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Abstract

Introduction Digital health technologies have vastly improved monitoring, diagnosis, and care during pregnancy. As
expectant mothers increasingly engage with social media, online platforms, and mobile applications, these innova-
tions present valuable opportunities to enhance the quality of maternal healthcare services.

Objective This review aims to assess the applicability, outcomes, and recent advancement of digital health modali-
ties in antenatal care.

Method We conducted a scoping review by searching four electronic databases (Scopus, Web of Science, PubMed,
EBSCOhost), performing manual searches of Google Scholar, and examining the references of relevant studies. Eligible
studies included original research published in English between 2010 and 2024 involving the use of digital health
technologies for antenatal care, complying with the Preferred Reporting ltems for Systematic Reviews and Meta-Anal-
yses extension for scoping review guidelines.

Results One hundred twenty-six eligible articles were identified, with the majority (61.11%) conducted in high-
income countries, including the United States, United Kingdom, and Australia. Digital health studies have increased
over time, driven by telehealth adoption in affluent nations. Interventions predominantly focused on patient-provider
consultations, remote monitoring, and health education, complementing in-person visits or as a substitute when nec-
essary. High levels of acceptance and satisfaction were reported among users. These interventions primarily targeted
general maternal care (28.57%), gestational diabetes mellitus (15.07%), and mental health (13.49%) while also address-
ing gestational weight management, hypertensive disorders, high-risk pregnancies and maternal education. The
findings demonstrated positive outcomes in managing clinical conditions, enhancing knowledge, promoting birth
preparedness, and improving antenatal care access and utilisation. Additionally, the findings revealed the cost-effec-
tiveness of these approaches in alleviating financial burdens for patients and healthcare systems.

Conclusion Digital health is emerging as a pivotal tool in maternal and child care, fostering positive outcomes

and high acceptance among patients and healthcare providers. Its integration into antenatal care ensures the mainte-
nance of standard care quality, with no adverse effects reported despite limited discussions on safety and privacy con-
cerns. As these technologies continue to evolve, they are set to redefine antenatal care by offering more accessible,
efficient, and patient-centred solutions, ultimately shaping the future of maternal healthcare delivery.
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Introduction

Antenatal care (ANC), or prenatal care, is vital for pro-
moting the health and well-being of pregnant individuals
and their unborn children. It plays a critical role in the
early detection and management of potential complica-
tions, promotes positive maternal and neonatal outcomes
and provides essential education and support during
pregnancy [1, 2]. Despite its importance, the compliance,
effectiveness, and accessibility of ANC services are influ-
enced by various factors, including socio-demographic
characteristics, healthcare infrastructure, cultural beliefs,
and knowledge [3, 4]. Integrating digital health tech-
nologies in ANC service has emerged as a transforma-
tive approach to address these challenges, offering novel
solutions to improve access, efficiency, and the quality of
maternal health services [5].

Digital health technologies have significantly advanced
maternal and foetal health outcomes by enabling real-
time monitoring, personalised care, and improved
access to critical health interventions [6, 7]. By address-
ing barriers such as geographical distance and resource
limitations, these technologies enhance the accessibility,
coverage, and utilisation of maternal healthcare services,
ensuring pregnancy safety and continuity of care [8].
This impact is particularly evident in low- and middle-
income countries (LMICs), where limited infrastructure
and geographical barriers often restrict access to tradi-
tional healthcare services [9]. Furthermore, the adoption
of digital technologies in maternal healthcare not only
improves convenience and accessibility but also plays a
crucial role in addressing healthcare disparities and pro-
moting equity in maternal health services, ensuring more
inclusive and effective care delivery [10].

The adoption of digital technologies in antenatal care
has elevated the quality of services by fostering effec-
tive communication, delivering personalised care, and
enabling timely access to critical information and sup-
port [11]. These innovations empower both patients
and healthcare providers to make informed decisions,
resulting in better health outcomes [12]. Various digi-
tal tools support these improvements, each addressing
specific maternal healthcare needs. Mobile applica-
tions and telehealth platforms enhance communication
between patients and healthcare providers, promoting
active patient engagement [13—-15]. Wearable devices
and Al-driven analytics generate real-time insights,
facilitating timely interventions and informed clinical
decision-making [16]. Additionally, decision support

systems streamline workflows, enabling healthcare pro-
viders to deliver efficient, targeted care [17]. Together,
these technologies contribute to a healthcare system
that is increasingly patient-centred, scalable, and adapt-
able to diverse needs. Advances in information and
communication technology (ICT) further underscore
the transformative potential of these tools in improving
maternal healthcare, particularly in preventive care set-
tings [18, 19].

The COVID-19 pandemic has brought significant
changes to the healthcare landscape, with one of the
most notable shifts being the rapid adoption of digi-
tal health technologies [20]. This trend has profoundly
influenced maternal healthcare, where digital interven-
tions have been increasingly utilised to ensure conti-
nuity of care and address challenges posed by limited
physical access to healthcare services [12]. Even as the
pandemic subsides, the use of digital health technolo-
gies remains prevalent, gradually becoming an integral
and routine part of maternal healthcare practices. [21].
The increasing reliance of reproductive-age women on
the Internet, social media, and smartphone applica-
tions for prenatal, perinatal, and postnatal health infor-
mation underscores the growing importance of digital
health solutions [22]. These platforms offer a valuable
opportunity to enhance maternal care, enabling expect-
ant mothers to navigate their pregnancy journeys with
greater confidence and support [23].

There has been a positive association between the use
of digital tools in antenatal care and improved maternal
and foetal health outcomes [24, 25]. Both the American
College of Obstetricians and Gynaecologists (ACOG)
and the American College of Nurse-Midwives (ACNM)
have recognised the pivotal role of digital health, par-
ticularly telehealth, in maternal care, emphasising its
potential to shape the future of antenatal services [26—
28]. However, the effective use of digital health tech-
nologies in obstetric care must be guided by patient
preferences and access, considering the complexities
of clinical settings and the unique needs of pregnant
women [29-31]. Importantly, these digital innova-
tions in antenatal care are intended to complement and
strengthen standard care practices, serving as valuable
additions rather than substitutions.

While digital health tools hold the potential to
enhance antenatal care, their widespread adoption
faces notable barriers. These include disparities in
digital literacy, inequitable access to reliable internet
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connectivity, and ongoing concerns about data secu-
rity and patient privacy [32—34]. Moreover, it remains
crucial to rigorously assess the quality of antenatal care
services provided through digital platforms to ensure
they meet the established standards of care practice [9].
This review explores advancements in digital healthcare
applications for antenatal care, highlighting their prac-
tical usefulness and the evolving trends in the usage
modalities from 2010 to 2024. By examining the adop-
tion and development of digital health technologies
over this period, the review seeks to offer a comprehen-
sive understanding of their growth and impact on ante-
natal care practices. Furthermore, it highlights the key
transition towards telehealth, remote monitoring, and
other digital health innovations, which have increas-
ingly become integral components of routine antenatal
care.

Objective

This review aims to assess and categorise the charac-
teristics, features, and effectiveness of digital health
modalities in antenatal care, focusing on their applicabil-
ity, outcomes, and recent advancement. It examines the
role of digital health technologies in enhancing maternal
healthcare services, focusing on their application either
as substitutions or complementary enhancements to tra-
ditional antenatal care. It delves into the various modali-
ties employed to improve service accessibility, utilisation,
and maternal health outcomes, providing insights into
their effectiveness and impact on healthcare delivery.

Methods
Overview
This scoping review was conducted in accordance with
the methodological framework proposed by Arksey
and O’Malley [35] and Levac et al. [36]. The Arksey
and O’Malley model outlines six fundamental phases:

Table 1 Research questions
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(1) identifying the research question; (2) searching and
identifying relevant studies; (3) selecting the relevant
studies; (4) charting the data; (5) collating, summaris-
ing, and reporting the results; and (6) consulting with
stakeholders (optional). The scoping review methodol-
ogy was chosen to investigate the current state of digi-
tal health technology in ANC provision. The reporting
of this scoping review was guided by the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses extension for Scoping Reviews (PRISM A-ScR)
guidelines [37, 38].

Identifying the research question
This review addressed the following key questions, as
shown in Table 1.

Search strategy

A comprehensive search was conducted on November 12,
2024, across four major electronic databases: SCOPUS,
Web of Science, PubMed, and Medline/EBSCOHost. To
complement this, Google Scholar was utilised to iden-
tify additional relevant studies. The search was limited
to peer-reviewed articles published in English between
January 2010 and November 2024. The primary focus
was on studies investigating digital health technologies
specifically designed to support antenatal care services.
The search strategy was developed using Medical Sub-
ject Headings (MeSH) and relevant keywords associated
with antenatal care and digital health. Boolean operators
"AND" and "OR" were applied to systematically combine
keywords, enabling a thorough exploration of literature
across both medical and information and communica-
tion technology (ICT) fields. This approach ensured the
retrieval of a comprehensive and focused body of litera-
ture for the review. The search string was as follows:

Research Question

Rationale

What is the trend in the publication of scientific articles related to digital
technology in maternal care?

What digital health technologies have been used to enhance the provision
of ANC?

Which health domain has attracted considerable attention in the applica-
tion of digital technology?

How do digital health technologies contribute to ANC support?

What are the primary outcomes of digital health technology use in ANC?

To observe the publication trends of scientific articles on digital technol-
ogy in maternal care and identify the countries actively involved in digital
health advancements

To determine the types and trends of digital health technologies support-
ing the evolution of ANC over time

To identify the specific ANC health domains that have received significant
attention in the application of digital technologies

To explore the functionalities and roles of digital health modalities in facili-
tating and improving ANC

To evaluate the outcomes associated with the use of digital technologies
in ANC, including effectiveness, acceptance, feasibility, and satisfaction
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A. Pregnancy care OR antenatal care OR prenatal care
OR perinatal OR prenatal OR during pregnancy OR
gestation OR obstetric care OR maternal care

B. Digital health OR digital health care OR Digital
Health Technologies OR Digital health intervention

C. eHealth OR mHealth OR mobile health OR Telemed-
icine OR Telehealth OR Telemonitoring OR Virtual
care OR Virtual consultation

D. Acceptability OR Feasibility OR Satisfaction OR
Maternal outcome OR Effectiveness OR Safety

E. [A] AND [B] AND [C] AND [D]

Data extraction

Our review focused exclusively on studies utilis-
ing digital health technologies relevant to healthcare
delivery in ANC. Technologies unrelated to specific
health conditions, maternal health or healthcare deliv-
ery, were excluded from consideration. No restrictions
were imposed regarding study design, methodological
approach, or publication venue.

The data extraction process focused on identifying
relevant information related to digital health technolo-
gies or interventions in antenatal care. Extracted data
included the author(s), year of publication, study loca-
tion, study design, and topic category. Detailed descrip-
tions of the digital health interventions, their purpose,
the type of intervention, and clinical outcomes were
also recorded. The reviewed digital technologies encom-
passed innovations such as wearable devices, mobile
applications, text reminders, and other technologies
related to mHealth, telehealth, telemedicine, and virtual

Table 2 Inclusion and exclusion criteria
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care. These technologies were categorised by their clini-
cal target areas (e.g., hypertension, mental health), pur-
pose (e.g., education, remote monitoring, prevention),
mode of delivery (e.g., phone-based interventions, virtual
consultations, mobile or web applications), and whether
they served as supplementary or substitutive to tradi-
tional care.

Duplicates were identified and removed using Endnote
21 software. Two independent reviewers conducted the
screening process, beginning with the title and abstract
and followed by a full-text review. Reviewer disagree-
ments were resolved through consultation with a third-
party supervisor, who acted as an arbitrator to reach
consensus. This systematic approach ensured the reli-
ability and validity of the data extracted for subsequent
analysis.

Inclusion and exclusion criteria

The eligibility criteria refined the selection according to
the review objectives and were based on the inclusion
and exclusion criteria and whether they met the par-
ticipants or population, concept, and context mnemonic
categorisation suggested by the Joanna Briggs Institute
for Scoping Reviews [39], as shown in Table 2. Stud-
ies without accessible full texts or those available only
as abstracts were excluded from the review, as abstracts
alone often lack sufficient detail necessary for compre-
hensive data extraction and analysis.

Data analysis
Several temporal trends were identified from the study
list, such as the number of studies conducted each year

Categorisation Inclusion Criterion

Exclusion Criterion

Population

Concept

Intervention

Context

Outcome

Study type

Language

HCPs and antenatal mothers using digital technologies for preg-
nancy care

Involved digital health interventions or tools that primar-

ily used technological platforms to deliver antenatal health
services through different digital modalities: websites, computer
software, mobile apps, short messaging service (SMS), email,

or others

Wearable devices, mobile apps, websites, mHealth, teleconsulta-
tion, virtual care, voice or SMS text reminders

Serve to support maternal health in the antenatal period
among health providers and patients

Reported on maternal and neonatal outcomes / feasibility /
acceptability / satisfaction

Original research articles, case studies, RCTs, quasi-experimental
studies, implementation trials, observational studies, qualitative
studies, prospective and retrospective studies

English

Not related to ANC, that focused on postpartum or postnatal care,
family planning or involving partners, spouse, or family

Involved digital technologies for data services or health sys-
tems or resource managers, not related to health care provision
for pregnant women

Health management or information systems

Additional reproductive ages including family planning, intra-
partum, postpartum period and studies that reported outcomes
related to the baby’s health

Lacked definitive outcome or reporting on data management

Conference abstracts, editorials, commentaries, letters to the edi-
tor, essays, book chapters and books, study protocols, reviews

Language other than English
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and the digital health technology modalities (text with
images, videos, short messaging service [SMS], or oth-
ers) used by the studies each year. Data characteristics
were analysed using descriptive statistics and visualised
through tables or charts to provide clarity.

Quantitative data, such as publication frequency,
study locations, and adoption trends of digital health
technologies, were systematically captured and pre-
sented. Qualitative data, such as intervention features
and reported outcomes, were grouped and thematically
analysed to highlight key findings on effectiveness, fea-
sibility, and patient satisfaction. Findings were further
stratified based on clinical conditions (e.g., gestational
diabetes, hypertension) and delivery modes (e.g., tel-
emedicine platforms, mobile apps). Given the diversity
in study methodologies, types of digital technologies
employed, and outcome measures, results were syn-
thesised carefully to ensure meaningful interpretations
while addressing the data heterogeneity. While digital
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tools are designed to benefit both antenatal mothers
and healthcare providers, specific data on user popula-
tions were not extracted for detailed analysis.

Results

Literature search results

The search strategy retrieved 4,892 studies from
selected academic databases, including Scopus, Web
of Science (WoS), EBSCOhost MEDLINE, PubMed,
and other relevant sources. After removing duplicate
records, 4110 studies remained. Titles and abstracts
were screened using predefined inclusion and exclusion
criteria, narrowing the selection to 337 studies. A sub-
sequent full-text review excluded 211 studies, leaving
126 studies eligible for data extraction. The PRISMA
flow diagram (Fig. 1) outlines the selection process of
the studies in the analysis, while Table 4 summarises
the findings from the final included studies.

Fig. 1 PRISMA Flow Diagram
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Data charting

Characteristics of the included studies

All articles reviewed reported on using digital health
technologies or interventions for health-related pur-
poses, specifically targeting antenatal care. The interven-
tions were designed for antenatal mothers or healthcare
providers involved in the care. Figure 2 illustrates the
publication trends of studies on digital technologies in
antenatal care from 2012 to 2024, revealing notable fluc-
tuations in research activity.

Although the search period spans from 2010 to 2024,
no publications specifically addressing the utilisation of
digital health for healthcare delivery in antenatal care
that fulfil the inclusion criteria were identified before
2012. The data reveals a minimal number of publica-
tions from 2012 to 2016, followed by a notable peak
beginning in 2017. This upward trend continues, with
substantial increases in 2018 and 2022, culminating
in a significant spike in 2023, which recorded the high-
est number of studies. The decline in 2024 likely reflects
incomplete data for the current year; however, the num-
ber of publications remains significantly higher com-
pared to the earlier years. These findings highlight a
growing academic interest in digital health technologies
in antenatal care, particularly since 2017.

Table 3 summarises the findings and key characteristics
of the included studies, highlighting aspects such as geo-
graphic distribution, income classification, delivery medi-
ums, clinical conditions addressed, and study designs. The
included studies were conducted in 35 countries, with the
majority (n=77, 61.11%) originating from high-income
countries (HICs). The United States contributed the largest
number of publications, accounting for 36 studies [43, 45,
53-56, 59, 61, 63, 67, 74, 75, 95, 99, 100, 102, 103, 107, 109,
116, 119, 123, 125-128, 130, 131, 140, 151, 153, 156, 162].
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This was followed by Australia with ten publications [80,
83, 88, 90, 91, 98, 108, 129, 136, 154], the United Kingdom
with nine studies [79, 81, 85, 110, 120, 121, 124, 146, 155],
and the Netherlands with five publications [114, 115, 122,
143, 163]. Other high-income countries (HICs) represented
in the studies include Germany [97, 104, 134], Belgium [11,
111, 113], Italy [47, 86], and Spain [76, 77]. Additionally,
there was one study each from Canada [58], Sweden [132],
France [158], South Korea [78], Japan [69], Israel [82], and
Poland [89]. The lower-income countries represented in
the studies include Ethiopia [40, 157], Madagascar [44], and
Iran [73, 106], collectively contributing to five publications.

The most frequently employed methodological
approach was randomised controlled trials (RCTs),
accounting for 45 studies [41, 50, 52, 56, 59, 72, 74, 75,
78, 81-84, 96, 99, 101, 104-107, 111, 120-123, 125-135,
142-144, 147, 152, 159, 160, 162, 163]. Cross-sectional
studies (CS) represented the second most common
design, with 19 studies [11, 44, 48, 49, 53, 55, 57, 58,
61-63, 79, 87, 93, 145, 146, 154, 155]. Similarly, quasi-
experimental designs were utilised in 19 studies [45, 47,
65, 66, 73, 76, 90, 91, 94, 95, 102, 108, 112, 136, 141, 148—
150, 161]. Other methodological approaches included
observational studies [43, 71, 72, 79, 90, 91, 117, 120,1
39, 141, 142, 155, 158, 160] and cohort studies [54, 60,
67, 71, 86, 97, 98, 113, 116, 151, 157]. In addition, four
studies utilised a non-randomized single-arm design
[85, 100, 103, 109], while three studies employed a pre-
and-post interventional approach [40, 42, 119]. While
both pre-and-post interventional studies and single-arm
non-randomized trials can be categorised under quasi-
experimental designs, this analysis adhered strictly to the
original terminology used by the authors in their publi-
cations. This classification approach ensures consistency,
preserves the integrity of the reported methodologies,

Trend of studies published from 2012 to 2024

35

30

25

20

15

w

2012 2013 2014 2015 2016 2017
Fig. 2 Publication of Digital Health Technology Studies in Antenatal Care

10 ‘\ ‘\ || ‘\ ‘\
0 - [ II II | ‘l II ||

2018

2019 2020 2021 2022 2023 2024



Mohamed et al. BMC Pregnancy and Childbirth

Table 3 Characteristics of the included study

(2025) 25:153

Page 7 of 49

Table 3 (continued)

Category Studies, n (%) Category Studies, n (%)
Region Medium
The Americas 43 (34.12) Teleconsultation ( real-time) 32(25.39)
(USA, Canada, Brazil, Columbia) mHealth 40 (31.74)
Europe 27(2142) mHealth with targeted feedback 41 (32.54)
g?‘j:?ﬁgg;’fgg;i?y' UK, France, Italy, Poland, Bel- Teleconsultation ( real-time) with mHealth 13(10.31)
The Western Pacific 16 (12.69)
(Australia, China, Japan, South Korea)
(\n(sj(i)aetlzgisnte/ﬁfPakistan) 209 and aligns with the authors’ intent. Additionally, case—
The East Mediterranean 118.73) control designs [114] and qualitative methods [46, 51, 64,
(Saudi Arabia, Iran, Turkey, Egypt, Iraq, Israel, Palestine) 68, 80, 110] were employed in several studies, along with
Africa 20 (15.87) diverse methodological frameworks.
(BSS)rLIiit:aAngscju;%zr;aésii?)ya' Uganda, Tanzania, Ethiopia, The current study did not specifically analyse the target
Income Grolup population, as i.t included both ante.natal mothers and
High-income counries — healthcare providers. However, a review of the included
S . studies reveals that antenatal mothers constitute most of
Upper‘mﬁddle ‘.ncome Coumr{es 20(1587) the target population and serve as the primary end-users
Lowe_r_m'ddlemon_qe countries 2401904 of digital health technologies. In contrast, only a few
Lowflncéme{oum”es 5(3.96) studies have focused on healthcare providers, primarily
Study Desn_gn ) in the context of utilising clinical decision support sys-
Random\zgd Control Tral 45 (35.71) tems (CDSS) and facilitating interfacility consultations
CrOSSASECUO.na‘ 2(1507) and referrals to enhance the delivery of maternal care
Quast-Experimental 21507 [40, 42, 44, 47, 50, 53, 66, 77, 135, 138, 142].
Observational ( non-specified) 14(11 1)
Cohort 11(8.73)
Qualitative 6(476) Clinical focus areas of digital health interventions
Non-randomized Single Arm Trial 4317 The analysis reveals that digital health solutions are pri-
Mixed Method 4G.17) marily utilised for general maternal care, demonstrat-
Pre and Post Intervention 3(238) ing diverse applications [11, 40—68], mainly to enhance
Case Control 1(079) maternal health knowledge, improve access to services,
Clinical condition and foster greater patient engagement while aiming to
General Matemal Care 36(2857) increase the utilisation of maternal healthcare services.
Gestational Diabetes Mellitus 1901507) Gestational diabetes mellitus (GDM) represents the
Mental Health Issues 17(1349) second most commonly targeted focus of digital health
Gestational Weight Gain 12952 innovations, with tools such as telemonitoring and self-
High Risk Pregnancies 90714 management systems demonstrating significant improve-
Maternal Education o014 ments in glycaemic control [74-92]. Programs like
Hypertension in Pregnancy 9(714) TeleGDM [83, 84], Stay-Active mHealth [85], DiabeTIC
Smoking Cessation 4(.17) [76], and Glucose Buddy [82] have successfully con-
Iron Deficiency Anemia 2(1.58) tributed to better glycaemic management and reduced
Vaccination 2(1.58) maternal weight gain by incorporating behavioural sup-
Remote Ultrasound Imaging 2(1.58) port and personalised feedback. Furthermore, applica-
Pre-Anaesthetic Assessment 1(0.79) tions such as GDm-health [81] and CIT [75] have shown
Cardiovascular Health 1(079) high levels of patient satisfaction and adherence to self-
Physical Activity 1079 monitoring practices, effectively improving compliance
Alcohol Cessation 1079 and sugar control. The integration of clinical decision
HIV Prevention 10.79) support systems [77] further facilitates guideline-based
Purpose of Digital Health management of diabetic patients, enhancing overall care
Complementary to routine care 90 (71.42) delivery.
Substitution to routine care 36 (2857) Following GDM, mental health issues such as prenatal

anxiety and depression have become a significant focus
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in antenatal care. Interventions targeting these concerns
often utilise behavioural therapies and self-help resources
to help expectant mothers to address psychological chal-
lenges [93-109]. Additionally, digital platforms such as
iCOPE [98] and the Mobile Mood Tracking and Alert
(MTA) application [99] have been effectively employed
for mental health screening, enabling the early detec-
tion of psychological concerns among antenatal moth-
ers. Comprehensive behavioural support interventions,
including MomMoodBooster [107], PUMAS [103],
GSH_MBI [101], and HEARTPrep [102], have demon-
strated significant efficacy in reducing stress and allevi-
ating depressive symptoms, thereby providing crucial
emotional and psychological support during pregnancy.
Moreover, real-time teleconsultations [102, 103, 105,
108], whether through group peer support or individu-
alised behavioural counselling, further enhance mater-
nal mental health by fostering engagement, providing
tailored guidance, and promoting overall psychological
well-being.

Gestational weight gain (GWG) management repre-
sents another key area of focus, utilising lifestyle inter-
ventions and self-monitoring tools to support healthy
weight management during pregnancy [123-134]. Digital
applications such as PregChat [123], MOMTech [124],
SmartMoms [128], txtdtwo [129], HealthyMoms [132],
and MAMA-DASH [131] integrate educational content,
behavioural counselling, and self-monitoring strategies to
effectively reduce excessive GWG, improve dietary qual-
ity, and promote physical activity. These interventions
emphasise personalised health promotion by offering
tailored advice on diet and exercise, thereby facilitat-
ing improved weight control. Moreover, self-monitoring
tools, such as Buddy Healthcare [134], enhance adher-
ence to recommended weight gain guidelines, high-
lighting the vital role of digital solutions in supporting
maternal health. Additionally, the WeChat platform [133]
has been shown not only to significantly reduce GWG
but also to improve maternal and neonatal outcomes.

Another prominent focus area for digital health inter-
ventions is the management of high-risk pregnancies
[135-143] and hypertension [110—118]. These conditions
are often addressed through remote monitoring sys-
tems, which enhance adherence to self-monitoring prac-
tices and utilise decision-support tools to facilitate the
early detection of complications and improve the qual-
ity of care. For instance, wireless remote blood pressure
monitoring systems transmit real-time data to health-
care providers, enabling automated feedback or trigger-
ing alerts for timely clinical action [111-113, 115, 117].
While applications such as SMARThealth [142], eReg-
Qual [135], and SEWA [138] support the implementation
of protocols and guidelines for screening and the early
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detection of high-risk pregnancies. Additionally, real-
time teleconsultations enable timely referrals and provide
opportunities for interim consultations between sched-
uled visits [136, 137].

Digital health technologies have also been used for
prenatal education to provide antenatal mothers with
comprehensive knowledge and guidance, promoting
improved maternal and neonatal outcomes [144-152].
Additionally, specific interventions target concerns
such as smoking cessation [119-122], anaemia manage-
ment [159, 160], and tele-ultrasound imaging [156, 157],
facilitating interfacility consultations. Other applications
include vaccination information and reminders [153,
154], cardiovascular health monitoring [155] through
the continuous tracking of physiological parameters,
and virtual pre-anaesthetic assessments [158] tailored
for expectant mothers preparing for surgical procedures
during pregnancy. These diverse applications underscore
the versatility of digital tools in supporting a broad spec-
trum of health priorities in ANC.

Description of digital technologies

Digital health technologies encompass a wide range of
digital solutions. However, a significant challenge lies in
the absence of a standardised definition and framework
for their application in obstetrics. This lack of uniform-
ity resulted in inconsistencies in how studies classify
and assess these interventions. In this review, the identi-
fied digital health technologies are categorised into four
primary groups, denoting their diverse applications in
antenatal care. First, teleconsultations through video or
phone calls enable real-time communication between
patients and healthcare professionals, improving access
to care, particularly in underserved areas [11, 49, 51, 53—
58, 61-64, 69, 71, 80, 86, 88, 102, 105, 106, 108, 130, 136,
137, 140, 146, 151, 156-158]. Second, specialised health
monitoring applications (mHealth) are primarily used for
self-tracking, health monitoring, delivering educational
materials or clinical guidelines, and providing remind-
ers to enhance maternal care and patient engagement
[40, 42, 48, 60, 65, 66, 68, 70, 72, 87, 96-98, 101, 109,
116, 119-122, 124, 126, 127, 129, 132, 135, 138, 141, 142,
145, 147, 152-155, 160-162]. Third, integrated mHealth
applications combine remote monitoring with asynchro-
nous personalised clinical feedback through tools such as
text messages, emails, and Al-generated reports. These
tools ensure timely responses to patient needs, address
specific health concerns, and enhance patient engage-
ment [43-47, 50, 52, 59, 67, 73-79, 81-85, 92, 95, 99, 100,
110-115, 117, 118, 123, 128, 133, 144, 148, 150, 159, 163].
Lastly, a hybrid model integrates mHealth monitoring
with real-time teleconsultations, where teleconsultations
are conducted following a period of data monitoring to
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guide further management decisions [41, 89-91, 93, 94,
125, 131, 134, 139, 143, 149].

mHealth applications serve multiple functions, includ-
ing monitoring health parameters such as blood glucose,
blood pressure, foetal heart rate, and physical activity.
Additionally, they deliver health promotion and educa-
tional resources, facilitate mental and physical health
screenings, and provide reminders for appointments
and medication adherence, among other services. These
applications enhance healthcare delivery by supporting
early detection, patient self-management, and tailored
care plans while addressing logistical barriers like geo-
graphical distance and limited healthcare infrastructure.

The majority of the reviewed studies primarily focus on
digital health interventions targeting antenatal mothers.
As previously mentioned, only a small subset of studies
(n=11) specifically addresses healthcare providers. These
studies emphasise interventions that support provider-
to-provider consultations for treatment decision-making,
including real-time ultrasound consultations and referral
systems between community health workers and tertiary
centres [40, 42, 44, 47, 50, 53, 66, 77, 135, 138, 142]. In
many cases, digital health innovations were compared
to either standard care practices or hybrid models that
integrate telehealth with conventional methods, provid-
ing valuable insights into their effectiveness and potential
applicability within healthcare systems.

Figure 3 illustrates the utilisation trends of digital
health technologies, specifically mHealth applications
and real-time teleconsultations, between 2012 and 2024.
For improved visualisation and clarity, mHealth appli-
cations with personalised feedback have been grouped
under mHealth, while real-time teleconsultations incor-
porating mobile health (mHealth) applications have
been distinctly categorised within the broader domain of

18
16
14
12

2 _/

2012 2013 2014 2015 2016 2017

e mHealth
Fig. 3 Digital Health Modalities Utilization Trend in Antenatal Care
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teleconsultation. The analysis reveals that mHealth usage
followed a fluctuating trend, with a gradual increase from
2012 to 2017, peaking sharply in 2017. Notably, prior to
2019, mHealth was the most used digital health modal-
ity in antenatal care. Despite remaining relatively high
in 2018 and 2019, the use of mHealth declined in 2020,
likely due to the increased reliance on real-time telecon-
sultation during the COVID-19 pandemic. Afterwards,
mHealth usage remained lower until a significant rise was
observed in 2023, which marked the highest recorded
level, though a decline followed in 2024-.

In contrast, the use of real-time teleconsultation exhib-
ited a more consistent upward trajectory starting in 2015.
A marked increase occurred between 2019 and 2020,
with a sharp peak in 2020 as teleconsultation became a
vital tool for maintaining care amidst pandemic-related
disruptions. This upward trend persisted, with high usage
levels through 2022 and 2023. However, a decline was
noted in 2024, possibly reflecting a transition toward
hybrid or in-person care models as pandemic-related
restrictions eased. Overall, the graph highlights the
increasing adoption of both mHealth and teleconsul-
tation in antenatal care, with mHealth showing more
pronounced fluctuations and real-time teleconsultation
demonstrating steadier growth over time.

Purpose of digital health

The digital health technologies identified were classified into
two primary categories based on their intended purpose: as
complementary or substitutive interventions to standard
antenatal care. Of the 126 studies included, 90 utilised digi-
tal health as complementary tools, supplementing routine
care by enhancing its efficiency and scope without entirely
replacing in-person visits [40-45, 47, 48, 50, 52, 53, 60, 64—
68, 70,72-77,79, 82-85, 87, 88, 92-105, 107, 109-111, 116,

2019 2020 2021 2022 2023 2024

Teleconsultation (real-time)
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135, 138—142, 144-150, 152—155, 159-163]. Meanwhile, 36
studies used digital health as a substitute for conventional
care [11, 46, 49, 51, 54-59, 61-63, 69, 71, 78, 80, 81, 86, 89—
91, 106, 108, 112-115, 136, 137, 143, 151, 157, 158] entirely
replacing specific aspects of routine antenatal visits with tel-
ehealth alternatives, thereby significantly reducing the need
for physical antenatal visits.

Complementary digital health often integrates digital
tools into routine care workflows to enhance the effec-
tiveness and management of antenatal care. Instead
of reducing physical visits, these interventions were
designed to supplement routine care, providing addi-
tional support such as telehealth consultations, health
education, or remote monitoring, thereby improving
care delivery and patient outcomes. Additionally, these
interventions supplemented traditional care by providing
digital platforms for education, reminders, and remote
monitoring to enhance the quality and accessibility of
routine services. Substitutive digital health technologies,
on the other hand, primarily aimed to fully replace some
aspects of routine antenatal care, offering a more flex-
ible and remote approach to managing maternal health
needs.

Figure 4 illustrates the annual distribution of stud-
ies categorised based on their use of digital health
technologies either as substitution or complemen-
tary to routine antenatal care between 2012 and 2024.
The chart highlights the trends in the adoption of
both complementary and substitution-based digital
health interventions in antenatal care over the years,
showing a considerable increase in both categories.
Complementary interventions supporting traditional
care were more prevalent throughout the period,

16
14
12

10

(o]

)]

N

N

O .

2012 2013 2014 2015 2016 2017

M Substitution
Fig. 4 Purpose of Digital Health in Routine Standard Care
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particularly peaking in 2017 and again in 2023. In con-
trast, substitution-based interventions, which replace
conventional in-person care with digital solutions,
were minimal before 2018 but began increasing stead-
ily from 2019 onwards. A notable trend is the signifi-
cant rise in substitution-based interventions in 2020
and 2021, coinciding with the COVID-19 pandemic.
This shift likely reflects the necessity of replacing in-
person antenatal visits with telehealth alternatives due
to pandemic-related restrictions. The peak usage of
both types of interventions was observed in 2022 and
2023, with a slight decline in 2024, which may reflect
a gradual return to hybrid or in-person care models as
restrictions ease. Overall, while the use of digital health
for complementary purposes remained consistent, the
chart highlights the evolving role of digital health in
antenatal care, with substitution-based interventions
gaining prominence in recent years.

Table 4 presents a comprehensive summary of stud-
ies examining digital health interventions in mater-
nal healthcare. These studies are categorised based
on health concerns, study design, description of the
digital health solutions, type of intervention, and pri-
mary outcomes. The table underscores the wide range
of digital health modalities, including teleconsultation,
mobile health (mHealth) applications, remote moni-
toring, health education, and promotion, among oth-
ers. It highlights their diverse roles, serving either as
complementary tools or substitutions within antenatal
and maternal care frameworks, thereby reflecting their
growing significance in enhancing healthcare delivery
and outcomes in this domain.

2018

2019 2020 2021 2022 2023 2024

Complementary
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Outcomes

The reviewed studies explored a diverse range of clini-
cal and user-reported outcomes associated with digi-
tal health innovations. These outcomes included user
acceptance and satisfaction, care engagement, cost-
saving, time efficiency, perceived quality of care, and
improvements in healthcare delivery. The effectiveness
of digital health interventions in maternal healthcare was
primarily assessed using various metrics such as glucose
levels, blood pressure, weight gain, mental health indica-
tors (e.g., anxiety or depression levels), and knowledge
improvement. These metrics were frequently assessed
through pre- and post-intervention comparisons or by
comparing intervention and control groups, offering
a comprehensive understanding of the interventions’
impact. Notably, studies conducted in the earlier years
of this digital health research span were predominantly
pilot or feasibility studies focusing on exploring the prac-
ticality and viability of implementing these technologies
in maternal healthcare settings.

Digital health innovations demonstrated high accept-
ability, as evidenced by their successful implementation
across multiple applications [44, 50, 52, 55, 66, 72, 79,
80, 85, 87, 92, 98-100, 102, 110, 112, 116, 121, 124, 139,
160]. Examples of effective digital health tools include
Smart Cards [68], SupportMoms [72], and interac-
tive mobile messaging systems [95], which have signifi-
cantly enhanced antenatal care processes. Mental health
applications such as iCOPE [98] and the Mobile Mood
Tracking and Alert app [99] were widely recognised and
accepted for screening and monitoring mental health
conditions. Similarly, telehealth interventions like Tel-
eGDM [84, 85] demonstrated strong acceptance among
both patients and healthcare providers, particularly in
the management of gestational diabetes. High retention
rates further underscored the acceptability of these tools,
with numerous studies reporting consistent user engage-
ment over time [43, 87, 119]. Moreover, intention-to-use
measures revealed positive attitudes toward adopting
digital health technologies, indicating sustained user
interest and commitment [11, 49]. Interventions such as
Babyscripts [43], HealthyMoms [132], and PROMPTS
[150] achieved high levels of user engagement, with sub-
stantial participation in weight management programs
and antenatal care visits. Additionally, continuous moni-
toring tools, such as Delfina Care, fostered increased
daily engagement, thereby enhancing adherence to care
protocols [118].

High satisfaction levels were reported across a range
of digital health interventions [43, 44, 48-50, 53, 56,
57, 62-64, 66, 69, 80-82, 85, 89, 90, 115-117, 139, 145,
152, 153, 160]. Notable programs, such as ANGELS [53],
OB Nest [56], and Glucose Buddy [82], demonstrated
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particularly high satisfaction rates, especially in provid-
ing virtual antenatal care services in remote areas and
managing gestational diabetes (e.g., Glucose Buddy).
During the COVID-19 pandemic, phone-based ante-
natal care achieved an impressive satisfaction rate of
93.9% [57]. Furthermore, virtual consultations for pre-
anaesthetic assessments reported satisfaction rates of
85% among patients and 94% among healthcare providers
[158]. However, some studies highlighted dissatisfaction
with these technologies. For instance, one study reported
lower overall satisfaction with teleconsultation services
[61], while another found that 57% of participants were
dissatisfied with their telemedicine experience, particu-
larly among vulnerable populations [49, 58].

Adherence to care plans emerged as a significant out-
come in multiple studies utilising digital health technolo-
gies [40-42, 45, 47, 50, 54, 56, 60, 62, 65, 66, 72, 75, 82,
128, 130, 144, 150, 161]. This includes adherence to care
plan management, lifestyle modifications, regular clinic
visits, and consistent health tracking. Digital tools such as
mobile applications, teleconsultation platforms, and SMS
reminders were shown to enhance adherence rates. For
instance, telephonic reminders significantly improved
compliance with Iron-Folic Acid Supplementation (IFAS)
and improved haemoglobin levels in pregnant women
[159, 160]. Digital tools like Cellular Internet Technology
(CIT) [75], Glucose Buddy [82] and TeleGDM (84, 85]
promoted higher adherence to blood glucose monitoring
for gestational diabetes, with notable compliance differ-
ences between intervention and control groups. Addi-
tionally, appointment reminders increased antenatal care
visit attendance [60, 65], reduced missed or cancelled
appointments [62], and improved adherence to recom-
mended care practices [50, 56], ultimately enhancing ser-
vice uptake and continuity of care. Adherence to blood
pressure monitoring was also significantly enhanced with
digital health interventions like Safe@Home [115] and
Delfina Care [118]. Mobile-assisted education on foetal
kick monitoring improved adherence to recommended
monitoring practices [149], correlating with better peri-
natal outcomes.

The review highlighted the effectiveness of digital
health interventions in reducing the frequency of in-per-
son visits without compromising care quality [56, 59, 67,
69, 77, 90, 111, 112]. Programs like OB Nest [56] dem-
onstrated significant outcomes in reducing the frequency
of antenatal visits, saving an average of 2.8 clinician
appointments per patient and optimising both time and
resource utilisation. Mobile applications such as Maven
[67] enhanced remote care by improving pregnancy
knowledge, with 82.5% of users recognising warning
signs and 66.1% obtaining accurate medical information,
significantly reducing both in-person and emergency
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room visits. Similarly, other studies demonstrated that
digital tools improved adherence to care plans, further
minimising the need for in-person consultations [59,
77]. While digital health technologies have reduced the
need for in-person visits by facilitating virtual consulta-
tions and remote monitoring, the review highlights their
significant role in improving antenatal care attendance
through appointment reminders and maternal education.
These interventions have notably increased compliance
among expectant mothers, with many attending four or
more ANC visits, particularly in underserved areas. This
indicates a substantial improvement in ANC visit com-
pliance and accessibility of maternal healthcare services
[54, 60, 65, 66, 72, 144, 150, 161].

The review identified a range of maternal and neona-
tal outcomes associated with digital health interventions,
highlighting their effectiveness and safety in antenatal
care. Several studies reported comparable maternal and
foetal outcomes between telehealth and conventional
care, with no significant differences observed in mater-
nal morbidity and mortality, neonatal complications, or
obstetric emergencies [54, 56, 69, 71, 74, 76, 78, 83, 85,
86, 89-91, 114, 135, 136, 140]. Some interventions dem-
onstrated improved maternal health, such as reduced
adverse pregnancy outcomes through mobile-based pre-
natal education programs and remote monitoring [70,
81, 111, 113], and reduced perinatal mortality using tel-
ehealth and education models [137]. Additionally, digital
health tools for managing gestational diabetes showed
lower glucose levels, lower excessive weight gain, and
insulin resistance in intervention groups compared to
controls [75, 82—-86]. While four studies found no sig-
nificant differences in glycaemic control, they reported
improved adherence to glucose monitoring [81], sig-
nificantly lower insulin resistance [78], increased system
utilization [74], and a notable reduction in clinic visits
[76]. mHealth applications such as the Cellular Internet
Technology [75], Glucose Buddy [82] and Stay-Active
mHealth [85] significantly improved glycaemic control
and gestational weight gain management.

Interventions addressing hypertension improved out-
comes by lowering preeclampsia rates and facilitating
the early detection of gestational hypertension [111,
113, 138]. These interventions also led to reduced prena-
tal hospitalisations, fewer prenatal visits [113, 114], and
improved maternal health outcomes, with fewer adverse
events [116]. While no significant differences in smok-
ing cessation rates were observed between the interven-
tion and control groups, a reduction in the frequency of
smoking among antenatal mothers was reported [121,
122], and abstinence rates were higher in the interven-
tion group [119, 120]. Additionally, the use of mHealth
tools incorporating behavioural support and counselling
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proved effective in reducing alcohol consumption [163].
Mobile applications have also demonstrated utility in
vaccination safety surveillance and increasing mater-
nal vaccine uptake [153, 154]. These findings highlight
the positive outcomes of digital health interventions on
maternal outcomes while ensuring safety and maintain-
ing the quality of care.

Key findings emphasised the effective management of
gestational weight gain (GWG) through mHealth appli-
cations and other digital tools. Several studies demon-
strated that these interventions significantly reduced
excessive GWG, improved dietary quality, and encour-
aged healthier physical activity and sedentary behaviours
among pregnant women [124, 126-134]. These positive
outcomes were facilitated by health education, behav-
ioural counselling, and personalised coaching, along with
real-time tracking and tailored feedback. Digital plat-
forms provided additional tailored support, including
interactive nutritional education, personalised meal plan-
ning, and real-time feedback. For instance, the Healthy-
Moms app was particularly impactful, as higher user
engagement was linked to reduced GWG and improved
diet quality [132]. Similarly, the WeChat platform offered
personalised and continuous weight management ser-
vices, resulting in significantly lower GWG and improved
rates of appropriate weight gain during pregnancy com-
pared to control groups [133]. Additionally, the Buddy
Healthcare app increased physical activity and improved
adherence to recommended weight gain guidelines,
showing its utility in reducing excessive GWG [134].
However, other studies [123, 125] reported no significant
differences in GWG or physical activity levels between
the intervention and control groups. Similarly, the use
of mobile applications for tracking physical activity and
providing personalised feedback did not yield significant
differences between the two groups [162].

Digital prenatal education delivered through mHealth
applications and virtual online platforms effectively
enhanced knowledge and encouraged healthy pregnancy
practices among antenatal mothers, as evidenced by
multiple studies [144, 146—152]. These interventions sig-
nificantly improved maternal understanding of antena-
tal care, health behaviours, and related topics. However,
one study [151] highlighted that while knowledge level
increased, the virtual format was less effective in promot-
ing education and fostering deeper engagement.

Several studies demonstrated improved mental health
outcomes, such as reduced levels of prenatal distress and
anxiety among intervention groups compared to control
groups [93, 96, 101, 102, 107, 108]. Interventions like the
PUMAS program effectively reduced insomnia, depres-
sion, nocturnal cognitive arousal, and sleep effort among
participants, showcasing the potential of targeted digital
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solutions [103]. However, not all studies reported sig-
nificant improvements; one study [100] found no marked
changes in depression symptoms, perceived stress, or
social support between enrolment and follow-up, despite
positive feedback on the intervention. A mixed approach
combining face-to-face and virtual sessions was found to
be potentially more effective in managing psychological
distress compared to entirely virtual sessions, indicating
the importance of hybrid models for mental health sup-
port [106]. Another study using Electronic mindfulness-
based intervention (eMBI) [104] reported no significant
differences in depressive symptoms among participants
but demonstrated promising results in reducing preg-
nancy-related anxiety.

The adoption of digital health demonstrates significant
cost-effectiveness by reducing the need for in-person
visits, minimising hospital stays, and lowering overall
healthcare expenses. Several studies highlight the finan-
cial benefits for healthcare systems and patients, with
notable savings achieved without compromising clini-
cal outcomes. For example, telemonitoring and mobile
health applications have reduced antenatal costs by up to
18% due to fewer hospital stays, with mean costs per par-
ticipant being €18,691 in the telemonitoring group com-
pared to €26,084 in the hospital admission group [143].
Similarly, one intervention achieved substantial savings
for the healthcare system, amounting to €10,500 annu-
ally, while reducing patient expenses by €340 through
fewer in-person visits [90]. Additionally, the use of digi-
tal health in maternal care was shown to be cost-effective
while maintaining similar effectiveness to routine care
(€12,705.08 vs. €12,768.13) [88]. Teleconsultation also
reduced costs per pregnancy and societal expenses [114]
by minimising hospital visits and admissions. Virtual pre-
anaesthetic assessments provided significant time and
cost savings, reducing expenses by an average of €5.52
and saving 60 min per session, even in well-connected
areas [158]. Likewise, remote digital solutions proved to
be highly cost-effective in managing gestational weight
gain, with lower costs for participants (€91 vs. €324) and
clinics (€203 vs. €396) [128]. Other studies reported com-
parable healthcare costs between digital and traditional
care models [81, 83]. These findings highlight the dual
advantage of digital health technologies in enhancing
antenatal care delivery while alleviating financial burdens
for stakeholders.

The use of digital health tools in healthcare enables
the provision of comprehensive, high-quality care while
strengthening the continuity of services and interfacil-
ity collaboration [44, 46, 47, 50, 53, 54, 62, 66, 68, 69, 73,
136, 137, 142, 156, 157]. Patients and providers reported
improved access to obstetric services and more effi-
cient antenatal care. Digital tools also addressed critical
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barriers to care, particularly in underserved and rural
areas, fostering a perception of greater accessibility [117,
140, 156, 157]. Platforms such as WhatsApp and phone-
based telehealth significantly enhanced participants’
sense of self-efficacy, particularly during the COVID-
19 pandemic [11, 54, 57, 73]. In addition, virtual care
interventions involving real-time teleconsultations not
only improved healthcare service delivery by enhancing
accessibility but also associated with noticeable reduc-
tions in physical, mental, and economic burdens, with
participants reporting high levels of satisfaction with
these more interactive and comprehensive forms of care
[69]. At the same time, the integration of digital health
models demonstrated maternal and neonatal outcomes
comparable to those of traditional care [69, 71, 74, 76, 81,
83, 85, 86, 89-91, 111, 113, 114]. However, some limita-
tions remain. For instance, one study highlighted patient
preferences for in-person visits, attributing this to the
lack of adequate teleconsultation tools and insufficient
clinic support [55]. Similarly, another study raised con-
cerns that telehealth could potentially diminish the per-
ceived quality of care, underscoring the importance of
refining digital tools and strengthening support systems
to optimize patient satisfaction and care quality [80].
Adverse perinatal outcomes were also highlighted as
essential indicators of the effectiveness of digital health
interventions. These included the incidence of obstetric
emergencies, caesarean deliveries, preterm labour, hos-
pitalisations, intrauterine distress, congenital malfor-
mations, intrauterine growth retardation and neonatal
complications [70, 71, 81, 111, 113, 114, 136, 161]. Nota-
bly, none of the studies reviewed reported any adverse
outcomes associated with using digital health in the pro-
vision of care. The outcomes of digital health utilisation
in antenatal are comprehensively presented in Table 4 for
further reference.

Discussion

This review explores the scope and application of digi-
tal health technologies in antenatal care, highlighting
their role in enhancing the management and well-being
of expectant mothers while advancing maternal care
services. The findings emphasise the acceptability, sat-
isfaction, and effectiveness of these technologies, dem-
onstrating their transformative potential in improving
antenatal care and maternal health outcomes.

The publication trends reveal a growing interest in
leveraging digital health technologies for antenatal care,
driven by the widespread adoption of digital tools and the
transformative impact of the COVID-19 pandemic. The
pandemic served as a catalyst, accelerating the integra-
tion of telehealth into standard care practices to ensure
continued access to maternal health services amidst
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global disruptions. This shift is evident in the marked
increase in publications from 2020 onward, with a sig-
nificant spike in 2023, highlighting the healthcare sys-
tem’s rapid adaptation and the normalisation of digital
health solutions. The adoption and utilisation of digi-
tal health technologies in antenatal care were relatively
limited before 2017, as reflected by the few studies pub-
lished during that period. However, from 2017 onwards,
there was a significant increase in publications, driven by
advancements in technology and growing recognition of
the potential benefits of digital health.

Despite a slight decrease in publications in 2024, the
overall volume remains significantly higher than in ear-
lier years. This suggests that digital health technolo-
gies are transitioning from experimental applications to
integral components of ANC. This decline may indicate
a stabilisation phase as digital health becomes stand-
ard practice, highlighting the need for long-term stud-
ies to optimise their integration and refine their impact
on maternal health outcomes. Addressing gaps in early
research remains crucial to fully understanding the tra-
jectory of digital health adoption and its potential to
transform ANC services, ensuring their continued evolu-
tion to meet the dynamic needs of maternal healthcare.

The utilisation of digital health technologies in ANC
has steadily expanded, mirroring trends observed in
other healthcare domains, such as chronic disease man-
agement [166]. During the pandemic, teleconsultations
gained prominence as a solution for maintaining access
to care, while mHealth applications were increasingly
adopted for continuous health monitoring and education.
mHealth applications demonstrated steady growth, peak-
ing in 2023, reflecting their increasing acceptance and
integration into antenatal care. This surge is likely driven
by their utility in facilitating monitoring, promoting
self-care, and supporting self-management to improve
health outcomes. In contrast, a decline in teleconsulta-
tion usage after 2023 suggests a potential normalisation
of in-person visits as pandemic-related restrictions eased.
The utilisation pattern in mHealth applications and tel-
econsultations reflects the growing recognition of digi-
tal health as a transformative tool in antenatal care. This
trend aligns with the rising number of studies, indicat-
ing a parallel increase in research interest and practical
implementation.

Digital health tools serve as either complementary or
substitutional methods to standard care practice. The
shift towards substitution interventions, particularly in
2023, reflects the growing demand for remote care, espe-
cially in light of the pandemic ensuring continuity of care
amidst restrictions on physical visits. Complementary
interventions, on the other hand, are intended to enhance
standard antenatal care by integrating digital tools into
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routine workflows. As healthcare systems transitioned
back to normalisation, mHealth applications gained
renewed importance, emphasising the value of digital
health as a hybrid care model in supporting healthcare
providers and empowering patients through additional
resources and support mechanisms. These interventions
focus on improving accessibility, efficiency, and patient
engagement without entirely replacing in-person visits.
The complementary nature of these tools signify their
value in enhancing standard care. Despite the continued
prevalence of complementary interventions, substitu-
tion-based approaches have gained considerable traction
in recent years, marking a shift toward more flexible and
remote antenatal care solutions. The trends indicate a
growing integration of both types of interventions in
standard routine antenatal care practices. The steady rise
in publications focusing on both models shows the versa-
tility of digital health interventions in addressing diverse
maternal health needs.

Another significant pattern in the adoption of digi-
tal health technologies in the antenatal domain is the
increased focus on mental health issues starting in 2020,
followed by a growing emphasis on managing high-risk
pregnancies in 2022. The use of digital health tools for
mental health during 2020 can be attributed to the height-
ened demand for accessible and scalable solutions in
response to the mental health challenges exacerbated by
the COVID-19 pandemic. Lockdowns, social isolation,
and restricted access to in-person healthcare services
likely accelerated the adoption of telehealth and digi-
tal mental health interventions. By 2022, the application
of digital health technologies for high-risk pregnancies
gained momentum, driven by advancements in wearable
health devices, remote monitoring systems, and AI-pow-
ered decision-making tools. These innovations enabled
real-time monitoring of maternal and foetal health, pro-
viding clinicians with critical data for timely interventions.
Additionally, the growing recognition of the importance
of maternal health and the need to mitigate risks associ-
ated with high-risk pregnancies have further catalysed
the integration of digital health solutions in antenatal
care. This trend reinforces the potential of technological
advancements to address key healthcare challenges and
improve outcomes across diverse clinical areas.

Integrating digital health technologies in ANC has
enhanced maternal and neonatal outcomes, improved
adherence to care plans, and increased patient satisfac-
tion. The findings of this study are consistent with prior
research, further validating the effectiveness of digi-
tal health solutions in improving healthcare outcomes
across various contexts [167, 168]. Studies involving
remote consultations for antenatal care revealed that
most participants were satisfied with the reduced need
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for physical visits, as this convenience did not compro-
mise care quality.

Other research also highlights that both patients and
healthcare providers report high satisfaction levels,
which are often associated with positive patient and pro-
vider experiences, particularly regarding the convenience
offered by these digital health solutions [169, 170]. While
digital healthcare offers numerous benefits, the transition
to digital systems is fraught with challenges, sometimes
resulting in user dissatisfaction. Despite its promise of
improved efficiency and accessibility, the adoption of digi-
tal health technologies often faces hurdles impacting user
satisfaction, including user experience, system functional-
ity, and the broader healthcare environment [171-173].

Digital platforms often integrate multiple modalities
within clinical settings to optimise healthcare provision,
emphasising the need for hybrid models incorporating
digital tools with standard practice to achieve optimal
care. The integration of these tools within multimodal
care makes it challenging to isolate their individual
effects. Most positive outcomes, including improved
health metrics and adherence to care plans, result from
combining digital tools with standard care practices.
These findings underscore the complementary nature of
digital health technologies rather than their standalone
impact. Therefore, while studies often report positive
clinical outcomes associated with mobile app or tel-
ehealth use, it is essential to recognise that these results
are typically attributed to a comprehensive intervention
approach rather than the standalone impact of digital
health tools. Even though digital health interventions
have shown positive outcomes, some studies suggest that
virtual interventions alone may fall short of providing
holistic care. They underline the importance of integrat-
ing virtual tools with physical visits to ensure compre-
hensive care and achieve optimal results [106, 151].

Significant improvements in antenatal care delivery are
achieved by fostering effective communication between
patients and healthcare providers through tools like
remote monitoring apps, virtual consultations, and text
messaging. Wearable devices and tracking tools empower
women to monitor their health, enhancing accessibility
and care management.

Various maternal health conditions are increasingly
managed through digital health technologies, with the
primary focus on general maternal care, mental health,
and gestational diabetes. General maternal care remains
the most widely targeted, employing tools for educa-
tion, reminders, and health behaviour reinforcement to
enhance accessibility and service delivery. Mental health
interventions address critical challenges such as prenatal
anxiety and depression, incorporating behavioural ther-
apy and mindfulness platforms to improve psychological
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well-being. Gestational diabetes management also fea-
tures prominently, with tools like Glucose Buddy and
Stay-Active mHealth demonstrating significant improve-
ments in glycaemic control and weight management.
These diverse applications illustrate the versatility of
digital health solutions while highlighting the importance
of effectively tailoring interventions to address specific
maternal health needs.

Teleconsultations offer convenience, cost savings, and
improved access to care, making them a practical option
for routine follow-ups and less complex cases [164]. In
contrast, in-person consultations provide comprehen-
sive physical assessments, emergency care, and stronger
patient-physician relationships, which are essential for
high-risk pregnancies and complex medical conditions
[165]. While teleconsultations address accessibility chal-
lenges and provide convenience and flexibility, in-person
visits remain indispensable for their thoroughness and
ability to manage complex healthcare needs. Therefore,
they remain the gold standard in patient care.

Conclusion

Digital health technologies have proven to be transforma-
tive in antenatal care by improving maternal and neonatal
outcomes, enhancing accessibility, and increasing patient
satisfaction. These tools, including mHealth apps, tele-
consultations, wearables, and tracking devices, effectively
support communication, monitoring, and education.
While teleconsultations provide convenience and flexibil-
ity, in-person visits remain essential for managing high-
risk pregnancies and complex medical conditions, serving
as the gold standard in maternal healthcare. Integrating
digital interventions with physical visits provides a holistic
approach, ensuring comprehensive care and optimising
clinical outcomes. Future efforts should address barriers
such as infrastructure limitations in low-income settings
and ensure data security while continuing to refine these
tools for widespread and sustainable implementation.

Limitations

The assessment included peer-reviewed articles from
four key databases published in English, excluding
studies published in other languages. Many reviewed
studies covered antenatal care and the postpartum
period, typically extending up to six weeks postpartum,
a critical phase for maternal recovery and physiologi-
cal changes. This overlap may have affected the findings
specific to antenatal care. Furthermore, the diversity
and heterogeneity of digital health technologies made
it challenging to categorise and compare outcomes
effectively.
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