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Abstract

Background: Globally, high rates of maternal and infant mortality call for interventions during the perinatal period to engage
pregnant people aswell astheir loved onesin care. Mobile health technol ogies have become ubiquitousin our lives and in health
care settings. However, there is a need to further explore their safety and effectiveness to support and improve health outcomes
locally and globally.

Objective: The aim of this study was to review and synthesize published literature that described the devel opment process or
effectiveness evaluations of maternal and infant apps.

Methods: We applied amethodol ogical framework for scoping reviews aswell asthe PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and M eta-Analyses extension for Scoping Reviews) guidelines; in addition, the systematic review platform
Covidence (Veritas Health Innovation Ltd) was used to facilitate the review of included studies. Search terms were devel oped
collaboratively, and health sciences—associated databases were searched for studies conducted between January 1, 2000, and
February 4, 2022. We excluded studies about apps that only gathered or tracked data or targeted care providers.

Results: A total of 1027 articles were included for title and abstract screening, of which 87 (8.47%) were chosen for full-text
screening. Of these 87 articles, 74 (85%) were excluded with reasons, and 19 (22%) were included. Four articles were added at
data extraction from hand searching and 2 others were excluded. Thus, we reviewed and synthesized datafrom 11 unique studies
reported in 21 articles published between 2017 and 2021. The included studies represented 8 different countries. Most of the apps
(8/11, 73%) were in English, although apps were also developed in Arabic, Bahasa Indonesia, and Nepali. The articles reviewed
revealed the early stage of development of the field of maternal and infant health apps, with modest evidence of app use and
achievement of study outcomes. Only 1 (9%) of the 11 apps was endorsed by an independent health care provider society. App
development and evaluation processes emerged, and specific app features were identified as vital for well-functioning apps.
End-user engagement occurred in some, but not all, parts of app research and development.
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Conclusions: Appsto improve maternal and infant health are being devel oped and launched in enormous numbers, with many
of them not devel oped with mothers’ needs in mind. There are concerns about privacy, safety, and the standardization of current
appsaswell asaneed for professional or institution-specific guidelines or best practices. Despite challengesinherent in currently
available apps and their design processes, maternal and infant app technology holds promise for achieving health equity goals
and improving maternal and child health outcomes. Finally, we propose recommendations for advancing the knowledge base for

maternal and infant apps.

(JMIR Pediatr Parent 2024;7:e46973) doi: 10.2196/46973
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Introduction

Overview

Achieving the globa hedlth goa of hedth for all requires
engaging and empowering individuals, families, and
communities for increased social participation and enhanced
self-care and self-reliance in health, in addition to universal
health coverage (UHC) and primary health care (PHC) [1-4].
Globally, high rates of maternal and infant mortality call for
interventions during the perinatal period to engage pregnant
people aswell astheir loved ones to ensure that they remainin
care during pregnancy and the postpartum period [5-10]. As
mobile health (mHealth) technol ogies such as smartphone apps
emerge and become ubiquitous in our lives and in health care
settings, there is a need to further explore their potential to
support and improve health outcomes|ocally and globally. The
COVID-19 pandemic demonstrated the capacity for widespread
uptake of mHesalth technologiesin every aspect of life[11,12].
Before the COVID-19 pandemic, there were numerous
smartphone apps being developed to support many diverse
health goals [7-9,12-14]. However, many maternal and infant
health apps are short lived or constrained to specific health care
systems or networks, and few of them are evaluated for
effectivenessinimproving health outcomesfor the mother, their
children, and families or endorsed or reviewed by health
professional s or organi zationsindependent of app development
teams [14-19]. Despite the existence of a plethora of apps to
support parents, especially during the perinatal and postpartum
periods, documented scientific dataremain meager. Thelimited
peer-reviewed published evidence about the development
process and effectiveness of apps in supporting mothers or
parents with the challenges they face during the perinatal or
postpartum period makes the content of the available apps
guestionable, which may influence their efficacy.

Background and Significance

Appsto Prevent Maternal and I nfant Morbidity and
Mortality

Numerous apps have been developed to support and improve
maternal and infant health, including during pregnancy and the
postpartum period. These apps can be an efficient means of
providing information for parents, and the number of apps is
rapidly increasing [20,21]. However, most apps lack the
information needed and searched for by mothers with low
income and non—English-speaking mothers with low income
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bel onging to minority groups. It iswell documented that people
with low income, those with low income belonging to minority
groups, and non—English-speaking people have alower rate of
pregnancy app use [22,23]. Most maternal and infant apps are
not designed for women with low income and culturally diverse
non—English-speaking women [24-26]. In the United States, it
isestimated that most women (92%-95%) aged between 18 and
34 years own a smartphone [27]. This large proportion of
smartphone users may have easy access to apps during
preghancy and the postpartum period when they could benefit
from app-based materna and infant health information.
Evidence is emerging that maternal and infant apps have been
developed and tested in resource-constrained settings and for
use in humanitarian crises[7-9,14,28]. However, most existing
pregnancy appslack commercial regulation and standardization,
making their content questionable [29]. Potential harm from
several pregnancy mHealth intervention apps have been
identified by health professionals [30]. Many apps have not
been evaluated for content accuracy, making it difficult for users
to assess the reliability of the information presented in them
[31,32]. Many apps currently lack information that would be
most helpful for women during pregnancy [33,34]. Neither
medical nor health care societies have issued guidelines for
mHealth apps [18,19,29,35,36]. Few studies exist that report
on the outcomes from the use of such apps[29].

Regulatory agencies are constrained under current regulatory
frameworksto provide effective and efficient regul ation of apps
that can be classified as software as medical device (SaMD)
[17-19,35]. The US Food and Drug Administration (FDA) takes
the position that the regulation of apps needs to be tailored to
therisk and benefit profiles of the apps but has no standards for
apps[35]. The FDA * oversees appsintended to treat, diagnose,
cure, mitigate, or prevent diseases or other conditions as medical
devicesunder federal statute” [35]. The FDA seeksto empower
patients and cliniciansthrough innovation, including the creation
of regulatory frameworks that instills confidence in the
performance and reliability of apps [35]. The International
Organization for Standardization (ISO) has articulated
assessment processes and quality requirements for health apps
[17]. There are international standards for product safety and
lifecycle processes that are applicable to health apps. However,
because of the time investment involved, most health-related
apps are not evaluated [17]. This lack of effective regulatory
oversight has led to calls for user-centered reforms to improve
the accuracy, usability, accessibility, and privacy protection
features of apps, especially health apps [18,19].
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The current research and regulatory landscape offerslittle data
or regulatory guidance to inform people about the effectiveness
of available apps that aim to improve health outcomes among
mothers, especially mothers with low income, mothers with
low income belonging to minority groups, and
non—English-speaking mothers. The lack of regulatory
frameworks and guidelines for the development of safe and
effective maternal and infant apps limits the confidence of
patients and clinicians and may lead to harms derived from the
use of currently available apps [18,19,35,36]. Increasing
knowledge in this area is important because the population of
people with low income and those with low income belonging
to non—English-speaking minority groups continues to grow,
and these groupstend to have poorer maternal and infant health
outcomes. In addition, there is an increased need for maternal
and infant apps in languages other than English.

App Searches

Mobile apps are downloaded by end users on their smartphone.
However, there are little data on why people search for apps,
although major life events seem to be drivers for mobile app
installations  [37]. People experiencing major life
events—change in marital status, moving, job change,
pregnancy, or the birth of a child—install 2.5 times more apps
than those without any significant life changes. Thereare studies
reporting how end users find apps [37]. More than half of app
users (55%) found apps based on recommendationsfrom friends,
family members, and colleagues [37]. In addition, 1 in 3
consumers found apps through app store recommendations;
searching in an app store; and advertisements on theweb, social
media, and television. Most consumers (74%) downloaded apps
after viewing mobile advertisements for them [38]. There are
little data documenting that consumers app searches and
downloads are based on scientific recommendations [38,39].

Brief Overview of Currently Available Parent and | nfant
Health Apps

An extensive review of currently available maternal and infant
appsisbeyond the scope of thisreview. In 2018, atotal of 5276
Android maternal and child health (MCH) apps and 877 iOS
MCH apps were identified [40,41]. There are estimated to be
>350,000 health apps available worldwide, and it is estimated
that 250 new health apps are released every daily [42].

Positionality Statement

Our scoping review team includes professionalsand researchers
with avariety of perspectives that inform our evaluation of the
literature reviewed. We represent multiple cultural backgrounds,
migrant statuses, sexes, and genders. In addition, our multiple
academic disciplines include computer technology and IT,
communications, human rights law, informatics,
speech-language pathology, medicine, and maternal and child
nursing. We have team members from multiple contexts
globally. Our varied lived experiences and knowledge support
analysis of the literature reviewed from awider perspective of
world viewsto inform future devel opment of computer-mediated
technologies, such as smartphone apps, to improve the health
of mothers, their infants, families, and communities.
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Objectives

The purpose of this scoping review study was to review and
synthesize published literature that described the devel opment
process or effectiveness evaluations of maternal and infant
health apps, with aspecific emphasis on determining the use of
the apps by thetarget popul ation; provided evidence of outcomes
with mothers, fathers, infants, or children; and explained whether
the apps have been reviewed or endorsed by a health care
provider. The research question guiding this scoping review
study was as follows: what evidence exists that describes the
devel opment and effectiveness eval uation of maternal and infant
health apps?

Methods

Scoping Review Approach

Because of the scarce evidence of apps being systematically
evaluated for effectiveness, we used a scoping study
methodology to review and synthesize the existing literature.
The scoping review approach was originaly described by
Arksey and O’ Malley [43] and has since been adapted by 1slam
et al [44], Levac et a [45], and Westphaln et a [46]. The
original scoping review method included 5 steps: identifying
the research question (step 1); search strategy (step 2); study
selection (step 3); charting the data (step 4); and collating,
summarizing, and reporting the results (step 5). Two additional
steps were added subsequently: consultation (step 6) [45,46]
and quality assessment (step 7) [44]. We used the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) guidelines to
enhance transparency in our approach to our scoping study [47].
The PRISMA-ScR guidelines checklist is available in
Multimedia Appendix 1.

Steps Taken

The identification of the research question (step 1) and the
development of our search strategy (step 2) were developed
collaboratively during team meetings. The research question
addressed by the scoping study was as follows: what evidence
exists that describes the development and assessment of the
development and effectiveness of parent and infant health apps?
Specifically, we sought to identify extant studies that described
the use of the apps by the target popul ation; provided evidence
of outcomes with mothers, infants, or children; and explained
whether the apps have been reviewed or endorsed by a health
care provider or hedth care provider society (eg, American
Academy of Pediatrics). Our search strategy included literature
published between January 1, 2000, and February 4, 2022. The
search terms included “ ((mother* OR mom* OR matern* OR
pregna* OR parent* OR postpart*) AND (infan* OR newborn
OR neonat* OR prenat* OR perinat* OR postnat* OR bab*)
AND (app OR mobile app OR apps OR mobile device
applications OR mobile apps OR smartphone) AND (health*)).”
The search resulted in 1895 citations being identified. The search
process commenced on January 27, 2022, with a preliminary
search of Academic Search Complete (EBSCO), Bibliography
of Indigenous Peoplesin North America (EBSCO), CINAHL,
Communication Source (EBSCO), Education Source (EBSCO),
and Global Health (EBSCO). The citations identified from this

IMIR Pediatr Parent 2024 | vol. 7| e46973 | p. 3
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

search (163/1895, 8.6%) were imported into the systematic
review platform Covidence (Veritas Health Innovation Ltd)
[48]. MEDLINE (Ovid) was a so searched on January 27, 2022,
and the citationsidentified (398/1895, 21%) wereimported into
Covidence [48]. Citations from Scopus (64/1895, 3.38%),
PubMed (656/1895, 34.62%), and Web of Science (614/1895,
32.4%) were identified in an additional search on February 4,
2022, and added to Covidence [48]. Of the 1895 citations, after
screening, 892 (47.07%) duplicates were removed.

Study selection (step 3); charting the data (step 4); and collating,
summarizing, and reporting the results (step 5) were facilitated
using Covidence[48]. Study selection occurred in 2 stages: title

Textbox 1. Literature review inclusion and exclusion criteria.

Phillips et al

and abstract screening and full-text screening. All articles at
each stage were reviewed by at least 2 team members. Any
conflicts were resolved during team meetings for title and
abstract screening. During full-text screening, any conflicts
were resolved by team members who had differing opinions
about inclusion discussing their differences and coming to an
agreement about whether to include acitation for dataextraction.
Inclusion and exclusion criteria (Textbox 1) were specified
during team meetings and adapted as needed through team
consensus. All team members had the opportunity to participate
in title and abstract screening, which aligns with our approach
to consultation (step 6) that was inclusive of the multiple
perspectives of our team members.

Inclusion criteria
«  Published primary research article (eg, completed studies)

« Review article (eg, systematic review or scoping review)

«  Appsfor pregnant people (people), parents (include fathers if they are part of the app’s target audience), postpartum people (people), infants and

children, and mothers and infants

«  Language: app in any language; articles limited to publicationsin English

«  Any country

« Article describes app development process or how effectiveness was determined (eg, randomized controlled trial or evaluation)

Exclusion criteria

«  Study or app focused on pathology or psychopathology (eg, gestational diabetes mellitus, preterm or premature birth, anxiety, and depression)

«  Study protocols

e  Thesisor dissertation

«  Commentaries, editorials, and letters to the editor

« Appsfor health care or community services workers only

«  Appsfor datagathering or tracking

«  Computer-mediated platforms: websites, communication platforms (eg, WhatsA pp, Facebook Messenger, and FaceTime), and social media or

social networking platforms (eg, Twitter, Facebook, and Reddit)

Our team devel oped a data extraction tool for charting the data
(step 4). This instrument was then entered into Covidence to
facilitate data extraction. Three authors (JCP, JH, and SZ)
completed data extraction. All other team members had access
to the data extraction outputs in Covidence [48]. The find
outputs of the data extraction process—the charted data—were
shared with all team members for review and discussion at a
team meeting. Collating, summarizing, and reporting the results
(step 5) were completed using the PRISMA-SCR process [47].
To ensure rigor in reporting our findings, we used a 3-stage
process [45]. First, we provide numerical summaries of key
aspects from the reviewed studies (eg, country where app was
designed to be used, app language, and study population).
Second, narrative summaries, tables, and figures are used to
present our findings and facilitate comparisons between, and
contrasts across, the reviewed studies. Finally, in the Discussion
section, we el aborate on the implications of our findingsfor the
future research and development of maternal and infant apps.
We aso propose recommendations for improving the
development, usability, end-user uptake, evaluation, quality

https://pediatrics,jmir.org/2024/1/e46973

assessment, aswell as policiesfor funders and regulatorsin the
field.

Consultation (step 6) wasincorporated into this scoping review
by including the multiple personal and professional perspectives
of the members of our diverse and inclusive team, which is
briefly described in the Positionality Statement subsection. We
did not consult outside our research team for conducting this
scoping review study. Our future research endeavorswill include
wider community consultations to include the experiences and
perspectives of the people who use maternal and infant apps.

Quality assessment (step 7) is a potentially fraught process for
scoping review studies, but efforts are underway to develop an
appraisal tool for them [49]. Some researchers have included
this step to enhance scoping review quality [44]. For the
purposes of our review and given the early devel opmental stages
of the science regarding the development and effectiveness
evaluations of smartphone apps, quality assessment was not
part of the inclusion criteria for this study. The assessment of
the selected studies will be made in a separate study after
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recommendations for the critical appraisal of scoping reviews
have been more formalized [49].

Results

Overview

Of the 1889 studies identified, after removing 862 (45.63%)
duplicates, 1027 (54.37%) articles remained. Of these 1027
articles, 940 (91.53%) were excluded during thetitle and abstract
screening. Of the remaining 87 articles that were assessed for
eligibility during full-text screening, 74 (85%) were excluded
for reasons stated in the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) diagram (Figure
1[50Q]), resulting in 19 (22%) articles reporting on 13 distinct
studiesthat wereincluded for dataextraction. At dataextraction,
4 articles [51-54] describing aspects of 1 (8%) of these 13
studieswere added from ahand search of theliterature, yielding

Phillips et al

atotal of 23 articlesfor data extraction. Of the total 23 articles,
2 (9%) were excluded at data extraction; 1 (4%) was excluded
because the app is limited to podcasts, which may not offer a
range of engagement opportunities and communication
modalities for app users and has less potential for use with
multiple languages [55]; and 1 (5%) was excluded because the
study tested a model of care that included an encrypted digital
app that facilitated text-based communication between patients
and their care team, not an app with multiple functionalities
[56]. Each of these excluded articlesreported on astudy, which
yielded the final total of 11 studies reported in 21 articles
included. Of these 11 studies, 2 (18%) werereported in multiple
articles, 1 (9%) wasreportedin 3 (14%) of the 21 articles[7-9],
and 2 (18%) studies were each reported in 5 (24%) of the 21
articles[51-54,57-62]. Ultimately, we reviewed and synthesized
data from 11 unique studies reported in 21 articles, published
between 2017 and 2021.

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

[ Identification of resources via databases

[ 1dentification of resources via other methods |

References from other sources (n=4)
Citation searching (n=4)

Grey literature (n=0)

| Studies sought for retrieval (n=4)

et Studies not retrieved (n=0)

Articles assessed for eligibility (n=4) ‘

— Studies excluded [n=0})

Characteristics of Included Studies

Table 1 summarizes characteristics across the 11 included
studies. The lead authors of the included studies represented 8
different countries, with Australia (3/11, 27% studies reported
in 7/17, 41% of the articles) [57,59-64] and the United States
(3/11, 27%) [16,65,66] having the greatest representation. The
other represented countriesincluded Indonesia (1/11, 9%) [28],
Jordan (1/11, 9%) [14], Morocco (1/11, 9%) [67], Nepal (1/11,
9% study reported in 3/21, 14% of the articles) [7-9], and
Singapore (1/11, 9% study reported in 5/21, 24% of the articles)
[51-54,58]. The health discipline of the primary authorsvaried,
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with the most common being medicine (3/11, 27%) and nursing
(3/11, 27%). Theother disciplinesincluded public health (2/11,
18%), followed by computer technology fields: computing and
informatics (/11, 9%), IT (V/11, 9%), and biomedical
engineering (1/11, 9%). Most of the appswerein English (8/11,
73%); other app languages included Arabic (1/11, 9%) [14],
Bahasa Indonesia (1/11, 9%) [28], and Nepali (1/11, 9% study
reported in 3/21, 14% of the articles) [7-9]. English-language
appswere developed for usein Austraia(3/11, 27%), the United
States (3/11, 27%), Morocco (1/11, 9%), and Singapore (1/11,
9%).
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Table 1. Key characteristics of reviewed studies (n=11).

Phillips et al

Country (language); au-
thors and year

Studies  Articles
(n=11),n (n=21),n
(%) (%)

Disciplines

Endorsed by inde-
pendent HCP?

Australia (English)

Dalton et a [64];
2018

Meedyaet a [63];
2021

Scott et al [57]; 2021
Whiteet al [59]; 2016
Whiteet al [60]; 2018
Whiteet al [61]; 2016

White and Scott [62];
2019

United States (English)

Bush et dl [65]; 2017

Cawley et d [66];
2020

Chaudhry et al [16];
2019

Indonesia (Bahasa In-
donesia)

Wiweko et a [28];
2019

Jordan (Arabic)

Nasir et al [14]; 2020

M orocco (English)

Sardi et a [67]; 2020

Nepal (Nepali)

Kayasthaet d [7];
2021

Mueller et al [8]; 2020

Mueller etal [9]; 2020

Singapore (English)

Shorey et a [58];
2017

Shorey and Ng [51];
2019

Shorey et a [52];
2019

Shorey et a [53];
2021

Shorey et a [54];
2018

327 7(3)

327 3(14)
1(9) 1(9)
1(9) 1(9)
1(9) 1(5)
1(9) 3(14)
1(9) 5 (24)

Anthropology, media, communications, and health (health, arts, and design) No

Medicine, nursing, social work, IT, computer science, and business No
Medicine, nursing, IT, dietetics, public health, and population health No
Medicine, nursing, IT, dietetics, public health, and population health No
Medicine, nursing, IT, dietetics, public health, and population health No
Medicine, nursing, IT, dietetics, public health, and population health No
Medicine, nursing, IT, dietetics, public health, and population health No
Nursing No

Nursing, public health, and business administration

No

Medicine, social work, computer science, and trained health workers (pre-  No

natal care coordination providers)

Medicine and computer science

No

Medicine, international development agencies, UN RWAb, andWorldBank  NO

Medicine, computer science, and biomedical science

Yes

Socia work, I T, and computer science (female community health volunteers  No

were part of the sample studied)

Socia work, I T, and computer science (female community health volunteers  No

were part of the sample studied)

Socia work, I T, and computer science (female community health volunteers No

were part of the sample studied)

Nursing and psychiatry

Nursing and psychiatry

Nursing and psychiatry

Nursing and psychiatry

Nursing and psychiatry

No

No

No

No

No

3HCP: health care provider.

BUNRWA: United Nations Relief and Works Agency for Paestine Refugees in the Near East.
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The studies included a variety of study designs, including
randomized controlled trial (2/11, 18% studiesreported in 3/21,
14% of the articles) [51,57,58], observational study (1/11, 9%)
[66], multisite cross-sectional study (1/11, 9%) [14], diaghostic
test accuracy study (1/11, 9%) [16], mixed methods study (1/11,
9%) [63], case study methodology report of apilot study (1/11,
9%) [65], retrospectivereview (1/11, 9%) [64], app development
reports (2/11, 18%) [28,67], and qualitative articles with
participants from the main study (4/11, 36%) [51,53,54,60]. Of
the 11 apps, 4 (36%) were designed for use in
resource-constrained settings: Indonesia [28], Morocco [67],
Nepal (reportedin 3/21, 14% of the articles) [7-9], and Palestine
refugee camps in Jordan [14].

All studies reviewed reported that they had funding to conduct
the research for the study. Of the 11 studies, 7 (64%) were
funded by a governmental agency, whereas 1 (9%) was funded
by astate Medicaid office[65], 1 (9%) wasfunded by the United
Nations Relief and Works Agency for Palestine Refugees in
the Near East (UNRWA) [14]; 1 (9%), reported in 5 (24%) of
the 21 articles, was funded by a university [51-54,58]; and 1
(9%) was funded by a health system [66]. Funding specific for
app development was reported in 5 (46%) of the 11 studies

https://pediatrics,jmir.org/2024/1/e46973
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reported in 7 (33%) of the 21 articles [7-9,28,65-67]. Funding
to support app sustainability was not specifically reported in
any of the studies but could be assumed in 3 (27%) of the 11
studies [14,16,65]. It was not clearly specified whether app
development and sustainability funding were obtained for 2
(18%) of the 11 studies[14,16].

Evidence of Apps Use, Outcomes, or Endor sement

Characterigtics of the study populations from the reviewed
studiesare summarized in Table 2, and evidence use of the apps
by the target population is presented in Table 3. Sardi et al [67]
described an app in development and proposed a study to
evaluate the effectiveness of the app they developed in
collaboration with postpartum people. Evidence of outcomes
with mothers, fathers, infants, and children was limited and is
summarized in Table 3. Evidence that apps have been reviewed
or endorsed by a health care provider is presented in Table 1.
Although all studies reviewed included health professionals or
health care providers as members of their research and
development teams, only 1 (9%) of the 11 apps was endorsed
by an independent health care provider or health care provider
society not involved in the app’s development or evaluation

[67].
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Table 2. Participant characteristics.

Phillips et al

Authors Population description Recruitment method Samplesize, n Sample characteristics
Sardi et a Physiciansand nurses (app  Hospital NR? NR
[67] for puerperal women)
Wiweko etal  Pregnant and nonpregnant  Clinic patients 205 NR
[28] people
Chaudhry etd Prenatal care coordination  Clinic patients 9 « Age 20-36y
[16] providers, social workers, «  Ethnicity: African American (6/9, 67%);
and women Hispanic (1/9, 11%); White (2/9, 22%)
o Education: <high school (6/9, 67%); college
(319, 33%)
e  Income: US $0-US $30,000/y
Meedyaeta  Pregnant people News platform, pa= 7 « Age 29-37y
[63] per flyers, and social « Raceor ethnicity: Asian; European; Middle
media Eastern; White
o  Education: NR
« Income: >US $6000/mo
Bushetal [65] Pregnant people Grassrootsreferrals 85 NR
Shorey et d Couples (mothers and fa- Clinic patients 250(126/250,50%[63cou- « Age 26-42y
[58] thers) ples] received education «  Ethnicity: Chinese; Malay; other
support via app, whereas .
o  Education: NR
124/250, 50% [62 couples] )
werein the control group)  ° Income: >SG $6000 (US $4367)/mo
Shorey and Couples (mothers and fa- Clinic patients 250(126/250,50%[63cou- « Age 26-42y
Ng [51] thers) ples] received education «  Ethnicity: Chinese; Malay; other
support via app, whereas .
o  Education: NR
124/250, 50% [50] couples )
werein the control group)  ° Income: >SG $6000 (US $4367)/mo
Shorey et d Couples (mothers and fa- Clinic patients 250(126/250,50%[63cou- « Age 26-42y
[52] thers) ples] received education «  Ethnicity: Chinese; Malay; other
support via app, whereas .
o  Education: NR
124/250, 50% [50] couples )
werein the control group) ~ ° Income: >SG $6000 (US $4367)/mo
Shorey et d Couples (mothers and fa- Clinic patients 250(126/250,50%[63cou- « Age 26-42y
[53] thers) ples] received education «  Ethnicity: Chinese; Malay; other
support via app, whereas Education: NR
124/250, 50% [62 couples]  * o
werein the control group)  ° Income: >SG $6000 (US $4367)/mo
Shorey et d Couples (mothers and fa- Clinic patients 250(126/250,50%[63cou- « Age 26-42y
[54] thers) ples] received education «  Ethnicity: Chinese; Malay; other
support via app, whereas Education: NR
124/250, 50% [62 couples]  * o
werein the control group) Income: >SG $6000 (US $4367)/mo
Nasir et Parents (mothers and fa- Clinic patients 1042 « Age
14 thers
[14] ) « Mothers: 23-33y
« Fathers: 29-39y
«  Ethnicity: Palestinian (refugees)
«  Education: NR
e Income: US$0
Cawley etal  Postpartum mothers Mail 567 « Age 20-36y
[66] « Raceor ethnicity: Asian (74/567, 13%);

Hispanic (46/567, 8%); White (360/567,
63%); other (87/567, 15%)

Education: <high school (82/567, 14%);
college (482/567, 85%)

Income: US $0-US $70,000/y (276/567,
49%); >US $70,000-US $150,000/y
(201/567, 35%)
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Authors Population description Recruitment method Samplesize, n

Sam

ple characteristics

Scotteta [57] Expecting couples (mothers  Clinic patients 1426
and fathers)

Whiteet a Expecting couples (mothers  Clinic patients 1426
[59] and fathers)

Whiteet a Expecting couples (mothers  Clinic patients 1426
[60] and fathers)

Whiteet a Expecting couples (mothers  Clinic patients 1426
[61] and fathers)

White and Expecting couples (mothers  Clinic patients 1426
Scott [62] and fathers)

Age

Mothers: 33-34y
Fathers: NR

Raceor ethnicity: African or Middle Eastern
(64/1426, 4%); Asian (84/1426, 6%); Aus-
traliaor New Zealand (724/1426, 51%);
United Kingdom or Ireland (129/1426, 9%);
other (72/1426, 5%)

Education: <high school (409/1426, 29%);
college (663/1426, 46%)

Income: NR

Age

Mothers: 33-34y
Fathers: NR

Race or ethnicity: African or Middle Eastern
(64/1426, 4%); Asian (84/1426, 6%); Aus-
traliaor New Zealand (724/1426, 51%);
United Kingdom or Ireland (129/1426, 9%);
other (72/1426, 5%)

Education: <high school (409/1426, 29%);
college (663/1426, 46%)

Income: NR

Age

Mothers: 33-34y
Fathers: NR

Raceor ethnicity: African or Middle Eastern
(64/1426, 4%); Asian (84/1426, 6%); Aus-
traliaor New Zealand (724/1426, 51%);
United Kingdom or Ireland (129/1426, 9%);
other (72/1426, 5%)

Education: <high school (409/1426, 29%);
college (663/1426, 46%)

Income: NR

Age

Mothers: 33-34y
Fathers: NR

Race or ethnicity: African or Middle Eastern
(64/1426, 4%); Asian (84/1426, 6%); Aus-
traliaor New Zealand (724/1426, 51%);
United Kingdom or Ireland (129/1426, 9%);
other (72/1426, 5%)

Education: <high school (409/1426, 29%);
college (663/1426, 46%)

Income: NR

Age

Mothers: 33-34y
Fathers: NR

Race or ethnicity: African or Middle Eastern
(64/1426, 4%); Asian (84/1426, 6%); Aus-
traliaor New Zealand (724/1426, 51%);
United Kingdom or Ireland (129/1426, 9%);
other (72/1426, 5%)

Education: <high school (409/1426, 29%);
college (663/1426, 46%)

Income: NR
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Authors Population description Recruitment method Samplesize, n Sample characteristics
Kayasthaetal Men and women By referrals 71 NR
(7
Muelleretal  Men and women By referrals 71 NR
(8l
Muelleretal  Men and women By referrals 71 NR
(9
Dalton [64] Pregnant people Clinic patients 124 « Age 1941y

Ethnicity: Australian White (103/124, 83%);
other (21/124, 17%)

Education: <high school (83/124, 67%);
college (41/124, 33%)

Income: NR

&\R: not reported.
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Table 3. Target group involvement, app use, and outcomes.

Phillips et al

Authors Target group Involvement App use Outcomes reported

Sardi etal  Mothersandin-  App development N/A2(appindevel- * Clinical staff examined app features and functionalities.

[67] fants opment phase) « A future study with mothers is planned.

Wiweko et Mothers Implementation phase Mothers «  App provides pregnant people directions to nearest health centers,

a [28] accessto medical staff, and saves patient’s medical recordsto easily
obtain professional help needed immediately.

Chaudhry  Mothersandin-  App development Pregnant people o  Low use by both providers and mothers.

et a [16] fants

Meedyaet Mothers App development Breastfeeding o App was piloted with, and revised based on, mothers’ feedback.

a [63] mothers

Busheta Pregnantpeople NRP Pregnant people «  Therewas adtatistically significant increase in the completion of

[65] prenatal visits (P=.02).

«  There was an association between the use of the app and lowered

incidence of low birth weight infants (P=.06).

Shorey et Postnatal moth- Research process Postnatal mothers «  There was an increase in the parenting confidence of new parents,

al [58] ers and fathers and fathers better perceived social support (parents were encouraged to proac-
tively seek help), and greater parenting satisfaction.

Shorey and  Postnatal moth- Research process Postnatal mothers «  There was an increase in the parenting confidence of new parents,

Ng [51] ersand fathers and fathers better perceived social support (parents were encouraged to proac-
tively seek help), and greater parenting satisfaction.

Shorey et Postnatal moth- Research process Postnatal mothers «  There was an increase in the parenting confidence of new parents,

a [52] ersand fathers and fathers better perceived social support (parents were encouraged to proac-
tively seek help), and greater parenting satisfaction.

Shorey et Postnatal moth- Research process Postnatal mothers «  There was an increase in the parenting confidence of new parents,

a [53] ersand fathers and fathers better perceived social support (parents were encouraged to proac-
tively seek help), and greater parenting satisfaction.

Shorey et Postnatal moth- Research process Postnatal mothers «  There was an increase in the parenting confidence of new parents,

a [54] ersand fathers and fathers better perceived social support (parents were encouraged to proac-
tively seek help), and greater parenting satisfaction.

Nasireta  Pregnantpeople No community in- Pregnant people o Thenumber of participants who downloaded the app was reported.

[14] and mothers  volvement and mothers *  Having other apps (ORC 6.17; P<.01), staff knowledge of the app
(OR 11.82; P<.01), using the Internet as a source of medical infor-
mation (OR 1.63; P=.01) and having internet access at home (OR
1.46; P=.05) were associated with app download.

Cawley et Mothersandin- Research process Pregnant people «  Theapp provided accessto personalized and evidence-based health

a [66] fants information.

«  The app was associated with an increase in healthy behaviors and

health knowledge.

Scottetal Mothersandfa-  Research process Fathers o  Thestudy did not demonstrate ameasurableimpact of father-focused

[57] thers support for breastfeeding.

Whiteetal Mothersandfa- Research process Fathers «  Thestudy did not demonstrate ameasurableimpact of father-focused

[59] thers support for breastfeeding.

Whiteeta Mothersandfa- Research process Fathers «  Thestudy did not demonstrate ameasurableimpact of father-focused

[60] thers support for breastfeeding.

Whiteetal Mothersandfa- Research process Fathers «  Thestudy did not demonstrate ameasurableimpact of father-focused

[61] thers support for breastfeeding.

Whiteand Mothersandfa- Research process Fathers «  Thestudy did not demonstrate ameasurableimpact of father-focused

Scott [62]  thers support for breastfeeding.

https://pediatrics,jmir.org/2024/1/e46973

RenderX

IMIR Pediatr Parent 2024 | vol. 7| e46973 | p. 11
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

Phillips et al

Authors Target group Involvement App use Outcomes reported

Kayastha  Pregnant people App development Pregnant people «  Participants gained more knowledge on maternal health than on
etd [7] and mothers and mothers neonatal health.

Mueller et Pregnant people App development Pregnant people «  Participants gained more knowledge on maternal health than on

a [8] and mothers and mothers neonatal health.

Mueller et Pregnant people App development Pregnant people «  Participants gained more knowledge on maternal health than on

a [9] and mothers and mothers neonatal health.

Daltoneta Mothers App development Pregnant people «  Therewas ahigh rate of noncompletion among study participants.
[64]

8N/A: not applicable.
BNR: not reported.
‘OR: odds ratio.

App Development and Evaluation Processes

The studies reviewed revealed several approaches to app
development. Some of the studies (4/11, 36%) used systematized
app development strategies, including software requirements
specification [67], rapid iterative testing and evaluation [16,57],
and persuasive system design model and principles [63]. Most
of the studies (9/11, 82%) included formalized evaluation
processes. Standardized approaches to the evaluation of the
apps included the Computer System Usability Scale [16], the

Mobile Application Rating Scale [57,59,61], and
investigator-developed evaluation instruments or processes
[7-9,14,59].

App Features

Each app included features intended to improve the end users
experience. A full list of app features described in the studies
is beyond the scope and purpose of this scoping review report.
Textbox 2 summarizes the key features and functionality
reported across the reviewed studies.

Textbox 2. Summary of the key app features and functionality reported across the reviewed studies.

Feature and functionality

«  Health status tracking: mechanism to record various health indicators and observe changes over time

»  Care support and access to information: provides information to guide care and increase knowledge

«  Usability: enhances the app user’s experience

»  Health data protection and privacy: protects the end users’ health data gathered by, or shared through, the app
. Datatransfer: allows for the sharing of information between patients and providers
«  Communication with health care providers: facilitates dialogue and communication between patients and providers

«  Behavior change techniques. mechanisms to change health-promoting or risk behaviors

End-User Engagement

End-user engagement in app development was reported in 5
(45%) of the 11 studies, which were reported in 8 (38%) of the
21 articles[7-9,16,28,63,64,67]. Mothers were involved in app
development in 7 (64%) of the 11 studies, which were reported
in 4 (19%) of the 21 articles [16,28,63,67]. Fathers were
involved in app development in 1 (9%) of the 11 studies, which
was reported in 3 (14%) of the 21 articles[7-9]. End userswere
engaged in the research processin 3 (27%) of the 11 studies,
which were reported in 11 (52%) of the 21 articles
[51-54,57-62,66]. Of the 11 studies, 2 (18%) included mothers
and fathers in the research process, as reported in 10 (48%) of
the 21 articles [51-54,57-62]; and 1 (9%) included postpartum
mothersin the research process [66]. Of the 11 studies, 1 (9%)
included pregnant and nonpregnant peoplein theimplementation
phase of app development [28], whereas 2 (18%) did not report
including end users in any aspect of the study [14,65].

https://pediatrics,jmir.org/2024/1/e46973

Discussion

Principal Findings
Overview

Our scoping review is consistent with what has been previously
reported in the literature. Apps have been developed for, and
used in, avariety of settings globally. There are little data and
regulatory guidance to inform people about the effectiveness
of available apps that aim to improve health outcomes among
mothers, especialy mothers with low income, mothers with
low income belonging to minority groups, and
non—-English-speaking mothers. This includes geographic
locations with constrained resources and humanitarian crises
(both human-made and natural disasters) [7-9,14,28]. The
studies we reviewed reinforce the importance and usefulness
of maternal and infant health apps to support global PHC
objectives and confirm that they can be useful toolsto facilitate
the achievement of UHC [1-4]. However, our findings highlight
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several research gaps and challenges for the effective and
sustainable development, implementation, and evaluation of
maternal and infant health apps.

App Development Process

Currently, the development of maternal and infant health apps
(including for use during pregnancy and the postpartum period)
is on therise; however, as documented in the literature and the
results of this scoping review study, evaluation is lacking.
Consistent with previous research, these apps are an efficient
means of providing a wide range of health and safety
information, and most women and parents, regardless of
background or language, own a smartphone [7-9,14,20,21,28].
In fact, >85% of the world’s population in advanced economies
[68] and >67% of the global population own asmartphone, with
>90% owning a mobile phone [69,70]. Smartphone ownership
makes health information on pregnancy and perinatal periods
easily accessible through maternal and infant health apps.
However, as seen in our study, maternal and infant health apps
lack commercial regulation and standardization, making their
content questionable, which has been previously documented
[29]. As there is a lack of regulation and standardization,
potential harm has been identified by health professionals with
several pregnancy mHealth intervention apps [18,19,30,35].
Our review as well as other studies have found that many apps
have not been evaluated for content accuracy, making it difficult
for end usersto assesstherdiability of theinformation presented
in them [31,32]. Some apps aso lack information that would
be most helpful for women and their families during the
perinatal period [33,34]. No medical society has issued
guidelines for mHealth apps [29], athough the ISO and FDA
offer guidance to support further development of guidelines
[17,35], and legal scholars have proposed a framework for
user-centered approaches to improve the safety and security of
al apps, including mHealth apps [18,19].

In this scoping review study, we found that the outcomes
reported demonstrated dlight increases in behavior and
knowledge [9,52,58,63,65,66], whereas other studies reported
low use [14,16,64] or were in the development stages with no
outcomes reported [28,67]. This is similar to other studies
reporting on outcomes regarding the reasons why most apps
developed are targeted at English-speaking White women
without regard for women of other cultures and
non-English-speaking people[8,14,22,23,28,29]. Thishasbeen
attributed to alack of app development designed for culturally
diverse non—English-speaking women [25,71]. Few studieswith
culturally diverse women with low income and their use of
mHealth apps have been reported or have examined language
and cultural issues as potential barriersto app use[8,14,72,73].
Our study indicated that most of the apps (8/11, 73%) werein
English. However, our scoping review study documents
emerging evidence to support the use of maternal and infant
health apps in other languages and cultures
[7-9,14,28,51-54,58,67]. Studies have reported high uptake and
use of linguistically and culturally tailored apps [74,75].

Thefindings of our study help in assessing similar conclusions
in other recent studies that women using maternal and infant
health apps during pregnancy and the postpartum period prefer

https://pediatrics,jmir.org/2024/1/e46973
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greater and immediate access to information that is relevant to
their local health care context, which includes support offered
by health care professionals [25,76].

App Features

A summary of key features to include in future apps are
described in Textbox 2. Key features for inclusion in apps
include health status tracking, care support and access to
information, usability, health data and privacy protection, data
transfer, communication with hedlth care providers, and behavior
change techniques. Health status tracking facilitates recording
various health indicators that can be monitored over time. Care
support and access to information build knowledge to improve
health outcomes. Usahility enhances the end users’ experience
when using an app. Health data and privacy protection protects
the end users' health data gathered by, or shared through, the
app. Data transfer alows for sharing information between
patients and health care or social services providers.
Communication with health care providers facilitates dialogue
and communication between patients and health care or social
services providers. Behavior change techniques can be
embedded in apps to support the achievement of
health-promoating or risk behavior reduction goals. Additional
information regarding app features is provided in a literature
review conducted by Sardi et a [77].

In resource-constrained settings, such as Nepal [7-9], the app
served multiple purposes to achieve public health and safety
objectives, including maternal health and disaster preparedness.
In addition, in refugee settings, an app based on the Maternal
and Child Health Handbook contains basic MCH information
and promotes care-seeking behaviors, improves the continuum
of care, and increases users’ health-related behaviors[14]. This
is evidence that apps can serve multiple health-related
objectives, which has been documented in other settings during
the COVID-19 pandemic [11,12]. In the context of health and
humanitarian crises, the adoption of mHealth apps may be a
wise use of scarce resources to address multiple public
health—related and safety objectives simultaneously.

Potential risks related to mHealth and privacy exist and have
been documented in the literature; for example, apps with the
capacity to gather and store health data from end users need to
have policies and protocols in place to ensure that the privacy
of these data is maintained. These policies and protocols need
to be transparent so that end users can be aware of who has
access to their health data and for what purposes. In addition,
algorithms, artificial intelligence, and machine learning can be
used with the data gathered from apps. People who use these
apps need to be aware of how these technologies are used with
the datathey sharein apps[36]. Finally, risks can occur related
to end users' capability and capacity to read and understand
content embedded in apps, even if the app is developed in the
end users' native language.

End-User Engagement

A fundamental feature of PHC that effective maternal and infant
mHealth apps can offer is engaging people in their health care
through empowerment and opportunities for enhanced self-care
and self-reliance [1-4]. End-user engagement ought to be an
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essential part of the development of all maternal and infant
health apps aswell as other mHealth apps. Including end users
in al stages of app development, implementation, scale-up,
evaluation, and research across al stages is critical to the
sustainability of appsand may enhance app longevity. Strategies
for how to engage end users of apps in research have been
described previously [78]. None of the studiesincluded in this
scoping review included participants in all aspects of app
research and development. Most of the studies (9/11, 82%)
included end usersin part of the app research and development
process, including app devel opment, reported in 7 (33%) of the
21 articles [7-9,16,63,64,67]; the implementation of the app
[28]; and the research process, reported in 11 (52%) of the 21
articles [51-54,57-62,66] .

Quality Appraisal and Risk of Bias

The current state of the science for app development and
evaluation limits the ability to evaluate the published studies
for risk of bias[49]. Furthermore, thereis debate about whether
and how to review study quality and risk of bias in scoping
reviews [49,79]. As our scoping review included a variety of
different research approaches or app development reports, it
was difficult to conduct a thorough quality appraisal of the
potential for risk of bias, especially because we did not exclude
any study based on quality appraisal or risk of bias. Our finding
that the current literature may not meet criteria specified in
many quality appraisal and risk-of-bias tools aligns with the
challenges in the field of mHedth app development and
evaluation with which regulatory and standards agencies are
currently grappling [18,19,35].

Strengths and Limitations of the Review

This scoping study used a methodological approach that has
demonstrated successin other settings. In addition, we used the
PRISMA-ScR guidelines to guide our study, which increases
thetransparency of the processes used to conduct the study. The
limitations of this review include the fact that we may have
missed some studies by only searching English-language
literature. As we excluded studies with a primary focus on
mental health outcomes, we may have missed some studies that
reported on apps that have demonstrated efficacy and have
begun to surmount the concerns with regard to quality and
reliability as well as the accuracy, usability, accessibility, and
privacy protection features of apps[18,19,35].

Conclusions

In conclusion, this is one of the few studies reviewing the
research regarding apps for maternal and infant health. These
apps are increasingly being developed and launched in the
marketplace in enormous numbers with little to no evaluation
criteriain place. Many of the current maternal and infant health
apps being launched are not devel oped with the pregnant person
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or mother’s needs in mind. Although the use of maternal and
infant appsin health research isarelatively new area, there are
concerns about the safety of these apps for end users. Future
initiatives are needed to support health researchers to navigate
the landscape of maternal and infant health apps and evaluate
the impact of their efforts to develop effective and sustainable
apps. Given the concerns related to safety and standardization,
future research needsto focus on providing additional direction
to health researchers on how to set policiesin place. Thiscould
include the development of professional or institution-specific
guidelines or the development of best practices. Furthermore,
there is a need for research to determine the influence and
implications of the integration of apps within health care
information systems. The integration of apps into health care
information systems architecture and environments may pose
unique challenges that directly influence the acceptability and
usability of these apps for end users and may limit an app’s
utility, uptake, and sustainability. Despite challenges inherent
in currently available apps and their design processes, maternal
and infant health app technology holds promise for achieving
health equity goals and improving MCH outcomes.

Recommendations

Funders should consider strategiesto support the sustainability
of effective apps that achieve their stated purpose and are
accessible, acceptable, safe, and securefor their end users. This
will facilitate the sustainability of apps that have demonstrated
effectiveness among pregnant people, parents, and their families.
Thisimpliesthat aquality appraisal or effectiveness evaluation
of apps would need to be built into the app development,
implementation, and scale-up processes.

We advocate for regulation to ensure that maternal and infant
apps support the needs of mothers, fathers, and others who use
them to improve health outcomesfor mothers, infants, and their
families. The regulatory framework proposed by Knox and
Tenenbaum [18,19] would be useful to inform and guide
regulatory advances in the field, as would the inclusion of
strategies to protect the private information of people who use
apps [18,19,36]. One aspect of this recommendation is for
funders and policy makers to consider requiring end-user
engagement in all aspects of app devel opment and research that
is consistent with the principles of PHC and UHC [1-4].

Researchers, policy makers, and patient advocates should
advocate for the safe and wise use of new technology advances
such as the artificial intelligence chatbots ChatGPT and Bard.
These technologies may further advance opportunities for
computer-mediated approaches that support improvements in
MCH. These technologies hold tremendous potentia to
revol utionize health care but must be used to support goals for
improved health outcomes, not for nefarious purposes.
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