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Background: Antenatal care (ANC) is a core component of maternal health services. However, only half of the pregnant women in
LMICs obtain WHO recommended minimum of four antenatal contacts. In addition, ANC 4+ is a commonly used indicator in
monitoring ANC utilization. However, contact coverage alone provides no indications of service quality. In recent years, digital health
interventions bring opportunities to provide quality maternal health care. Yet, there are few reviews on how digital health interventions
contribute to improving effective coverage of antenatal care. A rigorous review that examines the role of digital health interventions in
improving effective coverage of antenatal care is needed to examine how digital health solutions were rapidly deployed to support
quality antenatal care service delivery.

Objective: This review aimed to map evidence on the role of digital health solutions on quality of antenatal care service to enhance
effective ANC coverage.

Methods: A scoping review approach was used and four Databases (PubMed, Cochrane Library, Scopus and Embase) as well as
search engines like Advanced Google Search and Google Scholar were searched from September 1 to 8, 2022. Thematic content
analysis was used to present the findings.

Results: A total of 1701 articles were searched. A total of 27 full-text studies were included in the final analysis. The most reported
use of digital health was for client education and behavior change communication. Most studies showed that digital health interven-
tions have proven effective in improving antenatal care. However, most of the studies did not address to assess the quality of ANC
services.

Conclusion: In this review, we found out that digital health solutions targeted at pregnant women can improve antenatal care services.
There is body of evidence showing the effectiveness of digital health interventions on a range of maternal health outcomes. Few pieces
of literature exist on the use of digital health interventions on the quality of antenatal care services. There is a need for more trial and
program evaluation studies that examine the role of digital health interventions on the quality of ANC.
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Introduction

From the period 1990 to 2015, the number of maternal mortality globally dropped by 43%.' Too many women, in
general, still die from preventable health issues during pregnancy and childbirth.” At the beginning of the Sustainable
Development Goals (SDGs), maternal morbidity and mortality remained unacceptably high in most low- and middle-
income countries.'** Most developing countries remain far from universal coverage of maternal health services.* The
high maternal mortality rate is striking, given that the knowledge and technology needed to reduce it have been available
for many decades, and the costs of intervention are relatively low and affordable for most.*
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Antenatal care (ANC) is a central component of maternity care provided by skilled healthcare providers to ensure
positive pregnancy outcomes for both the mother and her baby.®® It is a scheduled, client-centered obstetric care focused
on the mother’s well-being and fetal health through regular pregnancy monitoring.® It provides an opportunity to screen,
diagnose, and treat pre-existing health problems and identify, prevent, promote, and manage health issues during
pregnancy.”' Tt is a vital link in the continuum of care across reproductive, maternal, newborn, and child health
services. The World Health Organization (WHO) recommends a core package of essential interventions for routine ANC
to ensure better perinatal and maternal outcomes. The essential interventions package is adaptable to different settings for
countries to contextualize them according to their needs and resource capacities.® However, the intervention package’s
effectiveness can be assured when delivered with a specific frequency, timing, and right content.®''™'?

Globally, four or more contacts with healthcare professionals (ANC 4+) are commonly used indicators in monitoring
ANC utilization.'*"'® The limitation of “crude” or “contact” coverage as a measure is that it only provides the frequency
of visits and fails to capture the quality of services offered in those visits. The contact coverage alone provides no
indications of service quality and potentially overestimates the health benefits of the services.'' '*

Effective coverage, in contrast, combines service utilization with the quality of care received.'® Assessing the
effective coverage of essential ANC interventions is more comprehensive than ANC4+ for assessing ANC service
provision.'” However, globally, more than 40% of pregnant women were not receiving early antenatal care in 2013.'®

Digital health interventions are currently at the forefront of improving healthcare delivery and healthcare systems. It
is also being applied to support the provision of safe, accessible, coordinated, and effective maternal health care."
Numerous digital health interventions are being used to improve antenatal care service uptake.

Yet, there are few reviews on how digital health interventions improve the quality of antenatal care services.
A rigorous review that examines the role of digital health interventions in improving effective coverage of antenatal
care is needed to examine how digital health solutions were rapidly deployed to support quality antenatal care service
delivery.

The review research questions are: What are the available pieces of evidence on the role of a digital health
intervention in effective coverage of antenatal care? What evidence is available on the role of digital health intervention
in improving effective coverage of ANC? What types of digital health interventions tested and improved effective
coverage of ANC have been reported globally?” What core packages of antenatal care interventions are included in the
digital intervention?

To answer these questions, we applied a scoping literature review to map the evidence of the role of digital health solutions in
arange of effective coverage of antenatal care by thermalizing the interventions according to the types of digital health solutions.

Method

This review was conducted following the Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) checklist,”’ and it was guided by Joanna Briggs Institute (JBI) scoping review guidance.”!

Eligibility Criteria

All studies carried out worldwide involving digital health interventions to improve antenatal care were considered for inclusion,
while all studies other than those in the English language were excluded. Studies for which we were unable to retrieve the full text
were excluded. A population, concept, and context (PCC) framework was used to determine the eligibility of our primary
research question. The study used the PCC framework (Table 1) to align the study selection with the research question.

Data Source and Search Strategy

Four databases (PubMed, Cochrane Library, Scopus, and Embase) and search engines like Advanced Google Search and
Google Scholar were searched. The reference lists of the retrieved and pertinent articles were also hand-searched. We
used different combinations of keywords and text to build the search strategy and identify relevant articles. Medical
Subject Headings (MeSH) were used wherever applicable, and Boolean operators (AND, OR) were used to specify
combinations of search terms. The search terms were grouped into three major categories of interest: Participant, concept,
and context.
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Table | Eligibility of Studies According to the Participant, Concept, and Context (PCC) Framework

Attribute Inclusion Criteria Exclusion Criteria

P: participants The current review considers studies that evaluate digital Facility heads that are not directly involved in patient care
health interventions targeted at antenatal care utilization.
Types of participants included in this review were women in
the antenatal care period and healthcare providers
undergoing an intervention to improve utilization of

antenatal care services.

C: concept The review considered studies of any intervention delivered | Demonstrating skilled birth attendants, postnatal care,
using digital technologies designed to improve antenatal emergency care, quality of life, the cost-effectiveness of the
care service utilization. Digital health interventions include | intervention, ART compliance reminders

educational messages (text messaging, SMS, voice calling,
voice messaging, transfer or moving images via Multimedia
Message Service, video), eRegistry, appointment reminders,

Decision support systems, and electronic health records.

C: context All countries in the world
Type of study/source | This review included quasi-experimental study designs, Articles unretrieved for full text (ie, studies with no full-text
randomized controlled trials, before and after studies, were excluded after repeatedly contacting)

analytical observational studies, including prospective and
retrospective cohort studies, qualitative formative studies,

any Interventional studies

Language Studies available in English Language Studies published not in the English language

Initial searches and screening of titles were performed by an author (BF). Screening of abstracts and full texts was
done independently by two authors (BF and AN). Any differences of judgment were discussed, and a consensus was
reached; otherwise, a third reviewer (DA) was involved in mediating unresolved issues.

Data Charting Process/ Extraction

Using a customized data extraction template, two reviewers (BF and AN) independently screened the abstracts and full
text of selected studies against the inclusion and exclusion criteria. The data extraction sheet using existing literature was
designed on an MS Excel spreadsheet. Disagreements between the two reviewers in this process were discussed with the
third reviewer (DA) until a consensus was reached. The information extracted included the author’s name, year of
publication, study title, the purpose of study, type of study design, health issue studied, sample size or interventional
group, control group, primary or secondary intervention, and Outcomes and Key findings.

Data Analysis and Synthesis

Built on the methodological framework for scoping reviews,*” we presented our findings in two ways. First, introductory
numerical analysis and the distribution of the studies are included in the review. We determined the type of studies and
their distributions by geographical location. Secondly, the study findings from the existing literature were presented using
thematic content analysis. Our result was then structured into three categories: 1) types of digital health interventions
commonly used for antenatal care service uptake, 2) the core package of ANC interventions addressed, and 3) the effect
of the interventions. Labrique et al framework was adapted to simplify the interpretation for categorizing the digital
health interventions according to their purpose.

Results
A total of 1701 articles were retrieved from the initial search. After duplications were removed, a total of 1329 studies
remained. Of the 1329 articles screened, the titles were screened for relevance, which drastically reduced the number to 141.
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S Cochrane (n=875)
2 »| Records removed before
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Records soreened. > | (n=1287) excluded
(n = 1329) using titles Using titles (n = (1188)
Using abstracts) (n = 99)
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»n
\ 4
Reports assessed for eligibility
(n=35) — | Reports excluded (n=8)
Not focused on ANC (n = 8)

v

Studies included in review

(n=27)

Reports of included studies

e Randomized controlled trial (n=11)
Non- randomized controlled trial (n= 3)
Pre-post/before after study(n=6)
Quasi Experimental with control(n=5)
Observational study(n=1)

Qualitative formative study(n=1)

Figure | PRISMA (updated 2020) flow diagram for data bases and registry search of studies.

Notes: PRISMA figure from Annals of Internal Medicine, Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA extension for scoping reviews
(PRISMA-ScR): checklist and explanation. Ann Intern Med. 2018;169(7):467-473.2° Copyright © 2018 American College of Physicians. All Rights Reserved. Reprinted with the
permission of American College of Physicians, Inc.

Then, we read the abstracts of 141 articles, of which 42 were shortlisted. Among the 42 abstracts, 7 of them could not be
retrieved. The full text of 35 articles was reviewed using a data extraction sheet. Eight out of the 35 full-text articles were
unrelated to antenatal care service utilization. A total of 27 full-text articles were included in the final analysis (see Figure 1).

Characteristics of Included Studies

Out of 27 studies that were included, 15 (56%) of them were conducted in Africa,
46,47

23-37 33,3845

nine were from Asia, two

were from South America, and one Australia/Oceania.*® The other six studies were from six countries, Zanzibar,
Nigeria, Samoa, Guinea, Bangladesh, and Myanmar, each contributing one.

The studies have different theoretical bases and designs. Eleven of these studies were randomized controlled trials;
three were non-randomized controlled trials. Six were pre-post design studies; five were quasi-experimental designs with
controls; the remaining two were observational and qualitative formative studies. The Studies included in the review

were published from 2010 to 2022.
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Types of Digital Health Interventions

The data from 27 final studies fall into six components of the mHealth and ICT applications framework developed by
Labrique et al.* The type of interventions in the above-mentioned studies lay in client education and behavior change
communication, registries/vital event tracking, electronic decision support (information, protocols, algorithms, and check-

lists), data collection and reporting, provider-to-provider communication, and provider work planning and scheduling.

Of the 27 studies, 22 (81%) addressed client education and behavior change communication.?*-2¢2931738:41748.50 \ 564

of the studies were assigned to more than one category: Registries/vital event tracking (n=11),242730:3339-4143.51 qatq

24,27,28,32, 34,35
6),

3840 provider to provider communication (n=2), electronic decision support

24,27,39-41

collection and reporting (n=
(information, protocols, algorithms, checklists) (n=5), provider work planning and scheduling (n = 2).2¢*° The

results of the classification are illustrated below.

Client Education and Behavior Change Communication

16),22-27-2931.32:33.373841444751 1ybile midwife technology (n=1),*> mHealth intervention

Short message service (n=
(voice message (n=1))° and Mobile phone voucher component,>* RapidSMS system>> were among the digital inter-
ventions used for client education and behavior change communication. Some studies used multifaceted interventions.

There are also studies with unspecified digital solutions for client education and behavior change communication.

Registries/Vital Event Tracking
CommCare mobile platform,”* RapidSMS system,?>*>! mHealth application (unspecified),”” APAS software®® SMS

41,43

based application (unspecified),’® eRegistry,>® a mobile application called Mobile for Mothers (MfM) were the

interventions used for registration or vital event tracking.

Data Collection and Reporting
CommCare mobile platform,” mHealth (unspecified)’’ Mobile phone application,”® SGS collect,*> Smartphone
application,*® and TeCHO+*° were among the digital interventions used for data collection and reporting.

Electronic Decision Support (Information, Protocols, Algorithms, Checklists)
CommCare mobile platform,** mHealth application (unspecified),”” eRegistry,*> TeCHO+,*” and a mobile application—
Mobile for Mothers (MfM)*! were used for electronic decision support.

Provider-to-Provider Communication
Only two studies and two digital applications: A frontline SMS-based application®* and SMS based application,* were
used for Provider-to-provider communication.

Provider Work Planning and Scheduling
Three studies used three interventions, such as the RapidSMS system,?® an SMS-based application (unspecified),”> and
TeCHO+* for provider work planning and scheduling.

The Content of the Antenatal Care Service Addressed
A total of 23 studies assessed the effectiveness of digital health interventions on the number of antenatal care visits.

. . 2327-29,31,32,34,37,38,41-45,47,51
Fifteen studies™™" =7~ »=o7"7 7% o

treated the topic of antenatal follow-up reminders in improving ANC
attendance. Based on the World Health Organization guideline,® the reviewed studies are summarized in the following

core packages of ANC interventions.

Maternal and Fetal Assessment
As mentioned above, 23 studies assessed the role of digital health solutions on antenatal care follow-up. However, only
one study’® reports the effect of the intervention on early initiation and adherence to the ANC schedule. Four
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24,39,45,47

studies assessed the role of digital solutions on blood tests during ANC. Two of the studies***” included a blood

test for Hgb, syphilis, blood type, and HIV, and the other two studies’® and ** for anemia (Hgb) and blood group,
respectively. Hypertension and gestational diabetes were assessed by three studies,***° fundal height and fetal growth

24,39 24,47

monitoring, and Urine analysis were assessed.

Health Promotion, Prevention, and Treatment During Pregnancy
Health promotion, prevention, and treatment during pregnancy are core packages of antenatal care interventions. Most of

the studies included in this review assessed at least one of the components. Tetanus vaccination,?#*531:34:41:43-45.47.50

24,31,34,36 23,24,26,27,29,35,41,43-45 24,26,29,35,40,41

preventive treatment for malaria, delivery plan, child Vaccination,
breastfeeding,***%4° Iron folic acid,?-*3!:40:41:43-45.47.50 pNC 23262745 danger sign of pregnancy,”~**' and

deworming®! were the assessed core packages of the antenatal care interventions.

Strengthening the Healthcare System for ANC

Instituting continuous quality improvement and improving the documentation and reporting of ANC is one of the core
packages of antenatal care interventions. Few studies reported the role of digital interventions in the documentation and
reporting of ANC.2*?7-284% Also, two studies reported that digital health interventions with decision-support algorithms

produce recommendations for treatment, referral, and client follow-up.***’

Effect on the Intended Outcome

Effect on Client Education and Behavior Change Communication
Most StudieSZ7—29,31—35,37,38,41—45,47,51

behavior change communication.

reported that digital interventions had a role in improved client education and

A cluster randomized controlled trial in Zanzibar was conducted in primary health facilities. Twenty-four healthcare
facilities were randomized to either the intervention or control groups. The intervention consisted of two components
mobile phone voucher and short message service. The mobile phone voucher helped pregnant women to communicate
with primary healthcare providers, and the SMS component was used to send appointment reminders and educational
messages about ANC and PNC. The central outcome measure of the study was 4+ ANC visits. In the intervention
category, 44% of women attained four or more ANC visits compared to 31% in the comparator group (OR, 2.39; 95% CI
1.03-5.55). Also, in the intervention group, 72% of women received two doses of tetanus vaccination versus 56% in the
control group, and 65% received two doses of prophylaxis for malaria, 52% in the control group (OR, 1.97; 95% CI,
0.98-3.94). Most women in the intervention group mentioned that receiving text messages influenced the number of
times they attended antenatal care, and the educational messages helped them know about pregnancy danger signs.>*

Coleman et al* reported that 72% of those exposed to SMS text messages had higher odds of attending the
recommended four antenatal visits than 46% of participants in the control group (OR: 3.21, 95% CI 1.73-5.98).

A single-blind randomized controlled trial conducted in Kenya among 241 interventions and 119 groups reported that
short message service improved the uptake of focused antenatal care. Short message reminders improved the probability
of using focused antenatal care by 19.6 times (OR: 19.6, P<0.001, CI=10.06-38.37).*”

A randomized controlled trial in Kenya evaluated the impact of mobile telephone support on Maternal Health Service
Care. A significant association was observed between the intervention category and the number of ANC visits (96.4% in
the intervention group and 92.3% in the comparator group, P value: 0.002).>" Also, this study reported a significantly
higher proportion of women on follow-up who received counseling on diet, place of delivery, malarial prophylaxis, iron
and vitamin supplements, deworming, and drugs.’’

In Ghana, a qualitative study was conducted to explore the role of mobile technology in the lives of pregnant mothers.
The Mobile Midwife technology regularly sends reminders to pregnant women for ANC visits. A total of three FGDs
were conducted, and 19 individuals were interviewed. It was found that women increasingly gained trust in the Mobile
Midwife technology. Women expressed that the frequency of ANC visits increased after the introduction of mobile
technology.>
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In Ethiopia, a community-based randomized control trial (RCT) was conducted in three woredas of the Guraghe zone.
Mobile phones equipped with frontline SMS-based, a locally developed application was distributed to all health extension
workers to both intervention woredas who filled maternal, child, and stock-related forms. The system also sent a reminder
for HEWs. The study confirmed the positive impact of SMS-based mobile phone intervention in most of the selected MCH
service indicators, such as improvement in the percentage of the recommended number of ANC visits. >

In India, a quasi-experimental study with controls was conducted to assess the impact of the mHealth intervention on
maternal health knowledge, antenatal care (ANC) attendance, and delivery in a health facility. Mobile for Mother (MFM)
mobile application sends pregnancy-related information to pregnant women through text, pictures, and voice prompts. The
results indicated that women in the intervention group had higher maternal health knowledge and were more likely to have
4+ ANC visits.

However, few studies?>*®

reported that digital health interventions had no positive effect on client education and
behavioral change communication.

A controlled clinical trial study was conducted in South Africa to increase antenatal health knowledge and awareness by
sending text messages about clinic procedures at antenatal visits. A total of 102 women (intervention: text message) and 104
(control: standard of care) were recruited. Text messages with antenatal health information were sent to pregnant women.
The results showed no statistically significant difference between the two groups (P > 0.05). However, evidence from self-
reported behavior and the focus group discussion suggests that text messages have the potential to motivate change in health-
seeking behavior.”?

In Samoa, a Quasi-Experimental study was conducted to assess facilitators and barriers to implementing an SMS text
messaging intervention for pregnant women in Samoa and to assess its impact on ANC attendance. A weekly base
educational text message was sent to the intervention group. The study reported that text message has a negative effect on
ANC attendance. In the intervention group attended 15% fewer ANC visits than the comparison group (P=0.004).%*

Effect on Registries/Vital Event Tracking

Eleven studies reported digital applications’ role in registration or vital event tracking.?**>*%3° In Nigeria, a pre-post
study was conducted to assess whether CommCare mobile phone application had an effect on the quality of ANC
services. The application helps community health workers to register clients and following-up clients on scheduled visits.
The introduction of CommCare improved the quality score from 13.3 at baseline to 17.2 at the end line (P < 0.0001).%*

In Kenya, an evaluation study was conducted to assess the impact of the mobile health system on antenatal and postnatal
attendance. A total of 20 community health workers and 67 pregnant women or new mothers were interviewed to assess the
adherence following the registration of 800 women into mobile health system ANC/PMTCT Adherence System (APAS).
All CHWs stated that APAS help them track vital events efficiently, as compared to paper-based tracking systems.*’

A cluster randomized controlled trial was conducted in Palestine at primary healthcare units. The intervention was an
eRegistry with clinical decision support for antenatal care. A total of 133 clinics with 120 clusters were included and
randomly assigned either to the control (paper-based documentation) or intervention (eRegistry with clinical decision
support) groups. The study reported that the intervention improved guideline adherence for screening and management of
anemia 2297 [44.3%] of 5182 vs (1535 [28.9%] of 5320 [AOR: 1.88 [95% CI 1.52-2.32]]), hypertension 7314 [96.6%]
of 7569 vs (7555 [94.7%] of 7982 [AOR 1.62 [95% CI: 1.29-2.05]]), and gestational diabetes 2189 (50.7%) of 4321 vs
1726 (39.7%) of 4348 [AOR: 1.45 [95% CI 1.14-1.83]]) at eligible antenatal contacts.>

Effect on Data Collection and Reporting
Four studies®*****° demonstrated that digital interventions positively affect antenatal care service utilization and quality
of care by facilitating data collection and reporting.

In Nigeria, a pre-post study was conducted to determine the effect of CommCare mobile phone application on the
quality of ANC services. The CommCare application guides CHWs in collecting client data (medical information) in
real-time helps CHWs to collect information during the examination (maternal and fetal danger signs, and fetal heart
rate) and lab results (protein or glucose in the urine, malaria test, UTI test, Hbg levels). Through the initiation of
CommCare, the quality score improved from 13.3 at baseline to 17.2 at the end line (P < 0.0001).%*
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In the Thai-Myanmar, a randomized control trial was conducted to evaluate an electronic mobile phone application to
improve the quality of antenatal care. A web-based and mobile technology system module was developed to generate
ANC visit schedule dates. The study showed that the mobile phone application had more complete records for Hepatitis
B screening, physical examination, education and counseling, and birth preparedness plans. Overall, the intervention
improved the quality of ANC coverage by increasing the completeness of records and the number of ANC visits, and
highly acceptable for healthcare providers.?®

A quasi-experimental study was conducted in Ghana to assess the impact of Technology for maternal and child health
(TAMCH) on MCH services utilization and continuum of care. The implementation of TAMCH increased antenatal care
attendance by 18 percentage points [95% CI: —17.0; 52.0] compared to the control.>

In India, a mixed-method design with a realist evaluation approach was conducted to assess changes in the coverage,
quality of data reporting maternal and child health services, and time spent in the documentation before and after the
introduction of the TeCHO+ app. The survey was conducted in 32 sub-centers across two districts of Gujarat State in
India. A total of 29 nurses, 12 data entry operators, and 10 primary health center medical officers were purposefully
selected from 32 PHCs and interviewed to understand the pathways leading to the program outcome. The coverage of full
antenatal care (ANC; 75.6% vs 67.9%, p-value <0.0001), consumption of at least 180 iron-folic acid tablets (93% vs
77%, p-value <0.001), and early initiation of breastfeeding (42.7% vs 24.2%, p-value <0.001), improved. The overall
concordance rate for routine maternal health indicators (a measure of data quality) improved from 69.1% to 80.5%.%°

Effect on Provider-to-Provider Communication

Lund et al** reported that mobile phone improved timely referrals between different health system levels and enabled
health workers to consult patients with higher levels of care.’* A community-based randomized control trial study in
Ethiopia demonstrated that the Frontline SMS-based applications facilitated emergency referrals from health posts to
health centers and prepared HCs to receive patients.>

Effect on Electronic Decision Support (Information, Protocols, Algorithms, Checklists)
In Nigeria, a Pre/Post-Intervention study introduced a mobile case management and decision support application to
assess the effect of the interventions on the quality of antenatal care services provided by the lower-level cadre. Client
records included demographic data, medical history, screening information, and laboratory test results were assessed. The
app contained decision support algorithms covering the core areas of ANC services, including screening for pre-
eclampsia and management of obstetric danger signs and test results that were out of normal range; the app generates
a recommendation for treatment, referral, and client follow-up. The intervention improved the overall quality score from
13.3 at baseline to 17.2 at the end line (p<0.0001).**

Venkateswara et al*® reported that eRegistry with a decision support system improved screening and management for
anemia, gestational diabetes, and hypertension. The clinical decision for antenatal care in the eRegistry was greater for

most process outcomes but failed to demonstrate its effect on adverse health outcomes.*”

Effect on Provider Work Planning and Scheduling

Saha et al* reported that TeCHO+ helped to automatically generate daily work plans that capacitate the Auxiliary Nurse
Midwives (ANMs) to track beneficiaries, and alerts for high-risk cases help ANMs follow-up and encourage beneficiaries
to take referral services. The study reported that TeCHO+ intervention had improved access to care and impacted

coverage and data reporting quality of various maternal outcomes.

Discussion
With the exponential growth of digital health implementation, there is a growing need to examine interventions according
to their specific approaches and targeted health outcomes addressed. This review shows that most of the studies took

place in Africa and Asia, while some were conducted in South America and other parts of the globe.
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Digital solutions are increasingly being utilized to increase the quality of prenatal care and collect pregnancy data.
Except for three, all the studies included in this review showed some evidence that digital health interventions could play
a role in improving antenatal care service utilization.

However, the design and outcomes of the studies varied, making it difficult to compare them directly. The studies
demonstrated the role in various ways, such as increased service utilization, improved antenatal care attendance, reduced
missed appointments, and increased knowledge and awareness of antenatal health services.

In the majority of the studies, the authors did not state the intervention pathways through which it would be delivered

27,28,34,35,41,51

to target groups. In addition, several studies combined multiple digital health interventions, making it

difficult to describe to what extent the specific intervention brought the desired outcome.

Based on our analysis, the most reported use of digital health interventions was for client education and behavior

change communication,?’ 2?3173841-48.3051 fo115wed by Registries and vital event tracking. 24 27-30-34:35:394143.51 tper

categories were digital health solutions as a data collection and reporting system aimed to ensure data recording and

24,27,39-41

completeness.?*?72%32:3840 The other category was the electronic decision support system, which aimed to

demonstrate how the decision support system could help screen and diagnose any health issues and ensure the quality of

services. Also, a few studies were categorized into the provider-to-provider communication category>**

to improve
access to care providers’ consultation and facilitate communication during the referral of pregnant women in the case of
an emergency.

The categorization of the studies into various digital health interventions demonstrates that empirical evidence exists
on the role of digital health interventions on client education and behavior change communication, registries and vital
events tracking data collection, and reporting of antenatal care service. However, little is known about provider-to-
provider communication, provider work scheduling and planning, supply chain management, and electronic health
records.

23,27-29,31,32,34,37,38,41-45,47,51

Many studies treated the topic of antenatal follow-up reminders in improving ANC

attendance. The way the interventions were delivered was not uniform. Some sent SMS to the pregnant women

unidirectional,>*2%-132:34363848 44 some sent SMS from the pregnant women to the health facilities bidirectional,*’

26,27,30,35

and/or voice messaging.*> Also, some studies sent SMS directly to the healthcare providers to facilitate and

coordinate ANC-related services.

25,37,48 .
2748 the rest addressed more than one antenatal care service content.

In all studies,
According to the World Health Organization’s recommendations, all pregnant women should be screened for a health
condition, tested for a basic blood test, follow the recommended number of ANC visits, and start their first ANC before
16 weeks of gestation.® Many studies assessed the role of digital health solutions on antenatal care follow-up. However,
only one study’ reports the effect of the intervention on early initiation and adherence to the ANC schedule. Some
studies tried to demonstrate the role of digital solutions on blood tests during ANC. Studies***” included a blood test for
Hgb, syphilis, blood type, and HIV, and the other two studies®® and ** for anemia (Hgb) and Blood group, respectively.
Health promotion, prevention, and treatment during pregnancy are core packages of antenatal care interventions. The

majority of studies evaluated the role of digital solutions on one of the components. Tetanus vaccination,>*8-31:34:41:43~

45,47,50 Iron folic aCid’23,24,31,40,41,43—45,47,50 and delivery plan23,24,26,27,29,35,41,43—45

24,31,34,36

were the core components of ANC

24,26,29,35,40,41 breastfeeding,23’24’28’40

assessed followed by preventive treatment for malaria, child vaccination,

and PNC.>>?%27% However, only three studies demonstrated the role of digital interventions on danger signs of
pregnancy.****4!

With a comprehensive search strategy, this review analyzed the role of digital health interventions in the effective
coverage of ANC. Most studies demonstrated that digital health interventions used for client educational and behavioral
change communication were positively associated with antenatal care service utilization. However, the interventions
must be contextualized so that the delivery channel and the content are appropriate for the target audience. We identified
three delivery channels through which digital health interventions are used for client education and behavioral change
communication: direct messaging (unidirectional or bidirectional), voice counseling, and job aid/photograph applications.
These three ways of delivery are prominently different from one another in several core implementation elements, which
affect the intensity of client education and BCC delivery and are, therefore, likely to affect its effect on ANC service
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uptake. These include the frequency of communication, length, and complexity of content delivered. The messages
should be tailored to the recipient’s trimester of pregnancy. Trials of direct messaging interventions with a primary focus
on antenatal care have shown effectiveness in improving the uptake of ANC services >’ 29-173%-3738:41743.47.51

Though, much of the literature reported the role of digital solutions on several antenatal attendances, and few studies
evaluated the effect of interventions on the quality of ANC. The number of antenatal care attendances alone could not be
a guarantee for improved maternal health outcomes. We consider the review findings are promising; more rigorous
studies are needed to determine the role of digital health interventions to enhance the effective coverage of antenatal care
services. Also, most studies used digital health interventions for client education and behavior change communication for
improved ANC; only one study assessed the effect of the intervention on pregnant women’s worries,*” and the study

reported that digital targeted client communication has no effect on pregnant women’s worries.

Limitations

We conducted an extensive search. However, some eligible studies may have been missed due to the title screening being
done by a single individual, as this might entail a risk of rejecting relevant reports. Also, some digital health programs
may be unevaluated and unreported. In addition, not retrieved articles and studies published in languages other than
English were not included.

Conclusion

This review identified that digital health solutions targeted at pregnant women can improve antenatal care services. There
are emergent pieces of evidence indicating the effectiveness of digital health interventions on a range of maternal health
outcomes, but the majority of the available literature focuses on the crude coverage of antenatal care. Few pieces of
literature exist concerning the use of digital health interventions on the quality of antenatal care services. There is a need
for more trial and evaluation studies that examine the role of digital health interventions to enhance the effective
coverage of ANC.
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