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Abstract

Background

Improvements in continuum of care (CoC) utilization are needed to address inadequate

reductions in neonatal and infant mortality in India and elsewhere. This study examines the

effect of Ananya, a health system training and community outreach intervention, on repro-

ductive, maternal and newborn health continuum of care (RMNH CoC) utilization in Bihar,

India, and explores whether that effect is moderated by gender equity factors (child mar-

riage, restricted mobility and low decision-making control).

Methods

A two-armed quasi-experimental design compared districts in Bihar that did/did not imple-

ment Ananya. Cross-sections of married women aged 15–49 with a 0–5 month old child

were surveyed at baseline and two year follow-up (baseline n = 7191 and follow-up n =

6143; response rates 88.9% and 90.7%, respectively). Difference-in-difference analyses

assessed program impact on RMNH CoC co-coverage, defined by 9 health services/behav-

iors for the index pregnancy (e.g., antenatal care, skin-to-skin care). Three-way interactions

assessed gender equity as a moderator of Ananya’s impact.

Findings

Participants reported low RMNH CoC co-coverage at baseline (on average 3.2 and 3.0 of

the 9 RMNH services/behaviors for Ananya and control groups, respectively). The Ananya

group showed a significantly greater increase in RMNH CoC co-coverage (.41 services)

compared with the control group over time (p<0.001), with the primary drivers being

increases in clean cord care, skin-to-skin care and postpartum contraceptive use. Gender

equity interaction analyses revealed diminished intervention effects on antenatal care,

skilled birth attendance and exclusive breastfeeding for women married as minors.
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Conclusion

Ananya improved RMNH CoC co-coverage among these recent mothers, largely through

positive health behavior changes. Child marriage attenuated Ananya’s impact on utilization

of key health services and behaviors. Supporting the health system with training and com-

munity outreach can be beneficial to RMNH CoC utilization; additional support is needed to

adequately address the unique issues faced by women married as minors.

Introduction

Despite substantial global attention and resources devoted to maternal and child health over

the past decade, annually more than 300,000 women die as a result of pregnancy and child-

birth, and more than 2.6 million children die within their first month of life [1–4]. Great accel-

eration is needed to meet the ambitious goals set forth in the Sustainable Development Goals,

including the reduction of the global maternal mortality ratio (MMR) to under 70 per 100,000

live births (current level MMR is 216/100,000) and the reduction of neonatal mortality rate

(NMR) to 12 per 1000 live births or lower (current level NMR is 19/1000) [3, 4]. The model

being widely supported to improve these outcomes is the continuum of care (CoC), in which

quality, effective, evidence-based health services are provided as an integrated stream across

levels and places of service delivery and life stages for women and children [2, 5, 6]. While cov-

erage along the CoC has improved globally, it is still low, with little improvement seen over

time for many key reproductive and maternal health services, including four or more antenatal

care visits, skilled attendant at delivery, exclusive breastfeeding and met need for family plan-

ning [2]. Further, despite widespread advocacy for the CoC [5–7], much remains unknown as

to how to effectively increase utilization across the entire continuum [8–10]. No rigorously

evaluated intervention research has documented significant improvements in overall CoC uti-

lization, though there is a large evidence base for the efficacy of the individual interventions

that comprise it, and for the importance of linkages across those services [7, 11–14].

India is a critical setting in which to implement and evaluate programs designed to improve

maternal and child health, as it accounts for some of the greatest numbers of maternal and

child deaths in the world [3, 4]. Subnationally, there is enormous variability in health outcomes

across Indian states. Bihar is one of the most populous, poorest and lowest-performing states

in the nation, with great need for improvements in health services and outcomes [15]. More

than 50% of adult women are illiterate, with fewer than one quarter of women receiving ten or

more years of education [16]. Infant mortality, maternal mortality, total fertility are all above

the national average, and gender equity is compromised, with 39% of women married at 18

years of age or less [15, 16]. Modern contraceptive use in married women has actually

decreased over the past ten years, from 29% in 2006 to 23% (nearly 90% of which is female ster-

ilization) [16]. Additionally, public health care access in Bihar is inadequate; the state has only

60% of the necessary primary health centers, and 9% of the required community health centers

[15]. More than half of all institutional births take place in private, rather than public, facilities

[16]. Reasons given for not seeking care from government health facilities include the poor

quality of care received therein, and lack of nearby facilities [17]. Gender equity factors, includ-

ing early age at marriage and childbirth, as well as restricted mobility and decision-making

control, have also been implicated in low utilization of services and poorer maternal and child

health outcomes, in India and Bihar [16, 18–23].
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In response to these needs, the Bill and Melinda Gates Foundation partnered with the Gov-

ernment of Bihar in 2011 to implement a set of innovations under the Ananya program in 8

districts of Bihar [24]. This program uses supply- and demand-side interventions to improve

reproductive, maternal, newborn and child health (RMNCH) services and outcomes, focusing

in particular on interventions delivered through frontline workers (FLWs), i.e., those health

workers engaging in community outreach and connection to women in communities and

households. Improving outreach services provided by FLWs was prioritized (particularly

through home-visits) as a means of identifying and engaging women not currently using the

health system, improving retention along the continuum of care, and helping to address ongo-

ing disparities in health service utilization and outcomes in Bihar, particularly for the poor,

rural, less educated and religious and caste minorities. Initial evaluation of this program identi-

fied improvements in select reproductive, maternal and neonatal health (RMNH) behaviors,

such as clean cord care and post-partum contraceptive use, but results were not consistent

across social equity groups, with greater improvements seen within some socially marginalized

groups [25]. This variability is particularly important given lower coverage of health service

utilization among poorer, more rural and less educated women [2, 26, 27]. RMNH CoC co-

coverage was not evaluated in the original study.

This paper assesses whether the Ananya program was able to increase overall RMNH CoC

among women who gave birth in the previous six months. We also assess whether any

observed impact of Ananya on RMNH CoC utilization in these recent mothers is moderated

by gender equity factors, including young maternal age at marriage, decision-making control

and freedom of mobility, as prior research from India documents that these factors compro-

mise RMNH practices [18–20, 22, 23]. Findings from this work can not only inform RMNH

programming in Bihar and similar settings, but also contribute to the growing understanding

of how to improve CoC co-coverage.

Methods

Intervention

The Ananya program was developed and implemented via a partnership between the Govern-

ment of Bihar and the Bill and Melinda Gates Foundation as a means of testing high impact

solutions for improving reproductive, maternal, newborn and child health services and out-

comes in 8 districts of Bihar [24]. Ananya was designed to improve supply of and demand for

services delivered during the critical 1,000 day window from conception to a child’s second

birthday [28], in particular focusing on health behaviors and service utilization in the final tri-

mester of pregnancy and early postpartum period. The program was implemented in eight of

Bihar’s 38 districts (Begusarai, Gopalganj, Khagaria, Paschim Champaran, Patna, Purba Cham-

paran, Saharsa and Samastipur) and was designed as a series of supply- and demand-side inter-

ventions. Interventions have been described elsewhere [24], and included improving quality and

quantity of outreach services to strengthen access to the health system, improving quality of ser-

vices, and mobilizing communities to improve health behaviors. Activities to strengthen out-

reach involved training, mobilizing, and monitoring of government FLWs (including accredited

social health activists[ASHAs], auxiliary nurse midwives[ANMs], and anganwadi [social service]

workers) and empowering them with job aids and tools to increase quantity, quality, and ulti-

mately, effectiveness of home visits for RMNH screenings and services to increase demand for

services. Tools included the mobile kunji, an interactive voice response-based mobile service and

a printed deck of cards covering messages related to 10 life-saving RNMCH behaviors to help

enhance FLWs’ counseling of families, and mobile academy, a mobile training course for FLWs

to expand and refresh their knowledge of life-saving RMNCH behaviors.
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Study design, sample and procedure

A two-armed quasi-experimental design study compared women from the eight districts in

which the Ananya program was implemented to those from the remaining 30 districts who

received the existing standard of care. To assess the impact of the Ananya program, state-wide

household surveys were conducted January-April 2012 (baseline) and January-April 2014 (fol-

low-up) using two-stage population proportionate to size stratified sampling without replace-

ment [25]. Strata were selected by district and urban/rural blocks within each district, and

clusters were selected at the community level (villages for rural areas, urban blocks for urban

areas). In large rural villages (�150 households), there was a third stage of sampling in which

villages were subdivided into equal groups of 75–150 households. In each cluster, all women

who had given birth in the 12 months prior to the date of interview were eligible to be inter-

viewed. Trained female field staff approached households identified as having an eligible

women resident and invited the eligible woman to participate in the survey. Those willing and

able to participate provided written informed consent and were surveyed in a private location

by the staff member. Data were collected electronically and uploaded daily for data manage-

ment and review.

The baseline survey included interviews with 13,069 women (88.9% response rate), and the

follow-up survey included 12,015 women (90.7% response rate). As this paper focuses on

reproductive, maternal and neonatal health services and behaviors, the analytic sample was

further restricted, with inclusion criteria as follows: women aged 15–49 years surveyed by Ana-

nya baseline or follow-up surveys who were currently married, not pregnant, had given birth

to a living, singleton child in the past six months (“recent mothers”), and had responses for all

variables used in this analysis (n = 13,334; 7,191 baseline and 6,143 follow-up). Women whose

most recent birth was greater than six months prior to interview were excluded from this

analysis.

Measures

The primary dependent variable was continuum of care co-coverage, or the number of a

defined list of evidence-based interventions received by a mother-child dyad [10]; components

of this list have not yet been standardized across the global maternal and child health commu-

nity [10, 14, 29, 30]. This outcome focuses on interventions/health behaviors during the preg-

nancy and early postpartum window, a subset of the 1,000 day window of opportunity for

health improvement that is a particular focus of the Ananya program, and that has been identi-

fied as a period of high inequity [27]. Interventions targeting children aged 6–23 months are of

great importance to child health and were components of Ananya, but focus on a different

subset of children than covered in this sample, and are thus outside the scope of this analysis.

In this study, co-coverage is defined as the number of services or health behaviors (0–9)

received related to the index pregnancy/delivery. The components are: at least four antenatal

care visits, skilled birth attendant at delivery, nothing applied to cord/umbilicus, skin-to-skin

care (child placed unclothed on mother’s chest/abdomen in skin-to-skin contact), first bath

delayed by two or more days, breastfed child within one hour of birth, postnatal care home

visit from a FLW for mother or baby within 2 days of birth, child exclusively breastfed and

postpartum contraception (current use of modern contraception, defined as female or male

sterilization, pill, IUD, injectables or condoms).

The independent variable of focus was the Ananya intervention, specifically, whether or not

respondents lived in Ananya program districts. Covariates assessed a range of demographic,

social equity and gender equity factors. Background demographic and social equity metrics

included age of the respondent at interview (15–19, 20–24, 25–29, 30–34,�35), wealth quartile
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(derived from a principal components analysis of floor, roof and wall materials, source of

drinking water, type of toilet, type of cooking fuel and number of household members per

sleeping room), education level for both the respondent and her husband (none, primary [1–8

years] or secondary or higher [�9 years]), caste/religion (SC/ST, Muslim, neither), gender of

the focal child, parity (1, 2,�3 births) and whether or not the respondent received at least two

FLW visits in the last trimester of pregnancy. Gender equity measures included age of the

mother at marriage (<18,�18), as well as three-item measures of decision-making control

and social mobility derived from the NFHS-3 [17]. Decision-making control assessed whether

the respondent was always involved (either solely, or in partnership with others) in making

decisions about her own health care, decisions about her child’s health care, and decisions

about major household purchases vs. excluded from one or more decision. Mobility assessed

whether a woman was allowed to the market, to the health facility, and to places outside her

village/community by herself, versus being restricted from independent travel to any of the

three locations.

Analysis

Basic frequencies were calculated for background demographic, social equity and gender

equity characteristics, and RMNH CoC components for Ananya and non-Ananya districts,

and compared at baseline and follow-up using survey-adjusted unpaired t-tests. To assess the

effects of the Ananya program on continuum of care coverage for individual women and their

index children, we employed a difference-in-differences approach, in which models included

dummy variables for time (0 for baseline, 1 for follow-up) to account for secular changes over

time, and treatment (0 for non-Ananya districts, 1 for Ananya districts). The interaction of

time and treatment gives the change in outcome attributable to the Ananya program. Unad-

justed difference-in-difference estimates for each RMNH CoC component were assessed using

logistic regression models. A multivariate linear model, adjusting for all aforementioned

covariates, was used to compare CoC co-coverage in Ananya / non-Ananya districts from

baseline to follow-up. Program impact on each of the nine RMNH CoC components that

make up the primary outcome was assessed using individual multivariate logistic models for

each component. Finally, the influence of gender equity factors (age at marriage, decision-

making control and mobility) on program impact was assessed for CoC co-coverage (using

multivariate linear regression) and for each of the nine component outcomes (using multivari-

ate logistic regression) using three-way interaction terms of time x treatment x each gender

equity factor. All analyses were performed using Stata 13 (StataCorp, College Station, TX).

Ethics

Ethical approval for the original study was provided by India’s Health Ministry Screening

Committee. Approval for this analysis was provided by the University of California, San

Diego.

Results

Participants were predominantly aged 20–24 years and had no formal education (Table 1).

Women had similar characteristics across Ananya and non-Ananya districts at both baseline

and follow-up, though at both timepoints, women living in Ananya districts tended to have

higher numbers of births (women with 3 or more births = 45.5% vs. 39.7% at baseline,

p = 0.004; 43.4% vs. 39.1% at follow-up, p = 0.04). At follow-up, both women and their hus-

bands had a higher prevalence of primary education in Ananya areas vs. non-Ananya areas

(28.2% vs. 24.4% for women, p = 0.046; 37.4% vs. 32.2% for husbands, p = 0.01), though
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secondary education in Ananya vs. non-Ananya areas was less prevalent for husbands, and

marginally less prevalent for women (29.5% vs. 35.5% for husbands, p = 0.02, 18.6% vs. 22.5%

for women, p = 0.06). At follow-up, a greater proportion of women in Ananya areas reported

having received at least two FLW visits, a focus of the Ananya intervention, in their last trimes-

ter of pregnancy (37.7% vs. 29.2%, p = 0.01). In terms of gender equity among these recent

mothers, while there were no significant differences between Ananya and non-Ananya areas at

baseline, at follow-up, Ananya areas had significantly more early marriage (51.3% vs. 42.0%,

p<0.0001), and more compromised decision-making (excluded from at least one decision:

63.1% vs. 51.6%, p<0.0001).

The mean number of services/behaviors used along the RMNH CoC was significantly

higher in Ananya vs. non-Ananya areas at both baseline (3.2 vs. 3.0, p = 0.01) and follow-up

(4.1 vs. 3.5, p<0.0001) (Table 2). The increase over time in Ananya areas was significantly

larger than that seen in non-Ananya areas (0.94 vs. 0.51 health services/behaviors, p<0.0001).

Very low and very high co-coverage scores were rare. Across groups (Ananya and non-Ananya

assessed at baseline and follow-up), 1–3% of women reported zero CoC components (and this

decreased from baseline to follow-up), 0–4% of women reported seven or eight CoC compo-

nents, and no women reported all nine CoC components. The most commonly reported CoC

components at both baseline and follow-up were skilled birth attendance (63%-76%) and

exclusive breastfeeding (59%-80%) (Table 3). The least commonly reported CoC components

were four or more antenatal care visits (13%-24%), postnatal care (11%-16%) and postpartum

contraception (10%-19%). Coverage of individual components was similar across Ananya and

non-Ananya areas at baseline with the exception of delay of first bath (55.1% in Ananya areas

vs. 47.2% in non-Ananya areas, p = 0.003). At midline, coverage in Ananya areas was signifi-

cantly higher for four or more antenatal care visits (24.2% vs. 16.9%, p<0.0001), clean cord

care (33.3% vs. 24.0%, p = 0.001), skin-to-skin care (44.1% vs. 32.7%, p<0.0001), delay of first

bath (67.0% vs. 55.8%, p<0.0001) and postpartum contraceptive use (19.2% vs. 11.3%,

p<0.0001). After accounting for secular trends and prior to adjusting for covariates, there

were significant increases in clean cord care (OR = 1.54, p = 0.01), skin-to-skin care

(OR = 1.62, p = 0.03) and postpartum contraceptive use (OR = 2.27, p<0.01) attributable to

the Ananya program.

After adjusting for covariates, the Ananya program increased overall RMNH CoC co-cover-

age in this sample by 0.41 (p<0.001)) health services/behaviors (Table 4). Across the multiple

measures of social and gender equity assessed, eight factors retained a strong impact on CoC

co-coverage even after accounting for the impact of the Ananya program–wealth, education of

both the respondent and her husband, religion/caste, parity, FLW visits in the last trimester of

pregnancy, respondent’s age at marriage and decision-making control. Women in the lowest

wealth quartile reported 0.14 fewer health services/behaviors than women in the wealthiest

quartile (p = 0.04). Women with no education, or only primary education, had significantly

decreased RMNH CoC co-coverage compared with women with at least secondary education

(no education coefficient = -0.24, p<0.001; primary education coefficient = -0.13, p = 0.02).

Similarly, women whose husbands had no education reported 0.13 fewer health services/

behaviors than women with husbands educated at the secondary or higher level (p = 0.02).

Identifying as a scheduled caste or scheduled tribe, or Muslim, was also associated with

decreased RMNH CoC co-coverage (SC/ST coefficient = -0.18, p<0.001; Muslim coefficient =

-0.24, p<0.001). There was slightly decreased RMNH CoC co-coverage for women whose

index child was their second birth, compared with primiparous mothers (coefficient = -0.08,

p = 0.04). FLW visits in the final trimester of pregnancy strongly affected RMNH CoC co-cov-

erage, with women who received fewer than two FLW visits having 0.32 fewer health services/

behaviors than those who received at least two FLW visits (p<0.001). Age at marriage was a
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Table 4. Multivariate assessment of the effect of the Ananya program on the RMNH CoC in Bihar,

India (n = 13,334).

Coefficient (95% CI) p-value

Ananya program effect (program x time) 0.41 (0.24–0.59) <0.001

Demographic and social equity

Age at interview

15–19 -0.09 (-0.32–0.14) 0.45

20–24 -0.08 (-0.25–0.09) 0.36

25–29 -0.08 (-0.26–0.09) 0.37

30–34 -0.10 (-0.27–0.06) 0.22

35+ REF

Wealth quartile

1 (lowest) -0.14 (-0.28- -0.01) 0.04

2 -0.12 (-0.26–0.01) 0.07

3 -0.05 (-0.16–0.05) 0.31

4 (highest) REF

Education

None -0.24 (-0.36- -0.12) <0.001

Primary -0.13 (-0.24- -0.02) 0.02

Secondary REF

Husband’s education

None -0.13 (-0.23- -0.02) 0.02

Primary -0.12 (-0.22- -0.03) 0.01

Secondary REF

Scheduled caste/scheduled tribe / Muslim

SC/ST only -0.18 (-0.27- -0.09) <0.001

Muslim only -0.24 (-0.36- -0.12) <0.001

Not SC/ST or Muslim REF

Gender of focal child

Male REF

Female -0.02 (-0.09–0.06) 0.66

Parity

1 birth REF

2 births -0.08 (-0.16- -0.003) 0.04

3+ births -0.04 (-0.13–0.05) 0.38

Two or more FLW visits in last trimester

No -0.32 (-0.40- -0.25) <0.001

Yes REF

Gender equity

Age at marriage

<18 -0.18 (-0.26- -0.09) <0.001

�18 REF

Decision-making control

Included in all three decisions REF

Excluded from at least one decision 0.13 (0.05–0.20) 0.001

Mobility

Able to go alone to all three locations REF

Limited mobility to at least one location -0.05 (-0.15–0.05) 0.33

Linear regression model adjusts for survey design and weights, program and time.

doi:10.1371/journal.pone.0171002.t004
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significant determinant of RMNH CoC co-coverage, with women married as children report-

ing receipt of 0.18 fewer CoC components than their counterparts married at or after 18 years

of age (p<0.001). In contrast, women who were excluded from at least one of the three

assessed decisions reported 0.13 more RMNH services/health behaviors than their counter-

parts who were included in all three decisions (p = 0.001).

In addition to assessing Ananya’s effect on RMNH CoC co-coverage, program effect was

assessed for each of the nine health services/behaviors included in the overall co-coverage met-

ric. Ananya increased the odds of clean cord care by 72% (p<0.01), of skin-to-skin care by

59% (p = 0.03) and of postpartum contraceptive use by 130% (p<0.001)(Table 5; full models

in S1 Table). There was no significant, attributable program effect on antenatal care, skilled

birth attendance, delayed first bath, early initiation of breastfeeding, postnatal care within two

days or exclusive breastfeeding.

Finally, analyses were conducted to further explore the influence of gender equity measures

(age at marriage, decision-making control and limited mobility) on Ananya’s program effect

on CoC co-coverage. Child marriage compromised Ananya’s program effect on antenatal care,

skilled birth attendance and exclusive breastfeeding. Specifically, the program effect on four or

more antenatal care visits among women married as adults was reduced by a factor of 0.36 for

women married as children (aOR = 1.91 vs. aOR = 0.69; p = 0.003) (Table 5). Ananya program

effect on having a skilled attendant at delivery among women married as adults was reduced

by factor of 0.61 for women married as children (aOR = 1.34 vs. aOR = 0.81; p = 0.049), and

program effect on exclusive breastfeeding among women married as adults was reduced by a

factor of 0.56 for women married as children (aOR = 1.45 vs. aR = 0.82; p = 0.02). Limitations

on decision-making and mobility did not influence the effect of the Ananya program on CoC

co-coverage or any of the nine CoC component health services/behaviors. To further explore

whether observed child marriage effects were an artifact of effects for the younger mothers in

the sample, we also conducted a three-way interaction analysis with age of mother, and find-

ings were not significant (results not shown).

Discussion

The Ananya program, through its supply- and demand-side interventions for maternal and

newborn health, significantly increased RMNH CoC co-coverage among this sample of recent

mothers and infants in Bihar. The 0.41 gain in health services/behaviors represents a 13%

improvement over baseline attributable to the Ananya program, and is important both because

each intervention along this continuum was selected for its demonstrated importance in

improving maternal and newborn health and survival, and because this achievement was real-

ized in a population with substantial social and gender inequities. Improving CoC co-coverage

is particularly important in this context given its very low level, with less than 5% of partici-

pants reporting six or more of the nine assessed behaviors/services at baseline.

Despite program implementation, no recent mothers in this sample reported all nine ser-

vices/behaviors measured, and very few reported seven or eight of the assessed components.

Coverage of many of these interventions was low at the inception of the Ananya program–four

of the assessed services/behaviors had coverage below 20% at baseline—and thus the challenges

of sustained service utilization/behavior were substantial. The health services/behaviors that

make up the RMNH CoC in this study can be broadly grouped into two categories: health ser-

vice encounters (antenatal care, skilled birth attendance and postnatal care) and health behav-

iors (i.e. clean cord care, skin-to-skin care, delayed first bath, early initiation of breastfeeding,

exclusive breastfeeding and postpartum contraceptive use), the latter of which could be facili-

tated by FLWs or other providers. The increase in co-coverage was primarily driven by
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significant improvements in health behaviors: clean cord care, skin-to-skin care and postpar-

tum contraceptive use. The 2.3 times increased odds of postpartum contraceptive use is partic-

ularly striking given that both baseline and follow-up samples were comprised of mothers of

0–5 month olds (and lactational amenorrhea was excluded from our measure of postpartum

contraceptive use). These are key interventions—clean cord care can reduce neonatal mortality

by approximately 37%, and skin-to-skin care has been associated with neonatal survival in this

and similar populations, and can reduce neonatal mortality among premature newborns by

30–50% [31–33]. Modern contraceptive use is associated with antenatal care acquisition, child-

hood immunization and maternal and neonatal mortality [34, 35]. When assessed individually,

there were no negative associations between low education levels (for the respondent or her

husband) and clean cord care, skin-to-skin care or postpartum contraception, indicating that a

key social inequity may have been overcome for these outcomes in this context, though wealth,

caste/religion and gender equity were still compromised.

In terms of health encounters, findings suggest that Ananya requires some alteration to bet-

ter support best practices among these recent mothers. None of the three encounter-based out-

comes (antenatal care, skilled birth attendance and postnatal care) increased in this sample

based on receipt of this program. The primary factors associated with decreased utilization of

these encounters were social equity measures such as wealth, education and religion/caste.

Additional outreach to these marginalized groups may be necessary to improve utilization, a

suggestion supported by the strongly protective association of FLW visits in the last trimester

with all three health encounter outcomes. Improved quality of care in this context may also

support better utilization, as previous research has documented that poor quality care in Bihar

keeps individuals from seeking services [17, 33, 36, 37]. This is a reasonable response given

that quality issues such as inadequate numbers of providers, poor hygiene in care practices,

and mistreatment by providers are well documented in Bihar and India and such quality issues

are associated with increased maternal and child health outcomes and even death [38–41].

The implications of this lack of effect on health encounters in this sample are concerning,

as from a continuum perspective, sustained linkages across all three services have demon-

strated benefit for reducing neonatal mortality [14]. Individually, beyond its benefits for mor-

tality and morbidity reduction [6, 42, 43], antenatal care is an important area for initial contact

with regards to continuation through the continuum of care, in this population and others [33,

42]. Skilled birth attendance can improve maternal survival, and reduce stillbirths and neona-

tal mortality (by 23–45% and 11–17%, respectively) [6, 26, 44]. Postnatal care is a critical

encounter in which to provide care and education, with the potential to reduce neonatal mor-

tality by 30–60%, an association also seen in Bihar [33, 45–49]. As institutional deliveries and

skilled birth attendance have more than doubled over the past decade, women who are still not

using institutional deliveries and skilled birth attendance may have greater utilization barriers

than women who have shifted their delivery practices since the initiation of the Government

of India’s JSY initiative, which involves cash transfer for facility delivery [50]. Similar cash

transfer approaches may offer an opportunity to quickly increase coverage of four or more

antenatal care visits, and postnatal care within two days, but sustainability considerations are

key. It is also important to note that the three health encounter metrics assess the presence/

quantity of these encounters, rather than the quality of services received therein, and as noted

above, service may be key to helping promote use of these services [38–41].

An additional key finding of this study is the beneficial effect of FLW visits during preg-

nancy for these recent mothers, which were strongly and positively associated with increased

RMNH CoC co-coverage overall, and for the component outcomes of antenatal care, skilled

birth attendance, early initiation of breastfeeding, postnatal care visits within two days,

exclusive breastfeeding and postpartum contraceptive use, above and beyond the benefit
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seen from the FLW-focused aspects of the Ananya program. This finding builds on prior

work demonstrating the utility of trained and supported FLWs, in particular community

health workers, to help mobilize communities to engage in healthier neonatal and postnatal

health practices [25, 51–55]. FLWs may also be key to facilitate linkages across the place com-

ponent of the continuum of care, connecting interventions delivered at home, in the com-

munity and in health facilities–the importance of this role, and its association with reduced

neonatal and maternal mortality, has been demonstrated elsewhere [14, 54], and merits

greater focus in this setting.

Despite these promising findings regarding Ananya impact for recent mothers, program

effects in this sample appear to be compromised by gender inequity, specifically child mar-

riage. The benefits of the Ananya program were not strong enough to neutralize the depressed

co-coverage scores of recent mothers who married as minors, as well as those who were poor,

who had low education levels or husbands with low education, higher parity or were of mar-

ginalized caste/religion (all factors related to child marriage) [18]. Additionally, moderation

analyses indicate a significant interaction of child marriage on program impact, with a lesser

effect of the Ananya program on antenatal care, skilled birth attendance and exclusive breast-

feeding specifically, for recent mothers married as minors compared to those married as

adults. These findings suggest that Ananya and programs like it would benefit from more

focused efforts for women married as minors. Exploratory analyses indicating that age of

mother did not moderate impact where child marriage did suggests that youth-focused pro-

gramming alone will not address this issue. Screening for this history may be an important ele-

ment of service tailoring to better meet the needs of this population. Larger structural changes

preventing child marriage and supporting greater gender equity for women would also be ben-

eficial, and such an approach has been recommended more broadly for maternal and child

health programming [56, 57].

Less clear from the current analyses are findings related to women’s decision-making con-

trol and CoC utilization, which indicated that women in this sample with limited decision-

making agency used significantly more RMNH CoC services/behaviors than their counter-

parts with greater decision-making control, though that did not significantly influence the

Ananya program effect for any assessed outcome. These findings may be an issue of the mea-

sure used, as there are some concerns with the validity of this measure across national contexts

[58]. However, it may also be that decision-making control does not impede health care utili-

zation if others in greater control are supportive of evidence-based RMNH practices, or even

compel use of some services, measures which were not assessed in these data. An additional

possible explanation is that quality of care is low for facility-based services provided in Bihar

(also not comprehensively assessed within this data, but indicated elsewhere [17, 33]), and that

women with greater agency would be more discerning about where and from whom they

sought care.

This analysis has several limitations. The study design is quasi-experimental, not random-

ized, allowing for potential differences between groups not otherwise considered; comparabil-

ity on demographics and behaviors at baseline alleviate some but not all of this concern.

Inability to measure outcomes over time for the same participants, and lack of clarity regarding

quality and intensity of the Ananya program exposure, impedes full understanding of program

impact. All data used are based on women’s self-report, and therefore susceptible to recall and

social desirability bias, though the former is lessened by the fact that questions focused on the

most recent pregnancy, which occurred within the six months prior to interview. Finally, find-

ings are limited to Bihar, and cannot be assumed to be generalizable to other states within

India or other countries, though findings may be more generalizable to very low resource con-

texts like Bihar, where disproportionate burden of maternal and neonatal concerns exist.
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Conclusion

Our findings indicate that the Ananya program was effective at improving RMNH CoC co-

coverage among recent mothers. Gains were largely due to improved health behaviors (clean

cord care, skin-to-skin care and postpartum contraception) rather than health care utilization

(i.e., antenatal care, skilled birth attendance). Child marriage further compromised program

effect on health care utilization, as well as exclusive breastfeeding. These findings suggest that

supporting the public health system with focused RMNCH training and community outreach

interventions can improve RMNH CoC co-coverage. However, such programs may benefit

from screening women for age at marriage and providing additional supports for those mar-

ried as minors. Additionally, more work is needed to support improvements to CoC co-cover-

age inclusive of health care service utilization; such efforts likely require improved quality of

care as well as linkage to care in low resource settings such as Bihar.
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