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Abstract

Objective: This study aims to evaluate the effectiveness of digital health interventions compared to standard care in promot-
ing exclusive breastfeeding (EBF) among postpartum women in low-and middle-income countries (LMICs).

Methods: The PRISMA guidelines of reporting were followed for the searching of four databases and screening following
eligibility criteria: articles presenting digital health interventions, conducted as randomized control trials (RCTs), quasi-
experimental, or mixed-method studies, reporting on EBF duration and early initiation of breastfeeding, and published
in the English language were included.

Results: Of 1595 articles screened, only 10 published between 2013 and 2023 met the criteria. Most studies were from Nigeria
(n=3), with others from Kenya, South Africa, Ethiopia, China, India, and Lebanon. Six were RCTs, and four were quasi-
experimental. The meta-analysis shows digital health interventions significantly increase EBF duration, with the strongest
effects at 6 months (odds ratio (OR) = 2,1.66-2.40), followed by 5, 3, 2, and 1 month postpartum, including the initial feed.

Conclusion: This suggests digital health interventions have the potential to enhance breastfeeding practices among post-
partum mothers in LMICs. For future research, it is essential to consider accessibility, delivery intervention, healthcare pro-
fessional collaboration, and the sustainable development of digital health interventions for postpartum mothers in LMICs.
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The World Health Organization (WHO) defines exclusive
breastfeeding (EBF) as an infant receiving only breast
milk without any other liquids or solids, including water
and expressed breast milk.! EBF provides many short-term
and long-term benefits for both mothers and children.” The
WHO, in its guidelines, recommends EBF for the first 6
months and has set a global goal of 6-month EBF to
reach 50% of infants in 2025." Globally 44% of children
under 6 months of age are exclusively breastfed,” with
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Table 1. Eligibility criteria criteria.

Population Women without complications about
birth and breastfeeding
Setting Low- and middle-income countries

Intervention Digital health =

1st outcome: EBF duration =
2nd outcome: Early initiation of
breastfeeding (within 1 h of birth)

Outcome

Types of studies/ RCTs, qualitative, and mixed-method

designs studies

Type of Papers published in peer-reviewed
publication journals

Language Publish in English language S

Publication date  Published since 2013 =

EBF: exclusive breastfeeding; RCT: randomized controlled trial.

low EBF rates reported in low- and middle-income coun-
tries (LMICs). LMICs face challenges in promoting EBF,
including limited knowledge, short maternity leave, aggres-
sive formula marketing, family beliefs, traditions, and
unskilled healthcare professionals.*”

It is well established that digital health, including text
messaging, mobile apps, telemedicine, etc., can influence
health outcomes.® Digital health interventions have
become increasingly popular due to the ease with which
they can be implemented and scaled to large and often dis-
persed populations’ and can be more cost-effective com-
pared to other interventions.® Several digital health
studies 1initially conducted in LMIC have shown to
improve the duration of EBF’™'! but thus far there has
not been a collation of this body of evidence. Therefore,
this systematic review aims to explore the existing research
on the effectiveness of digital health interventions and syn-
thesize the findings to determine whether digital health
interventions have a statistically significant effect on EBF
duration when compared to standard care in LMICs.

Methods

This systematic review followed the PRISMA guideline'?
and the Joanna Briggs Institute methodology for systematic
reviews.'? The process started with formulating the review
questions, defining the PICO (population, intervention,
comparator, and outcome) and eligibility criteria, develop-
ing the search strategy, selecting relevant articles, assessing

Postpartum woman with complications

Feasibility studies, case reports, and qualitative studies

Policy briefs, study protocols, reports from governmental and
nongovernmental organizations, commentaries, systematic reviews,
and oral presentations

the quality, extracting the data, analysing, and interpreting
the results. The protocol was registered with PROSPERO
2023 (CRD42023391783).

This systematic review explores the effectiveness of
digital health in supporting the EBF duration in LMIC.
The inclusion criteria (Table 1) included PICO aspects,
namely the key population (P) of interest was women
who had no complications during birth and breastfeeding.
The intervention (I) was digital health, with the key com-
parator (C) of interest being standard care. The primary
outcome (O) compared was EBF duration and a secondary
outcome was breastfeeding initiation within the first hour of
life. In addition, the inclusion criteria included experimental
and quasi-experimental study designs, with or without
random allocations to groups, randomized controlled trials
(RCTs), nonrandomized control trials, and mixed
methods. All papers needed to be published in a peer-
reviewed journal and studies had to be conducted in coun-
tries defined as LMICs, as defined by the World Bank.'*
Included studies had to have been published since 2013
The exclusion criteria were studies conducted with post-
partum women with complications. Feasibility studies,
case reports, qualitative studies, policy briefs, study proto-
cols, reports from governmental and nongovernmental
organizations, commentaries, systematic reviews, and oral
presentations were excluded. Studies for which English
translation was not possible also were excluded.

The search strategy was developed based on the PICO
framework. The MeSH terms of each search term were
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Table 2. Searching strategy (PICO).

Population ~ Postpartum
mother
Intervention Digital health

Mother
Period, Postpartum
Postpartum
Postpartum Women
Women, Postpartum
Puerperium

eHealth, digital health, Social media, Online,
Internet, Web-based, Telephone,
Telecommunication,
eHealth, Tele-Referral, Tele Referral,
Tele-Referrals, Telehealth, Virtual Medicine,
Medicine, Virtual, Tele-Intensive Care, Tele
Intensive Care, Mobile application, Mobile,
Cell phone, Mobile Health, Health, Mobile,
mHealth, text message, text messaging, SMS

Mothers OR Mother OR “Postpartum Period” OR

Period, Postpartum OR
Postpartum OR “Postpartum Women” OR
Women, Postpartum OR Puerperium

Telemedicine OR Tele-Referral OR “Tele Referral”

OR Tele-Referrals OR “Virtual Medicine” OR
Medicine, Virtual OR

Tele-Intensive Care OR “Tele Intensive Care” OR
“Mobile Health” OR Health, Mobile OR mHealth
OR Telehealth OR eHealth OR “Digital health”
OR Telephone OR Mobile OR “Cell phone” OR
“Social media” OR “Mobile application” OR
Online OR Internet OR Web-based OR

Comparator Standard of care Care Standard, Care Standards, Standards of
Care
Outcome Exclusive Breastfed, Breastfeeding, Breast Fed, Breast

breastfeeding

Feeding, Exclusive, Exclusive Breast Feeding,

Telecommunication OR eHealth OR text
message OR text messaging OR SMS

"Standard of Care” OR “Care Standard” OR “Care
Standards” OR “Standards of Care"

"Breast Feeding” OR Breastfed OR “Breastfeeding”
OR “Breast Fed” OR “Breast Feeding, Exclusive”

Breastfeeding, Exclusive, Exclusive OR

Breastfeeding

explored with the assistance of a medical librarian to
develop the final search strategy (Table 2). Four databases,
namely, CINAHL, Pubmed, Proquest and Cochrane library
were searched in February 2023. The digital health inter-
ventions were defined as eHealth, digital health, social
media, online, Internet, web-based, telephone, telecommu-
nication, eHealth, tele-referral, tele referral, tele-referrals,
telehealth, virtual medicine, “medicine, virtual,” tele-
intensive care, mobile application, mobile, cell phone,
mobile health, health, mobile, mHealth, text message, text
messaging, and short messaging system (SMS).

Search results were imported to Elsevier Mendeley
Desktop Reference Manager and de-duplicated by two
researcher (KK and JK). The final list of articles was
exported into RIS format and then imported into Rayyan
for initial screening of the titles and abstracts by two inde-
pendent reviewers (TT and GC). Following the title and
abstract screening, conflict resolution was discussed with
the third (DM) and fourth (JT) reviewers. This was fol-
lowed by the second stage of full-text screening which
was reviewed by three independent reviewers (TT, JT,
and GC) and any conflicts were resolved through online dis-
cussion with the fourth reviewer (DM). Reasons for the
exclusion of papers at the full-text stage were recorded.

“Exclusive Breast Feeding” OR Breastfeeding,
Exclusive OR “Exclusive Breastfeeding”

The eligible studies were reported in a PRISMA flow
diagram.

For the critical appraisal, the eligible studies were critically
appraised by two independent reviewers (TT and GC) at the
study level for methodological quality, using standardized
critical appraisal instruments from the Joanna Briggs
Institute (JBI) for RCTs and quasi-experimental studies.”
Then, data was extracted from the eligible studies by two inde-
pendent reviewers (TT and GC) using a standardized data
extraction tool. The data extraction included the population
criteria, study design, intervention and variables, results
from two main outcomes, and strengths/limitations of these
studies. Any conflicts in quality assessment or data extraction
decisions were either resolved by discussion between the two
researchers (TT and GC) or by a third researcher (DM).
Finally, statistical pooling and meta-analysis were conducted
to analyze the data.

Results

The initial search yielded 1595 articles from four databases,
with 11 duplicates identified (Figure 1). After screening, 22
articles were selected for full-text review. Ten studies met
the inclusion criteria and were included in the final sample,
while 12 articles were excluded for reasons including
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o Records identified through 4 databases
2 (n = 1,595)

S
= PubMed = 38 ProQuest = 1,457

=
£ CINAHL = 55 Cochrane = 45

Identified records Duplicate records
—
(n = 1.595) (n=11)

g’ Title and Abstract screening

= Excluded Records

g (n =1,584) (n=1,559)

(5}

’ l

Full-text articles screening Excluded Records (n = 12)
for eligibility > - Wrong intervention (n= 2)
(n=22) - Wrong population (n=4)
- Wrong study design (n=4)
- Wrong outcome (n=2)
Eligible Studies

°

£ (n=10)

S

©

=

Figure 1. PRISMA flow chart of the study selection process.

incorrect intervention (n=2), incorrect population (n=4),
incorrect study design (n =4), and incorrect outcome (n=2).

Critical appraisal

Seven articles were found to be robustly conducted with a
high level (70%) of quality, whereas three RCTs showed
some areas of concern for bias (Tables 3 and 4). There
were some biases in these three studies such as partici-
pants had not been blinded to treatment assignment and
the treatment allocation was not concealed. However,
there are challenges to blinding interventions given the

nature of digital media versus standard care. These
biases were discussed amongst the team and a decision
was made that no papers were excluded during the critical
appraisal stage.

Study characteristics

Of the 10 studies, 7 were conducted in African countries
(Nigeria =3,'%'!" Kenya=2,"®1" South Africa =1,°
Ethiopia=1,"" while one each was conducted in China,*!
India,”? and Lebanon® (Table 3)). One study was con-
ducted and reported in two cities in Nigeria (Kaduna,
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Table 3. Critical appraisal of the selected R(Ts.

1 Was true randomization used for assignment Y
of participants to treatment groups?

2 Was allocation to treatment groups Y
concealed?

3 Were treatment groups similar at the Y
baseline?

& Were participants blind to treatment N

assignment?

5  Were those delivering treatment blind to N
treatment assignment?

6 Were outcomes assessors blind to treatment N
assignment?

7  Were treatment groups treated identically Y
other than the intervention of interest?

8  Was follow-up complete and if not, were Y
differences between groups in terms of their
follow-up adequately described and
analyzed?

9  Were participants analyzed in the groups to Y
which they were randomized?

10 Were outcomes measured in the same way for Y
treatment groups?

11  Were outcomes measured reliably? Y
12 Was appropriate statistical analysis used? Y

13 Was the trial design appropriate, and any Y
deviations from the standard RCT design
(individual randomization, parallel groups)
accounted for in the conduct and analysis of
the trial?

Percentage of “Y” 77%

Note:*Checklist reproduced from the Joanna Briggs Institute (JBI, 2024)."

Y Y Y Y Y
NA N U N N
N Y Y Y Y
NA Y Y N N
N N Y N N
Y Y Y U U
Y Y Y Y Y
Y Y N Y Y
Y Y Y Y Y
Y Y Y Y Y
Y Y Y Y Y
Y Y Y Y Y
Y Y Y U Y
69% 85% 85% 62% 69%

N: no; NA: not applicable; RCT: randomized controlled trial; U: unclear; Y: yes.

Lagos).m Six of the studies were RCTs,!%16:18-20.23 while

four were quasi-experimental.'"'”*"*> For the sample
size, there were 28,984 participants in total. The largest
study was a quasi-experimental study in India with
19,800 participants,”® while 6 of the studies had under
600 participants. Studies were published between 2013

and 2023. The population targeted by most interventions
were pregnant women and also newborns. Husbands were
included in one study."'

Various digital health interventions were found across all
ten studies such as SMS,“’16’17’19’21 mHealth platform,22
phone call,22’23 WhatsApp,17 mass media (TV, radio,
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Table &. Critical appraisal of the selected Quasi-experimental studies.

1 s it clear in the study what is the “cause” and what is the Y
‘effect’ (i.e., there is no confusion about which variable
comes first)?

2 Were the participants included in any comparisons Y
similar?
3 Were the participants included in any comparisons Y

receiving similar treatment/care, other than the exposure
or intervention of interest?

4 Was there a control group? N

5 Were there multiple measurements of the outcome both Y
pre and post the intervention/exposure?

6 Was follow up complete and if not, were differences Y
between groups in terms of their follow up adequately
described and analyzed?

7 Were the outcomes of participants included in any Y
comparisons measured in the same way?

8 Were outcomes measured reliably? Y
9 Was appropriate statistical analysis used? Y

Percentage of “Y”

Note:*Checklist reproduced from the Joanna Briggs Institute (JBI, 2024)."
N: no; NA: not applicable; U: unclear; Y: yes.

10,17 16

leaflet, spot advertisement, and poster), song/drama,
and video.*?** Three studies conducted an intervention
with a multicomponent package, for example, a package of
health education (HE), phone call, peer support, maternal
support, and (monthly) home visits, > or a package of HE,
phone text/voice message, and song/drama,'® or a package
of HE and group support.'” Nearly 90% of interventions
started during the 3rd trimester of pregnancy and continued
into the postpartum period, and the length depended on the
outcome measurement of the study (Table 5).

The duration of EBF

Five of the 10 studies reported the 6-month EBF duration.
Only four studies provided sufficient data for pooling in
the meta-analysis. According to the meta-analysis, the
overall estimate for the pooled effect is a risk ratio of
2.00 (95% confidence interval (CI) 1.66-2.40) indicating
a statistically significance. This means that digital health
interventions significantly doubled the chances of EBF for

89%

Y Y Y
Y Y u
Y Y Y
Y Y Y
N N u
Y Y Y
Y Y Y
Y Y Y
Y Y Y
89% 89% 78%

6 months. However, a high degree of heterogeneity was
found between the studies (I2 =77%) (Figure 2). Four
studies showed that the 6-month EBF duration in experi-
mental group was significantly higher than the 6-month
EBF duration in control group.l6’l7‘19’21 The total sample
size of these 4 studies was 2257 people. The interventions
included video, phone calls, SMS, voice messages, songs,
and dramas. The four studies were conducted in Lebanon,
Nigeria, and China.

The effect of digital health on 5-month EBF duration
was reported by 2 studies only. The estimated pooled
effect at 5-months found that the risk was significant but
a little lower at 1.41 (95% CI 1.23-1.62) (Figure 3). Once
again, there was a high level of heterogeneity between
studies (I2 =93%). In Kaduna, Nigeria, a positive differen-
tial effect of the intervention was found for EBF for 5
months (P<0.05)."° The other study in South Africa did
not show a significant difference (P=0.28).° The com-
bined sample size of these 3 studies was 3635 participants.
The interventions included video and mass media, such as
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Table 5. The summary of the review studies.

1. Nabulsi et al., Lebanon RCT pregnancy with 1 or 2™ 362 Video (VDO), phone call
2019 trimester
2 McConnell et al., Kenya RCT Postpartum woman and their 104 VDO
2016 newborn
3. Balakrishnan India Quasi Pregnant women and 19,800 VDO, phone call, M-health
et al., 2016 newborns
4. Flax et al., 2014  Nigeria RCT Pregnant women 461 SMS, voice message, songs and
dramas
5. Flax et al., 2022a Nigeria Quasi Pregnant women with 1200 SMS, mass-media messages (radio,
third-trimester TV, social media), WhatsApp
6. Gebremariam Ethiopia Quasi The couples in their last 244 SMS
et al., 2023 trimester of pregnancy
7. Adam et al., 2021  South Africa RCT Pregnant women within 20 to 1502 VDO

35 weeks of GA

8. Flax et al., 2022b  Nigeria RCT Pregnant women and mothers 4348 Mass media (Poster, leaflet, IYCF
(Kaduna, with child age message on LED screen, television,
Lagos) 0-23 months radio)

9. Unger et al., 2018 Kenya RCT Pregnant women with not 312 SMS

more than 36 weeks of GA

10. Jiang et al., 2014 China Quasi Pregnant women with 12 582 SMS
weeks of GA

RCT: randomized controlled trial.
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Figure 2. The effect of digital health on 6-month exclusive breastfeeding (EBF) duration.
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Figure 3. The effect of digital health on 5-month exclusive breastfeeding (EBF) duration.

| Confidence interval of effect size
— ~ Overall effect size value

B Effect size of each study
<@ Estimated overall effect size

No-effect value I Estimated overall confidence interval

™ OR  Lower Upper p-value Weight Weight (%)

2 1208 DY 1.8% D7) 1998 82.19
4 1.75 1.15 2.66 0.01 16.52 43.21
& 4.13 1.42 12.00 0.01 1.76 4.59

Overalll.S1 1.14 2.01 0.00

Forest Plot
1.51202
|
|
|
. |
|

Model: Fixed-effects model

Heterogeneity: H-squared = 3.08, I-squared = 0.67
Homogeneity: @ =6.15, df= 2, p-value = 0.05

Test of overall effect size: z= 2.83, p-value = 0.00
Axis is shown using log scale

Figure 4. The effect of digital health on 3-month exclusive breastfeeding (EBF) duration.

posters, leaflets, infant and young child feeding (IYCF)
messages on LED screens, television, and radio. Two of
the studies were conducted in South Africa and Nigeria
(Kaduna, Lagos).

Two studies reported EBF rates at 4 months.
Kenya, there was a significant difference in EBF for 4
months'® when digital interventions were implemented
while a significant difference was not found in China.*!
The participants were only 736 people. The SMS was the
main intervention. The two studies were carried out in
Kenya and China.

Three studies reported the effect of digital health inter-
vention on 3-month EBF duration.''"'®* According to
the forest plot, the estimated pooled effect is a significant

19,21 In

risk ratio of 1.51 (95% CI was 1.14-2.01). with a higl
level of heterogeneity (67%) (Figure 4). The EBF rate
was significantly different in Ethiopia (P=0.04)"" and
Nigeria (95% CI =1.1-3.0)."® However, in Lebanon,
there was no significant difference in EBF duration at the
3rd month (P =0.07).%* The participants were 816 people.
The intervention were VDO, phone call, M-health, SMS,
voice message, songs, and dramas. The research was con-
ducted in Kenya, Nigeria, and Ethiopia.

Three studies reported the EBF rate at 2 months with a
significant estimated pooled effect of a lower risk ratio of
1.82 (95% CI 1.35-2.44) and a medium level of heterogen-
eity (> =44%) (Figure 5). The total sample size was 1228
people. The interventions were video, SMS, mass-media
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Figure 5. The effect of digital health on 2-month exclusive breastfeeding (EBF) duration.
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Figure 6. The effect of digital health on 1-month exclusive breastfeeding (EBF) duration.

messages, and WhatsApp. The research was conducted in
the same country as the studies that reported the effect of
digital health interventions on 3-month EBF duration.
Four studies reported the effect of digital healthcare on
1-month EBF duration. The meta-analysis showed a high
degree of heterogeneity (I*=64%) (Figure 6). The pooled
effect was a statistically significant risk ratio of 1.88 (95%
Cl was 1.55-2.27). One study in Ethiopia showed the signifi-
cance of 1-month EBF,'! however, in Lebanon and South
Africa, the nonsignificance of 1-month EBF was
found.”®* The studies included a total of 1998 participants.
The interventions used were videos, phone calls, SMS, voice

messages, songs, and dramas. The research took place in
Lebanon, Nigeria, Ethiopia, and South Africa.

The conclusions of the effectiveness of digital health on
EBF duration across different time periods are presented in
Figure 7. The Figure 7 shows a high impact at 1-month
(1.88 times more likely that mothers EBF at one month if
involved in a digital health intervention compared to
other interventions) and then a gradual increase in the
chances of EBF as time progresses to it being double the
chance at 6 months

Five studies reported the effect of digital health on the
initiation of BF duration (Figure 8). Overall, the estimated
pooled effect is statistically significant with an odds ratio
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Figure 7. The conclusions of the effectiveness of digital health to exclusive breastfeeding (EBF) duration.
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Figure 8. The effect of digital health on initiation of breastfeeding.
. . o o
of 1.07 (95% CI 1.02-1.13) with a high degree of hetero- Djscussion

geneity between the studies (I*=88%). Three studies
showed a statistically significant difference between the
experimental group and control group.'®!'®?? The study
of Balakrishnan et al. reported that the percentage of
mothers initiating breastfeeding within 1 hour of birth
was 97.7%, but this result was not statistically significant
for the digital intervention.”* Two other studies reported
no significant increase in the initiation of breastfeeding
rates' "2 when digital interventions were employed com-
pared to usual care.

This systematic review aimed to assess the effectiveness of
digital health interventions compared to standard care in
promoting EBF duration among postpartum mothers in
LMICs. The findings reveal several important insights
and implications for future research and practice.

The meta-analysis demonstrated that digital health inter-
ventions significantly impact the initiation of BF and EBF
duration from 1 month right the way through to and more
so at 6 months EBF compared to traditional health interven-
tion. This suggests digital health interventions have the
potential to enhance breastfeeding practices among post-
partum mothers in LMICs, particularly to 6 months as per
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the WHO recommendations. These findings are consistent
with previous studies highlighting the effectiveness of
digital health tools, such as health education, SMS and
song/drama intervention,® in promoting health behavior
change, including breastfeeding.'’

The observed effectiveness of digital health interven-
tions may be attributed to several factors. Firstly, the wide-
spread availability and accessibility of smartphones in
LMICs have facilitated the delivery of digital health inter-
ventions to a large population.”* Moreover, the scalability
and cost-effectiveness of digital health interventions make
them a feasible solution for addressing breastfeeding dis-
parities in resource-limited settings.*

Another important point is integrating digital health inter-
ventions into existing healthcare systems. A strategic
approach that ensures interoperability, usability, and sustain-
ability should be implemented. Stakeholders, including
healthcare professionals and postpartum mothers, should
share their experiences with digital health, highlighting
both the benefits and limitations.® Policymakers should
also provide strategies to implement digital health in the
current healthcare system.”’ Along with this process, IT
teams and administrators should ensure smooth alignment
of technology and workflows for digital health implementa-
tion.?® The expansion of training programs, as well as mon-
itoring and evaluation for both healthcare professionals and
postpartum mothers to use digital health, is recommended.?®

Despite the promising findings, several limitations should
be acknowledged. Firstly, the heterogeneity among the
included studies in terms of intervention components,
study designs, and outcome measures may have influenced
the overall effect estimates. Additionally, the quality of evi-
dence varied across studies, with some studies exhibiting a
high risk of bias. Moreover, the long-term sustainability
and scalability of digital health interventions beyond the
study period remain uncertain.

Moving forward, future research should focus on addres-
sing the methodological limitations identified in this review.
Standardization of intervention components and outcome
measures would facilitate comparability across studies and
enhance the robustness of evidence. Longitudinal studies
with extended follow-up periods are needed to evaluate the
sustained impact of digital health interventions on breastfeed-
ing outcomes. Furthermore, qualitative research exploring the
acceptability and feasibility of digital health interventions
among postpartum mothers in LMICs would provide valuable
insights into implementation strategies.

Conclusions

In conclusion, digital health interventions show promise in
promoting exclusive breastfeeding duration among post-
partum mothers in LMICs. However, further research is war-
ranted to optimize intervention delivery, and ensure long-term
sustainability. Collaborative efforts between researchers,

policymakers, and healthcare providers are essential to
harness the potential of digital health technologies in improv-
ing maternal and child health outcomes, including EBF,
globally.
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