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Abstract

Background: Excessive gestational weight gain (GWG) and gestational diabetes mellitus (GDM) are common pregnancy
complications that have been shown to be preventabl e through the use of lifestyle interventions. However, asignificant gap exists
between research on pregnancy lifestyle interventions and translation into clinical practice. App-supported interventions might
aid in overcoming previous implementation barriers. The current status in this emerging research area is unknown.

Objective: This scoping review aims to provide a comprehensive overview of planned, ongoing, and completed studies on
eHealth and mobile health (mHealth) app—supported lifestyle interventions in pregnancy to manage GWG and prevent GDM.
The review assesses the scope of the literature in the field; describes the population, intervention, control, outcomes, and study
design (PICOS) characteristics of included studies as well as the findings on GWG and GDM outcomes; and examines app
functionalities.

Methods: The scoping review was conducted according to a preregistered protocol and followed established frameworks. Four
electronic databases and 2 clinical trial registers were systematically searched. All randomized and quasi-randomized controlled
trials (RCTs) of app-supported lifestyle interventions in pregnancy and related qualitative and quantitative research across the
different study phases were considered for inclusion. Eligible studies and reports of studies were included until June 2022.
Extracted data were compiled in descriptive analyses and reported in narrative, tabular, and graphical formats.

Results: Thisreview included 97 reports from 43 lifestyle intervention studies. The number of published reports has steadily
increased in recent years; of the 97 included reports, 38 (39%) were trial register entries. Of the 39 identified RCTs, 10 efficacy
or effectiveness trials and 8 pilot trials had published results on GWG (18/39, 46%); of these 18 trials, 7 (39%) trials observed
significant intervention effects on GWG outcomes. Of all 39 RCTSs, 5 (13%) efficacy or effectivenesstrialsreported GDM results,
but none observed significant intervention effects on GDM. The RCTs included in the review were heterogeneous in terms of
their PICOS characteristics. Most of the RCTs were conducted in high-income countries, included women with overweight or
obesity and from all BMI categories, delivered multicomponent interventions, delivered interventions during pregnancy only,
and focused on diet and physical activity. The apps used in the studies were mostly mHealth apps that included features for
self-monitoring, feedback, goal setting, prompts, and educational content. Self-monitoring was often supported by wearable
activity monitors and Bluetooth-connected weight scales.

Conclusions: Researchin thisfield is nascent, and the effectiveness and implementability of app-supported interventions have
yet to be determined. The complexity and heterogeneity of intervention approaches pose challenges in identifying the most
beneficial app features and intervention components and call for consistent and comprehensive intervention and outcome reporting.
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Introduction

Background

Pregnancy is a sensitive period for the health of both mother
and offspring. Almost half of all women enter pregnancy with
overweight or obesity [1,2], increasing the risk of pregnancy
complications such as excessive gestational weight gain (GWG)
and gestational diabetes mellitus (GDM) [3-5]. Globally,
approximately half of all pregnant women gain excessive weight
during pregnancy [6], and 14% develop GDM [7]. Regardless
of maternal prepregnancy BMI, these complications can
negatively affect the short- and long-term health of mothersand
their children. Mothers are at an increased risk for adverse
pregnancy outcomes, postpartum weight retention, and
metabolic disorders such as type 2 diabetes [5,8-10]. Children
are susceptible for macrosomia or being large
for-gestational-age at birth and developing obesity and its
sequelae later in life [6,11-13]. These health consequences at
theindividual level are accompanied by immense coststo health
care systems and societies [14].

Lifestyle is a modifiable determinant with the potential to
improve maternal and child health. Recent systematic reviews
and meta-analyses have summarized the effects of more than 3
decades of research on conventional, primarily face-to-face
lifestyle intervention programs during pregnancy [15-21].
Overdll, interventions moderately reduced the incidence of
excessive GWG and postpartum weight retention and prevented
GDM [15-17,20,21]. Interventions also reduced the risk for
macrosomic births and large-for-gestational -age infants but did
not influence long-term childhood weight outcomes [18,19].
Research investigating this lack of effect is ongoing [22].
Although the optimal intervention approach, including the most
effective intervention components, delivery modes, and
behavioral strategies, is still undetermined [15], researchers
agree that lifestyle interventions should be implemented into
practice to improve health outcomes and save health care costs
[15,23]. However, implementing these interventions remains
an unachieved goal [2,24]. While focusing on intervention
efficacy and effectiveness primarily within controlled academic
settings, research groups have neglected to apply implementation
strategies and report on the outcomes of the implementation
itself [24]. Moreover, barriers to implementation exist at the
patient, provider, and system level, including lack of time,
knowledge, and resources [25,26].

Recent advances and evolving opportunitiesfor digital solutions
open the way for innovative intervention approaches that could
facilitate behavior change and overcome some of the
implementation barriers. The most promising and convenient
technology for providing evidence-based support for lifestyle
behavior modification seemsto be health apps, either accessible
via mobile devices such as smartphones or tablet computers
(mobile health [mHealth] apps) or via web browsers (eHealth
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apps). Their easy accessibility, scalability, and cost-effectiveness
foster implementability [27]. Moreover, smartphones and apps
are widely used across different age groups as well as
socioeconomic and cultural backgrounds. App use has gained
in popularity among young women; health information—seeking
behavior has shifted from soliciting medical advice from health
careprovidersto using digital mediato obtain health information
[28,29]. The potential of apps to offer on-demand lifestyle
support with low resources and high reach is coupled with the
ability to easily integrate various behavior change techniques
(BCTs). These can be integrated into app features, such as
self-monitoring, goal setting, or feedback, and have been shown
toincrease the effectiveness of interventions[30,31]. Moreover,
real-time tracking of health and lifestyle data allows for the
early identification of abnorma values and the tailoring of
interventions according to one's individual risk profile [32].
Thus, tailored support is possible on alarge scale. Despite the
increasing number of accessiblelifestyle-related pregnancy apps
on the market, few are of high quality, and many lack
evidence-based resources and present information that is
inconsistent with evidence-based guidelines, showing low use
of BCTsand leaving uncertainties about data security [33-37].

The proven effectiveness of traditional lifestyle interventions
on improving pregnancy outcomes and the urgent need to
implement lifestyleinterventionsinto clinical practice, together
with the potential of apps to offer tailored, scalable, and
evidence-based lifestyle support aswell asadearth of available
high-quality apps, highlight the research and collaborative
potential in this area. Indeed, studies on the development and
integration of eHealth and mHealth apps to support a healthy
lifestyle during pregnancy have emerged in the last years
[38-42]. Previous systematic reviews and meta-analysesincluded
studies using different technologies, such as SMS text
messaging, telephone and video calls, websites, and socia
media. Only a few studies using apps were identified, with
limited ability to draw conclusions based on the dearth of
available evidence [43-47]. To the best of our knowledge, no
scoping review mapping the current evidence of registered,
ongoing, and completed pregnancy lifestyleintervention studies
using eHealth and mHealth apps has been undertaken, which
encouraged us to conduct this scoping review.

Objectives

This review addresses 3 major research objectives: firdt, to
assess the scope of the available literature in the field; second,
to determine the concepts and characteristics of studiesand their
findings on GWG and GDM outcomes; and, third, to describe
the functionalities of available eHealth and mHealth apps. On
the basis of the evidence available, this review is further
intended to identify knowledge gaps, inform ongoing and future
intervention projects, and provide abasisfor systematic reviews
and meta-analyses.
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Methods

Overview

This scoping review is based on a protocol that can be accessed
through the Open Science Framework [48]. Thereview follows
the framework developed by Arksey and O’ Malley [49] and its
refinement by Levac et a [50] as well as the JBI manua for
evidence synthesis [51]. Accordingly, this work contains the
following stages:

1 Identification of the research question

Identification of relevant studies

Selection of eligible studies

Charting of the data

Collating, summarizing, and reporting of the results

g s~ wb

The optional stage 6, which includes consultation with
stakeholders, is not covered by this review. The PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) guides the
reporting of thisreview [52] (Multimedia Appendix 1[49-52]).

Stage 1. Identification of the Research Question
Thisscoping review addresses thefollowing research questions:

1 What isthe scope of the literature that existsin the field of
app-supported pregnancy lifestyle interventions to limit
GWG and prevent GDM?

2. What are the concepts and characteristics of the available
studies in terms of population, intervention, control,
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outcomes, and study design (PICOS), and what are the
findings on GWG and GDM?

3. Which commercially available apps are being used in this
field of research, and what kind of apps have been
developed by researchers?

Stage 2: I dentification of Relevant Studies

The digibility of the studies was assessed based on the
population, concept, and context (PCC) framework suggested
by JBI [51]. Table 1 provides an overview of the PCC criteria
and the types of evidence considered in this scoping review.
The population of interest was pregnant women and women
who intend to become pregnant of any age and BMI category.
The considered concept was the use of eHealth and mHealth
apps within lifestyle intervention studies to manage GWG and
prevent GDM in the context of pregnancy care and, at times
combined with preconception care, postpartum care, or both in
any country and any setting. Apps that were accessible through
a mobile device, such as a smartphone or a tablet computer,
were classified as mHealth apps, whereas those accessible
through aweb browser were classified as eHealth apps. Eligible
reports were trial register entries (TRES), conference abstracts
and further gray literature (eg, dissertations), study protocols,
and full articles. Conference abstracts were excluded if a
corresponding full text was available. Reviews, meta-analyses,
and cohort studieswithout any referencesto pregnancy lifestyle
interventions were not considered for inclusion in this review.

Table 1. Inclusion and exclusion criteria of this scoping review based on population, concept, context, and types of evidence.

Inclusion criteria

Exclusion criteria

Population Pregnant women and women who intend to become pregnant of any age  Women with certain conditions or chronic diseases,
and BMI category such astype 1 or 2 diabetes mellitus and cancer
Concept App-supported lifestyle intervention studies to limit GWG?and prevent ~ €Health studiesinvolving SMS text messages,
cDMmP telephone or video calls, websites, and social media
only
Context Pregnancy care (+ preconception care + postpartum care), any setting, and /A ¢

any country (high-, middle-, and low-income countries)

Types of evidence

Full articles, trial register entries, study protocols, gray literature (eg,

Reviews and meta-analyses, editorial articles, and

conference abstracts), RCTs% and quasi-RCTs, and related qualitativeand  cohort studies
quantitative investigations (eg, surveys, focus groups, and interviews)

3GWG: gestational weight gain.
bGDM: gestational diabetes mellitus.
°N/A: not applicable.

9RCT: randomized controlled trial.

The PCC criteria guided the conduct of the search strategy.
Preliminary searches in PubMed and Embase were performed
toidentify relevant keywords and controlled vocabulary to refine
the search strategy. The final search strategy was adapted to fit
the individual search criteria of each included database. No
restrictions on publication status or language were applied.
Hedges to filter for human studies were applied where
appropriate. PubMed, Embase, Web of Science, and the
Cochrane Library were searched on May 17, 2021 (Multimedia
Appendix 2). The search was updated on November 11, 2021.
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The updated search only considered studies published after the
initial search date or 2021, depending on the applicable custom
range of each database. The International Clinical Trials Registry
Patform and Clinical Trial s.gov were searched on May 30, 2022
(Multimedia Appendix 2). Complementarily, Google, Google
Scholar, and PubMed were continually searched for relevant
literature until June 2022. This involved searching for new
studies as well as for reports of already identified studies. The
referencelists of included articlesand identified relevant reviews
were additionally screened.
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Stage 3: Selection of Eligible Studies

All search hits were exported to the reference management
software EndNote X9.3.3 (Clarivate). Duplicateswere removed
by 1 reviewer. The screening of titles, abstracts, and full texts
was based on the PCC criteriaand performed independently by
2 reviewers. Discrepancies were resolved through discussion
or by consulting athird reviewer. For full texts without access,
authors were contacted to request the file to be made available.
All randomized controlled trials (RCTs) and quasi-RCTs of
app-supported pregnancy lifestyle interventions and related
qualitative and quantitative research across the different study
phases were considered for inclusion. GWG or GDM had to be
aprimary or secondary outcome in the studies to be included.
Studiesthat began in the preconception period were eligiblefor
inclusion if the intervention continued during pregnancy and if
women werefollowed up throughout pregnancy to assess GWG
and GDM outcomes.

Stage 4: Charting of the Data

A template for data charting was devel oped by the review team
and pretested. Data charting was conducted by 1 reviewer and
verified by 2 other reviewers. Discrepancies were discussed,
and a final consensus document was produced. Study
characteristics, such as author, year, recruitment status, and
country, aswell asPICOS characteristicsand findingson GWG
and GDM were extracted from the RCTs. Information on the
types of evidence and app characteristics, functionalities, and
tracking devices was gathered for al studies, including those
with published reports of app devel opment but without available
information on the planned RCT.

Stage5: Collating, Summarizing, and Reporting of the
Results

The study selection process is described narratively and
presented in a PRISMA (Preferred Reporting Items for
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Systematic Reviews and Meta-Analyses) flow diagram [52].
Extracted data from the included studies were categorized in
the most meaningful ways, coded, synthesized by basic
descriptive analysis, and presented in tabular and graphical
formats. All findings are also summarized narratively.

Results

Study Selection and Sour ces of Evidence

Figure 1 depicts the flow of identified and included studies in
this review. A total of 7301 records were identified from the
initial and updated database searches. Tria register searches
yielded an additional 150 records. After removing duplicates,
68.03% (5069/7451) of the records were screened by title. Of
these 5069 records, 4659 (91.91%) were discarded, resultingin
410 (8.09%) remaining reports that were sought for retrieval
by screening the abstract according to the PCC criteria. Of these
410 reports, athough 269 (65.6%) were not retrieved, 141
(34.4%) were assessed in full for eligibility. On the basis of the
PICOS and PCC criteria, of these 141 reports, 74 (52.5%) were
excluded at this stage. Finally, 67 (69%) reports from the
database and trial register searches together with 15 (15%)
eligible reports identified via internet search and 15 (15%)
eligible reports identified by citation searching, amounting to
a total of 97 reports from 43 studies, were included in this
scoping review. Of the 97 included reports, 38 (39%) were TRES
[53-90], 49 (50%) were full peer-reviewed articles
[25,26,38-42,91-132], 5 (5%) were conference abstracts
[133-137], 2 (2%) were preprints [138,139], 1 (1%) was a
master’s thesis [140], 1 (1%) was a dissertation [141], and 1
(1%) was a grant report [142].
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) 2020 flow diagram showing theidentification and selection

of studies.
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Scope of the Literature

Figure 2 presentsthe scope of the availableliterature up to June
2022 in absolute numbers of published reports. All 97 reports
were included in this overview. In 2011, the first eHealth
app—supported RCT was registered [62]. The first mHealth
app—supported RCTs were registered in 2012 [78,80,87]. The
first article describing the development of an eHedth
app—supported lifestyle intervention was published in 2014
[100]. One year later, the first publication on an intervention
involving the development of an mHealth app followed [40].
In 2016, study protocols of effectiveness RCTswith app support

https://www.jmir.org/2023/1/e48853
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were published for the first time [117,123]. The results of pilot
RCTswith app support and areport eval uating an app-supported
intervention were first available in 2017 [98,127,140]. The
results of efficacy or effectiveness RCTs were first reported in
2018[39,99,118,141]. Overal, the number of newly published
reports steadily increased from 2015 onward: of the 97 included
reports, 1 (1%) was published in 2015, up to 19 (20%) were
published in 2020, and 18 (19%) were published in 2021.
Overall, TREs accounted for the largest proportion of published
reports  (38/97, 39%). Multimedia Appendix 3
[25,26,38-42,53-142] liststhe reports by study and intervention
phase.
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Figure 2. Number and type of identified reports per year up to June 2022 (atotal of 97 reports were included). RCT: randomized controlled trial.
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Table 2. Population, intervention, control, outcomes, and study design (PICOS) characteristics of the included randomized controlled triadls (RCTs)

with available information (n=39).

Characteristic and category

RCTs, n (%)

Study design
Pilot
Efficacy or effectiveness
Study arms
2
3
Samplesize
<100
>100-1000
>1000
Recruitment status
Recruiting
Completed
Active, not recruiting
Unknown
Withdrawn or terminated
Recruitment timing
Preconception
First trimester
Until or within second trimester
Until or within third trimester
Unknown
Country or continent
United States
Europe
Asia
Australia
Canada
Multiple
Population

All BMI categories

Normal weight + overweight + obesity

Overweight + obesity
Obesity

High risk for GDM?

Behavior change technique or framework

Any
None

Implementation science framework
Any

None

13(33)
26 (67)

34(87)
5(13)

14 (36)
17 (44)
8 (21)

14 (36)
17 (44)
2(9)

4 (10)
2(9)

3(8)
9(23)
22 (56)
3(8)
2(9)

16 (41)
9(23)
7(18)
4 (10)
2(9)
1(3)

10 (26)
6 (15)
16 (41)
3(8)
4(10)

26 (67)
13 (33)

4 (10)
35 (90)
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Characteristic and category

RCTs, n (%)

Intervention duration
Preconception (+ pregnancy)
Pregnancy only
Pregnancy + post partum

Pregnancy only (intervention 1) and pregnancy + post partum (intervention 2)

Uncertain
I ntervention mode of delivery

App only

App + technology

App + nontechnology

App + technology + nontechnology
Lifestyle content of intervention

Diet only

PAP only

Only well-being or sleep or both

Diet + PA

Diet + PA + well-being or sleep or both

Uncertain

Intervention tailoring®
Feedback based on tracked lifestyle data and goal's
Individual coaching sessions
Adaptive according to risk
Control group
Standard care
Oral or written information
App or website alternative

Tracking device

Resultson GWGY and GDM outcomes
Any results reported
No results reported

3(8)
23 (59)
10 (26)
1(3)
2(5)

8(21)
15 (39)
6 (15)

10 (26)

5(13)
6 (15)
1(3)
15 (39)
11 (28)
1(3)

33(85)
21 (54)
9(23)

19 (49)
8(21)
8(21)
4(10)

18 (46)
21 (54)

8GDM: gestational diabetes mellitus.
bpa: physical activity.

%Independent of the mode of delivery.
dGWG: gestational weight gain.

Study Characteristics

Of the included RCTs, 44% (17/39) had been completed, and
36% (14/39) were till recruiting. Whereas 67% (26/39) of the
RCTsinvestigated efficacy or effectiveness, 33% (13/39) were
pilot studies investigating the feasibility of interventions. Most
of the studies (34/39, 87%) were 2-armed, whereas 5 (13%)
studies were 3-armed, comparing 2 intervention groups and 1
control group. Of these 5 studies, 2 investigated 2 different
physical activity programs [55,102], whereas 1 compared 2
different intervention lengths (pregnancy vs pregnancy and post

https://www.jmir.org/2023/1/e48853

partum) [99], 1 compared an app group with an app + coaching
group [41], and 1 compared 2 different delivery modes (in
person vs app) [127]. The sample size of all RCTsranged from
26 [42] to 2039 [77] participants, with 44% (17/39) of the
studiesrecruiting between 100 and 1000 participants (Table 2).
More than haf of the studies (22/39, 56%) recruited women
until or within the second trimester. Of the 39 studies, 9 (23%)
limited the recruitment of women to the first trimester and 3
(8%) to the preconception period, whereas 3 (8%) included
women until or within the third trimester. Studies were
conducted in the United States (16/39, 41%), Europe (9/39,
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23%), Asia (7/39, 18%), Australia (4/39, 10%), and Canada
(2/39, 5%), whereas 1 (3%) of the 39 studies was conducted
across multiple countries [95].

Population

Most of the studiesincluded women with overweight and obesity
(16/39, 41%) and from all BMI categories (10/39, 26%). Fewer
studi es excluded women with underwei ght (6/39, 15%), focused
on women with a high risk for GDM (4/39, 10%), or only
included those with obesity (3/39, 8%).

I ntervention

In 59% (23/39) of the RCTS, the intervention was delivered in
pregnancy only, whereas 26% (10/39) continued the intervention
post partum, and 3% (1/39) assessed 2 time frames. Of the 39
RCTs, 3 (8%) started the intervention before conception,
whereas in 2 (5%), the time frame was uncertain. The
intervention involved an app combined with further
technological components, including tracking devices or
telephone calls, in 39% (15/39) of the RCTs. In 8 (21%) of the
39 studies, an app was the only intervention component used.
An app and nontechnological intervention components, such
asface-to-face visits or |eaflets, were applied in 6 (15%) of the
39 studies, whereas in 10 (26%), the intervention was
complemented by both technological and nontechnological
components. More than one-third of the studies (15/39, 39%)
addressed diet and physical activity within their interventions,
and 11 (28%) of the 39 studies additionally involved well-being
or sleep or both. Fewer studiesfocused only on diet (5/39, 13%)
or physical activity (6/39, 15%). Of the 39 studies, 1 (3%)
focused only on well-being and sleep. Independent of the mode
of delivery, the interventions of included studies were tailored
to a certain degree. Most of the studies (33/39, 85%) provided
individual feedback based on tracked lifestyle data and goals.
Of the 39 studies, 21 (54%) offered individual coaching sessions
to participants; in 9 (23%), the intervention was adaptive in
responseto theindividual risk profile. Of the 39 RCTs, 26 (67%)
based the intervention on behavior change frameworks or
techniques, such as motivational interviewing (n=8); specific,
measurable, achievable, reasonable, and time-bound (SMART)
goals (n=8); or social cognitive theory (n=7). Of the 39 RCTs,
4 (10%) applied implementation science frameworks, including
intervention mapping; the exploration, preparation,
implementation, and sustainment (EPIS) framework; and the
reach, effectiveness, adoption, implementation, and maintenance
(RE-AIM) framework [94,95,102,107].

Control

Control groups received standard care only in nearly half of the
studies (19/39, 49%). In some of the studies, the control group
had access to an alternative app or website (8/39, 21%) or
tracking device (4/39, 10%). Additional oral or written
information was delivered to control groupsin 8 (21%) of the
39 studies.

Outcomes

Of the 39 included RCTs, 37 (95%) assessed GWG, and 24
(62%) assessed GDM, aseither primary or secondary outcomes.
Of the 39 RCTs, 18 (46%) had published results on GWG
outcomes. Of these 18 RCTs, 8 (44%) were pilot RCTs
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[41,42,105,109,125,127,139,140], and 10 (56%) were efficacy
or effectiveness RCTs  [39,99,103,111,115,118,120,
134,138,141]. Significant intervention effects on any GWG
outcome were found in 7 (39%) of these 18 studies
[39,103,115,118,120,127,134], whereas 11 (61%) observed no
effect. Of the 39 RCTs, 5 (13%) reported GDM results, but
none observed a dignificant  intervention  effect
[39,103,115,118,120Q].

App Characteristics

All 43 included studies provided some information on the apps
they used. Multimedia Appendix 6 [25,26,38-42,53-142]
provides a detailed overview of app characteristics and
functionalities as well as tracking devices used in the studies.
Descriptive analyses were based on coded datathat are presented
in Multimedia Appendix 5.

Most of the studies (30/43, 70%) used an mHealth app, 16%
(7/43) used an eHealth app, and 9% (4/43) used a hybrid format
or applied both an eHealth and an mHealth app. In 2 (5%) of
the 43 studies, the type of app was uncertain. In more than half
of the studies (24/43, 56%), research teams either developed
new apps or adjusted the content of existing systems, 30%
(13/43) used commercially available apps, and 5% (2/43) used
both. For 9% (4/43) of the studies, no information on app origin
was available.

The tracking and self-monitoring of health and lifestyle data
were possible in the apps in 88% (38/43) of the studies; most
often, it was possible to track weight, physical activity, diet, or
a combination of these. Most of the studies (31/43, 72%)
provided educational material viathe app using different media
types, such astext, video, and audio. Goal setting was possible
via the app in 19 (44%) of the 43 studies. Feedback to
participants via the app was provided in 58% (25/43) of the
studies, whereas 51% (22/43) used prompts within the apps as
reminders, feedback, motivation, or to inform about health and
lifestyle data being outside of normal ranges. Communication
with peers (eg, through social networks) viathe app was possible
in 7 (16%) of the 43 studies. Gamification elements, including
quizzes and rewards, were integrated into the app in 6 (14%)
of the 43 studies. Health coaching viathe app was delivered in
5 (12%) of the 43 studies. Health and lifestyle datawere tracked
using wearable or Bluetooth-connected devicesin approximately
half of the studies (21/43, 49%). Most often, an activity tracker
(15/43, 35%) or aweight scale (12/43, 28%) was used. Of the
43 studies, 1 (2%) used ablood pressure cuff.

Discussion

Principal Findings

After morethan 3 decades of research on conventional, primarily
face-to-face lifestyle interventions in pregnancy, a new era of
digital interventions is currently emerging with apps showing
promising potential to overcome previous barriers to
implementation and dissemination. This scoping review
identified 97 reports of 43 planned, ongoing, and completed
studies on app-supported lifestyle interventions during
pregnancy to manage GWG and prevent GDM. The steady
increasein published reportsfrom 2015 onward, most of which
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were TREs (38/97, 39%), and approximately one-third of the
identified RCTs were still recruiting (14/39, 36%), indicates
that this nascent field is devel oping. The studies were found to
have published reports across different study phases involving
exploration, intervention planning, app devel opment and testing,
and implementation and evaluation covering qualitative and
guantitative research. The studiesdiffered in their characteristics
and intervention approaches, posing challenges in identifying
the most effective components and implementable approaches
and underlining the importance of standardized, comprehensive
intervention and outcome reporting.

Previous systematic reviews and metaanalyses on
technology-supported lifestyle interventions identified only a
small number of app-based studies and observed mixed findings
while being unable to draw firm conclusions owing to the
limited avail able evidence from mostly pilot RCTs[43-47].

In this review, we included 39 app-supported RCTS, of which
8 pilot and 10 efficacy or effectiveness trials (18/39, 46%)
provided results on GWG outcomes. In 7 of these 18 (39%)
trials, the rates of excessive GWG or tota GWG could be
reduced by the intervention. Of the 39 RCTS, 5 (13%) efficacy
or effectiveness trials reported results on GDM and observed
no effect, which isin line with previous concerns on the overall
effectiveness of lifestyleinterventions on clinical outcomesand
requires further elucidation [143]. On the basis of the limited
number of published results on GWG and GDM outcomes
(18/39, 46% of RCTYs), it is currently unclear asto whether and
to what extent app-supported pregnancy lifestyle interventions
are effective and suitable for broad application at the population
level. Moreover, the complexity and heterogeneity of
intervention approaches complicate the differentiation between
more or less effective components to ascertain which are the
most effective. A planned systematic review and meta-analysis
with a rigorous risk-of-bias assessment will provide a more
comprehensive and profound interpretation of findings.

The included studies varied in their design, population,
intervention, and app characteristics. The studies were mostly
conducted in high-income countries and focused on high BMI
categories as an inclusion criterion. Populations considered
socioeconomically disadvantaged as well as minority
populations should be given more consideration in future studies
because they are often the most vulnerable to adverse health
outcomes in pregnancy [144,145]. Furthermore, a greater
diversity of women at risk could be reached in interventions if
risk factors other than high BMI would be considered in studies
(eg, by using validated screening tools). One of the included
studies applied the validated Monash GDM screening tool to
identify women at high risk for GDM [95]. A validated
screening tool to identify women at high risk for excessive
GWG has recently been developed by our group [146]. Such
scores could beintegrated into appsand applied in clinica health
care settings.

Intervention timing and duration differed among the studies. A
large proportion of the studies delivered the intervention during
pregnancy, with fewer studies continuing the intervention after
preghancy and only 3 studies starting the intervention before
conception. The best timing and duration for intervening are
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still uncertain. However, the importance of intervening early
and the need for more holistic approaches spanning from
preconception to the postpartum period have recently been
emphasized [2,14,147,148].

Intervention content that was delivered in the included studies
primarily focused on healthy nutrition and physical activity,
whereas fewer studies addressed mental health and well-being
aspectsin their programs. Perinatal anxiety and depression are
common and have been linked to adverse behavioral and health
outcomes in women [149,150]. Thus, mental health and
well-being should be given more attention in interventions, as
also suggested by the Health in Preconception, Pregnancy and
Postpartum Global Alliance [2]. Within apps, provided content
should be presented in a concise, easy way, with focus on
visualization and the integration of various delivery forms,
including text, audio, and video formats[26]. Moreover, women
appreciate content that istailored to their individua preferences,
culture, and lifestyles as well as the consideration of social
surroundings, pregnancy symptoms, and previous knowledge
and risks [26,113,116].

Individualization is a key determinant for intervention success
because women differ in their needs and barriers regarding
lifestyle support. Previously, tailored advice was often givenin
individual coaching sessions, requiring time and resources.
Apps and connected devices enable readily available lifestyle
advice and the continuous monitoring of health and lifestyle
data with individual goa setting and feedback on progress.
These functionalities and BCTs have been applied in most of
the included studies and could potentially help to increase
motivation and engagement. However, women might get
annoyed if they receive prompts at unfavorable times or too
frequently [112]. In addition, although some women value the
opportunity to self-monitor health behaviors and receive
feedback on their progress, tracking can be perceived as time
consuming, and some women might feel extra pressure when
goals are not reached, prompting negative emotions
[40-42,112,116]. Body weight is a particularly sensitive topic
on which women would value sensitive support [97]. Thus,
sensitive handling and the opportunity for women to individually
adapt functionalities according to their own preferences are
suggested to ensure continued app engagement. None of the
studies used artificial intelligence—based tools, such as chatbots.
Such internet-based assistance and self-learning tools could
facilitate the timely delivery of personalized advice and thus
increase intervention efficiency. The adaptation of interventions
according to risk profiles based on monitored data is another
promising strategy for improving precision prevention and the
potential efficiency of interventions while saving time, costs,
and resources [32]. In the future, maternal phenotyping could
be improved by collecting data on clinical and mental health
parameters, such as glucose and blood pressure levels, mood,
and deep. Moreover, newly emerging artificial
intelligence—based diet assessment tools could also be used to
facilitate thetracking of nutritional behavior and nutrient intake.

Overdll, lifestyle interventions are increasing in complexity,
and it will be a future challenge to differentiate the effects of
intervention components and identify the most effective and
implementable approachesto overcome the existing trand ational
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research gap. Grounding intervention development,
implementation, and evaluation on implementation science
frameworks could aid in the successful implementation of
interventions[151]. Among the studiesincluded in thisreview,
only afew made use of such frameworks. However, al studies
can contribute to tranglating research findings into practice by
reporting on contextual, implementation, and process evaluation
outcomes. Moreover, facilitators and barriers at the patient,
health care provider, and system level s should be examined and
considered.

Strengths and Limitations

Thereview has several strengths and limitations. It is based on
relevant frameworks and the searching and inclusion of reports
was conducted without language and publication status
restrictions. Register entries and gray literature sources were
included to provide a comprehensive overview of the ongoing
literature. However, by including these evidence sources, the
often limited and not always up-to-date information available
from these reports made the identification and classification of
key characteristics challenging. In the case of an included
ongoing RCT with limited information, it was uncertain whether
the study accurately met the predetermined inclusion criteria
because the intervention may have been conducted only in the
preconceptional phase and not continued during pregnancy, but
an assessment of GWG and GDM outcomes is planned [54].
Given the exploratory and comprehensive nature of thisreview
and the importance of early intervention, we decided to include
the study [54]. We considered qualitative and quantitative
investigations, whereby no systematic approach to qualitative
research synthesis was used. This scoping review did not
consider reviews and meta-analyses for inclusion. The studies
used different terminologies and often lacked clear definitions
with regard to apps and digital devices, which made
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classification and interpretation often difficult. As this is a
scoping review, quality assessment has not been conducted,
which precluded a profound interpretation of the findings on
GWG and GDM outcomesin theincluded RCTSs.

Implications for Future Research

This review has identified research gaps and provided
suggestions for future app and intervention development. The
increasing number of identified studiesin the field justifiesthe
conduct of systematic reviewsand meta-analyses, summarizing
qualitative and quantitative data across all study phases. To
increase comparability and enable useful synthesis, ongoing
and future studies are encouraged to use current guidelines,
frameworks, and BCT taxonomies to guide outcome reporting
[152-156]. It will be exciting to see which of the apps devel oped
in research settings make it to market and to assesstheir impact
aswell as evaluate their quality using tools such as the Mobile
App Rating Scale [157].

Conclusions

Thisscoping review provides, for thefirst time, acomprehensive
overview of ongoing research in the field of app-supported
lifestyle interventions to manage GWG and prevent GDM.
Although various approaches are emerging, it remains to be
determined whether the interventions are effective and which
app features and elements are the most beneficial. It also needs
to be elucidated whether these interventions can beimplemented
outside of trial settings. This has been missed to be considered
by most of the previous research in this area. As the entire
process from app development to the implementation of an
app-supported intervention into practice requires time and
resources, it may be reasonable for future investigations to
collaborate more intensively across disciplines and build upon
previous research and available resources.
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