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Abstract

AU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:Low-middle income countries like India bear a heavier burden of maternal, childcare, and

child mortality rates when compared with high-income countries, which highlights the dispar-

ity in global health. Numerous societal, geopolitical, economic, and institutional issues have

been linked to this inequality. mHealth has the potential to ameliorate these challenges by

providing health services and health-related information with the assistance of frontline

workers in the provision of prepartum, delivery, and postnatal care to improve maternal and

child health outcomes in hard-to-reach areas in low- and middle-income countries (LMICs).

However, there is limited evidence to support how mHealth can strengthen maternal and

child health in India. The scoping review guideline in the Cochrane Handbook was used to

retrieve studies from 4 international databases: CINAHL, Embase, Medline Ovid, and

PubMed. This search strategy used combined keywords (MeSH terms) related to maternal

and child healthcare, mHealth, and BIMARU in conjunction with database-controlled vocab-

ulary. Out of 278 records, 8 publications were included in the review. The included articles

used mHealth for data collection, eLearning, communication, patient monitoring, or tracking

to deliver maternal and neonatal care. The results of these papers reflected a favourable

effect of mHealth on the target population and found that it altered their attitudes and behav-

iours about healthcare. Higher job satisfaction and self-efficiency were reported by mHealth

user care providers. Multiple barriers to the acceptance of mHealth exist, but the majority of

the evidence points towards the feasibility of the intervention in a clinical setting. The

mHealth has positive potential for improving maternal and child health outcomes in low-

resource settings in India’s BIMARU states by strengthening the healthcare system. The

results of the study could be used in the tailoring of an effective mHealth intervention and

implementation strategy in a similar context. However, there is a need for economic evalua-

tion in the future to bridge the knowledge gap regarding the cost-effectiveness of mHealth

interventions.
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Introduction

Maternal mortality is considered one of the most challenging healthcare situations globally. In

2017, approximately 810 women died every day from a preventable cause associated with preg-

nancy and childbirth, which amounts to 295,000 total deaths that year [1]. The World Health

Organization (WHO) estimates that the global maternal mortality rate (MMR) decreased by

35% from the year 2000 through 2017 from an estimated 451,000 total deaths in 2000, which

corresponds to an annual reduction in the MMR of 2.9%. [1].

Despite a positive global decline in the MMR, a large number of low- and-middle-income

countries (LMICs) continue to report a higher incidence of maternal fatalities [2], among

which Nigeria and India are top on the list and accounted for approximately one-third of esti-

mated global maternal deaths (67,000 and 35,000, respectively) in 2017 [3]. According to

Amoakoh-Coleman and colleagues and Tunçalp and colleagues, use of innovative technologies

in delivering maternal healthcare services, particularly during intrapartum period, showed

potential in reducing the MMR [3,4].

While the existing literature shows promising results in the realm of maternal and child

health outcomes with mHealth intervention. The fundamental marker of an effective mHealth

technology is to enhance healthcare delivery in a way that is both scalable and sustainable from

a payer perspective, as well as acceptable and cost-effective to the stakeholders.

The globalisation of mobile phone technology, with almost 100% of the world’s population

covered by mobile signals, made it a potential intervention for addressing reproductive, mater-

nal, new-born care, and child health (RMNCH) outcomes in LMICs [4]. The mobile devices

used for improving health outcomes, health-related research, and healthcare services are often

called “mHealth,” which is a proliferation of mobile innovation [5].

According to Blaya, Fraser, and Holt, mHealth improves the efficiency of frontline health

workers (FLWs), particularly those who provide primary care in resource-limited settings [6].

mHealth offers various potential benefits over traditional paper-based methods with positive

outcomes in the investigated parameters, like facilitating medical data collection, eLearning,

disease prevention, and patient self-management [6–8]. It facilitates medical professionals’

performance and decision-making capabilities in the context of digitalized data and increases

access to cost-effective, modern healthcare in rural areas of LMIC [6,7,9]. Furthermore,

mHealth also supports and sustains beneficiaries’ adherence to medical recommendations that

enhance the effectiveness of care providers and strengthen intrapartum and postpartum care

[7,10].

mHealth in India

India is the second-most populated country in the world, and approximately 80% of the Indian

population lives in rural areas with access to 25% of healthcare infrastructure [11]. Providing

healthcare to such a large population with unequal health-resource distribution is an immense

challenge, so the question is whether mHealth could help in overcome these challenges and

accelerate progress towards health equity [9].

India is experiencing unpredicted growth in the field of information and communication

technology, which has resulted in increased tele-density (Fig 1) and improved mobile phone

usage even in rural areas [9,12]. Hence, mHealth could be an appropriate need-based and

cost-effective technology to strengthen this weakened health systems by improving health-

related outcomes through enhancing health services accessibility, quality, knowledge, behav-

iour, and experience of beneficiaries and care providers [13,14].
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What are BIMARU states?

“BIMARU” is an acronym coined by Ashish Bose in the 1980s by combining the initial letters

of the Indian states of Bihar, Madhya Pradesh, Rajasthan, and Uttar Pradesh [15]. The word

“BIMARU” is similar to the Hindi word “Bimar,” which means “sick.” These states are classi-

fied as the most backward in terms of mortality and health infrastructure, consistently display

poor performance in a number of socioeconomic aspects [15]. Furthermore, in the Indian

Government’s annual health surveys between 2011 and 2013, BIMARU states were ranked

among the worst child health states and were later named one of the High Priority States to

Promote RMNCH (other contributing factors for this low health indicator achievement are

shown in Fig 2) [15–17].

Gap in knowledge

The existing literature shows promising results of mHealth interventions in the realm of

maternal and child health outcomes, but there are 2 major gaps in this nascent area. First, lim-

ited evidence of mHealth impact in large-scale and complex healthcare settings like India

points towards a knowledge gap regarding health outcomes and the variables that influence

them, such as access, quality, and experience [13,18]. Second, to date, no systematic literature

review has been carried out to assess how mHealth has strengthened the maternal and child-

care systems in India’s BIMARU states. Hence, the rationale of this systematic literature review

is to evaluate the best available evidence regarding the effectiveness of mHealth interventions

to improve maternal and child health outcomes in the BIMARU states of India in order to

address the knowledge gap.

Methodology

This systematic review of the literature was conducted in accordance with the requirements of

the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [19] and

Fig 1. Size of mHealth device and services in India’s market (in US million dollar). (A) The bar graph represents

the market size of the mHealth (mobile health) device and service market in India from the year 2014 to the year 2020

(these values are round figures have been rounded. (B) The y-axis represents the market size in US million dollars,

while the x-axis represents the years. (C) The light blue bars represent the market size of mHealth devices, while the

dark blue bars represent the market size of mHealth services.

https://doi.org/10.1371/journal.pdig.0000403.g001
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Fig 2. Analytical data from BIMARU states of India. (A) The graphs represent various health indicators in BIMARU

states of India based on the Indian Government’s annual health surveys conducted between 2011 and 2013. Each graph

focuses on a specific health indicator and displays the data for BIMARU states. The y-axis represents the respective

indicator, while the x-axis represents the BIMARU states. Each bar in the legend represents the data related to the

specific indicator for the BIMARU states. (B) Graph A: The graph represents the Female-to-Male Ratio in BIMARU

states. The x-axis represents the BIMARU states, and the y-axis represents the Female-to-Male Ratio. The data

highlights the Female-to-Male Ratio for each state, with Rajasthan having the lowest ratio of 883 females per 1,000

males, followed by Madhya Pradesh (899:1,000), Uttar Pradesh (912:1,000), and Bihar (933:1,000). (C) Graph B: The

graph represents the Maternal Death Rate due to Complications in BIMARU states. The x-axis represents the

BIMARU states, and the y-axis represents the Maternal Death Rate per 100,000 births. Each bar in the legend

represents the Maternal Death Rate due to Complications for the respective state, with Rajasthan with 255, Madhya

Pradesh with 230, Uttar Pradesh with 292, and Bihar with 219 deaths per 100,000 births. (D) Graph C: The graph

represents the Newborn/Infant Mortality Rate in BIMARU states. The x-axis represents the BIMARU states, and the y-

axis represents the Mortality Rate per 1,000 births. Each bar in the legend represents the Newborn/Infant Mortality

Rate for the respective state, with Rajasthan having 47 deaths, Madhya Pradesh 50 deaths, Uttar Pradesh with 54

deaths, and Bihar with 42 deaths per 1,000 births. (E) Graph D: The graph represents the percentage of

undernourished/underweight children below 5 years in BIMARU states (Rajasthan, Madhya Pradesh, Uttar Pradesh,

and Bihar). The x-axis represents the BIMARU states, and the y-axis represents the percentage of undernourished/

underweight children. Each bar in the legend represents the percentage for the respective state, with Rajasthan having

32% undernourished or underweight children, Madhya Pradesh with 35%, Uttar Pradesh with 36%, and Bihar with

37%.

https://doi.org/10.1371/journal.pdig.0000403.g002
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the Cochrane Handbook [20], both of which offer direction toward a thorough and accurate

literature review methodology.

Eligibility criteria

Eligibility criteria were developed, and terms for the exclusion and inclusion of studies are

listed in Table 1.

Search strategy and information source

Four international electronic databases—CINAHL, Embase, MEDLINE, and PubMed were

searched systemically using keywords and MeSH terms and search string of each database is

demonstrated in S1 Appendix [21]. The reference list was evaluated by 2 reviewers apart from

the authors to assess the papers’ eligibility for inclusion.

Manually searched studies from the reference lists were not included, as stated in the

Cochrane Handbook: “positive studies are more likely to be cited” and “retrieving literature by

scanning reference lists may thus produce a biased sample of studies” [20]. There was no limi-

tation placed on the circumstances that qualified for inclusion, and both qualitative and quan-

titative studies were taken into consideration.

PICOT formation of research question

“How do the effectiveness and feasibility of mHealth interventions, and the challenges encoun-

tered in their acceptability among all stakeholders, compare to traditional paper-based or non-

technological methods to improve healthcare in BIMARU states of India from 2012 to 2022?”

Study selection and data extraction

Using the reference management programme Endnote, search results from all databases were

imported, producing 278 articles. One group was created for all articles, and separate groups

were created for each database search result. Articles, on the other hand, were not eliminated

by collecting both theoretical and empirical data from published studies using a critical

appraisal tool or a technical quality basis.

Quality assessment

The quality of each included study was assessed by using a suitable critical appraisal checklist

in accordance with the research study design (S1 Appendix), Critical Appraisal Skills Pro-

gramme (CASP) [22] for randomised control trials and qualitative studies; Joanna Briggs Insti-

tute (JBI) checklist for quasi-experiments and non-randomised study designs [23]; and

Critical Appraisal Framework for Original Research (CAFFOR) for mixed-method studies

[24]. Despite the fact that the results varied depending on the research design, the following

Table 1. Eligibility criteria.

Inclusion criteria Exclusion criteria

• Place: BIMARU states of India (Bi: Bihar, MA: Madhya

Pradesh, R: Rajasthan and U: Uttar Pradesh)

• Study focused on pregnancy, maternity care, infant,

and/or childcare

• Implementation of any mHealth or mobile application

in the study

• Used primary or secondary data with a method of

selection

• Studies conducted before 2012 and after 2022

• Articles not published in English

• Only technological or economically focused study

• Published as editorial, a book, a letter, unpublished

research, and abstracts suggesting future studies

https://doi.org/10.1371/journal.pdig.0000403.t001
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characteristics were the focus of all these checklist tools: clarity in aim and objective, appropri-

ateness of methodology, appropriateness of study design in addressing objectives of research

(internal validity), recruitment and data collection and analysis strategies (external validity),

consideration of ethical issues, reporting quality, clarity in the finding statement, and value of

the research (transferability and generalisability) [22–24].

Data collection and synthesis

The included studies’ results provided heterogenous data, which constrained the qualitative

synthesis of the data. Therefore, a descriptive data synthesis was employed to better under-

stand the research question related to mHealth in the target group. First, initial data from the

included papers was extracted and coded in accordance with the research question. In the fol-

lowing stage, these codes were categorised into related subject areas and combined to form

descriptive themes [25]. The names of the authors, the publication year, the state, the mHealth

intervention, the intended audience, and the results were extracted. The source of the evidence

and an assessment of the evidence for the included research were described. The last phase was

a critical analysis of the outcomes extracted from the themes by interacting, comparing, and

contrasting the findings to draw conclusions. Afterward, a recommendation was made in light

of this analysis [26].

Results

Study selected

The initial search yielded 278 entries when the outcomes from all 4 databases were combined:

CINALH (n = 17), Embase (n = 113), Medline (n = 106), and PubMed (n = 42). Duplicate arti-

cles were excluded using EndnoteX9 (82) followed by manual screening (14) based on title and

abstract, leaving 182 records. Subsequently, among the 124 records, only 12 met the inclusion

criteria (Table 1). Finally, 4 more studies were excluded after full-text reading (limited by tech-

nology), and 8 studies were included in the final review (Fig 3).

Characteristics of included studies

The included studies took place in Bihar (n = 5) [27–31], Madhya Pradesh and Rajasthan

(n = 2) [32,33], and Bihar and Madhya Pradesh (n = 1) [34]. None of the studies conducted in

Uttar Pradesh were qualified for inclusion in this review. In 7 studies, the target population

was frontline workers and beneficiaries (pregnant women and women with newborn, infant,

and children and up to the age of 5 years); however, one study targeted medical professionals

(doctors, nurses, midwives, etc.) [31]. The included studies that analyse the effect of mHealth

applications and services on target populations can be found in S1 Appendix.

The data of all the included research are listed in Tables 2 and 3. The quality of each study

and results of evidence appraisal for included studies are listed in Table 4.

Appraisal of methodological quality

A critical evaluation study is considered a crucial step since it provides valuable details regard-

ing research and reporting quality [35,36]. As a result, the quality of included studies is

assessed using various critical appraisal tools based on the study approach shown in Table 2,

and the individual study critical appraisal is attached in S1 Appendix. Whereas the Critical

Appraisal Framework for Original Research (CAFFOR) is used to assess the strengths and lim-

itations of all included studies.
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Reporting and methodological quality of included studies. The reporting quality of the

included articles is considered standard as the authors used standard methods and addressed

important parameters like target population, intervention, location, research method, objec-

tives, and increased readers’ transparency, understandability, reproducibility of its methods,

and cross-examination of the results [37].

The majority of studies was mixed method designs and used in-depth interviews and sur-

veys to evaluate the outcomes of the intervention. This data collection method was considered

a justifiable option for included studies because quantitative data can provide analytical data

and qualitative data can address social phenomena; a mixed-method design can provide

detailed picture data by putting “words behind the numbers” [38]. Additionally, it can help in

tailoring more efficient interventions and developing implementation strategies [39].

In contrast, sampling was done in stages, beginning with the selection of the state, block,

district, and village, and then moving on to the sample population. Apart from 2 included

studies [27,32], participants were selected by non-probability sampling as listed in Table 2,

Fig 3. PRISMA Flow Diagram for Database Search of Studies on mHealth Interventions for Maternal and Child

Health in BIMARU States of India (Page and colleagues). (A) The total number of records identified through the

initial database search was 278. (B) 182 records remain after removing duplicate articles using EndnoteX9 and manual

elimination (EndnoteX9 = 82 and Manual = 14). (C) 124 records remain after screening based on title and abstract.

(D) 58 full-text articles were assessed to determine eligibility based on inclusion and exclusion criteria. (E) After full-

text review, 46 studies were excluded due to specific reasons, such as being limited by technology (COVID Telehealth,

Specific Diseases and Systemic Review, Patriarchy). (F) Only 12 studies met the eligibility criteria after full-text

reading, and 8 were included in the final review after removing 4 more studies (limited by technology).

https://doi.org/10.1371/journal.pdig.0000403.g003
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Table 2. Data from individual included studies.

Individual study

and study location

Study set up (methodology/

research method/research

design/sample size/sampling

used)

Approvals granted/ethical issue arises Critical analysis Study conducted (procedure/data

collection/data analysis)

Carmichael and

colleagues

Location:

Bihar, India

• Methodology: RCT

• Research method: Mixed

method

• Research design: Casual

research, before and after

with control group

• Sample selection: stratified

cluster Randomisation

• Sample size

1. Control group: 134 AWW,

122 ASHA, and 809 maternal

respondents

2. Intervention group: 154

AWW, 163 ASHA, and 744

maternal respondents

Institutional Review Board of the Public

Health Foundation of India, New Delhi,

and from the Health Ministry’s Screening

Committee (approved on August 18,

2011);

Critical Appraisal

Skills Program

(CASP) tool for

randomised

controlled trial

• Section A (validity of basic

study design) = 3/3

• Section B (methodology

assessment) = 2/3

• Section C (Results) = 2/3

• Section D (Result

transferability) = 1/2

Score on appraisal:

8/11

Included

Data collection:

Interviews at baseline and post-

intervention

Quantitative data (survey)

Data analysis: Bivariate and

difference-in-difference analyses,

p-value calculated

Time horizon: 2 years

Baseline: May–July 2012

Post implementation: July–August

2014

Kaphle and

colleagues

Location:

Bihar, India

• Methodology: Field

observational

• Research method: Mixed

method

• Research design:

Descriptive, longitudinal

• Sample selection:

Block selection:

Randomisation

Further selection:

Convenience sampling

• Sample size: Intervention

(n = 15), control group

(n = 3)

Respondents: Consents

Did not require any approvals from the

Internal Review Board (IRB)

Critical Appraisal Framework

for Original Research

(CAFFOR)

Score on appraisal:

6/7

Included

Data collection:

• Interview (to assess the literary)

• Formative study (observation of

frontline workers during home

visits after implementation of

mHealth)

Data analysis: Descriptive

statistics, calculation of confidence

interval, p-value, mean value, and

standard deviation

Time horizon: not mentioned

Data was collected on 30th, 60th,

and 90th day

LeFevre and

colleagues

Location:

Madhya Pradesh

and Rajasthan

• Methodology: iRCT

(i = individual)

• Research method: Mixed

method

• Research design: Casual

relationship, Before and after

with control group

• Sampling: Randomisation

(stratifications of important

parameter)

• Distribution in control and

intervention group:

Randomisation (using Stata)

• Target Sample size: 3,200

(1,750 in each arm)

• Response rate: 20%

Johns Hopkins School of Public Health

Institutional Review Board in Baltimore,

MD, USA, Sigma in Delhi India, and the

University of Cape Town in South Africa

Critical Appraisal

Skills Program

(CASP) tool for

randomised

controlled trial

• Section A (validity of basic

study design) = 2/3

• Section B (methodology

assessment) = 2/3

• Section C (Results) = 2/3

• Section D (Result

transferability) = 2/2

Score on appraisal:

Level of evidence: 9/11

Data collection: In-depth

interview and Quantitative data

collection and analysis

Data analysis:

• Statistical analysis, CI,

contingency tables, and chi-square

test

• Economical evaluation: Cost-

effectiveness analysis (calculation

of DALY and ICER)

Sensitivity and probability analysis

Phone Survey analysis

Time horizon: 2018–2019

Negandhi and

colleagues

Location: Bihar,

India

• Methodology:

Observational

• Research method:

Qualitative

• Research design:

Exploratory, case-study

• Sampling: Convenience

sampling of main

participants

• Sample size: Not

mentioned

Written Consent from respondents

Part of the INAP project, which was

approved by the Institutional Ethics

Committee of Indian Institute of Public

Health Delhi

Critical Appraisal

Skills Program

(CASP) tool for

Qualitative study

• Section A (validity of basic

study design) = 4/6

• Section B (Results) = 2/3

• Section C (Result

transferability) = 1/1

Score on appraisal:

7/10

Included

Data collection: In-depth

interview (face to face)

Data analysis: Detailed manual

analysis at emerging theme

Time horizon: 2014–2015 (1 year)

(Continued)

PLOS DIGITAL HEALTH mHealth in promoting maternal and child health in ‘BIMARU’ states of India

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000403 February 2, 2024 8 / 26

https://doi.org/10.1371/journal.pdig.0000403


Table 2. (Continued)

Individual study

and study location

Study set up (methodology/

research method/research

design/sample size/sampling

used)

Approvals granted/ethical issue arises Critical analysis Study conducted (procedure/data

collection/data analysis)

Nimmagadda and

colleagues

Location:

Bihar and Madhya

Pradesh (MP),

India

• Methodology: Quasi-

experimental (controlled

design), no blinding

• Research method: Mixed

method

• Research design:

Descriptive, repeated cross-

sectional

• Sampling:

1. Purposive sampling of

state

2. PSM based sampling of

village

3. Division in intervention

and control group:

Randomisation

• Sample size:

MP (n = 420), Bihar

(n = 432)

Committee for the Protection of Human

Subjects at the University of California at

Berkeley, and the Suraksha Independent

Ethics Committee in India.

Informed consent as per the Institutional

Review Board approved protocol.

Critical appraisal

tool used:

Joanna Briggs

Institute (JBI) for Quasi-

experimental study

Score on appraisal:

8/9

Included

Cause and effect’ are well

elaborated, control group is

present.

Statistical analysis is performed,

majority of sampling is

randomisation, and statistical

analysis is performed.

Data collection: Structured

interview and survey questioner

(pre- and post-intervention)

Tool: android tablet based

SurveyCTOTM platform

Data analysis: Adjustment of data

at baseline

Data analysis done in STATA

Time horizon: 12 months

(baseline survey conducted in

July–August 2017)

Usmanova and

colleagues

Location: Madhya

Pradesh and

Rajasthan, India

• Methodology:

Observational

• Research method:

Qualitative

• Research design:

Exploratory, case-study

• Sampling: Purposive

sampling

• Sample size: 12 facilities (6/

39 in MP and 6/42 in

Rajasthan) (3 low and 3 high

utilizers)

• Response rate = 91.6%

Written informed consent from

respondents

Oral recorded consent by respondents for

telephonic interview

Institutional Review Board (IRB) (IRB no.

10028) of the Johns Hopkins Bloomberg

School of Public Health in the United

States and the Sigma IRB (IRB no. 10065/

IRB/19–20) in New Delhi, India.

Permission for conducting the study was

taken from both state government

Critical Appraisal

Skills Program

(CASP) tool for

Qualitative study

• Section A (validity of basic

study design) = 4/6

• Section B (Results) = 2/3

• Section C (Result

transferability) = 1/1

Score on appraisal:

9/10

Included

Data collection: In-depth

interview (face to face)

Lockdown on 24th March 2020

(COVID-19), 17 interview were

conducted telephonic

Data analysis:

• Qualitative content analysis

approach, TAM-3 model (data

analysis software)

Time horizon: 1 Year (July 2019–

June 2019)

Ward and

colleagues (2021)

Location: Bihar,

India

• Methodology:

Observational (survey)

• Research method: Mixed

method

• Research design:

Descriptive, multiple cross

sectional

• Sampling:

1. Randomisation for

selection of block

2. Purposive sampling of

sample (women exposed to

GSP and IPC)

• Sample size:

GupShup Potli (GSP)

(n = 2,608)

IPC tool (IPC) (n = 2,002)

Institutional Review Board of the Public

Health Foundation of India, and from the

Health Ministry’s Screening Committee

on August 18, 2011. Ethical approval for

data analyses done at Stanford University

was received from the Stanford

Institutional Review Board on 19

December 2016, protocol ID 39719.

Critical Appraisal Framework

for Original Research

(CAFFOR)

Score on appraisal:

6/7

Included

Data collection:

• Interviews and questioners,

scripted for Computer

Administered Personal Interviews

using tablet computers

• Survey

Data was collected (July–

September 2016)

Data analysis: Secondary data

analysis of multiple cross-sectional

survey,

Statistical analysis (p-value, t test,

and CI calculation)

Time horizon: (July–September

2016)

(Continued)
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which raises questions about the external validity of these studies. However, using randomisa-

tion for the initial selection of the sample, prior to finalising the sampling, increased the inter-

nal validity of the studies by reducing selection bias [40]. Although the use of non-probability

sampling at any stage implies selection bias, the standardised probability method is not always

a viable option due to its rigidity [29,41,42]. For example, in the study by Ward and colleagues,

researchers used randomisation to approach the real experimental design but later had to

manually alter the sample due to a failed attempt brought on by participant error [29].

Selected studies showed meticulous analyses of the collected qualitative and quantitative

data to boost accuracy by employing various methodologies. Interviews were manually ana-

lysed, transcribed, and translated by multiple private research experts, and software like

STATA was used to minimise human error [31,33,43].

Nonetheless, one significant limitation inferred from the studies is the collection of self-

reported data from participants [27–29,32], which is often argued to be “unreliable and threat-

ened by self-reporting bias,” one of the common biases that affects research validity [44]. How-

ever, if the data are carefully collected and used, such as through pre-implementation

instrument validation, prefacing and question design, selection of an acceptable recall time,

and others, self-reporting can provide a wide range of information [44,45].

Another disadvantage is that almost all trials were deliberately tailored and monitored,

which further questions the generalisability of the outcome, as extra support may not be feasi-

ble in a general context. For example, in the study by Lefevre and colleagues, researchers put

extra effort into providing the correct phone numbers for the participants, which is not feasible

in the usual setting of the Maternal and Child Health Tracking System (MCTS) [32]. More-

over, direct assessment of the performance and abilities of FLWs was another important com-

ponent in the included studies, as the conscious awareness of being monitored enhanced the

participants’ behaviours and performance according to the “Hawthorne effect” (sense of being

Table 2. (Continued)

Individual study

and study location

Study set up (methodology/

research method/research

design/sample size/sampling

used)

Approvals granted/ethical issue arises Critical analysis Study conducted (procedure/data

collection/data analysis)

Ward and

colleagues (2020)

Location: Bihar,

India

• Methodology:

Observational, survey

• Research method: Mixed

method

• Study design: Descriptive,

longitudinal

• Sampling: Multistage

sampling approach

1. Randomise selection of

geographical blocks

2. Randomised selection of

village

3. Purposive sampling of

women (listing was

conducted)

• Sample size:

1. Round 2–5: Intervention

group: 1446; Control group:

4463

2. Round 6–9: Intervention

group: 1628; Control group:

4688

ClinicalTrials.gov number NCT02726230

Institutional Review Board of the Public

Health Foundation of India, and from the

Health Ministry’s Screening Committee

on August 18, 2011.

Ethical approval for data analyses done at

Stanford University was received from the

Stanford Institutional Review Board on

December 19, 2016, protocol ID 39719.

Critical Appraisal Framework

for Original Research

(CAFFOR)

Score on appraisal:

7/7

Included

Data collection:

• 3 individual survey

• Self-reporting

Collected by independent team

under strict quality control

Data analysis: Statical analysis

using STATA (calculation of p-

value, odds ratio, CI, t test, and χ2

tests)

Time horizon:

Community-based Household

survey: 2012–2017

Mathematic’s Annaya evaluation:

January–April 2014

User and engagement study:

October–December 2014

https://doi.org/10.1371/journal.pdig.0000403.t002
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monitored) [46]. Further details, including the key findings, limitations, strengths, and validity

of each included study, are provided in Table 4.

Evidence synthesis

The studies included in this literature review collected multiple pieces of evidence across mul-

tiple domains, and a thematic evidence synthesis was conducted using these data and merging

similar observations. This synthesis of evidence resulted in the identification of 4 main themes

along with multiple subthemes.

Theme 1: Effectiveness of the use of mHealth. According to the included literature,

mHealth had a different impact on each target audience when compared with traditional sys-

tems. As a result, the theme is further divided into subgroups based on how mHealth has

affected each category.

Table 3. Data extracted from included studies.

Individual study Intervention Population Outcomes

Carmichael and

colleagues

Care evaluation and educational mobile application: Information

Communication Technology-Continuum of Care Service

(ICT-CCS)

• FLWs (ASHA and AWW)

• Beneficiaries

Evaluation of effect on

• Effectiveness in coordination between

AWW’s and ASHA

• Job performance

• Healthcare behaviour

Kaphle and

colleagues

Data collection mobile application: CommCare • FLWs (ASHA and AWW’s) Evaluation of impact of mHealth

• Quality of delivered care

• Experience of FLWs

• Factors affecting the adaptability of

mHealth

LeFevre and

colleagues

Automated message delivery and reminding service: Kilkari

(largest mobile based messaging program in World)

Beneficiaries Evaluate

• Effectiveness and cost effectiveness of

Kilkari application

Negandhi and

colleagues

Computer tablet-based Mother and Child Tracking System

(MCTS)

Medical professionals

(doctors, nurses, midwifes,

etc.)

Evaluate

• Process of implementation and the

faced barriers and challenges

• Possibilities of sustainability of

intervention

Nimmagadda and

colleagues

• Integrated Child Development Scheme and Common Application

Software (ICDS-CAS)

• FLWs

• Beneficiaries

1. Evaluate

a. Number of home visits by FLWs

2. Evaluate

b. Impact on ICDS services, knowledge,

and practices on target population

Usmanova and

colleagues

Support management during intrapartum period: Alliance for

Saving Mothers and Newborn (ASMAN)

Health service providers Evaluate:

Barriers and acceptability of the

intervention

Ward and

colleagues (2021)

Community-based intervention

• GupShup Potli (GSP)

• Audio recordings or interpersonal communication (IPC)

• FLWs

• Beneficiaries

Evaluate:

• Effect of mHealth on FLW to deliver

care in low resource setting

• Compare health related knowledge and

behaviour relation to exposure to

Ward and

colleagues (2020)

Card-based tool paired with audio of fictional character:

Mobile kunji and Dr Anita

Childbearing women and

FLWs

Evaluate health related

• Knowledge

• Behaviours and attitude of target

population

Terms used in table above

Frontline workers (FLWs): AWW’s and ASHA.

Beneficiaries: Pregnant or childbearing women (antepartum), women who recently gave birth (postpartum), children with age up to 5 years.

Anganwadi Workers (AWWs).

Accredited Social Health Activists (ASHAs).

https://doi.org/10.1371/journal.pdig.0000403.t003
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Table 4. Evidence appraisal for included studies.

Individual

study

Key findings Strengths Limitations Validity and transferability of the

evidence

Carmichael and

colleagues

• Significant improvement in FLWs

behaviours in RMNCHN

� Significant increase in the job

confidence among ASHA

� Enhance coordination between

ASHA and AWS

" effectiveness of FLW

11% " home visit in 3rd Trimester

12% " in home visit 1st week

postnatal

� 12%, 13% and 21% point " in

breastfeeding, skin to skin care and

complementary feeding respectively

• Stratified random assignment in

intervention and control arm

� balance the size of both arm

� reduce variation and " statistical

power

• External piloting prior to

launching the survey

• Pre-post intervention data

collection provided enhance

comparison of outcomes

• Response rate by maternal

household: Average 90%

• Respond rate: 92% ASHA and

97% by AWW’s

• Repeated cross-section design

minimises selection bias

• Different cohort took part in

pre and post intervention data

collection as time horizon was 1

year (women gave birth in 12

months)

• Lack of baseline data precluded

attribution of the difference to

impact of the intervention

Study design does not

differentiate the impact of

Annaya Program, which might

impact the outcome

• Limited information collected

for FLWs supervision

• Self-reporting by the

respondent might resulted in

reporting bias

• Evidence from the study could be

generalised in similar population,

geographic location, and setting

(after evaluation of the budget and

support)

• Findings from the study will make

appropriate contribution in

literatures and future designee and

implementation of mHealth

intervention

Kaphle and

colleagues

• Higher score or higher user of the

intervention (CommCare), provided

significantly higher quality and care

experience

• Age affected CommCare user

negatively (" age # use of mHealth

and # in care quality)

• Literacy affect the CommCare use

negatively (# in literacy # in use of

mHealth)

• RCT study design with ideal

setting which decreases selection

bias

• Results divided into multiple

themes and rigorous analysis was

performed

• Descriptive analysis of the

study

� User type of CommCare +ve and

significantly correlated:

Coefficient 0.771 (p = 0.001) with

99% CI

� Significant +ve corelation

between measures of quality:

Coefficient 0.787 (p<0.001) with

99% CI

• High reporting quality of the

article (enhance engagement and

limits misleading results)

• Too small sample size which

affected the evidence

conclusiveness on the findings

• Unequal distribution of

participants in control and

intervention group which affect

the outcome and might indicate

sampling bias

Study was limited to data from

field work observation

• Presence of researchers during

the FLWs home visit might

affected the performance of the

participant, leading to

performance bias

• Findings of the study could be used

in tailoring new mHealth

application and making it more

user-friendly

• Generalisability of the study is

limited due to small size

• Transferability: Findings or result

could be used to informed

hypotheses for further studies and

could contribute in mHealth

literature

LeFevre and

colleagues

• Multiple barriers were identified

which creates critical challenge in

providing maternal mobile services

(loss of phone, unactive network, late

evaluation of pregnancy, etc.)

• Calculated the Cost-effectiveness of

the mobile program ICER was

calculated

• RCT design with mixed method

of data collection shows high

quality of evidence validity and

limited selection bias

• Rigorous analysis of data using

statistical analysis and power

calculations

• Full health-economic analysis to

compare cost vs. effect of the

intervention

Sensitivity analysis was performed

to eliminate any systematic bias

Study promoted new standard “of

linking data on individual level

exposure to health outcome”

• Large sample size due to high

population coverage could result

in differences in characteristics

which might suggest selection

bias

• The method of self-reporting

by the respondents in home

survey might suggest reporting

bias

• No attention has been paid

behaviour performance and

technology relationship

• Generalisability is limited as extra

effort was used to gather telephone

number for the study, which is not

possible in large scale intervention

• Results of the study could help in

evaluating errors of technology in

further designing of similar

intervention (maternal mobile

messaging initiatives)

• Results from economic analysis

could help decision-maker select

most cost-effective strategy or

intervention

Negandhi and

colleagues

• Evaluated the effectiveness and

feasibility of mHealth intervention

• mHealth strength healthcare

profession

� " quality

� Completeness

� Timeliness of delivering critical

care

• Research question and aim of the

study was clear

• Rigorous and systematic analysis

of qualitative data

• Intervention was designed

according to feasibility of the

FLWs

• Qualitative data collection was

appropriate design to collected

data related to implementation

and feasibility barriers

• Convenience sampling

methods might result in

selection bias

Reporting quality of the study is

considered low as results, and

limitation of study is not

included in report

• Important parameters like

sample size is not mentioned

• Generalisability is low due to

restricted demographic variance

• Transferability: Data could be used

to eliminate the technological errors

in mHealth application or software

and design of new application

• Results can contribute in mHealth

related literature

(Continued)
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Table 4. (Continued)

Individual

study

Key findings Strengths Limitations Validity and transferability of the

evidence

Nimmagadda

and colleagues

• Implementation of mHealth

� Improve effectiveness and

efficiency of FLWs (ASHA and

AWW’s)

� " job motivation

� Improved beneficiaries

� Improve knowledge of

beneficiaries and FLW

� " FLWs home visit and real time

data entry

• Risk related to validity of the

findings were reduced by pre-

intervention balancing

• Repeated cross-sections increase

the validity of study by reducing

reporting bias

• Blinding of beneficiaries to their

intervention status

• Mixed-method design build

confidence in the study findings

• Appropriate study design as gold

standard RCT was not possible

due to pre-determined program

assignment

• Observational study design

� Selection bias due to

observative design

�Measurement bias as outcomes

were measured by interview

• Decreased external validity due

to sampling methods

• High probability of presence of

residual and unobserved

confounding.

• Generalisability is limited due to

study design

• Finding will contribute evidence in

evaluating the role of mHealth in

increasing efficiency and

effectiveness of healthcare workers

Usmanova and

colleagues

• mHealth enhance the real-time

data entry and eliminate human

error

• Technological and clinical training

is essential to eliminate barrier in

using mHealth

• Improve quality of care and hence

improve productivity of staff

Barriers in use of mHealth:

Lack of system flexibility

Most common challenge is

sustainability issue post pilot

implementation of mHealth

• High response rate of 91.6%

• Rigorous data analysis using

software (TAM-3) and codebook

was created with the help of team

members

• Response bias was limited by

eliminating team members

presence during interviews

• Reliability of all codes were more

than equal to 85%

• All level of healthcare

professional were involved in

study enhance the generalisability

of the result

• Selection bias: Purposive

selection of higher and lower

utilizers of the mHealth

application

• One-third of the interviews

conducted remotely due to

COVID-19, as it complicated

rapport-building and might

adversely affected data validity

• “Jhpiego affiliation of the

study” might resulted in

response bias (respondent might

gave socially desirable answers)

• Study analysed perception

rather than actual behaviour

• Transferability: structural and

technological barriers could be used

in planning similar mHealth

intervention

Ward and

colleagues

(2021)

• Significant improvement in

knowledge and health-related

behaviours were observed in

intervention group compared to

control group

• Secondary data analysis using

multiple cross-sectional survey

(multiple cross-sections decrease

selection bias as same candidate is

not selected again)

• Interview and questionnaires

were scripted for computer

administrated personal interview

• Statistical analysis was

performed using STATA to

enhance the validity of findings

• Odd ratio with respective 95% CI

was reported for each indicator

which shows high external validity

of study

• Self-reported health-related

behaviour might indicate

reporting bias

• Statistical analysis of data

enhances the validity of findings

• Due to COVID-19 lockdown

17 interviews conducted on

phone which affect the data

validity due to change in mode

• Generalisability is limited because

intensive support and facilities were

provided to the FLWs by BBC Media

Action during the intervention

• Scale of implementation (8 district

and training of over 110 000 FLWs)

and rigorous evaluation of multiple

databased in the study can

contribute unique findings in

mHealth literature

Ward and

colleagues

(2020)

• Significant improvement in

RMNCH related knowledge and

health-related behaviour among

target population (pregnant women)

� Birth Preparedness and antenatal

care practice

� Postnatal behaviour (breast feeding

and complementary feeding)

• Significant impact on front-line

workers self-efficiency and trust of

their beneficiaries

• Sample selection by

randomisation decreases selection

bias

• Rigorous evaluation across

multiple data provided unique

contribution

Statistical analysis using STATA

(power calculation like CI, p-

value, etc.) which provided

empirical value for evaluation

• Three independent surveys

• Appropriate sample size

• Self-reporting methods might

affect the quality because of

social desirability and response

bias

• Inequality in the size of control

vs. intervention group might

affected the outcome

• Selection bias as FLW chose

their beneficiaries

• Generalisability is limited because

the study got intensive support from

external sources (sustainability and

scalability could be result of support)

• Data and results could be used to

perform unique contribution to

literature on mHealth

• Data could also be used to perform

health technology assessment to find

cost-effectiveness of the

intervention, prior to

implementation on a larger scale

https://doi.org/10.1371/journal.pdig.0000403.t004

PLOS DIGITAL HEALTH mHealth in promoting maternal and child health in ‘BIMARU’ states of India

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000403 February 2, 2024 13 / 26

https://doi.org/10.1371/journal.pdig.0000403.t004
https://doi.org/10.1371/journal.pdig.0000403


Frontline health workers. The reviewed studies showed mHealth positively influences

FLWs’ ability to deliver quality care to beneficiaries by improving FLWs’ efficacy and effi-

ciency and raising their confidence (P< 0.05) in a number of abilities, including visit plan-

ning, and maintaining records of maternal and child difficulties [27,33,34]. According to

Carmichael and colleagues, FLWs exposed to the mHealth intervention needed less training

and communication skills to effectively interact with beneficiaries [27]. Additionally, they

build the capability of monitoring and updating pertinent data, identifying already provided

services against those that are still needed [27]. Moreover, Usmanova and colleagues claim

that mHealth improves the FLWs ability to conduct in-depth histories and reduce variation as

the application requires methodological entry of data in a “step-by-step” manner [33].

Healthcare professionals. Although only a few studies address the effectiveness of mHealth

applications on healthcare professionals like medical officers, staff nurses, auxiliary nurse mid-

wives (ANMs), labour room supervisors, etc. [33,34], they do not engage healthcare profession-

als directly beyond the initial evaluation process. However, positive impacts were observed in

these studies in terms of control, coordination, and supervision. The study done by using the

ASSMAN application for mHealth, “facilitates timely and accurate clinical decision-making by

providers at project sites,” and the management alert notification feature of the application

empowered the nurses to improve their job performance by handling complex cases [33,34].

Beneficiaries. Four studies were included in the review to determine whether use of an

mHealth intervention tool on beneficiaries, whether used by FLWs or beneficiaries themselves,

would result in improved health outcomes [27–29,34]. The main parameters assessed in terms

of effectiveness are antenatal care, consumption of supplementary medication, birth, or deliv-

ery preparedness, early and exclusive breastfeeding, skin-to-skin care, and complementary

feeding. Studies reported that women exposed to mHealth were 3 times more likely to take

measures for delivery preparedness such as saving money, gathering important contact infor-

mation, and identifying transportation modes [28]. The intervention group also showed

increased frequency in pregnancy registration (80.4% versus 75.3%, p< 0.001) and exclusively

breastfed their new born until the age of 6 months (58% versus 42.5%, p< 0.01) [28].

Furthermore, Nimmagadda and colleagues claimed that mHealth had a positive impact on

the exposed group’s knowledge and health behaviours in all indicators of prenatal and postna-

tal care [34]. The studies by Ward and colleagues (2021) and Ward and colleagues (2020) pro-

vided quantitative data for evaluation of the effectiveness of mHealth on beneficiaries (odd

ratio (OR), p-value, and confidence interval (CI) summarised in Table 5 [28,29].

Theme 2: Feasibility. Almost all of the included studies in the review assessed the sample

population’s feasibility to use mHealth. Studies tried to understand the complexities in the

design as well as the challenges faced by the users in terms of acceptability and adoptability of

the intervention. The studies covered a range of different parameters, which are subdivided

into technical, economical, legal, and operational feasibility.

Technical feasibility. The studies in the review covered a range of maternal and child health

domains and mHealth applications listed in Table 3 under the intervention category. All stud-

ies considered training as one of the most beneficial and important parts of mHealth applica-

tion feasibility. According to Usmanova and colleagues, adequate training provided the

knowledge and skills required to use mHealth and sped up the work compared to handwritten

records [33]. Training also improves the management skills of the users and makes record

keeping and monitoring easier by, “enhancing perceived ease of use” [33]. The benefits of

mHealth have been documented in peer-reviewed studies, including an increase in home visits

and follow-up (antenatal visit post implementation, p = 0.05) [27], an improvement in patient

monitoring, improved decision-making, an increase in self-efficacy and empowerment, and

an increase in level of confidence [33].
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On the contrary, some studies reported technological challenges hindering the proper utili-

sation of mHealth like internet connection issues, data loss, occasional bugs while doing offline

data entry, database inflexibility, and difficulty in changing incorrect entries [33]. However,

Carmichael and colleagues reported 85% of participants encountering no issues with mobile

battery charging, and only 14% reencountered issues [27].

Economic feasibility. Only 2 studies examined the cost-effectiveness of an intervention for

mobile health and claimed that as mHealth applications can be freely downloaded several

times to any multimedia device, through the Google Play Store, they are both a cost-effective

and “self-sunning” intervention [31,32]. Furthermore, there are no additional costs associated

with the application’s upgrade [31]. However, LeFevre and colleagues have not provided any

evidence regarding this parameter [32].

Ethical feasibility. Almost all the included studies provided strong evidence of ethical

approval granted from legitimate sources (Table 2) and did not report any ethical issues raised

during the time horizon of the conducted studies. Kaphle and colleagues’ research did not

require any approval from the Internal Review Board (IRB), as their research did not involve

patients or patient outcomes; however, written consent was obtained from the participants

(ASHA) prior to the study [30].

Operational feasibility. One of the most promising features of mHealth, as demonstrated by

the included studies, is real-time data collection, which allowed for immediate data uploading

to a server and the generation of daily work plans. According to a few studies, this real-time

dashboard and the availability of pertinent data in a central database effectively decreased the

time between shifts (one task to another) and facilitated continuity of care [27,31]. Further,

this central database of participant information can be used to communicate health-specific

messages and reminders to beneficiaries’ mobile phones, facilitating health education and

behaviour change [28,29,33]. These patient records might be used in an emergency in the

absence of physicians to provide best available services to the patient, which improves account-

ability of nurse practitioners or emergency healthcare professionals [27].

Additionally, mHealth facilitated an automatic home visit schedule and a timely reminder

for FLWs, which increased regular visit frequency (intervention group 72% versus the control

group 60%, P< 0.01) [27,34]. During these home visits, FLWs spent an average of 17%, 39%,

Table 5. Data of respondents exposed to mHealth.

Stages Odd ratio Confidence interval (CI) P-value

Iron-folic acid (IFA) tablets 1.5

2.3

95% CI = 1.1–2.2

95% CI = 1.8–3.1

-

Pregnancy registration 1.64 95% CI = 1.37–1.98 <0.001

Delivery preparedness 2.8

1.3

95% CI = 1.9–4.2

95% CI = 1.0–1.7

0.025

0.03

Early breast feeding 1.64 95% CI = 1.5–1.78 <0.001

Exclusive breast feeding 1.46

1.8

95% CI = 1.33–1.62

95% CI = 1.3–2.7

<0.001

Complementary breast feeding 1.9

1.6

95% CI = 1.0–3.5

95% CI = 1.2–2.2

<0.001

Note: Two values in few cells are from 2 different studies (Ward and colleagues, 2020) and (Ward and colleagues, 2021).

Additionally, Carmichael and colleagues found a 13% increase in skin-to-skin care, a 12% increase in early breast feeding immediately after delivery, a 21% increase in

complementary feeding, and a significantly higher percentage of exposed participants (54.4% versus 37%) sharing the gained knowledge with others, particularly their

family [27,28].

Table 5: Data of respondents exposed to mHealth quantitative data showing effectiveness of on beneficiaries (Ward et al., 2020) and (Ward et al., 2021)AU : Pleasecheckif Table5 : DataofrespondentsexposedtomHealthquantitativedatashowingeffectivenessofonbeneficiariesðWardetal:; 2020ÞandðWardetal:; 2021Þshouldbedeleted:

https://doi.org/10.1371/journal.pdig.0000403.t005
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and 16% of their time delivering information by playing videos, audio material, and reading

the information list, respectively [27]. Furthermore, additional mHealth functionality, such as

the availability of multiple health-related videos and the capture of images for monitoring,

aides diagnosis and treatment by evaluating clinical trends, assisting FLW in decision-making,

planning courses of action planning, and providing an e-learning platform [31].

Usmanova and colleagues found that mHealth increased workload because employees had

to perform duplicate entries (firstly in paper records and then on mobile application), and the

researchers used a dummy server that was not connected to the server for the national MCTS

(Mother and Child Tracking System) portal [33].

Theme 3: Barriers to acceptability. This review identified multiple common challenges

faced by the target population while using mHealth interventions and the inferred 4 main bar-

riers can be addressed programmatically. First, there are technological barriers, such as issues

with the internet, a lack of electricity to charge the tool, and device loss or breakdown

[27,31,33]. According to Carmichael and colleagues, only 14% of users reported problems with

the device [27]. Second, there is the cultural barrier as same phone is used by the whole family

of the FLW due to socioeconomical and cultural barriers, which affect the process of delivering

as well as receiving important messages [31].Third are structural barriers, such as challenges

related to role shifting or coordination between 2 healthcare providers. A lack of coordination

between ASHA and AWWs was identified, which showed a significant negative impact on

mHealth acceptance as both categories shared the same primary targets (mothers and chil-

dren) but were administered by different government ministries (Fig 4), hence creating a

structural barrier [27].

Fourth was the social component, which includes things like age, education, and experience

with technology. According to a study by Kaphle and colleagues, age has a negative impact on

the use of mobile health tools: when “low and middle levels of literacy and education were

combined into one variable,” they found that as FLW age increased, the likelihood that the

FLW would use mobile health tools decreased (−0.105, p = 0.08 and 95% CI) [30]. They also

discovered that illiteracy lowers the mHealth competence score (41% at the 95% CI), whereas

prior experience with other similar technology raises the score, but user characteristics have

no influence on mHealth application adoptability [31].

Theme 4: Communication and trust. Several studies have found that using mHealth can

improve communication between frontline workers (ASHA and AWWs), between different

levels of medical professionals (medical officers and nurses) and allow the supervisor to assess

the FLWs performance [27,33,34]. Usmanova and colleagues argued mHealth would bridge

the communication gap between nurses and medical officers and empower staff nurses by

encouraging timely discussion to manage complex situations [33]. Carmichael and colleagues

found that the experiment and control groups had similar experiences with supervision and

received timely help in person and over the phone [27]. Moreover, mHealth increased coordi-

nation between ASHA and AWWs on home visits and enhanced their job confidence [27].

Furthermore, results showed a direct relationship between mHealth and trustworthiness,

indicating that trust between beneficiaries and FLWs in the intervention group was generally

stronger than in the control group (94.4% versus 86.5%, p< 0.001) [29].

Discussion

Principal findings

This systematic review evaluated the effectiveness, feasibility, and barriers related to accep-

tance of utilising mHealth technology among key stakeholders, i.e., FLWs, beneficiaries, and

healthcare practitioners, in the BIMARU states of India. In this review, various types of
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mHealth platforms were considered with the goal of improving quality, equity, and service

delivery efficiencies in healthcare, and significant improvements in all key indicators were

found in the intervention group compared to the control group.

The analysis also demonstrated significant positive and promising results in terms of feasi-

bility, effectiveness, and acceptability, as well as a change in behaviour and attitude in accor-

dance with maternal and child healthcare, when mobile technology like mobile phones and

tablets are used in the place of traditional methods. Labrique and colleagues argued mHealth is

a “constituted health system strengthening technology,” and its advanced functions enabled

the caregivers to track their patients, monitor their data remotely, and streamline referrals

[13]. These features enhance their knowledge and skills and directly impact the quality of

delivered care [47].

Likewise, Balakrishnan and colleagues stated that interventions that improve equitable

access to healthcare, effective real-time data collection, and behaviour have the potential to

strengthen the health system [48]. Similarly, a study conducted in South Africa also supported

Fig 4. Relationship between ASHA and AWW in data transfer using mHealth. (A) Both ASHA and AWW share common objectives in promoting maternal

and child health (data is used from Carmichael and colleagues to create this figure). (B) Ministry of Health and Family Welfare (MoHFW) manages ASHA

(Accredited Social Health Activist) program. (C) Ministry of Women and Child Development (MoWCD) manages AWW (Anganwadi Worker) program. (D)

mHealth platform facilitating data transfer between ASHA and AWW. (E) Blue colour arrow shows data transfer from AWW to ASHA and red arrow shows

data transfer from ASHA to AWW.

https://doi.org/10.1371/journal.pdig.0000403.g004
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the use of mHealth by FLWs and CHWs (community health workers) as a job aid, which led

to better health-seeking behaviour [49].

Effectiveness of the use of mHealth

This review clearly indicated that mHealth shows favourable results in facilitating the effective-

ness of FLWs in highly resource-constrained settings. mHealth improves FLWs behaviour

towards delivering care by boosting their confidence and increasing their coordination and

communication with other healthcare workers [27,33,34]. It also increases FLWs home visits,

which enhance their knowledge and understanding of RMNCH behaviours and encourage

beneficiaries’ adherence to recommendations and treatments [50,51]. Furthermore, improve-

ments in HCW behaviour have the potential to reduce maternal and child mortality rates by

improving care quality [52,53].

Reviewed studies showed a uniform agreement regarding the usefulness of mHealth for

quality assurance among all healthcare professionals [33,34]. Usmanova and colleagues used

the term “perceived ease of use,” meaning an easy-to-use platform that generates high-quality

medical documents by reducing human error. Respondents reported that mHealth helped in

improvement of knowledge, managerial skills, history taking, physical examination, and timely

referrals [33]. Likewise, numerous studies also reported similar findings, like an improvement

in the quality of the clinical database and the identification of signs and symptoms of compli-

cations such as stillbirth [54].

Only a few studies, however, rigorously evaluated the direct effectiveness of mHealth on

mothers, and they were limited to birth preparation and postpartum care behaviours and atti-

tudes [27–29,34]. Jennings and colleagues identified mHealth as a catalyst that increases the

involvement of fathers and provides support to new mothers, which is considered an impor-

tant norm by the WHO for improving prenatal and postnatal care [55,56].

Feasibility

The emergence of new technologies such as mHealth is accompanied by multiple new norms,

and establishing feasibility is considered a priority in such an evolution. The reviewed data

suggests that collective acceptance among all stakeholders occurs when the integration is tai-

lored strategically in accordance with the target population’s socioeconomic and demographic

characteristics [57].

Technical feasibility. This review suggests that mHealth is a mature technology, and

research supports its feasibility and significant rate of adoption in related contexts [56,58].

Numerous research claims that mHealth interventions are user-friendly, and this trait boosts

the interventions’ usability and effectiveness [33]. Furthermore, data supports the fact that

using wireless technologies through mHealth interventions can achieve modernization and

streamlining goals in healthcare [59].

Economic feasibility. Every change comes with a cost and considering mHealth as a

change intervention for strengthening the healthcare delivery system, multiple associated costs

come into consideration, such as those associated with the technological infrastructure and

implementation of the intervention. Given the low socioeconomic status of BIMARU states,

the cost-effectiveness of the intervention plays a crucial role in assessing the economic feasibil-

ity of the intervention. Due to fewer studies regarding the economic evaluation of the mHealth

intervention and limited data from included studies in this parameter, it is difficult to make a

compelling argument for the cost-effectiveness of this intervention due to the absence of sup-

porting evidence. However, Nimmagadda and colleagues discussed a few factors that highlight

the cost-effectiveness of this intervention, and this evidence was also supported by a few other
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studies that state that involvement of multiple private and charitable stakeholders in the inter-

vention can make mHealth interventions cost-effective [34,60–62].

Ethical feasibility. mHealth technologies are becoming ubiquitous, and the collection of

patients’ data is expanding continuously. Hence, end-user protection and ethical issues are

considered important deciding factors of this intervention’s feasibility and could play a valu-

able role in fabricating a more stable intervention or conducting health research [63]. In the

year 2015, the WHO proposed 4 bioethical principles, namely autonomy, beneficence, non-

maleficence, and justice, associated with transparency and confidentiality of data as the code

of mHealth ethics to minimise the rise of ethical uncertainty and unregulated use of collected

data [63,64]. None of the included studies provided any relevant evidence regarding upholding

these principles [65]. However, the review concluded that no ethical issues arose during the

research in any of the studies included.

Operational feasibility. There are multiple positive functions enumerated under the

strength of the mHealth technology in the included studies, and these factors enhance the

adoptability of mHealth [66,67]. Few respondents reported increased workload because of

double data entry (one digital and the other on paper) [33]. Similarly, a maternity care study

conducted in rural regions of Tanzania and Ghana suggested double documentation as a pri-

mary barrier to the adoption of mHealth technology [67].

Although there are constraints that limit mHealth potential, such as underutilised tools

and India’s unstable healthcare system, evidence from existing literature and this review

supports the claim that training is the most important asset for improving user operational

feasibility and assisting in the management of behaviour change in healthcare professionals

[7,27,29,31].

Barriers to acceptability

The potential benefits and consistent growth of mHealth are supported by a wealth of research,

yet numerous studies have revealed signs of resistance to its acceptance [68]. The researcher

found a number of barriers, but the technological barrier was the most frequent one. Com-

monly reported issues like data uploading, system errors, poor output quality, and missing

data sometimes discourage users from using mHealth [27,31,33] and cause disruption in the

delivery of care [69,70]. The availability of 24-h technical support could impact the attitude of

caregivers towards the acceptability of mHealth because of their round-the-clock services, and

a lack of support might create difficulties in adaptability [71]. Another issue to consider is poor

network and internet access, which may impair data entry quality and speed, reducing the

tool’s utility [31,72,73].

Despite the increased use of mobile phones in LMICs, there is still a gender gap in mobile

phone access, and women have limited accessibility to mobile devices because of cultural,

social, and economic barriers [74]. According to a survey in India, approximately half of the

population shares phones with their family members, including FLWs with phone ownership

[31,74], which can violate data confidentiality, undermine bioethical principles, and violate the

code of mHealth ethics [64].

Following the Alma Ata Declaration by the WHO in 1978, both categories of community

health workers (CHW), ASHA and AWW, gained prominence in the healthcare field [1]. Fur-

thermore, both ASHA and AWWA share a wide range of objectives and have to coordinate

and shift roles to serve the same beneficiaries. However, it was observed that the primary struc-

tural impediment to the acceptance of mHealth was AWWA’s permanent employment and

fixed incentives for the same duties as ASHA, as they were overseen by a different health

administration structure. This structural difference was noted to be the main reason for
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conflicts of interest, creating a barrier to the acceptance of mHealth [27,75]. Although modifi-

cations to the mHealth programme could not eliminate these disparities [27].

Finally, moderating factors like age, literacy, and prior mobile technology use were found

to have an impact on adoption intention in the included papers [30,31]. Similarly, evidence

suggests that familiarity with mobile phones can boost confidence and usability, but limited

understanding and experience with mobile phones causes confusion about usability and can

be classified as an mHealth acceptance barrier [30,69,76].

Similarly, the age factor was also highlighted as negatively affecting mHealth’s acceptability,

with younger users showing a more positive attitude toward embracing new technology. These

barriers could be minimised by enhancing users’ talents through appropriate training

[30,31,72]. Although some research has argued that the adoption of new technology is not

affected by age disparities [77,78].

Communication and trust

The primary function of mobile phones is communication; hence, mHealth depends on well-

functioning communication infrastructure. Studies reflect that mHealth can aid in the devel-

opment of FLW communication abilities, allowing them to communicate effectively with ben-

eficiaries, which further improves their relationship with beneficiaries [27,33,34]. A similar

conclusion of improvement in communication skills with the use of mHealth-based commu-

nication was reached by existing literature [28,55,79,80].

Moreover, mHealth technology empowers FLWs and beneficiaries with cutting-edge

knowledge and communication skills in order to improve healthcare quality for people in diffi-

cult-to-reach regions. According to Ward and colleagues, FLWs use of mHealth for communi-

cation is more trusted by their beneficiaries [29]. Their beneficiaries adhered to healthy

practises, recalled their messages, and discussed their relevant knowledge with others

[29,81,82].

Strengths

This review conducted a comprehensive, systematic literature search strategy based on the best

available data to analyse the influence of utilising mHealth to strengthen maternal and child

health in India. The study successfully captured different legitimate mHealth functions

[19,20]. The methodology used in the narrative synthesis looked at in-depth functions of

mHealth by targeting both healthcare providers and beneficiaries to help synthesise the effect

of mHealth’s impact on all primary stakeholders, a technique that made it possible to evaluate

the value of various mHealth services [19,20]. Although the number of included articles was

lower due to the lack of research availability in these BIMARU states, this review contributes

evidence that might be used in the management and implementation of a successful mHealth

intervention targeting maternal and child health in a comparable context.

Additionally, researchers used repeated cross-sectional analysis because the cohorts at base-

line and post-intervention analysis were significantly different because the baseline cohort had

already given birth within the time horizon [27,29,34]. This strategy minimised selection bias

by improving the representativeness of the participants [27].

Conversely, researchers used observational designs as they provide behaviour and attitude-

related information for multiple studies; however, although the inherited systematic limita-

tions of observational studies decrease the external and internal validity [41]. These inherited

limitations are minimised by avoiding investigators’ presence during data collection, as their

presence might affect participants’ behaviour, leading to response/participant bias [41].
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However, data reliability remains a concern because participant and researcher bias may still

exist because both responses and observations are subjective [42].

Limitations

Despite the fact that this literature review contributes to the existing literature on mHealth,

there are limitations that must be acknowledged and need to be addressed in future research.

This analysis is limited to articles from 4 electronic databases published in English since 2012,

and no further communication with the authors was undertaken in order to get additional

material or to corroborate our thematic analysis. However, since the first mHealth tool was

introduced in India in the year 2010 and initial tool piloting was performed in the year 2012, it

is appropriate to limit the search to that year [83]. Likewise, English-language is used in

approximately 86% of published articles worldwide and is considered the preferred language

in medical research publications; hence, using English-language articles does not appear to

have led to “English-language bias,” [84,85].

The scope of this review domain is limited to the BIMARU states of India with an unequal

distribution of studies among these included states, which might indicate observation bias,

though this is somewhat mitigated by the striking geographic, population, socioeconomic, and

demographic similarities between BIMARU states. However, the limited scope of our review

might affect the generalizability of the results to different settings [86].

Conclusions

The mHealth intervention is part of a comprehensive initiative in India that gives the govern-

ment, healthcare professionals, and policymakers the chance to enhance the current healthcare

system. Therefore, a detailed analysis of the components that contribute to the development

and implementation of a successful strategy is required. The BIMARU states could be used as

an example because they show India’s soft underbelly (weakest part) when social development

is considered. As a result, India’s progress is closely correlated with the advancement of any

significant development aspects in these BIMARU state affairs. This review highlights how var-

ious mHealth technologies can be used to improve maternal and child healthcare in low-

resource settings and lays out the structure of an mHealth intervention for India’s BIMARU

states.

This review also offers data showing that mHealth reduces the main challenges faced by

people living in low-resource settings when trying to access healthcare facilities, such as acces-

sibility, affordability, and availability. Additionally, it also highlighted numerous issues, includ-

ing barriers to acceptance of this mHealth, such as technological, cultural, social, and

structural issues, as well as ethical concerns related to patient autonomy and data protection.

Overall, mHealth interventions can be said to strengthen the healthcare system because of

their impact on the quality, efficacy, and equity of delivered care services, as well as the effec-

tiveness and feasibility among care providers and recipients, but further research would be

necessary to draw any strong conclusions. Likewise, more studies utilising rigorous methodol-

ogies, such as true RCTs, are required to provide reliable and accurate information to back up

the conclusions of this review.
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3. TunçalpӦ., Were WM, MacLennan C, Oladapo OT, Gülmezoglu AM, Bahl R, et al. Quality of care for

pregnant women and newborns—the WHO vision. BJOG. 2015; 122(8):1045. https://doi.org/10.1111/

1471-0528.13451 PMID: 25929823

4. Amoakoh-Coleman M, Borgstein ABJ, Sondaal SF, Grobbee DE, Miltenburg AS, Verwijs M, et al. Effec-

tiveness of mHealth interventions targeting health care workers to improve pregnancy outcomes in low-

and middle-income countries: a systematic review. J Med Internet Res. 2016; 18:8. https://doi.org/10.

2196/jmir.5533 PMID: 27543152

5. Kepley HO, Streeter RA. Closing behavioral health workforce gaps: A HRSA program expanding direct

mental health service access in underserved areas. Am J Prev Med. 2018;190–S191.

6. Blaya JA, Fraser HS, Holt B. E-health technologies show promise in developing countries. Health Aff.

2010; 29(2):244–51. https://doi.org/10.1377/hlthaff.2009.0894 PMID: 20348068

PLOS DIGITAL HEALTH mHealth in promoting maternal and child health in ‘BIMARU’ states of India

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000403 February 2, 2024 22 / 26

http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000403.s002
http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000403.s003
http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000403.s004
http://www.who.int/mediacentre/factsheets/
https://doi.org/10.1111/1471-0528.13451
https://doi.org/10.1111/1471-0528.13451
http://www.ncbi.nlm.nih.gov/pubmed/25929823
https://doi.org/10.2196/jmir.5533
https://doi.org/10.2196/jmir.5533
http://www.ncbi.nlm.nih.gov/pubmed/27543152
https://doi.org/10.1377/hlthaff.2009.0894
http://www.ncbi.nlm.nih.gov/pubmed/20348068
https://doi.org/10.1371/journal.pdig.0000403


7. Free C, Phillips G, Watson L, Galli L, Felix L, Edwards P, et al. The effectiveness of mobile-health tech-

nologies to improve health care service delivery processes: a systematic review and meta-analysis.

PLoS Med. 10(1). https://doi.org/10.1371/journal.pmed.1001363 PMID: 23458994

8. Gagnon MP, Ngangue P, Payne-Gagnon J, Desmartis M. M-Health adoption by healthcare profession-

als: A systematic review. J Am Med Inform Assoc. 2016; 23(1):212–20. https://doi.org/10.1093/jamia/

ocv052 PMID: 26078410

9. Ganapathy K, Ravindra A. mHealth: A potential tool for health care delivery in India. Proceedings of the

Making the ehealth Connection: Global Partnerships, Global Solutions; 2008.

10. Kruk ME, Kujawski S, Moyer CA, Adanu RM, Afsana K, Cohen J, et al. Next generation maternal health:

external shocks and health-system innovations. Lancet. 2016; 388:2296–306. https://doi.org/10.1016/

S0140-6736(16)31395-2 PMID: 27642020

11. Chokshi M, Patil B, Khanna R, Neogi SB, Sharma J, Paul VK, et al. Health systems in India. J Perinatol.

2016; 36(6):S9–12.

12. Madanian S, Parry DT, Airehrour D, Cherrington M. mHealth and big-data integration: promises for

healthcare system in India. BMJ Health Care Inform. 2019; 26:1. https://doi.org/10.1136/bmjhci-2019-

100071 PMID: 31488497

13. Labrique AB, Vasudevan L, Kochi E, Fabricant R, Mehl G. mHealth innovations as health system

strengthening tools: 12 common applications and a visual framework. Glob Health Sci Pract. 2013; 1

(2):160–71. https://doi.org/10.9745/GHSP-D-13-00031 PMID: 25276529

14. Tamrat T, Kachnowski S. Special delivery: an analysis of mHealth in maternal and newborn health pro-

grams and their outcomes around the world. 2012; 16(5):1092–101. https://doi.org/10.1007/s10995-

011-0836-3 PMID: 21688111

15. Bagchi N, Chatterjee K. Determinants of Infant Mortality Rate: A panel data analysis of BIMARU State

of India. Editorial Board. 2018; 47:2.

16. Jha R, Gaiha R. NREGS: Interpreting the official statistics. 2012.

17. Rai RK. Tracking women and children in a Continuum of Reproductive, Maternal, Newborn, and Child

Healthcare (RMNCH) in India. J Epidemiol Glob Health. 2014; 4(3):239–43. https://doi.org/10.1016/j.

jegh.2013.12.006 PMID: 25107660

18. Braveman P, Gruskin S. Defining equity in health. J Epidemiol Community Health. 2003; 57(4):254–8.

https://doi.org/10.1136/jech.57.4.254 PMID: 12646539

19. Page MJ, Moher D, McKenzie JE. Introduction to PRISMA 2020 and implications for research synthesis

methodologists. Res Synth Methods. 2022; 13(2):156–63.

20. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane handbook for system-

atic reviews of interventions. John & Sons: Wiley; 2019.

21. Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the PICO framework to improve

searching PubMed for clinical questions. BMC Med Inform Decis Mak. 2007; 15:7. https://doi.org/10.

1186/1472-6947-7-16 PMID: 17573961

22. CASP. CASP checklists. Critical Appraisal Skills Programme (CASP): Making sense of evidence. 2014.

23. Buccheri RK, Sharifi C. Critical appraisal tools and reporting guidelines for evidence-based practice.

Worldviews Evid Based Nurs. 2017; 14(6):463–72. https://doi.org/10.1111/wvn.12258 PMID:

28898556

24. Polit DF, Beck CT. Nursing research: Generating and assessing evidence for nursing practice. Lippin-

cott Williams & Wilkins; 2008.

25. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006; 3(2):77–101.

26. Thomas J, Harden A. Methods for the thematic synthesis of qualitative research in systematic reviews.

BMC Med Res Methodol. 2008; 8(1):1–10. https://doi.org/10.1186/1471-2288-8-45 PMID: 18616818

27. Carmichael SL, Mehta K, Srikantiah S, Mahapatra T, Chaudhuri I, Balakrishnan R, et al. Use of mobile

technology by frontline health workers to promote reproductive, maternal, newborn and child health and

nutrition: A cluster randomized controlled trial in Bihar, India. J Glob Health. 2019; 9(2). https://doi.org/

10.7189/jogh.09.020424 PMID: 31788233

28. Ward VC, Raheel H, Weng Y, Mehta KM, Dutt P, Mitra R, et al. Impact of Mhealth Interventions for

Reproductive, Maternal, Newborn and Child Health and Nutrition at Scale: BBC Media Action and The

Ananya Program in Bihar, India. J Glob Health. 2020 Dec 1; 10(2):1–13. https://doi.org/10.7189/jogh.

10.021005 PMID: 33425329

29. Ward V, Abdalla S, Raheel H, Weng Y, Godfrey A, Dutt P, et al. Implementing health communication

tools at scale: Mobile audio messaging and paper-based job aids for front-line workers providing com-

munity health education to mothers in Bihar, India. BMJ Glob Health. 2021 Jul 26; 6. https://doi.org/10.

1136/bmjgh-2021-005538 PMID: 34312155

PLOS DIGITAL HEALTH mHealth in promoting maternal and child health in ‘BIMARU’ states of India

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000403 February 2, 2024 23 / 26

https://doi.org/10.1371/journal.pmed.1001363
http://www.ncbi.nlm.nih.gov/pubmed/23458994
https://doi.org/10.1093/jamia/ocv052
https://doi.org/10.1093/jamia/ocv052
http://www.ncbi.nlm.nih.gov/pubmed/26078410
https://doi.org/10.1016/S0140-6736%2816%2931395-2
https://doi.org/10.1016/S0140-6736%2816%2931395-2
http://www.ncbi.nlm.nih.gov/pubmed/27642020
https://doi.org/10.1136/bmjhci-2019-100071
https://doi.org/10.1136/bmjhci-2019-100071
http://www.ncbi.nlm.nih.gov/pubmed/31488497
https://doi.org/10.9745/GHSP-D-13-00031
http://www.ncbi.nlm.nih.gov/pubmed/25276529
https://doi.org/10.1007/s10995-011-0836-3
https://doi.org/10.1007/s10995-011-0836-3
http://www.ncbi.nlm.nih.gov/pubmed/21688111
https://doi.org/10.1016/j.jegh.2013.12.006
https://doi.org/10.1016/j.jegh.2013.12.006
http://www.ncbi.nlm.nih.gov/pubmed/25107660
https://doi.org/10.1136/jech.57.4.254
http://www.ncbi.nlm.nih.gov/pubmed/12646539
https://doi.org/10.1186/1472-6947-7-16
https://doi.org/10.1186/1472-6947-7-16
http://www.ncbi.nlm.nih.gov/pubmed/17573961
https://doi.org/10.1111/wvn.12258
http://www.ncbi.nlm.nih.gov/pubmed/28898556
https://doi.org/10.1186/1471-2288-8-45
http://www.ncbi.nlm.nih.gov/pubmed/18616818
https://doi.org/10.7189/jogh.09.020424
https://doi.org/10.7189/jogh.09.020424
http://www.ncbi.nlm.nih.gov/pubmed/31788233
https://doi.org/10.7189/jogh.10.021005
https://doi.org/10.7189/jogh.10.021005
http://www.ncbi.nlm.nih.gov/pubmed/33425329
https://doi.org/10.1136/bmjgh-2021-005538
https://doi.org/10.1136/bmjgh-2021-005538
http://www.ncbi.nlm.nih.gov/pubmed/34312155
https://doi.org/10.1371/journal.pdig.0000403


30. Kaphle S, Chaturvedi S, Chaudhuri I, Krishnan R, Lesh N. Adoption and usage of mHealth technology

on quality and experience of care provided by frontline workers: observations from rural India. JMIR

Mhealth Uhealth. 2015; 3:2. https://doi.org/10.2196/mhealth.4047 PMID: 26023001

31. Negandhi P, Chauhan M, Das AM, Sharma J, Neogi S, Sethy G. Computer tablet-based health technol-

ogy for strengthening maternal and child tracking in Bihar. Indian J Public Health. 2016 Oct 1; 60

(4):329–33. https://doi.org/10.4103/0019-557X.195868 PMID: 27976658

32. LeFevre A, Agarwal S, Chamberlain S, Scott K, Godfrey A, Chandra R, et al. Are stage-based health

information messages effective and good value for money in improving maternal newborn and child

health outcomes in India? Protocol for an individually randomized controlled trial. Trials. 2019; 20(1):1–

12.

33. Usmanova G, Gresh A, Cohen MA, Kim YM, Srivastava A, Joshi CS, et al. Acceptability and barriers to

use of the asman provider-facing electronic platform for intrapartum care in public facilities in Madhya

Pradesh and Rajasthan, India: A qualitative study using the technology acceptance model-3. Int J Envi-

ron Res Public Health. 2020 Nov 2; 17(22):1–21.

34. Nimmagadda S, Gopalakrishnan L, Avula R, Dhar D, Diamond-Smith N, Fernald L, et al. Effects of an

mHealth intervention for community health workers on maternal and child nutrition and health service

delivery in India: Protocol for a quasi-experimental mixed-methods evaluation. BMJ Open. 2019 Mar 1;

9(3).

35. Mhaskar R, Emmanuel P, Mishra S, Patel S, Naik E, Kumar A. Critical appraisal skills are essential to

informed decision-making. Indian J Sex Transm Dis AIDS. 2009; 30:2. https://doi.org/10.4103/0253-

7184.62770 PMID: 21938133

36. Parahoo K. Nursing research: Principles, process and issues. Bloomsbury Publishing; 2014.

37. Brouwers MC, Kerkvliet K, Spithoff K, Consortium ANS. The AGREE Reporting Checklist: a tool to

improve reporting of clinical practice guidelines. BMJ. 2016;352. https://doi.org/10.1136/bmj.i1152

PMID: 26957104

38. Opdenakker R. Advantages and disadvantages of four interview techniques in qualitative research. In

Forum qualitative sozialforschung/forum: Qualitative social research. Vol. 2006; 7:4.

39. Malina MA, Nørreklit HS, Selto FH. Lessons learned: advantages and disadvantages of mixed method

research. Qual Res Account Manag. 2011; 8(1):59–71.

40. Schulz KF, Grimes DA. Generation of allocation sequences in randomised trials: chance, not choice.

Lancet. 2002; 359(9305):515–9. https://doi.org/10.1016/S0140-6736(02)07683-3 PMID: 11853818

41. Mariani AW, Pêgo-Fernandes PM. Observational studies: why are they so important? Sao Paulo Med

J. 2014;1–2. https://doi.org/10.1590/1516-3180.2014.1321784 PMID: 24474072

42. Levin KA. Study design III: Cross-sectional studies. Evid Based Dent. 2006; 7(1):24–5. https://doi.org/

10.1038/sj.ebd.6400375 PMID: 16557257

43. Heß S. Randomization inference with Stata: A guide and software. Stata J. 2017; 17(3):630–51.

44. Althubaiti A. Information bias in health research: definition, pitfalls, and adjustment methods. 2016;9.

https://doi.org/10.2147/JMDH.S104807 PMID: 27217764

45. Latkin CA, Edwards C, Davey-Rothwell MA, Tobin KE. The relationship between social desirability bias

and self-reports of health, substance use, and social network factors among urban substance users in

Baltimore, Maryland. Addict Behav. 2017; 73:133–6. https://doi.org/10.1016/j.addbeh.2017.05.005

PMID: 28511097

46. McCambridge J, Witton J, Elbourne DR. Systematic review of the Hawthorne effect: new concepts are

needed to study research participation effects. J Clin Epidemiol. 2014; 67(3):267–77. https://doi.org/10.

1016/j.jclinepi.2013.08.015 PMID: 24275499

47. Jo Y, Labrique A, Lefevre A, Mehl G, Pfaff T, Walker N, et al. Using the Lives Saved Tool (LiST) to

Model mHealth Impact on Neonatal Survival in Resource-Limited Settings. PLoS ONE [Internet]. 2014;

9:7. https://doi.org/10.1371/journal.pone.0102224 PMID: 25014008

48. Balakrishnan R, Gopichandran V, Chaturvedi S, Chatterjee R, Mahapatra T, Chaudhuri I. Continuum of

Care Services for Maternal and Child Health using mobile technology–a health system strengthening

strategy in low and middle income countries. BMC Med Inform Decis Mak. 2016; 16:84. https://doi.org/

10.1186/s12911-016-0326-z PMID: 27387548

49. Neupane S, Odendaal W, Friendman I, Jassat W, Schneider H, Doherty T. Comparing a paper based

monitoring and evaluation system to a mHealth system to support the national community health worker

programme, South Africa: an evaluation. BMC Med Inform Decis Mak. 2014; 14(1):1–9. https://doi.org/

10.1186/1472-6947-14-69 PMID: 25106499

50. Hall CS, Fottrell E, Wilkinson S, Byass P. Assessing the impact of mHealth interventions in low-and mid-

dle-income countries–what has been shown to work? Glob Health Action [Internet]. 2014; 7:25606.

https://doi.org/10.3402/gha.v7.25606 PMID: 25361730

PLOS DIGITAL HEALTH mHealth in promoting maternal and child health in ‘BIMARU’ states of India

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000403 February 2, 2024 24 / 26

https://doi.org/10.2196/mhealth.4047
http://www.ncbi.nlm.nih.gov/pubmed/26023001
https://doi.org/10.4103/0019-557X.195868
http://www.ncbi.nlm.nih.gov/pubmed/27976658
https://doi.org/10.4103/0253-7184.62770
https://doi.org/10.4103/0253-7184.62770
http://www.ncbi.nlm.nih.gov/pubmed/21938133
https://doi.org/10.1136/bmj.i1152
http://www.ncbi.nlm.nih.gov/pubmed/26957104
https://doi.org/10.1016/S0140-6736%2802%2907683-3
http://www.ncbi.nlm.nih.gov/pubmed/11853818
https://doi.org/10.1590/1516-3180.2014.1321784
http://www.ncbi.nlm.nih.gov/pubmed/24474072
https://doi.org/10.1038/sj.ebd.6400375
https://doi.org/10.1038/sj.ebd.6400375
http://www.ncbi.nlm.nih.gov/pubmed/16557257
https://doi.org/10.2147/JMDH.S104807
http://www.ncbi.nlm.nih.gov/pubmed/27217764
https://doi.org/10.1016/j.addbeh.2017.05.005
http://www.ncbi.nlm.nih.gov/pubmed/28511097
https://doi.org/10.1016/j.jclinepi.2013.08.015
https://doi.org/10.1016/j.jclinepi.2013.08.015
http://www.ncbi.nlm.nih.gov/pubmed/24275499
https://doi.org/10.1371/journal.pone.0102224
http://www.ncbi.nlm.nih.gov/pubmed/25014008
https://doi.org/10.1186/s12911-016-0326-z
https://doi.org/10.1186/s12911-016-0326-z
http://www.ncbi.nlm.nih.gov/pubmed/27387548
https://doi.org/10.1186/1472-6947-14-69
https://doi.org/10.1186/1472-6947-14-69
http://www.ncbi.nlm.nih.gov/pubmed/25106499
https://doi.org/10.3402/gha.v7.25606
http://www.ncbi.nlm.nih.gov/pubmed/25361730
https://doi.org/10.1371/journal.pdig.0000403


51. Källander K, Tibenderana JK, Akpogheneta OJ, Strachan DL, Hill Z, ten Asbroek AHA, et al. Mobile

health (mHealth) approaches and lessons for increased performance and retention of community health

workers in low-and middle-income countries: a review. J Med Internet Res. 2013; 15(1):e2130. https://

doi.org/10.2196/jmir.2130 PMID: 23353680

52. Bhutta ZA, Das JK, Rizvi A, Gaffey MF, Walker N, Horton S, et al. Evidence-based interventions for

improvement of maternal and child nutrition: what can be done and at what cost? Lancet [Internet].

2013; 382(9890):452–77. https://doi.org/10.1016/S0140-6736(13)60996-4 PMID: 23746776

53. Kumar V, Mohanty S, Kumar A, Misra RP, Santosham M, Awasthi S, et al. Effect of community-based

behaviour change management on neonatal mortality in Shivgarh, Uttar Pradesh, India: a cluster-ran-

domised controlled trial. Lancet [Internet]. 2008; 372:1151–62. https://doi.org/10.1016/S0140-6736(08)

61483-X PMID: 18926277

54. Devaraj S, Easley RF, Crant JM. Research note—how does personality matter? Relating the five-factor

model to technology acceptance and use. Inf Syst Res. 2008; 19(1):93–105.

55. Jennings L, Yebadokpo AS, Affo J, Agbogbe M. Antenatal counseling in maternal and newborn care:

use of job aids to improve health worker performance and maternal understanding in Benin. BMC Preg-

nancy Childbirth. 2010; 10(1):1–13. https://doi.org/10.1186/1471-2393-10-75 PMID: 21092183

56. Betjeman TJ, Soghoian SE, Foran MP. mHealth in sub-Saharan Africa. Int J Telemed Appl. 2013.

https://doi.org/10.1155/2013/482324 PMID: 24369460

57. Agarwal S, Perry HB, Long LA, Labrique AB. Evidence on feasibility and effective use of mHealth strate-

gies by frontline health workers in developing countries: Systematic review. Trop Med Int Health. 2015;

20:1003–14. https://doi.org/10.1111/tmi.12525 PMID: 25881735

58. Khatun F, Heywood AE, Ray PK, Bhuiya A, Liaw ST. Community readiness for adopting mHealth in

rural Bangladesh: a qualitative exploration. Int J Med Inform. 2016; 93:49–56. https://doi.org/10.1016/j.

ijmedinf.2016.05.010 PMID: 27435947

59. Fotso JC, Tsui A. Leveraging mobile technology to reduce barriers to maternal, newborn and child

health care: A contribution to the evidence base. Afr Popul Stud. 2015; 29(1):1597–606.

60. Ngabo F, Nguimfack J, Nwaigwe F, Mugeni C, Muhoza D, Wilson DR, et al. Designing and implement-

ing an innovative SMS-based alert system (RapidSMS-MCH) to monitor pregnancy and reduce mater-

nal and child deaths in Rwanda. Pan Afr Med J. 2012; 13:31. PMID: 23330022

61. Zurovac D, Larson BA, Sudoi RK, Snow RW. Costs and cost-effectiveness of a mobile phone text-mes-

sage reminder programmes to improve health workers’ adherence to malaria guidelines in Kenya.

PLoS ONE. 2012; 7(12):e52045. https://doi.org/10.1371/journal.pone.0052045 PMID: 23272206

62. Rinaldi G, Hijazi A, Haghparast-Bidgoli H. Cost and cost-effectiveness of mHealth interventions for the

prevention and control of type 2 diabetes mellitus: A systematic review. Diabetes Res Clin Pract. 2020;

162:108084. https://doi.org/10.1016/j.diabres.2020.108084 PMID: 32061819

63. Rothstein MA, Wilbanks JT, Brothers KB. Citizen Science on Your Smartphone: An ELSI Research

Agenda. J Law Med Ethics. 2015; 4(3):897–903. https://doi.org/10.1111/jlme.12327 PMID: 26711425

64. Sherlaw W. Ethical issues in using and assessing m-health within health promotion: William Sherlaw.

Eur J Public Health. 2016;26.

65. Sharp M, O’Sullivan D. Mobile medical apps and mHealth devices: A framework to build medical apps

and mHealth devices in an ethical manner to promote safer use–a literature review. Informatics for

Health: Connected Citizen-Led Wellness and Population Health. 2017;363–7.

66. Praveen D, Patel A, Raghu A, Clifford GD, Maulik PK, Abdul AM, et al. SMARTHealth India: develop-

ment and field evaluation of a mobile clinical decision support system for cardiovascular diseases in

rural India. JMIR Mhealth Uhealth. 2014; 2(4):e3568.

67. Sukums F, Mensah N, Mpembeni R, Kaltschmidt J, Haefeli WE, Blank A. Health workers’ knowledge of

and attitudes towards computer applications in rural African health facilities. Glob Health Action. 2014; 7

(1):24534. https://doi.org/10.3402/gha.v7.24534 PMID: 25361721

68. Choi WS, Park J, Choi JY, Yang J. Stakeholders’ resistance to telemedicine with focus on physicians:

utilizing the Delphi technique. J Telemed Telecare. 2019; 25(6):378–85. https://doi.org/10.1177/

1357633X18775853 PMID: 29792080

69. Jacob C, Sanchez-Vazquez A, Ivory C. Social, organizational, and technological factors impacting clini-

cians’ adoption of mobile health tools: systematic literature review. JMIR Mhealth Uhealth. 2020;8.

https://doi.org/10.2196/15935 PMID: 32130167

70. Kleinpell R, Barden C, Rincon T, McCarthy M, RJ R. Assessing the impact of telemedicine on nursing

care in intensive care units. Am J Crit Care. 2016; 25:1. https://doi.org/10.4037/ajcc2016808 PMID:

26724303

PLOS DIGITAL HEALTH mHealth in promoting maternal and child health in ‘BIMARU’ states of India

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000403 February 2, 2024 25 / 26

https://doi.org/10.2196/jmir.2130
https://doi.org/10.2196/jmir.2130
http://www.ncbi.nlm.nih.gov/pubmed/23353680
https://doi.org/10.1016/S0140-6736%2813%2960996-4
http://www.ncbi.nlm.nih.gov/pubmed/23746776
https://doi.org/10.1016/S0140-6736%2808%2961483-X
https://doi.org/10.1016/S0140-6736%2808%2961483-X
http://www.ncbi.nlm.nih.gov/pubmed/18926277
https://doi.org/10.1186/1471-2393-10-75
http://www.ncbi.nlm.nih.gov/pubmed/21092183
https://doi.org/10.1155/2013/482324
http://www.ncbi.nlm.nih.gov/pubmed/24369460
https://doi.org/10.1111/tmi.12525
http://www.ncbi.nlm.nih.gov/pubmed/25881735
https://doi.org/10.1016/j.ijmedinf.2016.05.010
https://doi.org/10.1016/j.ijmedinf.2016.05.010
http://www.ncbi.nlm.nih.gov/pubmed/27435947
http://www.ncbi.nlm.nih.gov/pubmed/23330022
https://doi.org/10.1371/journal.pone.0052045
http://www.ncbi.nlm.nih.gov/pubmed/23272206
https://doi.org/10.1016/j.diabres.2020.108084
http://www.ncbi.nlm.nih.gov/pubmed/32061819
https://doi.org/10.1111/jlme.12327
http://www.ncbi.nlm.nih.gov/pubmed/26711425
https://doi.org/10.3402/gha.v7.24534
http://www.ncbi.nlm.nih.gov/pubmed/25361721
https://doi.org/10.1177/1357633X18775853
https://doi.org/10.1177/1357633X18775853
http://www.ncbi.nlm.nih.gov/pubmed/29792080
https://doi.org/10.2196/15935
http://www.ncbi.nlm.nih.gov/pubmed/32130167
https://doi.org/10.4037/ajcc2016808
http://www.ncbi.nlm.nih.gov/pubmed/26724303
https://doi.org/10.1371/journal.pdig.0000403


71. Brewster L, Mountain G, Wessels B, Kelly C, Hawley M. Factors affecting front line staff acceptance of

telehealth technologies: A mixed-method systematic review. J Adv Nurs. 2014; 70(1):21–33. https://doi.

org/10.1111/jan.12196 PMID: 23786584

72. Berg J, Furrer M, Harmon E, Rani U, Silberman MS. Digital labour platforms and the future of work.

Towards Decent Work in the Online World. Rapport de l’OIT. 2018.
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