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Abstract

Background: Limited information exists on the impact of mobile health (mHealth) use by community health workers (CHWS)
on improving the use of maternal health services in sub-Saharan Africa (SSA).

Objective: This systematic review addresses 2 objectives: evaluating the impact of mHealth use by CHWSs on antenatal care
(ANC) usg, facility-based births, and postnatal care (PNC) use in SSA; and identifying facilitators and barriers to mHealth use
by CHWs in programs designed to increase ANC use, facility-based births, and PNC usein SSA using a sociotechnical system
approach.

Methods: We searched for articles in 6 databases (MEDLINE, CINAHL, Web of Science, Embase, Scopus, and Africa Index
Medicus) from inception up to September 2022, with additional articles identified from Google Scholar. After article selection,
2 independent reviewers performed title and abstract screening, full-text screening, and data extraction using Covidence software
(Veritas Health Innovation Ltd). In addition, we manually screened the references lists of the included articles. Finaly, we
performed a narrative synthesis of the outcomes.

Results: Among the 2594 records retrieved, 10 (0.39%) studies (n=22, 0.85% articles) met the inclusion criteria and underwent
data extraction. The studies were published between 2012 and 2022 in 6 countries. Of the studies reporting on ANC outcomes,
43% (3/7) reported that mHealth use by CHWs increased ANC use. Similarly, of the studies reporting on facility-based births,
89% (8/9) demonstrated an increase due to mHealth use by CHWSs. In addition, in the PNC studies, 75% (3/4) showed increased
PNC use associated with mHealth use by CHWs. Many of the studies reported on the importance of addressing factors related
to the social environment of mHealth-enabled CHWSs, including the perception of CHWSs by the community, trust, relationships,
digital literacy, training, mentorship and supervision, skills, CHW program ownership, and the provision of incentives. Very few
studies reported on how program goals and culture influenced mHealth use by CHWSs. Providing free equipment, accessories,
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and internet connectivity while addressing ongoing challenges with connectivity, power, the ease of using mHealth software, and
equipment maintenance support alowed mHealth-enabled CHW programs to thrive.

Conclusions: mHealth use by CHWs was associated with an increase in ANC use, facility-based births, and PNC use in SSA.
Identifying and addressing social and technical barriers to the use of mHealth is essential to ensure the success of mHealth
programs.

Trial Registration: PROSPERO CRD42022346364; https.//www.crd.york.ac.uk/prospero/display_record.php?Recordl D=346364

(JMIR Mhealth Uhealth 2024;12:€55819) doi: 10.2196/55819

KEYWORDS
maternal health; antenatal care; postnatal care; facility-based births; sub-Saharan Africa; mobile health; mHealth; review; narrative
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Introduction

Background

Sub-Saharan Africa (SSA) continues to have the highest
maternal morbidity and mortality globaly [1,2]. The region
contributes only 15% of the world’s population [3] while
accounting for 70% of all maternal deaths [4]. In 2020, SSA
had a maternal mortality ratio (MMR) of 545 maternal deaths
per 100,000 live births and a 1 in 40 lifetime risk of maternal
death [5]. These estimates are significantly higher than in any
other region of the world [5].

Between 2000 and 2015, the MMR decreased in many regions,
including SSA [6]. Unfortunately, recent trends in the MMR
have not been promising; it has either increased or remained
the same between 2016 and 2020 [7,8]. There are projections
that the MMR may stay the same or increase by 2030 [9]. As
such, there is a need for innovative approaches to reduce the
MMR.

One way to accelerate the reduction in the MMR isto improve
the coverage of maternal health services [7]. This includes
improving the use of materna health services within the
continuum of care, that is, =4 antenatal care (ANC) contacts,
facility-based births attended by skilled attendants, and early
postnatal care (PNC) [7]. Providing high-quality care along the
maternal health continuum has been shown to reduce maternal
mortality [10-14]. However, the use of available services
remains asignificant challengein SSA; for example, the use of
ANC and PNC among women of reproductive ages between
15 to 24 years in 28 SSA countries was only 55% and 40%,
respectively [15]. Studies in SSA showed lower rates of
facility-based births, with women in rura areas having lower
rates of facility-based births than those in urban areas [16,17].
Using datafrom the most recent surveysin SSA countries, Wan
et a [18] and Straneo et a [19] found that only 7 out of 10
pregnant women give birth in health facilitiesin the region.

Theimpact of community health workers (CHWSs) onincreasing
the use of maternal health services has been established [20].
Working collaboratively with communities, health facilities,
national ministries of health (MOHSs), and international health
agencies, CHWsadvocate for improved care and reduce cultural
and other barriers preventing women from accessing maternal
health services [21]. In addition, CHWs provide education,
identify and refer women seeking maternal health services to
health facilities, and may offer case management for selected
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health conditions [22]. Therefore, CHWs are an essentia
component in reducing maternal deaths, increasing the use of
maternal health services, and eventually achieving the United
Nations Sustainable Development Goal 3.

To improve the efficiency of the tasks and responsihilities
carried out by CHWsand help support improvementsin clinical
outcomes, mobile health (mHealth) technologiesareincreasingly
being introduced to CHW programs[23]. mHealth isthe use of
mobile and wirelesstechnologiesin health care[24]. In general,
evidence has shown that mHealth can improve outcomes in
patients with chronic diseases, tuberculosis, and HIV infection
[25]. In maternal health, mHealth has been shown to improve
the coverage of ANC, facility-based births, and PNC [26,27].
However, previous reviews have not specifically examined the
impact of mHealth tools when used by CHWSs as the primary
implementers. Specificaly for CHWs, mHealth has been used
to train them, improve their performance and retention, support
data collection, support patient adherence to medication, and
provide clinical decision support [28-32]. There is no review
on mHealth use by CHWSs to improve the materna health
continuum of carein SSA.

Objectives

Although some of the resultsin the af orementioned studies hold
promise regarding the use of mHealth by CHWs in general,
thereisalack of robust evidence on the impact of mHealth use
by CHWs to improve the use of services along the maternal
health continuum of care in SSA, especialy when compared
with CHWs who do not use mHealth. This review ams to
provide evidence synthesis on the impact of mHealth use by
CHWSs in SSA to improve the coverage of maternal health
services in comparison with CHWs not using mHealth. In
addition, it examines the factors that support or hinder the
successful implementation of mHealth for the improved use of
maternal health services. These aims are captured in 2
objectives. First, we assessed the impact of mHealth use by
CHWSson ANC usg, facility-based births, and PNC usein SSA,
comparing the outcomes with those achieved by CHWs not
using mHealth. Second, wereviewed thefacilitatorsand barriers
to mHealth use by CHWSs in programs designed to increase
ANC usg, facility-based births, and PNC use.
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Methods

Overview

This systematic review adheres to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
checklist (Multimedia Appendix 1) and guidelines[33]. Asthis
is a mixed methods systematic review, we synthesized and
integrated findings from both quantitative and qualitative studies
to provide amore comprehensive understanding of the research
guestion. We registered the review with PROSPERO
(CRD42022346364), and the protocol was published previously
[34].

Eligibility Criteria

The review included studies involving eligible women of
reproductive age (15-49y) using care across the maternal health
continuum: pregnant women using ANC at any gestational age,
pregnant women accessing intrapartum care at health care
facilities, and women accessing PNC up to 42 days after giving
birth regardless of the mode of giving birth. We included all
studies that reported the use of mHealth by CHWs to improve
the use of these 3 services. CHWs were included if they met
the definition set by the World Health Organization (WHO):
“health workers based in communities...who are either paid or
volunteer, who are not professionals, and who have fewer than
2 yearstraining but at least sometraining” [35]. For intervention
studies included in the review, the comparator was CHW
programsthat were not using mHealth. Weincluded ANC visits,
facility-based births, and PNC visits as outcomes. We also
collected qualitative data about facilitators and barriers to
mHealth use by CHWSs as described in the included studies.
Further details and review criteriaare outlined in the published
protocol [34].

Search Strategy and Data Sour ces

We searched 6 databases (Scopus, MEDLINE, CINAHL, Web
of Science, Embase, and Africalndex Medicus) from inception
up to September 2022. To devel op the conceptsfor search terms,
we combined the following concepts: “women accessing
maternal health services (pregnancy OR childbirth OR postnatal
care) AND mHealth AND community health workers AND
SSA countries” We included al known synonyms and related
termsidentified from theliterature. We adapted the search terms
to each database. Dueto challenges in reproducibility, we used
Google Scholar as part of reference checking [34]. For Google
Scholar, we developed search terms mirroring these major
concepts and searched the first 1000 resultsfor any new articles
that met theinclusion criteriabut were not captured by the other
databases. The search strategy, including search terms for
Google Scholar, is presented in Multimedia Appendix 2. We
included randomized controlled  triadls  (RCTys),
guasi-experimental  studies, nonexperimental quantitative
studies, qualitative studies, and mixed methods studiesthat met
the inclusion criteria. We excluded reviews and other
summary-type articles, policy documents, commentaries,
abstracts and conference proceedings, case reports, and
protocols. Manual searches were conducted by reviewing the
references lists of systematic reviews and al included articles.
Theincluded articleswere limited to the SSA region as defined
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by the World Bank [36]. To reduce language bias, ensure the
identification of al relevant studies regardless of publication
time, and allow the generalization of findings to SSA, we did
not limit the search by language or year of publication.

Data Extraction

JCFK retrieved al studies from the electronic databases. CK
and HRZ independently screened the titles and abstracts of the
extracted articles, independently assessed full-text articles for
inclusion, and conducted manual searches. An audit log was
kept throughout the process, including documentation of reasons
for exclusion. CK and HRZ performed the data extraction. TvdA
resolved all discrepancies. Covidence software (Veritas Health
Innovation Ltd) was used for the screening and data extraction

[37].

We extracted information on the authors; publication year; study
designs; country and geographic scope; the type and scope of
work performed by CHWSs, and mHealth characteristics,
including platforms used, devices used, delivery methods, and
the functions of mHealth. We also extracted the study results
based on the outcomes as well as the facilitators and barriersto
mHealth use.

Risk-of-Bias Assessment, Analysis, and Synthesis

All included studies underwent a risk-of-bias assessment
conducted by CK and HRZ using the Mixed Methods
Assessment Tool [38]. Regardless of the results of the
risk-of-bias assessment, we included all studies in data
extraction, analysis, and synthesis. Due to the heterogeneity of
the studies, we conducted anarrative synthesisusing the 3 steps
proposed by Popay et a [39]. Narrative synthesis involves
synthesizing data using words and text, rather than statistical
methods that are often used for qualitative studies or when
meta-analysis is not possible due to heterogeneity in the study
designs or outcomes.

First, a preliminary synthesis based on the review objectives
was performed. For the impact of mHealth use by CHWs on
the use of maternal health services, we described the direction
and size of theimpact on ANC attendance, facility-based births,
and PNC attendance, with the results tabul ated. For facilitators
and barriers to mHealth use, we inductively conducted a
thematic analysisto identify barriers and facilitators to mHealth
useby CHWs[40]. After thematic analysis, we synthesized and
reflected on the results using the sociotechnical system (STS)
framework developed by Davis et a [41]. The STS framework
is not specific to CHWSs or mHealth; however, it provides a
useful lens for understanding how various dimensions—such
as (1) people, (2) working practices, (3) program goals, (4)
culture, (5) infrastructure, and (6) technology—influence the
implementation and use of new technologies. The first 4 cover
the social dimension of mHealth, while the last 2 cover the
technology dimension of mHealth [42]. Applying the STS
framework allowed a comprehensive and up-to-date analysis
of the barriers and facilitators of both the technical and social
systems of mHealth, rather than focusing on technology alone
as has been donein other digital health studies [43,44]. Further
discussion on the dimensions of the STS is presented in the
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Results section, while Figure 1 outlines details of the 6 Finaly, we assessed the robustness of the synthesisby reflecting

dimensions of the STS framework.

Second, we explored within- and between-study relationships
to describe the variability in the results before integrating and
synthesizing the findings.

on the methodology and the results in the Discussion section.

Figure 1. Facilitators and barriers mapped according to the sociotechnical system (STS) framework. mHealth: mobile health.
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Results

Summary of the Studies

We retrieved 2594 records from all databases (refer to Figure
2 for the PRISMA flow diagram). After removing 1487
(57.32%) duplicates from the 2594 records, 1107 (42.68%)
articles underwent title and abstract screening. Of these 1107
articles, 1043 (94.22%) were excluded, leaving 64 (5.78%)
articles. After full-text screening, 20 (31%) of the 64 articles

https://mhealth.jmir.org/2024/1/€55819

XSL-FO

RenderX

s
@Progmm goals

—

— .

Infrastructure % ) Technology

—
Provision of free
closed user group
calls

@ Culture

Phone usage sharing
with families or
relatives

Provision of free phone
and solar power

App designed in

Poor app workflows
foreign language

Provision of free airtime

Good internet "
conmectivity Software crashes
Poor network

t High initial cost of
connectivity

mHealth development

Lack of power

Inadequate airtime

Tnadequate phones or
other equipment

Poor quality of phone
and battery life

Poor attachment with
accessories

Delay in repairing or
replacing equipment

Loss or damage of
phone and other
equipment

Fear of losing phones to
theft

Bulky and multiple mobile
devices

were included. We found 2 additional articles from reference
searching, resulting in afinal number of 10 studies comprising
22 articles. Thereasonsfor exclusion of 44 articles after full-text
screening included mHealth use by health care workers other
than CHWSs (n=19, 43%); outcomes other than ANC use,
facility-based births, or PNC use (n=16, 36%); facility-based
mHealth tools (n=3, 7%); mHealth not used to improve the
outcomes of interest (n=4, 9%); unclear role of mHealth (n=1,
2%); and not an mHealth intervention (n=1, 2%; Multimedia
Appendix 3).
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Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. ANC: antenatal care; CHW: community

health worker; mHealth: mobile health; PNC: postnatal care.

Characteristics of the Studies

The 10 studies were published between 2012 and 2022 (refer
to the Risk-of -Bias A ssessment subsection for the study designs
used). Of the 10 studies, 3 (30%) were published in Tanzania
[45-47]; 2 (20%) each in Ethiopia[48,49] and Uganda[50,51];
and 1 (10%) each in Rwanda[52], Mozambique[53], and Kenya
[54]. The mHealth program for Rwanda was implemented
nationally, while the other mHealth programswereimplemented
either as a pilot or at a subnationa level. Half of the mHealth
platforms used were mobile apps (5/10, 50%) [45-47,49,53],
followed by SM S text messaging—based platforms (4/10, 40%)
[48,50,52,54] and voice calls (1/10, 10%) [51].

Risk-of-Bias Assessment
All 22 included articles were assessed for risk of biasusing the

Mixed Methods Assessment Tool (Multimedia Appendix 4
[55-58]). Of the 4 qualitative articles, 3 (75%) were assessed
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as low risk of hias[55,56,59], and 1 (25%) had an unclear risk
of bias[57]. Of the4 RCTs, 1 (25%) had an unclear risk of bias
[53], while 3 (75%) had a high risk of bias [45,48,51]. Of the
7 quantitative nonrandomized articles, 3 (43%) had a low risk
of bias [46,52,60], while 4 (57%) had a high risk of bias
[50,58,61,62]. Of the 2 descriptive articles, 1 (50%) had alow
risk of bias [47], and 1 (50%) had a high risk of hias [63].
Finally, of the 5 mixed methods articles, 1 (20%) had alow risk
of bias[54], while 4 (80%) had a high risk of bias [49,64-66].

Impact of mHealth Use by CHWs on the Use of
Maternal Health Services

Overview

The 10 included studies (13/22, 59% articles) reported at least
1 outcome of interest (Table 1). We present the findings based
on the outcome of interest.
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Table 1. Quantitative studies reporting on the impact of mobile health (mHealth) use by community health workers (CHWS).

Study, Study de-  Country I ntervention description mHealth description Main findings
year; out-  sign (context)
comes of
interest
Seveneet  Clusterran- Mozam-  «  Intervention: CHWsmade «  Type Mobileapp (PIERSC ¢ ANC: no difference. In compari-
a [53], domized bique (sub- home visits to pregnant On the Move) son to control clusters, no differ-
2020; controlled  national, women to provideeduca ,  yse: the app was used for encein =4 ANC visits (48.6% vs
ANC?and  trid rurdl, and tion, danger signsidentificar clinical decision support 42.5%, aOR? 157, 99% Cl 0.97-
facility- urban dis- tion, referrals, birth pre- during the CHW homevisit; 2.52)
based tricts) paredness, and PNC; CHWSs used the app to . : ,
births CHWsalso measured blood identify pregnant women Facility-based births: no differ-
pressure and administered with danger signs (using ence. Np differencesin facility-
drugs for severe hyperten- pictograms), and if danger based births (67.3% vs 74.2%,
sivedisease; other interven- signs were present, they aOR 0.80, 99% Cl 0.28-2.61, _
tionsincluded transport would refer the dlient to P=.71) or births at _comprehensve
support and health talks at health facilities; if no dan- emergency obstetric and neonata
health facilities ger signs were present, care facilities (11.3% vs 13%,
«  Control: there were 6 con- CHWs measured blood aOR 0.85, 99% CI 0.27-2.62,
trol clusters where CHWs pressure, and if women met P=.70)
conducted home visits predefined criteriafor refer-
without using mHealth; no ral, they would be referred
other interventions were immediately to an appropri-
provided ate health facility
Hackettet Clusterran- Tanzania «  Intervention: in 16 clusters, Type: mobile app (devel- Facility-based births: increasein

a [45], domized (pilot and CHWsweretrainedininte- oped using CommCare, an use. A magjority of pregnant
2018; fecili- controlled  rural dis- grated maternal, neonatal, open-source platform de- women (74%) gavebirthin transit
ty-based trial trict) and child health; CHWs al- signed specifically for use or at the facility in the interven-
births so conducted household by frontline health workers) tion villages compared with those

visits to educate and refer Use: CHWSsused the app to in the control villages (62%); the

clientsto care during preg- register pregnant women, odds of facility delivery were 2

nancy and the postpartum counsel pregnant women, times the odds between the inter-

period; mHealth app was identify danger signs, flag vention and control group (OR®

used during the home visits women who needed refer- 1.96, Cl 1.21-3.19; P=.01)

«  Control: CHWstrained in rals, and create reminders

integrated maternal, neona- for CHWsto follow up with

tal, and child health but the women they referred

used paper-based toolsin

16 control clusters
Atnafuet  Clugterran- Ethiopia « Intervention: the interven- Type: SM S text messaging ANC: increaseinthe useof ANC.
a [48], domized (subnation- tion targeted pregnant based (FrontlineSMS) and High ANC attendance at baseline
2017; ANC controlled  al, rural, women in 2 clusters. Par- regular mobile phone for at both intervention and control
and facili-  tria and urban tial: higher cadre CHWSs(ie, voice cals sites, significant increasein >4
ty-based districts) HEst) in 1 cluster were Use: mHealth was used for ANCvisitsat intervention sitesin
births provided mHealth, while SMS text messaging re- comparison with control sites

lower cadre volunteer
CHWSswereresponsiblefor
community mobilization,

mindersto CHWsto follow
up with pregnant women at
14, 24, 30, and 36 weeks of

(partia intervention: 45.3%-
59.8%; P<.001; full intervention:
15.8%-31.5%; P<.001; control

education, and referrals but pregnancy to encourage sites: 24.5%-23.3%)
were not provided mobile }[‘Sa;‘ngog?gi? r?'r: ANCIS . Facility-based births: decrease in
phones. Full: in 1 cluster, home births. Home births de-

HEWs were provided facilities; in addition, voice . . .
mHealth, and volunteer calls were used to arange E:r(:\ratsi;d iittzlrlvgr]:ttia;\ﬁnéllo;; e
CHWswere provided requ- referrals and communica- p . » 0070

p € 33.7%: full intervention: 50.7%-

lar mobile phones for voice
cals

Control: no mHealth use by
CHWSs; CHWSs performed
home visitsand community
mobilization

tion between HEWs and
volunteer CHWSs; other
functionsincluded data col-
lection and reporting aswell
as supply chain manage-
ment

35.8%; control sites: 72.8%-
58.5%)
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Study, Study de-  Country I ntervention description mHealth description Main findings
year; out-  sign (context)
comes of
interest
Ayiasi etal Clusterran- Uganda « Intervention: existing « Type: voicecdls ANC: no significant differences
[51], 2016; domized (pilot, 2 ru- CHWSs(caledvillagehedth «  Use: mobile phones were in the rates of ANC visits. A ma-
ANCand controlled ral dis- teams) conducted 2 ANC used for clinical consulta- jority of the women (85%) in the
facility- trial tricts) home visitsand 1 PNC tion between CHWSs and intervention clusters made =3
based home visit to provide stan- providersand to arrange for ANC visits compared with those
births dardized educational mes- referralsfrom the communi- inthe control clusters(71%); aOR
sages for maternal and tiesto health facilities 1.82, 95% CI 0.65-5.09; P=.26)
newborn care in 8 clusters; - . .
in addition, each village _Faahty-p&d births: higher at
health team had unlimited intervention sites than at control
callswith health carework- site_s. Threet? mes'higher (90%) at
ersfor clinical consultation the mter\_/entl on sites tha_\n a the
. Control: village health control sites (28%); the interven-
teams in 8 health clusters tion mcrmd the odds of facility-
: . based births by 18-fold (OR
provided usual community 17.94, 95% CI 6.3-51.4; P<.001
mobilization 94, 95% Cl 6.3-51.4; P<.001)
Webber et Interrupted Tanzania «  Intervention: CHWswere «  Type: mobileapp (based on Early results for facility-based
a [46], time series  (subnation- trained to educate pregnant community health toolkit) births: suggested an increasein
2022; Web- a, rural) women ontheimportance «  Use: the mobile health app facility-based births. Rates of fa-
ber et a of ANC, giving birth at fa- supported CHWSsin provid- cility-based births increased
[64], 2019; cilities, and identifying ing education on theimpor- (Bunda town from 87% to 93%,
ANC, facil- danger signsusing an tance of attending ANC Bundarura from 70% to 84%,
ity-based mHealth app; other interven- visits, giving birth at facili- and Tarime from 48% to 67%)
births, and tionsimplemented included ties, and identifying danger between 2015 and 2016
PNC birth kit distribution at 34 signs Final evaluation for ANC: no dif-
to 36 weeks' gestation and ference. No differencein=4 ANC
transport support visits after introducing mHealth
«  Control: CHWswho were (immediate change: OR 1.19, 95%
not using mHealth Cl 0.93-1.51; P=.17; gradual ef-
fect: OR 1.02, 95% Cl 0.99-1.05;
P=.24)
Final evaluation for facility-based
births: increase in use. There was
anincreasein facility-based births
from 71.8% at baseline to 85.1%
after theintervention, with anim-
mediate increase in the odds of
facility-based births (OR 1.51,
95% CI 1.14-2.01; P=.004) and a
small gradual effect (OR 1.03,
95% CI 1.00-1.07; P=.06).
Final evaluation for PNC: no dif-
ference. No significant immediate
change and adeclinein the trend
of PNC use after introducing
mHealth (immediate change: OR
1.07, 95% CI 0.61-1.89; P=.81,;
gradual effect: OR 0.92, 95% ClI
0.86-0.98; P=.01)
Hategeka Interrupted Rwanda
etd [52], timeseries (nationa
2019; program,
ANC, facil- rural and
ity-based urban dis-
births, and tricts)
PNC
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Study, Study de-  Country I ntervention description mHealth description Main findings
year; out-  sign (context)
comes of
interest
o Intervention: CHWswith «  Type SMStext messaging RwandaDemographic and Health
mHealth supported pregnant based Survey (2014-2015) datain 29 of
womenwith education, fol- «  Use: the open-source the 30 districts: For ANC, no dif-
low-up, and linkage to care RapidSM S platform was ference. No changein any ANC
across the maternal health used to facilitate communi- visits (immediate change: —1.00,
continuum. The interven- cation between the health 95% CI —2.30t0 0.29 and gradual
tionwas stratified: Facilities system and CHWSs, facili- effect: —0.04, 95% CI -0.14 to
in 20 districts received the tate clinical appointments 0.06). No changein =4 ANC vis-
usual support. Fecilitiesin by using reminders, support its (immediate change: —1.69,
10 districts received health clinical decisionsby provid- 95% Cl —9.94 to 6.55 and gradual
system strengthening by 2 ing information on what effect: -0.40, 95% CI -1.09 to
NGOs? (including ongoing CHWs should do during an 0.27). No changeinfirst trimester
training for CHWs and emergency, and facilitate ANC visits (immediate change:
equipment provision to referralsin emergencies by -3.80, 95% CI -13.66t0 6.05 and
health facilities) linking CHWswiththeam- gradual effect: -0.62, 95% CI
bulancedrivers; other func- -1.43t0 0.19). For facility-based
+  Control: CHWs not using tions of the RapidSMS sys- births, no difference. No change
mHeadlth tem included registries or in facility-based births; (immedi-
vital events tracking, data ate change: —1.79, 95% Cl -6.16
collection and reporting, to 2.58 and gradual effect: —0.13,
and use an electronic health 95% Cl -0.49t0 0.22)
record system Routine health facility datain all
30 districts: For ANC, no differ-
ence. No changeinall 30 districts
(P=.51 and P=.70 for supported
districts and P=.38 and P=.50 for
nonsupported districts). Facility-
based births: agradual increasein
facility-based births. At the sup-
ported sites, there was no immedi-
ate changein facility-based births,
but there was a change in gradual
effect (estimate: 0.015 facility-
based births per 1000 population,
95% CI 0.007-0.023; P<.001); no
changein nonsupported sites. For
PNC, animmediate increasein
PNC visits. Change in supported
facilities (immediate increase of
0.11 PNC visits per 1000 popula-
tion, 95% CI 0.033-0.179;
P=.007) and no changein trend;
no changein the rate of PNC vis-
itsin nonsupported districts
(P=.13)
Askieta Nestedco- Uganda « Intervention:in13clusters, «  Type: SMStext messaging Facility-based births: decreases
[50], 2018; hort study  (pilot, ru- CHWSs registered pregnan- based in-homebirths. Intervention home
facility- ral) ciesand made monthly viss «  Use: mHealth supported delivery was 9.2%, and control
based its to pregnant women to CHWsto register pregnan- home delivery was 22.4%; after
births relay SMS text messages cies. In addition, each controlling for confounders, the
and track outcomes month, SM Stext messaging intervention arm had lower odds
«  Control: in 13 villages, reminders were sent to of home births (aOR 0.38, 95%
CHWsfollowed pregnan- CHWs regarding which Cl 0.15-0.97)
cies monthly using paper- pregnant women they
based forms should visit to relay targeted
messageson timely and safe
ANC and facility-based
births
Mushamiri Kenya
eta [54], (subnation-
2015; ANC a, rural)
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Study, Study de-  Country I ntervention description mHealth description Main findings
year; out-  sign (context)
comes of
interest
Mixed Intervention: CHWsprovid- «  Type: SMS text messag- ANC: mHealth increased the use
methods; ed a community-based ing—based platform of ANC. In comparison to the
the quanti- package of care and fol- o Use SMStext messaging women not followed by CHWs
tative com- lowed up with pregnant reminders were sent to using mHealth, the women in the
ponent women using mHealth CHWs to remind pregnant intervention group had 3 timesthe
used anon- Control: CHWs provided a women 3 days before the odds of making more ANC visits,
random- community-based package ANC visit once they were even after adjusting for HIV infec-
ized con- of care and did not use registered in the mHealth tion (aOR 2.58, 95% Cl 1.10-
trol group mHealth program; reminders were 6.01)
study de- sent twice if the women
sign failed to attend the ANC
visit; reminders were sent
up to 18 monthsafter giving
birth
Nigussieet Mixed Ethiopia Intervention: CHWsregiss «  Type: mobile app ANC: suggestsincrease in use.
a [49], methods (rural and tered, referred, followedup, «  Use: once clients were reg- Pregnancy registration in the first
2021, urban, sub- and tracked pregnant wom- istered in the app, the sys- and second trimesters increased
ANC, facil- national) enaong thematerna health tem sent notifications and between the third quarter of 2017
ity-based continuum of care; CHWs remindersto CHWsviathe and the second quarter of 2018
births, and and their supervisors used app tovisit pregnant women (eg, first trimester registration in-
PNC mHealth to support their and remind them to visit a creased from approximately 0%
tasks health facility for ANC and to approximately 10%), with a
PNC; these reminders were corresponding declineinregistra-
also sent through SM S text tion in the third and fourth
messaging to CHWs and trimesters
clients; in addition, the pro- - : .
. Facility-based births: suggestsin-
gram supported with free ) 1 ;
- creasein use. Facility-based births
caller user group, facilitat- . -
ing referrals from the com- Lﬁrgﬁij;?gnfgg(;?ﬁ ?;]aetge)ggg
munity to the facility quarter of 2018
PNC: suggestsincreasein use.
PNC visitsincreased from approx-
imately 100 per quarter to >700
in the second quarter of 2018
Fulcher et  Descriptive Tanzania Intervention: CHWsregiss «  Type: Mobile app (Mango- Early findings for facility-based
a [47], process (rural and tered and enrolled pregnant logic app) births: suggestsincreasein use.
2021 [65]; evauation urban, sub- women, aswell asconduct- «  Use: the app helped CHWs Among 13,231 births, 75% gave
facility- national) ed 3 ANC home visitsand to know when to conduct birth at hospitals in comparison
based 3 PNC visitsusing home visits, identify preg- with a baseline of 35%. Early
births, and mHealth; other supporting nant women with danger findings for PNC: suggestsin-
PNC interventions included signsand refer themto care, crease in use. PNC attendance at

community savings, trans-
port support, and stakehold-
er engagement

follow up with the women
within 3 days of referral,
and coordinate referrals
with health facilities; the
app was aso used for data
collection

intervention siteswas 88% in
comparison with a baseline of
36% from the demographic health
survey

Final evaluation for facility-based
births: suggests increase in use.
Health facility births increased
from 60%, 70%, 80%, and 80%
between years 1 and 4. Final
evaluation for PNC: suggestsin-
crease in use. The number of
women who attended PNC visits
increased 60%, 60%, 70%, and
80%inyears1, 2, 3, and 4, respec-
tively

8ANC: antenatal care.
bpNC: postnatal care.

°PIERS: preeclampsiaintegrated estimate of risk.
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9a0R: adjusted odds ratio.

®OR: odds ratio.

THEW: health extension worker.
INGO: nongovernmental organization.

ANC Outcomes

Of the 10 studies, 7 (70%; 8/22, 36% articles)
[46,48,49,51-54,60] reported at least 1 ANC outcome. On the
basis of outcomes, only 2 (29%) of the 7 studies reported on
ANC visitsin the first trimester [49,52]. None of the studies
reported on =8 ANC contacts. Of the 7 studies, 3 (43%)
[48,49,54] showed an association between mHedth use by
CHWSsand increased ANC use. On the basis of platforms used,
the studies that showed an association used SMS text
messaging—based platforms (2/7, 29%) [48,54] and a mobile
app (1/7, 14%) [49].

The observationa study conducted in Ethiopia by Nigussie et
al [49], which had ahigh risk of bias, suggested increased ANC
use after mHealth use by CHWSs. Using amoabile app, the study
showed an increase in ANC contacts in the first trimester by
approximately 10%.

A total of 3 RCTs (n=1, 33% with an unclear risk of bias[53];
n=2, 67% with a high risk of bias [48,51]) reported on ANC
outcomes. Atnafu et a [48] used an SM Stext messaging—based
platform to remind CHWsto follow up pregnant women at 14,
24, 30, and 36 weeks of pregnancy in Ethiopia. The study found
asignificant increase in the proportion of women with >4 ANC
visits at the intervention sites in comparison with the control
sites (cluster with higher cadre CHWs using an SMS text
messaging—based platform vslower cadre CHWswho were not
provided mobile phones: 45.3% to 59.8%; P<.001; cluster with
higher cadre CHWSs using an SMS text messaging—based
platform vs lower cadre CHWs using mHealth for voice cals:
15.8% to 31.5%, P<.001; control sites[no mHealth]: 24.5% to
23.3%). The RCT conducted by Sevene et a [53] in
Mozambique involved aclinical decision support mHealth app
primarily used to support CHWSsto screen for hypertension and
make referrals to health facilities for care when they enrolled
pregnant women during initial home visits or scheduled
community follow-ups of pregnant women. As a secondary
outcome, the proportion of women with =4 ANC visits was not
statistically different between theintervention and control sites.
Finally, the study conducted by Ayiasi et a [51] in Uganda,
where CHWs used voice callsfor consultationswith health care
workers during home visits, showed no significant difference
in the number of women who attended =3 ANC visits between
the intervention and control sites.

Three quasi-experimental studies (four articles) reported on
ANC outcomes. Using an SM Stext messaging—based mHealth
platform in Kenya, Mushamiri et al [54] reported positive
findings when comparing pregnant women receiving
appointment remindersfrom CHWsusing mHealth and pregnant
women receiving CHW care without mHealth. In the study,
women receiving care from CHWSs using mHesalth and starting
ANC in the second trimester had 3 times the odds of attending
ANC visits (adjusted odds ratio [OR] 2.58, 95% Cl 1.10-6.01)
than women receiving care from CHWSs not using mHealth [54].

https://mhealth.jmir.org/2024/1/€55819
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An SMS text messaging—based study (reported by 2 articles,
50% of the four articles that used quasi-experimental study
designs) [52,60] used an interrupted time series design to
evaluate a nationally implemented RapidSMS platform in
Rwanda that enabled 2-way communication between CHWs
and health care workers, facilitating clinical appointments of
pregnant women by using reminders, supporting the clinical
decisions by providing information on what CHWSs should do
during an emergency, and facilitating referrals during
emergencies. After scaling the RapidSM S platform countrywide,
10 districts received health system-—strengthening support from
2 nongovernmental organizations (NGOs; ongoing training
provided to CHWSsand equipment provided to health facilities).
By contrast, the rest of the districts received the usual support
from the Rwanda MOH. Using Rwanda Demographic and
Health Survey (2014-2015) data in 29 of the 30 districts of
Rwanda, Hategekaet a [52] found no changeinany ANC visits,
ANC visits in the first trimester, or =4 ANC visits. Using
routinely collected health facility data in 461 health facilities,
Ruton et al [60] found no changein ANC visitsin all 30 districts
of Rwanda. Finaly, a quasi-experimental study with a time
series design by Webber et al [46] used an mHealth app in
Tanzania to educate women on the importance of attending
maternal health services. The findings showed no significant
differencesin =4 ANC visits after introducing mHealth.

Facility-Based Births

Of the 10 studies, 9 (90%; 12/22, 55% articles) reported on
facility-based births. Of these 9 studies, 8 (89%) found an
association between mHealth use by CHWs and anincrease in
facility-based births or a reduction in home births. Of these 8
studies, 3 (38%) [48,49,54] used an SM Stext messaging—based
platform, 4 (50%) [45-47,49] used a mobile app, and 1 (12%)
used voice calls[51].

A process evaluation study with alow risk of biasimplemented
in Tanzaniaby Fulcher et a [47], in which CHWsused amobile
app toincrease demand for facility servicesby pregnant women,
showed an increase in facility-based births from year 1 to year
4 of implementation (from 60% to 90%). Nigussie et al [49]
aso found an increase in facility-based births after the
implementation of mHealth by CHWs.

In an RCT with a high risk of bias conducted in Tanzania,
Hackett et al [45] compared the impact of the mHealth app in
intervention clusters where CHWs were using the app and
control clusterswhere CHWswere not using mHealth. The odds
of facility-based birthsin the intervention clusters were double
those in the control clusters (OR 1.96, 95% Cl 1.21-3.19). The
RCTs conducted by Atnafu et al [48] and Ayiasi et al [51] also
reported a reduction in home births (home births decreased at
all intervention sites [cluster with higher cadre CHWsusing an
SM S text messaging—based platform vslower cadre CHWs not
provided with mHealth: 61.6% to 33.7%; cluster with higher
cadre CHWSs using an SM S text messaging—based platform vs
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lower cadre CHWSs using mHealth for voice calls: 50.7% to
35.8%; control sites: 72.8% to 58.5%]) and an increase in
facility-based births (the intervention increased the odds of
facility-based births by 18-fold [OR 17.94, 95% Cl 6.3-51.4;
P<.001]), respectively. However, Sevene et a [53] found no
change in facility-based births between the intervention and
control clusters.

Two quasi-experimental studies in which CHWSs used mobile
apps found a positive impact of mHealth on improving
facility-based birth rates and reducing home birth rates. The
study conducted in Tanzania by Webber et al [46], which had
alow risk of bias, found that mHealth increased the odds of
facility births (immediateincrease: OR 1.51, 95% CI 1.14-2.01;
P=.004; gradual effect: OR 1.03, 95% CI 1.00-1.07; P=.06).
Asiki et a [50], who conducted a study in Uganda that had a
high risk of bias, compared the impact of an SMS text
messaging—based platform on CHWsusing SM Stext messaging
reminders to follow up on pregnancy outcomes and CHWSs not
using mHealth. After controlling for confounders, mHealth
reduced the odds of home births (adjusted OR 0.38, 95% ClI
0.15-0.97). Two quasi-experimental articles based on the
RapidSM S study in Rwanda showed mixed results. Hategeka
et a [52] found no change in facility-based births. Ruton et al
[60] found no changein the 20 districtsthat were not supported
by the 2 NGOs, while there was a change in the 10 supported
districts (gradual effect at the 10 supported sites: 0.015
facility-based births per 1000 population per month, 95% ClI
0.007-0.023; P<.001), signifying the extra role played by
embedding mHealth into broader health system—strengthening
initiatives.
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PNC Outcomes

Of the 10 studies, 2 (20%) observational studies [47,49] and 2
(20%) quasi-experimental studies reported on the impact of
mHealth use by CHWs on PNC visits[46,60]. Of these 4 studies,
3 (75%) showed a positive association (n=2, 67% used amobile
app [47,49], and n=1, 33% used SM S text messaging [60]).

Fulcher et al [47] found that the mHealth app used by CHWSs
increased any PNC visits from 60% to 80% within 4 years of
implementing the program. Nigussie et a [49] also showed an
increase in any PNC visits after mHealth use by CHWSs. In
Rwanda, Ruton et a [60] reported an increase of 100% in PNC
visits within a year of starting mHealth in the 10 districts that
received extra NGO support (immediate increase of 0.11 PNC
visits per 1000 population, 95% CI 0.033-0.179). However, the
rate of PNC visits remained the same in the 20 districts not
receiving health system strengthening. Finally, the study
conducted in Tanzania by Webber et al [46] showed no impact
of the mHealth app on PNC visits.

Facilitatorsand Barriersto mHealth Use

Overview

Of the 10 studies, 8 (80%; 14/22, 64% articles) reported on
facilitators and barriers to mHealth uptake (Table 2; Figure 1).
We will discuss facilitators and barriers simultaneously and in
alignment with the 6 dimensions of the STS framework
developed by Davis et a [41]: program goals, people, culture,
working practices, infrastructure, and technology. The
definitions of the dimensions are provided in each subsection
that follows.
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Table 2. Studies reporting on the barriers and facilitators to mobile health (mHealth) use by community health worker (CHWS).

Study, year

Article, year

Study design

mHealth description

Study aims and findings

Sevene et d [53],
2020

Atnafu et d [48],
2017

Ayiasi et a [51],
2016

Webber et al [46],
2022

Hategeka et a [52],
2019

Nigussie et a [49],
2021

Boene et al [66],
2021

Atnafu [61], 2015;
Atnafu and Bisrat
[62], 2015

Ayiasi et a [55],
2015

Webber et al [64],
2019; Webber et a
[57], 2020

Ngabo et a [63],
2012; Musabyimana
et al [56], 2018;
Mwendwa [59],
2016; Mwendwa
[58], 2018

Nigussie et a [49],
2021

Mixed methods

Cross-sectional

Qualitative

Mixed methods,

qualitative

Descriptive, quaita

tive; qualitative;
cross-sectional

Mixed methods

Mobile app

SMStext messaging
based

Voice calls

Mobile app

SM Stext messaging
based

Mobile app

Facilitators: training on mHealth, refresher training,
mentorship and supervision, improved status as health
careworkersthrough smartphone use, trust of commu-
nities, and good working relationships with clients
Barriers: poor battery life, difficulty in securely attach-
ing accessories, lack of power to charge mobile
phones, and poor network connectivity

Facilitators: good working relationswith supervisors,
aswell as availability of free mobile phone and free
airtime

Barriers: poor network connectivity, lack of power to
charge mobile phones, an inadequate number of mo-
bile phones or other equipment, loss or damage of
mobile phone and other equipment, and inadequate
airtime

Facilitators: smartphonesimproved their status as
health care workers, trust of communities, good
working relationswith supervisors, and positive super-
visor feedback

Barriers: staff absences, lack of power to charge mo-
bile phones, poor network connectivity, poor attitude
of health care workers, and poor relationships with
clients

Facilitators: free mobile phone, airtime, and solar
chargers

Barriers: poor network connectivity, lack of power to
charge mobile phones, inadequate airtime, poor app
navigation. and poor app workflows

Facilitators: MOHa ownership, incentives, strong ex-
isting CHW program, additional health sys-
tem—strengthening activities, appropriate stakeholder
engagement, high education level of CHWS, training,
positive feedback, positive program outcomes, trust
of communities, good working relationswith supervi-
sors, and good network connectivity

Barriers: highinitial cost of development, illiteracy,
poor network connectivity, lack of power to charge
mobile phones, inadequate airtime, high workload due
to both paper- and smartphone-based data entry, poor
organization of training, app in aforeign language,
inadequate supervision, an inadeguate number of
mobile phones or other equipment, poor relationships
with clients, loss or damage of mobile phone and
other equipment, and no stipend or salary for CHWs

Facilitators: appropriate stakehol der engagement and
MOH ownership, as well as additional health sys-
tem—strengthening activities

Barriers: high workload due to both paper- and
smartphone-based data entry, mobile phone-sharing
culture, afear of losing mobile phonesto theft, delay
in reporting the challenges of mHealth, alack of skills
in monitoring service delivery, loss or damage of
mobile phone and other equipment, poor network
connectivity, inadequate airtime, delay in repairing
or replacing equipment, and burden of carrying multi-
ple mobile devices
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Study, year Article, year Study design mHealth description  Study aims and findings

Fulcher et al [47], Fulcher et al [47], Descriptive process  Mobile app .  Barriers: poor network connectivity, high loss to fol-

2021 2021 evaluation low-up of clients, high attrition of CHWSs, and soft-
ware crashes

Mushamiri et al Mushamiri et al Mixed methods SMStext messaging «  Facilitator: free closed user group calls and good net-

[54], 2015 [54], 2015 based work connectivity

«  Barriers: contract termination with anetwork provider
and late health-seeking behavior

M OH: Ministry of Health.

People

The STS identifies this dimension as encompassing the users
and stakeholders of a system and their characteristics. The
included articles explored facilitators and barriers affecting
CHWSs, who are the main stakeholders, as well as their
surrounding environment (eg, communities and supervisors),
and their characteristics (eg, attitudes, behavior, and skills).

An unintended benefit yet powerful facilitator of mHealth use
was the effect of the mHealth devices on the status of CHWSs.
mHealth improved the social status of CHWs because they were
perceived as being recognized by the formal heath system
[55,66]. Perceived higher socia status improved community
trust, another facilitator identified in multiple studies[55,59,66] .
Other facilitators identified included higher education level of
CHWs [58,59], strong existing CHW program [63], MOH
ownership of CHW programs [49,63], and positive feedback
from supervisors [55,58,59].

The social dynamicswithin and outside the CHW program also
positively or negatively impacted mHealth use. Good working
relationships and positive feedback between CHWSs, their
supervisors, health care workers, and communities facilitated
mHealth use [55,59,62,66]. By contrast, poor relationships
among CHWSs and communities and health care workers were
singled out as barriersto mHealth use[49,55,56]. Other barriers
identified in the studies included a lack of skillsin monitoring
service delivery by CHW supervisors [49], high staff absences
and turnover [47,55], CHW illiteracy [59], poor attitude by
facility-based staff [55], and high loss to follow-up of clients

[47].
Working Practices

Processes refer to how practices and procedures are organized
to support the system’s uptake. The included articles described
the influence of systems, practices, and procedures designed to
support CHWsin effectively using mHealth. Additional existing
health system-strengthening activities facilitated positive
outcomes in some mHealth-enabled CHW programs [49]; for
example, additional training, provision of extra equipment and
supplies, and supervision in Rwanda's RapidSMS program
facilitated mHealth use by CHWs [60]. In addition, engaging
multiple and  appropriate  stakeholders,  including
telecommunication companies, facilitated the use of mHealth
[49,63]. In a study in Kenya, suspending a contract with a
mobile communication provider for a few weeks was one of
the most significant barriers to SMS text messaging—based
mHealth rollout [54].

https://mhealth.jmir.org/2024/1/€55819

Several other processes were reported in the studies. Adequate
training and refresher training on mHealth [58,66], strong
mentorship and supervision of CHWs [66], and enhancing the
education levels of CHWs facilitated mHealth use [59]. By
contrast, a high CHW workload [49], poor reporting systems
[49,59], a lack of training or poor training organization [59],
and inadequate supervision [59] were reported as barriers to
mHealth use. The provision of incentives or salaries to CHWs
was aso mentioned, with regular incentives or salaries as a
facilitator [63] and a lack of incentives or salaries or low
incentives or salaries as a barrier to mHealth use [56].

Program Goals

This dimension explores how program performance and
outcomes influence the uptake of a system. Very few studies
reported on the impact of program goals on mHealth uptake by
CHWSs, and only 1 facilitator and 1 barrier were identified.
Positive program outcomes (eg, he role played by CHWSs in
reducing mortality rates) in the RapidSM S program in Rwanda
reinforced the use of mHealth [56,58,59]. The study conducted
in Kenya reported late presentation to ANC as a barrier [54].
This factor had a detrimental impact on the mHealth-driven
goals of ANC visits within the scope of this study.

Culture

In the STS framework, this dimension examines the influence
of users and stakeholders' beliefs, norms, and values within a
system. Among the included studies, there was a lack of
literature addressing how culture affected the use of mHealth.
None of the studies reported on cultural factors that might
facilitate mHealth adoption. The studies conducted in Ethiopia
[49,62] identified the sharing of an mHealth-enabled mobile
phonewith other family members, acommon norm, asabarrier
to mHealth use because the mobil e phone was often unavailable
to CHWswhen needed. In the study by Atnafu and Bisrat [62],
more than a third of the CHWSs reported sharing the mobile
phonewith other family members. In addition, the studies based
on the RapidSM S platform in Rwandacited the use of aforeign
language (ie, English) in the app as a cultural barrier [58,59].

Infrastructure

This dimension encompassesthe assets of asystem. Among the
included studies, mHealth equipment and internet connectivity
were frequently noted as influential factors in the uptake of
mHealth. Free mobile phones[57,62] aswell asfreeairtime or
reimbursement of airtime costs [57,62] were facilitators of
mHealth use. The provision of solar power for charging devices
was also reported as afacilitator [57]. Finally, reliable internet
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connectivity was mentioned as a facilitator of mHealth use
[54,63].

Most of the studies focused on barriers associated with mHealth
devices and related equipment. The most commonly reported
challengesincluded loss or damage of mobile phones and other
equipment [49,62,63], delaysin repairing or replacing equipment
[49], the burden of carrying multiple mobiledevices[49], afear
of losing mobile phones to theft [49], an inadequate number of
mobile phones or other equipment [56,62], poor quality of
mobile phones and battery life [66], and difficulty in securely
attaching mobile phone accessories [66]. In many settings,
especialy rural settings, the lack of electricity was commonly
reported as a barrier [55,57,59,61-64,66]. Finally, poor mobile
network connectivity [47,49,55,57,59,61,62,64,66] and
inadequate airtime[49,59,61,64] were also mentioned asbarriers
to mHealth use.

Technology

This dimension focuses on how mHealth software influences
the uptake of mHealth use. Free closed user group cals
facilitated the use of avoice-based mHealth platform; no other
facilitators were identified [54]. However, severd
technology-related barriers were reported, including poor app
workflows [57,64] and frequent app software crashes[47]. The
study by Ngabo et a [63] reported the high cost of mHealth
technology as abarrier.

Discussion

Principal Findings

This review is the first to synthesize evidence on the use of
mHealth by CHWSs to improve the use of maternal health
services in SSA. While the results of most of the studies (8/9,
89%) supported that mHealth use by CHWSs increase
facility-based births, they are mixed for ANC and PNC use. For
ANC and PNC, only approximately half (3/7, 43%) and three
quarters of the studies (3/4, 75%) showed that mHealth use by
CHWsincreased the use of these services, respectively. On the
basis of the intervention descriptions, mHealth use by CHWs
may have increased use by creating demand for these services.
As shown previously, the demand created by mHealth use is
possible through multiple pathways. mHealth use by CHWs
may have increased the knowledge of good maternal health
practices, |leading to behavior change toward health facility use
for care [47]. Thisis particularly important for studies that use
mHealth apps. In addition, primarily through SMS text
messaging—based platforms, reminders may have encouraged
pregnant women'’s attendance at health services[67]. It isalso
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possiblethat mHealth may haveincreased demand by increasing
satisfaction and trust in CHWs and the health system and may
also have improved adherence to the practices used by CHWs
to increase demand for health services [68].

Thisreview adds evidence on theimpact of mHealth use on the
use of maternal health services. Previous reviews have focused
on the impact of mHealth use on maternal health outcomes but
did not distinguish the primary users of mHealth. A previous
systematic review conducted by Gayesa et al [26] in low- and
lower—middle-income countries found that mHealth use
increased the odds of facility-based births and PNC use [26].
Similarly, Wagnew et a [69] reported that SMS text
messaging—based mHealth increased the use of >4 ANC visits
as well as facility-based births in low- and middle-income
countries. Rahman et al [70] and Sondaal et al [27] also report
positive effects of mHealth use on ANC coverage and
facility-based births in low- and middle-income countries.
However, our study is unique because it presents the effect of
mHealth use specifically by CHWSs, atarget group not explored
in the other studies. In addition, thisisthe first review to focus
on SSA specifically.

We found mixed results on theimpact of mHealth use by CHWs
on ANC visits. Of the 7 studies that reported on ANC
attendance, 3 (43%) showed that mHealth use by CHWs may
increase ANC use. While the SMS text messaging—based
mHealth studies in Kenya and Ethiopia[48,54] and the mobile
app study in Ethiopia[49] found increasesin the overall number
of ANC visits or 24 ANC visits, all other studies (4/7, 57%)
found no effect. We also observed that many studies reported
>4 ANC visitsasan outcome. Reporting on >4 ANC visits may
be attributed to the previous WHO recommendation, according
to which 4 ANC visits were deemed adequate [71,72]. Only 2
(29%) of the 7 studies reported on ANC visits in the first
trimester, and none of the studies reported on >8 ANC contacts
as recommended by recent WHO guidelines[73]. As observed
in many settings, especially in SSA, women start ANC
attendance late [ 74,75], which may affect the number of ANC
visits; therefore, we suggest designing mHealth programs to
specifically focus on encouraging early ANC attendance
(Textbox 1). Designing mHesalth to support women to start ANC
attendance earlier may have 2 advantages. First, mHealth may
help identify pregnancies early through decision support and
referrals to health facilities. Second, mHealth may support the
provision of high-quality, community-based ANC by CHWSs
[76]. This approach would ensure that mHealth supports the
recommended ANC contactsaswell asthe quality and outcomes
of these community contacts.
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Textbox 1. A summary of recommendations for mobile health (mHealth) implementation in sub-Saharan Africa (SSA).

Maternal health continuum of care outcomes

« Antenatal care (ANC): design mHealth programs measuring theimpact of mHealth on ANC attendancein thefirst trimester and 28 ANC contacts.

« Postnatal care: design more studies to measure the impact of mHealth on postnatal care.

Coverage of mHealth

« National scale-up of mHealth programs s required in settings where mHealth has been shown to work but is being implemented as a pilot or at

the subnational level.

«  Where national scale-up of mHealth is desired, consider adding health system—strengthening activities in addition to mHealth intervention.
«  Scae up mHealth platforms that have been shown to work in other settings and countriesin SSA.

Choice of mHealth platform
«  Consider SMS text messaging—based platforms and mobile apps.

Sociotechnical system dimension requiring further data

«  Design studies to measure the influence of culture and program goals on mHealth use.

We found very few studies (4/10, 40%) reporting on PNC
outcomes compared with the studies reporting on ANC (7/10,
70%) and facility-based birth (9/10, 90%) outcomes. Of the 4
studies, 1 (25%) SM S text messaging—based study [60] and 2
(50%) mabile app studies[47,49] found increasesin PNC visits
after implementing mHealth programs. We suggest more studies
designed to specifically show the effect of mHealth on PNC
visits because providing care during the postnatal period reduces
maternal and neonatal deaths as well as complications [7]
(Textbox 1).

The findings from this review also have implications for the
scale-up of mHealth programs and mHealth platforms of choice
in SSA. Of the 10 included studies, only 1 (10%), which was
conducted in Rwanda, was implemented nationally [52], while
the rest (n=9, 90%) were implemented as pilots or at the
subnational level. In addition, the mgjority of the studies (9/10,
90%) used either SM S text messaging or an mHealth app. As
the results of this review show the benefits of mHealth use by
CHWs on maternal health outcomes, we suggest a national
scale-up in pilot or subnational programs; alternatively, new
programs may consider the scale-up of mHealth from the
beginning. Asachoice of platform, this review has shown that
SM S text messaging—based platforms or mHealth apps may be
used as the platforms of choice (Textbox 1).

This review has also identified facilitators and barriers to
mHealth use by CHWs across the 6 dimensions of the STS
framework. Most of the studies reported facilitatorsand barriers
with regard to people, working practices, infrastructure, and
technology among the 6 dimensions. One of the common
findings concerned the perceived improvement in CHWS' status
when they started using mHealth, as well as improved trust.
This finding is echoed across other studies in the literature
[77,78] and may be an essential reason for introducing mHealth
in limited-resource settings. A recent review on the use of
mHealth by CHWSs, specifically smart devices, also found that
mHealth improves CHW status [79]. As echoed by Perry et al
[31], improving the status of CHWs and increasing their
recognition by the formal health system isacrucial enabler for
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successful CHW programs, and mHealth may provide the
pathway to achieve this. In addition, paying attention to the
social environment of CHWSs, including relationships, plays a
vital rolein the success of mHealth programs[80].

Thefindingsfrom the processes, infrastructure, and technol ogy
dimensions reinforce the importance of strengthening CHW
programs and health service infrastructure before the
introduction of mHealth or aspart of itsimplementation. Critical
components such as MOH ownership and stakeholder
engagement, as well as standardized and robust systems such
astraining and the provision of incentives or salariesto CHWs
need to be considered to ensure the success of mHealth in many
settings. Other studies in the literature have also emphasized
the need to build systems and appropriate governance to address
barriers related to mHealth equipment and evolving mHealth
technologies[81,82]. Therefore, we recommend that the design
and implementation of mHealth programsin SSA shouldinclude
health system—strengthening activities to maximize the impact
of mHealth tools (Textbox 1).

We need further studies acrossthe culture and goals dimensions
of the STS framework. First, very few of the included studies
reported on the influence of culture on mHealth use by CHWs
in SSA. Incorporating various aspects of culture, such as the
local language, into mHealth improves its acceptability,
usability, and effectiveness [83,84]. Unfortunately, even in the
literature, there are limited studies reporting on the impact of
culture on mHealth use [84,85], and the results were similar in
this review [58,59,62]. More studies should be designed to
explore the impact of culture on mHealth use. Second, further
research is needed on the impact of clearly defined goals as
enablers and barriers to mHesalth (Textbox 1).

Limitations

This review has some limitations that should be considered
when interpreting the findings. First, it focused on mHealth
interventions by CHWs for women of reproductive age using
ANC, giving birth at health facilities, and using PNC within 42
days in SSA. While this limits generalizability to other
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populations, settings, and maternal health outcomes, it allowed
for atargeted examination of mHealth impact on key services
across the continuum of care in a region with high maternal
mortality.

Second, the review included studies that implemented mHealth
alongside other health system—strengthening activities, making
it difficult to isolate the effect of mHealth alone. However, this
reflects the real-world implementation of mHealth as atool to
enhance CHW service delivery within broader health systems,
rather than as a stand-al one solution.

Third, the review may have missed some relevant studies by
excluding gray literature. In addition, not ng publication
bias could mean that the included studies are skewed toward
positive findings. However, a comprehensive search of 6
databases and reference checking was conducted, and all studies
meeting inclusion criteria from these sources were included.

Finaly, studies were excluded if they lacked sufficient
information on the mHealth intervention, which could introduce
selection bias. However, this was necessary to ensure that the
review could meaningfully synthesize and interpret how
mHealth was used to impact outcomes.
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Recommendations

Thisstudy hasimplicationsfor program implementation, policy,
and research. Although our recommendationsfocus on mHealth
implementation in SSA, we hope some lessons can be applied
to other settings. We present a summary of recommendations
in Textbox 1.

Conclusions

The study found evidence that mHealth use by CHWs results
in an increase in facility-based births. Although the results are
mixed, approximately half of the studies (3/7, 43%) that reported
on ANC and 75% (3/4) of studiesthat reported PNC attendance
showed that mHealth use by CHWSs increased the use of these
services. We found limited studies (2/7, 29%) measuring the
impact of mHealth onincreasing ANC visitsin thefirst trimester
and no study reported on =8 ANC visits. On the basis of the
STS framework, most of the studies explored barriers and
facilitators acrossthe people, processes and procedures, building
and infrastructure, and technology dimensions. More studies
are needed on the culture and goals dimensions of the STS to
better understand the impact and uptake of mHealth for
improving maternal health outcomes.
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