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Introduction: Perinatal and maternal mortality rates remain high in India
compared to global levels, and there is significant heterogeneity in outcomes
across Indian states. Many mobile health (mHealth) interventions have been
developed to improve maternal and infant health outcomes in India, however it
is unclear how mHealth can best support women in this culturally and resource
diverse setting. Therefore, we aimed to identify mHealth interventions targeting
women and their families in the perinatal period in India, identify barriers and
facilitators to their uptake, and future research directions.

Methods: The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses and Joanna Briggs Institute guidelines for scoping reviews was used
for study selection and screening and the mHealth evidence reporting and
assessment checklist was used for evaluating mHealth interventions. PubMed,
CINAHL, Global Health, and ACM digital library were searched for records up
to 2 April 2023. Studies were included where women who were pregnant,
planning for a child, or in the 12 months after delivery, and their families, living
in India received health advice via a technological medium.

Results: 1,783 records were screened, 29 met the inclusion criteria, describing 22
different mHealth interventions. Most frequent behavioural targets for
interventions were breastfeeding, antenatal nutrition, and infant healthcare. Most
interventions communicated to women through one-way communication
methods, most frequently SMS. Participants reported positive views of mHealth,
reported facilitators included group communication, use of non-maternal
informative content, and a pictorial information format. Reported barriers
included household responsibilities, technical difficulties, difficulty accessing a
phone and difficulty understanding, or misinterpreting messages.
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Discussion: We conclude that mHealth interventions are acceptable to women in
India during the perinatal period. However, current interventions lack evidence of
long term behavioural change and fail to report on features important in
sustainability and scalability, namely network infrastructure, data security and
interoperability. We propose the need for a framework to understand existing
cultural beliefs and support structures to avoid early intervention failure. Future
research should investigate multimodal mHealth interventions for behavioural
change, identify the appropriate frequency and format of mHealth messages,
and address access limitations such as shared mobile phone ownership, and

illiteracy rates.
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1 Introduction

Perinatal and maternal mortality rates are declining in India,
with the country estimated to be on track to reach their maternal
United Nations Sustainable Development Goals by 2030 (1).
However, maternal and infant mortality remains high in India
compared to global levels; in 2020 India was one of five
countries that contributed to nearly half (49%) of global under-5
mortalities, and reported approximately 24,000 maternal deaths,
accounting for 8.3% of global maternal deaths (2, 3). There is
significant heterogeneity in maternal and neonatal health
outcomes across Indian states. For instance, 92 percent of
women in Andaman Nicobar make at least four antenatal care
visits compared to 14 percent of women in Bihar (4, 5).

Reported barriers to the utilisation of obstetric care services in
India include a lack of knowledge of perinatal care practices,
limited family support to access obstetric care services, and long
travel distances to healthcare facilities (6). With widespread and
ever-increasing rates of mobile phone ownership across India
many mobile health (mHealth) initiatives have been developed to
encourage health promotion particularly in rural and resource
limited areas (7, 8).

The World Health Organization (WHO) defines mHealth as
‘the use of mobile wireless technologies for health’, encompassing
mobile phones, patient monitoring devices, personal digital
assistants, and other wireless devices (8). Previously reported
systematic reviews have shown that mHealth interventions can
significantly improve health access and health seeking behaviours
across low- and middle-income countries (7, 9). However, these
reviews are limited by heterogeneity of data, and rarely evaluate
the sustainability, or country-specific socio-cultural factors that
may impact an intervention.

The purpose of this scoping review is to outline which
mHealth interventions have been developed and used to
encourage health promotion for women who are currently
planning for a child, pregnant, or in the first twelve months
post-partum in India. We aim to identify the scope of current

Abbreviations

interventions, including their locations, recipient characteristics
and health behaviours targeted, types of technology used, as
well as highlighting barriers and facilitators to intervention
uptake and lessons for scale of interventions.

2 Methods

This review was developed in line with the Preferred Reporting
Items for Systematic Reviews and Meta Analyses and Joanna Briggs
Institute (JBI) guidelines for scoping reviews (10, 11). A review
protocol was not published for this study. The PCC framework
(population, concept, and context) framework was used to guide
development of inclusion criteria, literature search, and structure
of this review, as recommended by JBI methodology (12).

2.1 Population

We include women who are currently pregnant, planning for a
child, or in the 12 months after delivery. We define planning for
pregnancy as women of childbearing age to account for the high
unplanned pregnancy rate in India (13). We have extended the
population from women to their families to account for women
who share a phone with family members.

2.2 Concept

Use of mHealth to provide targeted maternal or perinatal
health information to women and their families. mHealth was
defined as a medical and public health practice supported by
mobile phones or tablets, making use of text, audio, images,
video, or coded data in the form of voice calls, short messaging
services (SMS), voice SMS, interactive voice response systems
(IVRS), social media, mobile applications, third, and fourth
generation mobile telecommunications.

WHO, World Health Organisation; mHealth, mobile health; mERA, mHealth evidence reporting and assessment; IVRS, interactive voice response system; SMS, short
messaging service; FLHW, front line health worker; ASHA, accredited social health activist; RCT, randomised control trial.
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2.3 Context

Studies conducted with women and family members living
in India.

2.4 Search strategy

To identify relevant sources, four databases were searched:
PubMed, CINAHL, Global Health, and ACM digital library.

The search strategy was created with an experienced librarian
and further refined by the authors, including key search terms
such as “perinatal”, “mhealth”, “maternal”, and “India”, with
MeSH terms where possible. The final search strategy for each
database can be found in (Supplementary File S1).

The databases were searched for relevant articles up to 3rd
April 2023, with no specified earliest date as the term “mHealth”
was not widely used prior to 2000. Final searches were uploaded
into EndNote and duplicates were removed. Citations were then
uploaded to Rayaan (rayaan.com). Texts were first screened by
abstract, those that met inclusion criteria went on to full-text
screen. Both stages of abstract screening and full text screening
were conducted by two reviewers (ZS and ST) based on inclusion
criteria. In addition, the references of shortlisted full text were
identify  further
subsequently included in the citation screening. Any disputes

hand-searched to relevant studies, and
between reviewers were resolved article by article, as needed, by a

third author (JEH).

2.5 Inclusion and exclusion criteria

Studies were included if they: (1) were peer reviewed; (2) were
available in English; (3) described an mHealth intervention where
health advice was provided over a technological medium directly to
participants and families, without healthcare worker support. We
included studies describing both single intervention delivery,
such as through communication by SMS or phone call only, or
multimodal intervention delivery which consisted of a package of
mHealth messaging strategies such as both phone calls and SMS.
We included both one-way communication and two-way
communication (synchronous or asynchronous) strategies. We
also included published study protocols.

Any studies performed outside of India, and multi-country
studies where the results for India could not be isolated were
excluded. We excluded mHealth interventions where digital
content was delivered to participants via front line health workers
(FLHW/s) such as Accredited Social Health Activists (ASHA), or
mHealth interventions without a clear health messaging element
(e.g., digital surveys or GPS tracking of women). We also excluded
studies where the mHealth intervention was part of a broader
complex intervention, or where the outcome of the mHealth
component was not a primary intervention being tested.

We excluded non-peer-reviewed reports of technologies, such
as dissertations, reports, books, web pages, and media releases.
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We excluded systematic reviews and meta-analyses following
extraction of any relevant included articles.

2.6 Data extraction and synthesis

A draft data extraction table was finalised by the research
team, following which data extraction tables were independently
populated by two reviewers (ZS and ST), discussed, and later
combined after confirmation by a third (JEH). Data extracted
from the final studies included article characteristics (study
authors, title, year, location of intervention, study type, sample
size), technology used, intended user, duration of mHealth
intervention, reported outcomes and technology feasibility
and acceptability.

We used the mHealth evidence reporting and assessment
(mERA), a WHO-designed checklist, to standardise mHealth
evidence reporting and support replication of an intervention
(14). We recorded whether each paper covered each domain and
reported on checklist items poorly described across the identified
papers. Given this was a scoping review to assess quantity and
domains of evidence, study quality was not assessed. Patients
and/or the public were not involved in the design, conduct,

reporting, or dissemination plans of this research.

3 Results

3.1 ldentification of eligible studies for
review

The search process is outlined in Figure 1. The initial search
was carried out on the 3rd of April 2023, yielding a total of
1,783 papers. 1,205 papers were identified from PubMed, 63
from CINAHL, 125 from Global Health, and 390 from ACM
digital library. A total of 29 papers met the inclusion criteria,
covering 22 different technologies. Three technologies were
covered in more than one paper.

3.2 Scale and characteristics of included
studies

Of the 29 papers identified, 11 were randomised control trials
(RCTs) (15-25), eight were pre-post interventional studies (26-33)
two were quasi-randomised control trials (34, 35), one was an
interventional study without concurrent controls (36); seven
papers were supplementary analyses of end user data or survey
responses for already included papers (37-43). All studies
identified are presented in Table 1, with further details provided
in Supplementary File S2.

Sample sizes varied between studies and could be divided into
two categories: studies where participants were recruited or studies
where participants could self-enrol. For the former category,
sample sizes ranged from 12 (16, 27) to 1,516 participants (35).
For studies which allowed participants to self-enrol, the recorded
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FIGURE 1
PRISMA flowchart for screening and selection of articles. FLHW, front line health worker.

reach of intervention ranged from 44,664 (33) to 10 million
participants (38).

We identified five studies where participants could self-enrol to
the intervention. Kilkari is a large-scale intervention providing
weekly IVRS audio calls from the second trimester of pregnancy
to one year postpartum and has been scaled across 13 states,
reaching over ten million subscribers by April 2019 (37). Other
large-scale interventions included Mobile Vaani (33), clinician-
moderated WhatsApp support groups (29) and a Facebook
advertisement campaign addressing anaemia among women of
reproductive age (26). Mobile Vaani is an IVRS providing
participants with informative weekly outbound calls and on-
demand access to content, that made 44,664 calls across February
2017 to July 2018. The moderated WhatsApp groups enabled
participants to ask clinicians questions throughout the three

Frontiers in Global Women's Health

trimesters of pregnancy and had involved over 3,000 members at
time of writing.

Fifteen studies recruited participants from local hospitals or
across defined sites. One example, MeSSSage, was trialled in the
Mohali District of Punjab with 29 post-partum women (32). The
six-week intervention combined weekly moderated group calls,
on-demand access to educational audio recordings and a
WhatsApp group, where participants shared stories, experiences,
and asked questions. mMitra is a voice-based messaging service
that delivered two messages per week from the sixth week of
pregnancy to one-year post-partum (35). Women could not self-
enrol, and they were recruited throughout pregnancy with
controls matched by parity.

Two papers were study protocols, M-SAKHI and NeoRaksha.
M-SAKHI comprises multiple components; those aimed at
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TABLE 1 Summary of 22 included mHealth technologies.

Study ID

Study type

Number of

participants

10.3389/fgwh.2024.1427285

Intervention summary

Yadav et al. (29)

Pre-post study

588

Technology: WhatsApp (social media)
Description: clinician-moderated groups for women at different stages of pregnancy and the
first year post-partum.

El Ayadi et al. (32)
(MeSSSage)

Pre-post study (pilot)

29

Technology: Phone call, SMS, WhatsApp (social media)
Description: Six weekly group calls for women in the first three months post-partum with SMS
reminders and moderated WhatsApp groups throughout the intervention period.

Seshu et al. (27)

Pre-post study

12

Technology: IVRS
Description: Seven fortnightly audio dramas delivered to women screened positive for perinatal
depression, educating on its prevention and management

Datta et al. (28)

Pre-post study (pilot)

120

Technology: SMS
Description: Daily short messages (<90 characters) for 10 days on maternal and child health
topics

Diamond-Smith et al. (26)

Pre-post study

3,455,950

Technology: Facebook (social media)
Description: 6-week campaign of 84 adverts followed by a second 9-week campaign of 136
adverts on iron supplementation in women of childbearing age

LeFevre et al. (17, 37-39, 41,
42) (Kilkari)

RCT

>10,000,000

Technology: IVRS
Description: Weekly stage-based, prerecorded calls on maternal and child health topics from 12
weeks’ gestation to one year postpartum

Johri et al. (23, 40) (Tika
Vaani)

RCT (pilot)

185 (206 control)

Technology: IVRS

Description: Weekly calls to primary caregivers of children aged 0-12 months with a health
information capsule, reminder calls for infant vaccinations aligned with the national schedule
and on demand access to IVRS content.

Basu et al. (19) RCT (pilot) 38 (38 control) Technology: SMS
Description: 30 days of daily text messages to pregnant women <20 weeks’ gestation focused on
oral hygiene and self-care practices

Manoharan et al. (20) RCT 55 in mHealth study | Technology: Phone call

group (55 control
group, 55 booklet
group)

Description: Two reminder calls at 4 and 5 weeks’ post-partum to attend a 6-week appointment
for blood glucose monitoring in women with gestational diabetes

Patel et al. (18)

RCT (pilot)

518 (518 control)

Technology: Phone call, SMS
Description: Weekly phone counselling and daily reminder text messages on infant and young
child feeding practices from the third trimester of pregnancy to 6 months’ post-partum

Murthy et al. (35) (mMitra)

Quasi-randomised
control trial

1,516 (500 control)

Technology: IVRS
Description: Twice weekly stage-based audio messages on maternal and child health topics from
6 weeks’ gestation to one year post-partum

Pawalia et al. (16)

RCT

12 (12 control group,
12 exercise only,
12 exercise and SMS

Technology: SMS
Description: Regular text messages providing dietary advice in pregnancy (frequency of
messages not stated)

advice)
Irani et al. (33, 43) (Mobile | Pre-post study 4,800 Technology: IVRS
Vaani) Description: Weekly outbound calls and on-demand access to content for mothers of children
under 2 years old on maternal and child nutrition, family planning and management of
diarrhoea
Yadav et al. (31) (Feedpal) | Pre-post study (pilot) 22 Technology: Chatbot (social media)

Description: Three 10-30 min sessions with a chatbot that women 0-9 months’ post-partum
could ask questions related to breastfeeding practices

Seth et al. (25) RCT 201 SMS group (208 | Technology: SMS
control, 203 SMS + | Description: reminder SMS message for each recommended immunisation for children aged 0-
compliance linked | 24 months according to the national schedule
incentive)
Hazra et al. (34) Quasi-RCT 640 in intervention | Technology: voice messages

group (authors
compared responses
of 428 from
intervention area
and 453 from control
area)

Description: twice weekly voice messages to husbands of pregnant women on maternal and
child health topics

Gupta et al. (36)

Pre-post study

Not stated

Technology: Phone call
Description: Three counselling calls at 3-7, 20-42 and 42-60 days post-partum with family
planning advice

Patel et al. (15) (M-SAKHI)

RCT (protocol)

N/A protocol

Technology: Phone call, voice message, SMS

Description: Three SMS messages and one voice message per week, one phone to phone
counselling session every 2 weeks on stage-based maternal and child health topics from 20
weeks’ gestation to one year post-partum. Additional alert SMS messages based on data entered
by health workers (ASHAs)
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TABLE 1 Continued

Study ID

Study type Number of

10.3389/fgwh.2024.1427285

Intervention summary

participants
Nayak et al. (22) N/A protocol

(NeoRaksha)

RCT (protocol)

Technology: SMS, app
Description: SMS alerts to mothers of pre-term infants for immunisations according to the

national schedule, alerts for hospital follow up visits, SMS messages with advice on care of pre-

term infants and on-demand access to app content.

Sampathkumar et al. (30) Pre-post study 682

Technology: SMS

Description: Daily text messages for 100 days post-partum on maternal and child health topics

Bangal et al. (24) RCT 200 intervention
group (200 control
group)

130 intervention
group (130 control

group)

Pai et al. (21) RCT

Technology: Voice message, SMS

Description: voice message reminders to pregnant women of antenatal visits, educational SMS
messages “at regular intervals” on maternal and child health topics

Technology: voice message

Description: three weekly messages to pregnant women for three months focused on antenatal
nutrition and iron supplementation

This table outlines the basic characteristics of all included studies; a full version of this table with main findings can be found in Supplementary File S2.

pregnant women included pushed text and voice messages, alert
messages triggered by danger signs recorded in the app used by
ASHAs, and fortnightly phone counselling (15). NeoRaksha is an
intervention for mothers of preterm infants; mothers and ASHAs
can enter data into the app, receive SMS alerts for immunisation
and hospital appointment reminders, and information about
caring for preterm infants at home (22).

3.3 Location

Most interventions were studied across a single state in India,
with only two out of 22 interventions covering multiple states
(Figure 2). Most interventions were performed in the Northen
and Central zones of India, with the lowest number of
interventions in the North Eastern zone, where the risks of
maternal death are highest in rural and tribal areas (44). Kilkari,
was piloted in Madhya Pradesh but has been scaled to 13 states

(37), and in eight states was the only intervention active.

3.4 Recipient characteristics

Interventions varied slightly in their target audience. Four were
targeted to pregnant women (16, 19, 21, 24), ten to those in the
first-year post-partum (20, 22, 23, 25, 27, 30-33, 36) and six
covered both pregnancy and post-partum periods (15, 17, 18, 29,
34, 35). Two studies targeted women planning for a child (26,
28). Most of the interventions were aimed at women, however,
three interventions targeted women and their families (17, 28,
43) and one specifically targeted husbands (34).

To address low phone ownership amongst women in India,
Hazra et al. (34) sent voice messages for four weeks to 640
husbands of pregnant women, covering a variety of maternal and
neonatal health topics. Authors observed a significantly higher
knowledge among listeners compared to non-listeners, including
knowledge of one antenatal checkup in last trimester of
pregnancy, receiving a postnatal checkup within seven days of
delivery, and delayed bathing of newborn. However, only 34% of
those who received the messages reported listening to them, and

Frontiers in Global Women's Health

53% of those did not discuss messages with their families
because they considered themselves the family decision makers,
highlighting traditional family customs impacting perinatal health
knowledge and behaviours in India.

Diamond-Smith et al. (26) used Facebook adverts to inform of
anaemia and the provision of iron and folic acid tablets to women
planning for a child, reaching a total of 3,455,950 women across
Madhya Pradesh and Uttar Pradesh. Authors measured the impact
of the advert campaigns through pre- and post-intervention
surveys. Outcomes of the campaign were mixed, however, two
high focus indicators significantly improved after both campaigns:
the odds ratio of a participant answering “yes” for “iron
supplements can make labour/delivery more difficult,” was 0.790
compared to the baseline survey after the first campaign (p <0.05),
and 0.850 after the second (p <0.01). For “iron supplements are
only for women who have anaemia” the odds ratio of women
answering “yes” was 0.885 after the first campaign compared to
baseline (p<0.05) and 0.897 after the second (p<0.01). Whilst
more studies are required, social media campaigns may be a useful
approach to target women planning for pregnancy, who can be
more difficult to reach once they have left school and are not
usually attending regular hospital appointments.

3.5 Timing and frequency of messages

Six interventions spanned the pregnancy and postpartum time
periods (15, 17, 18, 29, 34, 35), whilst all other interventions
targeted women planning for a child, pregnant, or post-partum
only (Figure 3).

Three interventions allowed participant enrolment after the first
stage of mHealth content delivery (29, 33, 37). Yadav et al. (29)
studied the use of stage-based pre- and post-natal women and
clinician WhatsApp groups; women could join the appropriate
group for her stage at any time. However, staff-maintained records
of participant details, such delivery date, were often incomplete as
investigators had not adopted a consistent mechanism for
demographic data collection at time of the study. This meant that
moderators often had to contact a woman personally to request
required data, a significant limitation to upscaling of the
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FIGURE 2
Distribution of mHealth interventions, of study interest, across India.

intervention. Kilkari allows activation of the service at any time from
the second trimester of pregnancy until the child is aged one year,
however, 58% of subscribers received and answered their first call
after childbirth (37). The Kilkari profile database, MOTECH, is
integrated with governmental databases that register pregnancies
and births to match calls to pregnancy stage as accurately as
possible. High listenership, defined as listening to at least 50% of
the duration of one call, was similar across all the stages of the
programme, suggesting that participants found the content useful
whichever stage they joined at. Most other studies did not describe
how they calculated gestational age.

Message frequency varied across interventions, ranging from daily
or fortnightly contact to those timed to the national immunisation
schedule or participant’s antenatal or ASHA appointments. Most
studies did not report the rationale for their chosen message
frequency, but there appears to be an association with the mode of

Frontiers in Global Women's Health

mHealth messaging. For instance, four interventions involved daily
SMS messages (18, 19, 28, 30) whereas interventions involving
phone calls or voice messages were more likely to be once or twice
weekly (13, 15, 16, 19, 21, 30-33). This may be due to several
factors, including the work required to produce the content and the
risk of overloading a woman with too much information at once,
leading to message fatigue and lack of engagement.

3.6 Type of technology and preferences

Most studies communicated to participants with one-way
messaging modalities where researchers provided messages to
women with no ability to send a response, with fewer studies
participants  and

enabling two-way messaging between

researchers (Table 2).
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FIGURE 3
Timeline of mHealth interventions. Timeline arrows depict trimester of pregnancy and/or gestational age interventions covered

3.6.1 Short messaging service (SMS) and phone
calls

Five studies used SMS to contact participants, three were
RCTs, and two were feasibility studies. Datta et al. (28), sent
text messages with perinatal health information to 120 families
each day for 10 days, observing significant improvements across
all maternal health, and over half of child health knowledge
indicators tested. Three RCTs compared the impact of SMS
reminders with control groups either having standard care, or a
non-mHealth intervention. Seth et al. (25) sent 201 participants
SMS reminders for each recommended DTP immunisation and
found this did not significantly increase infant vaccination rates
(40.1%) compared to normal care (41.7%). Basu et al. (19)
provided 76 pregnant women with a one-time didactic
education session; half of these participants then received a
daily SMS reminder on oral hygiene for 30 days. Authors
observed an improvement in twice-daily brushing frequency of
the 38 participants who received the SMS compared to those
who only received the education session, but this was not
statistically significant (P=0.43). Pawalia et al. (16) provided
their pregnant participants with supervised exercise classes at
the study hospital and regular text messages with dietary advice
reminders. Whilst the SMS group lost more weight than the
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control group, a third study arm of participants who only
attended the exercise classes lost the most weight. However,
these results were not statistically significant.

Two studies contacted women through phone calls. Both were
single-centre interventions targeting their patient population.
Manoharan et al. (20) called 55 mothers with gestational diabetes
mellitus (GDM) at fourth and fifth weeks post-delivery, observing
no significant improvement in the number of participants who
attended postnatal blood glucose monitoring. Interestingly, another
arm of participants who received an informative leaflet did have a
significantly higher attendance. Authors reasoned this was due to
the visual aid and permanence of a leaflet reference material. Gupta
et al. (36) observed an increase in post-partum family planning
after a counsellor phoned postpartum women three times in a two-
month period after delivery. However, these results were compared
to the previous year’s uptake, and their significance is not reported.
Overall, SMS or voice call reminders did not significantly improve

outcomes compared to control, or educational intervention arms.

3.6.2 Voice messages and IVRS

Two studies contacted participants through voice messaging
with varied outcomes (21, 34). Pai et al. (21) delivered voice
messages to 130 participants to encourage iron supplementation
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TABLE 2 Mode of mHealth technology for identified interventions.

One-way Two-way
communication communication

Single intervention studies

Social media 1 2
(WhatsApp, Facebook)

SMS
IVRS

Voice messages

(=N SHE SRR ]
DO O

Phone calls

Multimodal intervention studies

Information app + 0 1
SMS alerts

IVRS, phone calls, and 0 1
face to face meetings

SMS and voice calls/ 1 3
IVRS

Type of mHealth interventions identified, separated by one-way (investigator to participant)
or two-way communication (investigator to participant, and participant to investigator), and
by single and multimodal interventions.

and found no statistically significant improvement in haemoglobin
level during follow up; Hazra et al. (34) found significant increases
in knowledge levels for some but not all behavioural indicators in
husbands who received voice messages.

Three IVRS interventions were evaluated with RCTs. IVRS
enables users to interact with a telephone system using voice or
keypad to play content (one-way communication), record messages
or be connected to a clinician (two-way communication).
mMitra evaluated 22 practice indicators, observing a significant
improvement in tetanus toxoid injection, consulting a doctor if
spotting/bleeding, saving money, and delivering in hospital (35).
However, the control group performed significantly better than the
intervention group receiving mMitra messages on two out of six
practice indicators: resting regularly during pregnancy and home
deliveries having a skilled birth attendant (35). Mobile Vaani
observed that
significantly higher knowledge than control participants for two of

participants  receiving their intervention had
seven focus outcomes: knowledge of how to make child’s food
nutrient and energy dense and awareness of at least two modern
spacing family planning methods, however, did not record if this
translated into change in behaviour (33). Kilkari noted significant
improvements in use of modern reversible contraceptives
and immunisation of children at 10 weeks, but not for other
maternal, newborn and child health outcomes assessed (17). The
discrepancies in outcomes across IVRS studies is surprising and are
likely due to a variety of reasons including self-reporting bias,
attrition bias (all IVRS studies had high numbers lost to follow-up),
contamination of control groups, and pre-existing participant
preferences. For instance, the increase in contraceptive uptake
observed in Kilkari is potentially skewed by the higher number of

Kilkari participants with male children.

3.6.3 Multimodal interventions

Six studies investigated the delivery of multimodal
interventions (15, 18, 22-24, 32), two of these evaluated their
intervention with randomised pilot studies (18, 23), and one
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through an RCT (24). In an RCT of 200 pregnant women
recruited from a local hospital, Bangal et al. (24) observed that
voice call reminders of antenatal appointments and educational
SMS messages on perinatal health topics resulted in a statistically
significant increase in antenatal visits, taking oral haematics, and
higher post-natal checks ups in those receiving the intervention
compared to those receiving normal care. Authors isolated these
impacts to the phone call reminders which occurred 2 days
before a woman’s antenatal appointment, with participants
reporting an increased feeling of trust and continuity of care by
being reminded of, and therefore attending their appointments.
Patel et al. (18) reported that the rate of timely initiation of
breastfeeding was significantly higher in the 518 women who
received once weekly mobile phone counselling from third
trimester to 6 months postpartum and daily text messages on
breastfeeding practices, compared to the 518 control women not
receiving the intervention. However, intervention delivery was
unblinded and randomised to hospital sites, so there may have
been unidentified confounding variables between participants and
differences in care provided between sites. Tika Vaani provided
their vaccination intervention to 184 households with children
aged between 0 and 12 months who resided in a study village.
The Tika Vaani intervention consisted of educational audio
capsules and voice reminders for immunizations broadcast via
mobile phone and accessed through automated phone calls and
free to dial IVRS. Face to face sessions were also provided to
train women with the IVRS, aid community participation, and
troubleshoot technology issues. Those receiving the Tika Vaani
intervention had significantly higher basic health knowledge
compared to the control group receiving usual services for 11 of
13 intermediate outcomes, such as knowing the immunisation
schedule, however authors did not report if this translated into
increased immunisation uptake (23).

3.7 Behaviours targeted

There was a wide variation in the scope of behaviours targeted by
the mHealth interventions, with 14 studies targeting multiple
behaviours and 8 targeting a single behaviour (Figure 4).
Behaviours included iron supplementation for anaemia, postpartum
glucose monitoring for those with gestational diabetes in
pregnancy, antenatal care, breastfeeding, and postpartum family
planning. Mobile Vaani authors found that diversifying their call
content to include news, education and agriculture facilitated
greater usage of the platform without coming at a cost to the
listener rates of core content (43).

The
breastfeeding. Most papers advised exclusive breastfeeding up to
six months of age (15, 18, 28, 29, 31, 33-35, 39), with some also
advising mothers not to discard colostrum and to initiate
breastfeeding within one hour of birth (34, 39). The rationale for
targeting breastfeeding was consistent across studies, citing a high

most targeted behaviour across all studies was

prevalence of malnutrition and stunting along with low rates of
exclusive breastfeeding in India. Feedpal, a chat application
where a researcher emulated the functionalities of a chatbot to
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FIGURE 4
Frequency of targeted behaviours by mHealth interventions.

Frequency of targeted behaviours

answer participants queries, additionally cited the prevalence of
traditional beliefs and practices deterring women from exclusive
breastfeeding as a target for their intervention (31).

Three of five papers that evaluated an intervention for
breastfeeding knowledge or practising of recommended techniques
reported positive outcomes (18, 28, 34). However, two studies
showed no significant difference in breastfeeding practices with an
mHealth intervention, including the large Kilkari RCT (17, 33).
Comparisons between different studies must be drawn cautiously,
since they differed significantly in their intervention design, study
design, target audience, follow up length, and outcome measures. For
example, Patel et al. (18) was the only study where content focussed
solely on breastfeeding, compared to a broader range of topic
coverage. Their intervention was also high intensity, consisting of
weekly phone counselling calls. Furthermore, mHealth messages
were often interpreted within the context of cultural or personal
beliefs. For instance, Kilkari advice to breastfeed exclusively was
understood by some participants as advice to breastfeed primarily (39).

3.8 Evaluation of technology

mHealth technology was evaluated using a range of interviews,
surveys, and engagement data. Eight out of 22 technologies did not
provide any evaluation or plan to evaluate technology modality,
seven of these studies were local or feasibility studies (16, 19-21,
24, 25, 36), and one was a protocol (22).

3.8.1 System generated data
Five studies used collated system data, such as IVR channel
skip rate, to determine user engagement with the technology

Frontiers in Global Women's Health

(21, 26, 27, 34, 38). Kilkari reports that around 75% of all
scheduled calls were answered and delivered, aided by an
automated system that attempts to call subscribers up to nine
times a week. Of answered calls, over 48% of calls were listened
to for 50% of more of total content, and 43% were listened to for
75% of message duration, with most calls answered before 10am
or after 6pm (37). Similarly, Mobile Vaani, tracks engagement to
identify content that users skip, defined as listening to under
25% of content (43). Their platform also enables the recording of
feedback by users, the number and content of which are analysed
to provide insight on content that gains responses.

3.8.2 Evaluative studies and feedback

We identified eight pre-post intervention studies, designed to
evaluate the opinions of participants about the mHealth
intervention (26, 27, 29-32, 35, 39). Of these, half were pilot
studies (26, 27, 35, 38). All observed positive attitudes about the
intervention. Of 19 interviewed MeSSSage participants, 84% were
satisfied by the intervention, 100% of participants found the
educational content useful, and 85% found the group discussions
useful (32). Feedpal’s authors found that 88% of 22 user’s
questions could be satisfactorily answered by their application,
preferring shorter responses with images, with a few not reading
longer, monotonous responses (31).

Eight technologies used, or planned to use, focus groups or in-
depth interviews (22, 23, 25, 27, 29, 30, 34, 35), four used
questionnaires (18, 29, 31, 43), and one used both to evaluate
their technology (40). Seshu et al. (27) carried out in-depth
interviews with 12 women with perinatal depression following
their IVRS counselling intervention, finding that all women liked
listening to the content. They found it improved their mood, and
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would continue the service, however, most participants expressed a
preference for face-to-face contact over phone-based contact.
Sampathkumar et al. (30) sent daily test messages over a 100-day
period to mothers who delivered at their study site. Surveys and
focus groups demonstrated that participants found receiving
verified topical information made participants feel empowered in
their infant’s care, whilst the consistent messaging helped
overcome anxiety and loneliness. However, some women found
the stressful postnatal period meant they were distracted and
unable to take in new information, and the main reasons for
didn’t the lack of
understanding of the service or a lack of time to activate it.

women who activate service were

3.8.3 Barriers and facilitators to access

Limitations to women accessing mHealth interventions were
commonly cited as household or childcare responsibilities (32,
33), lack of network coverage (20, 32, 39), or lack of physical
access to phones (24, 36, 40, 41). Interventions consistently
reported difficulty accessing women over the phone, who often
share a phone with their husband who works throughout the day
(27, 36, 40, 42). Four studies offered, or planned to offer, women
phones to use for the duration of the study (15, 18, 31, 32). Nine
studies rejected women without access to a phone (16, 17, 19, 21,
24, 25, 34, 35, 41), including Bangal et al. (24) where only 45%
of eligible participants had access to a phone, therefore rejecting
many of their target participants.

Where studies published the language of their messages, the
majority were in Hindi, with few providing a selection of
languages. Datta et al. (28) sent participants text messages in
Tamil and English, finding 69.17% and 52.5% of respondents were
“able to read” and “type and send” text messages, respectively,
limited by high rates of illiteracy and absence of regional language
font in mobile handsets. Similarly, Basu et al. identified a greater
improvement in oral care in younger, more educated participants
who received their text message intervention (19), and Mobile
Vaani reported that older and less educated women found the
intervention content, language, and dialect hard to understand
and the pace of the storyline too fast (33). Tika Vaani found that
high maternal education was predictive of higher uptake their
mHealth audio vaccination reminders, whilst being a member of
the lowest caste (social class) was associated with greater uptake of
entertaining mHealth educational content, as this information was
likely novel and useful (23).

3.8.4 Infrastructure, interoperability, and data
security

mERA checklist scoring revealed that network infrastructure,
system interoperability, and data security protocols were poorly
reported across studies. Only two studies included information on
the network infrastructure required to support their mHealth
intervention. Diamond-Smith et al. (26) justified using Facebook
Ad Manager for their intervention due to the high rate of
Facebook penetration amongst their target audience, quoting
2,900,000 monthly active users of their target demographic in
Madhya Pradesh, and 6,500,000 users in Uttar Pradesh. Network
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connectivity was a limiting factor for participation in Kilkari, with
women on the BSNL network excluded from participation (17).

Two studies reported on their data security protocols. Tika Vaani
stored data on firewall protected servers (40). Feedpal required a Gmail
account to login to the application, providing dummy accounts for
those without Gmail accounts, and deleting all accounts and de-
identifying patients prior to analysis (31). However, how and where
this information was stored for analysis is not reported. Yadav et al.
described multiple privacy breeches in their study of clinician
moderated WhatsApp support groups, where male group members
privately messaged women in the chat and shared jokes or religious
or political propaganda (29). The platform moderator had limited
control in countering these incidences by deleting these members,
limited by the privacy functions of a pre-configured, and easily
accessible, social media platform.

The interoperability between mHealth tool and health system was
described by six interventions (15, 17, 22, 23, 26, 37-40, 43).
NeoRaksha will enable participants to log infant development and
health data into the android app that is viewable by healthcare
professionals (22). M-SAKHI and Seth et al. provide supplementary
technology to benefit ASHAs and public health workers alongside
their direct to beneficiary mHealth interventions. M-SAKHI
provides pushed text and voice messages to a participant when they
deviate from recommended health practices, detection of which is
enabled by health information logged by ASHAs on a corresponding
android system (15). Seth et al. (25) couples an immunisation record
keeping software with automated SMS reminders, proposing the
identification system has further advantages for record keeping and
tracking of missed or incomplete immunisations.

4 Discussion

To our knowledge, this is the only scoping review of mHealth
interventions used by women and families for perinatal health
promotion across India. We identified 29 studies describing 22
mHealth technologies. The most frequent behavioural targets for
interventions were breastfeeding, antenatal nutrition, and infant
healthcare. Most interventions communicated to women through
one-way communication methods, most frequently through SMS.
Reported barriers to the uptake of interventions included
household or childcare responsibilities, technical difficulties,
difficulty accessing a phone and difficulty understanding

messages. Conversely, reported facilitators included group
information sharing, use of additional non-maternal informative
content, and a pictorial information format.

We found that single intervention studies sending participants
one way communication reminders, such as SMS or phone calls,
did not significantly improve antenatal visit attendance or other
measured outcomes. This finding deviates from previous reviews
which have concluded that mHealth reminders can improve
attendance at maternal or antenatal appointments but have no
consistent effects on perinatal health outcomes in low- and
middle-income countries (45-47). Discrepancies may be due to
differing follow up times across studies, the impact of a small

number of studies, inclusion of complex interventions by other
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authors, as well as our inclusion of a variety of study types (46).
Eleven of the 29 studies identified within the scope of our search
were RCTs, and eight were pre-post-studies. The inclusion of
studies other than RCTs may have led to discrepancies in our
findings compared to previously published reviews. Particularly,
the potential impact of pre-post studies included in our review
must be acknowledged due to the potential for confounding
variables such as, an increasing acceptance to mHealth through
increased technology usage, and the impact of hormonal or
family dynamic changes between data collection timepoints,
which may exaggerate the impacts of mHealth interventions.
Therefore, we emphasise the need for high quality RCTs
investigating mHealth during the perinatal period, with long
term follow up, to enable comparability across studies.

We have identified a limited number of studies utilising a
multimodal delivery strategy and highlight the potential for
multimodal mHealth interventions to improve perinatal health
knowledge and outcomes. Multimodal intervention packages may
offer visual elements, such as videos and photos, on-demand access
to information, as well as reminders or counselling phone calls.
These interventions may enhance behavioural change and increase
appointment attendance, due to participants being able to refer to
the material at later dates, share with family, or acknowledge
information received in their preferred format (20, 31). Recent
work performed outside the scope of our search recruited 286
anaemic pregnant women in Eastern India to receive a one-month
intervention package of SMS reminders, audio messages, and
phone calls (48). Authors observed a 44.9% increase in adherence
to iron and folic acid tablets, compared to a 13.8% increase in the
control group (p<0.001). Providing women with a multimodal
package of mHealth messaging alongside their pre-existing ASHA
contact may provide an appropriate level of patient counselling
whilst resolving staffing or economic gaps in resource-poor
settings. However, multimodal interventions may bring further
of
subsequent lack of adherence, which we identified as limitations

considerations such as risks information overload and
reported by women even in single intervention studies (30). It will
also be important to economically evaluate these interventions, to
assess the cost-benefit of multiple interventions for service
providers and for individual participants for whom multimodal
interventions may cause extra costs such as travel to in person
meetings, a need for a personal mobile phone, and needing to buy
more airtime to call health professionals (49). Moreover, only
one study from those we identified using multimodal interventions
tried to isolate the impact of the individual components (24).
Authors are therefore unable to extrapolate which arm of the
intervention is driving any observed outcome. Future work on
multimodal interventions should assess each modality individually
as well as in combination to identify whether multimodal
information delivery can lead to more effective behavioural
change than single interventions. These studies must also
assess the appropriate frequency, timings, and structure of
delivered messages that lead to optimal intervention efficacy and
participant engagement.

We that targeting
breastfeeding are capable of significantly increasing knowledge or

have demonstrated interventions
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practising of recommended breastfeeding techniques. These
findings are in line with other reviews concluding that educational
messaging can significantly improve the rate of exclusive
9).

However, participant’s interpretation of breastfeeding messages is

breastfeeding in lower- and middle-income countries
impacted by their traditional beliefs and understanding, limiting
the generalisability of these results. Traditional feeding norms
across India dictate that water, sweets, honey, and a ghutti are
given alongside breastmilk, and pre-lacteal feeding is common
with one study in Uttar Pradesh citing only 24% of women
exclusively breastfeeding during the first 6 months (50). Work
performed outside India has also demonstrated high early
of mHealth
breastfeeding due to introduction of fluids during the neonatal

participant drop out interventions targeting
period (51). We similarly observed evidence of cultural norms
impacting the efficacy of contraceptive messaging. Therefore,
effective mHealth studies should incorporate cultural norms and
assess for appropriate understanding of messages when evaluating
their interventions. To do so, an initial framework that enables
study developers to understand specific factors that promote and
discourage user adoption, including cultural norms, family
preferences and traditional values will assist in targeting factors
leading to early intervention failure.

This review highlights that that mHealth messages are an
acceptable intervention to women and their families in the
perinatal period. However, the inability to read and understand
the messages was a common barrier against SMS and app-based
interventions, consistent with findings in mHealth interventions
across LMICs (52-54). Even studies that did not formally exclude
illiterate participants are likely to be self-selecting due to trial
advertising and motivation to take part. In India 83.0% of
women aged 15-49 years old living in urban environments are
literate compared to 65.9% in rural environments, where the
risks of maternal death are highest (5). Written and inadequately
translated messages may further widen the perinatal health gap
between wealthy and poorer regions of the country, overall,
limiting India in achieving the UN 2030 maternal and child
mortality goals (44). Early work using large language models has
shown potential for re-writing health messages into more
accessible messaging suitable for lower literacy levels (55).
However, further work must investigate whether this can be of
use for accurate translation into local dialects and user-specific
literacy levels. The potential advantages of these new technologies
must overcome the limitations they may exacerbate such as the
requirement for devices with advanced hardware and network
connection, and the potential for widening the knowledge gap
between participants of different literacy levels if messages are
not adequately translated or technicalities are omitted.

We additionally highlight phone access as a limitation to
scaling of mHealth interventions. Approximately half of women
in Punjab share a phone with family members (56), and
husbands can be “gatekeepers” to women’s phone use (57);
therefore, care must be taken when recruiting participants and
designing interventions to ensure inclusion and avoid impacting
household dynamics. A potential future direction is to encourage
the active involvement of husbands in

perinatal care
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interventions. A 2015 systematic review by Yargawa et al.
evaluating 14 papers of male involvement in perinatal care in
developing countries demonstrated this improved utilisation of
maternal health and decreased the likelihood
depression by 90% (58). More rigorous studies are required to

of antenatal

understand if husband and family involvement may enable wider
access of women to mHealth interventions.
the lack of

telecommunication network infrastructure,

Furthermore, appropriate of
data security and
interoperability as identified from the mERA checklist constitute

novel findings from this review. These will be important for

reporting

scalability, sustainability, and potential for long-term participant
follow-up. An intervention’s interoperability within the local
healthcare system and the secure handling of participant data are
both particularly important for studies working out of hospital sites
or interventions utilising hospital records to ensure participants can
make informed decisions about information sharing.

4.1 Strengths and limitations of our work

Strengths of our work include a rigorous methodology in line
with JBI scoping review guidelines, developing a search strategy
alongside an experienced librarian, and multiple reviewers
assessing for inclusion or exclusion of papers. Limitations of our
work include inclusion of only peer-reviewed published articles,
thereby omitting potentially relevant data published in the grey
literature. We did not review the health economic impacts of
interventions, as this was outside the scope of our search,
however, this will clearly be important when evaluating an
intervention’s long-term potential. We limited our search to
studies published in English. Lastly, whilst we selected four
research databases for our literature search to cover medical,
allied health, global health, and computing fields- key themes of
our work, these journals, and our limitation to English language,
may not cover all relevant work that has been performed in
India (59).

5 Conclusion

Overall, our review highlights the need for a framework to
understand existing cultural beliefs and support structures, and
to integrate these into mHealth technologies to avoid early
intervention failure. Additionally, we highlight the need for
rigorous RCTs investigating multimodal information delivery,
and male involvement in mHealth interventions to support
the
development and implementation of mHealth interventions and

female participants. Standardisation of reporting of
monitoring and evaluation after deployment will be important
the these

interventions. The continual follow up of participants and

for addressing sustainability and efficacy of
interventions is necessary to demonstrate if there is lasting
behavioural change, or repeated interest in mHealth interventions

throughout subsequent pregnancies.
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