnant patients with overweight or obesity
with the goa of reducing excess GWG [30]. The GLOW
intervention consisted of 2 in-person and 11 telephone sessions
on behavioral strategies to improve weight management, PA,
diet, and stress management in addition to usual antenatal care.
Compared with usual care only, the GLOW intervention
substantially reduced the proportion of participants exceeding
the IOM guidelines for weekly rate of GWG and reduced total
caloric intake, proportion of calories from saturated fat,
sedentary behaviors, serum leptin concentration, and markers
of insulin resistance among intervention participants[30]. This
pilot mHealth intervention aimed to build upon the GLOW trial
and incorporate its successful components into a maobile
modality.

Conceptual Framework for the Intervention

We followed atailored, trimester-specific approach to behavior
change using constructsfrom social cognitivetheory by Bandura
[31-33] and the transtheoretical model [34], which have been
the basis of adherence to healthy diet and PA in past research
[30,35-37]. Key componentsincluded in the mHealth tool were
asfollows: (1) self-monitoring: weight self-monitoring enhances
weight management [38,39] and (2) goal setting: participants
were encouraged to set sequential, realistic, and short-term PA
goals.

Behaviors Targeted by the Intervention

PA Goals

Participants in the intervention arm were asked to set PA goals
and gradually increase their activity to ultimately reach 150
minutes of moderate to vigorous activity per week, in
accordance with the current American College of Obstetricians
and Gynecologists recommendations [20]. Participants were
provided with aWithings Activité Pop PA tracker that wasworn
on the wrist and tracked daily steps and minutes of moderate
to vigorous intensity PA (MVPA) based on a 3-axis
accelerometer optoel ectronics sensor with intensity based on a
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metabolic coefficient =3. Withings activity trackers are among
the most accurate for measuring stepsand MV PA [40,41], with
thelowest rate of fal se positive steps[42]. The participantswere
encouraged to wear their tracker daily.

Self-weighing

Participants were provided with a Withings Body digital scale
that transmits weights viaWi-Fi or Bluetooth and hasamargin
of error on weight <200 g against a gold standard scale [43].

The participants were encouraged to weigh themselves daily at
home.

Healthy Eating

Patients who desired a tool to track their diet were referred to
popular free mHealth apps and websites such as MyFitnessPal
and Choose MyPlate.

I ntervention Components
The components of the intervention were as follows:

1. Goal setting and check-in calls—a one-time basdline visit
conducted by a research assistant was held at the
participant’s residence. During thisvisit, participants were
oriented to the intervention and itstools and were asked to
set a baseline goal for how many minutes of MVPA they
would complete during the following 7 days. Participants
were given print materials including a guidebook with 5
core sessions on the following topics: (1) Welcome to the
STRIDE Program, (2) Getting Started with Physical
Activity, (3) Getting Started with Healthy Eating, (4)
Exercise Your Options, and (5) Tak Back Negative
Thoughts. A lifestyle coach, aregistered dietitian nutritionist
with training in motivational interviewing, performed a
check-in call 1 week later to help participants evaluate
progress toward their goal and set a new activity goal for
the following week. Subsequently, check-in calls were
conducted monthly until the end of the pregnancy.

2. Web-based, mHealth website—the mHealth website was
developed by the study team and engineers at the technol ogy
partner Ejenta, Inc. After thewebsite was developed, it was
beta tested with 5 pregnant patients to assess usability and
understanding of the website’'s components. The mHealth
website was accessible viaiPhone or Android smartphone
or desktop through auniquelog-in credential for each study
participant. Real-time data from the activity tracker and
scaleweretransmitted to the mHealth website. The website
included a graph of participants GWG in relation to |OM
guidelines and minutes of MVPA in relation to their goals
(Figure 2) and pregnancy-related resources to help
participants manage their GWG. A clinician portal enabled
lifestyle coaches to view the participants’ self-monitoring
datato tailor cals.

3. Messageswith personalized feedback—participants received
messages via email or SMS text message based on their
preferences. Message content included reminders for
self-weighing and self-monitoring PA; milestones at each
trimester; and progress, goas, and milestones for PA (see
samplesin Textbox 1). Goal-achieved messages were sent
whenever aparticipant reached agoal. Adherence reminder
messages were sent the day the participant did not have
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weight or activity data (separate messages for weight vs daily, doubled activity and meeting goal, and activity in a
activity). Motivational messages were sent once aweek to row) messages were sent at the end of the day on Sunday
encourage participants to reach their weekly activity goal. if any milestones were achieved.

Activity milestone (personal best weekly, personal best

Figure 2. Representative screenshot of the Study of a Randomized Intervention Designed to Increase Exercise in Pregnancy (STRIDE) mobile health
website.
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Textbox 1. Types of messages sent to Study of a Randomized Intervention Designed to Increase Exercise in Pregnancy (STRIDE) intervention arm
participants.

Activity goal progress

o “You had 129 minutes of moderate activity from (Monday, 5/8) to (Friday, 5/12). You need 21 more moderate minutes to reach your goal by
Sunday. Let'sdo this!”

Activity goal reached
«  “Congrats on reaching your weekly activity goal! You've already been active for 150 minutes this week.”

Activity milestones
«  Personal best (daily)

«  “You have anew personal best 62 minutes of moderate activity on (Friday, 5/12). Congrats!”

«  Doubled daily activity goal

«  “Wow. You got over double your activity goal of 30 moderate minutes with 68 minutes on (Thursday, 5/11). You rock! Keep up the good
work!”

o Metdaily activity goa >3 daysin arow
«  “You met your daily activity goal for 3 daysin arow from (Monday, 5/8) to (Wednesday, 5/10). There's no stopping you now! Power on!”

Sur Overview their obstetrician or gynecol ogist, and demographic information.
vey Overvi _ _ o For intervention participants, survey 2 also included intervention
Study surveys were sent via email and were administered on  evaluation questions. Survey participants received a US $30

the web. Survey 1 was administered at baseline and survey 2 Amazon gift card after completing both survey 1 and survey 2.
was administered at 33 to 36 gestational age (GA) weeks. The

surveys covered the self-assessed domains of pregnancy history,
sleep, current PA, social support, quality of life, advice from
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I ntervention Evaluation Outcomes

To assess the acceptability and feasibility of this pilot
intervention, we analyzed adherence to self-monitoring (eg,
wireless scal e and wearabl e tracker) dataand conducted surveys
and focus groups with intervention participantsto explore their
satisfaction and experienceswith theintervention. In the survey,
participants ranked each intervention component on a 4-point
Likert scale from very helpful to not at all helpful. Participants
also rated the intervention as awhole on a4-point Likert scale
from fair to excellent and responded to whether they would
recommend the program to other pregnant women on a 3-point
Likert scale from probably not to definitely yes. In the focus
groups, moderator guide questions examined suggestions for
intervention improvement, impediments to regular use of
intervention components, and overall intervention likes and
dislikes. Focus groups were moderated by aregistered dietitian
and lifestyle coach and were conducted via WebEx. The focus
group participantsreceived aUS $50 Amazon gift card for their
participation.

We set afeasibility cutoff for self-monitoring (eg, self-weighing
and wearing awearabl e tracker) at =5 days per week asfeasible
for the participants. We set an acceptability cutoff for the
perceived usefulness of theintervention at =80% helpful or very
helpful responses for intervention component responses and
good or very good or excellent for overall intervention responses
to survey questions as acceptable for participants. We analyzed
the focus group data to better understand what worked well for
participants and to obtain information on how to improve the
intervention for the larger pragmatic trial.

Exploratory Outcomes

Although this pilot study was not powered for clinical outcomes,
in addition to examining intervention acceptability and
feasibility, we al so assessed the intervention efficacy for various
exploratory outcomes. The primary exploratory outcome was
PA, measured both astotal activity and in metabolic equivalent
of task (MET) for that activity. MET is a measure of the
intensity of PA. MET hours per week (total, moderate, or
Vigorous sports or exercise or moderate sports or exercise) and
in activity minutes per week (moderate sports exercise). PA
was self-assessed using the Pregnancy Physical Activity
Questionnaire (PPAQ) [44] in both intervention arms. The
PPAQ is an accurate and reliable measure of PA during
pregnancy [44]. Participants reported the time spent in various
PAs in the 2 months before completing the study. PAs were
assessed in 5 domains: household or caregiving (13 activities),
occupational (5 activities), sports and exercise (12 activities),
transportation (3 activities), and inactivity or sedentary behavior
(3 activities). For every activity, the participants selected 1 of
6 categorical responses for the time spent in that activity.
Categorical responses included none, <0.5 hours per day, 0.5
toamost 1 hour per day, 1 to almost 2 hours per day, 2 to almost
3 hours per day, and >3 hours per day. Energy expended for
each activity was cal culated by multiplying the midpoint of the
duration category reported spent in the activity by the
corresponding MET for that activity. MET values for walking
and light to moderate intensity household tasks were based on
field-based measurements of pregnant women [45]. MET values
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for all other activities were based on the Compendium of
Physical Activities[46]. Total duration and energy expenditure
was calculated overall (including light, moderate, and vigorous
PA) and separately for each intensity of PA (sedentary: <1.5
METS; light: 1.5to <3 METS, moderate: 3to 6 METS; vigorous:
>6 METS). PA duration and energy expenditure overall and by
intensity categories were the outcomes of interest. All patient
weightswere clinically assessed during the prenatal visits. Total
GWG was defined as the last measured weight within 3 weeks
before delivery minusthe first measured weight after conception
and up to 13 weeks of GA. Therate of total GWG was defined
as the total GWG divided by the difference in GA weeks
between the first and last measured weights during pregnancy.
We also assessed the following perinatal outcomes as potential
adverse eventsby using EHR data: gestational diabetes mellitus,
preterm birth, large-for-GA, small-for-GA, and cesarean section.

Analysis

All quantitative statistical analyses were conducted with SAS
(version 9.4; SAS Ingtitute Inc) and performed according to
randomized group assignment (intention to treat), which
included all participantsfor whom PA survey dataor pregnancy
weight measured after randomization were available. Multiple
linear regression was used to estimate the point estimates and
Cls of the overal difference between the usual care and
intervention groups in change in activity in MET hours per
week, change in activity in minutes per week, and GWG. Al
analyses were adjusted for the variables used in the adaptive
randomization procedure and prepregnancy weight for GWG
outcomes and baseline PA for PA outcomes. Therefore, our
adjusted model for changein PA was adjusted for PA at baseline
survey, age, parity, prepregnancy BMI, race or ethnicity, and
difference in GA weeks between the baseline survey and the
second survey. The adjusted model for GWG was adjusted for
age, parity, prepregnancy BMI, race or ethnicity, and difference
in GA weeks between the last and first measured weight during
pregnancy.

To analyze the intervention evaluation data, we summarized
the responses to the survey questions using frequencies. The
focus groups were audio recorded and transcribed. We
conducted directed content analysis [47] to analyze the focus
group data. A coding guide was developed apriori based onthe
study’s conceptual framework, intervention components, and
interview guide. Thefocus group transcripts were read to derive
additional codes by highlighting words from the text that
appeared to capture key thoughts or concepts. Labelsfor codes
were developed that reflected more than one key thought. The
final coding guide included codes reflecting topics from the
conceptual framework and interview guide, intervention
components, and inductively identified de novo topics. Codes
were applied to the entire data set. Matrices were used to
visually represent the data and to facilitate analysis by
organizing and reducing the data.

Results

Overview
Among the 340 pregnant patients screened for eligibility, 46
(13.5%) were excluded owing to ineligibility and 204 (60%)
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declined or were unable to be reached. Among the 90 eligible
patients, 75 (83%) consented to randomization. Following
randomization, 89% (33/37) of theintervention participantsand
92% (35/38) of the usual care participants completed all study
surveys (n=35), and 89% (33/37) of theintervention participants
and 84% (32/38) of the usual care participants had a weight
measurement at the end of pregnancy (Figure 1). Reasons for
lossto follow-up included pregnancy loss, change to insurance,
and maximum contact attempts exceeded. The 2 study armshad
similar baseline characteristics (Table 1). On average,
participants in the intervention condition had a high adherence
to self-monitoring: they wore the tracker 6 days per week and

Thomas et al

weighed themselves 5 times per week. In addition, in late
pregnancy, 100% (33/33) of women in the intervention arm
reported weighing themselves at |east once a week compared
with 20% (7/35) of women in the usual care arm. The
intervention participants had an average of 112 mean minutes
(SD 30 minutes) of moderate activity per week based on
wearable tracker data across the entire intervention (Figure 3).
On average, the mean minutes of moderate activity per week
increased early in theintervention to amaximum of 157 minutes
at 15 weeks of gestation and decreased during the third trimester
to aminimum of 35 minutes at 39 weeks of gestation.

Table 1. Baseline characteristics by treatment condition: the Study of aRandomized I ntervention Designed to | ncrease Exercisein Pregnancy (STRIDE)

randomized controlled trial.

Intervention (N=33) Usual care (N=35) P value
Age (years), mean (SD) 34.8(4.2) 33.2(3.7) A1
Prepregnancy BMI (kg/mz), mean (SD) 28.9(25) 289(26)
25.01029.9, n (%) 24 (73) 26 (74) 94
30.0t0 40.0, n (%) 9(27) 9 (26) .88
Race-ethnicity, n (%) .82
Asian 5(15) 5(14)
White 18 (55) 22 (63)
Hispanic 309 4(11)
African American 1(3) 1(3)
Multiracial or other 6 (18) 3(9)
Parity, n (%) A7
0 20 (61) 17 (49)
1 12 (36) 154
>2 13 3(9)
Household income per year (US$), n (%) 42
<100,000 4(12) 7 (20)
100,000 to 199,999 16 (49) 19 (54)
=200,000 13(39) 9 (26)
Education, n (%) .61
High school or some college 3(9) 6 (17)
College graduate (4-year course) 12 (36) 11 (31)
Postgraduate degree 18 (55) 18 (51)
Gestational week at survey 1, mean (SD) 11.0(1.8) 10.7 (1.3) .36
Gestational week at survey 2, mean (SD) 33.6(1.0) 33.2(0.4) .04

https://formative.jmir.org/2022/6/€33929

JMIR Form Res 2022 | vol. 6 | iss. 6 | €33929 | p. 7
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Thomas et al

Figure3. Mean moderate activity (minutes per week) by intervention group participants of the Study of a Randomized I ntervention Designed to Increase

Exercise in Pregnancy (STRIDE).
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Intervention Acceptability

We conducted an eval uation survey and 3 focus groupsto better
understand participants experiences with the intervention. A
total of 33 participants in the intervention arm completed the
evaluation survey (89% response rate). Overal, the mHealth
lifestyleintervention was rated highly, with 88% (29/33) of the
participants rating the intervention as excellent, very good, or
good, and 85% (28/33) of the participants reporting that they
would recommend the intervention to other pregnant patients.

A total of 22 participants agreed to be contacted for focus groups
and wereinvited to participate in the qualitative study viaemail.

Table 2. Program evaluation and acceptability results.

A total of 14 participants enrolled in the 3 focus groups (64%
response rate). The focus groups lasted for 40 to 50 minutes.
Table 2 liststheratings of each intervention component and the
illustrative quotes related to the component. The digital scale
was rated most highly (32/33, 97% of the participants rated it
as very or moderately helpful) among all the intervention
components followed by the coach calls (26/33, 79% of the
participants rated it as very or moderately helpful), PA tracker,
and text messages (24/33, 73% of the participants rated it as
very or moderately helpful), with the mHealth website rated
lowest (19/33, 58% of the participants rated it as very or
moderately helpful).

Intervention Survey results (n=33); “On the basis of your Qualitative results (n=14); illustrative quotes
component experience, how helpful was (were)...” (very or
moderately helpful), n (%)
Physicdl activity 24 (73) « “l woretheactivity tracker every day and | thought it was really helpful
tracker in monitoring my activity.”
Mobile health 19 (58) « “I think also the visualization of the [website] was just helpful to get a
website sense of just how, | guess statistically how my body was changing.”
o “lasofeltlikethewebsite, the STRIDE website, it didn’t—wasn’t—it
didn’t feel particularly mobile-friendly, and | looked at it on my phone.”
Coach calls 26 (79) « “| thought the lifestyle coach was great, also. [...] She was awesome, very
concrete, and actually gave me usable advice versus just preaching.”
Digital scale 32(97) « “| liked the scale, the wireless scale, and having that linked to my phone so
that | had kind of that instant feedback.”
« “lliked that there was always [something] to keep me accountable, the
scale to keep me accountable, you know”
Text messages 24 (73) « “l enjoyed the congratulatory texts; they just made you feel good. The

reminders were nice, especialy if it was alittle bit more to go, then it
would give me that extra spur to take alook or something like that.”
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Overall, the intervention was well received, and focus group
participants reported that the mHealth lifestyle intervention
helped them in 2 main ways. First, it promoted accountability.
Second, the intervention motivated them and provided tangible
support toward their PA goals. Similarly, the most highly rated
intervention components (ie, digital scale, coach calls, PA
tracker, and text messages) were cited as the most useful
mechanisms for both accountability and motivation. The
mHealth website was viewed more asaplaceto see all activities
tracked in one place but |ess as a mechanism toward promoting
accountability or motivation toward goals. Participants reported
enjoying the mHedth lifestyle intervention program and
believed that it led to more PA and less GWG. For example,
participants said the following:

I think just the act of daily weighing and just paying
attention to steps, especially | knew | was going to be
going to the gym and working out for pregnancy, but
the counting of the steps and the daily weigh-insreally
quantified and made me pay attention to what | was
doing. And | definitely walked around more and took
the stairsand other stuff than | would have otherwise

My first pregnancy, | gained a lot more weight than
withthisone, and | credit alot of it dueto the STRIDE
study, just being mindful and encouraged to be
healthier and more active, | gained much less,
significantly. So | was really grateful to be a part of
itand I'mreally glad | got to doit.

These quotes highlight the value of STRIDE to participantsand
how the tools provided by the intervention facilitated
self-monitoring and improved health behaviors, including PA.

The focus group participants also mentioned potential
improvements for the STRIDE intervention. Many participants
felt that more nutrition information would have helped them
achieve their GWG gods better. Ultimately, the study
recommended, but did not require, popular free mHealth apps
and websites such as MyFitnessPal and Choose MyPlate.
Although there was mixed feedback on the use of these
additional tools, many participants wanted more guidance on
nutrition that was tailored to their actual dietary habits. For
example, participants said the following:

https://formative.jmir.org/2022/6/€33929
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| felt like the nutrition piece was nice to have as part
of the overall study but wasn't really integral in what
we were doing, even though [ ...] that actuallyisa big
factor in your weight, generally speaking. [...] Like,
| think just more support inthat area, but | don’t know
that that support had to be necessarily talking to
someone more than once a month. But | felt like it
was an afterthought of the study, because it wasn't
even built into the programthat you would track your
eating.

| think whereit fell down for mewasa little bit around
the nutrition, and because we weren’t really tracking
that as part of the studly, it felt like it was niceto have.
So that—the orientation for the individual was more
around the, like, eating piece. But we weren't really
tracking that, like.

Participants al so wanted the mobile website to be a smartphone
app. Many participants stated that they primarily used their
mobile phones to access websites. Therefore, having an app or
amore mobile-friendly website would facilitate website use.

Exploratory Analyses

Although thispilot study was not powered for clinical outcomes,
in exploratory analyses, we found that participants in the
intervention had greater change in total activity per week
compared with that in usual care (Table 3). Participants in the
intervention arm had a 23.46 MET hours greater change in
self-reported total PA per week (95% Cl 1.13 to 45.8) and a
247.2-minute greater changein moderate intensity PA per week
(95% CI 36.2 to 530.6) in unadjusted models, but this effect
was attenuated in adjusted models (change in total PA: 15.55
MET hours per week, 95% Cl -6.32 to 37.42; change in
moderate intensity PA: 199.6 minutes per week, 95% Cl -43.7
to 442.9). We found no difference between armsin total GWG
(mean difference 1.14 kg, 95% Cl —0.71 to 3.00) or rate of
GWG (mean difference 0.03 kg, 95% CI —0.02 to 0.09). In
addition, we did not find, and were not powered to find, any
significant differences between intervention and usual care study
armsin any adverse perinatal outcomes (data not shown).
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Table 3. Changein physical activity and gestational weight gain (GWG) by treatment condition.

Intervention (N=33), Usual care (N=35), Unadjusted model, mean dif- Adjusted model?, mean
mean (SD) mean (SD) ference (95% CI) difference (95% CI)

Activity in metabolic equivalent of task hours per week

Total activity 23.46 (1.13 to 45.80) 15.55 (-6.32 t0 37.42)
8- to 15-week gestation 105.3 (62.7) 135.8 (100.2)
33- to 36-week gestation 108.9 (62.0) 115.9 (81.3)
Change 3.6(36.8) -19.9 (53.0)

M oder ate activity 13.56 (-2.19 t0 29.30 11.00 (-3.15 to 25.15)
8- to 15-week gestation 49.0 (35.6) 65.7 (62.5)
33- to 36-week gestation 52.7 (33.8) 55.9 (51.4)
Change 3.7(23.4) -9.8(39.0)

Vigorous activity 0.25 (-2.10 to 2.60) 0.25 (-2.10 to 2.60)
8- to 15-week gestation 3.1(4.8) 4.1 (6.1)
33- to 36-week gestation 1.0(L5) 1.7(3.7)
Change -2.1(4.7) -2.4 (4.9

Sportsand exercise 2.96 (-3.20t09.12) 246 (-2.231t07.16)
8- to 15-week gestation 15.0 (14.8) 17.3(21.4)
33- to 36-week gestation 12.6 (11.2) 12.0 (4.3)
Change -2.4(12.6) -5.3(12.6)

Moderate sports and exercise 2.71 (-2.06 to 7.47) 2.30 (-1.68 t0 6.28)
8- to 15-week gestation 12.0(12.2) 13.2(17.3)
33- to 36-week gestation 11.7 (11.0) 10.3 (12.0)
Change -0.3(10.1) -3.0(9.5

Activity in minutes per week

Moder ate activity 247.2 (-36.2 to 530.6) 199.6 (—43.7 to 442.9)
8- to 15-week gestation 8185 (631.2) 1113.4 (1121.6)
33- to 36-week gestation 888.3 (596.2) 936.1 (872.9)
Change 69.9 (393.9) -177.4 (716.8)

Sportsand exercise 43.67 (-31.5t0118.9) 35.98 (-23.3t0 95.23)
8- to 15-week gestation 194.2 (173.8) 222.8 (267.9)
33- to 36-week gestation 183.8 (148.1) 168.7 (179.2)
Change -10.4 (152.0) -54.1 (156.1)

GWG
Total GWG (kgP) 12.7 (3.8) 12.1(4.1) 0.61 (-1.35t0 2.57) 1.14 (-0.71 to 3.00)
Rate of total GWG (kg/week) 0.4(0.1) 0.4(0.1) 0.01 (-0.05 to 0.07) 0.03 (-0.02 to 0.09)

3Adjusted model for changein physical activity adjusted for physical activity at baseline survey, age, parity, prepregnancy BMI, race or ethnicity, and
differencein gestational age (GA) weeks between baseline survey and the second survey. Adjusted model for GWG adjusted for age, parity, prepregnancy
BMI, race or ethnicity, and difference in GA weeks between the last and first measured weight during pregnancy.

bTotal GWG was defined as the last measured weight within 3 weeks before delivery minus the first measured weight after conception and up to 13
weeks of GA. Rate of total GWG was defined as total GWG divided by difference in GA weeks between the first and last measured weight during
pregnancy.
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Discussion

Principal Findings

I'n this mixed methods acceptability and feasibility randomized
controlled pilot trial, we found that an mHealth intervention for
pregnant patients with overweight or obesity was feasible and
acceptable for participants and successfully promoted weight
and PA self-monitoring. There was a high level of adherence
to self-monitoring of weight and PA among participantsin the
intervention arm. and overall, the participants rated the program
highly. Focus groups found that participants desired more
support related to nutrition and a more mobile-friendly app
instead of an mHealth website. In exploratory analyses, we
found that the mHealth lifestyle intervention increased minutes
of PA per week compared with usual care, but there was no
differencein GWG. mHealth interventions with more nutrition
support are likely needed to effectively affect GWG. It is
important to note that although there are modifiable lifestyle
factors (eg, nutrition and PA) that contribute to obesity, it is
recognized as a complex, chronic disease driven by biological,
genetic, environmental, and socioeconomic factors. Therefore,
despite engagement with effective lifestyle interventions,
pregnancy weight gain may differ anong individuals because
of a variety of factors outside of the scope of interventions,
which may result in null intervention findings.

Comparison With Prior Work

The findings of this study contribute to a small but growing
body of literature with mixed results on mHealth interventions
to improve PA in pregnant patients with overweight or obesity.
Various pilot studies assessing the use of PA trackers (eg, Fitbit)
toincrease PA among pregnant patients have found no or small
overal increases in steps [48-50]. However, Ainscough et al
[51] found that an mHeath intervention, delivered via a
smartphone app and grounded in behavior change techniques,
increased motivation to engage in exercise, self-reported total
PA (MET minutes per week), and moderate intensity PA
(minutes per week) compared with the control group [51]. This
suggests that mHealth interventions to increase PA among
pregnant patients may be more effective when using behavior
change theories and techniques. Our findings also point to the
need for more research to better understand how to maximize
the effectiveness of mHealth interventions in this population.

Our study also provides some additional exploratory evidence
on the effects of mHealth lifestyle interventions on GWG.
Multiple effective components (ie, daily self-monitoring of
weight, PA, nutrition, goal setting, feedback, reinforcement,
and prablem solving) are likely needed to improve outcomes
in pregnant patients with overweight or obesity. The lack of
nutrition focus and food self-monitoring in our intervention
could have contributed to null GWG findings. In a systematic
review and meta-analysisof 11 exclusively digital interventions
to encourage PA, appropriate weight gain during pregnancy,
and healthy eating among pregnant patients, researchers found
no overall benefit of exclusively digital interventionson GWG.

https://formative.jmir.org/2022/6/€33929
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However, effective individual interventions had twice as many
behavior change techniques from feedback and monitoring
domains and goals and planning domains than ineffective
interventions. Moreover, higher user engagement with key
behavior change techniques had a positive association with
greater  intervention  effectiveness.  Overall, effective
interventions used both more behavior change techniques and
interactivity in the form of personalized feedback, prompts to
remind participants to use behavior change techniques and
messages of encouragement, similar to our intervention [52].
Another systematic review and meta-analysis of 21 randomized
controlled trials assessing the effects of technology-supported
interventions on GWG found that these interventions had small
effects on GWG, energy intake, eating behaviors, and PA.
However, technology-supported interventions that included
tracking tools, daily monitoring using devices, and face-to-face
sessionswere associated with dightly larger effects, particularly
for PA [53].

Taken together, our findings demonstrate opportunities to (1)
leverage technology to facilitate adherence to self-monitoring
via automated, real-time transmission of weight and PA
self-monitoring data, including real-time feedback on GWG in
relation to the IOM guidelines and (2) incorporate tailored
feedback from health care professionals (a lifestyle coach).

Limitations

Our study had several limitations. First, this was a small
randomized controlled pilot trial to assess the acceptability and
feasibility of the intervention. Therefore, our study was not
powered to detect clinical outcomes. Second, we relied on
self-reported measures of PA, although PPAQ is a validated
self-report tool for assessing PA during pregnancy. Third,
pregnhant patients randomized to the usual care arm had higher
levels of baseline PA than those randomized to the intervention
arm; however, we adjusted for baseline differences in our
analysis. Fourth, this study used BMI measurements, which on
their own, have limitations. However, these were the data
available in the EHRs, and BMI is still widely used clinically
because of its ease of measurement. Finally, the participants
were not masked to the study group, which could have led to
biased reports in the intervention arm.

Conclusions

Our study demonstrated that the use of mHealth technology to
deliver a theory-based lifestyle intervention is acceptable for
pregnant patients with overweight or obesity. One goal of this
pilot trial was to inform the design of a larger randomized
controlled trial. To this end, the study team is currently
implementing a pragmatic cluster randomized clinical trial that
expands the pilot intervention based on participant feedback to
incorporate additional nutrition support via nutrition
self-monitoring and implements an app-based version of the
pilot mHealth website to support better use. More effective
interventions with broader reach are needed to help pregnant
patients with overweight or obesity increase their PA and meet
the IOM guidelines for GWG.

JMIR Form Res 2022 | vol. 6 | iss. 6 | €33929 | p. 11
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH Thomaset a

Acknowledgments

This study was funded by the Delivery Science Grants Program of the Permanente Medical Group. TT received funding from
the Permanente Medical Group Delivery Science Fellowship Program and the National Institute of Diabetes and Digestive and
Kidney Diseases (grant T32DK 11668401). SEB received funding from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (grant K99HD100585) and Kaiser Permanente Northern California Community Health. MH
received funding from RO1DK 118455 for this study. SDB received funding from the National Institute of Diabetes and Digestive
and Kidney Diseases (grant KO1DK099404).

Conflictsof I nterest
None declared.

Multimedia Appendix 1

CONSORT-eHEALTH checklist (V 1.6.1).
[PDE File (Adobe PDF File), 9707 KB-Multimedia Appendix 1]

References

1.  Hedderson MM, Gunderson EP, FerraraA. Gestational weight gain and risk of gestational diabetes mellitus. Obstet Gynecol
2010 Mar;115(3):597-604 [FREE Full text] [doi: 10.1097/A0G.0b013e3181cfcedf] [Medline: 20177292]

2. Vesco KK, SharmaAJ, Dietz PM, Rizzo JH, Callaghan WM, England L, et a. Newborn size among obese women with
weight gain outside the 2009 Institute of Medicine recommendation. Obstet Gynecol 2011 Apr;117(4):812-818. [doi:
10.1097/A0G.0b013e3182113ae4] [Medline: 21422851]

3. Chu SY, Calaghan WM, Bish CL, D'Angelo D. Gestational weight gain by body massindex among USwomen delivering
live births, 2004-2005: fueling future obesity. Am J Obstet Gynecol 2009 Mar;200(3):271.e1-271.e7. [doi:
10.1016/j.8/09.2008.09.879] [Medline: 19136091]

4.  Oken E, Rifas-Shiman SL, Field AE, Frazier AL, Gillman MW. Maternal gestational weight gain and offspring weight in
adolescence. Obstet Gynecol 2008 Nov;112(5):999-1006 [FREE Full text] [doi: 10.1097/A0G.0b013e3181885d50] [Medline:
18978098]

5. Rogers EM, Collins-Jarvis L, Schmitz J. The PEN project in Santa Monica: interactive communication, equality, and

political action. JAm Soc Inf Sci 1994 Jul;45(6):401-410. [doi:

10.1002/(sici)1097-4571(199407)45:6<401.::aid-asi 6>3.0.c0;2-n]

Rogers EM. Communication Technology: The New Mediain Society. New York, NY, USA: Free Press; 1986.

7. Schmitz J, Rogers EM, Phillips K, Paschal D. The public electronic network (PEN) and the homelessin Santa Monica. J

Appl Commun Res 1995 Feb;23(1):26-43. [doi: 10.1080/00909889509365412]

Askov EN, Jo Clark C. Using computersin adult literacy instruction. J Read 1991 Mar;34(6):434-448.

Bell JA. Therole of microcomputersin patient education. Comput Nurs 1986;4(6):255-258. [Medline: 3539286]

10. ChenLL. Digital multimediainstruction: past, present, and future. J Educ Technol Syst 1994 Jan 01;23(2):169-175. [doi:
10.2190/ylu6-13dh-yf3u-5q9t]

11. Green MJ, Fost N. An interactive computer program for educating and counseling patients about genetic susceptibility to
breast cancer. J Cancer Educ 1997;12(4):204-208. [doi: 10.1080/08858199709528490] [Medline: 9440011]

12.  Luker KA, Caress AL. Evaluating computer assisted learning for renal patients. Int J Nurs Stud 1992 Aug;29(3):237-250.
[doi: 10.1016/0020-7489(92)90027-€] [Medline: 1517025]

13. Barker DI. A technological revolution in higher education. J Educ Technol Syst 1994 Jan 01;23(2):155-168. [doi:
10.2190/5dh4-nupg-j8lu-réve]

14. Garrud B, Chapman IR, Gordon SA, Herbert M. Non-verbal communication: evaluation of a computer-assisted learning
package. Med Educ 1993 Nov;27(6):474-478. [doi: 10.1111/j.1365-2923.1993.tb00306.x] [Medline: 8208153]

15. Graziadel WD, McCombs GM. The 21st century classroom-scholarship environment: what will it be like? J Educ Technol
Syst 1995 Dec 01;24(2):97-112. [doi: 10.2190/kghh-brhb-0m99-1v94]

16. Barakat R, Refoyol, Coteron J, Franco E. Exercise during pregnancy has apreventative effect on excessive maternal weight
gain and gestational diabetes. A randomized controlled trial. Braz J Phys Ther 2019;23(2):148-155 [FREE Full text] [doi:
10.1016/j.bjpt.2018.11.005] [Medline: 30470666]

17. Dipietro L, Evenson KR, Bloodgood B, Sprow K, Troiano RP, Piercy KL, 2018 Physical Activity Guidelines Advisory
Committe*. Benefits of physical activity during pregnancy and postpartum: an umbrella review. Med Sci Sports Exerc
2019 Jun;51(6):1292-1302 [FREE Full text] [doi: 10.1249/M SS.0000000000001941] [Medline: 31095086]

18. Ruchat SM, MottolaMF, Skow RJ, Nagpal TS, Meah VL, James M, et al. Effectiveness of exercise interventionsin the
prevention of excessive gestational weight gain and postpartum weight retention: a systematic review and meta-analysis.
Br J Sports Med 2018 Nov;52(21):1347-1356. [doi: 10.1136/bjsports-2018-099399] [Medline: 30337461]

IS

© ®

https:/formative.jmir.org/2022/6/€33929 JMIR Form Res 2022 | vol. 6 | iss. 6 | €33929 | p. 12
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v6i6e33929_app1.pdf&filename=f36ee977dd752fe00c033d47d92a720a.pdf
https://jmir.org/api/download?alt_name=formative_v6i6e33929_app1.pdf&filename=f36ee977dd752fe00c033d47d92a720a.pdf
http://europepmc.org/abstract/MED/20177292
http://dx.doi.org/10.1097/AOG.0b013e3181cfce4f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20177292&dopt=Abstract
http://dx.doi.org/10.1097/AOG.0b013e3182113ae4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21422851&dopt=Abstract
http://dx.doi.org/10.1016/j.ajog.2008.09.879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19136091&dopt=Abstract
http://europepmc.org/abstract/MED/18978098
http://dx.doi.org/10.1097/AOG.0b013e31818a5d50
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18978098&dopt=Abstract
http://dx.doi.org/10.1002/(sici)1097-4571(199407)45:6<401::aid-asi6>3.0.co;2-n
http://dx.doi.org/10.1080/00909889509365412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3539286&dopt=Abstract
http://dx.doi.org/10.2190/ylu6-13dh-yf3u-5q9t
http://dx.doi.org/10.1080/08858199709528490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9440011&dopt=Abstract
http://dx.doi.org/10.1016/0020-7489(92)90027-e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1517025&dopt=Abstract
http://dx.doi.org/10.2190/5dh4-nupq-j8lu-r6ve
http://dx.doi.org/10.1111/j.1365-2923.1993.tb00306.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8208153&dopt=Abstract
http://dx.doi.org/10.2190/kghh-brhb-0m99-lv94
http://europepmc.org/abstract/MED/30470666
http://dx.doi.org/10.1016/j.bjpt.2018.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30470666&dopt=Abstract
http://europepmc.org/abstract/MED/31095086
http://dx.doi.org/10.1249/MSS.0000000000001941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31095086&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2018-099399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30337461&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Thomaset a

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.
33.

35.

36.

37.

38.

39.

40.

41.

Streuling I, Beyerlein A, Rosenfeld E, Hofmann H, Schulz T, von Kries R. Physical activity and gestational weight gain:
ameta-analysisof intervention trials. BJOG 2011 Feb;118(3):278-284. [doi: 10.1111/j.1471-0528.2010.02801.x] [Medline:
21134106]

The American College of Obstetricians and Gynecologists. Exercise during pregnancy and the postpartum period. ACOG
Technical Bulletin Number 189--February 1994. Int J Gynaecol Obstet 1994 Apr;45(1):65-70. [Medline: 7913067]
Evenson KR, Wen F. National trends in self-reported physical activity and sedentary behaviors among pregnant women:
NHANES 1999-2006. Prev Med 2010 Mar;50(3):123-128. [doi: 10.1016/j.ypmed.2009.12.015] [Medline: 20053370]

de Vries HJ, Kooiman TJ, van Ittersum MW, van Brussel M, de Groot M. Do activity monitors increase physical activity
in adults with overweight or obesity? A systematic review and meta-analysis. Obesity (Silver Spring) 2016
Oct;24(10):2078-2091 [FREE Full text] [doi: 10.1002/0by.21619] [Medline; 27670401]

AmbebaEJ, Yel, Sereika SM, Styn MA, Acharya SD, Sevick MA, et al. The use of mHealth to deliver tailored messages
reduces reported energy and fat intake. J Cardiovasc Nurs 2015;30(1):35-43 [FREE Full text] [doi:
10.1097/JCN.0000000000000120] [Medline: 24434827]

Grant L, Evans A. Principles of Behavior Analysis. New York, NY, USA: HarperCollins Publishers; 1994.

Patterson R. Changing Patient Behavior: Improving Outcomes in Health and Disease Management. San Francisco, CA,
USA: Jossey-Bass; 2001.

Burke LE, Conroy MB, Sereika SM, Elci OU, Styn MA, Acharya SD, et al. The effect of electronic self-monitoring on
weight loss and dietary intake: arandomized behavioral weight losstrial. Obesity (Silver Spring) 2011 Feb;19(2):338-344
[FREE Full text] [doi: 10.1038/0by.2010.208] [Medline: 20847736]

Steinberg DM, Tate DF, Bennett GG, Ennett S, Samuel-Hodge C, Ward DS. The efficacy of adaily self-weighing weight
loss intervention using smart scales and e-mail. Obesity (Silver Spring) 2013 Sep;21(9):1789-1797 [EREE Full text] [doi:
10.1002/0by.20396] [Medline: 23512320]

Ingtitute of Medicine (US) and National Research Council (US) Committeeto Reexamine | OM Pregnancy Weight Guidelines,
Rasmussen KM, Yaktine AL. Weight Gain During Pregnancy: Reexamining the Guidelines. Washington, DC, USA:
National Academies Press (US); 2009.

Diabetes Prevention Program (DPP) Research Group. The Diabetes Prevention Program (DPP): description of lifestyle
intervention. Diabetes Care 2002 Dec;25(12):2165-2171 [FREE Full text] [doi: 10.2337/diacare.25.12.2165] [Medline:
12453955]

Ferrara A, Hedderson MM, Brown SD, Ehrlich SF, Tsai AL, Feng J, et a. A telehealth lifestyle intervention to reduce
excess gestational weight gain in pregnant women with overweight or obesity (GLOW): arandomised, parallel-group,
controlledtrial. Lancet Diabetes Endocrinol 2020 Jun;8(6):490-500 [ FREE Full text] [doi: 10.1016/S2213-8587(20)30107-8]
[Medline: 32445736]

Bandura A. Social Learning Theory. Englewood Cliffs, NJ, USA: Prentice Hall; 1977.

Bandura A. Social Foundations of Thought and Action: A Socia Cognitive Theory. Hoboken, NJ, USA: Prentice-Hall;
1986.

Bandura A. Self-Efficacy: The Exercise of Control. New York, NY, USA: W H Freeman/Times Books/Henry Holt; 1997.
Prochaska JO, DiClemente CC. Common processes of self-change in smoking, weight control, and psychological distress.
In: Sniff-man S, Wills TA, editors. Coping and Substance Use. San Diego, CA, USA: Academic Press; 1985:345-363.
Brown SD, Hedderson MM, Ehrlich SF, Galarce MN, Tsai AL, Quesenberry CP, et al. Gestational weight gain and optimal
wellness (GLOW): rationale and methods for a randomized controlled trial of alifestyle intervention among pregnant
women with overweight or obesity. BMC Pregnancy Childbirth 2019 Apr 30;19(1):145 [FREE Full text] [doi:
10.1186/s12884-019-2293-8] [Medline: 31039753]

FerraraA, Hedderson MM, Albright CL, Ehrlich SF, Quesenberry Jr CP, Peng T, et al. A pregnancy and postpartum lifestyle
intervention in women with gestational diabetes mellitus reduces diabetes risk factors: afeasibility randomized control
trial. Diabetes Care 2011 Jul;34(7):1519-1525 [FREE Full text] [doi: 10.2337/dc10-2221] [Medline: 21540430]
Ferrara A, Hedderson MM, Brown SD, Albright CL, Ehrlich SF, Tsai AL, et a. The comparative effectiveness of diabetes
prevention strategies to reduce postpartum weight retention in women with gestational diabetes mellitus: the gestational
diabetes’ effects on moms (GEM) cluster randomized controlled trial. Diabetes Care 2016 Jan;39(1):65-74 [ FREE Full text]
[doi: 10.2337/dc15-1254] [Medline: 26657945]

Linde JA, Jeffery RW, French SA, Pronk NP, Boyle RG. Self-weighing in weight gain prevention and weight loss trials.
Ann Behav Med 2005 Dec;30(3):210-216. [doi: 10.1207/s15324796abm3003_5] [Medline: 16336072]

Wing RR, Tate DF, Gorin AA, Raynor HA, Fava JL. A self-regulation program for maintenance of weight loss. N Engl J
Med 2006 Oct 12;355(15):1563-1571. [doi: 10.1056/NEJM 0a061883] [Medline: 17035649]

Ferguson T, Rowlands AV, Olds T, Maher C. The validity of consumer-level, activity monitorsin healthy adults worn in
free-living conditions: a cross-sectional study. Int J Behav Nutr Phys Act 2015 Mar 27;12:42 [FREE Full text] [doi:
10.1186/s12966-015-0201-9] [Medline: 25890168]

O'Connell S, OLaighin G, Kelly L, Murphy E, Beirne S, Burke N, et al. These shoes are made for walking: sensitivity
performance evaluation of commercial activity monitors under the expected conditions and circumstances required to

https:/formative.jmir.org/2022/6/€33929 JMIR Form Res 2022 | vol. 6 | iss. 6 | €33929 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1111/j.1471-0528.2010.02801.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21134106&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7913067&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2009.12.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20053370&dopt=Abstract
https://doi.org/10.1002/oby.21619
http://dx.doi.org/10.1002/oby.21619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27670401&dopt=Abstract
http://europepmc.org/abstract/MED/24434827
http://dx.doi.org/10.1097/JCN.0000000000000120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24434827&dopt=Abstract
https://doi.org/10.1038/oby.2010.208
http://dx.doi.org/10.1038/oby.2010.208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20847736&dopt=Abstract
https://doi.org/10.1002/oby.20396
http://dx.doi.org/10.1002/oby.20396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512320&dopt=Abstract
http://europepmc.org/abstract/MED/12453955
http://dx.doi.org/10.2337/diacare.25.12.2165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12453955&dopt=Abstract
http://europepmc.org/abstract/MED/32445736
http://dx.doi.org/10.1016/S2213-8587(20)30107-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32445736&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-019-2293-8
http://dx.doi.org/10.1186/s12884-019-2293-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31039753&dopt=Abstract
http://europepmc.org/abstract/MED/21540430
http://dx.doi.org/10.2337/dc10-2221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21540430&dopt=Abstract
http://europepmc.org/abstract/MED/26657945
http://dx.doi.org/10.2337/dc15-1254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26657945&dopt=Abstract
http://dx.doi.org/10.1207/s15324796abm3003_5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16336072&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa061883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17035649&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0201-9
http://dx.doi.org/10.1186/s12966-015-0201-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25890168&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Thomaset a

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

achieve the international daily step goal of 10,000 steps. PL0S One 2016 May 11;11(5):e0154956 [FREE Full text] [doi:
10.1371/journal .pone.0154956] [Medline: 27167121]

O'Connell S, OLaighin G, Quinlan LR. When astep is not astep! Specificity analysis of five physical activity monitors.
PL0S One 2017 Jan 13;12(1):e0169616 [FREE Full text] [doi: 10.1371/journal.pone.0169616] [Medline: 28085918]
Zhao Y, Parvinzamir F, Wei H, Liu E, Deng Z, Dong F, et al. Visual analytics for health monitoring and risk management
in CARRE. In: Proceedings of the 10th International Conference on E-L earning and Games. 2016 Presented at: Edutainment
'16; April 14-16, 2016; Hangzhou, China p. 380-391. [doi: 10.1007/978-3-319-40259-8]

Chasan-Taber L, Schmidt MD, Roberts DE, Hosmer D, Markenson G, Freedson PS. Development and validation of a
Pregnancy Physical Activity Questionnaire. Med Sci Sports Exerc 2004 Oct;36(10):1750-1760. [doi:
10.1249/01.mss.0000142303.49306.0d] [Medline: 15595297]

Roberts DE, FragalaM$S, Pober D, Chasan-Taber L, Freedson PS. Energy cost of physical activities during pregnancy.
Med Sci Sports Exerc 2002;34(5):S124. [doi: 10.1097/00005768-200205001-00701]

Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett Jr DR, Tudor-Locke C, et al. 2011 Compendium of Physical
Activities: a second update of codes and MET values. Med Sci Sports Exerc 2011 Aug;43(8):1575-1581. [doi:
10.1249/M SS.0b013e31821ecel?] [Medline: 21681120]

Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005 Nov;15(9):1277-1288.
[doi: 10.1177/1049732305276687] [Medline: 16204405]

Choai J, Lee JH, Vittinghoff E, Fukuoka Y. mHealth physical activity intervention: arandomized pilot study in physically
inactive pregnant women. Matern Child Health J 2016 May;20(5):1091-1101 [FREE Full text] [doi:
10.1007/s10995-015-1895-7] [Medline: 26649879]

Darvall JN, Wang A, Nazeem MN, Harrison CL, Clarke L, Mendoza C, et a. A pedometer-guided physical activity
intervention for obese pregnant women (the Fit MUM Study): randomized feasibility study. IMIR Mhealth Uhealth 2020
May 26;8(5):€15112 [FREE Full text] [doi: 10.2196/15112] [Medline: 32348280]

Larsen B, Micucci S, Hartman SJ, Ramos G. Feasibility and acceptability of a counseling- and mHealth-based physical
activity intervention for pregnant women with diabetes: the fit for two pilot study. IMIR Mhealth Uhealth 2020 Oct
21;8(10):€18915 [FREE Full text] [doi: 10.2196/18915] [Medline: 33084584]

Ainscough KM, O'Brien EC, Lindsay KL, Kennelly MA, O'Sullivan EJ, O'Brien OA, et a. Nutrition, behavior change and
physical activity outcomes from the PEARS RCT-an mHealth-supported, lifestyle intervention among pregnant women
with overweight and obesity. Front Endocrinol (Lausanne) 2020 Feb 4;10:938 [FREE Full text] [doi:
10.3389/fend0.2019.00938] [Medline: 32117047]

Rhodes A, Smith AD, Chadwick P, Croker H, Llewellyn CH. Exclusively digital health interventionstargeting diet, physical
activity, and weight gain in pregnant women: systematic review and meta-analysis. JMIR Mhealth Uhealth 2020 Jul
10;8(7):€18255 [FREE Full text] [doi: 10.2196/18255] [Medline: 32673251]

Leonard KS, EvansMB, Oravecz Z, Smyth JM, Symons Downs D. Effect of technol ogy-supported interventions on prenatal
gestational weight gain, physical activity, and healthy eating behaviors: a systematic review and meta-analysis. J Technol
Behav Sci 2021;6(1):25-41. [doi: 10.1007/s41347-020-00155-6]

Abbreviations

EHR: electronic health record

GA: gestational age

GLOW: Gestational Weight Gain and Optimal Wellness
GWG: gestational weight gain

IOM: Institute of Medicine

KPNC: Kaiser Permanente Northern California

MET: metabolic equivalent of task

mHealth: mobile health

MVPA: moderate to vigorousintensity physical activity
PA: physica activity

PPAQ: Pregnancy Physical Activity Questionnaire
STRIDE: Study of a Randomized Intervention Designed to Increase Exercise in Pregnancy

https:/formative.jmir.org/2022/6/€33929 JMIR Form Res 2022 | vol. 6 | iss. 6 | €33929 | p. 14

(page number not for citation purposes)


https://dx.plos.org/10.1371/journal.pone.0154956
http://dx.doi.org/10.1371/journal.pone.0154956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27167121&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0169616
http://dx.doi.org/10.1371/journal.pone.0169616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28085918&dopt=Abstract
http://dx.doi.org/10.1007/978-3-319-40259-8
http://dx.doi.org/10.1249/01.mss.0000142303.49306.0d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15595297&dopt=Abstract
http://dx.doi.org/10.1097/00005768-200205001-00701
http://dx.doi.org/10.1249/MSS.0b013e31821ece12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21681120&dopt=Abstract
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204405&dopt=Abstract
http://europepmc.org/abstract/MED/26649879
http://dx.doi.org/10.1007/s10995-015-1895-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26649879&dopt=Abstract
https://mhealth.jmir.org/2020/5/e15112/
http://dx.doi.org/10.2196/15112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32348280&dopt=Abstract
https://mhealth.jmir.org/2020/10/e18915/
http://dx.doi.org/10.2196/18915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33084584&dopt=Abstract
https://doi.org/10.3389/fendo.2019.00938
http://dx.doi.org/10.3389/fendo.2019.00938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32117047&dopt=Abstract
https://mhealth.jmir.org/2020/7/e18255/
http://dx.doi.org/10.2196/18255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32673251&dopt=Abstract
http://dx.doi.org/10.1007/s41347-020-00155-6
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Thomaset a

Edited by T Leung, A Mavragani; submitted 29.09.21; peer-reviewed by B Larsen, M Graham, L Tully; commentsto author 04.01.22;
revised version received 29.03.22; accepted 22.04.22; published 22.06.22

Please cite as:

Thomas T, Xu F, Sridhar S Sedgwick T, Nkemere L, Badon SE, Quesenberry C, Ferrara A, Mandel S, Brown SD, Hedderson M

A Web-Based mHealth I ntervention With Telephone Support to Increase Physical Activity Among Pregnant Patients With Overweight
or Obesity: Feasibility Randomized Controlled Trial

JMIR Form Res 2022;6(6):€33929

URL: https://formative.jmir.org/2022/6/€33929

doi: 10.2196/33929

PMID:

©Tainayah Thomas, Fei Xu, Sneha Sridhar, Tali Sedgwick, Linda Nkemere, Sylvia E Badon, Charles Quesenberry, Assiamira
Ferrara, Sarah Mandel, Susan D Brown, Monique Hedderson. Originaly published in JMIR Formative Research
(https.//formative.jmir.org), 22.06.2022. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Formative Research, is properly cited. The complete
bibliographic information, alink to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

https:/formative.jmir.org/2022/6/€33929 JMIR Form Res 2022 | vol. 6 | iss. 6 | €33929 | p. 15
(page number not for citation purposes)

RenderX


https://formative.jmir.org/2022/6/e33929
http://dx.doi.org/10.2196/33929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

