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ABSTRACT
Kilkari is one of the largest maternal mobile messaging 
programmes in the world. It makes weekly prerecorded 
calls to new and expectant mothers and their families from 
the fourth month of pregnancy until 1- year post partum. 
The programme delivers reproductive, maternal, neonatal 
and child health information directly to subscribers’ 
phones. However, little is known about the reach of Kilkari 
among different subgroups in the population, or the 
differentiated benefits of the programme among these 
subgroups. In this analysis, we assess differentials in 
eligibility, enrolment, reach, exposure and impact across 
well- known proxies of socioeconomic position—that 
is, education, caste and wealth. Data are drawn from a 
randomised controlled trial (RCT) in Madhya Pradesh, India, 
including call data records from Kilkari subscribers in 
the RCT intervention arm, and the National Family Health 
Survey-4, 2015. The analysis identifies that disparities 
in household phone ownership and women’s access to 
phones create inequities in the population eligible to 
receive Kilkari, and that among enrolled Kilkari subscribers, 
marginalised caste groups and those without education 
are under- represented. An analysis of who is left behind 
by such interventions and how to reach those groups 
through alternative communication channels and platforms 
should be undertaken at the intervention design phase to 
set reasonable expectations of impact. Results suggest 
that exposure to Kilkari has improved levels of some 
health behaviours across marginalised groups but has not 
completely closed pre- existing gaps in indicators such as 
wealth and education.

INTRODUCTION
There is much interest in ‘direct to beneficiary’ 
digital health communications programmes 
as a potential mechanism for addressing crit-
ical gaps in access to and receipt of health 
information, particularly in low- income 

and middle- income countries.1–10 Maternal 
mobile messaging programmes are among 
the few examples of such programmes that 
have scaled widely in different settings.11 12 Yet, 
to reach target women with health informa-
tion, such programmes usually require bene-
ficiaries to have access to a mobile phone as 
a prerequisite for participation. While overall 
rates of phone ownership are increasing glob-
ally, disparities in household ownership, and, 
more specifically, women’s access to and use 
of phones, persist.13–15 In India, despite near 
universal phone access among men, only half 
of women have access to mobile phones.16 
Women with access to phones have poorer 
quality phones then men and frequently find 
their use constrained by a range of factors 
from phone sharing practices to social norms 
around securing credit.17 18

Summary box

 ► By necessity, ‘direct to beneficiary’ mobile health 
programmes target those with phone access and 
thus exclude the poorest and most marginalised.

 ► Understanding inequities in who participates and 
benefits from mobile health programmes is vital for 
designing strategies to reach the most marginalised.

 ► Exposure to Kilkari appears to benefit the higher 
educated among the poorest in terms of wealth 
quintiles.

 ► Therefore, education may be a key enabler to help 
improve health behaviours among those exposed to 
Kilkari content.

 ► The way forward for digital ‘direct to beneficiary’ 
communication programmes may be to customise 
and target health information based on the charac-
teristics of specific segments of the population.
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Kilkari is the one of the largest maternal mobile 
messaging programmes in the world, available to 
subscribers free of charge. Established in 2013 in Bihar, 
India, Kilkari had scaled to 13 states to reach over 10 
million subscribers by April 2019. Subscribers received 
up to 90 min of content via up to 72 weekly calls from the 
fourth month of pregnancy until the child is 1 year old.

Understanding inequities in who participates and benefits 
through the life of a programme is vital for designing strate-
gies to reach the most marginalised, and to optimise impact. 
Despite emerging evidence linking maternal messaging 
programmes to changes in health outcomes, little is known 
about the differential effects of these programmes across key 
population subgroups, including the least educated, poorest 
and most ethnically disadvantaged.7 12 19–23

In table 1, we present a framework for assessing equity 
in ‘direct to beneficiary’ health programmes by adapting 
the Tanahashi healthcare access framework and applying 
it to Kilkari in India.24 Data were drawn from three 
sources: an endline survey of women participants who 
received the Kilkari intervention as part of a randomised 
controlled trial (RCT) in Madhya Pradesh, call data 
records from Kilkari subscribers in the RCT sample and 
data on household mobile phone ownership from the 
Indian National Family Health Survey (NFHS-4) India 
from 2017 to 2020.25 26 A detailed description of the data 
sources and analytical methods are provided in box 1.

Who benefits from the type of information provided by 
programmes like Kilkari?
In theory, stage appropriate reproductive, maternal, 
neonatal and child health (RMNCH) information is 
expected to benefit all households with pregnant women 

and new mothers with infants under 1 year of age. Across 
the 13 states where Kilkari implementation is ongoing, 
an estimated 50 million women become pregnant every 
year.27 Data on the sociodemographic characteristics 
of those who have a ‘need for information’ among this 
population are limited. However, 2015 NFHS data indi-
cate that total fertility rates are highest among the poorest 
and among those with no schooling, which may suggest 
greater representation of marginalised groups among 
pregnant and postpartum women than in the broader 
population at any given time.28 While it is difficult to 
quantify which subgroups have the most ‘need for infor-
mation’, it would not be unreasonable to assume that the 
less educated, poorest and most marginalised castes are 
likely to benefit from such an intervention.29–31

Who is eligible to receive Kilkari?
To be eligible to receive Kilkari in 13 Indian states, 
women must be pregnant and beyond the twelfth week of 
gestation, or have an infant less than a year old and, most 
importantly, must be able to provide their health worker 
with a mobile phone number (personal or otherwise) 
to receive prerecorded weekly calls. There are signifi-
cant differences in household level ownership of mobile 
phones across key sociodemographic characteristics, 
and these inequities are more pronounced for women’s 
reported access to mobile phones.16 Data from 2015 
NFHS indicates that the gap in household mobile phone 
ownership between the advantaged general caste (GC) 
and least advantaged scheduled tribe (ST) is 15.4%, while 
the gap in women’s access to mobile phones between 
the GC and ST is 27.1%.16 These differences in house-
hold ownership of phones and women’s reported phone 

Table 1 Mapping the concepts of reach and coverage of digital programmes to the Tanahashi framework

Components of study 
framework Definition Application to Kilkari

Who benefits from the type 
of information provided by 
programmes like Kilkari?

Population for whom the 
changes in health outcomes 
are needed

All pregnant and postpartum women and their husbands in 
India

Who is eligible to receive Kilkari? Target population who meets 
inclusion criteria and can 
potentially participate

All pregnant and postpartum women with reported access 
to a mobile phone who are beyond the twelfth week of 
pregnancy or have an infant less than a year old

Who is subscribed (enrolled) to 
Kilkari?

Population subscribed to the 
programme

All pregnant and postpartum women registered by front- line 
workers in government tracking databases with functional 
phone numbers, who are beyond the twelfth week of 
pregnancy or have an infant less than a year old

Who is reached by Kilkari? Population receiving one 
or more components of the 
programme

Subscribers who have answered at least one call (a 
‘successful’ call)

Who is exposed to Kilkari 
content?

Population receiving 
minimum threshold of 
programme to cover core 
components

Subscribers who have listened to at least 50% of the 
cumulative content of all Kilkari calls that they are eligible to 
receive

Who is affected by Kilkari? Population receiving 
programme that reports 
changes in target behaviours

Subscribers to Kilkari who reported changes in target 
RMNCH behaviours

RMNCH, reproductive, maternal, newborn and child health.



Mohan D, et al. BMJ Global Health 2021;6:e005512. doi:10.1136/bmjgh-2021-005512 3

BMJ Global Health

access were different in magnitude between the poorest 
and richest (21% and 47%) segments of the popula-
tion, and those with higher education and no schooling 
(13.9% and 55.3%).16 Overall differentials across these 
sociodemographic characteristics in women’s phone 
access contributed to the introduction of inequities in 
the population eligible to receive Kilkari. These inequal-
ities need to be considered by programme implementers 

designing digital ‘direct to beneficiary’ health communi-
cation interventions so that reasonable expectations of 
programme reach, and impact can be set, and to prevent 
the exacerbation of inequities.

Kilkari was originally designed as part of an inte-
grated social and behavioural change communication 
programme in the state of Bihar to strengthen RMNCH 
practices and generate demand for public health 
services. Communication was layered through different 
channels, including face- to- face communication by front- 
line health workers, to increase reach and exposure and 
improve diffusion of information.32 While several inter-
ventions were adopted by other state governments, and 
nationally, they were scaled independently, according 
to different timelines, which rarely overlapped. Other 
interventions were not scaled at all, creating gaps in the 
programme’s theory of change.33

Who is subscribed (enrolled) to Kilkari?
While the sociodemographic profile of those subscribed 
to Kilkari at scale is not available, the RCT sample in 
Madhya Pradesh, where respondents were enrolled 
directly at the community level by study researchers, 
provides information on characteristics such as wealth, 
caste and education.25 Figure 1 depicts differences in the 
distribution of key characteristics for women with and 
without phone access in rural Madhya Pradesh based on 
the NFHS population level survey, as compared with the 
women who were enrolled in the intervention arm of 
the Kilkari RCT, who reported having access to a phone 
between the hours of 7:00 and 20:00. The restricted 
time criteria were required to comply with the Telecom-
munications Regulatory Authority of India’s directive 
that automated prerecorded outbound calls must be 
made within socially acceptable hours. A comparison 
of the NFHS and RCT samples (figure 1) conveys two 
key points1: the RCT sample is similar in profile to the 
population- based NHFS sample of women 15–49 years 
of age with access to a phone (denoted by the grey vs 
red bars), and2 there are stark differences in educational 
levels and caste between those women enrolled in the 
Kilkari RCT and those without access to a mobile phone 
according to the NFHS survey (grey vs blue bars). These 
differences underscore the higher educational level of 
those enrolled in even the most basic of ‘direct to benefi-
ciary’ mobile health communication programmes—that 
is, programmes that can be accessed from the most basic 
mobile phone with no additional software or skill beyond 
answering a phone call.

WHO IS REACHED BY KILKARI?
Once enrolled in Kilkari, subscribers can receive up to 72 
weeks of calls starting in the fourth month of pregnancy 
until the child is a year old. Calls are timed to match the 
gestational age at enrollment and therefore, the number 
of calls per subscriber may vary in accordance with the 
timing of entry into the programme. Subscribers are 

Box 1 Description of data sources and analytical 
methods

As part of efforts to determine the impact of Kilkari on key 
reproductive maternal newborn and child health behaviours, an 
individually randomised controlled trial (RCT) was conducted in 
four districts of Madhya Pradesh, India from 2017 to 2020.25 26 This 
analysis explores programme eligibility, enrolment, reach, exposure 
and affect across three dimensions of equity—education, caste and 
wealth. The eligibility and enrolment were based on comparisons to 
the National Family Health survey-4 data which surveyed households 
and women of reproductive age all across India. The questions 
considered for the analysis include whether a household lists a mobile 
phone in its assets (household ownership) and if women report having 
a mobile phone they can use (women’s access to mobile phones). 
The health outcomes (affect) considered in this analysis is based 
on self- reports at endline by women in the trial who received the 
intervention. The outcomes included standard indicators from the 
maternal and child continuum of care such place of childbirth, infant 
feeding and postpartum contraceptive practices. The subscribers’ 
reach and exposure to the intervention was assessed using call 
records stored by the programme database with data on the status 
(answered or not) and the duration of the call. Years of schooling 
completed was used to create four categories based on educational 
level—no schooling (0 years), primary (1–5 years), secondary (6–10 
years) and higher (10 or more years). Caste categories were based 
on the classification established by the Government of India—that 
is, scheduled castes, schedule tribes, other backward classes 
and the general caste category. Wealth categories were based on 
dividing the survey sample into quintiles using a score created by a 
principal components analysis of household assets.37 Survey analyses 
were carried out with R V.3.4 and graphics generated with ggplot2 
package.38 Summary measures of equity were produced using the 
WHO HEAT PLUS application, designed to help equity analysis using 
disaggregated estimates from various data sources.39–41 To assess 
inequities in health outcomes among those enrolled, we looked at 
subscribers exposed and not exposed to Kilkari in the intervention 
arm of the RCT using two summary measures of equity1: Slope of 
Index Inequality (SII) and2 Relative Concentration Index (RCI). The SII is 
an absolute weighted measure of inequity which provides an overall 
estimate of changes in health behaviour across the dimensions of 
equity assessed—wealth, caste and education in our case. Bounded 
between the values of −100 and +100 (if multiplied by 100), the SII 
indicates the absolute difference in estimated values of an indicator 
between the most- advantaged and most- disadvantaged using a 
regression model. In contrast, the RCI is a relative measure which 
reflects proportional inequality and thus an understanding of where 
one group stands in relation to other groups.41 42 Both SII and RCI take 
the value zero if there is no inequality with higher values indicating 
greater inequality. Positive values indicate a concentration among the 
advantaged, while negative values indicate a concentration among the 
disadvantaged.41 43
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‘reached’ if the Kilkari call is ‘successful’ —that is, the call 
not only reaches the handset but is answered. To optimise 
reach, Kilkari attempts to call the same subscribed mobile 
phone numbers up to nine times each week—three times 
the first day, and two times over the next 3 days—to reach 
a target subscriber. Subscribers are given the option to 
unsubscribe from the service at any time. Although there 
are no significant differences in ‘successful’ call rates by 
caste, those with no schooling and the poorest are the 
least likely to answer at least one Kilkari call. One caveat is 
that a successful call pick up does not guarantee that the 
messages were picked up by the target subscriber, espe-
cially in large rural households, phone calls are picked 
up by children or other family members.

Figure 2 illustrates the number of call attempts it takes 
to reach a subscriber among the richest and poorest 
20% of the RCT intervention arm sample, by wealth. On 
average, 60% of subscribers from the richest quintile have 
been reached by the fifth call attempt as compared only 
40% of those from the poorest quintile. The number of 
attempts needed to successfully reach a subscriber may 
vary based on a range of factors including sociodemo-
graphic characteristics, phone characteristics (available 
credit, functionality), environmental factors (available 
electricity, location of top- up shops) and the social norms 
underpinning phone access and use.

Who is exposed to Kilkari content?
Kilkari calls range from 60 to 108 s in length. Calls are 
comprised of three parts: introduction to the topic 
(20% of the length of an individual call), core content 
(60%) and closing (20%). In this study, to be considered 
‘exposed’, subscribers needed to listen to 50% or more of 
the cumulative content they were eligible to receive. This 
definition is different from that used in the impact paper, 
which instead considered exposure to specific content 
about specific health practices to assess causality.25

Overall, those in the most marginalised groups in the 
intervention arm of the Kilkari RCT sample—that is, 
those in scheduled castes and ST, those with no educa-
tion and the poorest, were less likely to be exposed to 
Kilkari (figure 3). This could be due to factors including 
more frequent changes in mobile phone numbers (SIM 
churn) among these groups, and these groups being less 
able to answer calls during the day, less able to maintain 
the battery charge of their phones, less able to retain 
sufficient phone credit to receive calls and more likely 
to live in areas with poor network connectivity. While no 
subscribers were deactivated by the RCT for low listening 
or not answering calls, in the scaled Kilkari programme 
in 13 states, SIM churn could result in subscribers not 
receiving calls and, hence, being deactivated to free up 
infrastructure for Kilkari subscribers who were able to 

Figure 1 Caste and education of enrolled participants in the intervention arm of the Kilkari randomised controlled trial (RCT) 
as compared with their distribution among women reporting phone access from National Family Health Survey (NFHS-4). OBC, 
other backward classes.
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answer calls. This could result in marginalised subgroups 
being more likely to be deactivated by the scaled 
programme, while those staying on until the end of the 
programme might be those with better access to phones 
and more reliable network connectivity.

WHO IS AFFECTED BY KILKARI?
Programmes may affect healthy behaviours, but do so 
inequitably; Evidence from other health (non- digital) 
interventions in maternal, newborn and child health indi-
cate that the greatest benefits have accrued to the popu-
lation at the top of the socioeconomic scale while the 
marginalised gain fewer benefits.34 By design, ‘direct to 
beneficiary’ mobile health communication programmes 
can only achieve impact among those with access to 
a mobile phone. This means an analysis of who is left 
behind by such interventions and how to reach those 
groups through alternative communication channels 
and platforms should be undertaken at the intervention 
design phase to set reasonable expectations of impact.

In addition, considerable heterogeneity exists in the 
way different sub- groups enrolled in a digital ‘direct to 
beneficiary’ health communication programme interact 
with the intervention and respond to it. This necessi-
tates an analysis of the way different subgroups interact 
and respond to the intervention among those who are 
eligible and subscribed to it.

Figure 4 presents the Slope of Index Inequality (SII) and 
Relative Concentration Index (RCI) for different health 
behaviours between those exposed and not exposed to 
Kilkari in the intervention arm of the RCT. The RCI depicts 
the relative disparity in the levels for a range of RMNCH 
outcomes (health indicators) while the SII depicts the abso-
lute disparity. The magnitude of both relative and absolute 
summary measures is related to the overall prevalence of 
the health behaviours. Relative measures like RCI, tend to 
be larger at lower prevalence levels while absolute measures, 

like the SII, tend to be low at both very low and very high 
prevalence levels.35In figure 4, the vertical line represents 0 
(no inequity); if the values are positive (to the right of the 
vertical line) then the health outcome is concentrated in the 
‘better off’ and if the values are negative (to the left of the 
vertical line) then the health outcome is concentrated in the 
‘worse off’.

There are three key takeaways from the analysis of the 
summary measures of equity:

Not all health behaviours are similar in their equity 
distribution
Findings from the comparison of summary measures 
suggest that inequity exists for most health indicators 
among respondents in the intervention arm of the 
Kilkari RCT (figure 4). Some health indicators like exclu-
sive breastfeeding show very little difference by socioeco-
nomic position while others like sterilisation are concen-
trated among the worse off. Contraceptive use (modern 
methods or reversible) and dietary diversity are the most 
inequitable—in that they are concentrated among the 
better off. Such variability in the distribution could be 
ascribed to other factors like cost of adoption (Poor 
women may have no access to milk substitutes forcing 
them to rely on exclusive breastfeeding) or other facili-
tating factors (Sterilisation is promoted primarily by the 
front- line health workers in the public sector who tend to 
focus these efforts on the poor)

Kilkari appears to close gaps across wealth quintiles more 
than across education levels
Inequities exist across both wealth quintiles and educa-
tional levels for different health behaviours. In general, 
the magnitude of the levels of inequity is greater across 
the wealth quintiles than across education levels—that is, 
the gap between the poorest and richest is wider than the 
gap between those with no education and higher educa-
tion—but this pattern is not consistent (eg, immunisation 

Figure 2 Number of call attempts made to successful reach a Kilkari subscriber for the richest and poorest quintiles of 
subscribers in the intervention arm of RCT. RCT, randomised controlled trial.
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and breastfeeding indicators). Among those exposed to 
Kilkari when compared with those not exposed, the ineq-
uities in wealth (figure 4 - top panels) linked to many 
health behaviours are lesser than the inequities in educa-
tion (figure 4 - bottom panels). This is evidenced by the 
proximity of the pink dots (level of equity among those 
exposed to Kilkari to the vertical line than the blue dots 
(level of equity among those not exposed to Kilkari) 
in the bottom panels compared with the top panels in 
figure 4. This means that listening to Kilkari moved the 
needle much more for the population that was ‘worse 
off’ in terms of wealth but, simultaneously, ‘better off’ in 
terms of education (poor but at least started secondary 
education).

Kilkari appears to allow the ‘worse off’ to make proportional 
gains in line with the ‘better off’
Among those exposed and not exposed to Kilkari, 
relative differences (RCI) appear to be smaller than 
absolute differences (SII)—the blue and pink dots are 
closer to each other on the left panels than the ones on 
the right in figure 4. This means that differences in the 
levels of the health behaviours across wealth quintiles 
and educational levels between the exposed and not 
exposed to Kilkari groups were proportional to their 
actual levels—Kilkari exposure helped ‘lift the boat’ 
equally (relative to each other) but those ‘better off’ 
made greater absolute gains due to their pre- existing 
advantage (figure 4).

Figure 3 Characteristics of subscribers in the intervention arm of randomised controlled trial (RCT) receiving at least 50% of 
cumulative Kilkari content in the intervention arm of RCT. OBC, other backward classes; SC, scheduled caste; ST, scheduled 
tribe.
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The above points are illustrated in figure 5 using 
the ‘current modern contraceptive use’ indicator as 
an example, and the two extreme categories in wealth 
(richest vs poorest) and education (no school vs higher 
education). The absolute gap in use of modern contra-
ception between those with no schooling and higher 
education among the exposed and not exposed to 
Kilkari groups is 30 and 15 percentage points, respec-
tively. The gap among the poorest and richest quintile 
among the exposed and not exposed to Kilkari is 21 and 
37 percentage points, respectively. The relative disparity 
between the same categories in education for exposed 
and not exposed is 1.9 and 1.4, while it is 1.5 and 2.6 
for wealth. Exposure to Kilkari increases the absolute 
differential across education levels by 15 points while 
decreasing by 16 points for wealth quintiles in absolute 
terms. In relative terms, this translates to a higher differ-
ential across education by a magnitude of 0.5 while that 
for wealth is lower by a magnitude of 1.1. So, exposure 
to Kilkari appears to benefit the higher educated among 
those poorest in terms of wealth quintiles.

The bottom line is that health behaviours show wide 
variation in the distribution across education and wealth. 
Digital ‘direct to beneficiary’ communication programmes 
that seek to improve health through behavioural change 
communication with the population may have differ-
ential impact on those who can understand and act on 

the information provided. Hence the presence of some 
level of education (from start of secondary education), 
by priming the population for receipt of information, 
appears to act as an effect modifier on the pathway to 
programme impact. The way forward for digital ‘direct 
to beneficiary’ communication programmes may be to 
customise and target health information based on the 
characteristics of specific segments of the population 
to help close certain gaps in health behaviours.36 This 
may not be straightforward since it entails collection of 
subscriber characteristics difficult to measure (wealth) or 
considered sensitive (ethnicity and social groupings).

CONCLUSIONS
By necessity, ‘direct to beneficiary’ mobile health commu-
nication programmes target those with phone access and 
will thus exclude the poorest and most marginalised. 
Even among those with access to phones, there is ineq-
uity among those who can be reached by mobile health 
interventions, while changes in health behaviours will 
vary depending on the subgroups exposed, and the type 
of health behaviour. In the case of Kilkari, women who 
did not have access to phones or were not registered in 
government tracking databases were not subscribed to 
the intervention. Unless the gender gap in mobile phone 
access is addressed, inequities in the population coverage 

Figure 4 Summary measures of equity for different health behaviours between subscribers who were exposed and not 
exposed to Kilkari in the intervention arm of the RCT. RCT, randomised controlled trial.
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and reach of Kilkari will persist. Among those enrolled in 
Kilkari, the programme’s call retry algorithm bolstered 
efforts to reach the most marginalised but, overall 
cumulative exposure to content was still lower among 
the poorest, least educated and the most disadvantaged 
castes. Research indicates that exposure to Kilkari has 
helped improve levels of some but not all health behav-
iours across marginalised groups.25 Education appears 
to be a key enabler to help improve health behaviours 
among those exposed to Kilkari content. The study find-
ings also highlight the need for programmes to under-
stand their differential effects on equity through rigorous 
evaluative methodologies.
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