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Abstract

Background: Mobile technology is ubiquitous. Women of childbearing age have embraced health information
technology for pregnancy-related counsel as prenatal care provider communication is increasingly scarce and brief.
Pregnant women and new mothers place high value in the use of online sources to support their pregnancy
information needs. In Canada, over 300,000 women are pregnant annually, with approximately 60% exceeding
evidence-based weight gain recommendations. Mobile health (mHealth) tools, such as mobile applications (app),
have the potential to reduce excessive gestational weight gain, offering pregnant women trustworthy guidance,
ultimately improving the health outcomes of mothers and infants. Therefore, the primary aim of this study was to
implement a qualitative, descriptive research design to assess the receptiveness, functionality, and future
prospective of the SmartMoms Canada mHealth app.

Methods: Two focus groups (n = 13) involving both currently pregnant and recently postpartum women were
organized on the same day. Focus groups were transcribed verbatim and thematic analysis was undertaken using
manual coding and NVivo software. Participants who took part in the focus groups (n=13) and those who could
not attend (n =4) were asked to complete a Likert-scale survey. All survey responses (n = 17) were analyzed using
simple tabulation and percentage analysis.

Results: Participants were technologically proficient and interacted with several mHealth tools prior to testing the
SmartMoms Canada app. Six major themes emerged from thematic analysis: knowledge of pregnancy-specific mHealth
services, knowledge and attitudes of weight gain guidelines, weight tracking, strengths of the app, critique and lastly,
future suggestions for the app.

Conclusions: Our thematic analysis found that women positively viewed the future potential of our app and offered
constructive feedback to improve the next version. Participants sought more personalization and enhanced app
interactivity, along with promotion of overall maternal health including nutrition and mental health, in addition to
weight tracking.
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Background

Worldwide, over 7 billion mobile cellular subscriptions
were reported by the International Telecommunication
Union in 2016 [1], rendering mobile technology
near-ubiquitous. There is immense potential for mo-
bile technology to provide a platform for initiation of
large-scale health promotion interventions aimed at
informing personal health parameters. Mobile health
(mHealth) technologies, in particular, have already
shown significant promise in delivering cost-effective
health services in low-to-middle income countries [2],
and their use is encouraged by the World Health
Organization (WHO) as a means of improving mater-
nal and child health [3, 4].

In Canada, over 300,000 women are pregnant annu-
ally [5], with greater than 50% entering pregnancy
overweight or obese [6] and nearly 60% exceed Insti-
tute of Medicine (IOM) gestational weight gain
(GWG@G) guidelines [7]. Weight gain above guidelines is
associated with an intergenerational cycle of obesity
[8], affecting the short- and long-term health of both
mother and infant. Adverse maternal health outcomes
of excessive GWG include pre-eclampsia [9], postpar-
tum weight retention [10], and obesity [11]. Adverse
fetal health outcomes include the risk of being born
large-for-gestational age [12], downstream metabolic
disorder, overweight and obesity [13]. Several epi-
demiological studies on fetal programming [14—16]
have shown that environmental factors in utero (i.e.
excessive GWG and maternal obesity) alter one’s sus-
ceptibility to downstream disease [17, 18]. Thus, a
healthy womb is essential for a healthy pregnancy and
optimizing weight gain within guidelines is critical for
improving maternal-fetal health outcomes.

Few women report being appropriately counselled on
pregnancy weight gain guidelines from their healthcare
providers (HCPs) [19, 20]. A recent review found that
GWG counselling between healthcare provider (HCP)
and patients is often infrequent and inaccurate [Weeks
et al, 2018, Obstetrical & Gynecological Survey, in
press]. Prenatal HCPs also report feeling unequipped
to deliver adequate lifestyle counselling [20], including
diet and exercise. This is likely a result of these ser-
vices being resource-intensive, time-consuming, and
impractical within the Canadian healthcare system
[21]. A need to develop novel, cost-effective, and sus-
tainable approaches to preventing excessive GWG are
necessary in the technologically-driven environment of
the twenty-first century. Fortunately, pregnant women
and new mothers report value in using online sources
and mHealth applications (apps) to support their infor-
mation needs [22], viewing them as central to a healthy
lifestyle [23]. The Internet also plays a significant role
in women’s pregnancy-related decision-making [24].
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Thus, the use of mHealth interventions in prenatal
care may increase patient empowerment, leading to ef-
ficient care and greater patient satisfaction [25].

Evidently, the development of reliable, evidence-based,
health information services through mHealth technologies
are necessary to meet the needs of the current and next
generation of tech-savwy women. The SmartMoms
Canada mHealth app, modeled after an earlier US-version
[26], is one such app designed to improve weight out-
comes during pregnancy. Unlike other pregnancy apps,
SmartMoms Canada, is predominantly research-based
and health-focused. It aims to integrate and maintain
healthful lifestyle behaviours such as engaging in physical
activity, a healthy diet, managing anxiety, and practicing
adequate sleep hygiene. SmartMoms Canada offers
cost-effective, real-time, personalized support in order to
overcome the limitations of standard prenatal care en-
countered by Canadian women. Herein, the primary ob-
jective of this study was to conduct a preliminary
exploration of women’s attitudes towards the SmartMoms
Canada app as a reliable source of information and ability
to address lifestyle behaviours related to GWG. Secondly,
this study explored women’s receptiveness and critique to-
wards the functionality and feasibility of SmartMoms
Canada in order to inform the design and methodology
for a future multi-centre assessment of the app.

Methods

Ethics approval

This study conformed to the regulations set forth by the
Declaration of Helsinki. The University of Ottawa, Re-
search Ethics Board (file number: H11-16-17) approved
the facilitation of the focus groups. Informed consent was
obtained from all interested and eligible participants.

Study design

A qualitative, descriptive research study design was imple-
mented to assess the utility of the SmartMoms Canada
mHealth app. A total of two focus groups, occurring on
the same day, were organized to evaluate the receptive-
ness, functionality, and future prospective of the app.
Following the completion of the two focus groups, partici-
pants were given a self-administered survey composed of
only Likert-scale questions. Likert-scale questions were
chosen to ensure simplicity of the survey so that partici-
pants may understand the questions without the need of
guidance from the researchers.

Study setting, participants, and recruitment

Women who were pregnant or had given birth to a
baby within six months of the first scheduled focus
group were invited to participate in one of two focus
groups at the University of Ottawa, Canada. The city
of Ottawa is Canada’s capital city. It is a bilingual city
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where both official languages, English and French, can
be used as desired as a means of communication. It is
the fourth largest city in Canada by population (ap-
proximately 870,000 or 1,300,000 residents including
both the Ottawa-Gatineau region) [27]. Annually, there
are between 8000 and 9000 births in Ottawa and a
total fertility rate of 1.43 births per woman [28].
Ottawa is an urban center with two major economies
formed by the federal government and high technol-
ogy. The population makeup of Ottawa is predomin-
antly Caucasian [27]. Participants were recruited
through a snowball recruitment technique whereby
women who participated in other pregnancy-focused
studies in our lab, informed their friends and family
about the opportunity to participate in upcoming re-
search studies. Social media advertisements were also
made on Facebook and Twitter. Recruitment took
place from July 2017 to September 2017. All corres-
pondence with participants was completed through a
designated SmartMoms Canada email operated by
Google mail servers at canadasmartmoms@gmail.com.
Pregnant and/or postpartum women included in the
study were between the ages of 18 to 40 years, fluent
in either English or French, had access to Wi-Fi™ and
could dedicate at least one week to trial the Smart-
Moms Canada app and accessories. Excluded from the
study were women who had a newborn greater than
6 months old by the first scheduled focus group.
Women were offered beverages and catered food, were
provided with childcare, and were given a $10 gift card
for their participation.

Development of the SmartMoms Canada Mobile health
application

The SmartMoms Canada app is a new and innovative,
evidence-based tool, modelled after an earlier US version
[26] that allows mothers-to-be to monitor their GWG and
attain a healthy pregnancy weight. This is made possible
through stand-alone content with individualized nutrition,
physical activity, sleep and other lifestyle recommenda-
tions. Women of childbearing age are increasingly
tech-savvy and SmartMoms may become an important
contributor to pregnancy-related mHealth technology.
Further, in-person weight management interventions dur-
ing pregnancy may not be cost-effective and cannot reach
a national population. There are several key differences
between SmartMoms Canada and the earlier US version,
called SmartMoms. Our mHealth tool is offered in both
official languages of Canada, that is, French and English.
Further, our app includes synchronization with a newer
©Fitbit device, the Charge 2 fitness tracker, which offers
sleep, exercise, and diet tracking in addition to daily step
counts as well as mental health and mindfulness tech-
niques that are complemented by app content. Lastly,
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there is greater emphasis on physical activity within our
app, whereby women are provided with thorough and
visually-based exercise guidelines. Therefore, the Smart-
Moms Canada app is a proposed, cost-effective, solution
to improve pregnancy outcomes across Canada.

Procedures and data collection

Participants were asked to take part in two sessions on
two separate days. The two sessions were separated by a
minimum of 2 weeks or a maximum of 4 weeks and each
lasted approximately 90 min. The purpose of the first ses-
sion was to gather preliminary information on the partici-
pating women, introduce them to the study, provide them
with the SmartMoms Canada app and accompanying
technological accessories, and offer detailed guidelines on
how to use the study equipment. The purpose of the sec-
ond session was to have the women participate in one of
the two focus groups, scheduled on the same day. The
focus groups sought to evaluate women’s perspectives on
their interactions with SmartMoms. All sessions took
place at the Prevention in the Early Years Laboratory lo-
cated at Lees Campus, University of Ottawa.

During the first session, participants were encour-
aged to ask questions and to complete a written in-
formed consent document. A preliminary screening
form was used to collect age, height, weight, gesta-
tional age (if applicable), and age of their newborn (if
applicable). The SmartMoms app was developed for
both Android (Google LLC, Mountainview, CA, USA),
and IOS (Apple Inc., Cupertino CA, USA) devices,
however, only the Android version was available to in-
dividuals participating in the focus groups. The app
was downloaded on participants’ personal phones or
designated android devices, if necessary. A Fitbit
Charge 2 fitness tracker (©Fitbit, Inc. San Francisco,
CA, USA) and a BodyTrace scale (©BodyTrace, Inc.
New York, NY, USA), were provided and participants
were given a minimum of one week to become familiar
with the technological accessories.

During the second session, participants arrived at the
lab during their scheduled focus group. A 32-item
checklist for interviews and focus groups, the Consoli-
dated Criteria for Reporting Qualitative Research
(COREQ), was utilized to support the second session
[29]. An external expert from the Parriag Group [30]
moderated the focus groups in accordance with a mod-
erator’s guide developed specifically for this study.
Two members of the study team (LH and KH) were
present to take detailed notes. The moderator’s guide
was informed by the literature on IOM weight gain
recommendations [31], the use of mHealth technolo-
gies among pregnant women [32], along with HCP
views on mHealth lifestyle interventions and current
prenatal care practices and limitations [23]. At the
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conclusion of each focus group, women completed a 5 to
10 min, self-administered questionnaire that evaluated in-
formation on weight tracking practices, diet, and physical
activity along with women’s experiences and overall im-
pression of the SmartMoms Canada app.

Data management and analysis

Likert scale responses from the questionnaire were an-
alyzed using simple tabulation. All focus groups were
transcribed verbatim. Inductive content analysis [33]
and NVivo 11 software for Windows (QSR Inter-
national Pty Ltd., Doncaster, VIC, AUS) were used to
analyze the transcribed data. Multiple complete
read-throughs of each transcript were conducted inde-
pendently by two members of the research team in a
four-step process. Firstly, both team members read the
combined focus group data independently. Secondly,
the team members conducted manual/NVivo open
coding of each transcript reading them line-by-line,
and adding interpretive notes to the margins beside
the text [34, 35] to ensure data immersion was
achieved. Thirdly, similar words and codes were col-
lected from the margins onto coding sheets and cate-
gorized to generate a coding list. A template analytic
style of coding was used to create the coding lists,
whereby codes were derived from the data [36].
Memos were made during coding to link observations
and to make inferences [37]. Codes representing simi-
lar ideas within and across the interviews were clus-
tered into sub-categories/themes. The collection of
groups of codes and collapsing of similar or dissimilar
groups was done to establish broader higher order cat-
egories [38—40]. In the final step, abstraction was used
to confirm higher order categories and to establish
emergent themes [41]. The two team members confer-
enced regularly to discuss and resolve any differences
in codes and themes at each stage. A third team mem-
ber who had been present during the focus groups,
participated in the final step of the analysis (abstrac-
tion) using NVivo to provide further validation of the
themes that emerged from the other two authors. Con-
sensus was sought to resolve any theme discrepancies
among the three team members.

Results

Participant characteristics

A total of 18 (11 pregnant, 7 postpartum), women were
interested and eligible to participate in the focus
groups. Of these women, 1 could no longer dedicate
the time to participate and 17 attended the first ap-
pointment and were given the app along with the ne-
cessary accessories. Following the first appointment, 4
women were lost to follow-up (3 participants had a
scheduling conflict and 1 pregnant participant gave

(2018) 18:95

Page 4 of 11

birth on the day of the focus groups). Residents of the
City of Ottawa are generally highly educated due to
the two main sectors of the economy, the federal gov-
ernment and high technology, along with a large hos-
pital sector. Of the occupational information shared
with our research team by the participants, a resident
physician in family medicine, a PhD in clinical psych-
ology, an occupational therapist, a midwife, a regis-
tered practical nurse, and two employees of the federal
government were present during the focus groups. The
two focus groups included eight and five participants,
respectively, for a total of 13 participants. Of the 13
participants, 11 were found to be recruited through a
snowball approach and 2 were recruited through social
media advertisements (1 via Facebook and 1 via Twit-
ter). The women were on average 31+ 3.28 years of
age and categorized as having an overweight BMI
(27.2 + 4.16 kg/m?) prior to being pregnant. For partic-
ipants that were pregnant, they were on average five
months into their pregnancy and those who had
already given birth, were approximately two months
postpartum. A summary of participant characteristics
is provided in Table 1.

Questionnaire responses

Participant responses on weight tracking practices, diet,
and physical activity, along with the women’s experience
and overall impression of the SmartMoms Canada app
are presented in Table 2. The survey response rate was
100%. Of the 17 women who were distributed the survey,
17 completed surveys were given back to the researchers
for analysis. Greater than half of the pregnant and post-
partum women believed tracking weight gain was ‘some-
what important, and maintaining a healthy diet during
pregnancy was ‘important” It should be noted that

Table 1 Participant Characteristics

Characteristic Mean (SD)
Age (yrs) 315 (3.28)
Height (m) 1.62 (0.07)
Pre-pregnancy weight (kg) 66.0 (10.5)
Pre-pregnancy BMI (kg/m?) 25.1 (3.55)
Current weight (kg) 714 (11.0)
Current BMI (kg/m?) 27.2 (4.16)

Gestational age (weeks and days, if pregnant) 20 weeks 2 days

Age of newborn (weeks and days, if postpartum) 9 weeks 2 days

Note. A total of 8 women (5 pregnant and 3 new mothers) participated in the
first focus group and a total of 5 women (3 pregnant and 2 new mothers)
participated in the second focus group. Altogether, a combined total of 13
women (8 pregnant and 5 new mothers) participated in one of the two focus
groups. BMI was calculated using the following formula: [weight (kg)] +
[height (m)]°. Independent sample t-tests (significance level set at alpha = 0.05)
demonstrate that pregnant and postpartum women did not differ statistically
with respect to age, pre-pregnancy BMI and current BMI. SD refers to

standard deviation
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Table 2 Attitudes of Pregnant and Postpartum Women who Attended the First Session Toward Weight Gain, Physical Activity,
Nutrition, and the Prospective Use of the SmartMoms Canada App during Pregnancy

Survey Questions

Pregnant and Postpartum Women’s Responses

How important is/was it for you to keep track of your weight gain
during pregnancy?

How important is/was it for you to maintain a healthy diet
during pregnancy?

How important is/was it for you to be physically active throughout
your pregnancy?

Based on your experience so far, how useful is the SmartMoms Canada app?

How likely are you to use the SmartMoms Canada app for your
entire pregnancy?

How likely are you to recommend the SmartMoms Canada app
to someone else who is pregnant?

Not at all Somewhat Important  Very Not
important important important  sure

1 (6%) 10 (59%) 3 (18%) 3 (18%) 0 (0%)

0 (0%) 0 (0%) 10 (59%) 7 (41%) 0 (0%)

0 (0%) 2 (12%) 7 (41%) 8 (47%) 0 (0%)
Not at all useful Somewhat useful Useful Very useful  Not sure
0 (0%) 14 (82%) 3 (18%) 0 (0%) 0 (0%)
Not at all likely ~ Somewhat likely  Likely Very likely  Not sure
2 (12%) 8 (47%) 6 (35%) 0 (0%) 1 (6%)

1 (6%) 9 (53%) 6 (35%) 1 (6%) 0 (0%)

Note. A total of 17 survey responses were collected after the completion of both focus groups. This total of 17 women includes the women who participated in
the focus groups (n = 13) and those who completed the first session of the study but did not attend the focus groups (n = 4). Important: all responses are
presented as n (%), indicating the number of participants who selected this response and percentage of the total in brackets

approximately one third of the participants believed keep-
ing track of weight gain was ‘important’ and ‘very import-
ant’ and nearly half of the women believed being
physically active throughout pregnancy was ‘important’ or
‘very important.” The SmartMoms Canada app was found
to be ‘somewhat useful’ to the participants (82%). Greater
than half of the participants were ‘somewhat likely’ and
‘likely; respectively, to use the app throughout pregnancy.
Similarly, nearly half of the participants were ‘somewhat
likely’ (53%) and ‘likely’ (35%) to recommend the app to
someone who was pregnant.

Thematic findings

Women were quite receptive to testing the content and
functionality of the SmartMoms Canada app along with
the accompanying technological accessories, for the dur-
ation allotted to them prior to attending the focus group.
Overall, the app tested well with the sample population
and was found to be a useful tool for pregnant women
intending to monitor their health, particularly weight and
physical activity, throughout pregnancy.

Six major themes and several associated sub-themes
emerged from thematic analysis of the focus group tran-
scripts and are presented in Table 3. The first theme was
Strengths of the SmartMoms app. Participants were in ac-
cord that the app provided pregnancy guidance, support,
and offered useful pregnancy-related information, particu-
larly as a tool that can contribute to lowering stress levels
and distribute informal support that HCPs may not have
time to offer. Many women positively viewed the
pregnancy-specific exercises and enjoyed the help of the
visual provided. These exercises are demonstrated using a
short graphics interchange format of a pregnant woman

performing a movement in addition to a text description
of the exercise. Participants were keen on using the ©Fit-
bit accessory to track their fitness and notably, their sleep
patterns. Women agreed that the information provided in
SmartMoms about sleep was helpful and provided a
greater focus on overall health, in addition to physical
activity practices.

A second theme derived from analysis was Critique of
the SmartMoms app. Participants were critical, predomin-
antly of the design and aesthetic of the app, such as colour
schemes and the layout of the information provided.
Women were interested in setting their own goals and
interacting with the app in terms of creating their own
checKklists and to-do lists. Feedback on weight gain was
commented upon by the majority of women. The app is
designed to provide information on whether guideline-
concordant weight gain has been achieved by informing
women if they are within or outside the appropriate
evidence-based, IOM, weight range. Women requested
feedback on how to proceed if they are over or under the
weight gain zone. Participants expressed that the app em-
phasized weight to a greater extent than they would have
preferred and requested more emphasis on physical activ-
ity. Women also agreed that there were developmental
coding errors and technical issues associated with the
synchronization of the app and accessories.

The group of women who took part in the focus
groups were technologically proficient and informed.
From this, a third theme emerged which was the
Knowledge of Pregnancy-Specific mHealth Services. The
women used several mHealth services such as Baby-
Center, TheBump, What to Expect, and Ovia health. A
fourth theme to arise from analysis was Knowledge and
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Table 3 Themes and Subthemes from Focus Groups regarding Content, Functionality, and Future Prospective of SmartMoms

Canada

Thematic Analysis

Supportive Evidence

1. Strengths of the SmartMoms app

Pregnancy guidance and support

Pregnancy-specific exercises

Synchronization with ©Fitbit

Advice on sleep

2. Critique of the SmartMoms app

Design and aesthetic

Interactivity

Feedback

Emphasis on weight gain

Developmental and technical issues

‘| definitely think that for people who haven't necessarily tried a whole bunch of fitness apps or
haven't tried other pregnancy apps, its a fantastic place to start. Because it's a tool, and when you're
pregnant any tool [is] helpful because it answers your questions and it helps you lower your stress
level and having some guidance is wonderful.”

‘I think a lot of people [would] rather turn to apps in pregnancy because it gives them that informal
support that their OB or their midwife may not have time to offer them, or they may not feel
comfortable asking questions...and it can be a real asset.”

‘I thought it was helpful to have...small pockets of information”

“All the exercises. .. were great.”

‘I didn't always read the entire text [associated with exercises], because the visual was a pretty good
reminder.”

" definitely like that you can see the image of the [pregnant] person”

‘I never had a ©Fitbit before and really being mindful about how much I'm walking...if it had
[synched] would've been more interesting.”

‘I found them [SmartTips] helpful in general, especially sleep is really interesting, because it’s not
something | prioritize or think of at the forefront of health, but it [SmartMoms] kind of explains that
when you're not sleeping enough you're probably going to eat more, and [this] can be linked to
gestational diabetes, so [it] is interesting. ..l found it was good and made me more well-rounded
when it comes to health”

‘I think part of it is that in a lot of apps you get some visual to cue you to touch things and here
because everything was kind of [in] squares...you didn't have that same visual cues.”

"l find other apps [have]...really bright colours, there’s things that are standing out, whereas this
[SmartMoms] is a little more muted.”

‘I find something big with [SmartMoms] is there’s no real interactivity...it says, “set goals” but you
can't put a goal in, and it says this is a checklist of things to do but you can't check off these are
things I've done.”

‘I think part of it is...it [SmartMoms] kept saying you're underweight...so [now] what should | be
eating that's healthy?..what’s the next recommendation? | think that little bit of [information on] how
to eat more healthy so that | could be in the healthier range would have been... more helpful.”

‘I do find the emphasis on the app, on the weight gain like | would have preferred more on the
physical activity [such as] these are things good for your hips at this stage; your body is changing in
this way so focus on these stretches.”

"My weight would change 15 Ibs depending on where | was taking my weight in my apartment. But
it [©BodyTrace scale] was just not synching with the app. So, | did not use it as much as perhaps |
should.”

‘I found every time I'd go to settings that’s when it would crash.”

3. Knowledge of Pregnancy-Specific mHealth Services

Technologically proficient group that interacted
with several mHealth tools

‘I used the BabyCentre app. It doesn't have any of the health tracking, but it does have a lot of good
articles and forums to talk to other moms. [BabyCentre] has updates on where you are in the
pregnancy.”

“...I started using Ovia because a friend of mine who was pregnant last year recommended it to
me...and that app [Ovia] in particular helped replace a lot of the heavily been googled forums of “Is
this normal?!”

4. Knowledge and Attitudes of Weight Gain Guidelines

Strong familiarity of evidence-based guidelines

Negative views of guidelines

Positive views of guidelines

5. Weight Tracking
Feedback on weight from HCP

‘I think we might be a very educated group, but other people aren't aware of that [IOM guidelines]
and they're still on that perspective that oh | can eat for two”

‘I think move away from the numbers and just more education about the concept of healthy weight
gain and then healthy eating”

‘I think the guidelines are good, but | think its important to remember that they're guidelines.”

‘I think it's important that people know [the guidelines] but there’s a fine line between having people
stressed about [them] and being aware that just because they're pregnant doesn’t give them free
range to gain as much weight as they can”

‘I was weighed at all my appointments, but | think my doctor would have raised it [weight measured]
had it been a concern. These appointments are quick — okay, everything is good, okay, bye...do you
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Table 3 Themes and Subthemes from Focus Groups regarding Content, Functionality, and Future Prospective of SmartMoms

Canada (Continued)

Thematic Analysis

Supportive Evidence

Worry and stress associated with daily weight
tracking

Weight tracking positively viewed

6. Future Suggestions for SmartMoms Canada

Greater focus on overall maternal health

Incorporate exercise routines based on time,
availability, and trimester

Reassuring feedback and enhanced interactivity

Organize app content based on personal health
preferences

Connecting with other pregnant women, using
forums, discussion boards, and blogs

have any questions and if | don't have any questions then... | feel like the OB/GYN are really busy and
... found that they were really quick appointments and there wasn't any concerns then there was
nothing raised unless | had questions and in terms of me weighing myself at home, yes | would once
in a while mainly just because | was curious.”

‘I was followed by my GP up until 16 weeks and then referred but he never mentioned healthy weight
gain or what to expect. He weighed me every time, but | think similarly he would have said
something if there was something to worry about.”

‘I don't like to weigh myself daily because it makes me really anxious and I'm thinking any person
with an eating disorder, weighing yourself daily is not good. So maybe just a...reminder once a week
might be enough.”

“I've always weighed myself, once a week or once every two weeks. When | got pregnant | was on the
cusp of BMI of overweight, so it was something that | was concerned about, because | don’t want to
gain too much. But, having the app. ..l wanted to test it a lot, | did usually weigh myself every day...
but | would go back to weighing myself probably once a week.”

“...if you have a baby section maybe have a “what’s going on with your body this week” because for
a lot us who are first pregnancies, | thought it's been a sharp learning curve”

‘I think more focus on the exercise, more focus on the healthy eating, healthy sleeping...[and] water
intake. Weight is part of it [health] but...the other things are more important.”

“...I would have liked more of a healthy mind component as well.”

“Have mini workouts instead of just pick random exercises”

"Maybe when [SmartMoms] explains our routine, something is already built but that could change
throughout the pregnancy. Because what you can do in your first semester is not what you can do in
your third semester.”

“It would be nice to say how much time do | have? And you can have 5 min, 10 min [and then] pick
something [or] try this? That sort of thing really engages you.”

“Yeah! Some feedback would be good, reassuring.”
“Id like if it [SmartMoms] had notifications like “remember to do this today” or exercise plans...okay, |
have a plan, | can do this! Instead of, “well, what am | going to do today?”

‘I think it [SmartMoms] could just be visualized based on your health priorities. So, like you said like if
you don't want to see weight maybe it [can] go to the bottom of your dashboard or maybe it's
something you can hide completely. If you're more focused on making sure you get your greens or
your activity, then maybe that could be raised a little higher.”

“...on websites there are always discussion boards or a blog you kind of hear from other moms and
what they've tried....with the app, it's okay, it’s just what you should do...Its always nice to get
different opinions and what worked a little bit easier for someone and what worked better for
someone else.”

"Maybe it [SmartMoms] could even have a social aspect where you could link with other moms
within the radius who have the app.”

Attitudes of Weight Gain Guidelines. Women were
knowledgeable of IOM or other evidence-based weight
gain guidelines for pregnancy, however, some expressed a
negative perspective regarding the guidelines whereas
others expressed positive viewpoints. Those who por-
trayed negative views of the guidelines were critical of
the emphasis on a target number as opposed to focus-
ing on healthy eating. Contrarily, those who perceived
the guidelines positively viewed them as an important
reminder to be mindful of one’s weight and eating
habits throughout pregnancy.

Participants were near unanimous on their view-
points regarding Weight Tracking, a fifth theme to
emerge from transcript analysis. Most women reported
that they often did not receive feedback on weight
from their HCP and weight gain guidelines were not

discussed. Women made note of the quick nature of
prenatal care appointments and emphasized the lack of
time that HCPs have to allocate to their patients. Many
participants highlighted that daily weight tracking was
stress-inducing and would prefer to monitor their
weight only once in a while. However, some partici-
pants considered themselves weight-centric and posi-
tively viewed daily weight tracking.

A final theme to emerge from thematic analysis was
Future Suggestions for SmartMoms Canada. Partici-
pants provided wholesome feedback for the next
version of the SmartMoms Canada app. Women pre-
dominantly viewed the app as a means of tracking
weight throughout pregnancy and wanted greater focus
on overall maternal health, emphasizing exercise,
healthy eating, sleep, and mindfulness. Participants
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were in consensus that the app should incorporate
more feedback in the form of notifications, along with
further interactivity that would allow women to input
their own goals. Women thoroughly enjoyed the exer-
cises in the app, however, they suggested including
short workout routines based on time availability and
stage of pregnancy. Participants also wanted to be able
to organize the app content based on one’s health pref-
erences and were interested in connecting with other
pregnant women who were using the app to discuss
pregnancy-specific matters through an embedded dis-
cussion board, forum, or blog.

Discussion

This study explored pregnant and postpartum women’s at-
titudes towards a novel pregnancy app, SmartMoms
Canada. Principally, we found that women positively
viewed the app with respect to its ability to provide preg-
nancy guidance, pregnancy-specific exercises, and advice
on sleep. From our qualitative analysis, it is clear that preg-
nant women interact often with mHealth services and seek
such tools to provide them with information and informal
support that HCPs may not have time to offer. We also
found that women who were not weight-centric prior to
pregnancy, experience worry and stress with daily weight
tracking. Participants highlighted the importance of organ-
izing the app based on their personal health preferences
and that emphasis on overall maternal health (i.e. combin-
ation of exercise, nutrition, and mindfulness) are included.
In addition, women viewed the future prospective of the
app to have potential for health promotion during preg-
nancy and limit excessive GWG given the design, aesthetic,
developmental coding errors, and synchronization difficul-
ties are resolved in the upcoming version.

It is of no surprise that women have already taken the
lead in utilizing mHealth tools as key sources of informa-
tion and actively access the Internet for pregnancy-related
support, ultimately impacting their decision-making [24,
42]. In accordance with this evidence, the women in the
focus groups made use of several pregnancy-specific
mHealth tools for guidance. Women embraced the use of
the Internet to provide them with efficient information in
support of their decision-making that their care providers
did not have the resources or time to offer. Future work,
however, should focus on evaluating the reliability of in-
formation received from websites and apps [25]. Prenatal
care providers have voiced concerns over the loss of infor-
mation control and the health risks associated with expos-
ure to inaccurate information through electronic health
(eHealth) and mHealth services [23]. Our app, in particu-
lar, is a research-based, non-for-profit, health-focused tool
developed by a team of experts in pregnancy lifestyle in-
terventions and maternal-fetal health. Recognizing this,
women in the study indicated that they were ‘likely’ and
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‘somewhat likely’ to use the SmartMoms app throughout
pregnancy and to recommend the app to others who are
pregnant, thereby encouraging the development of the
next version of SmartMoms Canada.

On average, the women in this study were categorized as
having an overweight BMI prior to entering pregnancy.
Our sample demographic is reflective of the Canadian
pregnant population. The rate of obesity has significantly
increased among Canadian women aged 18 years and older
in recent years and is predicted to rise in the near future
[43]. Thus, prevention of obesity during pregnancy is of
high priority in the Canadian healthcare system. After be-
ing presented with the 2009 IOM weight gain guidelines,
women in the focus groups recognized the guidelines and
generally understood the importance of staying within rec-
ommendations. However, some women expressed negative
views towards the guidelines in that they are too strict and
should focus more on healthy eating and physical activity.
Women who view IOM weight gain guidelines in a nega-
tive light, should recognize that the lifestyle interventions
(i.e. healthy eating, physical activity, and mindfulness) they
seek from guidelines are primarily developed to optimize
healthier rates of GWG and prevent excess GWG across
the entire pregnancy. Since the inception of the IOM
guidelines, several studies and systematic reviews have
stressed the negative health outcomes for both mother and
baby associated with entering pregnancy overweight or
obese and gaining above recommendations during preg-
nancy [44, 45]. Further, a systematic review of 22 research
articles found that self-weighing interventions improve
weight outcomes, wherein no negative psychological effects
are associated with self-weighing at a frequency of daily or
weekly [46]. As part of a strategy for gaining weight during
pregnancy within the most recent guidelines, the IOM has
set detailed recommendations of weight gain per week
based on pre-pregnancy BMI [47]. Therefore, a minimum
of weekly self-weighing is necessary to ensure positive
pregnancy health outcomes. Given our enlightened under-
standing of women’s thoughts of pregnancy weight gain
guidelines from our analysis, the SmartMoms Canada app
can help inform women of guidelines and further educate
them on the importance of guideline adherence in addition
to offering lifestyle support such as physical activity, nutri-
tion, and mindfulness advice that women seek.

Healthcare providers have long been sought out to ad-
dress issues regarding excessive GWG to their patients
and provide them with evidence-based information. How-
ever, recent work has shown that many are failing to
counsel on weight during pregnancy [48]. Importantly,
HCPs report that weight is a sensitive topic to discuss with
their pregnant patients [49]. A major theme to emerge
from our study was the stress, worry, and sensitivity asso-
ciated with weight tracking. This is in accordance with
previous literature, which has found that weight gain may
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indeed be a sensitive topic for many women during preg-
nancy [50]. Women in our study reported either a lack of
time from HCPs to discuss weight-related concerns unless
the women raised the issue or a lack of confidence from
HCPs in adequately discussing healthy weight gain. These
findings are consistent with the challenges and barriers
perceived by HCPs when discussing GWG with patients.
mHealth technologies, such as SmartMoms may alleviate
these challenges thereby providing women with timely
GWG counselling. Moreover, SmartMoms can provide pa-
tients with evidence-based information on weight, healthy
eating, exercise, sleep, and mindfulness as an informal
support during pregnancy in which women can follow-up
with their HCPs.

Thematic analysis found that the future prospective of
the SmartMoms Canada app was promising, however,
several suggestions were offered. Focus group participants
emphasised the need for greater interactivity with the app
and a desire for enhanced feedback regarding weight,
physical activity, nutrition, and mental health. Women
suggested the inclusion of exercise routines based on time
availability and per trimester, along with being able to
organize app content based on personal health priorities.
In support of our findings, previous work has found that
pregnant patients present with a high demand for medical
information and seek web-based pregnancy applications
and tools that are personalized, interactive, trustworthy
and secure, focused on maternal and mental health, mo-
tivational, and easy to use [42, 51]. Given the rapid prolif-
eration of medical information technology, there is an
increased need for future work on the health outcomes as-
sociated with eHealth and mHealth interventions [25] and
a demand for patient groups to become involved in the
development and testing of mHealth applications (as pre-
sented in this study), as well as to assess the feasibility of
embedding such apps in a healthcare setting [42].

Strengths and limitations

Although the findings of the current study provided
important insight on a pregnancy-specific mHealth
tool, there are limitations that warrant mention. The
relatively small, fairly educated, sample prevents the
generalizability of findings to others and with partici-
pant recruitment limited to the surrounding region of
Ottawa, this may further limit transferability of find-
ings to other settings and participants. Given that
women had to contact researchers of their interest to
participate, it is possible the study was subject to vol-
unteer bias containing a homogeneous group of
women who were health conscious and proficient in
mHealth technologies. Despite these limitations, it
should be noted that as a pilot evaluation, a variety of
constructive feedback was still received. In addition,
the pilot feedback provided important insight which
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will be incorporated into future trials of the Smart-
Moms app, targeting a larger sample size and geo-
graphical region. Some strengths to note in the current
study include our rigorous procedure for thematic ana-
lysis and the use of multiple modalities to analyze the
focus group transcripts. Manual coding and NVivo
were used for data analysis, and a third team member
was added to the analysis procedure to validate codes,
categories, and to resolve any discrepancies among the
other team members.

Perspectives

After incorporating qualitative feedback, we postulate that
the SmartMoms Canada app may be a promising solution
to address the gaps in HCP communication related to
weight during pregnancy, along with support on physical
activity, diet, and sleep. Importantly, SmartMoms Canada
has been in continuous development since the completion
of the focus groups. The integration and synchronization
of Wi-Fi™ enabled accessories have been improved upon
and will soon operate smoothly in combination with the
app. The desire for greater feedback on weight gain
expressed by the women in the focus groups, has been
met. Women will now be notified on whether they are
within or outside the zone of appropriate weight gain for
gestational age using a validated mathematical model that
takes into account pre-pregnancy weight, current weight
gain, and caloric intake. The app then offers interactive
suggestions on how to return to or stay within one’s
weight zone through advice on nutrition and exercise. The
future of mHealth tools and their role in prenatal care will
depend on the successful embedding of these evidence-
based tools in daily health care routines and encouraging
HCPs to integrate such tools in their practice. Such a de-
mand will be fulfilled in the next version of the Smart-
Moms Canada app during a multi-centre, pan-Canadian
assessment of the app. Findings from this study and future
studies will contribute to offering home pregnancy care,
patient empowerment, and revolutionizing prenatal care
practices, ultimately contributing to improved maternal-
fetal health outcomes.

Conclusions

Pregnancy is a critical and teachable period during a
woman’s lifespan. Women in our study were techno-
logically proficient and comfortable using several
pregnancy-specific mHealth tools to track their health.
Generally, women found SmartMoms to be a useful
tool with respect to monitoring GWG, offering exer-
cise tips, and sleep guidance. Women sought greater
feedback and interactivity from the app and the need
for the next version to be free of developmental coding
obstacles so as to ensure an aesthetically pleasing,
smoothly functioning tool. Understanding women’s
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perspectives and attitudes towards a novel, health-focused
pregnancy app, as presented here for SmartMoms
Canada, will help inform future mHealth interventions
and encourage healthful behaviours during pregnancy. We
believe that such lifestyle interventions can help improve
population health by halting downstream health risks
associated with weight gain above IOM recommendations,
providing women with efficient, informal guidance
throughout pregnancy.

Abbreviations

App (s): Mobile Application (s); BMI: Body Mass Index; eHealth: Electronic
Health; GWG: Gestational Weight Gain; HCP (s): Health Care Provider (s);
IOM: Institute of Medicine; m-Health: Mobile Health; SD: Standard Deviation;
WHO: World Health Organization

Acknowledgements

The authors would like to extend their sincerest gratitude to all the women
who took part in our focus groups. Their time and thoughtful contributions
have been invaluable to the writing of this manuscript and the future
development of the SmartMoms Canada app.

Funding

The SmartMoms Canada project is funded by the Public Health Agency of
Canada (PHAC 1516-HQ-00057). PHAC played no role in the design of the
study, data collection, data analysis, interpretation of data, or writing of the
manuscript. LH and KAH are funded by the Ontario Graduate Scholarship
(OGS). RL is funded by the Canadian Institutes of Health Research (CIHR)
Health System Impact Fellowship.

Availability of data and materials
The data that support the findings of this study are available on request
from the authors.

Authors’ contributions

LH and RL primarily performed data analysis and assembly. KAH secondarily
performed secondary data analysis and analysis. LR team at PBRC developed
the original SmartMoms app after which SmartMoms Canada was modelled.
LH drafted the manuscript, along with RL. LH, RL, KAH, KS, LMR, and KBA
interpreted the study results. LH, RL, KAH, KS, LMR, and KBA edited and
revised the manuscript. All authors have read and approved the final version
of the manuscript.

Ethics approval and consent to participate

This study conformed to the regulations set forth by the Declaration of
Helsinki. The University of Ottawa, Research Ethics Board (file number: H11-
16-17), approved the facilitation of the focus groups. Ethics approval and
written informed consent to participate was acquired from all participants.

Consent for publication
Written informed consent for publication was obtained from all interested
and eligible participants who took part in the focus groups.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'School of Human Kinetics, Faculty of Health Sciences, University of Ottawa,
Ottawa, 200 Lees Ave, Ottawa, ON K1N 6N5, Canada. 2Penr\ington
Biomedical Research Center, Baton Rouge, LA, USA.

(2018) 18:95

Page 10 of 11

Received: 20 August 2018 Accepted: 31 October 2018
Published online: 12 November 2018

References

1. Press Release: ITU releases 2016 ICT figures ... https://www.itu.int/en/
mediacentre/Pages/2016-PR30.aspx. Accessed 29 Jul 2018,

2. Aranda-Jan CB, Mohutsiwa-Dibe N, Loukanova S. Systematic review on what
works, what does not work and why of implementation of mobile health
(mHealth) projects in Africa. BMC Public Health. 2014;14:188. https://doi.org/
10.1186/1471-2458-14-188.

3. World Health Organization. mHealth: new horizons for health through
mobile technologies. Observatory 2011;3 June:66-71.

4. Tamrat T, Kachnowski S. Special delivery: an analysis of mhealth in maternal
and newborn health programs and their outcomes around the world.
Matern Child Health J. 2012;16:1092-101.

5. Government of Canada SC. Live births and fetal deaths (stillbirths), by place
of birth (hospital or non-hospital). 2018. https.//www150.statcan.gc.ca/t1/
tbl1/en/tv.action?pid=1310042901. Accessed 30 Jul 2018.

6. Canada S. Overweight and obese adults (self-reported), 2014. In: Health fact
sheets 82-625-X; 2015. http://www.statcan.gc.ca/pub/82-625-x/2015001/
article/14185-eng.htm.

7. Kowal C, Kuk J, Tamim H. Characteristics of weight gain in pregnancy
among Canadian women. Matern Child Health J. 2012;16:668-76.

8. Adamo KB, Ferraro ZM, Brett KE. Can we modify the intrauterine
environment to halt the intergenerational cycle of obesity? Int J Environ Res
Public Health. 2012,9(4):1263-307.

9. Ferraro ZM, Contador F, Tawfig A, Adamo KB, Gaudet L. Gestational weight
gain and medical outcomes of pregnancy. Obstet Med Med Pregnancy.
2015;8:133-7.

10.  Mannan M, Doi SA, Mamun AA. Association between weight gain during
pregnancy and postpartum weight retention and obesity: a bias-adjusted
meta-analysis. Nutr Rev. 2013;71:343-52.

11. Cnattingius S, Villamor E, Lagerros YT, Wikstrom AK, Granath F. High birth
weight and obesity—a vicious circle across generations. Int J Obes. 2012,36:
1320-4.

12. Ferraro ZM, Barrowman N, Prud’homme D, Walker M, Wen SW, Rodger M, et
al. Excessive gestational weight gain predicts large for gestational age
neonates independent of maternal body mass index. J Matern Fetal
Neonatal Med. 2012;25:538-42.

13. Carreno CA, Clifton RG, Hauth JC, Myatt L, Roberts JM, Spong CY, et al.
Excessive early gestational weight gain and risk of gestational diabetes
mellitus in nulliparous women. Obstet Gynecol. 2012;119:1227-33.

14.  Barker DJ, Osmond C. Infant mortality, childhood nutrition, and ischaemic
heart disease in England and Wales. Lancet Lond Engl. 1986;1:1077-81.

15. Barker DJP, Osmond C, Winter PD, Margetts B, Simmonds SJ. Weight in
infancy and death from Ischaemic heart disease. Lancet. 1989;334:577-80.

16.  Barker DJ, Gluckman PD, Godfrey KM, Harding JE, Owens JA, Robinson JS. Fetal
nutrition and cardiovascular disease in adult life. Lancet. 1993;341:938-41.

17. Gluckman PD, Hanson MA. Developmental and epigenetic pathways to
obesity: an evolutionary-developmental perspective. Int J Obes. 2008;32:
S62-71.

18. Wadhwa PD, Buss C, Entringer S, Swanson JM. Developmental origins of health
and disease: brief history of the approach and current focus on epigenetic
mechanisms. [review] [72 refs]. Semin Reprod Med. 2009,27:358-68.

19. McDonald SD, Pullenayegum E, Taylor VH. Erratum: Despite 2009 guidelines,
few women report being counseled correctly about weight gain during
pregnancy. Am J Obstet Gynecol. 2011;205:333.e1-6 Am J Obstet Gynecol.
2015;212:102-102.

20. Ferraro Z, Rutherford J, Keely EJ, Dubois L, Adamo KB. An assessment of
patient information channels and knowledge of physical activity and
nutrition during pregnancy. Obstet Med. 2011;4:59-65.

21. Adamo KB, Ferraro ZM, Goldfield G, Keely E, Stacey D, Hadjiyannakis S, et al.
The maternal obesity management (MOM) trial protocol: a lifestyle
intervention during pregnancy to minimize downstream obesity. Contemp
Clin Trials. 2013;35:87-96.

22, Lupton D. The use and value of digital media for information about
pregnancy and early motherhood: a focus group study. BMC Pregnancy
Childbirth. 2016;16:171. https://doi.org/10.1186/512884-016-0971-3.

23, Willcox JC, van der Pligt P, Ball K, Wilkinson SA, Lappas M, McCarthy EA,
et al. Views of women and health professionals on mHealth lifestyle


https://www.itu.int/en/mediacentre/Pages/2016-PR30.aspx
https://www.itu.int/en/mediacentre/Pages/2016-PR30.aspx
https://doi.org/10.1186/1471-2458-14-188
https://doi.org/10.1186/1471-2458-14-188
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310042901
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310042901
http://www.statcan.gc.ca/pub/82-625-x/2015001/article/14185-eng.htm
http://www.statcan.gc.ca/pub/82-625-x/2015001/article/14185-eng.htm
https://doi.org/10.1186/s12884-016-0971-3

Halili et al. BMC Medical Informatics and Decision Making

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.
35.

36.
37.
38.
39.
40.
41.

42.

43.

44,

45.

46.

47.

48.

interventions in pregnancy: a qualitative investigation. JMIR MHealth
UHealth. 2015,3:¢99.

Lagan BM, Sinclair M, Kernohan WG. What is the impact of the internet on
decision-making in pregnancy? A global study. Birth. 2011,38:336-45.

van den Heuvel JF, Groenhof TK, Veerbeek JH, van Solinge WW, Lely AT,
Franx A, et al. eHealth as the next-generation perinatal care: an overview of
the literature. J Med Internet Res. 2018;20:202.

Redman LM, Gilmore LA, Breaux J, Thomas DM, Elkind-Hirsch K, Stewart T, et
al. Effectiveness of SmartMoms, a novel eHealth intervention for
Management of Gestational Weight Gain: randomized controlled pilot trial.
JMIR MHealth UHealth. 2017;5:e133.

Dept CS. Economy and demographics. 2018. https.//ottawa.ca/en/city-hall/
budget-and-taxes/financial-reports-and-statements/long-range-financial-
plans/long-range-financial-plan-iii-part-1-and-part-2/economy-and-
demographics. Accessed 26 Jul 2018.

Planning 1& EDD. 1.0 Population projections. 2018. https://ottawa.ca/
en/city-hall/get-know-your-city/statistics-and-economic-profile/
statistics/growth-projections-2006-0/10-population-projections.
Accessed 16 Aug 2018.

Tong A, Sainsbury P, Craig J. Consolidated criterio for reporting qualitative
research (COREQ): a 32- item checklist for interviews and focus group. Int J
Qual Health Care. 2007;19:349-57.

Research | Canada | ParriagGroup. Research | Canada | ParriagGroup. https://
www.parriaggroup.com. Accessed 7 Aug 2018.

Rasmussen KM, Yaktine AL. Weight gain during pregnancy: reexamining the
guidelines; 2009.

Wallwiener S, Miller M, Doster A, Laserer W, Reck C, Pauluschke-Frohlich J,
et al. Pregnancy eHealth and mHealth: user proportions and characteristics
of pregnant women using web-based information sources-a cross-sectional
study. Arch Gynecol Obstet. 2016;294:937-44.

Braun V, Clarke V. Using Thematic Analysis in Psychology. Qual Res
Psychol (Taylor & Francis Group). 2006;3(2):77-101.

Saldana J. The coding manual for qualitative researchers. SAGE; 2015.

Hsieh H-F, Shannon SE. Three approaches to qualitative content analysis.
Qual Health Res. 2005;15:1277-88.

Crabtree BF, Miller WL. Doing qualitative research. Newbury Park: Sage
Publications; 1992.

Miles MB, Huberman AM, Huberman MA, Huberman PM. Qualitative Data
Analysis: An Expanded Sourcebook. Thousand Oaks: Sage; 1994.

Burnard P. A method of analysing interview transcripts in qualitative
research. Nurse Educ Today. 1991;11:461-6.

Downe-Wamboldt B. Content analysis: method, applications, and issues.
Health Care Women Int. 1992;13:313-21.

Dey |. Qualitative data Analysis : a user friendly guide for social scientists:
Routledge; 2003. https://doi.org/10.4324/9780203412497.

Polit DF. Essentials of nursing research: methods, appraisal, and utilization.
3rd ed. Philadelphia: Lippincott; 1993.

Derbyshire E, Dancey D. Smartphone medical applications for Women's
health: what is the Evidence-Base and feedback? Int J Telemed Appl. 2013.
https://doi.org/10.1155/2013/782074.

Statistics Canada. Overweight and obese adults (self-reported), 2014. In:
Health fact sheets 82-625-X; 2015. http://www.statcan.gc.ca/pub/82-625-x/
2015001/article/14185-eng.htm.

Goldstein RF, Abell SK, Ranasinha S, Misso M, Boyle JA, Black MH, et al.
Association of Gestational Weight Gain with Maternal and Infant Outcomes.
JAMA. 2017;317:2207.

Johnson J, Clifton RG, Roberts JM, Myatt L, Hauth JC, Spong CY, et al.
Pregnancy outcomes with weight gain above or below the 2009 Institute
of Medicine Guidelines. Obstet Gynecol. 2013;121:969-75.

Shieh C, Knisely MR, Clark D, Carpenter JS. Self-weighing in weight
management interventions: a systematic review of literature. Obes Res Clin
Pract. 2016;10:493-519.

Rasmussen KM, Yaktine AL, Guidelines | of M (US) and NRC (US) C to RIPW.
Approaches to achieving recommended gestational weight gain. National
Academies Press (US); 2009. https://www.ncbi.nlm.nih.gov/books/
NBK32807/. Accessed 16 Aug 2018.

Stengel MR, Kraschnewski JL, Hwang SW, Kjerulff KH, Chuang CH. “What my
doctor didn't tell me": examining health care provider advice to overweight
and obese pregnant women on gestational weight gain and physical
activity. Womens Health Issues Off Publ Jacobs Inst Womens Health. 2012;
22:2535-40.

(2018) 18:95

49.

50.

51.

Page 11 of 11

Stotland NE, Gilbert P, Bogetz A, Harper CC, Abrams B, Gerbert B. Preventing
excessive weight gain in pregnancy: how do prenatal care providers
approach counseling? J Women's Health. 2010;19:807-14.

Vanstone M, Kandasamy S, Giacomini M, DeJean D, McDonald SD. Pregnant
women's perceptions of gestational weight gain: a systematic review and
meta-synthesis of qualitative research. Matern Child Nutr. 2016:1-18.

Goetz M, Miller M, Matthies LM, Hansen J, Doster A, Szabo A, et al.
Perceptions of patient engagement applications during pregnancy: a
qualitative assessment of the Patient’s perspective. JMIR MHealth UHealth.
2017;5:¢73. https.//doi.org/10.2196/mhealth.7040.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://ottawa.ca/en/city-hall/budget-and-taxes/financial-reports-and-statements/long-range-financial-plans/long-range-financial-plan-iii-part-1-and-part-2/economy-and-demographics
https://ottawa.ca/en/city-hall/budget-and-taxes/financial-reports-and-statements/long-range-financial-plans/long-range-financial-plan-iii-part-1-and-part-2/economy-and-demographics
https://ottawa.ca/en/city-hall/budget-and-taxes/financial-reports-and-statements/long-range-financial-plans/long-range-financial-plan-iii-part-1-and-part-2/economy-and-demographics
https://ottawa.ca/en/city-hall/budget-and-taxes/financial-reports-and-statements/long-range-financial-plans/long-range-financial-plan-iii-part-1-and-part-2/economy-and-demographics
https://ottawa.ca/en/city-hall/get-know-your-city/statistics-and-economic-profile/statistics/growth-projections-2006-0/10-population-projections
https://ottawa.ca/en/city-hall/get-know-your-city/statistics-and-economic-profile/statistics/growth-projections-2006-0/10-population-projections
https://ottawa.ca/en/city-hall/get-know-your-city/statistics-and-economic-profile/statistics/growth-projections-2006-0/10-population-projections
https://www.parriaggroup.com
https://www.parriaggroup.com
https://doi.org/10.4324/9780203412497.
https://doi.org/10.1155/2013/782074
http://www.statcan.gc.ca/pub/82-625-x/2015001/article/14185-eng.htm
http://www.statcan.gc.ca/pub/82-625-x/2015001/article/14185-eng.htm
https://www.ncbi.nlm.nih.gov/books/NBK32807/
https://www.ncbi.nlm.nih.gov/books/NBK32807/
https://doi.org/10.2196/mhealth.7040

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Ethics approval
	Study design
	Study setting, participants, and recruitment
	Development of the SmartMoms Canada Mobile health application
	Procedures and data collection
	Data management and analysis

	Results
	Participant characteristics
	Questionnaire responses
	Thematic findings

	Discussion
	Strengths and limitations
	Perspectives

	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

