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Abstract 

Background India contributes 15% of the total global maternal mortality burden. An increasing proportion of these 
deaths are due to Pregnancy Induced Hypertension (PIH), Gestational Diabetes Mellitus (GDM), and anaemia. This 
study aims to evaluate the effectiveness of a tablet‑based electronic decision‑support system (EDSS) to enhance 
routine antenatal care (ANC) and improve the screening and management of PIH, GDM, and anaemia in pregnancy 
in primary healthcare facilities of Telangana, India. The EDSS will work at two levels of primary health facilities and is 
customized for three cadres of healthcare providers – Auxiliary Nurse Midwifes (ANMs), staff nurses, and physicians 
(Medical Officers).

Methods This will be a cluster randomized controlled trial involving 66 clusters with a total of 1320 women in both 
the intervention and control arms. Each cluster will include three health facilities—one Primary Health Centre (PHC) 
and two linked sub‑centers (SC). In the facilities under the intervention arm, ANMs, staff nurses, and Medical Officers 
will use the EDSS while providing ANC for all pregnant women. Facilities in the control arm will continue to provide 
ANC services using the existing standard of care in Telangana. The primary outcome is ANC quality, measured as pro‑
vision of a composite of four selected ANC components (measurement of blood pressure, blood glucose, hemoglobin 
levels, and conducting a urinary dipstick test) by the healthcare providers per visit, observed over two visits. Trained 
field research staff will collect outcome data via an observation checklist.

Discussion To our knowledge, this is the first trial in India to evaluate an EDSS, targeted to enhance the qual‑
ity of ANC and improve the screening and management of PIH, GDM, and anaemia, for multiple levels of health 
facilities and several cadres of healthcare providers. If effective, insights from the trial on the feasibility and cost of 
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implementing the EDSS can inform potential national scale‑up. Lessons learned from this trial will also inform recom‑
mendations for designing and upscaling similar mHealth interventions in other low and middle‑income countries.

Trial Registration.

ClinicalTrials.gov, NCT03700034, registered 9 Oct 2018, https:// www. clini caltr ials. gov/ ct2/ show/ NCT03 700034

CTRI, CTRI/2019/01/016857, registered on 3 Mar 2019, http:// www. ctri. nic. in/ Clini caltr ials/ pdf_ gener ate. php? trial id= 
28627 & EncHid= & modid= & compi d=% 27,% 27286 27det% 27

Keywords Mobile health, Digital health, Electronic decision‑support system, Clinical decision‑support system, 
Antenatal care, Maternal health services, Health system redesign, Pregnancy Induced Hypertension, Gestational 
Diabetes Mellitus, Anaemia in pregnancy, Cluster randomized trial

Contributions to the literature

• The first trial in India to evaluate the effectiveness of 
an electronic decision-support system (mIRA EDSS) 
targeted at enhancing the quality of ANC, designed 
for multiple levels of primary health facilities and 
cadres of healthcare providers as its users.

• The mIRA EDSS has been co-designed with inter-
national and national subject experts, regional 
and local stakeholders, including state and district 
health officials and its targeted users (the healthcare 
providers)

Background
India has significantly reduced its maternal mortal-
ity ratio (MMR) by 70% in a span of just two decades 
[1, 2]. However, there is still a long way to go to achieve 
the Sustainable Development Goal of reducing the 
MMR to 70 deaths per 100 000 live births by 2030 [3]. 
Despite this reduction, India still accounts for 15% of the 
global maternal mortality burden [4, 5]. The country is 
also undergoing an obstetric transition [6] with indirect 
obstetric causes, especially Non-communicable Diseases 
(NCDs), emerging as significant contributors to maternal 
mortality [7–9]. Recent studies report hypertension to 
be the most common NCD amongst pregnant women in 
India [10, 11], while the prevalence of Gestational Diabe-
tes Mellitus (GDM) is also rising [12, 13]. Furthermore, 
over half of women in India are anemic [14].

Antenatal care (ANC) plays a critical role in the early 
detection and prompt management of high-risk preg-
nancies, including timely referral to specialist services 
when required [15]. Coverage is high, but the quality of 
antenatal care delivered across Indian states and differ-
ent socioeconomic groups is highly variable [16, 17]. This 
gap needs to be addressed by standardizing the quality of 
ANC delivered in public health facilities, which are used 
by a large proportion of rural, vulnerable populations. 

The ubiquitous use of mobile phone technology in India 
[18], including in healthcare settings, offers a potential 
pathway to address the gaps and improve the quality of 
antenatal care [19–21].

Decision-support systems commonly feature as a part 
of the mHealth interventions tested in healthcare. Vari-
ous decision-support systems have been implemented 
globally, but there is dearth of literature when it comes 
their use in enhancing ANC and improving the manage-
ment of NCDs in pregnant women in low-and middle-
income countries (LMICs) [22, 23]. Only a few mHealth 
interventions with a decision-support system have been 
evaluated for ANC in India [24–28], and none thus far, 
has targeted multiple healthcare providers at differ-
ent levels of the primary healthcare system. Therefore, 
the goal of this study is to address this critical gap in the 
provision of quality ANC at the primary healthcare level 
in India, by co-designing/developing and evaluating the 
effectiveness of a tablet-based, electronic decision-sup-
port system (EDSS). This mHealth integrated model of 
pregnancy-induced hypertension, gestational diabetes 
mellitus, anaemia, and antenatal care (mIRA EDSS) to 
improve the quality of ANC will be evaluated through a 
cluster randomized controlled trial.

Methods
Aims and objectives
The overall aim of this study is to evaluate the effec-
tiveness of the mIRA EDSS in improving the quality of 
ANC in India. The mIRA EDSS comprises a tablet-based 
android application to deliver guideline-based routine 
ANC along with screening for, and subsequent manage-
ment of, pregnancy induced hypertension (PIH), GDM, 
and anaemia.

The primary objective is to evaluate the effectiveness 
of the mIRA EDSS intervention in improving the qual-
ity of ANC in the intervention arm compared to stand-
ard ANC to the control arm, assessed by changes in 
the provision of four selected ANC components (the 

https://www.clinicaltrials.gov/ct2/show/NCT03700034
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measurement and recording of blood pressure; and the 
conduct of: a blood glucose test, a urinary dipstick test, 
and a hemoglobin test).

The secondary objectives are to evaluate whether the 
mIRA EDSS improves the following components of ANC 
in the intervention arm as compared to  the control arm:

1. Provider identification of PIH, GDM, and severe 
anaemia, and their communication about this to the 
participants (pregnant women)

2. The quality of provider communication about preg-
nancy symptoms and response

3. Provider counselling on danger signs
4. Provider delivery of a comprehensive suite of quality 

ANC components

Study design and setting
The study is a cluster randomized controlled trial with a 
1:1 allocation ratio (stratified by district), evaluating the 
effectiveness and cost-effectiveness of mIRA EDSS. The 
trial will be conducted in government healthcare facili-
ties [primary healthcare centres (PHCs) and their associ-
ated subcentres (SCs)] in five districts of Telangana state 
in Southern India (Fig. 1). In Telangana, 95% of women 

received ANC from a skilled provider [29], but care was 
inadequate for more than 50% of women [17], about 60% 
of the pregnancies were reported as high-risk [30], and 
more than half the pregnant women were anemic [31]. 
GDM is the fourth most common cause of a high-risk 
pregnancy in the state [30, 32]. We selected five districts: 
Medak, Rangareddy, Siddipet, Vikarabad, and Yadadri 
Bhuvangiri around the state capital (Hyderabad), includ-
ing those with a low levels for provision of adequate ANC 
(Rangareddy, 24.7%, and Medak, 25.1%) [33].

Intervention and its co‑design
The mIRA EDSS was developed based on a robust form-
ative research  process with the target population, and 
was  co-designed with multi-stakeholder engagement 
involving international and national experts, state and 
district health officials, and the healthcare providers 
(targeted users). This co-designing approach  resulted 
in an EDSS that provides automated decision-support 
prompts of guideline-recommended processes of ANC 
(e.g. screening for anaemia, treatment, and counseling), 
tailored to each pregnant woman’s individual needs (i.e. 
her obstetric history/vital signs/abdominal examina-
tion and results of diagnostic tests). It also provides a 
checklist of components specific to each ANC visit and 

Fig. 1 Study setting and randomization of facilities

Legend: Source for map image: igis map (https:// map. igism ap. com/ conve rter), an open source online platform

https://map.igismap.com/converter
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enables regular longitudinal monitoring  of the  preg-
nant women. Briefly, the development process for the 
intervention comprised of the following phases (Fig. 2):

1. Identifying gaps: Mixed-methods formative research 
was conducted in 23 facilities to assess the health 
infrastructure and ANC service provision in the SCs 
and PHCs of Telangana and among pregnant women, 
health care providers, administrators and state health 
officials. The findings revealed that most health facili-
ties have adequate infrastructure and equipment to 
support the mIRA EDSS. However, important com-
ponents of ANC like ‘history taking’ and ‘counseling’ 
were performed sub-optimally at all the facilities. Also, 
some elements of the physical examination (assess-
ment of oedema, pallor, pulse rate, respiratory rate, and 
jaundice) and some investigations (urine protein, urine 
glucose, and blood glucose) were frequently missed, 
underlining the scope and need for improvements.

2. Formation of subject expert committees and finaliza-
tion of guidelines: Four Subject Expert Committees 
(one each for PIH, GDM, anaemia, and ANC), com-
prising of national and international experts provided 
input into the guidelines used to prepare the clinical 
algorithms.

3. Development of the clinical algorithms: The guidelines 
were used to create algorithms for decision-making 

and management of the aforementioned conditions 
for all stages of pregnancy.

4. Adaptation of clinical algorithms for the local context: 
The Commissionerate of Health & Family Welfare 
(CHFW), Telangana provided feedback on the algo-
rithms during the development phase, which was 
used to tailor them to the state’s needs and priorities.

5. Development of the mHealth application i.e., mIRA 
EDSS: The mIRA EDSS was developed by a software 
company, Quad One Technologies Pvt Ltd. as a desk-
top-based web version and a tablet-based Android 
version. These two versions incorporated a rule 
engine (based on the developed clinical algorithms), 
which formed the backend, and; an electronic data-
capture form (the user interface) which formed the 
frontend.

The mIRA EDSS includes the following components 
– (i) a user interface; (ii) a patient database (iii) algo-
rithms to screen symptoms, signs, and clinical param-
eters recorded by the healthcare providers for high-risk 
conditions in pregnancy and for routine ANC; (iv) rec-
ommendations on management and referral according 
to the stage of pregnancy and the high-risk condition(s) 
detected. The mIRA EDSS guides the healthcare pro-
vider to provide key elements of ANC, alerts them 
to any danger signs identified by the clinical algo-
rithms, and provides suggested recommendations. The 

Fig. 2 Co‑designing of the study intervention
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recommendations presented by the mIRA EDSS for the 
MO will be different than the ones for ANMs and staff 
nurses, since, the former can prescribe medicines, con-
duct certain examinations, and undertake certain man-
agement steps that the ANMs and staff nurses are neither 
trained nor authorized to perform. The items recorded 
on the EDSS include medical history, findings from clini-
cal and physical examinations, counseling and preventive 
measures provided.

Intervention delivery
In the intervention arm, ANC will be provided to all 
pregnant women by the ANMs, staff nurses, or Medi-
cal Officers (MOs) using the mIRA EDSS. These front-
line healthcare providers will be trained to use the mIRA 
EDSS and will also be provided with refresher training 
on the guideline-recommended processes of ANC. This 
training will differ for MOs and the ANMs/staff nurses, 
so as to enable them to use the mIRA application in the 
provision of ANC within the limits of their authorities. 
The trial’s schema is presented in Fig. 3.

Facilities randomized to the control arm will continue 
to provide ANC services as per the existing standards 
of care. Evidence-based guidelines in the form of post-
ers/pamphlets on the current national and state guide-
lines pertaining to the screening and management of 
PIH, GDM, and anaemia, and routine ANC procedures 
will be provided to all facilities in both the study arms.

Facility selection
A list of all PHCs and their associated SCs was obtained 
from the Commissionerate of Health and Family Wel-
fare (CHFW), Telangana, India. The eligible health 
facilities (PHCs and their SCs) that fulfilled the inclu-
sion criteria mentioned below formed the sampling 
frame.

Inclusion criteria:

• PHCs with at least two associated SCs and having at 
least 40 first ANC visits (registrations) per year

• PHCs located within 150  min travel time from the 
CHFW, Hyderabad (Fig. 1)

• Facilities with adequate infrastructure and human 
resources to support the intervention (assessed via 
phone survey by research staff): electricity to charge 
tablets; reported availability of at least one func-
tioning blood pressure apparatus; adequate human 
resources [at least one ANM at the SC and one staff 
nurse and one Medical Officer (MO) at the PHC]

• Facilities situated in a locality with self-reported reli-
able/good internet connectivity

Exclusion criteria
Health facilities in which the facility in-charge states a 
strong reason for not implementing the intervention 
at the facility will not be selected. Examples of reasons 

Fig. 3 Schema for evaluating the effect of mIRA EDSS
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(non-exhaustive) that would exclude the facility are: refusal 
to participate because of workload concerns; ANM turno-
ver; availability of electricity for less than two hours a day; 
providers not fluent in the two languages (English and Tel-
ugu) in which mIRA is offered.

The project research staff will first conduct a phone 
survey to assess the eligibility of health facilities for inclu-
sion into the trial. During the phone survey, the research 
staff will brief the facility in-charges about the trial, and 
arrange for an in-person visit to obtain their written 
informed consent. The phone survey will only be con-
ducted at the PHC level. HMIS data on the associated 
SCs will be used to select two SCs with the highest num-
ber of ANC visits. Facilities that do not have sufficient 
capacity with respect to the above mentioned criteria will 
be replaced by another facility from the sampling frame.

Recruitment of participants (pregnant women)
After randomization and completion of the lead-in time 
at the facilities in the intervention arm (described later), 
field research staff stationed at each trial facility (in both 
the intervention and control facilities) will recruit eligi-
ble pregnant women. When a pregnant woman visits the 
health facility for an ANC consultation, the healthcare 
provider (ANM at the SC, and Staff Nurse or the MO at 
the PHC) will brief her about the research study and ask 
if she is interested in participating. If so, the healthcare 
provider will introduce her to the field research staff 
from the project. The field research staff will determine 
her eligibility, based on the inclusion and exclusion cri-
teria below, using a paper-based checklist:

Inclusion criteria

• Pregnant women aged 18 years or above
• Pregnant women visiting a trial facility up to the 

end of the 28th week of gestation
• Pregnant women who are planning to remain 

within the five study districts until at least one-
month postpartum OR women whose mothers 
reside in the selected districts

Exclusion criteria

• Women coming to the trial facility for a non-routine 
ANC visit (for example, to get a laboratory investi-
gation, or to collect a report or her medicine)

Once the field research staff confirms the pregnant 
woman’s eligibility, she will be provided with a participant 

information sheet (PIS) (Supplementary file 1) and the 
opportunity to read it (or have it to read to her if she is 
not literate), ask questions and consider participation. 
If she chooses to participate, the field research staff will 
provide her the informed consent form (ICF) (Supple-
mentary file 2), ask her to carefully read and consider all 
the information listed on it, before she provides signed 
informed consent. A copy of the PIS and ICF will be 
given to each pregnant woman or her representative to 
keep. Women will be informed that they will be observed 
twice and that they will also be contacted by telephone. 
The schedule of enrolment, intervention allocation and 
assessment has been described using the Standard Pro-
tocol Items: Recommendations for Interventional Trials 
(SPIRIT) in Fig. 4.

Cluster randomization
Sixty-six clusters will be randomly assigned to either the 
control or intervention group with a 1:1 allocation ratio 
via a computer-generated randomization schedule strati-
fied by district (33 clusters in each arm). Randomization 
units will be clusters of three health facilities–a PHC and 
two linked SCs. Cluster randomization was preferred 
over the individual randomization to avoid contamina-
tion among the participants (pregnant women). Ran-
domization will be performed by the trial statistician, 
who is not involved in the day to day running of the trial. 
Covariate constrained randomization will be used to bal-
ance the arms on the following baseline covariates: pres-
ence of a lab and lab technician (yes/no); more than three 
staff providing ANC (yes/no); facility type (PHCs that are 
always open/PHCs that are not).

Sample size
We have designed this trial to detect a 12.5% rela-
tive difference in the mean number of ANC compo-
nents measured and recorded over the two visits (eight 
total) between the control and the intervention (control 
mean = 4, intervention mean = 4.5, an absolute difference 
of 0.5). This difference is based on 1) the mean number 
of ANC components measured in the formative phase, 
which was 1.95 (standard deviation 0.9) for a single 
visit (doubled for the sample size calculation to account 
for the two-visit primary outcome) and 2) a pragmatic 
decision regarding the time and resources available for 
recruitment. Using an intra-cluster correlation coefficient 
(ICC) of 0.05 [34] and assuming an average cluster size 
of 20 women, 52 clusters, 1,040 pregnant women (520 
in each arm) will have 90% power to detect a 12.5% rela-
tive increase in the mean number of ANC components 
over the two visits in the intervention arm compared 
to the control arm (control mean = 4.0, intervention 
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Fig. 4 Schedule of enrolment, intervention allocation and assessment using Standard Protocol Items: Recommendations for Interventional Trials 
(SPIRIT) figure for study protocols
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mean = 4.5). Allowing for a 20% loss to follow-up, we will 
enroll 1,320 women (660 in each arm) across 66 clusters.

Blinding
Because of the nature of this intervention, pregnant 
women, healthcare providers, and field research staff 
collecting the outcome data will be aware of allocation 
to the intervention or control arm, precluding blinding. 
However, adequate measures will be taken to avoid possi-
ble bias by the field research staff. The field research staff 
stationed at the facilities in the intervention arm during 
the lead-in period (an intensive support period described 
later) will be switched to the control arm before recruit-
ment of women starts. The field research staff will also 
be trained to reduce the risk of observer bias while con-
ducting the ANC observations. The team analyzing the 
data and interpreting the trial results will be masked to 
the study arm until all analyses outlined in the statistical 
analysis plan are completed.

Outcomes
Primary outcome
The primary outcome is the mean number of four 
selected ANC components delivered by the healthcare 
providers per visit, observed over two visits- the trial 
enrolment visit and the next routine ANC appointment 
(8 components total). The four selected components are: 
1) the measurement and recording of blood pressure; and 
the performance of 2) blood glucose, 3) urinary dipstick, 
and 4) hemoglobin tests.

Secondary outcomes
The secondary outcomes are the:

1 Mean number of the four ANC components 
observed at the enrolment visit.

2 Mean number of the following symptoms discussed 
with participants (either by the provider asking or the 
woman mentioning), observed over the two visits: 
nausea, vomiting, vaginal bleeding, severe headache, 
decreased or absent fetal movement, severe abdomi-
nal pain, and blurred vision.

3 Proportion of providers who took the appropri-
ate action per participant (as recommended by the 
mIRA EDSS) in response to the aforementioned 
symptoms (vomiting, vaginal bleeding, severe head-
ache, decreased or absent fetal movement, severe 
abdominal pain, blurred vision) or reported clinical 
parameters indicative of PIH, GDM, or severe anae-
mia.

4 Mean number of the danger signs (severe vomit-
ing, vaginal bleeding, severe headache, decreased or 
no fetal movement, severe abdominal pain, blurred 

vision) mentioned to each participant by the health-
care provider for which she is advised to return for 
help.

5 Proportion of participants with clinical param-
eters indicative of PIH (SBP ≥ 140  mmHg and 
DBP ≥ 90  mmHg), GDM (venous blood glucose: 
fasting > 92  mg/dL, 1  h OGTT > 180  mg/dL, 2  h 
OGTT > 153–199  mg/dL; glucometer test values: 
fasting > 92  mg/dL, 1  h OGTT > 198  mg/dL, 2  h 
OGTT > 168–219  mg/dL) or severe anaemia (< 7  g/
dL).

6 Proportion of participants who were told by the pro-
vider that they had PIH, GDM or severe anaemia.

7 Mean number of quality ANC components delivered 
in the enrolment visit. The components (n = 20) are 
as follows:

• tests completed: blood pressure; blood glucose; 
urinary dipstick; hemoglobin tests;

• symptom check: nausea; vomiting; vaginal bleed-
ing; severe headache; decreased or absent fetal 
movement; severe abdominal pain; blurred vision;

• warning about: severe vomiting; vaginal bleeding; 
severe headache; decreased or no fetal movement; 
severe abdominal

• pain; blurred vision;
• enquiring about mental health;
• writing on the woman-held Mother and Child 

Protection card.

Intervention training, implementation and monitoring
Training
The healthcare providers (ANMs, Staff Nurses, and MOs) 
at the facilities in the intervention arm will be trained in 
a 3-day workshop, which will focus on: how to use the 
mIRA EDSS; its hardware and software functionality; 
how the mIRA EDSS uses algorithms to improve adher-
ence to existing ANC guidelines, and troubleshooting of 
potential glitches. This workshop will also provide train-
ing on the routine ANC procedures which will be a part 
of the clinical workflow of the mIRA EDSS. The sessions 
will be delivered by trained research staff and will also be 
attended by the Program Officers who have a supervi-
sory role for the health facilities at the district level. All 
healthcare providers at the facilities in the intervention 
arm will receive a manual for operating the mIRA EDSS 
and for troubleshooting.

During the training workshop, the mIRA EDSS will be 
installed on the pre-existing tablets at the PHCs and SCs, 
and one additional tablet with the pre-installed mIRA 
EDSS will be provided to each of the PHCs (but not SCs) 
in the intervention arm.
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The training program will be evaluated to assess: a) the 
healthcare providers’ ability to perform the key functions 
using the mIRA EDSS intervention; b) their responses to 
and understanding of the mIRA EDSS intervention fol-
lowing the training; and c) whether further training or 
additional support in using the mIRA EDSS interven-
tion is needed. The healthcare providers with low scores 
will receive more intensive support during the lead-in 
time and will be trained again (online) to use the EDSS 
application.

Implementation
Healthcare providers at the facilities in the intervention 
arm will be given a lead-in time of 20 days following com-
pletion of the training, during which they will be pro-
vided with on-site support while using the mIRA EDSS to 
provide ANC. During this time, any errors encountered 
with the mIRA EDSS will be corrected and updates will 
be released. After the lead-in time, and the installation of 
the final version of the mIRA EDSS in the tablets being 
used in the intervention arm, the healthcare providers 
will be expected to use the mIRA EDSS to conduct ANC 
consultations for all pregnant women who visit the facili-
ties. Field research staff will be stationed at the facilities 
in the intervention arm on rotation during the recruit-
ment period and will conduct monthly monitoring visits 
to all facilities during the follow-up period.

Monitoring
The intervention will be monitored at frequent intervals 
from the start of implementation after the training, until 
the conclusion of the trial. Monitoring will consist of in-
person monthly visits conducted by field research staff to 
the facilities in the intervention arm. During these visits 
to the facilities in the intervention arm, field research staff 
will fill a monitoring checklist to record hardware and 
mIRA EDSS software availability and functionality, iden-
tify newly posted staff in need of training in the mIRA 
EDSS, and record indicators of utilization for the process 
evaluation. Field research staff will document any tech-
nical problems with the tablet hardware or mIRA EDSS 
software and attempt to resolve them during the monitor-
ing visit. Field research staff will explain any new changes 
made to the application, and ensure that the latest version 
is downloaded on the tablets. They will be instructed and 
trained not to intervene if tablets are not being used dur-
ing ANC consultations and will not provide support if 
asked for help while conducting an ANC visit observation 
(but can help after the observation is over).

We will also conduct remote monitoring of mIRA 
EDSS usage data. Data from the mIRA EDSS will be used 
to assess the utilization of the intervention by frontline 
healthcare workers via timing and duration of logins, 

and the number of mIRA EDSS entries on a given date. 
The frequency of data upload to the server will be docu-
mented. GPS coordinates of the tablet during application 
use will be used to assess whether data entry is occurring 
at the facility site. This data will not be shared with the 
field research staff. Data on the weekly ratio of entries 
saved vs submitted, the proportion of applicable input 
fields completed, the proportion of mIRA EDSS recom-
mendations accepted (vs ‘reject/modify’), and the pro-
portion of records prompting a test with the test results 
recorded in the application will be used to assess the 
quality of mIRA EDSS utilization and intervention fidel-
ity. We will document additional data on technical sup-
port, such as events of application crashes and other 
technical errors reported to designated mIRA research 
staff, time taken to resolve queries, or the number of 
requests received from healthcare providers for help 
with data editing in the application. This activity will 
not be used for course correction, beyond maintenance 
and technical support, during the trial’s implementation 
period.

Data collection
Field research staff stationed at or visiting the facilities 
will conduct ANC observations using an ANC observa-
tion checklist to collect the trial outcome data for the 
women who consented to participate in the trial in inter-
vention and control facilities. This paper-based ANC 
checklist will be used to record the components of ANC 
completed by the health care provider during a consul-
tation with pregnant women recruited under the trial. 
The first ANC observation will be conducted on the day 
of recruitment (the ‘enrolment visit’). The field research 
staff will collect contact details from the woman during 
the enrolment visit and will telephone the woman one 
week prior to her next scheduled routine ANC visit to 
confirm her appointment. Field research staff will then 
make sure to be present at the facility for the pregnant 
woman’s visit to conduct the second ANC observation. 
Throughout this time, all information will also be col-
lected from paper-based records such as the ANC, high 
risk, and referral registers, and the Mother and Child 
Protection (MCP) cards. All trial outcome data will be 
collected via the ANC observation checklist (Supplemen-
tary file 3) & MCP cards to ensure comparability between 
arms. A summary of trial outcomes’ data collection, 
tools, sources and period of data collection has been pro-
vided in Table 1, and the CONSORT trial flow diagram is 
presented in Fig. 5.

Statistical methods
The primary analyses will be conducted according to ran-
domised arm of the facility in which pregnant women 
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were recruited. The continuous primary outcome (i.e. 
mean number of the four selected components of ANC 
observed over two visits) will be analysed at the indi-
vidual level using Generalised estimating equation (GEE) 
analysis with identity-link function. GEE assumes that 
observations within the same clusters may be correlated. 
For the analysis of cluster randomized trials, it is usual 
to assume that the correlation matrix is exchangeable, 
meaning that observations on participants in different 
clusters are uncorrelated, while observations on individu-
als in the same cluster all have the same correlation coef-
ficient ρ.

We will adjust the primary analysis regression for the 
following pre-specified baseline covariates likely to be 
associated with the outcome to improve the efficiency 
of the analysis and avoid chance imbalances [35]: gesta-
tional age at enrolment, number of previous ANC visits 
and scheduled caste or tribe.

For categorical secondary endpoint analyses i.e., the 
proportion of pregnant women who were told by the pro-
vider that they had hypertension in pregnancy, GDM or 
severe anaemia and proportion of pregnant women for 
whom there was a recording of the diagnostic parameters 
of hypertension, GDM or severe anaemia, the relative 
risk for these secondary outcome(s) between the mIRA 
EDSS and standard care group will be analysed at the 

individual level using GEE analysis with logarithmic-link 
function.

Recognising that the trial is not powered to detect 
effect differences in subgroups, we will conduct explora-
tory subgroup analyses for the primary outcome to deter-
mine if the intervention effect varies by the following 
pre-specified subgroups: age (split at the median); parity 
(0/1 or more); caste or tribe (yes/no); highest education 
level completed (completed primary or above/other); 
EDSS use (used for entire ANC consultation/not used 
for entire consultation) and gestational age at first visit 
(< 10  week/10  week or above). Within the pre-specified 
subgroups, we will assess heterogeneity of treatment 
effect with a test for interaction [5–9]. Interaction test 
p-values will be presented but will be interpreted with 
caution, due to the exploratory nature, the multiple tests 
performed and the low power of the interaction test. 
We will estimate beta coefficients along with 95% CIs 
for each subgroup. As this is an exploratory analysis of 
potentially influential characteristics, we will not hypoth-
esise effect directions.

The primary outcome data with missing values will be 
handled under two different assumptions. First, the pri-
mary outcome will be considered as complete if it is con-
firmed that the participant attended the facility for the 
second visit. Data missing for both of these visits will be 

Table 1 Data collection and source

Outcome Data source Time

The mean number of the four selected ANC components completed 
per visitover two visits (8 components) (primary outcome)

ANC observation tool At enrolment visit and next routine ANC visit

The mean number of the four selected ANCcomponents completed 
at the enrolment visit (secondary outcome #1)

ANC observation tool At enrolment visit

Themean number of symptoms discussed either by the provider 
asking or the womanvolunteering (nausea, vomiting, vaginal bleed‑
ing, severe headache, decreased orabsent fetal movement, severe 
abdominal pain, blurred vision) observed over thetwo visits
(secondary outcome #2)

ANC observation tool At enrolment visit and next routine ANC visit

(among participants who said they wereexperiencing vomiting, vagi‑
nal bleeding, severe headache, decreased or absentfetal movement, 
severe abdominal pain or blurred vision or who were told thatthey 
had hypertension in pregnancy, GDM or anaemia) the action taken 
bythe provider in response
(secondary outcome #3)

ANC observation tool & MCP card At enrolment visit and next routine ANC visit

Themean number of danger signs the provider tells the women she 
should return forhelp
(secondary outcome #4)

ANC observation tool At enrolment visit and next routine ANC visit

Theproportion of participants were told by the provider that they 
hadhypertension in pregnancy, GDM or severe anaemia
(secondary outcome #5)

ANC observation tool At enrolment visit and next routine ANC visit

proportionof participants for whom there was a recording of the 
diagnostic parameters ofhypertension, GDM or severe anaemia
(secondary outcome #6)

MCP card At enrolment visit and next routine ANC visit

Inthe enrolment visit, the mean number of 20 components of quality 
antenatal caredelivered
(secondaryoutcome #7)

ANC observation tool At enrolment visit
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assumed and coded as component ‘not done’. Second, the 
primary outcome will not be considered as complete if 
the second visit data is missing and it is confirmed that 
the participant did not attend for this visit. In this case, 
participants’ data will not be included in the primary 
analysis.

Process evaluation
A mixed-methods process evaluation will be nested 
within the trial assessing intervention effectiveness. 
The overall aim of the process evaluation is to generate 
evidence to inform the interpretation of the outcomes 
of the main trial, and to further understanding of the 

theories underpinning mIRA EDSS quality improvement 
interventions.

As part of the parallel mixed-method process evalua-
tion [36], data for quantitative and qualitative analyses 
will be collected at multiple time points throughout the 
trial. Quantitative data collection methods will include 
ongoing routine monitoring from all sites. A baseline 
facility survey will be conducted for facilities in both 
trial arms to examine the role of structural quality and 
organizational factors in moderating the intervention 
process and effects. Monitoring data from in-person 
research staff visits to the facilities in the intervention 
arm and backend data from the mIRA EDSS will be used 
to evaluate the frequency and quality of use of mIRA. 

Fig. 5 CONSORT Trial flow diagram
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As mIRA will be implemented alongside existing paper-
based record-keeping systems, we will conduct an audit 
of record-keeping practices to examine change in com-
pleteness and accuracy of the ANC register and MCP 
cards before and after mIRA EDSS implementation. 
Qualitative data collection methods will include regular 
debriefing meetings and field notes from field research 
staff involved in the trial implementation and end-line in-
depth interviews with selected healthcare providers who 
used the mIRA EDSS; policymakers and research staff 
involved in the implementation of the intervention.

Economic evaluation
We will conduct an economic evaluation to estimate the 
additional costs of the intervention relative to the value 
of the improved health outcomes achieved by calculat-
ing the additional cost of the intervention and the use 
of resources for providing ANC in the intervention and 
control arms.

The cost of the enhanced ANC intervention includes 
the cost of the mIRA EDSS, and the training costs 
incurred to facilitate the integrated management of 
patients by healthcare providers. Healthcare resource use 
will also change if the intervention is successful. While 
for some women, improved management will avoid 
some future costs, healthcare resources used by others 
will increase as a consequence of receiving care that they 
would not have received in the absence of the interven-
tion. Thus, the net impact might be to either increase or 
decrease costs. The improved health outcomes will be 
estimated using trial data on the number of ANC compo-
nents received by women; the proportion of women iden-
tified with GDM or PIH; the proportion of women with 
GDM or PIH whose blood sugar and pressure are con-
trolled to recommended targets (in both the control and 
intervention arms). This information will be combined 
with data from the literature to estimate the additional 
QALYs generated by the intervention. The final step is to 
combine the changes in resource use and the changes in 
health outcomes in a single measure that can potentially 
be compared with the cost-effectiveness of other inter-
ventions for this patient group, or other patient groups.

Data management
There will be two sources of data– the mIRA EDSS and 
the data collected by the field research staff and entered 
into the Microsoft Access template. All electronic data 
will be encrypted, password-protected, and stored in 
secure servers and computer networks.

The project’s Data Manager will export data from the 
cloud-based server and validate the dataset at regular 
intervals to check any possible data inconsistencies. All 
data management activities like data cleaning and data 

merging will be done by using the statistical software 
Stata. Any data related queries will be shared with the 
project team in a Query Management Excel Sheet. For 
any additional surveys (like Facility Survey or MCP Card 
reports), the Data Manager will create a data entry appli-
cation in Microsoft Access or REDCap software. The 
Data Manager will also create informative dashboards 
and data reports using data visualization tools like Micro-
soft PowerBI and BI-tools for Excel. Access to study doc-
uments and data will be granted to selected members of 
the research team as per PHFI’s data sharing policy. All 
study data will only be identified by a participant study 
ID number, and medical confidentiality will be preserved 
in accordance with International Conference on Harmo-
nisation (ICH) Good Clinical Practice (GCP) guidelines. 
Any notes with personal identifiers will only be accessi-
ble to the research staff that are in contact with pregnant 
women, those responsible for coordinating visits, and 
study personnel authorized by the principal investigators. 
At the end of the study, the electronic database will be 
archived in accordance with institutional procedures for 
10 years.

Data monitoring
The research staff will compile data collected throughout 
the trial to prepare monitoring reports. These reports 
will include data on recruitments per site, dropouts, 
details from intervention monitoring, intervention usage 
rate, adverse events and serious adverse events reported. 
These will be shared by the operational group comprised 
of the study research staff with the Trial Steering Com-
mittee and the Independent Data Monitoring Commit-
tee to ensure that the trial is progressing according to the 
planned objectives and milestones. These committees 
include external members, independent of the sponsors 
and funders, as well as the collaborating institutions, 
who meet annually. The Trial Steering Committee has 
been formed with aim to provide oversight for the trial. 
The Trial Steering Committee members are expected to 
be constructively critical of the ongoing trial while also 
being supportive of its aims and methods. The Independ-
ent Data Monitoring Committee will monitor the data 
emerging from the trial, in particular as they relate to 
the safety of participants, and to advise the Trial Steering 
Committee on whether there are any reasons for the trial 
not to continue.

Monthly project monitoring reports, compiled and 
summarized by the operational group [37] will be shared 
with the Trial Management Group to facilitate the com-
pilation of lessons learned. Key findings may also be 
discussed along with the progress updates shared in the 
annual meetings with the Trial Steering Committee and 
the Independent Data Monitoring Committee.
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Adverse events
The mIRA EDSS is not evaluating any new drug or inva-
sive procedure that requires specific monitoring of safety 
parameters. Rather, it is a health-systems study that is 
advancing the implementation of existing, evidence-
based guidelines for PIH, GDM, anaemia management, 
and routine ANC. Information about the occurrence of 
any adverse event will be sought at all scheduled visits/
calls by the field research staff, and outside of scheduled 
visits by participant self‐report. Patients will have access 
to the physician (MO) at the PHCs for remedial measures 
in the event of any adverse events. The healthcare provid-
ers reserve the right to reject any recommendations sug-
gested by the mIRA EDSS, if not considered suitable for 
the patient. Reporting of all serious adverse events will be 
done to the International Data Monitoring Commitee in 
a biannual report. The clinical adverse events reported 
will include event of maternal intensive care unit (ICU) 
admission, maternal death in pregnancy, uncontrolled 
blood sugar, and maternal ketoacidosis due to hypergly-
cemia. Apart from the clinical adverse events, we will also 
follow Food and Drug Administration’s (FDA) guide to 
classify other non-clinical adverse events into three cat-
egories: (1) errors of commission, such as accessing the 
wrong patient’s record or overwriting one patient’s infor-
mation with another’s; (2) errors of omission of transmis-
sion, such as the loss or corruption of vital patient data; 
(3) errors in data analysis, including medication dosing 
errors of several orders of magnitude [38].

Discussion
This paper describes the protocol for a cluster-rand-
omized controlled trial to evaluate the effectiveness of an 
mHealth intervention (i.e., the mIRA EDSS) in enhanc-
ing the quality of ANC and improving the screening 
and management of PIH, GDM, and anaemia, in rural 
primary healthcare settings in India. To the best of our 
knowledge, only a few mHealth interventions in India 
have been tested for improving maternal and child health 
outcomes [22–26]. Of these, the two mHealth interven-
tions [24, 25] that involved a clinical decision-support 
system only targeted community health workers who 
worked primarily at the SC level and were responsible 
for referring pregnant women to the PHC. However, the 
results from these studies are not yet available.

To make a significant impact on improving maternal 
and child health, there is a need for an intervention that 
can seamlessly work at multiple levels of the health sys-
tem, can be used by different cadres of health care pro-
viders and has the potential to be integrated within the 
existing clinic work flow. We address these important 
aspects in the current study as we plan on testing the 
mIRA EDSS which works at two facility levels (PHCs and 

SC), is also customized for use by three cadres of health-
care of providers – physicians (MOs), staff nurses, and 
ANMs and can be easily integrated on a “plug and play” 
mode within the existing clinic work flow and digital 
infrastructure.

Interventions work best when tailored to the settings 
and cultural context. A unique feature of the mIRA EDSS 
is its development process. It was co-designed by mean-
ingfully engaging relevant subject experts (international 
and national), regional and local stakeholders (state and 
district health officials), and its targeted users (three 
cadres of healthcare providers – ANM, staff nurse, and 
MO). Further, the intervention development has also 
been informed by a robust formative research process in 
23 health facilities. This co-design approach has helped 
in ensuring that the evidence-based screening and man-
agement recommendations produced are tailored to the 
state’s as well as the healthcare provider’s needs, and cus-
tomized as per the local digital infrastructure at the facil-
ities to increase the likelihood for a wider scale-up, if it is 
proved to be effective.

Furthermore, during the implementation, health offi-
cials will be involved in the supervision and manage-
ment of the work at the trial facilities. This will also help 
in a smooth transition during potential scale-up, if the 
mIRA EDSS is effective. Another strength of this study 
is that the team assembled to develop the intervention 
and conduct the trial has experience in designing and 
successfully implementing similar mHealth interven-
tions for non-pregnant populations. The committees 
involved in forming the guidelines for quality ANC, and 
screening and management of PIH, GDM, and anaemia 
included national and international subject experts in 
the respective areas, ensuring that the most current evi-
dence was used.

If the mIRA EDSS is effective in enhancing the qual-
ity of ANC, the insights that India will gain into the 
feasibility and cost of implementing an EDDS, through 
the robust process evaluation and economic evalua-
tion, respectively, may inform potential national scale-
up. This scale-up can be facilitated with the increasing 
advances in information technology and would align 
well with India’s Digital Health Mission initiative. The 
lack of high-quality evidence on the efficacy, feasibil-
ity, and cost-effectiveness of mHealth interventions has 
been a barrier to the scaling of mHealth interventions 
in LMICs [39–42]. This trial, through its robust process 
and economic evaluation, will help answer these criti-
cal questions about the feasibility and cost-effectiveness 
of implementing mHealth interventions to enhance 
ANC. Lessons learned from this trial will also inform 
recommendations for designing, evaluating and scaling 
up similar mHealth interventions in other LMICs. The 



Page 14 of 16Mohan et al. BMC Pregnancy and Childbirth           (2023) 23:72 

integration of the mIRA EDSS with other existing digi-
tal records will be useful in decreasing the record-keep-
ing workload for healthcare providers. Furthermore, 
the feasibility to add further components to the mIRA 
EDSS like postpartum care, immunization, etc. can be 
explored.

This trial will provide much needed evidence on the 
effectiveness of mHealth interventions in improving the 
provision of ANC at the primary healthcare level. One 
possible limitation of the study would be ensuring com-
pliance with the intervention. Measures will be taken to 
tackle this during the intervention lead-in period. Dur-
ing the training sessions and each monitoring visit, the 
field research staff will keep notes on major technical 
difficulties reported by the healthcare providers which 
might keep them from using the mIRA EDSS. Secondly, 
this trial will not measure improvement in health out-
comes for the mother and the newborn. However, the 
possibility to access the state’s district-level data on 
these outcomes can be explored to conduct a secondary 
analysis for assessing whether there is an association 
with health outcomes. Thirdly, the findings from this 
study will not be generalizable to urban settings where 
many pregnant women seek care in private clinics and 
hospitals. 

Abbreviations
ANC  Antenatal Care
PIH  Pregnancy Induced Hypertension
GDM  Gestational Diabetes Mellitus
EDSS  Electronic Decision‑Support System
PHC  Primary Health Centre
SC  Sub‑centre
MO  Medical Officer
HMIS  Health Management Information Systems

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12884‑ 022‑ 05249‑y.

Additional file 1. 

Additional file 2. 

Additional file 3. 

Acknowledgements
We are grateful to our subject expert committee members, Dr. Yashdeep 
Gupta (Department of Endocrinology and Metabolism, All India Institute of 
Medical Sciences (AIIMS), Delhi), Prof. Sandosh Padmanabhan (Cardiovascular 
Genomics and Therapeutics, University of Glasgow, Scotland), Prof. Poonam 
Verma Shivkumar (Department of Obstetrics & Gynecology, Mahatma Gandhi 
Institute of Medical Sciences, Wardha, Maharashtra, India), Prof. Vinita Das 
(Department of Obstetrics &Gynecology, King George’s Medical University, 
Lucknow, Uttar Pradesh, India) for their clinical inputs and feedback. We are 
very thankful for the overall guidance provided by our Trial Steering Commit‑
tee members, Prof. Neerja Bhatla, (Department of Obstetrics & Gynecology, 
AIIMS, Delhi), Prof. P Von Dadelszen (Global Women’s Health, King’s Col‑
lege London), Prof. Chanda Karki (Department of Obstetrics & Gynecology, 
Kathmandu Medical College, Nepal), and our Independent Data Monitoring 

Committee members, Prof. Laura Magee (Women’s Health, King’s College Lon‑
don); Dr. Archana Amatya (USAID’s Strengthening Systems for Better Health), 
and Dr. Howard Chang (Biostatistics & Bioinformatics, Rollins School of Public 
Health, Emory University, USA). We thank the Commissionerate of Health and 
Family Welfare (CHFW) for providing their feedback for co‑designing the inter‑
vention and for extending support during the formative research activities. We 
thank Quad One Technologies Pvt Ltd., Telangana, the software company that 
developed the intervention. We are very grateful to our mIRA research team 
members (Mr. Kanchanapally Radha Krishnam Raju, Ms. Ramya Vallabhuni, and 
Ms. Aparajita Mishra from India, and Ms. Sulata and Ms Seema from Nepal), 
who worked tirelessly to collect formative research data, and undertook the 
testing of the intervention.

Sponsor
Dr. Dorairaj Prabhakaran, Lead Principal Investigator (PI), Distinguished Profes‑
sor of Public Health Public Health Foundation of India (PHFI), Plot 47, Sector 
44, Gurugram, Haryana – 122002, India (dprabhakaran@phfi.org). As study 
sponsor, the PI participated in study design, management, analysis, data 
interpretation, and manuscript development.

Authors’ contributions
SM, DP, and OC conceptualized, developed the proposal, and obtained the 
funding. SM and MC prepared the first draft of the manuscript. CC, OM, MC, 
PJ, and RS, contributed to specific sections of the trial protocol. MC, PJ, and 
DJ led the development of the mHealth intervention. DK and OM provided 
statistical expertise and designed the statistical analysis plan for the trial, under 
the guidance of PP. NT and AR provided guidance in the development of the 
guidelines and algorithms for the intervention (mIRA EDSS) as the heads of 
the PIH and GDM subject expert committees, respectively. ER, LPK, and AM 
designed the process evaluation activities. PJ and JC designed the economic 
analysis activities. SM, OC, PP, DP, KB, NK, AR, BK, AS1, and AS2 reviewed the 
draft for intellectual content, made revisions. All authors have read, reviewed 
and approved the final manuscript.

Funding
This study has been funded by the Newton fund joint call from the Depart‑
ment of Biotechnology (DBT) (Grant Ref: BT/IN/DBT‑MRC/DIFD/DP/14/2018–
19), India and Medical Research Council (MRC), UK (Grant Ref: MR/R022127/1) 
under the UK‑India Global Research Programme (GRP) 2017. The funders had 
no role in the study design; collection, management, analysis, and interpreta‑
tion of the data; writing of the report; and the decision to submit the report 
for publication.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This study protocol was approved by the Institutional Ethics Committees 
of the Public Health Foundation of India (PHFI) (Reference number TRC‑
IEC‑386.3/18), London School of Hygiene and Tropical Medicine (LSHTM), 
UK (Reference number: 25094 ‑ 1), and Dhulikhel Hospital, Nepal (Reference 
number: 159.18). Any protocol amendments and modifications made further 
to the study tools including the patient information sheet‑informed consent 
document, will be submitted for review and approval to the ethics commit‑
tees of the Public Health Foundation of India, LSHTM and Dhulikhel Hospital.
Participation by pregnant women in the trial will be voluntary with no coer‑
cion and no material compensation will be provided to encourage participa‑
tion. All participants will be assured that they have the right to voluntarily 
withdraw from the study at any time, without any repercussions affecting their 
future medical care.
To minimize the risk that data containing personal information are accessed 
by unauthorized individuals and study participants are identified (either 
directly or through linkage to other data), identifiable information (names, 
addresses, etc.) will be replaced with internal identifiers at the earliest oppor‑
tunity, and personal information will not be kept. Any personal information 
that must be kept will be held on a secure, isolated machine. All paper con‑
sent forms that contain personal information will be stored in secure, locked 
cabinets within PHFI. Data will only be made available in de‑identified form. 

https://doi.org/10.1186/s12884-022-05249-y
https://doi.org/10.1186/s12884-022-05249-y


Page 15 of 16Mohan et al. BMC Pregnancy and Childbirth           (2023) 23:72  

Any notes with personal identifiers will only be accessible to the research 
staff that see participants, those responsible for coordinating visits, and study 
personnel authorized by the principal investigator. The main risk will be to 
maintain the confidentiality of qualitative data. Every attempt will be made to 
maintain the confidentiality of study participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Public Health Foundation of India (PHFI), Plot 47, Sector 44, Gurugram, 
Haryana 122002, India. 2 Centre for Chronic Disease Control (CCDC), Safdarjung 
Development Area, C‑1/52, Second Floor, Delhi 110016, India. 3  London 
School of Hygiene & Tropical Medicine, Keppel St, London WC1E 7HT, UK. 4 Old 
Medical School, Usher Institute, University of Edinburgh, Teviot Place, Edin‑
burgh EH8 9AG, UK. 5 Dhulikhel Hospital, Kathmandu University, JG8X+P54, 
Dhulikhel 45200, Nepal. 6 SHARE (Sci Health Allied Res Education), MediCiti 
Institute of Medical Sciences Campus, Medchal‑Malkajgiri, Hyderabad, 
Telangana 501401, India. 7 All India Institute of Medical Sciences, Sri Aurobindo 
Marg, Ansari Nagar, New Delhi, Delhi 110029, India. 

Received: 3 October 2022   Accepted: 24 November 2022

References
 1. Kassebaum NJ, Barber RM, Dandona L, Hay SI, Larson HJ, Lim SS, et al. 

Global, regional, and national levels of maternal mortality, 1990–2015: a 
systematic analysis for the Global Burden of Disease Study 2015. Lancet. 
2016;388(10053):1775–812.

 2. Meh C, Sharma A, Ram U, Fadel S, Correa N, Snelgrove JW, et al. Trends in 
maternal mortality in India over two decades in nationally representative 
surveys. BJOG. 2021;129(4):550–61.

 3. Department of Economic and Social Affairs, United Nations. THE 17 
GOALS | Sustainable Development [Internet]. [cited 2021 Jun 21]. Avail‑
able from: https:// sdgs. un. org/ goals

 4. WHO, Unicef, UNFPA, World Bank Group, United Nations. Trends in mater‑
nal mortality: 2000 to 2017: Estimates by WHO, UNICEF, UNFPA, World Bank 
Group and the United Nations Population Division [Internet]. Geneva; 
2019 [cited 2021 Oct 19]. Available from: http:// apps. who. int/ booko rders.

 5. WHO, UNICEF, UNFPA, World Bank Group, United Nations Population 
Division. Trends in Maternal Mortality: 1990 to 2015 ‑ Estimates by WHO, 
UNICEF, UNFPA, World Bank Group and the United Nations Population 
Division [Internet]. 2015 [cited 2020 Nov 24]. Available from: https:// www. 
unfpa. org/ sites/ defau lt/ files/ pub‑ pdf/ 97892 41565 141_ eng. pdf

 6. Souza J, Tunçalp Ö, Vogel J, Bohren M, Widmer M, Oladapo O, et al. 
Obstetric transition: the pathway towards ending preventable maternal 
deaths. BJOG An Int J Obstet Gynaecol. 2014;121:1–4.

 7. Mocumbi A, Sliwa K, Soma‑Pillay P. Medical disease as a cause of maternal 
mortality:the pre‑imminence of cardiovascular pathology. Cardiovasc J 
Afr. 2016;27(2):84.

 8. Say L, Chou D, Gemmill A, Tuncalp O, Maller A‑B, Daniels J, et al. Global 
causes of maternal death: a WHO systematic analysis. Lancet Glob Heal. 
2014;2(6):e323‑33.

 9. Hussein J. Non‑communicable diseases during pregnancy in low and 
middle income countries. Obstet Med. 2017;10(1):26.

 10. Kumari N, Kathirvel S, Arora A, Jain V, Sikka P. Pattern of non‑commu‑
nicable diseases during pregnancy and their effect on feto‑maternal 
outcome: A prospective observational study. Int J Gynecol Obstet. 
2021;(January):3–7.

 11. Singla A, Rajaram S, Mehta S, Radhakrishnan G. A ten year audit of 
maternal mortality: Millennium development still a distant goal. Indian J 
Community Med. 2017;42(2):102.

 12. Mithal A, Bansal B, Kalra S. Gestational diabetes in India: Science and 
society. Indian J Endocrinol Metab. 2015;19(6):701.

 13. Chudasama RK, Kadri A, Ratnu A, Jain M, Kamariya CP. Magnitude of ges‑
tational diabetes mellitus, its influencing factors and diagnostic accuracy 

of capillary blood testing for its detection at a Tertiary Care Centre, Rajkot, 
Gujarat. Indian J Community Med. 2019;44(2):142.

 14. Ministry of Health and Family Welfare GOI. India ‑ National Family Health 
Survey (NFHS‑4) 2015–16. Mumbai; 2017.

 15. Campbell OMR, Calvert C, Testa A, Strehlow M, Benova L, Keyes E, et al. 
The scale, scope, coverage, and capability of childbirth care [Internet]. Vol. 
388, The Lancet. Lancet Publishing Group; 2016 [cited 2021 Jun 21]. p. 
2193–208. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 27642 023/

 16. Rani M, Bonu S, Harvey S. Differentials in the quality of antenatal care in 
India. Int J Qual Heal Care. 2008;20(1):62–71.

 17. Singh L, Dubey R, Singh S, Goel R, Nair S, Singh PK. Measuring quality of 
antenatal care: a secondary analysis of national survey data from India. 
BJOG An Int J Obstet Gynaecol. 2019;126(S4):7–13.

 18. Faujdar D, Kaur M, Singh T, Sahay S, Kumar R. Evaluating scope of mobile 
technology for bridging health care gaps in impoverished population in 
LMICs. J Fam Med Prim Care. 202AD;11(1):90.

 19. Benski AC, Schmidt NC, Viviano M, Stancanelli G, Soaroby A, Reich MR. 
Improving the quality of antenatal care using mobile health in Madagascar: 
five‑year cross‑sectional study. JMIR Mhealth Uhealth. 2020;8(7):e18543.

 20. Watterson JL, Walsh J, Madeka I. Using mHealth to improve usage of 
antenatal care, postnatal care, and immunization: a systematic review of 
the literature. Biomed Res Int. 2015;2015:153402.

 21. Amoakoh‑Coleman M, Borgstein ABJ, Sondaal SFV, Grobbee DE, Miltenburg 
AS, Verwijs M, et al. Effectiveness 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):e226.

 22. Feroz A, Perveen S, Aftab W. Role of mHealth applications for improv‑
ing antenatal and postnatal care in low and middle income countries: a 
systematic review. BMC Health Serv Res. 2017;17(1):704.

 23. Amoakoh‑Coleman M, Alexander Borgstein B‑J, Stephanie B, Sondaal F V, 
Diederick B. Effectiveness 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):e226.

 24. D Modi N Dholakia RI Gopalan SI Venkatraman KI Dave SI Shah mHealth 
intervention “ImTeCHO” to improve delivery of maternal, neonatal, and 
child care services‑A cluster‑randomized trial in tribal areas of Gujarat, 
India. et al 2019 cited 2021 Apr 29 Available from: https:// doi. org/ 10. 
1371/ journ al. pmed. 10029 39

 25. Nagraj S, Kennedy SH, Jha V, Norton R, Hinton L, Billot L, et al. SMART‑
health pregnancy: feasibility and acceptability of a complex intervention 
for high‑risk pregnant women in Rural India: protocol for a pilot cluster 
randomised controlled trial. Front Glob Women’s Heal. 2021;2(May):1–9.

 26. Menaka B, Kamineni V, Sree MV. The role of m‑health in providing 
antenatal care in rural areas. Int J Reprod Contraception, Obstet Gynecol. 
2017;6(9):4059.

 27. Kaphle S, Chaturvedi S, Chaudhuri I, Krishnan R, Lesh N. Adoption and 
Usage of mHealth technology on quality and experience of care pro‑
vided by frontline workers: observations from Rural India. JMIR mHealth 
uHealth. 2015;3(2):e61.

 28. Bellad MB, Vidler M, Honnungar NV, Mallapur A, Ramadurg U, Charanthi‑
math U, et al. Maternal and newborn health in Karnataka State, India: The 
community level interventions for pre‑eclampsia (CLIP) trial’s baseline 
study results. PLoS ONE. 2017;12(1):1–16.

 29. Government of India. National Family Health Survey (NFHS‑4), Telangana 
[Internet]. Mumbai; 2017 [cited 2019 May 22]. Available from: http:// www. 
iipsi ndia. orgor http// www. mohfw. nic. in

 30. Ahmad S, Shaik M, Chandrasekhar A. Health profile of pregnant women 
attending urban health centre in Hyderabad, Telangana, India. Int J Com‑
munity Med Public Heal. 2016;3(11):3202–6.

 31. Ministry of Health and Family Welfare. National Family Health Survey 
2019–20 (NFHS‑5): State Fact Sheet Telangana.

 32. Kusneniwar G, Margaret Whelan R, Betha K, Robertson JM, Reddy Ramidi 
P, Balasubramanian K, et al. Cohort profile: the longitudinal Indian 
family hEalth (LIFE) pilot study, Telangana State, India. Int J Epidemiol. 
2017;46(3):788–9.

 33. Singh N, Ponna SN, Upadrasta VP, Dudala SR, Sadasivuni R. Determinants 
of utilization of antenatal and postnatal care services in Telangana. Int J 
Reprod Contraception, Obstet Gynecol. 2017;6(8):3352.

 34. Adams G, Gulliford MC, Ukoumunne OC, Eldridge S, Chinn S, Campbell 
MJ. Patterns of intra‑cluster correlation from primary care research to 
inform study design and analysis. J Clin Epidemiol. 2004;57(8):785–94.

https://sdgs.un.org/goals
http://apps.who.int/bookorders
https://www.unfpa.org/sites/default/files/pub-pdf/9789241565141_eng.pdf
https://www.unfpa.org/sites/default/files/pub-pdf/9789241565141_eng.pdf
https://pubmed.ncbi.nlm.nih.gov/27642023/
https://doi.org/10.1371/journal.pmed.1002939
https://doi.org/10.1371/journal.pmed.1002939
http://www.iipsindia.orgorhttp//www.mohfw.nic.in
http://www.iipsindia.orgorhttp//www.mohfw.nic.in


Page 16 of 16Mohan et al. BMC Pregnancy and Childbirth           (2023) 23:72 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 35. European Medicines Agency, Committee for Medicinal Products for 
Human Use (CHMP). Guideline on adjustment for baseline covariates in 
clinical trials [Internet]. 2015 [cited 2022 May 31]. Available from: www. 
ema. europa. eu/ conta ct

 36. Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et al. 
Process evaluation of complex interventions: medical research council 
guidance. BMJ. 2015;350:h1258.

 37. Kasenda B, Schandelmaier S, Sun X, Von Elm E, You J, Blümle A, et al. 
Subgroup analyses in randomised controlled trials: cohort study on trial 
protocols and journal publications. BMJ. 2014;349:g4921.

 38. of Health D, Services H, of the National Coordinator for Health Informa‑
tion Technology O. Certification/Adoption Workgroup HIT Policy Com‑
mittee Summary of Comments.

 39. Bassi A, John O, Praveen D, Maulik PK, Panda R, Jha V. Current status and 
future directions of mHealth interventions for health system strengthen‑
ing in India: systematic review. JMIR mHealth uHealth. 2018;6(10):e11440.

 40. Mechael P, Batavia H, Kaonga N, Searle S, Kwan A, Goldberger A, et al. Bar‑
riers and Gaps Affecting mHealth in Low and Middle Income Countries: 
Policy White Paper [Internet]. 2010 [cited 2019 Jun 12]. Available from: 
http:// www. globa lprob lems‑ globa lsolu tions‑ files. org/ pdfs/ mHeal th_ Barri 
ers_ White_ Paper. pdf

 41. LeFevre A, Chamberlain S, Singh NS, Scott K, Menon P, Barron P, et al. 
Avoiding the road to nowhere: policy insights on scaling up and sustain‑
ing digital health. Glob Policy. 2021;12(S6):110–4.

 42. Singh NS, Scott K, George A, Lefevre AE, Ved R. A tale of ‘politics and stars 
aligning’: analysing the sustainability of scaled up digital tools for front‑
line health workers in India. BMJ Glob Heal. 2021;6(Suppl 5):e005041.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

http://www.ema.europa.eu/contact
http://www.ema.europa.eu/contact
http://www.globalproblems-globalsolutions-files.org/pdfs/mHealth_Barriers_White_Paper.pdf
http://www.globalproblems-globalsolutions-files.org/pdfs/mHealth_Barriers_White_Paper.pdf

	A cluster randomized controlled trial of an electronic decision-support system to enhance antenatal care services in pregnancy at primary healthcare level in Telangana, India: trial protocol
	Abstract 
	Background 
	Methods 
	Discussion 

	Contributions to the literature
	Background
	Methods
	Aims and objectives
	Study design and setting
	Intervention and its co-design
	Intervention delivery
	Facility selection
	Inclusion criteria:
	Exclusion criteria

	Recruitment of participants (pregnant women)
	Inclusion criteria
	Exclusion criteria

	Cluster randomization
	Sample size
	Blinding

	Outcomes
	Primary outcome
	Secondary outcomes
	Intervention training, implementation and monitoring
	Training
	Implementation
	Monitoring

	Data collection
	Statistical methods
	Process evaluation
	Economic evaluation
	Data management
	Data monitoring
	Adverse events

	Discussion
	Acknowledgements
	References


