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Development and feasibility of a web-based gestational weight
gain intervention for women with pre-pregnancy overweight or
obesity
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Background: Excessive gestational weight gain is associated with negative maternal and infant health
outcomes. Digital health approaches may help overcome barriers to participating in lifestyle interventions
requiring in-person visits. The purpose of this study was to develop and examine the feasibility of a web-
based gestational weight gain intervention.

Methods: Intervention development included feedback and input from pregnant women. We conducted a
12-week one-arm pilot study during which participants engaged in an online discussion board with coaches
and other pregnant women, tracked their weight gain with an interactive graph, and accessed a list of online
resources for pregnancy health. Feasibility outcomes were recruitment, retention, engagement and sustained
participation, intervention acceptability, and website usability. Gestational weight gain was an exploratory
outcome.

Results: Participants (n=12) were on average 16.8 [standard deviation (SD): 2.0] weeks gestation with
average pre-pregnancy body mass index of 30.5 (SD: 4.8) kg/m’. Participant retention was 92% (n=11).
Participants logged into the website a median of 21 times [interquartile range (IQR), 8-37; range, 2-98] over
12 weeks, and 58% (n=7) logged into the website during the last week of the intervention. All participants
said they would be very likely or likely to participate again, and 100% said they would be very likely or
likely to recommend the intervention to a pregnant friend. In post-intervention interviews, 64% (n=7)
explicitly said that the website was easy to use, but 100% (n=11) mentioned usability issues. When asked
their preferred intervention platform, 18% (n=2) somewhat or strongly preferred a private website, 18%
(n=2) had no preference, and 64% (n=7) somewhat or strongly preferred Facebook. Seventy percent (n=7)
had excessive gestational weight gain, 10% (n=1) inadequate gestational weight gain, and 20% (n=2) gained
within recommended ranges.

Conclusions: Additional development work is needed before moving to efficacy testing. Most notably,
usability issues with the investigator-developed website and participant preference suggest a switch to a

commercial social media platform.

A ORCID: Molly E. Waring, 0000-0002-9884-9824; Tiffany A. Moore Simas, 0000-0002-8356-6418; Grace E. Heersping, 0000-0002-
2078-4813; Lauren R. Rudin, 0000-0002-8367-5956; Abigail R. Burdick, 0000-0001-8179-0056; Sherry L. Pagoto, 0000-0002-2462-8797.

© mHealth. All rights reserved. mHealth 2023;9:13 | https://dx.doi.org/10.21037/mhealth-22-49


https://crossmark.crossref.org/dialog/?doi=10.21037/mhealth-22-49

Page 2 of 14

mHealth, 2023

Keywords: Pregnancy; gestational weight gain (GWG); website; lifestyle intervention; pilot study

Received: 30 November 2022; Accepted: 06 January 2023; Published online: 20 February 2023.

doi: 10.21037/mhealth-22-49

View this article at: https://dx.doi.org/10.21037/mhealth-22-49

Introduction

The Institute of Medicine (IOM) provides guidelines for
weight gain during pregnancy to promote maternal and
child health during pregnancy and beyond (1). Gestational
weight gain (GWG) in excess of these recommendations
is associated with negative maternal and infant health
outcomes such as gestational diabetes mellitus, hypertensive
disorders of pregnancy, macrosomia, delivery challenges,
post-partum weight retention, and elevated risk of obesity
in mother and child (2-7). More than half of women in the
United States with pre-pregnancy overweight and 6 in 10
with pre-pregnancy obesity gain more than recommended (8),
highlighting the need for programs to support healthy
weight gain during pregnancy.

"Two recent meta-analyses of 55 and 117 intervention
trials found that lifestyle interventions reduce GWG by
about 1 kg and reduce risk of excessive GWG (9,10).
However, the majority of interventions included were
delivered entirely or partially via in-person visits (9), and
in-person meetings can be challenging for many pregnant
women, especially for those with young children at home
(11-13). Digital health approaches may help overcome
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barriers to participation in lifestyle interventions, and
studies have demonstrated interest among pregnant women
in digital support for GWG (14,15). However, two recent
meta-analyses of 6 and 11 digital GWG interventions (i.e.,
delivered via websites, texting, or mobile apps) concluded
that these approaches did not significantly reduce GWG
or the proportion of women with excessive GWG (16,17).
Contemporary to the studies included in these reviews, we
developed a web-based lifestyle intervention to prevent
excessive GWG and conducted a one-arm pilot study
with pregnant women with pre-pregnancy overweight or
obesity to assess feasibility and acceptability. In this paper,
we describe the results of this formative work and discuss
implications for research developing the next generation of
digital lifestyle interventions to prevent excessive GWG.
We present the following article in accordance with the
TREND reporting checklist (available at https://mhealth.
amegroups.com/article/view/10.21037/mhealth-22-49/rc).

Methods

We developed a web-based intervention to prevent excessive
GWG and conducted a one-arm feasibility pilot study to
assess feasibility and acceptability of the intervention. The
development phases occurred in 2014 and 2015 and the
pilot study was conducted in spring 2016, with deliveries
through summer 2016. The studies were conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The University of Massachusetts Medical School
Institutional Review Board approved all phases of this
project (formative work: protocol No. H00001690; pilot
study: protocol No. HO0008907). All participants provided
informed consent.

Intervention development

We developed a 12-week lifestyle intervention to prevent
excessive GWG by adapting the Diabetes Prevention
Program (DPP) lifestyle intervention (18) to be consistent
with recommendations for weight gain, nutrition, and
physical activity during pregnancy (1) and for delivery
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via an interactive website (19). The lifestyle intervention
is informed by Social Cognitive Theory (20), and digital
delivery by behavioral analytic theory which holds that more
rapid feedback has a greater impact on behavior change (21).
Pregnant women engaged in an online discussion board
with other pregnant women and interventionists, and
accessed an interactive weight gain tracker and list of online
resources, through a password-access website. Weekly
topics focused on nutrition, physical activity, and behavioral
strategies for lifestyle changes (e.g., self-monitoring of food
and activity, nutrition/healthy eating, strategies for increasing
physical activity, problem-solving to overcome barriers,
strategies for healthy eating in restaurants, restructuring
food and activity cues at home, social support, stress
management) (18). We scheduled daily intervention posts and
an interventionist logged into the website at least twice daily
to interact asynchronously with participants, and to provide
support and help participants problem-solve challenges.
Participants were advised to peruse the feed daily, post about
their questions, successes, and challenges regularly, and
reply to others’ posts. Participants were encouraged to track
their diet and activity using the free commercial website
and mobile app MyFitnessPal. We created an interactive
GWG tracker/graph in R and integrated it into the website
using JSON (JavaScript Object Notation). Women were
instructed to enter their weights weekly (or more often if
desired) and the graph showed recorded weights by week of
pregnancy, and provided reference lines of weight gain based
on the IOM’s pre-pregnancy body mass index (BMI)-specific
GWG recommendations (1). We used a user-centered design
approach (22,23) to intervention development, incorporating
input from pregnant women with pre-pregnancy overweight
or obesity via formative interviews and usability testing
sessions in order to maximize perceived relevance and
ease of use, factors critical to use of technology-delivered
interventions according to the Technology Acceptance Model
(TAM) (24-26).

Formative interviews

We recruited women who had participated in a previous cohort
study of pregnant women (27), and via Craigslist to provide
feedback on our proposed intervention. Eligibility criteria for
participating in formative interviews were similar to eligibility
criteria for participation in a study assessing the intervention
so feedback would reflect the intervention target population
(e.g., 218 years old, <36 weeks gestation, pre-pregnancy
BMI >25 kg/m’, no medical conditions or medications
affecting weight). Participants received a $25 gift card
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following the interview. Participants (n=15) were on average
30.9 (SD: 6.1) years old and 30.0 (SD: 5.9) weeks gestation
with mean pre-pregnancy BMI of 30.3 (SD: 3.5) kg/m’.
Sixty preent (n=9) were non-Hispanic white, 47% (n=7) had
a Bachelor’s degree or higher education, and 33% (n=5) were
nulliparous.

During a 30-minute semi-structured phone interview,
we asked participants about their experiences with weight
gain during pregnancy and solicited their feedback on the
content and delivery format of our intervention. Overall,
participants thought the proposed program would be helpful
and liked the idea of having a community of pregnant
women with whom to share experiences and support.
Some women were enthusiastic about having access to an
interactive GWG tracker that would show their weight
gain compared to recommendations, but others didn’t think
they would find a GWG tracker helpful, and a few were
concerned that tracking or focusing on weight would lead
to anxiety. In terms of a program name, the consensus was
to focus on mom’s health primarily but also baby’s health,
and that focusing on weight would defer participation.
Based on participants’ feedback, we named the intervention
the “Healthy Moms, Healthy Babies” program.

Usability testing

Second, after constructing an initial version of the
intervention website, we conducted 60-minute usability
testing sessions with 8 pregnant women (2 rounds with
n=4 women per round) to obtain feedback on the website
interface. During in-person usability testing sessions,
participants explored the prototype intervention website
using an iPad. For each round of testing, staff populated the
website with sample intervention posts from a coach account
and responses from fictional sample participants. Usability
testing sessions were conducted using a “Think Aloud”
protocol (28); as participants interacted with the website,
they were asked to vocalize thoughts, feelings, and opinions,
which allows us to understand how the user approached the
interface and what considerations they have in mind when
utilizing the interface. We asked participants to elaborate on
their thoughts and experiences as they interacted with the
website using prepared questions. Following the usability
testing, participants completed the System Usability Scale
(SUS), a 10-item 5-point Likert scale measure assessing
human-computer interaction (29,30). A SUS score above 58
is regarded as above average, and a SUS score above 80 is
regarded as high and a score at which participants are likely
to recommend the product to friends (29,30). Participants
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received a $40 gift card.

We recruited participants from the obstetric clinics
at UMass Memorial Health, the UMass Medical School
internal announcement board, and Worcester area Craigslist.
Eligibility criteria were the same as for the formative
interviews except eligible women were <40 weeks gestation.
Participants (n=8) were on average 28.4 (SD: 5.8) years
old and 26.4 (SD: 8.7) weeks gestation with mean pre-
pregnancy BMI of 36.3 (SD: 5.5) kg/m’. Twenty-five
percent (n=2) were non-Hispanic white, 38% (n=3) had a
Bachelor’s degree or higher education, and 38% (n=3) were
nulliparous. In round 1, usability scores were 82.5, 85, 87.5,
and 92.5, and in round 2, usability scores were 80, 90, 90,
and 95, indicating that participants found the prototype
website to be highly usable. Participants overall reported
that the website was easy to navigate, and provided feedback
on how to make various sections of the website easier to use
or clearer (e.g., add legend to GWG tracker, remove “report
to moderator” button in Forum), more attractive (e.g., add
images to Resources page), or more informative (e.g., sort
recipes by topic, add links to general pregnancy information
like common symptoms). We revised the intervention
website to address participant feedback from these usability
sessions.

The intervention website had five sections: Home,
Forum, Meet the Coaches, Track, and Resources. The
Home page showed the latest Forum posts, a personalized
greeting (e.g., “Hello, Molly!”), and a tip of the day. In
addition to standard greetings (e.g., “Hello”, “Welcome,
“Hi there”), greetings varied by day of the week (e.g.,
“Happy Monday”, “IT'GIF”) and included holidays (e.g.,
“Happy Valentine’s Day”). We developed a list of diet and
physical activity tips based on USDA ChooseMyPlate “Ten
Tips” series (now available as the MyPlate Tip Sheets)
and physical activity tips and suggestions based on the
DPP materials. The Forum landing page showed a list of
conversation threads ordered by most recently updated.
Participants could click to view each conversation thread
and reply to the interventionist and other participants.
Participants had the option of reacting to each post or
reply with a “thumbs up” or “thumbs down”. The Meet the
Coaches page showed photos of the three interventionists
with brief bios outlining their professional credentials and
a few personal notes (e.g., number of children, favorite
type of exercise). The Track page showed the interactive
weight gain graph/tracker. Participants could enter a new
weight and date weighed. The weight graph showed their
GWG by date and week of pregnancy, and included green
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lines showing the ranges of GWG recommended by the
IOM (1). A legend also displayed the participant’s pre-
pregnancy weight, recommended range of total GWG,
and recommended weekly gain in her second and third
trimesters (1). Below the graph was a table showing dates,
weights, and GWG for each weight entered. The Resources
page included links to existing online resources (e.g.,
healthy recipes, prenatal yoga videos, general pregnancy
information, instructions on how to use MyFitnessPal
features such as barcode scanning). The physical therapist
on the study team reviewed all physical activity online
resources prior to their inclusion.

Feasibility pilot study

Recruitment and eligibility

Participants were recruited from the obstetric practices at
UMass Memorial Medical Center (UMMMC) and from
the Worcester-area community. Eligible participants had to
be >18 years, pregnant with singleton gestation <20 weeks
at the start of the intervention, pre-pregnancy BMI >25
and <45 kg/m’ based on pre-pregnancy weight and height
self-reported at screening, posted and/or commented on
Facebook at least once in the past 7 days, comfortable
speaking, reading, and writing in English, plan to deliver at
UMMMUC, and have medical clearance from their obstetric
provider. We required participants to be active Facebook
users because in our previous digital lifestyle interventions,
we observed that participants who did not use social
media regularly engaged minimally even when provided
instructions for use (31). Exclusion criteria included chronic
medical conditions which could influence body weight,
current use of medication known to affect weight or to treat
opioid dependence, previous weight loss surgery, or current
participation in a weight loss program.

Study assessments

At a 60-minute baseline assessment at UMMMC,
participants provided written informed consent, had weight
and height measured, completed self-report measures,
and were oriented to the study website by research staff.
Research staff obtained medical clearance from participants’
prenatal care providers. Following the intervention,
participants completed a 60-minute follow-up assessment
at UMMMUC that included measurement of weight, a
survey, and a semi-structured interview. During these
interviews, participants answered open-ended questions
about their overall experience in the intervention, website
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usability, what influenced whether they responded to the
coach’s post, and whether they found the GWG graph
helpful. Participants were also asked to offer suggestions for
improving the intervention. Participants received a $50 gift
card after completing the follow-up assessment. Following
delivery, research staff reviewed participants’ obstetric
medical records and abstracted GWG, gravidity/parity,
gestational age at delivery, mode of delivery, birth weight,
infant sex, and pregnancy complications (e.g., gestational
diabetes mellitus, pregnancy-induced hypertension,
preeclampsia).

Intervention

The 12-week intervention is described above. The
goal for the intervention was weight gain within IOM
recommendations (based on pre-pregnancy BMI) (1). We
provided women with total and weekly GWG goals (15-25 Ibs
total and 0.5-0.7 lbs/week for women who were overweight
pre-pregnancy and 11-20 Ibs total and 0.4-0.6 Ibs/week for
women who had obesity pre-pregnancy) (1). We calculated
individualized daily calorie goals for each participant using
the USDAS interactive dietary reference intake calculator (32)
which takes into account height, pre-pregnancy weight,
activity level, and trimester of pregnancy (33). The physical
activity goal was 30 minutes or more of moderate-intensity
activity on most or all days of the week, as recommended by
the American College of Obstetricians and Gynecologists
(ACOG) for women without medical or obstetric
complications (34); we encouraged women who were
inactive to gradually increase their physical activity to this
level. Participants were encouraged to track their diet and
activity using the free tool MyFitnessPal, and to track their
GWG using the interactive weight tracker built into the
intervention website.

The primary interventionist was a post-doctoral fellow
with a master's degree in clinical psychology who had
previously served as an interventionist for a digital lifestyle
intervention based on the DPP. She was supervised by a
licensed clinical psychologist with extensive experience
delivering the DPP both in-person and online. Every
morning, staff posted from the primary interventionist’s
user account, and then she logged in at least twice a day
to reply to participants. Two additional interventionists—
a physical therapist with clinical experience with pregnant
women and an obstetrician/gynecologist with clinical and
research experience with GWG—replied to participants’
posts and answered questions specifically related to their
respective areas of clinical expertise as needed. On Monday,
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research staff updated the Resources page with additional
links to existing online resources related to the topic of the
week (e.g., prenatal exercise videos for a week focusing on
physical activity, healthy recipes for a week focusing on
diet). Each Friday, staff downloaded engagement data from
the website and emailed participants who had not engaged
that week encouraging her to post and interact with the
coaches and other participants. The second and third weeks
of no engagement, the primary interventionist called the
participant to check in and encourage her to engage.

Measures

The primary feasibility and acceptability outcomes
were recruitment, retention, engagement and sustained
participation, intervention acceptability, and website
usability. We described GWG as an exploratory outcome.
Data were collected from participant tracking systems,
participant surveys, measurement of weight, engagement
data collected by the website, and GWG abstracted from
obstetric records following delivery.

Recruitment

We tracked recruitment efforts and documented reasons for
ineligibility.

Retention

Retention was defined as completion of the follow-up
assessment.

Engagement and sustained participation

Following the intervention, we downloaded objective
engagement data from the website and calculated number
of logins, number of posts or replies to the Forum, and
number of weights logged. We calculated sustained
participation as the date of the latest post to the Forum and
secondarily, as the date of the latest login to the intervention
website and date of last weight tracked (35).

Intervention acceptability

As part of the follow-up survey, participants rated on 5-point
Likert scales how likely they would be to recommend the
program to a pregnant friend and whether they would
participate again during a subsequent pregnancy. In post-
intervention interviews, we asked participants what they
thought of the Healthy Moms, Healthy Babies program,
what they found most helpful, and how we could make the
program better.

Website usability

At follow-up, participants completed the 10-item SUS (29) to
rate how usable they found the intervention website. During
the post-intervention interview, we asked participants what
challenges, if any, they had used the website, how easy
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or not easy they found navigating the website, and what
improvements or changes they would suggest to the website.
Participants also provided feedback on website usability in
response to the question about what they thought about
the Healthy Moms, Healthy Babies program overall. Based
on our experiences with technological glitches during the
intervention, and our concurrent ongoing work developing
and testing lifestyle interventions delivered via commercial
social media platforms (31,36,37), we also asked participants
what they thought about offering the Healthy Moms,
Healthy Babies program through a private website (like the
current study) versus via a secret (private) Facebook group,
including what would be appealing about each modality
and what concerns they had about each modality, and
which they would prefer (strongly prefer private website,
somewhat prefer private website, no preference, somewhat
prefer secret Facebook group, strongly prefer secret
Facebook group), along with and explanation for why they
preferred one modality over the other.
GWG (exploratory)
We calculated GWG from delivery admission weight
abstracted from participants’ obstetric records and pre-
pregnancy weight self-reported at eligibility screening. We
used pre-pregnancy weight self-reported at study screening
to calculate GWG to be consistent across participants
because pre-pregnancy weight recorded in UMMMC
obstetric records was preferentially recorded as (I) self-
reported pre-pregnancy weight from first prenatal visit,
(II) self-reported pre-pregnancy weight upon presentation
for delivery, or (III) measured weight at first prenatal visit,
depending on availability (38). In this clinical population, self-
reported pre-pregnancy weight was on average 2.9 pounds
less than weight measured within 12 months of conception
for women with pre-pregnancy overweight and an average of
5.1 pounds less for women with pre-pregnancy obesity (39).
We categorized GWG as excessive, adequate, or inadequate
based on pre-pregnancy BMI-specific recommendations:
15-25 Ibs for women with overweight pre-pregnancy and
11-20 Ibs for women with obesity pre-pregnancy (1). We
also categorized GWG versus IOM recommendations
at gestational age at delivery, assuming constant rates of
gain in the second and third trimesters, as we have done in
previous research (38). For all participants, categorization
of GWG versus IOM recommendations (i.e., inadequate,
adequate, or excessive) was identical when accounting for
gestational age at delivery and when using total GWG; we
report results based on total GWG.

Two participants moved out of state during the

© mHealth. All rights reserved.
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intervention, and we conducted a sensitivity analysis in
which we estimated their total GWG based on their weekly
rate of gain during the study from self-reported follow-
up and measured baseline weight and assuming delivery
at 40 weeks. We calculated weekly rate of GWG during
the intervention as follow-up minus baseline weight, and
categorized whether weekly rate of gain was below, within,
or above IOM-recommended ranges for weekly gain (1).
Participant characteristics

Participants reported demographics, reproductive and
weight history, and social media use. Participants were
asked how difficult it was for them to pay for basics like
food, housing, medical care, and heating (not at all versus

somewhat or very hard) (40).

Statistical analysis

We summarized participant characteristics and feasibility
outcomes. As engagement variables were not normally
distributed, we described their distributions with median,
interquartile range (IQR), and range. Research staff
transcribed interviews, and a second member of the team
reviewed transcripts to confirm accuracy of transcriptions.
We used a conventional content analysis approach to
analyzing participant feedback from post-intervention
interviews (41). First, the first author read through the
transcripts, identified themes related to website usability and
intervention acceptability, and developed a codebook. Then,
after coding two transcripts and refining the codebook,
two members of the research team independently reviewed
all transcripts and coded the presence or absence of each
theme in each utterance. Then, the full coding team met to
discuss discrepantly-coded utterances and reach consensus.
We calculated percent agreement as a measure of inter-rater
reliability (92.0-99.6% across themes). Management and
analyses of quantitative data were conducted using SAS 9.4
(SAS Institute, Inc., Cary, NC).

Results
Recruitment and retention

We screened 27 women, of whom 18 were eligible
(67%). Two-thirds of eligible women participated in the
intervention (n=12). Eleven participants completed the
follow-up assessment, for a retention rate of 92%. We were
able to contact the twelfth participant at follow-up; she
declined to complete the follow-up assessment and noted
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Table 1 Characteristics of pregnant women participating in a feasibility

pilot study of a web-based intervention to prevent excessive gestational

weight gain (N=12)

Characteristic

N [%] or mean

+SD
Age (years) 31.7+5.5
Gestational age at intervention start (weeks) 16.8+2.0
Pre-pregnancy body mass index (BMI; kg/m?) 30.5+4.8
Overweight 6 [50]
Obesity 6 [50]
First pregnancy 2[17]
Race/ethnicity
Non-Hispanic white 5[42]
Non-Hispanic Black 3 [25]
Hispanic/Latina 2[17]
Asian 0
Non-Hispanic multiracial 2[17]
Marital status
Married 8 [67]
Living with partner 118]
Single/divorced/separated/widowed 3 [25]
Education
At most high school or GED 4 [33]
Some college or Associate’s degree 2 [17]
Bachelor’s degree 3 [25]
Graduate degree 3 [25]
Employment status
Works full-time 7 (58]
Works part-time 118]
Homemaker/stay-at-home mom 4 [33]
Somewhat or very difficult to pay for basic expenses 5[42]
Owns a smartphone 12 [100]
Ever used a mobile app for weight loss 6 [50]
Ever used an online weight loss program 2[17]
Social media use
Facebook 12 [100]
Instagram 9 [75]
Pinterest 8 [67]
Twitter 4 [33]

BMI, body mass index; GED, General Educational Development test;

SD, standard deviation.
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that personal issues had prevented her from participating in
the intervention past the first week. On average, participants
(n=12) were 31.7 (SD: 5.5) years old and 16.8 (SD: 2.0) weeks
pregnant at intervention start. Mean pre-pregnancy BMI
was 30.5 (SD: 4.8) kg/m’, and 50% had overweight and 50%
had obesity pre-pregnancy. Other participant characteristics
are shown in Table 1.

Engagement and sustained participation

Over 12 weeks, participants logged into the website a
median of 21 times (IQR, 8-37), made a median of 24.5
(IQR, 4-31.5) posts to the Forum, and logged a median
of 2.5 (IQR, 0-8.5) weights in the GWG tracker (1uble 2).
In terms of sustained participation through the end of the
12-week intervention, 58% (n=7) logged into the
intervention website, 42% (n=5) posted in the Forum, and
25% (n=3) logged their weight in the GWG tracker during
week 12 (Table 2).

Intervention acceptability

Sixty-four percent (n=7) of participants said they would
be very likely and 36% (n=4) said they would be likely to
participate again if they became pregnant again, and 73%
(n=8) said they would be very likely and 27% (n=3) said
they would be likely to recommend the intervention to a
pregnant friend. Common themes from post-intervention
interviews were a sense of a community and support from
other pregnant women (mentioned by n=11, 100%), helpful
and responsive interventionists (n=10, 91%), and helpful
information (n=11, 100%).

Website usability

The median usability score was 75 (IQR, 67.5-97.2; range,
60-100); 45% (n=5) rated the website as highly usable [>80]
and 55% (n=6) rated the website to have above-average
usability [58-80]. In post-intervention interviews, 64% (n=7)
explicitly said that the website was easy to use, but 100%
(n=11) mentioned usability issues including the website
being cumbersome to use on their smartphones, the Forum
message preview didn’t show capital letters, and slow refresh
rates led participants to submit their Forum posts multiple
times resulting in duplicate posts.

When asked what they thought of the GWG tracker,
four participants (36%) reported that they had not used it—
three because they were tracking their weight elsewhere
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Table 2 Engagement and sustained participation in a 12-week web-based gestational weight gain intervention

Engagement metric

Website logins

Forum posts Weights tracked

Engagements, median [IQR; range] 21 [8-37; 2-98] 24.5 [4-31.5; 0-81] 2.5[0-8.5; 0-19]

Latest engagement, n [%]
Never 0 1[8] 4[33]
Week 1 3 [25] 2[17] 2[17]
Week 8 0 2[17] 18]
Week 9 2[17] 18] 18]
Week 10 0 0 18]
Week 11 0 18] 0
Week 12 7 58] 5 [42] 3 [25]

IQR, interquartile range.

(e.g., paper log, another app) and one because she didn’t like GWG (exploratory)

to see her weight going up. Fifty-five percent (n=6) reported
positive feedback about the GWG tracking, including that it
was helpful to see their weight gain during the intervention.
One participant commented that she didn’t think tracking
cumulative GWG was useful and suggested instead showing
weekly gains.

When asked in post-intervention interviews what they
thought about offering the Healthy Moms, Healthy Babies
program via a private website (like in the current study)
versus via a private Facebook group, 91% (n=10) voiced
advantages of Facebook, the flipside of which were perceived
to be limitations of private websites including familiarity
with the platform, building on existing daily routines, and
a robust user interface (7able 3). Fifty-five percent (n=6)
shared limitations of a private Facebook group, many of
which were perceived as advantages of private websites,
notably privacy/confidentiality concerns and concerns that
the GWG tracker would not be available in a Facebook-
delivered intervention (7able 3). After discussing strengths
and limitations of different modalities, interviewers asked
whether participants preferred a private website (as in the
current study) or a private Facebook group—9% (n=1)
said they strongly preferred a private website, 9% (n=1)
somewhat preferred a private website, 18% (n=2) had no
preference, 18% (n=2) somewhat preferred Facebook,
and 45% (n=5) strongly preferred Facebook. One of the
participants who somewhat preferred Facebook said she
would strongly prefer Facebook if she had access to the
GWG tracker as part of a Facebook-delivered intervention.

© mHealth. All rights reserved.

We examined GWG among the 10 women who delivered
at UMMMC. Overall, 70% (n=7) gained more than
recommended, 10% (n=1) gained less than recommended,
and 20% (n=2) gained within recommended ranges.
Participants with pre-pregnancy overweight (n=5) gained a
median of 27 pounds (IQR, 23-30 pounds); 60% (n=3) gained
more than recommended (>25 Ibs). Participants with pre-
pregnancy obesity (n=5) gained a median of 29 pounds (IQR,
22-36 pounds); 80% (n=4) gained more than recommended
(>20 pounds). Two participants moved out of state during
the intervention, and we conducted a sensitivity analysis in
which we estimated their total GWG based on their weekly
rate of gain during the study from self-reported follow-up
and measured baseline weight. One participant had already
gained more than the total recommended GWG by the end
of the intervention, and the other participant was estimated
to have inadequate gain. In this sensitivity analysis, 80%
(n=8) were estimated to have excessive GWG. In terms of
weekly rates of gain during the intervention, 64% (n=7)
gained faster than recommended, 18% (n=2) had weekly
gain within the recommended range, and 18% (n=2) gained
slower than recommended.

Discussion

This one-arm feasibility study found that our digital
intervention to prevent excessive GWG was feasible and
acceptable, but not without usability concerns. Retention
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Table 3 Advantages and limitations of offering a GWG intervention via a private Facebook group versus private website shared by pregnant

women in post-intervention interviews

Private Facebook group
Advantages
Already know how to use platform
Engaging on Facebook already part of daily routine

Notifications in app prompt engagement

Organization of conversation threads and robust search functionality makes it easy to catch up on missed interventionist posts and find

previous discussions

Easy to engage from phone

Option to keep in touch with other participants after the intervention by friending them

Limitations

Concerns about privacy and confidentiality, including expectation that people use their real names on Facebook

Concern that GWG tracker would not be available
Private website
Advantages
Can join group anonymously
GWG tracker available through website
Limitations

Have to learn how to use a new platform

Have to remember to log into the website and add to daily routine

Email notifications of new posts may not be seen regularly

Hard to find previous conversations and limited search functionality

Website not optimized for mobile use

GWG, gestational weight gain.

was 92%. Acceptability was high such that 100% said
they would be likely to participate again in a subsequent
pregnancy, 100% would recommend the program to a
pregnant friend, and feedback from post-intervention
interviews was quite positive. While more than half of the
participants posted during the last week of the intervention,
participants only contributed a median of 24.5 posts over the
12-week intervention, and in post-intervention interviews,
every participant mentioned one or more usability issues that
frustrated them or hindered engagement. Results from this
pilot study indicate that additional work is needed to address
usability concerns before moving to testing intervention
efficacy.

We observed sustained participation in the intervention,
with 50% of participants posting in the forum during
the two last weeks of the 12-week intervention, and

© mHealth. All rights reserved.

another 25% last posting in weeks 8 or 9. However, three
participants (25% of the sample) stopped logging into
the intervention website in week 1 of the intervention.
Other digital health interventions have ranged widely in
their ability to keep women engaged in treatment. In a
recent meta-analysis of digital lifestyle interventions for
pregnant persons, 6 of the 11 studies included in the review
had intervention attrition rates of less than 10%, while
the other 5 studies reported treatment attrition rates of
30-51% (16). Connecting with other pregnant women and
an interventionist remotely is convenient, and women are
able to keep participating even if they move or their work
schedules or other obligations change. Indeed, in post-
intervention interviews, several participants remarked on the
convenience of the online format. To note, two participants
moved out of state during the intervention period, yet they

mHealth 2023;9:13 | https://dx.doi.org/10.21037/mhealth-22-49
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were able to continue participating in the intervention.
However, we were unable to obtain total GWG as we did
not have access to their obstetric records through their
new prenatal care providers. Future studies to develop
and test digital GWG interventions may want to provide
participants with digital scales to increase ascertainment
of follow-up weight regardless of geographic location
or barriers to attending in-person follow-up visits (42).
Availability of regular weights via a digital platform can also
aid interventionists in providing tailored feedback during
the intervention.

Despite being able to retain most women in the
intervention, participants only contributed a median of 24.5
Forum posts per participant—which over 12 weeks, averages
to about 2 posts per week—though some women engaged
more often (IQR, 4-31.5, range, 0-81 forum posts). While
digital GWG interventions have also reported challenges
engaging participants at the intended level, interventions
that were able to engage participants to a greater extent
saw bigger impacts on GWG (16). For example, in the
Australian text4two trial which tested a multimodal
mHealth GWG intervention, 96% of participants replied to
intervention text messages, and 98% reported reading most
or all of these messages, and participants in the intervention
condition gained less weight than those in the control
condition (43). Studies that were less effective at engaging
participants as intended in the intervention have been less
effective at impacting GWG. For example, in the e-Moms
of Rochester trial, 46% of participants in the intervention
condition logged into their website at least once every
45 days as instructed, and participants only logged in on
a median of 5% of days they had access to the website;
this trial did not observe an impact on GWG or rates of
excessive GWG (44). Future work in this line of research
should explore how to more effectively engage participants
in conversation, and promote the types of engagements
that have been associated with better weight outcomes in
research with adults generally (45). Addressing the usability
issues identified with the intervention platform is a first step
towards improving participant engagement in the lifestyle
intervention to help them with pregnancy weight gain.

While this pilot study focused on feasibility and
acceptability, we described GWG as an exploratory
outcome. Because the current study was a small one-arm
pilot, we do not know how women would have gained
weight in absence of the intervention. Future studies
should compare digital GWG interventions to a suitable
comparison condition to assess the impact of intervention

© mHealth. All rights reserved.
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on weight gain. Seventy percent of participants gained
more than recommended, 60% of women with pre-
pregnancy overweight and 80% of those with pre-pregnancy
obesity, similar to rates of excessive GWG in this clinical
population (4). Women who volunteer to participate in an
intervention study may be more likely to be concerned
about weight gain, and thus may be more likely to gain more
than recommended for their entire pregnancy regardless
of intervention. Rates of excessive GWG of 50% or more
have been observed in other digital GWG intervention
studies, including those that showed an overall effect on
GWG (43,46,47). In our study, 64% of participants had
average weekly weight gain during the intervention higher
than recommended, similar to an analysis of data from
the LIFE-Moms consortium, a group of 7 independent
but coordinated clinical trials with the goal of identifying
effective interventions for reducing GWG in women with
pre-pregnancy overweight or obesity which reported that
62% of women in the intervention condition had excessive
weekly GWG (compared to 75% in the standard care
group) (48). A recent systematic review and meta-analysis of
digital health interventions targeting diet, physical activity,
and weight gain during pregnancy found that only 2 of the
11 included studies had an impact on GWG (16). Together,
our findings and those of previous studies highlight the
difficulty of preventing excessive GWG, and the importance
of engaging patients early in pregnancy—and perhaps
even pre-conception for women planning a pregnancy.
The lessons learned about feasibility and acceptability in
the current study can inform the next generation of digital
health intervention to prevent excessive GWG.

"This study has strengths and limitations. While our sample
was racially/ethnically diverse (42% non-Hispanic white
versus 51% nationally) and a third were unmarried (versus
40% nationally), our sample was more educated than US
women giving birth overall (50% with a Bachelor’s or higher
education versus 34% nationally) (49). Almost half the sample
reported that it was somewhat or very difficult to pay for basic
expenses. Including participants with a range of economic
resources in pilot testing provides useful information about
feasibility, as challenges to healthy eating and physical activity
faced by women may differ by socioeconomic status (50). As
noted above, the current feasibility pilot was a one-arm study,
and thus does not provide information on expected GWG in
absence of intervention.

Feedback from participants and our own notes and
reflections on designing and conducting this study suggest
that the intervention website created for this study does
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not have adequate usability. While average participant
ratings of the usability of the intervention website were in
the above-average to high range, and 64% of participants
explicitly said that the website was easy to use in post-
intervention interviews, every single participant also
mentioned one or more usability issues in their interview.
Instead of creating a digital platform on which to deliver
a behavioral intervention, researchers can also leverage
commercial social media platforms for intervention delivery
(19,51). During the post-intervention interviews, we asked
participants their preferred intervention platform, and 18%
indicated that they strongly or somewhat preferred a private
website, 18% had no preference, and 64% strongly or
somewhat preferred a private Facebook group—indicating
that participant preferences vary. While researcher-
created websites or mobile apps may be able to provide
participants with more anonymity and confidentiality, it
can be expensive to develop, update, and maintain these
platforms (52). Further, participants may come to expect
the high quality and user-friendliness of commercial
platforms which will be hard to achieve in an academic
research budget. Commercial social media platforms often
have existing functionality to sync data from other mobile
apps or activity trackers. While commercial social media
platforms have attractive interfaces with robust features
and regular software updates, changes to how users view,
share, and interact with content can pose challenges to
researchers leveraging these platforms for intervention
delivery [e.g., (53,54)]. Changes to algorithms that control
what content users see can also influence treatment receipt if
intervention posts are missed (55,56), and plans to examine
engagement patterns can be disrupted by changes to
platforms’ application programming interfaces (APIs) (57).
In addition to providing researchers with easier access to
and greater control over participants’ data, investigator-
created platforms have the additional advantage of ready
access to back-end data on user logins and views, which
allows examination of lurking (i.e., reading without visible
engaging) (58). As mentioned by several participants in the
current study, privacy and confidentiality is a concern when
using commercial social media platforms—a concern that
is well founded (59) but also inherent to technology that is
scalable to billions of users without charging them for use.
Researchers developing digital health interventions must
consider the tradeoffs of developing their own intervention
platform versus leveraging a commercial social media
platform, including issues of privacy, data access, scalability,
intervention delivery costs, and costs to participants.

© mHealth. All rights reserved.
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In this study, we asked participants about their interest in
receiving an intervention via Facebook because it is by far the
most popular social media platform among US adults (60).
However, as social media use trends change over time,
researchers may want to consider whether other popular
social media platforms have the desired functionality for
intervention delivery (19). While a greater proportion of US
adults aged 30-49 years currently use Facebook compared to
Instagram (77% versus 48%), Instagram is similarly popular
among those aged 18-29 years (70% versus 71%) (61) and
more popular among teen girls (69% use Instagram versus
34% use Facebook) (62), suggesting that Instagram may
be a desired platform for contemporary and future cohorts
of pregnant persons. Many people turn to Instagram for
information and support during their pregnancies (63), and
as of late November 2022, 24.6 million and 20.7 million
Instagram posts included the hashtags #pregnant or
#pregnancy, respectively. In our previous work, we found
that creating a private group on Instagram was feasible
and acceptable to pregnant women, including switching
to a second account to view intervention content, and that
the majority of women in the study would be interested
in receiving a lifestyle intervention on this platform (64).
Future research is needed to develop and test the efficacy of
digital lifestyle interventions to support pregnant persons
with healthy GWG, and lessons learned from the current
study can inform these future efforts.
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