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Abstract

Background: The current global status of breastfeeding is marked by both progress and challenges. Digital health interventions
(DHIs) have emerged as a promising strategy for improving breastfeeding practices, yet evidence regarding their impact on
breastfeeding outcomes remains limited.

Objective: Thisstudy aimed to evaluate the impact of DHIs on breastfeeding practices and outcomes.

Methods: Following PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) guidelines, we searched
PubMed, Web of Science, the Cochrane Library, Embase, CINAHL, Scopus, |IEEE Xplore, and gray literature databases, from
inception to April 2026. We included randomized controlled trials (RCTs) and quasi-experimental studies that enrolled pregnant
women or |actating mothers using DHIsvs standard care, waiting lists, or placebo. Outcomes were exclusive breastfeeding (EBF)
rates, self-efficacy, and knowledge. Studies recruiting mothers with infectious diseases or severe substance use disorders,
non-English publications, unavailable full texts or data, animal studies, letters, conference proceedings, and studiesrated as“high
risk” were excluded. Study quality was evaluated using the Cochrane Risk of Bias Tool version 2 and the Risk of Bias in
Nonrandomized Studies of Interventions tool. Evidence certainty was assessed using GRADE (Grading of Recommendations,
Assessment, Development, and Evaluation). We performed the analysis using Review Manager (version 5.4) and R software
(version 4.6.0), estimated using the Hartung-K napp-Sidik-Jonkman random-effects model.

Results: A tota of 52 studies involving 11,704 participants were included. DHIs improved EBF rates (at <3 months: relative
risk [RR] 1.33, 95% Cl 1.18-1.50, 95% prediction interval [PI] 0.85-2.08; P<.001; 12=84%; at 3-6 months: RR 1.46, 95% ClI
1.22-1.75, 95% Pl 0.83-2.55; P<.001; 1>=75%; at =6 months: RR 1.64, 95% Cl 1.27-2.11, 95% Pl 0.74-3.62; P<.001; 1>=86%)
and breastfeeding self-efficacy (standardized mean difference 0.67, 95% CI 0.31-1.03, 95% Pl —1.17 to 2.51; P<.001; 1°=95%).
No statistically significant effects were observed for breastfeeding knowledge. The subgroup analysis suggested that antenatal
intervention delivery; intervention duration =3 months, devel oping-country setting; and partici pants who were preterm parturients,
adult women, or mothers undergoing cesarean delivery could improve the EBF rate. In contrast, larger effect sizesfor breastfeeding
self-efficacy were observed among women with intervention duration <3 months, full-term delivery, and singleton pregnancy.
Among RCTs, 12 were low risk, and 30 had some issues, among the quasi-experimental studies, 3 were low risk, and 7 were
moderate risk. Evidence certainty ranged from low to moderate.

Conclusions: DHIs show promise for improving EBF rates and breastfeeding self-efficacy. Compared with previous reviews,
thisreview provides amore comprehensive evaluation of DHIsand identifies potential effect modifiersthrough subgroup analyses,
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offering updated evidence for digital breastfeeding support. However, moderate risk of bias, substantial heterogeneity, wide 95%
PI, and low to moderate GRADE certainty warrant cautious interpretation. Further high-quality studies are needed to confirm
effectiveness and optimize implementation of DHIsin clinical practice.

Trial Registration:

(J Med Internet Res 2026;28:€92184) doi: 10.2196/92184
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Introduction

Breastfeeding is recognized by the World Health Organization
(WHO) as the best source of nutrition for infants and young
children[1,2]. Epidemiological studiesof mothersindicate that
breastfeeding promotes postpartum recovery and reduces
multiple disease risks for mothers and infants[3-5]. The WHO
recommends EBF from birth to 6 months of age, with continued
breastfeeding until 2 years of age or beyond [6,7]. By 2024,
nearly half (48%) of infants under 6 months of age were
exclusively breastfed, bringing the global overall rate close to
the 50% target set for 2025 [8]. Building on this progress, the
WHO has raised the target to 60% and extended the deadline
to 2030 [9]. However, in low- and middle-income countries,
therate of EBF for infants under 6 monthsisonly 37% [10,11].
Conversely, high-income countries exhibit shorter breastfeeding
durations [10,11]. Regardless of development level, rates of
early initiation of breastfeeding and EBF within the first 6
months of life remain below 60% in all countries, with
significant variations between nations [10,11]. Therefore,
interventions are needed to improve this outcome.

Conventional in-person breastfeeding interventions are subject
to multipleimplementation limitations, including limited access
to health care services, poor adherence to standardized
intervention protocols, and insufficient individualized support
[12]. Pregnant and postpartum women often encounter unique
barriers such as mobility restrictions, geographical constraints,
and inadequate resources [13,14]. Offline health education
experiences limited timeliness and fails to deliver long-term
continuous feeding monitoring and tailored guidance, which
generally reduces maternal intervention adherence and hinders
sustained EBF [15,16]. Furthermore, standardized group-based
health education cannot accommodate the distinct individual
needs of diverse women regarding breastfeeding knowledge,
psychological well-being, and feeding practices [17].
Conseguently, there is a growing interest in exploring novel
intervention approaches and alternative strategies to address
these persistent challenges.

Inrecent years, digital health interventions (DHIs) haverapidly
integrated into the health care sector as a transformative
technology, offering highly promising new avenues for
improving breastfeeding outcomes [18,19]. DHIs refer to
personalized medical and health management services that
combine health care with information and communication
technologies. Furthermore, digital health integrates various
digital technologiesin the medical field, such asthe Internet of
Things, Al, extensivedataanaysis, and robotics[20]. TheWHO
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defines DHIs as “an independent technological function or
capability designed to achieve specific objectives and address
challenges in health systems’ [21]. At present, DHIs are
delivered via a wide range of digital technological carriers,
including mobile apps, telemedicine, video, virtua reality (VR),
wearable devices, and Al. Their target populations have
expanded from heathy women with term delivery to
mother-infant dyadswith special clinical needs, such aswomen
experiencing preterm birth and those receiving cesarean
delivery. DHIs have been widely used in breastfeeding, and
their potential effectiveness has been preliminarily validated.
For instance, mobile apps providing structured educational
content and Al-driven SM Stext message counseling have been
shown to promote EBF and enhance maternal self-efficacy
[22,23], while VR-based programs incorporating relaxation
techniques have demonstrated benefits in reducing maternal
anxiety and improving lactation outcomes [24,25].

To systematicaly evaluate the efficacy of different types of
DHIsfor breastfeeding support, thisreview classifiesDHIsinto
3 magjor categories according to the general technical framework
in the digital health field [26], based on their technical carrier
and corefunctional characteristics. The 3 categoriesare eHedlth,
mobile health (mHealth), and digital devices. eHealth refersto
the use of emerging information and communication
technologies, such astheinternet, to improve or facilitate health
and health care services [27], including video [28], websites
[29], telemedicine[30,31], and even Al [32,33]. By leveraging
these platforms, eHealth enables professional breastfeeding
guidance to transcend geographical and tempora barriers,
offering pregnant and postpartum women holistic, personalized,
and sustained support. In breastfeeding practice, eHealth
modalities encompass educational video courses, dedicated web
platforms [34], remote online lactation consultations [35],
chatbot-based counseling [36], and machine learning-driven
prediction of EBF outcomes[37]; mHealth refersto health care
and public health practices supported by mobile devices or
mobile communications [38,39], with technical carriers
including SMS text messaging [40] and mobile apps [41].
mHealth technologies feature low technical barriers and
real-time reminder delivery, making them widely adopted
interventions for breastfeeding support. Common applications
include SM S-based breastfeeding reminders and mobile apps
offering breastfeeding guidance [42,43]; digital devices refer
to physical hardware components used to process, store, or
transmit digital data for health purposes [44], including
smartphones [45], tablets [46], wearable devices [47], and
sensors. Their core function liesin enabling objective monitoring
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and real-time feedback on breastfeeding behaviors. In
breastfeeding contexts, these devices are used for continuous
tracking of feeding frequency, milk output, and infant latching
status via lactation wearables [48], as well as for delivering
VR-based simulations to enhance maternal breastfeeding
knowledge and self-efficacy [49]. This 3-category framework
provides a structured basis for comparing how different digital
intervention modalities may affect breastfeeding outcomes.

Previous systematic reviews have evaluated a range of DHIs
for breastfeeding support, yet considerable uncertainty remains
regarding their overal effectiveness across different
breastfeeding outcomes. Existing reviews have typically focused
on a single type of DHI or a single breastfeeding outcome
[50-52], and evidence comparing intervention effects across
different DHI categories or implementation timing remains
limited [53,54]. Furthermore, findings from randomized
controlled trials (RCTs) on the effects of DHIs on breastfeeding
self-efficacy have been inconsistent [55-57]. This conflicting
evidence underscores the need for an updated comprehensive
meta-analysis to evaluate the effectiveness of various DHIs
across multiple breastfeeding outcomes and to explore potential
sources of heterogeneity.

Therefore, this systematic review and meta-analysis aims to
comprehensively evaluate the effects of DHIs on EBF rates,
breastfeeding self-efficacy, and breastfeeding knowledge.
Compared with previous systematic reviews, this study
compares different DHI modalities and examines how
intervention characteristics, national income levels, and
population characteristics may moderate intervention effects,
providing evidence-based support for devel oping targeted digital
health strategies for breastfeeding.

Methods

Overview

This systematic review and meta-analysis report adheresto the
2020 PRISMA (Preferred Reporting Items for Systematic
Reviewsand Meta-Analyses) statement (M ultimedia A ppendix
1) and PRISMA-S (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses literature search extension) to
enhance transparency (Multimedia Appendix 2) [58,59]. The
review protocol has been registered with PROSPERO
(International Prospective Register of Systematic Reviews;
CRD420251233352).

Search Strategy

We conducted a search of PubMed, Web of Science, the
Cochrane Library, Embase, CINAHL, Scopus, |EEE Xplore,
and gray literature by October 2025. The search was updated
in April 2026 to identify any newly published relevant studies.
First, the search strategy and search termswerefinalized through
group discussion. Subsequently, preliminary database searches
were performed, and the strategy and termswere further revised
based on the retrieved results. Formal searches were then
conducted in each database using the finalized search strategy
and keywords. In addition, we manually reviewed thereference
lists of included studies to identify any potentially omitted
studies. The search strategy combined subject headings and
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free-text terms. The main subject termsincluded breastfeeding,
Al, SM Stext messaging, wearable sensors, telemedicine, mobile
apps, internet-based interventions, RCTs, and hon-RCTSs. This
review did not use published search filters. We did not adopt
or reuse search strategies from previously published systematic
reviewsduring our literature search. We manually screened lists
of eligible studies and cited references via Google Scholar to
identify additional relevant literature. We searched the US
clinica trials registry (ClinicalTrials.gov) and the Chinese
clinical trias registry to identify eligible studies. For studies
wherefull-text articles and datawere unavail able, we contacted
the corresponding authors to attempt to obtain the full text.
Given the availability of academic resources and the language
proficiency of the research team, only studies published in
English were included, with no publication date restrictions.
The complete search strategy is available in Multimedia
Appendix 3.

Eligibility Criteria
We included the following studies:

«  Population: pregnant women or breastfeeding mothers

« Interventions: DHIs as classified by the WHO, including
eHealth (internet-based interventions such as videos,
websites, telemedicine, and Al), mHealth (text messages
and apps), and digital devices (VR, wearable devices, etc)

« Control groups. standard care, waiting list, or placebo
control groups

« Outcomes. EBF rates, breastfeeding self-efficacy, and
breastfeeding knowledge levels

«  Study designs. RCTsand quasi-experimental designs. Study
designs were chosen to balance bias control with evidence
volume. Recognizing RCTs as the gold standard [60], we
also included quasi-experimenta studies to address the
complexity of DHIsand the current scarcity of Al-focused
breastfeeding research. Defined by nonrandomized
allocation while still including a comparison group (eg,
matched or tempora grouping), these studies serve asrobust
evidence substitutes when RCTs are limited [61-63]. In
contrast, observational and qualitative designs were
excluded to minimize confounding risk and ensure
quantifiable results [64].

Thefollowing studieswere excluded: studiesinvolving mothers
with infectious diseases (eg, HIV) or severe substance use
disorders, studies published in languages other than English,
studies for which full-text articles were unavailable, studies
with missing or unavailable data, animal studies, letters or
conference proceedings, and studies rated as “high risk” [65].

Study Selection and Data Extraction

All retrieved articles were imported into EndNote software
(Clarivate Analytics). After removing duplicates, two
researchers (JS and YW) independently reviewed the article
titles and abstracts and subsequently read the full texts to
determine €ligibility based on the inclusion criteria
Disagreements were resolved through discussion with a third
researcher (SH), who made the final decision.

Two researchers (JS and YW) independently extracted data
using a customized data extraction form. The details extracted
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included but were not limited to study details (eg, title, authors,
year, and country), study design (study type, objective,
measurement tools, and inclusion/exclusion criteria), participant
characteristics (sample size, age, gestational age, humber of
fetuses, mode of delivery, etc), breastfeeding outcomes (EBF
rates, breastfeeding self-efficacy, and breastfeeding knowledge),
and intervention characteristics and dose (intervention type,
period, frequency, and duration).

There were no issues of double counting in this meta-analysis,
as the participants in each included study constituted
independent samples [66]. Therefore, for studies with multiple
intervention groups, we did not combine the interventions,
instead, we extracted data only from the groups directly relevant
to the study objectives for analysis. For studies reporting the
same outcome at multiple time points, to ensure consistency of
results and minimize the potentia influence of time on the
findings, we included only data from the first time point
following intervention in the meta-analysis [66].

Risk of Bias Assessment and Certainty of Evidence

Quiality assessment was conducted during the full-text screening
phaseto inform study eligibility. Two researchers (JSand YW)
independently assessed the quality of RCTsusing the Cochrane
Risk-of-Bias Tool version 2 (RoB2) [63,67], which evaluates
random sequence generation, allocation concealment, participant
and staff blinding, outcome assessor blinding, missing outcome
data, selective reporting, and other sources of bias. We used the
Risk of Bias in Nonrandomized Studies of Interventions
(ROBINSHI) tool to assess the quality of quasi-experimental
studies [68]. Based on the overall assessment results of
ROBINS, the risk level for each study was categorized as
“critical risk, seriousrisk, moderaterisk, low risk, or insufficient
information to assessrisk of bias.” During the screening phase,
wefirst assessed the methodological quality of included studies
using the RoB2 [67,69] and ROBINS-I [68]. Studies with at
least one item or an overall bias risk rated as “high” were
excluded. To minimize the systematic impact of biases such as
selective reporting, inadequate blinding, and incomplete data
on effect estimates, which could compromise the robustness of
the pooled results, these studies were excluded from the primary
analysis. Risk of bias results for the included studies were
visualized using Robvis[70].

Two authors (JS and YW) independently scored the certainty
of evidence using the GRADE (Grading of Recommendations,
Assessment, Development, and Evaluation) criteria [71,72].
Disagreements were resolved by consulting a third researcher
(SH).

Statistical Analysis

We conducted the meta-analysis using Review Manager (version
5.4; Cochrane Collaboration) and R software (version 4.6.0; R
Foundation for Statistical Computing). The restricted maximum
likelihood estimator was used to estimate the between-study
variance (1?) [73]. The Hartung-Knapp-Sidik-Jonkman
random-effects model was used to reanalyze the data and
estimate Cls[74]. EBF rates were estimated using relative risk
(RR) and 95% ClI, with data pooled across three time periods:
<3 months, 3-6 months, and =6 months. Breastfeeding
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self-efficacy and breastfeeding knowledge level swere estimated
using the standardized mean difference (SMD) and 95% CI.
Due to significant differences in participant characteristics,
intervention methods, and outcome measurement methods, the
data were analyzed using a random-effects model. To assess

statistical heterogeneity, 1> was calculated. We also derived

Cochran’s Q test and the 1% statistic to jointly quantify the extent
and significance of observed heterogeneity. For results with a
sufficient number of studies (n=3), we calculated a 95%
prediction interval (Pl) to quantify the practical clinica
significance of heterogeneity [75]. Sensitivity analyses were
conducted by sequentially excluding all included studies.
Potential small-sample effects were assessed using funnel plots
combined with the Egger regression test [76].

Subgroup analyses were conducted to expl ore potential sources
of heterogeneity. Prespecified subgroup analyseswere conducted
to identify potential sources of between-study heterogeneity
and examine whether intervention characteristics moderate the
effects of DHIson breastfeeding-related outcomes. Prespecified
subgroup analyses were performed stratified by (1) DHIs type
(mHealth: SMS text messaging and apps, eHealth:
internet-based, websites, and videos; or digital devices:
wearables and VR) [77]; (2) intervention stage (prenatal vs
postnatal); (3) intervention duration (<3 months vs >3 months);
(4) intervention frequency (<3 times/week vs >3 times/week);
in addition, to further investigate the substantial heterogeneity
observed in the pooled analyses, we conducted supplementary
exploratory subgroup analyses stratified by (5) national income
level (developed countries vs developing countries, with
grouping standards following the official country income
classification criteria released by the World Bank); and (6)
population characteristics: gestational age (term vs preterm),
age (adults vs adolescents), number of fetuses (singleton vs
multiple), mode of delivery (vaginal vs cesarean). All findings
from exploratory subgroup analyses should be interpreted with
caution and regarded only as exploratory evidence to generate
new research hypotheses.

Ethical Considerations

This meta-analysis was a secondary analysis of published
literature and did not require ethics approval. As there is no
direct contact with subjects and no individual-level data are
collected, informed consent is waived. This analysis strictly
adheres to the principles of patient privacy protection: al data
used are aggregate statistics or fully anonymized data that
contain no personally identifiable information (eg, names,
initials, and hospital numbers), such information having been
omitted asit isnot essential for scientific purposes. All original
studiesincluded in this meta-analysis obtained their own ethical
approval and informed consent from subjects within their
respective research contexts.

Results

Sear ch Selection

Initially, 2353 articleswereidentified from the databases. After
excluding 508 duplicate articles, 2 researchers independently
screened the titles and abstracts of the remaining 1845 articles.
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of the remaining 161 articles were retrieved and assessed for
eligibility. Studies rated as high risk of bias were excluded

Sun et al

during this stage. Ultimately, 52 articles were included in the
meta-analysis [34,35,42,43,49,56,57,78-122]. The literature
screening processis shown in Figure 1.

Figurel. Flowchart of the study selection process, following the 2020 PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses).
Screening and inclusion for a systematic review and meta-analysis of randomized controlled trials and nonrandomized controlled trials.

Records identified from: Records removed before screening:
— . =
c PubMed (n=129) Duplicate records removed (n =508)
-..9,, Web of Science (n=243)
_g Cochrane Library (n=1341)
= Embase (n=191)
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CINAHL (n=73
g IEEE (ll—l(l) ) Records excluded (n =1684)
Scopus (n=272) Rl?\:lm.v fn‘ (ﬂ?{) (n=80
Gray literature (n=91) Irrelevant article m,_g 7
| Total: n=2353 S_ul(ly prumczlly(ln—hﬂj
No outcome of interest (n=8)
No population of interest (n=9)
l No intervention of interest (n==8)
— No controlled of interest (n=4)
.| Not randomized controlled trial (n=4)
Not English article (n=4)
Records screened (n=1845) Letter or conference (n=10)
Clinical registration trial with
o noavailable results (n=105)
c
=
(7}
o L
Qo
@ Reports excluded (n=109)
Fsosris assessed for eligiility No outcome of interest (n=19)
(nlj[-l( lh)‘ Soess b 7 || No population of interest (n=3)
4 No intervention of interest (n=7)
No controlled of interest (n=3)
Not full article (n=3)
Not randomized controlled trial (n=17)
v Study protocal (n=13)
Unobtainable data (n=19)
Studies included in review I".“]“""‘.ml *'mcll‘*' (n=6) )
(n =52) High-risk studies exluded from
quantitative synthesis(n=17)

Study Characteristics

The 52 included studies were published between 2015 and 2026
[34,35,42,43,49,56,57,78-122], with 15 conducted in Turkey
[34,35,49,78,81,83,84,86,87,97-99,101,108,121], 8 in China
[43,56,90,94-96,119,120], 6 each in the United States
[79,85,92,93,100,114] and Iran [82,88,111,113,115,122], 2 each
in India [91,109] and Saudi Arabia [80,110], and 1 each in
Nigeria [116], Japan [106], Malaysia [103], Colombia [104],
Spain [104], Kenya [107], Uganda [105], Vietham [89],
Myanmar [57], Australia[118], Israel [102], Ethiopia[42], and
Indonesia [112]. This study included 42 RCTs
[34,35,42,43,49,56,57,78,79,81,83-85,87,
89-95,97,99-105,107,109,110,113-122] and 10
quasi-experimental studies[80,82,86,88,96,98,106,108,111,112].
Among these, 3 studies recruited adolescent mothers
[34,87,116]; 3 studies included mothers of critically preterm
infants[100,110,111]; 3 studiesincluded women who underwent
cesarean section [89,97,121]; and 2 studies included women
with multiple pregnancies [103,109]. The total sample size for
thisstudy was 11,704, with individual trial sample sizesranging
from 23 to 1717 participants. Interventions lasted from 1 day
to 9 months, with a frequency ranging from once aweek to 10
times aweek.
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Among the 52 included studies, DHIstypes could be categorized
into 3 groups: mHealth (n=30)
[42,43,56,57,78,81-83,85,89,90,92-96,
100,102,103,105,107,109,112-118,121], eHedth (n=17)
[34,35,79,80,84,86-88,91,97-99,101,106,108,110,119], and
digital devices(n=5) [49,104,111,120,122]. A total of 30 studies
primarily implemented i nterventions during the prenatal period
[34,35,42,43,49,56,57,80,81,84,85,89,91,92,94-96,98,101,103-106,
108,112,114,117-120], while the remaining 22 initiated
interventions  postpartum  [78,79,82,83,86-88,90,93,97,
99,100,102,107,109-111,113,115,116,121,122]. Two studies
were 3-arm RCTs [85,118]. For studies with multiple
intervention groups, we extracted data only from the groups
directly relevant to the study objectives for analysis. To ensure
consistency of results and minimize the potential impact of time
on the findings, we adopted the methodological protocol used
in aprevious meta-analysis [123]. The outcomes we examined
included EBF rates (n=37) [34,42,43,56,57,78-85,87,89-97,
99,100,102,104-106,109,110,112,114,117-120], breastfeeding
self-efficacy (n=28) [34,35,49,81,83,85-88,90,91,
93,97,98,101,103,104,106,108-111,113-115,119,121,122], and
breastfeeding knowledge (n=30) [86,94,103,107,115,116].
Although the outcome assessment tools varied across studies,
all were valid scales, and data collection was successfully
conducted. A total of 24 studies used the Brief Breastfeeding
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Self-Efficacy Scale-Short Form [34,35,81,83,86-88,90,91,93,
97,98,103,104,106,108-111,113,114,119,121,122]. Two studies
used thefull Breastfeeding Self-Efficacy Scale[85,115], 2 used
the Prenatal Breastfeeding Self-Efficacy Scale[49,101], 4 used
a self-designed Breastfeeding Knowledge Questionnaire
[94,103,107,116], 1 used a Knowledge, Attitudes, and Practices
guestionnaire to assess this outcome [115], and 1 used the
Breastfeeding and Breastfeeding Knowledge Test [86]. Detailed
information is presented in (Multimedia Appendix 4)
[34,35,42,43,49,56,57,78-121,124].

Risk of Bias Assessment

Among the included RCTSs, 12 studies were classified as low
risk [42,43,56,89,93,95,100,105,109,113,117,120] and 30 had
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some concerns[34,35,49,57,78,79,81,83-85,87,90-92,94,97,99,
101-104,107,110,114-116,118,119,121,122]. Most studies
showed some concerns for deviations from intended
interventions, primarily because blinding of participants and
personnel was impractical in DHIs, and adherence to the
intervention could not always be fully ensured. Three of these
studies had dropout rates exceeding 5%, raising concerns about
attrition bias [34,91,110]. Overall, 12 of the studies were rated
as having some concerns because the outcomes were
self-reported and outcome assessors were not blinded
[35,83,84,90,92,97,101,114,115,119,121,122]  (Figure 2
[343B4243495657,78 081,83-8587,89-9597,9-106107,109110113-127).
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Figure 2. Visualization of therisk of bias of randomized controlled trials (n=42).
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Among the quasi-experimental studies included, 7 had a
moderaterisk [80,82,96,106,108,111,112], and 3 had alow risk
[86,88,98]. In addition, 6 of the included studies did not report
or use matching, stratification, or statistical adjustment to
balance baseline differences between groups, resulting in a
moderate risk of bias [80,82,96,106,108,112]. Regarding bias
due to selection of participants, 2 studies were rated as having
a moderate risk of bias due to their small sample sizes and
insufficient representativeness [106,125]. Regarding selection
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bias, 2 studies were assessed as having a moderate risk of bias
because the study sample did not represent the expected
characteristics of the target population [80,111]. Regarding
attrition bias, 5 studies had high participant dropout rates,
indicating amoderaterisk of bias[82,108,125-127]. All studies
had alow risk of biasin terms of classification of interventions,
outcome measurement, and selective reporting (Figure 3
[80,82,86,88,96,98,106,108,111,112]).
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Figure 3. Visualization of therisk of bias of nonrandomized studies (n=10).
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Thissystematic review applied the GRADE framework to assess reported rates at >6 months

the certainty of evidencefor the effects of DHIson breastfeeding
outcomes. The certainty of evidence was moderate for EBF at
<3 months and 3-6 months, downgraded by 1 level because of
seriousinconsistency (12=84% and 75%, respectively). For EBF
at =6 months, the certainty of evidence was low, downgraded
for serious inconsistency (1°=86% and a wide 95% PI) and
potential small-study effects identified by the Egger test
(P=.006), athough the pooled effect remained robust after
trim-and-fill correction. The certainty of evidence for
breastfeeding self-efficacy was moderate, downgraded because
of serious inconsistency (1°=95% and a 95% Pl crossing the
null value). The certainty of evidence for breastfeeding
knowledge was low, downgraded for serious inconsistency
(1>=98% and a 95% PI crossing the null value) and serious
imprecision due to the small number of studies (k=6), limited
sample size, and an imprecise Cl (Multimedia Appendix 5).

Findings of Meta-Analysis

EBF Rates

A tota of 30 studies reported EBF rates at <3 months
[34,56,57,78-84,87,89-95,97,99,100,102,104-106,109,110,114,119,120),
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[42,43,57,85,89-91,94,96,97,99,102,109,112,117-119].
Participants who used DHIs had higher EBF rates than the
control group at all time points (<3 months: RR 1.33, 95% CI
1.18-1.50; 1°=84%; P<.001; 3-6 months; RR 1.46, 95% ClI
1.22-1.75; P<.001; 1>=75%; =6 months: RR 1.64, 95% ClI
1.27-2.11; P<.001; 1°=86%). The 95% P for the point estimates
(<3 months: 0.85-2.08; 3-6 months. 0.83-2.55; =6 months:
0.74-3.62) suggeststhat the true effect of future similar studies
in different populations or settings may vary considerably.
Although the pooled effect size results indicate that DHIs
produces afavorable average effect, the intervention may have
anegligible or even marginally negative impact on some patients
or subgroups, which is consistent with the observed significant
heterogeneity (<3 months: P<.001; 12=0.04; 1>=84%; Figure 4
[34,56,57,78-84,87,89-95,97,99,100,102,104-106,109,110,114,119,120);
3-6 months: P<.001; T1°=0.06; 1°=75%; Figure 5
[56,57,79,84,85,89-91,96,99,100,102,109]; =6 months: P<.001;
1°=0.13; 12=86%:; Figure 6 [42,43,57,85,89-91,94,96,97,99,
102,109,112,117-119]).
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Figure 4. Forest plot of risk ratios (random-effects model) for the effect of digital health interventions on exclusive breastfeeding rates at <3 months,
with 95% Cl's, 95% prediction interval, and the overall pooled estimate. HK SJ: Hartung-K napp-Sidik-Jonkman; IV: inverse variance; REML: restricted

maximum likelihood.

Study or Subgroup

Events Total Events Total Weight

Risk ratio
IV, Random, 95% CI

Risk ratio
IV, Random, 95% ClI

Acar 2024 32 36 24 37 4.0%
Ahmed 2016 31 48 11 54 2.0%
Alahmed 2024 o7 146 38 144 3.8%
Araban 2025 32 56 21 54 2.9%
Aram 2025 20 40 17 41 2.4%
Baransel 2024 58 65 40 65 4.5%
Baza 2023 11 17 6 19 1.3%
Bilgic 2024 51 52 28 50 4.2%
Can 2025 38 43 21 47 3.4%
Celik 2024 14 16 2 15 0.5%
Doan 2022 51 293 35 275 3.0%
Fan 2022 5 15 8 18 1.0%
Harari 2018 15 30 T 22 1.4%
Henshaw 2024 11 30 15 24 2.0%
Hmone 2023 120 149 88 139 5.0%
Huang 2024 35 39 26 40 4.1%
Karaahmet 2022 73 76 54 75 5.0%
Koca 2026 25 32 27 32 4.3%
Magalh&es 2023 11 16 12 19 2.4%
Miremberg 2022 94 97 82 100 5.4%
Moncada 2025 2 29 2 29 0.3%
Mukunya 2025 761 904 584 813 5.6%
Nakamura 2025 1 8 7 15 0.3%
Ni 2025 29 55 26 54 3.1%
Pooja 2026 61 64 55 64 5.3%
Raj 2025 60 60 55 60 5.4%
Ramadan 2025 70 100 65 100 4.7%
Wong 2025 53 75 29 71 3.6%
Wu 2020 120 148 88 139 5.0%
Zhu 2025 45 55 30 49 4.1%
Total (HKSJa) 2794 2664 100.0%
95% prediction interval

Total events: 2026 1503

Test for overall effect: T = 4.91, df = 29 (P < 0.0001)

1.37 [1.05, 1.78]
3.17 [1.80, 5.59]
2.52[1.87, 3.39]
1.47 [0.98, 2.20]
1.21[0.75, 1.94]
1.45[1.18,1.79]
2.05[0.97, 4.33]
1.75[1.37, 2.25)
1.98 [1.41, 2.77]

6.56 [1.78, 24.16]
1.37[0.92, 2.04]
0.75[0.31, 1.81]
1.57[0.77, 3.19]
0.59 [0.33, 1.03]
1.27[1.10, 1.48]
1.38[1.07,1.77]
1.33[1.15, 1.55]
0.93[0.73, 1.17]
1.09[0.68, 1.75]
1.18 [1.07, 1.30]
1.00 [0.15, 6.63]
1AF1.94, 1.28]
0.27 [0.04, 1.81]
1.10[0.75, 1.59]
1.11 [0.99, 1.24]
1.09[1.00, 1.18)
1.08[0.89, 1.31]
1.73[1.26, 2.37]
1.28 [1.10, 1.49]
1.34[1.04,1.73]

1.33 [1.18, 1.50]
[0.85, 2.08]

0.02
Favours [experimental]

Heterogeneity: Tau? (REMLP) = 0.04; Chi? = 101.24, df = 29 (P < 0.00001); I? = 84%

Footnotes
aCl calculated by Hartung-Knapp-Sidik-Jonkman method.
bTau? calculated by Restricted Maximum-Likelihood method.
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Figure5. Forest plot of risk ratios (random-effects model) for the effect of digital health interventions on exclusive breastfeeding rates at 3-6 months,
with 95% Cl's, 95% prediction interval, and the overall pooled estimate. HK SJ: Hartung-K napp-Sidik-Jonkman; IV: inverse variance; REML: restricted

maximum likelihood.

Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahmed 2016 27 44 1 52 4.8% 2.90[1.63, 5.15] ——
Bilgic 2024 50 52 25 50 8.8% 1.92 [1.45, 2.55] ——
Bunik 2022 132 227 64 118  10.1% 1.07 [0.88, 1.31] -
Doan 2022 44 292 32 275 6.6% 1.29 [0.85, 1.98] -
Fan 2022 T 15 6 18 2.8% 1.40[0.60, 3.27] ———
Hmone 2023 78 148 30 139 7.7% 2.44[1.72, 3.47] ——
Jiang 2015 123 265 114 286 10.2% 1.16 [0.96, 1.41] .-
Koca 2026 29 32 22 32 9.2% 1.32[1.02, 1.71] a—
Magalhdes 2023 5 16 4 17 1.8% 1.33[0.43, 4.09] —
Miremberg 2022 79 97 69 100 10.7% 1.18[1.00, 1.39] He-
Pooja 2026 60 64 39 64 10.0% 1.54 [1.25, 1.89] -
Raj 2025 55 80 31 60 9.2% 1.77[1.37, 2.29] ——
Wu 2020 50 161 48 158 8.0% 1.07 [0.76, 1.49] —_—
Total (HKSJ?) 1473 1369 100.0% 1.46 [1.22, 1.75] .
95% prediction interval [0.83, 2.55] ———
Total events: 739 493

Test for overall effect: T = 4.52, df = 12 (P = 0.0007)

3 10
Favours [control]

01 03 1
Favours [experimental]

Heterogeneity: Tau? (REML®) = 0.06; Chi* = 41.65, df = 12 (P < 0.0001); I? = 75%

Footnotes
Cl calculated by Hartung-Knapp-Sidik-Jonkman method.
bTau? calculated by Restricted Maximum-Likelihood method.

Figure 6. Forest plot of risk ratios (random-effects model) for the effect of digital health interventions on exclusive breastfeeding rates at =6 months,
with 95% Cl's, 95% prediction interval, and the overall pooled estimate. HK SJ: Hartung-K napp-Sidik-Jonkman; IV: inverse variance; REML: restricted

maximum likelihood.

Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bunik2022 107 227 47 118 7.3% 1.18[0.91, 1.54] -
Candel2024 72 136 78 134 7.6% 0.91[0.73,1.13] -t
Doan2022 19 289 14 274 4.3% 1.29[0.66 , 2.52] -
Fan2022 4 15 4 18 2.1% 1.20 [0.36 , 4.00] S e
Gilano2025 246 337 173 338 8.1% 1.43[1.26, 1.61] -
Hmone2023 62 143 21 137 6.0% 2.83[1.83,4.37] —_
Huang2024 17 39 9 40 4.3% 1.94 [0.98 , 3.81] ——
Jiang2015 40 265 18 284 5.3% 2.38[1.40, 4.05] —_—
Karaahmet2022 40 76 19 75 5.9% 2.08[1.33,3.24] —_
Koca2026 29 32 21 32 7.2% 1.38[1.05, 1.82] -
Li2024 63 162 30 128 6.5% 1.66 [1.15, 2.40] —_
Miremberg2022 58 a7 49 100 7.3% 1.22[0.94, 1.58] t—
Pooja2026 60 64 38 64 7.6% 1.58 [1.28 , 1.95] -
Raj2025 37 60 14 60 5.5% 2.64[1.60, 4.36] —_
Sarimin2024 48 50 3 50 24% 16.00[5.33, 48.00] _—
Wen2020 188 384 169 385 7.9% 1.12[0.96 , 1.30] -
Wong2025 25 75 12 71 4.7% 1.97 [1.07, 3.62] —
Total (HKSJ2) 2451 2308 100.0% 1.64 [1.27, 2.11] ‘
95% prediction interval [0.74 , 3.62]
Total events: 1115 719
Test for overall effect: T = 4.13, df = 16 (P = 0.0008) 002 01 1 10 50

Favours [experimental] Favours [control]

Heterogeneity: Tau? (REMLP) = 0.13; Chi* = 72.79, df = 16 (P < 0.00001); I* = 86%

Footnotes
aCl calculated by Hartung-Knapp-Sidik-Jonkman method.
bTau? calculated by Restricted Maximum-Likelihood method.

Breastfeeding Self-Efficacy

A total of 28 studies reported on breastfeeding self-efficacy
[34364981,83868390919397 8101 108104,106108111,113-115119121,127.
Participants who used DHIs had higher breastfeeding
self-efficacy scores than the control group (SMD 0.67, 95% Cl
0.31-1.03; P<.001). The 95% Pl (—1.17 to 2.51) indicates that
while the average effect of DHIs was a positive improvement,
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some participants may have shown no improvement or even
worse outcomes after receiving the DHIs intervention, while
others may have experienced greater improvement. This
significant variability inindividual responsesis consistent with
the high heterogeneity observed in the study (P<.001; 1°=0.77;
1>=95%; Figure 7 [34,35,49,81,83,85-88,90,91,93,97,
98,101,103,104,106,108-111,113-115,119,121,122]).
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Figure7. Forest plot of standardized mean differences (random-effects model) for the effect of digital health interventions on breastfeeding self-efficacy,
with 95% Cl's, 95% prediction interval, and the overall pooled estimate. HK SJ: Hartung-K napp-Sidik-Jonkman; IV: inverse variance; REML: restricted
maximum likelihood; SMD: standardized mean difference.

Std. mean difference

Std. mean difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Araban2025 62.46 4.22 56  50.74 4.88 54 3.6% 2.55[2.05, 3.06] —_
Baransel2024 58.95 7.24 65  54.87 11.13 65 3.7% 0.43 [0.08 , 0.78] —
Baza2023 60.8 7.9 17 57.6 8 19 3.4% 0.39 [-0.27 , 1.05] T
Bunik2022 129.6 231 227 1274 31.9 118 3.8% 0.08 [-0.14 , 0.31] o
Can2025 62.1 34 43 48.9 5.6 47 3.5% 2.86 [2.26 , 3.45] —_
Celik2024 50.43  13.47 16 45.4 15.4 15 3.3% 0.34 [-0.37 , 1.05] -+
Ertas2026 93.77 4.42 26 79.84 6.35 26 3.3% 2.51[1.77,3.25] —_
Fan2022 45.08 9.78 15 48.17 10.9 18 3.3% -0.29 [-0.98 , 0.40] —1
Girkan2024 60.58 8.66 37 57.66 8.39 36 3.6% 0.34[-0.12, 0.80] —
Henshaw2024 3.38 0.88 30 3.05 0.93 24 3.5% 0.36 [-0.18 , 0.90] T+
Karaahmet2022 59.49 8.46 76  54.29 6.36 75 3.7% 0.69 [0.36 , 1.02]

Karimi2025 45.36 73.5 35 32.88 29.4 35 3.6% 0.22[-0.25, 0.69] T
Kilic2024 67.5 39 35 60.7 6.7 31 3.5% 1.25[0.71, 1.78]

Metin2024 83.2 11.28 40 7272 5.45 40 3.6% 1.17 [0.70, 1.65]

Moncada2025 63.31 5.22 29 63.1 4.57 29 3.6% 0.04 [-0.47 , 0.56] -t
Nakamura2025 31 4.34 8 38.8 1247 15 31% -0.72[-1.60, 0.17] —
Ozcoban2025 61.5 8.16 55 63 5.68 55 3.7% -0.21[-0.59 , 0.16] -t
Pilus2022 24.02 6.37 B5  24.37 8.55 83 3.8% -0.05[-0.35, 0.26] -+
Pooja2026 69.8 0.7 64 69.4 1.1 64 3.7% 0.43 [0.08 , 0.78] —
Raj2025 66.2 5.9 60 65.2 7.4 60 3.7% 0.15[-0.21, 0.51] +
Ramadan2025 47.5 T2 100 49.2 6.5 100 3.8% -0.25[-0.53 , 0.03] =
Rostamgohari2025 54.13 3.09 37 41.1 5.74 37 3.4% 2.80[2.15, 3.45] —_
Seddighi2022 53.78  12.61 96 41.9 17.98 91 3.8% 0.77 [0.47 , 1.06]

Seyyedi2021 145.92  18.65 40 1255  26.88 40 3.6% 0.87 [0.41, 1.33]

Simsek2024 56.5 6.5 36 52.6 5 36 3.6% 0.67 [0.19, 1.14] —_
Wong2025 46.73  12.88 75 39.82 15.74 Al 3.7% 0.48 [0.15, 0.81] —-—
Yikar2026 56 2.75 40 50.5 6.25 40 3.6% 1.13 [0.65, 1.60]

Yildiz2025 54.03 13.25 30 53.83 7.24 30 3.6% 0.02 [-0.49 , 0.52] -t

Total (HKSJ2) 1473 1354 100.0% 0.67 [0.31, 1.03]

95% prediction interval [-1.17, 2.51]

Test for overall effect: T = 3.82, df = 27 (P = 0.0007)

Heterogeneity: Tau? (REMLD) = 0.77; Chi? = 321.39, df = 27 (P < 0.00001); IZ = 95%

Footnotes

aC| calculated by Hartung-Knapp-Sidik-Jonkman method.
bTau? calculated by Restricted Maximum-Likelihood method.

-4
Favours [experimental]

2

0

4

2
Favours [control]

1.40, 95% CI -0.13 to 2.93; P=.06). The 95% PI was further
estimated at (—2.60 to 5.40), and significant statistical
heterogeneity was observed among theincluded trials (P<.001,

1°=2.07; 1°=98%; Figure 8 [86,94,103,107,115,116]).

Breastfeeding Knowledge

A total of 6 studies reported on breastfeeding knowledge
[86,94,103,107,115,116]. The results showed that DHIs had no
significant effect on improving breastfeeding knowledge (SMD
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Figure8. Forest plot of standardized mean differences (random-effects model) for the effect of digital health interventions on breastfeeding knowledge,
with 95% Cl's, 95% prediction interval, and the overall pooled estimate. HK SJ: Hartung-K napp-Sidik-Jonkman; IV: inverse variance; REML: restricted

maximum likelihood; SMD: standardized mean difference.

Std. mean difference Std. mean difference

Study or Subgroup Mean  SD  Total Mean SD  Total Weight IV, Random,95% Cl IV, Random, 95% Cl
Girkan2024 61.35 19.74 37 6222 1456 36 16.6%  -0.05[-0.51,0.41] <+

Huang2024 1386 1.08 39 1224 126 40 16.6% 1.37 [0.87 , 1.86] -

K02025 7033 768 206 5852 165 206 17.0%  0.92[0.71,1.12) -

Pilus2022 2402 6.405 85 2412 8217 83 16.9%  -0.01[-0.32,0.29] +

Seyyedi2021 2023 1.51 40 1603 156 40 163%  271[2.10,3.32) ——
Sosanya2025 468 179 108 3865 271 108 16.7% 3.54 (3.1, 3.97) -
Total (HKSJ2) 515 513 100.0%  1.40[-0.13,2.93] -

95% prediction interval [-2.60 , 5.40] »
Test for overall effect: T = 2.36, df = 5 (P = 0.06) )

Heterogeneity: Tau? (REMLD) = 2.07; Chi2 = 229.54, df = 5 (P < 0.00001); 2

Footnotes
aC| calculated by Hartung-Knapp-Sidik-Jonkman method.
bTau? calculated by Restricted Maximum-Likelihood method.

Subgroup Analyses
Type of Intervention

EBF Rates

A subgroup analysiswas conducted based on DHIstype. eHealth
(<3 months: RR 1.56, 95% Cl 1.12-2.17; P=.01; 1°=90%; 3-6
months: RR 1.70, 95% CI 1.07-2.69; P=.04; 12=66%; =6 months:
RR 1.59, 95% CI 1.25-2.02; P<.001, I2:O%), mHealth (<3
months: RR 1.21, 95% Cl 1.13-1.29; P<.001; 1°=29%; 3-6
months: RR 1.34, 95% Cl 1.08-1.67; P=.01; 1>=75%; =6 months;
RR 1.68, 95% Cl 1.16-2.42; P=.01; 1’=91%), and digital devices
(<3months: RR 1.34, 95% Cl 1.04-1.73; P=.03) increased EBF
rates across al three time periods. No statistically significant
differences were observed among subgroups (<3 months:
x%=3.27; P=.19; 3-6 months: x%=1.83; P=.18; >6 months:

x21=0.09; P=.77). Notably, heterogeneity for eHealth gradually
decreased over time, suggesting that long-term effects (=6
months) may be more stable, whereas mHealth may have a
greater short-term (<3 months) effect (Multimedia Appendix
6).

Breastfeeding Self-Efficacy

A subgroup anaysiswas conducted based on DHI type. mHealth
(SMD 0.58, 95% CI 0.07-1.10; P=.03; 1°=93%) was found to
improve participants’ breastfeeding self-efficacy, although the
studies exhibited high heterogeneity. In contrast, eHealth (SMD
0.47, 95% CI —0.04 t0 0.98; P=.07; 1°=93%) and digital devices
(SMD 1.63, 95% Cl —0.39 to 3.65; P=.08; 1>=94%) did not
demongtrate statistically significant effects. Testsfor differences
between subgroups showed that the interventions did not reach
statistical significance (x%=2.97; P=.23; Multimedia A ppendix
6).
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=98%

Period of I ntervention

EBF Rates

Subgroup analyses were conducted based on the DHIs stage.
Prenatal (<3 months: RR 1.42, 95% CI 1.25-1.63; P<.001;

I2:79%; 3-6 months: RR 1.42, 95% CI 1.07-1.89; P=.02;
1=81%; =6 months: RR 1.68, 95% C| 1.16-2.44; P=.01;
1=91%) and postpartum (3-6 months. RR 1.52, 95% ClI
1.10-2.11; P=.02; 1°=68%; =6 months: RR 1.62, 95% ClI
1.07-2.46; P=.03; 1°=64%), whereas interventions during the
postpartum period <3 months (RR 1.21, 95% CI 0.97-1.50;

P=.08; 12=80%) did not reach statistical significance. Differences
among subgroups were not statistically significant (<3 months:

x%=1.94; P=.16; 3-6 months: x%=0.16; P=.69; >6 months:
X%,=0.03; P=.87; Multimedia Appendix 6).

Breastfeeding Self-Efficacy

Subgroup analyses were conducted based on the DHIs stage.
Interventions during the prenatal period (SMD 0.70, 95% ClI
0.18-1.22; P=.01; 1°=96%) and the postnatal period (SMD 0.63,
95% Cl 0.06-1.19; P=.03; 1°=92%) were both statistically
significant. However, both groups exhibited extremely high
heterogeneity among studies. There was no statistically

significant difference between the groups ()(22:0.04; P=.84;
Multimedia Appendix 6).

Breastfeeding Knowledge

A subgroup analysis was conducted based on DHIs stages.
I nterventions during the prenatal (SMD 0.66, 95% CI -8.10 to

9.42; P=51; 1°=95%) and postnatal (SMD 1.77, 95% Cl —0.83

to 4.38; P=.11; 1°=99%) interventions had no statistically
significant effect on breastfeeding knowledge, and there was
very high heterogeneity. Differences between groups did not

reach statistical significance (x?,=1.08; P=.30; Multimedia
Appendix 6).
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Duration of I ntervention

EBF Rates

A subgroup analysis was conducted based on intervention
duration (<3 months vs =23 months). An intervention lasting <3
months had a significant effect only on short-term EBF rates
(RR 1.41, 95% Cl 1.09-1.83; P=.01; 1°=93%); it had no
statisticaly significant effect on midterm (3-6 months) or
long-term (=6 months) EBF rates. Due to high heterogeneity
among studies and the extremely small number of studiesinthe
=>6-month group (n=2), with Cls spanning awide range, caution
is warranted when interpreting the subgroup analysis. For
interventions lasting =3 months (<3 months: RR 1.28, 95% Cl
1.15-1.42; P<.001; 1°=55%; 3-6 months: RR 1.37, 95% ClI
1.13-1.66; P=.004; 1°=74%; =6 months. RR 1.69, 95% ClI
1.35-2.11; P<.001; 1?=82%) all increased the rates of EBF during
their respective time periods. No significant statistical
differences were observed among subgroups (<3 months:
X%=0.60; P=.44; 3-6 months: x%=3.53; P=.06; >6 months:
x21:0.76; P=.38), with the test for differences between groups
in the 3-6-month period showing amarginally significant effect,
indicating that the duration of dry interventions may have a
potential impact on the overall heterogeneity of the
meta-analysis, although it did not reach forma statistical
significance, and the point estimates till favored shorter
intervention durations (RR 1.98, 95% CI 0.93-4.22; P=.06;

12=30%; Multimedia Appendix 6).
Breastfeeding Self-Efficacy

A subgroup analysis was conducted based on intervention
duration (<3 months vs =3 months). Interventions lasting <3
months (SMD 0.64, 95% Cl 0.19-1.08; P=.008; 1°=94%) showed
a satistically significant positive effect on breastfeeding
self-efficacy, whereas interventions lasting =3 months (SMD
0.73, 95% Cl —0.01 to 1.48; P=.05; 1>=96%) demonstrated a
marginally significant effect, with the Cl straddling the null
line, and thus did not reach statistical significance. The subgroup
analysis revealed no statistically significant differences among
subgroups (x%,=0.06; P=.81), but the test for differencesamong
subgroupsindicated a marginally significant effect, suggesting
that intervention duration may have a potential impact on the
overall effect of the meta-analysis (Multimedia Appendix 6).

Breastfeeding Knowledge

A subgroup analysis was conducted based on intervention
duration (<3 months vs =3 months). The subgroup analysis
revealed astatistically significant difference between subgroups

(x21:12.51; P<.001). For interventionslasting <3 months (SMD

-0.02, 95% ClI -0.23 to 0.19; P=.38; 1°=0%), whereas
interventions|lasting =3 months (SMD 2.12, 95% CI 0.19-4.05;
P=.04; 1°=97%) showed statistical significance, suggesting that
long-term interventions may be more effective than short-term
ones. However, there was very high heterogeneity within the
subgroup, limiting the stahility of the effect estimates; therefore,
the results should be interpreted with caution (Multimedia
Appendix 6).

https://www.jmir.org/2026/1/€92184

Sun et al

Freguency of Intervention

EBF Rates

A subgroup analysis was conducted based on intervention
frequency (<3 times/week vs =3 times/week). Interventions <3
times/week showed greater effects on short-term (<3 months)
EBF rates (RR 1.32, 95% CI 1.03-1.68; P=.04; 1°=61%) and
interventions =3 times/week on <3-month EBF rates (RR 1.29,
95% CI 1.10-1.51; P=.007; 1°=53%). No statistically significant
effects were observed in the subgroups for intermediate-term
(3-6 months) and long-term (=6 months) intervention
frequencies. No significant statistical differenceswere observed

between subgroups (<3 months: )(2120.04; P=.84; 3-6 months:
x%=0.01; P=.93; =6 months: x*,=1.16; P=.28; Multimedia
Appendix 6).

Breastfeeding Self-Efficacy

Subgroup analyses were conducted based on intervention
frequency (<3 times/week vs=3 times/week). For interventions
<3 times'week (SMD 0.97, 95% ClI —0.90 to 2.83; P=.20;
12=97%) and interventions >3 times/week (SMD 0.35, 95% ClI
—3.76 t0 4.46; P=.48; 1>=70%) had no statistically significant
effect on breastfeeding self-efficacy, and high heterogeneity
was observed. The subgroup analysis revealed no statistically
significant differences among subgroups (x21:0.85; P=.36;
Multimedia Appendix 6).

National I ncome Level

EBF Rate

An exploratory subgroup analysis was conducted based on
country (developing vs developed countries). In developing
countries, DHIs can increase the EBF rate across intervention
durations of <3 months (RR 1.32, 95% Cl 1.19-1.47; P<.001;
1°=82%), 3-6 months (RR 1.45, 95% Cl 1.21-1.75; P=.001;
12=72%) and =6 months (RR 1.83, 95% Cl 1.50-2.23; P<.001;
12=70%), while no statistically significant effectswere observed
in developed countries. The subgroup analysis showed no
statistically significant differences between subgroups (<3
months: x%=0.01; P=.93; 3-6 months: x>,=0.07; P=.79; =6
months: x?,=0.01; P=.91). The uneven distribution and high

heterogeneity across subgroups may reduce the statistical power
of subgroup comparisons; therefore, these subgroup results
should be interpreted with caution (Multimedia Appendix 6).

Breastfeeding Self-Efficacy

An exploratory subgroup analysis was conducted based on
country (developing vs developed countries). There were
statistically significant differences between subgroups (x*,=8.26;
P=.004); DHIswere higher in devel oping countries (SMD 0.77,
95% Cl 0.37-1.18; P<.001; 1°=95%) compared to developed

countries (SMD 0.11, 95% Cl —0.29 to 0.51; P=.46; 12=0%).
However, there was very high heterogeneity among subgroups,
and the stability of the effect estimates was limited; therefore,
the results should be interpreted with caution (Multimedia
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Appendix 6). All subgroup comparisons constitute post hoc
exploratory analyses.

Population Characteristics

EBF Rates

Theintervention was more effective among mothers of preterm
infants (RR 1.08, 95% Cl 1.03-1.13; P=.03; 1°=0%) compared
to mothers of full-term infants (RR 1.35, 95% Cl 1.19-1.53;
P<.001; 1°=85%). Therewas a statistically significant difference
between subgroups (x%*=13.24; P<.001), suggesting that
gestational age may have a significant impact on the overall

heterogeneity of the meta-analysis. For adult mothers, the
intervention increased the rate of EBF among infants under 3
months of age (RR 1.30, 95% Cl 1.16-1.45; P<.001; 1°=82%),
whereas no significant effect was observed for adolescent
mothers. The subgroup analysis reveadled no statistically
significant differences between subgroups (x%,=2.17; P=.14).
Regarding mode of delivery, DHIs significantly increased the
EBF rates among mothers who had a cesarean section (<3
months: RR 1.34, 95% Cl 1.21-1.48; P=.02; 1°=0%) but had no
statistically significant effect on midterm or long-term EBF
rates. At the same time, DHIs had no statistically significant
effect on the EBF rates at any of the three time points among
mothers who delivered vaginally. Differences between groups
did not reach statistical significance (<3 months: x?,=0.54;
P=.46; 3-6 months: x%=0.18; P=.67; =6 months: x%=1.44;
P=.23; Multimedia Appendix 6).

Breastfeeding Self-Efficacy

DHIswere associated with increased breastfeeding self-efficacy
among full-term mothers (SMD 0.63, 95% Cl 0.29-0.97; P<.001;

12=93%), adult mothers (SMD 0.60, 95% CI 0.26-0.95; P=.001;
1=94%), singleton mothers (SMD 0.57, 95% CI 0.18-0.96;
P=.007; 1°=91%), and cesarean section mothers (SMD 0.97,

95% Cl 0.22-1.73; P=.03; I2:50%), whereas there was no
significant effect on breastfeeding self-efficacy anong mothers
of preterm infants, adolescent mothers, mothers of multiple
births, and mothers who delivered vaginally. Notably, a
statistically significant difference was observed between

subgroups based on number of fetuses (x21:6.78; P=.009),

which may have apotential impact on the overall heterogeneity
of theintervention (Multimedia Appendix 6).

Small-Study Effects and Sensitivity Analysis

This meta-analysis used the Egger regression test to assess
funnel plot symmetry and investigate potential small-study
effects. The results showed that the funnel plots for EBF rates
at <3 months and 3-6 months, breastfeeding self-efficacy, and
breastfeeding knowledge were symmetrical, whereas the funnel
plot for EBF ratesat =6 monthsindicated asymmetry, suggesting
apotential small-study effect. This may stem from publication
bias, genuine heterogeneity, or methodological discrepancies
across studies. The trim-and-fill method was used to assess
potential small-study effects. Results showed that the adjusted
effect size remained significant (RR 1.70, 95% CI 1.29-2.24;

P<.001; 12=93%) even without adding missing studies
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(Multimedia Appendix 7). Notably, heterogeneity remained
high after adjustment, indicating substantial between-study
variability; therefore, the results should be interpreted with
caution. The sensitivity analysis, conducted by sequentially
removing each study, confirmed that no single study had an
excessive influence on the overall pooled estimate of
breastfeeding outcomes, demonstrating the robustness of the
findings (Multimedia Appendix 8).

Discussion

Principal Findings

The meta-analysis confirmed that DHIs have a dtatistically
reliable average effect on EBF rates and breastfeeding
self-efficacy, but no statistically significant effect was observed
for breastfeeding knowledge. Notably, these pooled estimates
represent average effects across highly diverse study contexts.
A wide 95% PI, however, indicates substantial real-world
variability inindividual DHI responses, restricting broad clinical
deployment. Subgroup analyses al so reflected thisinconsi stency,
although intervention duration, country, gestational age, and
number of fetuses provided some explanatory power;
heterogeneity remained high in some subgroups and sample
distribution was uneven, necessitating further research to
elucidate the underlying causes of heterogeneity. Thesefindings
underscore that the potential of DHIsto improve breastfeeding
outcomes still requires further validation.

Research has found that DHIs can increase EBF rates and
breastfeeding self-efficacy, which is consistent with previous
conclusions regarding the role of digital or remote support in
promoting breastfeeding outcomes. These benefits may result
from personalized guidance, timely feedback, and emotional
support provided by DHIs [128]. Existing evidence suggests
that prenatal and postpartum breastfeeding education,
particularly for first-time mothers, iscritical inimproving early
breastfeeding practices such as latching technique and feeding
management [5,129]. By overcoming temporal and geographic
barriers, DHIs extend traditional support through online
consultation [56,130,131], multimedia education [132], and
interactive feedback [133], enabling mothers to identify and
correct breastfeeding problems promptly. In addition, peer
support and online counseling components may reduce
postpartum anxiety and strengthen maternal confidence [134].
Emerging technol ogies, such asV R-based demonstrations, may
further facilitate skill acquisition [25,122]. Collectively, these
integrated functions may contribute to both improved EBF
practices and enhanced maternal breastfeeding self-efficacy.

It is important to note that the 95% PI for the effects of DHIs
on both EBF rates and breastfeeding self-efficacy are wide and
cross the line of no effect. This suggests substantial
inconsistency in the expected effects of DHIs in future
real-world settings, indicating that while the average effect is
positive, the intervention may yield null or even negative
outcomesin some contexts or subgroups. Such variability likely
reflectstrue differences across popul ations, intervention designs,
and implementation conditions, including differences in user
engagement, intervention intensity, duration, and technological
complexity. In addition, variations in outcome measurement
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tools may further contribute to inconsistencies across studies.
Therefore, these findings highlight that the pooled estimates
should be interpreted as average effects across highly diverse
Settings, rather than uniform effects applicableto al populations.

The impact of DHIs on breastfeeding knowledge remains
uncertain, which differs from earlier systematic reviews that
reported improvements in breastfeeding knowledge [135,136].
However, knowledge acquisition does not necessarily translate
into behavioral change, as effective breastfeeding education
requires sustained engagement, repeated reinforcement, and
appropriate intervention intensity [137]. Excessive or poorly
tailored information may lead to information overload and
reduced maternal engagement [127,138,139], whilefactorssuch
as baseline knowledge, educational level, prior breastfeeding
experience, and lack of individualized intervention design may
further weaken the effectiveness of standardized programs
[139-141].

The 95% Pl for breastfeeding knowledge indicates substantial
variability inintervention effects across popul ations and settings,
suggesting pronounced individual response differences. This
uncertainty is further reflected by methodological limitations,
including a small number of included studies, lack of
standardized outcome measurement tools, and inadequate
adjustment for key confounders, which may introduce bias and
affect the precision of pooled estimates. Although the evidence
certainty was rated as moderate and the P value approached
statistical significance (P=.06), this does not provide conclusive
evidence of ineffectiveness. Overall, these findings suggest that
while the average effect may be limited, DHIs may till be
beneficial in specific contexts or subgroupsthat are not captured
by aggregate analyses, highlighting the need for larger,
high-quality studies with standardized designs.

Subgroup Analyses

EBF Rates

Given substantial heterogeneity across studies, subgroup
analyses were conducted according to predefined intervention
characteristics (type, phase, frequency, and duration). Overall,
al intervention types were associated with higher EBF rates
compared with controls, but no significant between-group
differences were observed. mHealth interventions appeared to
produce greater short-term benefits, likely because of their
accessibility, ease of use, and frequent reminders [52,142],
whereas more comprehensive eHealth interventions, such as
web-based platforms and telemedicine, may provide more
sustained effects through personalized content, interactive
support, and continuous breastfeeding guidance [98,143].
However, evidenceregarding digital device-based interventions
remains limited because only 1 eligible study wasincluded and
requires further verification. Both prenatal and postnatal
interventions can increase EBF rates. Effect sizes tended to be
larger and more stable for 3-6 months and =6 months compared
with <3 months, although subgroup differences were not
statistically ~ significant.  Substantial ~ within-subgroup
heterogeneity persisted, indicating that intervention duration
alone does not fully explain between-study variability. This
may reflect the practical challenges encountered during the early
postpartum period, when mothers often require timely,
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face-to-face support for breastfeeding difficulties that digital
interventions cannot fully replace [110,144,145]. Subgroup
analyses showed that neither intervention frequency nor duration
wasasignificant effect modifier for EBF rates, asno statistically
significant between-subgroup differences were observed. For
frequency, low- and high-frequency interventions both produced
significant short-term effectswith comparabl e pooled estimates,
indicating no clear dose-response gradient [146,147]. For
duration, interventions lasting >3 months generally showed
more stable effects across follow-up periods, while shorter
interventions mainly influenced early outcomes [146,148];
however, the subgroup difference was not significant. Overall,
moderate to high within-subgroup heterogeneity suggests that
variability is likely driven by factors beyond frequency and
duration.

Exploratory subgroup analyses by national incomelevel showed
consistent effect directions across postpartum periods, with no
significant between-group differences, suggesting limited
modification by income level. Effect estimates tended to be
larger in developing countries, whereas high-income settings
showed nonsignificant or less precise effects with greater
heterogeneity. These differences should not beinterpreted solely
in terms of economic development. They may also reflect
variations in health system capacity (eg, availability and
continuity of lactation support, standardized counseling, and
follow-up) [12,19,149,150], regulation of formula marketing,
and sociocultural contextsincluding breastfeeding norms, family
support, and maternity |eave and workplace policies[151-154].
Similarly, mothers of preterminfants, adult mothers, and women
undergoing cesarean delivery appeared to derive greater benefits
from DHIs, likely reflecting their increased need for
breastfeeding guidance and support. However, these subgroup
analyses were based on relatively few studies, and most
between-group differences were not statistically significant.
Given the exploratory nature and substantial heterogeneity,
these findings should be interpreted as hypothesis-generating.

Breastfeeding Self-Efficacy

Overdl, DHIs improved breastfeeding self-efficacy, with
significant effects primarily driven by mHealth. Thismay relate
to their low accessthreshold, reminder functions, and structured
feedback, which facilitate sustained maternal engagement
[50,95,130,155,156]. Considerabl e between-study heterogeneity
was observed, likely reflecting differences in intervention
complexity, intensity, and user engagement. No clear superiority
was identified across eHealth and digital devices; subgroup
differenceswere nonsignificant. Intervention frequency did not
significantly moderate DHI effects on breastfeeding
self-efficacy, with no evidence of a dose-response relationship
[147,157]. Both prenatal and postnatal DHIs showed overall
beneficial effects, but with substantial heterogeneity and
nonsignificant subgroup differences, indicating limited
explanatory value of timing in the pooled moderation tests
[158,159]. However, short-term and early postpartum-initiated
interventions demonstrated clearer benefits, whereaslonger-term
or delayed interventions showed attenuated or unstable effects
[160]. This suggests that timing of support may be more
important than repetition intensity in influencing breastfeeding
self-efficacy. Overal heterogeneity remained high, and most

JMed Internet Res 2026 | vol. 28 | €92184 | p. 15
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

subgroup effects were nonsignificant, indicating that observed
differences should be interpreted cautiously and may be driven
by unmeasured contextual factors rather than true effect
modification.

An exploratory subgroup analysis by national income level
showed significant effects in developing countries but not in
devel oped settings, with significant between-group differences.
However, substantial within-group heterogeneity in devel oping
countries limits the stability of pooled estimates. DHIs may
have greater impact in resource-limited settings due to weaker
baseline support and greater unmet needs [149,150], while
effects appear attenuated in well-resourced contexts [153,154].
Across maternal and infant characteristics, benefits were
observed in severa subgroups, including term infants,
singletons, adult mothers, and cesarean deliveries, whereas
others showed inconsistent or null effects, with fetal multiplicity
emerging as the only significant moderator. These findings
suggest potential effect modification by clinical and caregiving
burden. Overall, most subgroup differences were nonsignificant,
and findings remain exploratory given high heterogeneity and
limited statistical power.

Breastfeeding Knowledge

A subgroup anaysisby intervention phase showed no significant
effects for ether postnatal interventions or prenatal
interventions, with no significant between-group difference,
suggesting limited explanatory value of intervention timing. In
contrast, intervention duration demonstrated a significant
subgroup effect. Interventions lasting =3 months significantly
improved knowledge, whereas shorter interventions (<3 months)
showed no effect, with a significant between-group difference.
This pattern is consistent with a cumulative learning effect,
where longer exposure alows repeated reinforcement and
consolidation of breastfeeding knowledge, whereas short-term
interventions may be insufficient to induce measurable
knowledge change [19,146].

Strengths and Limitations

Thismeta-analysisfollowed rigorous methodol ogical guidelines
for systematic reviews, with comprehensive searches and
sensitivity analyses supporting the robustness of findings.
Furthermore, this review features broad inclusivity regarding
study populations and interventions. Compared with previous
reviews limited to telephone, SMS text messages, or mobile
apps, our study included emerging DHIs, such as wearable
devices and Al-based interventions. We also expanded the
population scope to include women across pregnancy and
postpartum stages and conducted comprehensive subgroup
analysestoidentify key technical parameters of theinterventions
and elucidated the varying effects of DHIs across countrieswith
different levels of economic development and among different

Sun et al

maternal populations. In addition, the inclusion of recent trials
and GRADE assessment strengthened thereliability of evidence.
These findings provide insights for optimizing digital
breastfeeding support and suggest that DHIs may complement
traditional care by improving accessibility and continuity of
support.

However, this systematic review also has limitations. First,
substantial heterogeneity remained in some outcomes despite
predefined subgroup analyses, likely due to differences in
intervention characteristics, user engagement, measurement
tools, and participant popul ations. Second, the limited number
of studies and uneven subgroup distribution reduced statistical
power and estimate precision. Third, the inclusion of
quasi-experimental studies may have introduced selection,
performance, and measurement biases, while variations in
outcome assessment tools and restriction to English-language
publications may further affect comparability and increase bias
risk. Moreover, the overall evidence certainty was low to
moderate, and findings should therefore beinterpreted cautioudly
[161]. Evidence for emerging technologies, such as Al-based
chatbots and machine learning interventions, remains limited.
Future well-designed, adequately powered RCTs with
standardized outcomes and subgroup analyses are needed to
clarify heterogeneity and evaluate effectiveness, acceptability,
cost-effectiveness, and dose-response rel ationships.

Conclusions

This study comprehensively assessed the impact of DHIs on
breastfeeding outcomes across multiple dimensions (type,
duration, stage, frequency, country, and population
characteristics) and outcomes (EBF rate, breastfeeding
self-efficacy, and breastfeeding knowledge). Studies suggest
that digital interventions may effectively improve EBF rates
and breastfeeding self-efficacy, yet no statistically significant
evidence currently supports their benefits for breastfeeding
knowledge. Exploratory subgroup analyses revealed
comparatively stronger intervention benefitsin several specific
subgroups, namely mHealth interventions, programs lasting a
minimum of three months, studies carried out in developing
countries, adult maternal samples, and women who underwent
cesarean delivery. Our pooled analysis indicated that average
pooled effects favor DHIs, but significant between-study
heterogeneity and methodological differences among included
studiesmay further limit the generalizability of pooled estimates,
and applicability across settings remains uncertain. This study
only provides preliminary exploratory evidence for the
implementation of digital interventionsin breastfeeding support.
Larger, rigorously designed RCTs are warranted in future
research to verify the efficacy of digital health technologies
within real-world contexts and generate evidence to inform
optimal intervention strategiestailored to diverse populations.
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