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Abstract

Background: Mobile health (mHealth) interventions promoting healthy lifestyle changes offer an adaptable and inexpensive
method for accessing health information but require cultural appropriateness and suitability for acceptance and effectiveness in
Indigenous populations. No systematic review on effective mHealth interventions for Indigenous women during pregnancy and
the early childhood years has been conducted.

Objective: This review evaluated the effectiveness of mHealth interventions promoting healthy behaviors for Indigenous mothers
and children from conception to 5 years post partum. It also aimed to explore the observed effectiveness differences based on
participant engagement, intervention design, and provision of context. Further, the review explored if the interventions were
co-designed.

Methods: A systematic search of 5 databases was conducted: SCOPUS, MEDLINE, CINAHL, PsycINFO, and ProQuest
(Dissertation or Thesis). Studies were included if they were either a randomized controlled trial, pre-post comparison, or a cohort
study using mHealth with Indigenous women for maternal and child health following a preregistered PROSPERO protocol
(CRD42023395710). HealthInfoNet was searched for gray literature and the reference lists of included studies were hand searched.
The initial title and abstract screen for eligibility were performed by 1 reviewer. A full-text screen of eligible studies and a quality
appraisal of included studies was performed by 2 reviewers independently. The appraisal tools used were the Mixed Methods
Quality Appraisal Tool and the Centre of Excellence in Aboriginal Chronic Disease Knowledge Translation and Exchange
(CREATE). A descriptive synthesis of the extracted data was performed.

Results: Of the 663 articles screened, only 3 met the eligibility criteria. Each paper evaluated a different mHealth intervention:
Remote Prenatal Education; the SMS Parent Action Intervention (two-way text messaging); and the Screening, Brief Intervention
and Referral to Treatment (SBIRT) eCHECKUP To Go (web-based screening and intervention). Statistically significant changes
were reported in some outcomes, including an increase in the parental participation rate in face-to-face prenatal education;
increased rate of breastfeeding initiation and exclusive breastfeeding (2-12 months); improved overall children’s behavior related
to sleep, diet, physical activity, screen time, and intake of sugary beverages; improved individual children’s behavior related to
physical activity and sleep; and decrease in alcohol drinks per week and binge drinking episodes per 2 weeks due to time effect.
However, no study provided a sample size calculation for the reported significant outcomes. Also, due to the small number of
included studies and each study evaluating a different intervention, it was not possible to combine results to ascertain if the
participant engagement, intervention design, or community context had any impact on the effectiveness.

Conclusions: Due to the lack of sample size calculation, it was not possible to establish whether differences in the effectiveness
were due to the interventions or a type I statistical error. Therefore, caution is required in the interpretation of these findings.

J Med Internet Res 2025 | vol. 27 | e57019 | p. 1https://www.jmir.org/2025/1/e57019
(page number not for citation purposes)

Ishaque et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:sana.ishaque@flinders.edu.au
http://www.w3.org/Style/XSL
http://www.renderx.com/


Trial Registration: PROSPERO CRD42023395710; https://www.crd.york.ac.uk/PROSPERO/view/CRD42023395710

(J Med Internet Res 2025;27:e57019) doi: 10.2196/57019
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Introduction

Globally, Indigenous populations share experiences of
devastating disruptions to their development due to violent
settler colonial practices that persisted well into the twentieth
century and continue to impact them today [1]. This historical
suffering and the consequent vestiges are inextricably linked to
the current overrepresentation of Indigenous people in
population statistics relating to avoidable mortality, disease
burden, and social and economic disadvantage [2]. To note, in
this review, the term Indigenous is used for Indigenous
populations across the globe.

Adverse health outcomes including low birth weight, preterm
birth, stillbirths, and perinatal mortality rates disproportionately
affect Indigenous families [3,4]. Indigenous women are more
likely to experience domestic violence, have high levels of
psychological distress, and exhibit a higher prevalence of
behavioral risk factors including tobacco, alcohol, and other
drug use in comparison with non-Indigenous women [5-7].
Disparities between Indigenous and non-Indigenous maternal
and child health outcomes highlight the need for urgent and
specialized support [3]. The perinatal period offers a unique
opportunity for women to adopt healthy behaviors for the benefit
of both themselves and their babies [8]. In addition, experiences
during the first 2000 days of a child’s life have a significant,
lasting impact on cognitive, physical, social, and emotional
health [9,10]. Therefore, interventions applied during the
perinatal period and early childhood are more successful than
those implemented at a later stage of life [9].

Of relevance is the geographic impact on health inequities
experienced by Indigenous populations. Compared with urban
or regional populations, communities in rural and remote regions
experience higher mortality [11]. The disparity is attributed to
barriers associated with high cost, poor access, and culturally
inappropriate service provision, as well as employment,
education, and income disadvantages [12].

Mobile health (mHealth) interventions offer an alternative option
for the provision and dissemination of health information,
particularly for communities outside major cities where health
services reach is reduced. Health service providers are
increasingly using digital technology for health promotion due
to its practicality, reach, and accessibility [13]. mHealth is being
used for education, behavior modification, data collection and
tracking, point-of-care diagnostics, health decision support, and
record keeping [14,15]. This coincides with the increased use
of mobile technology and specifically, its use for health and
social and emotional well-being purposes by Indigenous women
[16,17].

It has been established that Indigenous women are likely to
successfully engage in services during the antenatal period when
they feel empowered through education, family and community
support, and cultural connectedness [4,6,18,19]. Effective health
promotion is accessible, empowering, respects the values of
Indigenous family structures and kinship systems, and most
critically, is Indigenous-led [20]. Like any other intervention,
mHealth when used for Indigenous populations requires the
intervention to be culturally appropriate and acceptable [21].

There are very few studies that have reported the benefits of
culturally responsive mHealth interventions specifically
developed to support healthy lifestyle choices for Indigenous
women [17,22,23]. Research that fails to consult with Indigenous
communities has been shown to provide little benefit [10].
Applying homogenized, mainstream health interventions risks
perpetuating inequities, hindering engagement, and discounting
the legacy of historical atrocities [24]. It is critical that mHealth
is culturally safe and acceptable and that evaluations consider
differences in participant characteristics, features of the
intervention, and the context of delivery [25].

The primary objective of this systematic review was to assess
the effectiveness of mHealth interventions designed for use by
Indigenous mothers (from conception to 5 years post partum)
who seek to promote healthy behaviors. The secondary aims of
this review included examining the observed differences in the
effectiveness of the interventions based on participant
engagement, the intervention design, and the programmatic and
community context in which the intervention was implemented.
This review also explored whether the mHealth intervention
was designed or adapted specifically for Indigenous populations.

Methods

A systematic review protocol outlining the search strategy,
methods for title and abstract and full-text screening, data
extraction template, quality assessment methods, data analysis
methods, synthesis, statistical issues, publication bias, and any
conflicts of interest was developed and registered with
PROSPERO (CRD42023395710) [26]. The review followed
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines for the conduct and
reporting [27] (Multimedia Appendix 1). The protocol was
followed fully except that the third aim, to explore if the
identified interventions were co-designed, was included after
the protocol was submitted for registration to PROSPERO based
on experts’ advice.

Eligibility Criteria
A publication was eligible for inclusion if it reported findings
from a randomized controlled trial (RCT), pseudorandomized
controlled trial, comparative study with concurrent controls, or
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pre-post study that applied a user-operated digital health
intervention as an intervention. The population included was
self-identified Indigenous women in the antenatal period or with
children aged 0 to 5 years. The outcomes eligible for inclusion
were health behaviors during pregnancy, which related to diet,
use of tobacco, alcohol, other drugs, and physical activity; and
behaviors performed by mothers or other caregivers during the
early childhood period, including behaviors related to health
and hygiene care, feeding, stimulation, responsiveness, and
safety. The review was restricted to publications reported in
English. There was no restriction on the type of control, type
of digital health intervention, country, setting in which the study
was conducted, or date of publication.

Studies were excluded if they reported on the development or
design of a digital health intervention without reporting on its
effectiveness on the behavioral outcomes of Indigenous women
and children, reported on mixed Indigenous and non-Indigenous
populations without reporting subgroup data, or applied the
intervention directly to children with the intention to change
maternal behavior.

In this review, user-operated digital health technologies are
regarded as any form of computerized technology that the
intended (beneficiary or target) audience interacts with in a way
that is not mediated by a third party (eg, by a health care
provider). This includes mobile phone technologies (or
mHealth); web 2.0 technologies (inclusive of social media);
websites and web-based applications; and non-web applications
(eg, delivered via offline electronic devices).

Search Strategy
With the assistance of a research librarian, a systematic search
was performed in SCOPUS, MEDLINE, CINAHL, PsycINFO,
and ProQuest (Dissertation or Thesis) in October 2022 and was
updated in December 2023. The search was conducted using
controlled vocabulary and keywords related to the terms
maternal, child and family health, Indigenous population, and
mHealth. Specially designed search filters have been used to
identify terms for Indigenous populations [28]. Details of the
search strategy for all databases are given in Multimedia
Appendix 1. The search strategy was modified to adapt to
variations in indexing among the other databases and a complete
search strategy is available on request. In addition, the
HealthInfoNet website and reference lists of the included studies
were hand-searched for relevant gray literature and any
additional relevant studies respectively.

Relevance and Full-Text Screening
The literature screening was performed using the Covidence
systematic review software. After removing duplicate articles,
the title and the abstract screen were performed by 1 reviewer
per article (SI, OE, and AD). The studies selected for full-text
review were screened by 2 independent assessors (SI, OE, and
AD) against the eligibility criteria, with conflicts managed with
discussion and with the assistance of an expert reviewer (BB).

Data Extraction and Analysis
Data extraction was performed by 1 assessor (either OE or AD)
using a template designed to extract information about the study

methodology, population characteristics (including
self-identification of Indigenous status), behavioral target,
intervention characteristics, intervention context, information
about co-design of the intervention, and reported outcomes.
Another reviewer (SI) checked the extracted data for accuracy
and completeness.

The data are presented descriptively and in narrative form, where
applicable. The planned analysis to perform meta-aggregation
of qualitative data and meta-analysis of quantitative data was
not feasible due to the small number of included studies.

Risk of Bias Assessment
An assessment of the risk of bias for included studies was
performed independently by two reviewers (OE, AD) using the
Mixed Methods Appraisal Tool (MMAT) [29] and the Centre
of Excellence in Aboriginal Chronic Disease Knowledge
Translation and Exchange (CREATE) tool [30]; with a third
assessor (SI) managing conflicts. Anticipating a relatively small
body of literature, risk of bias assessment was not used to
exclude otherwise eligible literature but is presented and
discussed alongside the review results.

Results

Eligibility
From the database search, 867 articles were retrieved, of which
229 were duplicates. After the removal of duplicates, the title
and the abstract of 663 articles were screened for relevance, of
which 42 were found eligible for full-text screening. After the
full-text screening of 42 articles, 3 met the inclusion criteria
and were included in this systematic review (Figure 1) [31-33].
There were 39 excluded studies due to wrong outcome (5
studies), wrong intervention (6 studies), wrong study design
(12 studies), wrong patient population (13 studies), wrong
publication (ie, book; 1 study), and protocol only (ie, no results;
2 studies).

An additional 6 articles were found eligible for full-text
screening after a hand search of reference lists of the included
studies, but none of them were included in the review as the
study designs were inappropriate for this review. Finally, 3
studies were included (Table 1).

The publication dates of the 3 included studies were 2021, 2019,
and 2015 (Table 1) [31-33]. Two of the studies were conducted
in the United States with American First Nation populations
[31,33] and one was conducted in Canada [32] and included 3
First Nation communities of Canada (Sagkeeng, Sandy Bay,
and Garden Hill). The study designs were pre-post comparison
(n=2), and randomized controlled trial (n=1), respectively. The
health conditions around which behavioral changes were sought
included participation in the prenatal program and breastfeeding
initiation [32], childhood obesity [31], and alcohol addiction
(or problem drinking) [33]. The outcomes included breastfeeding
initiation, breastfeeding duration, parental participation in
parental education programs [31-33]; child behaviors related to
sleep, diet, physical activity, screen time, and intake of sugary
beverages [31]; and binge drinking and weekly drinking [33].
The interventions were applied in community settings in all 3
included studies.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.
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Table 1. Study characteristics and outcomes.

Outcomes reportedBehavioral
target

Participant
characteristics
and total par-
ticipants (n)

Participant
engagement

Study
design

SettingCountryIndigenous population
and availability of in-
ternet

Study aimsStudy
ID

42% atten-
dance (n=53)

Pre-post
compari-
son

Commu-
nity
based

CanadaTo assess
the impact
of commu-
nity-based

Hui et
al [32]

• Outcomes 1-year
pre and post inter-
vention: partici-
pation rate in

• Breast-
feeding
initiation

• Pregnant
women

• Sagkeeng and
Sandy Bay (two
rural Ojibwe
First Nation

in the com-
munities for

• Total
number • Breast-

feedingcommunities)remote pre- prenatal pro-of partici-the social
pants notmedia-assist-natal educa-

tion
grams across the
3 communities
increased signifi-

duration• Garden Hill (a
remote An-
ishininew First

reporteded prenatal
chat group

• Parental
participa-
tion in cantly; 36.4%Nation communi-

ty) (85/233 births)parental
vs 54.5%educa-• Internet available

at all locations; (125/231 births;tion pro-
P<.001.); signifi-gramSpeed of Wi-Fi
cant increase inat Garden Hill

unable to trans- breastfeeding
fer high-quality initiation rate in
video images only 1/3 of the

communities:
23% (15/65) live
births to 67%
(288/42) live
births (P<.001);
no significant
difference in
breastfeeding
initiation rate in
Sandy Bay and
Garden Hill ar-
eas.

17/17 com-
pleted 5
weeks study

Pre-post
compari-
son

Commu-
nity
based

United
States

This study
investigat-
ed the feasi-
bility of de-

Brown
et al
[31]

• Outcomes com-
pared pre- and
postintervention:
significant

• Child be-
haviors
related to
sleep, di-

• Parents
of chil-
dren 3 to
5 years

• American Indian
reservation

livering change in favoret, physi-• Ameri-
can Indi-health-relat- of the interven-cal activi-

ed short tion in overallty, screenan (47%)
text mes- child behaviortime, and• Mean

age 34sages to (P=.051); signifi-intake of
parents to cant differencesugaryyears, fe-
reduce obe- in child behaviorbever-male
sity risk related to physi-ages(15/17,
among cal activity and88%)
children sleep (P=.046);• Annual

incomesaged 3 to 5
years

no significant
difference in
child behavior

greater
than US

related to diet$30,000
(59%)

• College
graduates
(71%)

• Total
n=17
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Outcomes reportedBehavioral
target

Participant
characteristics
and total par-
ticipants (n)

Participant
engagement

Study
design

SettingCountryIndigenous population
and availability of in-
ternet

Study aimsStudy
ID

• No significant
difference be-
tween I and C
for alcoholic
drinks per week
and binge
episodes per 2
weeks. Alcoholic
drinks per week
and binge
episodes per 2
weeks were sig-
nificantly re-
duced due to the
time effect
P<.05.

• Binge
drinking

• Weekly
drinking

• Sample
size for
which de-
mograph-
ics were
reported
n=247

• Age:
28.6 ±
0.5 (28.6
± 0.5)

• Interven-
tion
n=129,
Control
n=134,
Total
n=263

263 recruit-
ed, 16
(6.1%) lost
to follow up

Random-
ized
con-
trolled
trial

Commu-
nity
based

United
States

• American Indi-
an/Alaskan
women

To develop
and test an
adaptation
of an on-
line inter-
vention for
reducing
risky drink-
ing in In-
digenous
women of
childbear-
ing age

Mon-
tag et
al [33]

Study Interventions
The eHealth intervention Remote Prenatal Education in the
pre-post study by Hui et al [32] was a substudy of a large
intervention that also included some face-to-face components
(Table 2). The eHealth component consisted of culturally
tailored web-accessible educational material on topics related
to the pregnancy, prenatal, and postnatal periods, such as healthy
eating, recipes, traditional foods, food label reading, and
nutrition content for common foods and a social media-assisted
prenatal chat group operated through Facebook messenger. The
chat was moderated by community elders, Canadian Prenatal
Nutrition Program (CPNP) workers, or the study coordinator.
The intervention was accessible via computer or smartphone
and could be opened via Facebook. The educational material
on the website was available as readings, audios, and videos;
news on the prenatal or postnatal programming in the
communities and traditional knowledge regarding a healthy
pregnancy was also available. Traditional methods, including
prayer, sharing circles, and storytelling, were incorporated in
breastfeeding education. While the total number of participants
was not reported, the participation rate for the social media
prenatal group was 42% (n=53).

The pre-post study by Brown et al [31] investigated the Short
Messaging System Parent Action Intervention. The study

consisted of 3 short text messages per week for 5 consecutive
weeks sent between 30 January and 17 March 2017 to 17
families (Table 2). The messages were tailored for the age and
gender of participating parents and children and sent on the
phone at individualized times of the day using an online text
automation platform, Mosio. The text messages provided
information about recommended healthy child nutrition, physical
activity, sleep, and screen time behaviors of preschool children.
The text message topics were derived from the Let’s Go!
5–2–1–0 US national campaign and recommendations for sleep
in children.

The intervention in the randomized control trial used an online
intervention called Screening, Brief Intervention, and Referral
to Treatment eCHECKUP To Go; this screened participants for
their use of alcohol, and based on their answers provided
feedback about their risk of an alcohol-exposed pregnancy and
its effect on the fetus (Table 2) [33]. After the initial screening,
resources and information on support services were provided
to participants. The intervention took approximately 20 minutes
to complete. There were 129 women in the intervention group
and 134 women in the control group that received “usual care,”
which included nonspecific educational resources available in
waiting areas.
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Table 2. Intervention characteristics.

Who delivered
or moderated
the interven-
tion?

How many times
did participants
interact with the
intervention (eg,
text messages)?

Name of Indigenous
nation or country

Intervention
context

Intervention delivery
and access method
(eg, computer,
tablet, phone)

Was the digital
health intervention
part of any bigger
intervention (eg,
face-to-face compo-
nents)?

Intervention name,
details, whether it
was live, and any
links

Study
ID

Community El-
ders, Canadian
Prenatal Nutri-
tion Program
workers, and
the study coordi-
nator served as
the hosts of the
Facebook chat
groups.

Not reportedSagkeeng and Sandy
Bay (two rural Ojib-
we Indigenous com-
munities), Garden
Hill (Anishininew
Indigenous commu-
nity)

Community-
based remote
and some
face-to-face
components

Computer and
smartphone (Face-
book link with web-
site)

YesRemote prenatal
education via an
educational web-
site and social me-
dia–assisted prena-
tal chat groups
(Facebook or Mes-
senger)

Hui et
al 2021
[32]

Messages ap-
peared to be
sent from a lo-
cal pediatrician
or a tribal
health dietitian

Three text mes-
sages each week
for 5 consecutive
weeks

American and non-
American Indians
residing in American
Indian Reserves

CommunitySMS text messages
were sent using Mo-
sio, an online plat-
form for text mes-
sage automation

NoTwo-way text mes-
saging: the Short
Messaging System
Parent Action Inter-
vention. The SMS
text message topics
were derived from
the Let’s Go!
5–2–1–0 US nation-
al campaign and
recommendations

Brown
et al
2019
[31]

Not applicable1, 3, and 6
months

American Indian or
Alaska Native wom-
en in Southern Cali-
fornia

Participants
were recruit-
ed from
American In-
dian or Alas-
ka Native
health clinics
(intervention
delivered in
community
setting)

Computer, phone,
tablet (could be ac-
cessed by the web-
site)

NoScreening, Brief
Intervention, and
Referral to Treat-
ment. eCHECKUP
TO GO, a web-
based brief assess-
ment and interven-
tion tool. Partici-
pants received indi-
vidualized online
feedback at the end
of the session re-
garding their risk
for an alcohol-ex-
posed pregnancy,
the impact of alco-
hol exposure to the
fetus, the physical
and financial cost
of their alcohol
consumption, and
how their drinking
compared with that
of other Indigenous
women. Approxi-
mately 20 minutes
to complete.

Montag
et al
2015
[33]

Study Outcomes
In the Hui et al [32] study, a significant increase was reported
in the participation of pregnant women in a face-to-face prenatal
program 1 year after the start of intervention compared with
preprogram participation rates (Table 1). Furthermore, a
significant increase was reported in the breastfeeding initiation
rate at one of the study sites and exclusive breastfeeding between
2 to 12 months was also significantly increased at another study
site.

In the Brown et al [31] study, a pre-post comparison of a 5-week
text intervention, there was a significant increase in
parent-reported overall child behaviors related to sleep, diet,
physical activity, screen time, and intake of sugary beverages
in favor of the intervention (Table 1). When individual behaviors
were assessed, there was significant change in child behaviors
related to physical activity and sleep, and there was no change
in child behavior related to diet.
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The Montag et al [33] study, which was a randomized controlled
trial from April 2011 to September 2012, did not find any
statistically significant differences in intake of alcoholic drinks
per week and binge drinking episodes per week between the
intervention and control groups (Table 1).

Cultural Adeptness
The steps and strategies taken to ensure the cultural
appropriateness of the mHealth interventions were extracted

from the included studies (Table 3). Hui et al [32] and Montag
et al [33] cited previous work that reported the interventions
being co-designed for Indigenous populations, and Brown et al
[31] used an intervention that was not reported to be co-designed
or adapted for Indigenous populations. In the instances when
previous research was cited, those articles were retrieved and
relevant data were extracted (Table 3). Authors of the included
studies were also contacted for information related to the
co-design or adaptation.

Table 3. Cultural adaptation or community co-design approaches used in included interventions.

Evaluation
of cultural
appropriate-
ness

Theory for
cultural
adaptation or
co-design 

Who else was
included in the
design or
adaptation? 

Were Indigenous
people included
in the design or
adaptation? 

What features
made it culturally
appropriate?

How was cultural
adaptation done
(eg, study design
processes or co-
design)?

Were any
citations
provided
about the
co-design
or adapta-
tion of the
interven-
tion? 

Was the intervention
culturally adapted
(or co-designed)? 

Study
ID 

Not reportedNot reportedNone Yes The intervention
was built on the
previous work of
the researchers
that identified
barriers to partici-
pation among the
study population
[34] 

Not reported Yes [34]Yes Hui et
al
2021
[32] 

Not reportedNot report-
ed 

None YesResearch ap-
proved by the In-
stitutional Re-
view Board at the
American Indian
Tribal college on
the reservation;
the design, imple-
mentation, and
interpretation
were done in
partnership 

Not reported No Not reportedBrown
et al
2019
[31] 

Not reportedParticipatory
research

Non-Indige-
nous clinical
staff who had
familiarity and
experience
with the topic
and popula-
tion 

Yes;

Indigenous wom-
en

clinical staff who
had familiarity
and experience
with the topic and
population

Inclusion of pic-
tures and person-
al stories, empha-
size confidentiali-
ty, incorporating
family and com-
munity orienta-
tion, information
tailored to the lo-
cal community 

Qualitative re-
search and com-
munity outreach
reported in au-
thors’ previous
work [35] 

Yes [35]Yes Mon-
tag et
al2015
[33] 

Methodological Quality
The included studies were assessed for their methodological
quality from an Indigenous perspective using the CREATE tool
and MMAT (Tables 4 and 5 [36]; Multimedia Appendix 1).
There was little information reported in the included articles
that addressed the CREATE checklist. Authors of the included
studies were contacted to obtain further information and, when
provided (n=1), the information was used to appraise the studies.
The following standards for measuring quality were applied
based on the CREATE tool (Table 4); a study was considered

high quality if 10 or more of 14 criteria were met, medium if
6-9 of 14 were met, and low if criteria 5 or below were met.
Only Hui et al (2021) met the standards for high quality using
this tool while the remaining 2 studies met the criteria for
low-quality evidence [32]. The MMAT assessment (Table 5)
returned a quality measurement of 43% (low-medium quality)
for Hui et al [32], 57% (medium quality) for Brown et al [31],
and 71% (medium quality) for Montag et al [33] [31-33]. This
assessment was based on methods used in previous studies that
define the quality as low, medium, or high according to the
number of “yes” answers to questions [37,38]. If less than or
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equal to 25% of questions were in the affirmative, it was a
low-quality study, medium if 50%, and high if >75% of

questions were answered “yes” [30,37,38].

Table 4. Quality assessment with the Centre of Excellence in Aboriginal Chronic Disease Knowledge Translation and Exchange (CREATE) tool.

Q14Q13Q12Q11Q10Q9Q8Q7Q6Q5Q4Q3Q2Q1Study ID

YYYYYYYUUbYYYYYaHui et al 2021 [32]

UUYUYUUUUUUUUPcBrown et al 2019 [31]

NNYUNUNNNNNUNdYMontag et al 2015
[33]

aY: yes.
bU: unclear.
cP: partially.
dN: no.

Table 5. Quality assessment with the Mixed Methods Appraisal Tool.

Q5Q4Q3Q2Q1SQ2SQ1Study designCitation

NUUcNbYYYaCohortHui et al 2021 [32]

YYNYNYYBefore-after comparisonBrown 2019 [31]

YNNYYYYRCTMontag et al 2015 [33]

aY: yes.
bN: no.
cU: unclear.

Discussion

This systematic review demonstrates that there is no evidence
of the effectiveness of any currently available mHealth
intervention designed for Indigenous women with young
children (aged 0-5 years) to assist with behavior change for
making healthy choices for themselves and their children. Only
3 articles found were eligible to be included in this systematic
review. These studies aimed to change maternal and child
behaviors in the prenatal period and preschool age group by
provision of an mHealth intervention. The 3 mHealth
interventions that were identified included a hybrid face-to-face
and online prenatal education program; an automated,
individualized, 3-times-per-week text message program giving
healthy lifestyle advice for targeting preschool children; and a
web-based self-assessment followed by tailored advice related
to maternal alcohol drinking. All interventions were applied in
a real-life community setting. A statistically significant change
was reported in some behavioral outcomes. However, in the
absence of any reported sample size or power calculation; it
was not possible to ascertain if significant positive results were
due to an inflated type I error, showing positive results in favor
of intervention when in fact the interventions only worked due
to very large sample sizes.

A recent review on barriers and facilitators of engagement of
Indigenous peoples with mHealth interventions revealed themes
that echo the need for effective and timely co-design practices
in this field [39]. Researchers found that barriers to engagement
included poor digital design, unreliable technology and internet,
repetitive content with limited user input, language barriers,

poor cultural representation, nonspecific health information,
and privacy concerns [39]. Co-design has been identified as one
of the most important factors determining the uptake of
web-based therapeutic interventions for Indigenous populations
[40]. In our review, it was deemed important to investigate if
the digital interventions used were either co-designed in
partnership with Indigenous communities or were adapted in
consultation with the target population to ensure cultural
appropriateness, or if they were selected from a pool of previous
literature on culturally appropriate interventions for the target
population. That information as reported in the included studies
is presented in Table 3.

Of the 3 identified mHealth interventions, 2 were co-designed
with an Indigenous population and showed some positive
outcomes in favor of the interventions. Citations of their authors’
previous work on co-designing the interventions with Indigenous
populations were reported for these 2 interventions in these
studies [34,35]. Although the current evidence on their
effectiveness is limited, the authors of these studies are
following the iterative process of evidence gathering as
suggested in the guideline on the evaluation of complex
interventions [41-43]. Therefore, it will be important to see
future results on the use of these interventions. Also, due to the
diligent process of co-design and the assurance of cultural safety,
these interventions may provide guidance on the planning and
development of work with Indigenous populations on the
provision of maternal behavior support. The consultation and
partnership with communities reported by the 2 interventions
are in line with the international guidelines on research with
Indigenous peoples [44].
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During the study selection process, 8 articles on the development
of mHealth interventions for Indigenous women were identified
that could not be included in this review [17,23,45-50]. Upon
a further search with the names of the digital interventions
reported in the studies, no follow-up studies on the evaluation
of their effectiveness could be retrieved. Further to this, the
corresponding authors of these articles (n=8) were contacted to
inquire about any ongoing studies to evaluate their effectiveness.
Except for 1, all authors replied to the initial email (7/8). Four
authors (4/7) mentioned further evaluation work on the identified
digital interventions, of which only 1 has already been published
[51]. However, the focus of the publication was not an
Indigenous population, therefore the study was not included in
this review [51]. The other authors (n=3), with ongoing trials,
were not able to share the unpublished data. Evidently, nearly
40% (3/8) of these mHealth interventions did not evaluate their
effectiveness and are no longer active [17,23,48]. Although, in
response to personal communication, one of the authors [23]
mentioned the collection of qualitative data on the use of an
app designed for Indigenous women [23], the need for an RCT
on the evaluation of effectiveness was also identified. Consistent
with the findings of our review, the evidence on the effectiveness
of digital health interventions in other populations, such as
children and adolescents [52], patients with heart failure [53],
self-management of chronic obstructive pulmonary disease [54],
and sexual health promotion [55] is limited due to the lack of
published findings of well-designed and well-conducted
effectiveness evaluation research. There are some health
conditions for which the use of mHealth interventions has been
well studied, such as asthma [56,57] and consumption of
hazardous amounts of alcohol [58], in which the use of mHealth
interventions has been shown to produce positive health
outcomes in favor of the interventions [57,58]. Also, the use of
mHealth to promote behavioral change during prenatal care in
the general population has been reported to result in significant
improvement in behavior risks, and improved healthy behaviors
among pregnant women [59]. A current scoping review on the
use and uptake of web-based therapeutic interventions among
Indigenous populations across Australia, Canada, New Zealand,
and the United States reported the use of these interventions for
conditions such as cardiac care, diabetes, nutrition, mental
health, asthma, neonatal care, otitis media, smoking cessation,
and substance misuse [40]. For that review, a web-based
therapeutic intervention was defined as a therapeutic intervention
that was self guided, or a clinician-assisted program delivered
via the internet to provide guidance, support, and treatment for
health conditions. While the evaluation of effectiveness was
beyond the scope of that review, it was concluded that these
interventions have the potential to improve health, overcome
treatment barriers, and reduce inequalities for Indigenous
populations [40].

There are several factors that could lead to the lack of effective
evaluation research and in turn scarcity of evidence on any
mHealth interventions [60]. Some of these challenges pertain
to interventions themselves, whereas some are related to
designing a powered RCT with complex interventions, which
is the common approach to effectiveness evaluation. Some of
the challenges related to mHealth interventions are rapidly
changing technology and the need for an intervention to evolve

quickly to merely remain functional, let alone be upgraded;
accessibility of the intervention across various operating systems
and devices; acceptability and usability of the intervention by
the target population; real-world use of any intervention or
implementation; the burden on various stakeholders; adaptation
of mHealth the intervention to context and population; and
integration of an intervention into existing health care systems.
There are also challenges specific to the design of an RCT for
mHealth intervention evaluation, such as selecting a suitable
context for trial so that the findings are generalizable, choice
between conducting a trial with high external versus internal
validity, specification, and explanation of the components of
the mHealth intervention under evaluation, choice of an
appropriate comparator group, and data collection methods from
mHealth interventions. Given all these, it is arduous to conduct
powered RCTs of mHealth interventions [41,60].

The included studies in this review were appraised for their
quality with the CREATE and MMAT [36] tools. The CREATE
tool was designed to ensure that the research conducted with
Indigenous populations is conducted from the perspective of
Indigenous peoples [30]. There are certain items that authors
need to report for the assessors to mark the CREATE tool. While
appraising the included studies in this review, we found that
many of these items had not been reported and a further inquiry
with the corresponding authors was necessary to access that
information. This could have been due to the lack of any
guidance on reporting of Indigenous research. Recently, a
guideline was published on reporting of observational studies
in Indigenous populations [61]; however, the studies included
in this review were of different methodological design. Another
reporting guideline, the Consolidated Criteria (CONSIDER)
statement, developed with a review of available literature and
a meta-synthesis, was published in 2019. The guideline provides
8 research domains and 17 criteria for the reporting of research
involving Indigenous peoples. However, except for one, the
included studies in the review were published before this date,
so they cannot be discredited for not following the guideline.

Single data extraction was one limitation of this systematic
review. Due to the paucity of available information, the data
were extracted by 1 reviewer only. However, once extracted,
the data were checked for completeness and errors by a second
reviewer with more experience in conducting systematic
reviews. This limitation is less likely to have changed the results
and conclusions made, since the main concern is the lack of
relevant literature and research in the field. Another limitation
was the relatively small sample sizes in the included studies
(n=420, n=17, and n=263), meaning the total number of women
included in all studies was only 700. Furthermore, the lack of
formal power calculations to calculate sample size and formally
assess the statistical significance of the interventions was
problematic. Also, the title and abstract screening for eligibility
was performed by one reviewer. This can be perceived as a
limitation as there is a risk of missing relevant studies, as they
could be overlooked by a single reviewer. We, however, kept
our decision-making more inclusive and the reviewer performing
the title and abstract screening was instructed to include any
study they were unsure about for the full-text screening stage.
Another potential limitation may be the use of the CREATE
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tool for risk of bias assessment. The CREATE tool was
developed with Indigenous and non-Indigenous experts and
uses a 14-question checklist that assesses community
engagement, consultation, research governance, and intellectual
property to evaluate the methodology of studies conducted in
the Australian Aboriginal and/or Torres Strait Islander
population groups [30]. However, the tool has been widely used
in research involving global Indigenous populations [62-67].
Therefore, the use of the CREATE tool provides additional
information about the methodological suitability of the included
studies from the Indigenous viewpoint. The addition of a third
aim to the systematic review after the registration of the review
protocol may be considered a potential weakness. This was,
however, not included as a primary aim of the review and did
not impact the conclusion made in the review. In addition, it
was not possible to evaluate differences in the effectiveness of
the identified interventions based on participant engagement,

intervention nature, and context due to the small number of
studies included. Also, each study used a different intervention
and none of them reported power and sample size calculations.
This may be perceived as a weakness of this systematic review.
However, it is reflective of the nature of the research and
literature available and demonstrates that more research is
required in the field.

Conclusion
Overall, the current evidence on the effectiveness of mHealth
interventions used with Indigenous women is limited. However,
there is potential for mHealth to effectively support Indigenous
women with young children to improve their lifestyle choices
for themselves and their children. The interventions that have
been co-designed need to undergo further evaluation research
for wider application. New interventions for different contexts
and varied Indigenous nations are required to be developed,
tested for evaluation, and deployed for population use.

Acknowledgments
The authors would like to acknowledge Josephine McGill, the study’s research librarian, for her assistance with developing the
search strategy for this review. This systematic review was part of a project funded by the Hospital Research Foundation.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.
[PDF File (Adobe PDF File), 1084 KB-Multimedia Appendix 1]

References

1. Reports. National Center for Truth and Reconciliation. URL: https://nctr.ca/records/reports/ [accessed 2025-04-03]
2. Axelsson P, Kukutai T, Kippen R. The field of Indigenous health and the role of colonisation and history. J Pop Research.

Mar 15, 2016;33(1):1-7. [FREE Full text] [doi: 10.1007/s12546-016-9163-2]
3. Shah PS, Zao J, Al-Wassia H, Shah V, Knowledge Synthesis Group on Determinants of Preterm/LBW Births. Pregnancy

and neonatal outcomes of aboriginal women: a systematic review and meta-analysis. Womens Health Issues.
2011;21(1):28-39. [doi: 10.1016/j.whi.2010.08.005] [Medline: 21129997]

4. Akter S, Davies K, Rich JL, Inder KJ. Indigenous women's access to maternal healthcare services in lower- and middle-income
countries: a systematic integrative review. Int J Public Health. 2019;64(3):343-353. [doi: 10.1007/s00038-018-1177-4]
[Medline: 30506363]

5. Burns J, Maling CM, Thomson N. Summary of indigenous women's health. Australian Indigenous HealthInfoNet. 2010.
URL: https://ro.ecu.edu.au/cgi/viewcontent.cgi?article=7149&context=ecuworks [accessed 2025-04-07]

6. Waterworth P, Pescud M, Braham R, Dimmock J, Rosenberg M. Factors influencing the health behaviour of indigenous
Australians: perspectives from support people. PLoS One. 2015;10(11):e0142323. [FREE Full text] [doi:
10.1371/journal.pone.0142323] [Medline: 26599437]

7. Batchelor M, Brown SJ, Glover K, Gartland D. A systematic review of child health and developmental outcomes associated
with low birthweight and/or small for gestational age in indigenous children from Australia, Canada and New Zealand. Int
J Environ Res Public Health. 2021;18(23):12669. [FREE Full text] [doi: 10.3390/ijerph182312669] [Medline: 34886396]

8. Olander EK, Darwin ZJ, Atkinson L, Smith DM, Gardner B. Beyond the 'teachable moment' - a conceptual analysis of
women's perinatal behaviour change. Women Birth. 2016;29(3):e67-e71. [FREE Full text] [doi: 10.1016/j.wombi.2015.11.005]
[Medline: 26626592]

9. The first 2000 days framework. NSW Ministry of Health. URL: https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/
PD2019_008.pdf [accessed 2025-04-03]

10. Ritte R, Panozzo S, Johnston L, Agerholm J, Kvernmo SE, Rowley K, et al. An Australian model of the first 1000 days:
an indigenous-led process to turn an international initiative into an early-life strategy benefiting indigenous families. Glob
Health Epidemiol Genom. 2016;1:e11. [FREE Full text] [doi: 10.1017/gheg.2016.7] [Medline: 29868203]

J Med Internet Res 2025 | vol. 27 | e57019 | p. 11https://www.jmir.org/2025/1/e57019
(page number not for citation purposes)

Ishaque et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v27i1e57019_app1.pdf&filename=d30cf49d0311d78bd2f66134eabf8e50.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e57019_app1.pdf&filename=d30cf49d0311d78bd2f66134eabf8e50.pdf
https://nctr.ca/records/reports/
https://doi.org/10.1007/s12546-016-9163-2
http://dx.doi.org/10.1007/s12546-016-9163-2
http://dx.doi.org/10.1016/j.whi.2010.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21129997&dopt=Abstract
http://dx.doi.org/10.1007/s00038-018-1177-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30506363&dopt=Abstract
https://ro.ecu.edu.au/cgi/viewcontent.cgi?article=7149&context=ecuworks
https://dx.plos.org/10.1371/journal.pone.0142323
http://dx.doi.org/10.1371/journal.pone.0142323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26599437&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph182312669
http://dx.doi.org/10.3390/ijerph182312669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34886396&dopt=Abstract
https://eprints.whiterose.ac.uk/92483/
http://dx.doi.org/10.1016/j.wombi.2015.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26626592&dopt=Abstract
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/PD2019_008.pdf
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/PD2019_008.pdf
https://europepmc.org/abstract/MED/29868203
http://dx.doi.org/10.1017/gheg.2016.7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29868203&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. Carson E, Sharmin S, Maier AB, Meij JJ. Comparing indigenous mortality across urban, rural and very remote areas: a
systematic review and meta-analysis. Int Health. 2018;10(4):219-227. [doi: 10.1093/inthealth/ihy021] [Medline: 29617891]

12. Aboriginal and Torres Strait Islander Health Performance Framework - Summary report. Australian Institute of Health and
Welfare. URL: https://www.indigenoushpf.gov.au/report-overview/overview/summary-report [accessed 2023-12-01]

13. Odendaal W, Anstey Watkins J, Leon N, Goudge J, Griffiths F, Tomlinson M, et al. Health workers' perceptions and
experiences of using mHealth technologies to deliver primary healthcare services: a qualitative evidence synthesis. Cochrane
Database Syst Rev. 2020;3(3):CD011942. [FREE Full text] [doi: 10.1002/14651858.CD011942.pub2] [Medline: 32216074]

14. Hall CS, Fottrell E, Wilkinson S, Byass P. Assessing the impact of mHealth interventions in low- and middle-income
countries--what has been shown to work? Glob Health Action. 2014;7:25606. [FREE Full text] [doi: 10.3402/gha.v7.25606]
[Medline: 25361730]

15. Perkes SJ, Bonevski B, Hall K, Mattes J, Chamberlain C, Bennett J, et al. Aboriginal and torres strait islander women's
access to and interest in mHealth: national web-based cross-sectional survey. J Med Internet Res. 2023;25:e42660. [FREE
Full text] [doi: 10.2196/42660] [Medline: 36877565]

16. Rice ES, Haynes E, Royce P, Thompson SC. Social media and digital technology use among Indigenous young people in
Australia: a literature review. Int J Equity Health. 2016;15:81. [FREE Full text] [doi: 10.1186/s12939-016-0366-0] [Medline:
27225519]

17. Kennedy M, Kumar R, Ryan NM, Bennett J, La Hera Fuentes G, Gould GS. Codeveloping a multibehavioural mobile
phone app to enhance social and emotional well-being and reduce health risks among Aboriginal and Torres Strait Islander
women during preconception and pregnancy: a three-phased mixed-methods study. BMJ Open. 2021;11(11):e052545.
[FREE Full text] [doi: 10.1136/bmjopen-2021-052545] [Medline: 34819285]

18. Reibel T, Morrison L, Griffin D, Chapman L, Woods H. Young aboriginal women's voices on pregnancy care: factors
encouraging antenatal engagement. Women Birth. 2015;28(1):47-53. [doi: 10.1016/j.wombi.2014.10.003] [Medline:
25740194]

19. Simpson N, Wepa D, Bria K. Improving antenatal engagement for aboriginal women in Australia: a scoping review.
Midwifery. 2020;91:102825. [doi: 10.1016/j.midw.2020.102825] [Medline: 32920171]

20. Kirmayer LJ, Brass G. Addressing global health disparities among Indigenous peoples. Lancet. 2016;388(10040):105-106.
[doi: 10.1016/S0140-6736(16)30194-5] [Medline: 27108233]

21. Perkes SJ, Huntriss B, Skinner N, Leece B, Dobson R, Mattes J, et al. Evaluation of an mHealth intervention (Growin' Up
Healthy Jarjums) designed with and for aboriginal and torres strait islander mothers: engagement and acceptability study.
JMIR Pediatr Parent. 2023;6:e43673. [FREE Full text] [doi: 10.2196/43673] [Medline: 37234043]

22. Houston AG. Exploring the cultural appropriateness and usefulness of an mHealth program for optimal infant feeding in
an urban Aboriginal and Torres Strait Islander health service: growing healthy at Inala. Australian Indigenous HealthBulletin.
2018. URL: https://tinyurl.com/vsnsd7es [accessed 2025-04-03]

23. Perkes SJ, Huntriss B, Skinner N, Leece B, Dobson R, Mattes J, et al. Development of a maternal and child mHealth
intervention with Aboriginal and Torres Strait Islander mothers: co-design approach. JMIR Form Res. 2022;6(7):e33541.
[FREE Full text] [doi: 10.2196/33541] [Medline: 35802404]

24. Chamberlain C, Ralph N, Hokke S, Clark Y, Gee G, Stansfield C, et al. Healing The Past By Nurturing The Future group.
Healing the past by nurturing the future: a qualitative systematic review and meta-synthesis of pregnancy, birth and early
postpartum experiences and views of parents with a history of childhood maltreatment. PLoS One. 2019;14(12):e0225441.
[FREE Full text] [doi: 10.1371/journal.pone.0225441] [Medline: 31834894]

25. Barrera M, Castro FG, Strycker LA, Toobert DJ. Cultural adaptations of behavioral health interventions: a progress report.
J Consult Clin Psychol. 2013;81(2):196-205. [FREE Full text] [doi: 10.1037/a0027085] [Medline: 22289132]

26. Ishaque S, Ela O, Dowling A, Rissel C, Canuto K, Hall K, et al. Mobile health interventions for modifying indigenous
maternal and child-health related behaviours: a systematic review. JMIR. Mar 04, 2025. [FREE Full text] [doi:
10.2196/preprints.57019]

27. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71. [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

28. Health Sciences Search Filters. University of Alberta Library. URL: https://guides.library.ualberta.ca/c.
php?g=734066&p=5281325 [accessed 2025-04-03]

29. Cochrane Handbook for Systematic Reviews of Interventions. Hoboken, New Jersey. John Wiley and Sons; 2019. URL:
https://training.cochrane.org/handbook [accessed 2023-12-01]

30. Harfield S, Pearson O, Morey K, Kite E, Canuto K, Glover K, et al. Assessing the quality of health research from an
indigenous perspective: the Aboriginal and Torres Strait Islander quality appraisal tool. BMC Med Res Methodol.
2020;20(1):79. [FREE Full text] [doi: 10.1186/s12874-020-00959-3] [Medline: 32276606]

31. Brown B, Harris K, Dybdal L, Malich J, Bodnar B, Hall E. Feasibility of text messaging to promote child health in a rural
community on an American Indian reservation. Health Educ J. 2019;78(5):557-569. [doi: 10.1177/0017896918824624]

J Med Internet Res 2025 | vol. 27 | e57019 | p. 12https://www.jmir.org/2025/1/e57019
(page number not for citation purposes)

Ishaque et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1093/inthealth/ihy021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29617891&dopt=Abstract
https://www.indigenoushpf.gov.au/report-overview/overview/summary-report
https://europepmc.org/abstract/MED/32216074
http://dx.doi.org/10.1002/14651858.CD011942.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32216074&dopt=Abstract
https://www.tandfonline.com/doi/10.3402/gha.v7.25606?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3402/gha.v7.25606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25361730&dopt=Abstract
https://www.jmir.org/2023//e42660/
https://www.jmir.org/2023//e42660/
http://dx.doi.org/10.2196/42660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36877565&dopt=Abstract
https://equityhealthj.biomedcentral.com/articles/10.1186/s12939-016-0366-0
http://dx.doi.org/10.1186/s12939-016-0366-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27225519&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34819285
http://dx.doi.org/10.1136/bmjopen-2021-052545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34819285&dopt=Abstract
http://dx.doi.org/10.1016/j.wombi.2014.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25740194&dopt=Abstract
http://dx.doi.org/10.1016/j.midw.2020.102825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32920171&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(16)30194-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27108233&dopt=Abstract
https://pediatrics.jmir.org/2023//e43673/
http://dx.doi.org/10.2196/43673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37234043&dopt=Abstract
https://healthbulletin.org.au/articles/exploring-the-cultural-appropriateness-and-usefulness-of-a-mhealth-promotion-program-for-infant-feeding-in-an-urban-aboriginal-health-service-a-qualitative-study/
https://formative.jmir.org/2022/7/e33541/
http://dx.doi.org/10.2196/33541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35802404&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0225441
http://dx.doi.org/10.1371/journal.pone.0225441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31834894&dopt=Abstract
https://europepmc.org/abstract/MED/22289132
http://dx.doi.org/10.1037/a0027085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22289132&dopt=Abstract
https://preprints.jmir.org/preprint/57019
http://dx.doi.org/10.2196/preprints.57019
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
https://guides.library.ualberta.ca/c.php?g=734066&p=5281325
https://guides.library.ualberta.ca/c.php?g=734066&p=5281325
https://training.cochrane.org/handbook
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-020-00959-3
http://dx.doi.org/10.1186/s12874-020-00959-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32276606&dopt=Abstract
http://dx.doi.org/10.1177/0017896918824624
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Hui A, Philips-Beck W, Campbell R, Sinclair S, Kuzdak C, Courchene E, et al. Impact of remote prenatal education on
program participation and breastfeeding of women in rural and remote Indigenous communities. EClinicalMedicine.
2021;35:100851. [FREE Full text] [doi: 10.1016/j.eclinm.2021.100851] [Medline: 33997743]

33. Montag AC, Brodine SK, Alcaraz JE, Clapp JD, Allison MA, Calac DJ, et al. Preventing alcohol-exposed pregnancy among
an American Indian/Alaska native population: effect of a screening, brief intervention, and referral to treatment intervention.
Alcohol Clin Exp Res. 2015;39(1):126-135. [doi: 10.1111/acer.12607] [Medline: 25623412]

34. Reid AE, Back L, Hui A, Mcgavock J, Dean H, Ludwig S, et al. Reducing barriers for pregnant women in Rural/Remote
first nations communities to participate in lifestyle intervention program through community-oriented approaches. Can J
Diabetes. 2012;36(5):S74. [doi: 10.1016/j.jcjd.2012.07.460]

35. Gorman JR, Clapp JD, Calac D, Kolander C, Nyquist C, Chambers CD. Creating a culturally appropriate web-based
behavioral intervention for American Indian/Alaska native women in Southern California: the healthy women healthy
native nation study. Am Indian Alsk Native Ment Health Res. 2013;20(1):1-15. [doi: 10.5820/aian.2001.2013.1] [Medline:
23529767]

36. Hong QN, Gonzalez-Reyes A, Pluye P. Improving the usefulness of a tool for appraising the quality of qualitative, quantitative
and mixed methods studies, the Mixed Methods Appraisal Tool (MMAT). J Eval Clin Pract. 2018;24(3):459-467. [doi:
10.1111/jep.12884] [Medline: 29464873]

37. Badu E, O'Brien AP, Mitchell R. An integrative review of potential enablers and barriers to accessing mental health services
in Ghana. Health Res Policy Syst. 2018;16(1):110. [FREE Full text] [doi: 10.1186/s12961-018-0382-1] [Medline: 30445980]

38. Keelan K, Pitama S, Wilkinson T, Lacey C. Indigenous peoples’ experiences and preferences in aged residential care: a
systematic review. AlterNative. 2021;17(2):175-182. [doi: 10.1177/11771801211004773]

39. Whitehead L, Talevski J, Fatehi F, Beauchamp A. Barriers to and facilitators of digital health among culturally and
linguistically diverse populations: qualitative systematic review. J Med Internet Res. 2023;25:e42719. [FREE Full text]
[doi: 10.2196/42719] [Medline: 36853742]

40. Reilly R, Stephens J, Micklem J, Tufanaru C, Harfield S, Fisher I, et al. Use and uptake of web-based therapeutic interventions
amongst Indigenous populations in Australia, New Zealand, the United States of America and Canada: a scoping review.
Syst Rev. 2020;9(1):123. [doi: 10.1186/s13643-020-01374-x] [Medline: 32475342]

41. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M, et al. Medical Research Council Guidance. Developing
and evaluating complex interventions: the new medical research council guidance. BMJ. 2008;337:a1655. [FREE Full text]
[doi: 10.1136/bmj.a1655] [Medline: 18824488]

42. Craig P, Petticrew M. Developing and evaluating complex interventions: reflections on the 2008 MRC guidance. Int J Nurs
Stud. 2013;50(5):585-587. [doi: 10.1016/j.ijnurstu.2012.09.009] [Medline: 23159017]

43. Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, et al. A new framework for developing and evaluating
complex interventions: update of Medical Research Council guidance. BMJ. 2021;374:n2061. [FREE Full text] [doi:
10.1136/bmj.n2061] [Medline: 34593508]

44. Ethical conduct in research with Aboriginal and Torres Strait Islander Peoples and communities: Guidelines for researchers
and stakeholders. National Health and Medical Research Council. 2018. URL: https://www.nhmrc.gov.au/about-us/resources/
ethical-conduct-research-aboriginal-and-torres-strait-islander-peoples-and-communities [accessed 2025-04-08]

45. Mairs RA, Bekker MJ, Patolo T, Hopkins SA, Cowley-Malcolm ET, Perese LM, et al. Gamifying parenting education
using an app developed for pacific and other New Zealand families (play kindly): qualitative study. JMIR Serious Games.
2020;8(2):e15647. [FREE Full text] [doi: 10.2196/15647] [Medline: 32519973]

46. Humphrey G, Dobson R, Parag V, Hiemstra M, Howie S, Marsh S, et al. See how they grow: testing the feasibility of a
mobile app to support parents' understanding of child growth charts. PLoS One. 2021;16(2):e0246045. [FREE Full text]
[doi: 10.1371/journal.pone.0246045] [Medline: 33606687]

47. Abbass-Dick J, Brolly M, Huizinga J, Newport A, Xie F, George S, et al. Designing an eHealth breastfeeding resource with
indigenous families using a participatory design. J Transcult Nurs. 2018;29(5):480-488. [doi: 10.1177/1043659617731818]
[Medline: 29308703]

48. Hanson JD, Weber TL, Shrestha U, Bares VJ, Seiber M, Ingersoll K. Acceptability of an eHealth intervention to prevent
alcohol-exposed pregnancy among American Indian/Alaska native teens. Alcohol Clin Exp Res. 2020;44(1):196-202.
[FREE Full text] [doi: 10.1111/acer.14229] [Medline: 31693195]

49. Dobson R, Whittaker R, Bartley H, Connor A, Chen R, Ross M, et al. Development of a culturally tailored text message
maternal health program: TextMATCH. JMIR Mhealth Uhealth. 2017;5(4):e49. [FREE Full text] [doi: 10.2196/mhealth.7205]
[Medline: 28428159]

50. Ashman AM, Collins CE, Brown LJ, Rae KM, Rollo ME. Validation of a smartphone image-based dietary assessment
method for pregnant women. Nutrients. 2017;9(1):73. [FREE Full text] [doi: 10.3390/nu9010073] [Medline: 28106758]

51. Abbass-Dick J, Sun W, Newport A, Xie F, Godfrey D, Goodman WM. The comparison of access to an eHealth resource
to current practice on mother and co-parent teamwork and breastfeeding rates: a randomized controlled trial. Midwifery.
2020;90:102812. [doi: 10.1016/j.midw.2020.102812] [Medline: 32739716]

J Med Internet Res 2025 | vol. 27 | e57019 | p. 13https://www.jmir.org/2025/1/e57019
(page number not for citation purposes)

Ishaque et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(21)00131-0
http://dx.doi.org/10.1016/j.eclinm.2021.100851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33997743&dopt=Abstract
http://dx.doi.org/10.1111/acer.12607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25623412&dopt=Abstract
http://dx.doi.org/10.1016/j.jcjd.2012.07.460
http://dx.doi.org/10.5820/aian.2001.2013.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23529767&dopt=Abstract
http://dx.doi.org/10.1111/jep.12884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29464873&dopt=Abstract
https://health-policy-systems.biomedcentral.com/articles/10.1186/s12961-018-0382-1
http://dx.doi.org/10.1186/s12961-018-0382-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30445980&dopt=Abstract
http://dx.doi.org/10.1177/11771801211004773
https://www.jmir.org/2023//e42719/
http://dx.doi.org/10.2196/42719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36853742&dopt=Abstract
http://dx.doi.org/10.1186/s13643-020-01374-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32475342&dopt=Abstract
https://europepmc.org/abstract/MED/18824488
http://dx.doi.org/10.1136/bmj.a1655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18824488&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2012.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23159017&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=34593508
http://dx.doi.org/10.1136/bmj.n2061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34593508&dopt=Abstract
https://www.nhmrc.gov.au/about-us/resources/ethical-conduct-research-aboriginal-and-torres-strait-islander-peoples-and-communities
https://www.nhmrc.gov.au/about-us/resources/ethical-conduct-research-aboriginal-and-torres-strait-islander-peoples-and-communities
https://games.jmir.org/2020/2/e15647/
http://dx.doi.org/10.2196/15647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32519973&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0246045
http://dx.doi.org/10.1371/journal.pone.0246045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33606687&dopt=Abstract
http://dx.doi.org/10.1177/1043659617731818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29308703&dopt=Abstract
https://europepmc.org/abstract/MED/31693195
http://dx.doi.org/10.1111/acer.14229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31693195&dopt=Abstract
https://mhealth.jmir.org/2017/4/e49/
http://dx.doi.org/10.2196/mhealth.7205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28428159&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu9010073
http://dx.doi.org/10.3390/nu9010073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28106758&dopt=Abstract
http://dx.doi.org/10.1016/j.midw.2020.102812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32739716&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


52. Thabrew H, Stasiak K, Hetrick SE, Wong S, Huss JH, Merry SN. E-Health interventions for anxiety and depression in
children and adolescents with long-term physical conditions. Cochrane Database Syst Rev. 2018;8(8):CD012489. [FREE
Full text] [doi: 10.1002/14651858.CD012489.pub2] [Medline: 30110718]

53. Allida S, Du H, Xu X, Prichard R, Chang S, Hickman LD, et al. mHealth education interventions in heart failure. Cochrane
Database Syst Rev. 2020;7(7):CD011845. [FREE Full text] [doi: 10.1002/14651858.CD011845.pub2] [Medline: 32613635]

54. Janjua S, Banchoff E, Threapleton CJ, Prigmore S, Fletcher J, Disler RT. Digital interventions for the management of
chronic obstructive pulmonary disease. Cochrane Database Syst Rev. 2021;4(4):CD013246. [FREE Full text] [doi:
10.1002/14651858.CD013246.pub2] [Medline: 33871065]

55. Bailey JV, Murray E, Rait G, Mercer CH, Morris RW, Peacock R, et al. Computer-based interventions for sexual health
promotion: systematic review and meta-analyses. Int J STD AIDS. 2012;23(6):408-413. [doi: 10.1258/ijsa.2011.011221]
[Medline: 22807534]

56. Ramsey RR, Plevinsky JM, Kollin SR, Gibler RC, Guilbert TW, Hommel KA. Systematic review of digital interventions
for pediatric asthma management. J Allergy Clin Immunol Pract. 2020;8(4):1284-1293. [FREE Full text] [doi:
10.1016/j.jaip.2019.12.013] [Medline: 31870809]

57. Chan A, De Simoni A, Wileman V, Holliday L, Newby CJ, Chisari C, et al. Digital interventions to improve adherence to
maintenance medication in asthma. Cochrane Database Syst Rev. 2022;6(6):CD013030. [FREE Full text] [doi:
10.1002/14651858.CD013030.pub2] [Medline: 35691614]

58. Kaner EF, Beyer FR, Garnett C, Crane D, Brown J, Muirhead C, et al. Personalised digital interventions for reducing
hazardous and harmful alcohol consumption in community-dwelling populations. Cochrane Database Syst Rev.
2017;9(9):CD011479. [FREE Full text] [doi: 10.1002/14651858.CD011479.pub2] [Medline: 28944453]

59. Mauriello LM, Van Marter DF, Umanzor CD, Castle PH, de Aguiar EL. Using mHealth to deliver behavior change
interventions within prenatal care at community health centers. Am J Health Promot. 2016;30(7):554-562. [doi:
10.4278/ajhp.140530-QUAN-248] [Medline: 26305603]

60. Murray E, Hekler EB, Andersson G, Collins LM, Doherty A, Hollis C, et al. Evaluating digital health interventions: key
questions and approaches. Am J Prev Med. 2016;51(5):843-851. [FREE Full text] [doi: 10.1016/j.amepre.2016.06.008]
[Medline: 27745684]

61. Funnell S, Jull J, Mbuagbaw L, Welch V, Dewidar O, Wang X, et al. et al. Improving social justice in observational studies:
protocol for the development of a global and Indigenous STROBE-equity reporting guideline. Int J Equity Health.
2023;22(1):55. [FREE Full text] [doi: 10.1186/s12939-023-01854-1] [Medline: 36991403]

62. Andrews S, Hamilton B, Humphreys C. A global silence: A critical interpretive synthesis of aboriginal mothering through
domestic and family violence. Affilia. 2021;37(4):585-604. [doi: 10.1177/08861099211055520]

63. Bruno G, Chan TA, Zwaigenbaum L, Coombs E, Indigenous Relations Circle, Nicholas D. Indigenous autism in Canada:
a scoping review. J Autism Dev Disord. 2024;54(9):3478-3491. [FREE Full text] [doi: 10.1007/s10803-023-06045-z]
[Medline: 37480443]

64. Davies A, Gwynn J, Allman-Farinelli M, Flood V, Dickson M, Turner N, et al. Programs addressing food security for first
nations peoples: a scoping review. Nutrients. 2023;15(14):3127. [FREE Full text] [doi: 10.3390/nu15143127] [Medline:
37513545]

65. Fiolet R, Cameron J, Tarzia L, Gallant D, Hameed M, Hooker L, et al. Indigenous people's experiences and expectations
of health care professionals when accessing care for family violence: a qualitative evidence synthesis. Trauma Violence
Abuse. 2022;23(2):567-580. [doi: 10.1177/1524838020961879] [Medline: 33025855]

66. Povey J, Raphiphatthana B, Torok M, Nagel T, Mills PPJR, Sells JRH, et al. An emerging framework for digital mental
health design with Indigenous young people: a scoping review of the involvement of Indigenous young people in the design
and evaluation of digital mental health interventions. Syst Rev. 2023;12(1):108. [FREE Full text] [doi:
10.1186/s13643-023-02262-w] [Medline: 37393283]

67. Sanchez J, Maiden J, Barton E, Walters L, Quinn D, Jones N, et al. Factors that sustain indigenous youth mentoring programs:
a qualitative systematic review. BMC Public Health. 2023;23(1):429. [FREE Full text] [doi: 10.1186/s12889-023-15253-2]
[Medline: 36879214]

Abbreviations
CONSIDER: Consolidated Criteria
CPNP: Canadian Prenatal Nutrition Program
CREATE: the Centre of Excellence in Aboriginal Chronic Disease Knowledge Translation and Exchange
mHealth: mobile health
MMAT: Mixed Methods Appraisal Tool
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Systematic Reviews
RCT: randomized controlled trial

J Med Internet Res 2025 | vol. 27 | e57019 | p. 14https://www.jmir.org/2025/1/e57019
(page number not for citation purposes)

Ishaque et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/30110718
https://europepmc.org/abstract/MED/30110718
http://dx.doi.org/10.1002/14651858.CD012489.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30110718&dopt=Abstract
https://europepmc.org/abstract/MED/32613635
http://dx.doi.org/10.1002/14651858.CD011845.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32613635&dopt=Abstract
https://europepmc.org/abstract/MED/33871065
http://dx.doi.org/10.1002/14651858.CD013246.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33871065&dopt=Abstract
http://dx.doi.org/10.1258/ijsa.2011.011221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22807534&dopt=Abstract
https://europepmc.org/abstract/MED/31870809
http://dx.doi.org/10.1016/j.jaip.2019.12.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31870809&dopt=Abstract
https://europepmc.org/abstract/MED/35691614
http://dx.doi.org/10.1002/14651858.CD013030.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35691614&dopt=Abstract
https://europepmc.org/abstract/MED/28944453
http://dx.doi.org/10.1002/14651858.CD011479.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28944453&dopt=Abstract
http://dx.doi.org/10.4278/ajhp.140530-QUAN-248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26305603&dopt=Abstract
https://europepmc.org/abstract/MED/27745684
http://dx.doi.org/10.1016/j.amepre.2016.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27745684&dopt=Abstract
https://equityhealthj.biomedcentral.com/articles/10.1186/s12939-023-01854-1
http://dx.doi.org/10.1186/s12939-023-01854-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36991403&dopt=Abstract
http://dx.doi.org/10.1177/08861099211055520
https://doi.org/10.1007/s10803-023-06045-z
http://dx.doi.org/10.1007/s10803-023-06045-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37480443&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu15143127
http://dx.doi.org/10.3390/nu15143127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37513545&dopt=Abstract
http://dx.doi.org/10.1177/1524838020961879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33025855&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-023-02262-w
http://dx.doi.org/10.1186/s13643-023-02262-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37393283&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-023-15253-2
http://dx.doi.org/10.1186/s12889-023-15253-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36879214&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by T de Azevedo Cardoso; submitted 01.02.24; peer-reviewed by A Hassan, R Bidkar, U Roy Paladhi; comments to author
17.09.24; revised version received 23.10.24; accepted 04.03.25; published 30.04.25

Please cite as:
Ishaque S, Ela O, Dowling A, Rissel C, Canuto K, Hall K, Bidargaddi N, Briley A, Roberts CT, Bonevski B
Mobile Health Interventions for Modifying Indigenous Maternal and Child–Health Related Behaviors: Systematic Review
J Med Internet Res 2025;27:e57019
URL: https://www.jmir.org/2025/1/e57019
doi: 10.2196/57019
PMID: 40305103

©Sana Ishaque, Ola Ela, Anna Dowling, Chris Rissel, Karla Canuto, Kerry Hall, Niranjan Bidargaddi, Annette Briley, Claire T
Roberts, Billie Bonevski. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 30.04.2025.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly cited. The
complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

J Med Internet Res 2025 | vol. 27 | e57019 | p. 15https://www.jmir.org/2025/1/e57019
(page number not for citation purposes)

Ishaque et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2025/1/e57019
http://dx.doi.org/10.2196/57019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40305103&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

