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Abstract
Background
India is home to almost one-fourth of neonatal deaths. Two-thirds of India’s neonatal deaths occur in
Empowered Action Group (EAG) states. Despite policy focus on maternal and newborn health, the
neonatal mortality rate (NMR) among rural births in EAG states was 39 per 1000 in 2015. Research and
policy efforts have focused on promoting institutional rather than at-home deliveries, without
investigating differences between births in public and private facilities.

Methods
We conduct demographic analysis of birth histories from a 2015-16 representative survey of India,
computing NMR by place of birth for the rural populations of EAG and non-EAG states. We standardize
demographic rates by socioeconomic status.

Findings
In the rural population of EAG states, NMR among private facility births is 52 per 1000 (95% CI: 48-56),
compared with 34 per 1000 in public facilities (95% CI: 32-36) and 43 for home births (95% CI: 40 – 46).
After standardizing by socioeconomic status, the NMR gap between private and public facility births
increases from 18 to 29. Births in private facilities have higher NMR than births in public facilities in this
population even stratifying on key predictors of neonatal mortality.

Interpretation
Promoting facility birth may accelerate declines in NMR. Yet, in India’s EAG states, rural births in private
facilities experience exceptionally high NMR. Evidence indicates that the quality of care in private
facilities serving this population is very low (although some selection of high-risk births into private
facilities cannot be ruled out). Further attention to private facilities in EAG states is needed.

Funding
NICHD: P2CHD042849, K01HD098313.
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Research in Context
Evidence before this study
Almost a quarter of global neonatal deaths take place in India. This proportion is far in excess of its
population. We consulted sector experts and searched PubMed and Google Scholar for papers in the
peer-reviewed scholarly literature using the terms "infant mortality", "neonatal mortality", "institutional
delivery", "public facility", "private facility", "home birth", "India", "Empowered Action Group," and
"Uttar Pradesh." We found that many prior studies have examined early-life mortality in India,
institutional deliveries versus at-home deliveries, or the quality of care in rural India. However, most
such literature focuses on the differences between births at home and births in any healthcare facility,
without differentiating between or focusing on public versus private facilities. Other studies investigate
only births in public facilities, ignoring the role of the private sector. Therefore, a comprehensive
quantification of the large differences in early-life mortality between births in private and public
facilities within the policy-relevant Empowered Action Group states has not been reported.

Added value of this study
This study uses the newest nationally-representative data on neonatal mortality for India that includes
information on the type of facility at which a birth occurs. It also compares the Empowered Action
Group states (which are salient for policy and are where 16% of global neonatal deaths occur) with the
rest of India. These findings are the first to highlight a very large mortality disadvantage among private
facility births to rural mothers in these states (including on the first day of life) by describing facts of
mortality, by adjusting mortality differences for differences in socioeconomic status, and by considering
what mechanisms could produce the results. The excess mortality that we document is quantitatively
profound: 43,000 excess neonatal deaths annually. The pattern of higher mortality in private facilities is
surprising in light of the economic disadvantage of mothers who give birth in public facilities. It is not
found in the rest of India.

Implications of all of the available evidence
To our knowledge, this study reports the most comprehensive understanding of early-life mortality
across public, private, and home-based settings in rural India. The findings highlight that the existing
policy focus on motivating deliveries at any institution (rather than at home) will not be sufficient to
reach Sustainable Development Goal targets nor otherwise to relieve India's high burden of neonatal
mortality. Because the prior literature has documented shortcomings in the quality of perinatal care in
the Empowered Action Group states and challenges in changing provider behaviour, such large excess
mortality merits policy attention and should motivate further research on private facilities.

Introduction
The third Sustainable Development Goal (SDG) aims to end preventable neonatal death by 2030 and to
achieve a global neonatal mortality rate (NMR) of 12 per 1,000 live births. This goal depends on India,
which is home to approximately one-sixth of persons, to approximately one-fifth of births, and to almost
one-fourth of neonatal deaths. Neonatal death in India is not merely disproportionately common
relative to its population size; it is also greater than would be predicted by its level of economic
development, its later-childhood mortality rates, and international trends (Hug, et al. 2019; Coffey and
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Hathi, 2016). Early-life mortality, like other human development outcomes, is worse in India than in
countries that are poorer than India (Drèze and Sen, 2013; Deaton, 2013). It is especially common in
India’s disadvantaged states (Dandona, et al. 2020).
The literature has considered evidence for several explanations of India’s poor early-life health
outcomes (Coffey, 2015; Geruso & Spears, 2018; Sinharoy et al., 2020). Here we document a new puzzle
of early-life mortality in India by investigating outcomes of births in public and private health facilities.
Understanding facility birth is of increasing importance because, in part due to major policies, the
fraction of births in India taking place in a health facility rather than at home has increased from about
20% in the 2005-6 National Family Health Survey (NFHS) to about 80% in the 2015-16 NHFS. These facts
suggest the potential benefits of increased attention to quality of care in health facilities (Kruk, et al.
2018).
In 2005, the Government of India launched the National Rural Health Mission (NRHM), which focused on
a set of disadvantaged states called the Empowered Action Group (EAG): Bihar, Chhattisgarh, Jharkhand,
Madhya Pradesh, Odisha, Rajasthan, Uttarakhand and Uttar Pradesh. Under the Janani Suraksha Yojana
(JSY, Safe Motherhood Scheme), a flagship NRHM program, all rural EAG state residents who gave birth
in public facilities were eligible for a Rs. 1,400 cash transfer. In urban areas and in non-EAG states,
eligibility is more limited and cash incentives were lower (Lim et al. 2010).
The NRHM focuses on this region because most of India’s births and two-thirds of its neonatal deaths
occur in these states. The EAG states have a combined population larger than the European Union and
larger than North America. Nine percent of worldwide births and 15% of worldwide neonatal deaths
each year happen in the EAG states alone (see Supplementary Materials A1 for details on international
demographic statistics). Despite the NRHM’s focus on births in public facilities, in the 2015 NFHS, more
than a quarter of births in a health facility in these states were in private facilities.
The low quality of health care in India, in both the public and private sectors, has been highlighted in
prior research (Das, et al. 2008; Mohanan, et al. 2016; Verma & Cleland, 2021). We compare early-life
mortality probabilities in public and private health facilities and among home births using reweighting
decomposition methods to account for socioeconomic differences between mothers and children at
each place of birth. We further compute neonatal mortality stratified by a large set of demographic,
pregnancy, and birth characteristics that are associated with both place of birth and neonatal mortality.
Beyond this policy-targeting purpose, the demographic analysis that we provide is a step towards
understanding the systems, incentives, institutions, and environmental threats that generate India’s
high NMR.

Methods
Data Source
We analyse the birth recode of India’s 2015-2016 National Family Health Survey (NFHS), which is the
name for the Demographic and Health Survey in India. The data are released by the Government of
India and are publicly available at measuredhs.com.
The NFHS is a clustered random sample of households. We use rural births in the retrospective birth
history. Birth history information is asked of every ever-married woman between the ages of 15 and 49
living in selected households. Place of birth is recorded in the NFHS for births occurring less than 60
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months before the survey. Section A2 of the Supplementary Materials presents a flow chart of
observations into our analysis sample. As the flow chart shows, about one per thousand of the sample
lacks mortality data (typically because these births have not yet lived a month) and about three per
thousand of the otherwise available sample lacks data on place of birth; we exclude these observations
with missing data.
Because of the policy context described above, we compare rural residents from the EAG states with
rural residents from the rest of India. Table A1 in Section A3 of the Supplementary Materials
summarizes neonatal mortality rates in urban India, for comparison with our analysis of rural births. We
do not otherwise use data on urban births.
Our dependent variable of interest is early-life death. Specifically, we construct two binary indicators:
for dying in the first 28 days of life (neonatal mortality rate, NMR) and in the first day. Sample means of
these variables are estimates of conditional probabilities of death. Following the notation of formal
demography, we express these quantities as 28q0 and 1q0 respectively.
Our independent variable of interest is whether a birth occurred in a private facility, in a public facility,
or at a home.
Our reweighting analysis, which is described below, uses a set of socioeconomic variables that predict
NMR. We reweight over 40 categories: the intersection of four indicators for social group membership
that predict social and health disadvantage (Muslim, SC/Dalit, ST/Adivasi and a category for being none
of these); the NFHS' five-category partition of asset wealth; and an indicator for being able to read or
not. In the Supplementary Materials (Table A2 in Section A4), we verify that each of these variables
predicts NMR in a regression framework.
To explore possible explanations for the excess mortality among rural EAG-state residents born in
private facilities, we assess whether riskier births are more likely to occur in private facilities and
whether any such selection could explain the NMR gap between private and public facilities in this
context. We use survey-reported demographic, pregnancy, and birth-related variables that are
associated with neonatal death: whether the mother has had a prior neonatal death, sex of the child,
whether the mother is less than 20 years old at the time of the birth, whether the mother is projected to
have been underweight at the time she became pregnant (equations for underweight projection model
in Supplementary Materials Section A5a), and whether the birth was vaginal or caesarean. Because the
NFHS only asks some questions about complications during pregnancy and birth about the last birth to a
mother, Supplementary Materials Tables A3 and A4 in Section A6 replicate our summary statistics and
stratification analyses, respectively, restricting the sample to mothers’ most recent births.

Data Analysis
Socioeconomic status standardization. Standardization methods in demography use reweighting
techniques to allow researchers to compare across populations net of confounding variables (Preston, et
al, 2001; Kitagawa, 1955). We use DiNardo, Fortin, Lemieux (1996, hereafter DFL) reweighting, originally
developed for the econometric literature and extended to the mortality literature by Geruso (2012).
(Equations for DFL reweighting in Supplementary Materials A5b.)
Because births in private facilities tend to come from higher-socioeconomic status (SES) households
than births in public facilities, and because SES predicts neonatal survival, we present DFL-reweighted
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mortality rates that standardize over a distribution of socioeconomic correlates of early-life mortality,
specifically 40 categories from the unique combinations of asset wealth quintiles, four religious and
social groups, and mothers' literacy. These standardizations project what mortality rates would be if
births in each setting (private facility, public facility, or home) counterfactually had the distribution of
these observables of all rural births in the region under study, regardless of facility. Such a projection
assumes that the conditional probabilities of dying within each combination of socioeconomic category,
geographic setting, and facility setting would not change under such a counterfactual. Because births in
private facilities are socioeconomically advantaged, on average, the standardization increases the NMR
gap between public and private facilities.
Bootstrap inference. For our main standardization analysis, we bootstrap the reweighting procedure to
produce standard errors that reflect both survey design and sampling error from the standardization
process (Supplementary Materials Section A5c). For statistical significance tests reported in the text, we
use regression tests for differences in proportions and for difference-in-differences in proportions, with
inference reflecting survey clustering, weighting, and stratification.
Mortality rates stratified by predictors of NMR. We compute stratified neonatal mortality rates, 28q0,
for sub-samples of the data carefully selected to consider whether the excess NMR among rural EAG
state residents could be explained by selection of higher-risk births into the private sector. For example,
we split the sample by male and female children because male births are more likely to take place in
private facilities and are also biologically more fragile than female births (Drevenstedt et al., 2008).
Similarly, births whose mother has had a prior neonatal death face higher mortality rates than births
whose mother has not experienced such a death. Births to mothers who have experienced a prior
neonatal death are also more likely to occur in private facilities than in public. We present stratified
mortality rates by splitting the full sample according to these and the following additional predictors of
NMR: mother is under 20 at the time of birth; vaginal birth; and mother is projected to have had a prepregnancy BMI of less than 18.5.
For the last birth to each mother, the mother was also asked about pregnancy (convulsions, swelling,
difficulty with vision) and birth (breech position, prolonged labor, and excessive bleeding) complications.
These variables are used in stratification analyses that are presented in the Supplementary Materials
Table A4.
All computations are performed using Stata 16 on a server owned by the Population Research Center of
the University of Texas at Austin. [We will publicly post Stata do files upon publication.]
The institutional review board of the University of Texas at Austin determined that our study, using
anonymized demographic data, is not human subjects research.

Role of the Funding Source
This research is supported by NICHD grants P2CHD04284 and K01HD098313 to the Population Research
Center at UT Austin. No funder had any influence over this paper.

Results
Summary statistics
Table 1 shows that 6.2% of all births in India occur to rural EAG-state residents in private facilities. This
represents about 1.5 million births annually. Therefore, there are more births in private facilities to
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rural EAG-state residents than the total number of births in each of 166 countries (details in
Supplementary Materials A1). NMR among births to rural residents in the EAG states is extraordinarily
high, at 52 deaths per 1000 live births. To put this NMR in context, no country in the world has had a
national neonatal mortality rate as high as 52 since 2006 (see Supplementary Materials A1).
As Table 1 reports, death in early life is statistically significantly more likely among rural births in private
(28q0=52, 95% CI 48-56), rather than public (28q0=34, 95% CI 32-36), facilities in the EAG states. Outside
of the EAG states, there is not a statistically significant difference between private (28q0=20, 95% CI 1723) and public (28q0=21, 95% CI 19-24) neonatal mortality rates. To further test whether the difference
in EAG states is different from the difference in non-EAG states requires a regression model; we report
that this difference-in-differences is statistically significant in Supplementary Materials Table A2. As the
1q0 rates show, these differences in survival are present on the first day of life.
Also apparent from results in Table 1 is the socioeconomic advantage of births in private hospitals.
Among rural residents of the EAG states, mothers who give birth in private facilities are 20 percentage
points less likely to be from the poorest wealth quintile than mothers who give birth in public facilities.
Mothers of births in private facilities are notably more likely to be able to read than mothers of births in
other settings. However, for certain demographic characteristics, such as the percentage of births that
are male and the percentage who have a prior sibling death, private hospital births are disadvantaged.
This suggests some selection of higher-risk births into private facilities.
Table A3 in the Supplementary Materials provides summary statistics for most-recent births to a
mother. In addition to including the variables in Table 1, it also includes information about pregnancy
and birth complications that were asked only for a mother’s last-born child. Table A3 shows similar
patterns to what is seen in Table 1 for socioeconomic and demographic characteristics. It also shows
that births in private hospitals are slightly more likely to have experienced prolonged labour: 47% of
mothers whose last birth was in a private hospital said they experienced prolonged labour compared to
43% of mothers whose last birth was in a public hospital. Last births in a private facility are also slightly
more likely to have experienced one of three pregnancy complications that the survey asked about
(swelling, convulsions, or vision problems) than last births in a public facility.

Standardization results
Figure 1 presents our main result: unadjusted and standardized estimates of age-specific mortality
probabilities. After adjusting for the socioeconomic and demographic profile of births using DFL
reweighting, the gap between 28q0 in private facilities and 28q0 in public facilities in the rural EAG states
increases from 18.4 deaths per 1,000 to 28.8 per 1,000. Notably, death on the first day of life, which is
strongly related to care at birth, is more common in private facilities of the EAG states than among
births at home.
These patterns are different outside of the EAG states. Early-life mortality at every age is lower for rural
births outside the EAG states than in the EAG states. The unadjusted difference between private and
public is less than 1 per 1000. After adjusting for socioeconomic differences between births to rural
residents in public and private facilities in the non-EAG states, we find that the confidence intervals
overlap for births in public and private facilities.
Because there are about 1.5 million rural births in private facilities in the EAG states (authors’
computations from Unicef, 2018 and NFHS 2015, Supplementary Materials A1), this would suggest that
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the excess mortality in private facilities, compared with public facilities, accounts for about 43,000
excess neonatal deaths annually in the EAG states, above what would happen if these births instead
faced the mortality risk of socioeconomically matched rural births at public facilities (1,498,190 private
facility births in rural EAG states × (62.07/1000 standardized NMR for births in private – 33.19/1000
standardized NMR for births in public facilities) = 43,267 excess deaths). For comparison, there were
about 15,700 total neonatal deaths in the United States in 2015 (Ely & Driscoll, 2020). Of course, this
mechanical quantification, while an indication of the magnitude of the excess mortality, should not be
understood as an estimate of a causal effect.

Stratification results
Table 2 presents stratified 28q0 in public and private hospitals for 10 subsamples of births. For 9 of these
subsamples, stratified 28q0 is higher in private facilities than in public facilities for rural residents of EAG
states. For example, among births in private facilities in which the mother had a prior neonatal death,
NMR was 118 per 1000, compared with 72 per 1000 among births in public facilities. Caesarean births
are the only subsample for which rural EAG-state births face similar mortality rates in private and public
facilities. In no subsample in Table 2 is NMR among rural EAG-state residents statistically significantly
higher in public facilities.
Table 2 shows that among rural residents of non-EAG states, there are not statistically significant
differences in stratified 28q0 between public and private facility births for any of the subsamples we
examine. This contrast is consistent with the standardization results which suggest that the trend of
excess NMR in private facilities is unique to EAG states’ rural populations.
Table A4 in the Supplementary Materials presents a similar stratification analysis as the one presented
in Table 2, but the sample is restricted to last-born children for whom pregnancy and birth complication
data are available. Because the sample size of last-born children is smaller than that of the full sample,
the difference between public and private NMR is not statistically significantly different in every subsample. However, the pattern remains: For rural residents in the EAG states, NMR is higher for births in
private facilities than in public facilities for every subsample except for caesarean births, for which NMR
is similar.
The difference in NMR between private and public facility births to rural residents in the EAG states is
large in magnitude and statistically significant even for lowest-risk births. As shown in Table A3, for
births with no pregnancy or birth complications, NMR is higher in public facilities. Even for vaginal births
to mothers over 20 who have had at least one living child and no prior NMR (low-risk subsample not
show in Table A3), NMR is 38 in private facilities compared to 24 in public facilities in the rural
populations of the EAG states (public-private difference: t = 4.6; p < 0.001). This estimate of NMR
becomes 24 in private facilities and 16 in public facilities when the sample is further restricted to cases
where mothers report that the presentation was not breech (public-private difference: t = 2.6; p =
0.010). This is also despite the fact that, within this stratified sub-sample, mothers who give birth in
private facilities are 15 percentage points more likely to be literate (public-private difference: t = 15; p <
0.001).
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Discussion
It is beyond the scope of this demographic analysis to definitively establish the causes of the large
excess mortality that we document. Nevertheless, in this Discussion we consider what the data suggest
about possible mechanisms.
We note that in both EAG and non-EAG states, caesarean births are overrepresented in private facilities.
The NFHS data do not allow us to distinguish caesareans that were done due to medical complications
from those that were done due to patient demand or due to providers’ financial incentives or
convenience. However, as the stratified results in Table 2 show, in private facilities, the probability of
neonatal death is higher among vaginal births than caesarean births. Moreover, the difference between
public and private 28q0 in the rural EAG states is present even when only considering vaginal deliveries.
Therefore, we conclude that our results cannot be explained by disproportionate sorting of cases that
require surgery to private facilities.
The summary statistics in Tables 1 and A3 suggest that there is some sorting of more complicated
pregnancies and births into private facilities on dimensions other than caesarean birth. Based on the
complications reported in the NFHS, these differences do not appear to be large enough to account for
our findings. However, we note that the NFHS does not capture all possible complications. For
example, we do not know if the mother had low haemoglobin or high blood pressure. Nor do we know
the week of gestation. Nor does the NFHS measure the severity of the complications. Here we consider
why births that are more complicated might select into private facilities in the EAG states.
The processes that sort births into public or private facilities reflect an interaction between the public
and private systems of obstetric care. In principle, Indian government policy dictates that risky cases
that appear at rural Sub-Centres, Primary Health Centres, and Community Health Centres should be
referred to tertiary public hospitals in towns and cities. However, the prior literature suggests that, in
practice, rural women receiving a referral or facing a risky delivery may decide to avoid the costs and
difficulties of travelling to a physically and socially distant urban public facility (Babiarz, et al. 2016).
Pregnant women and their families may be concerned about suffering from the verbal or physical abuse
that is especially common in large, public maternity hospitals (Sharma et al. 2019). Patients may also be
concerned about whether they will be able to access emergency care, such as caesarean surgery, in a
public tertiary hospital: The NFHS-2015 shows that in 64 out of 275 districts in the EAG states, less than
2% of births in public facilities were caesarean births; less than 1% of births in public facilities were
caesarean in 19 districts. The median across districts is that 3.6% of births in public facilities were
caesarean. This suggests that, despite a backdrop of rapidly increasing rates of caesarean deliveries in
private hospitals (over two-thirds of private deliveries were caesarean in 13 districts; see also Bhatia et
al., 2020), the availability of caesarean surgery in public hospitals in some large parts of the EAG states is
very limited.
Because of the limitations of retrospective survey data, we cannot rule out that the private sector sees a
more complicated caseload than the public sector. Yet the fact that a large difference in NMR exists
between public and private facility births even though private facility births are socioeconomically
advantaged—and even in stratified sub-samples where there is no evidence of any complication in
pregnancy or during birth—constitutes evidence that there may be large gaps in quality of care between
the private and public facilities used by rural residents in EAG states.
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The NFHS contains few variables that observe quality of care, but it does ask about breastfeeding. Early
initiation of breastfeeding is known to promote neonatal survival, especially in contexts with poor
sanitation (Smith et al. 2017). We find that births to rural EAG-state residents in private facilities are 14
percentage points less likely to initiate breastfeeding in the first hour (41% in public facilities vs. 27% in
private facilities), and 18 percentage points less likely to initiate breastfeeding on the first day (90% in
public facilities vs. 72% in private facilities). This is true even holding constant the type of birth
(caesarean or vaginal). These differences in initiation of breastfeeding by facility type were also
highlighted by Namasivayam et al. 2021: This study uses independent survey data to find that babies
born in private facilities in rural Uttar Pradesh initiated breastfeeding later than those born in public
facilities.
We might see differences in the timing of breastfeeding initiation between public and private facility
births as a result of greater distress among newborns in private facilities, less encouragement of
breastfeeding in private facilities, and/or more separation of mothers and newborns in private facilities.
The available data do not allow us to isolate these three reasons. We note, however, that differences in
each of them points towards lower-quality newborn care in private facilities.
To advance beyond the limitations of the available data, we recommend new qualitative and
quantitative research in clinical settings. This would involve documenting the training and competencies
of private maternity providers, who, in some EAG states, are largely unregistered and unregulated
(Gautam et al., 2019; see Das et al. 2012 on provider training in non-maternity private health settings in
India). Examining market failures in health care (Arrow, 1963) also may be helpful in understanding
mortality differences. In particular, private providers may be more likely to recommend or to respond
to consumer demand for labour induction or augmentation, including by intramuscular injections of
labour-inducing or -enhancing drugs (Brhlikova, et al 2009; Shyken, et al 1995). In a context in which
gestational age is not always known and in which continuous fetal monitoring during labour is rare, the
use of drugs to induce or speed labour may increase the chances of fetal distress, stillbirth, and neonatal
death.
To conclude, we document excess mortality among births in private facilities to rural residents of India’s
EAG states. The magnitude of the mortality difference between public and private facilities, combined
with the large population of the region, means that this finding has implications for India’s overall NMR,
and its ability to achieve the SDGs, as well as for global NMR. Unfortunately, neither the retrospective
survey data available in the NFHS nor the existing literature can settle the question of why neonatal
mortality in private facilities is so high in this setting. Nevertheless, the NFHS provides some evidence
that the quality of care in private hospitals in these states is extremely low. The puzzle is sharpened by
the extensive documentation in the literature of the poor quality of care in public obstetric facilities in
the EAG states (Coffey, 2014; Delaney, et al. 2019; Semaru et al. 2017). Further research is needed to
understand private hospital birth in this context and to inform policy action to reduce mortality among
rural births in the EAG states.
Contributions. DC, NS, AV, and DS contributed conceptualisation and formal analysis and accessed the
underlying data. DC and DS, who contributed equally, contributed funding acquisition, methodology,
and writing (original draft). All authors contributed investigation and writing (review & editing).
Authors’ interpretations are their own and are not official claims of their instituions.

9

References
Arrow KJ. Uncertainty and the Welfare Economics of Medical Care. The American Economic Review.
1963 Dec 1;53(5):941-73.
Babiarz KS, Mahadevan SV, Divi N, Miller G. Ambulance service associated with reduced probabilities of
neonatal and infant mortality in two Indian states. Health Affairs. 2016 Oct 1;35(10):1774-82.
Bhatia M, Banerjee K, Dixit P, Dwivedi LK. Assessment of Variation in Cesarean Delivery Rates Between
Public and Private Health Facilities in India From 2005 to 2016. JAMA Netw Open.
2020;3(8):e2015022. doi:10.1001/jamanetworkopen.2020.15022
Boerma T, Ronsmans C, Melesse DY, Barros AJ, Barros FC, Juan L, Moller AB, Say L, Hosseinpoor AR, Yi M,
Neto DD. Global epidemiology of use of and disparities in caesarean sections. The Lancet. 2018
Oct 13;392(10155):1341-8.
Brhlikova P, Jeffery P, Bhatia GP, Khurana S. Intrapartum oxytocin (mis) use in South Asia. J Health Stud.
2009;2: 33-50.
Coffey D. Costs and consequences of a cash transfer for hospital births in a rural district of Uttar
Pradesh, India. Social Science & Medicine. 2014 Aug 1; 114:89-96.
Coffey D. Prepregnancy body mass and weight gain during pregnancy in India and sub-Saharan Africa.
Proceedings of the National Academy of Sciences. 2015 Mar 17; 112(11):3302-7.
Coffey D, Hathi P. Underweight & pregnant: Maternity entitlements and weight gain during pregnancy.
2015.
Dandona R, Kumar GA, Henry NJ, Joshua V, Ramji S, Gupta SS, Agrawal D, Kumar R, Lodha R, Mathai M,
Kassebaum NJ. Subnational mapping of under-5 and neonatal mortality trends in India: the
Global Burden of Disease Study 2000–17. The Lancet. 2020 May 23;395(10237):1640-58
Das J, Hammer J, Leonard K. The quality of medical advice in low-income countries. Journal of Economic
perspectives. 2008 Jun; 22(2):93-114.
Das, J., Holla, A., Das, V., Mohanan, M., Tabak, D. and Chan, B., 2012. In urban and rural India, a
standardized patient study showed low levels of provider training and huge quality gaps. Health
affairs, 31(12), pp.2774-2784.
Delaney MM, Miller KA, Bobanski L, Singh S, Kumar V, Karlage A, Tuller DE, Gawande AA, Semrau KE.
Unpacking the null: a post-hoc analysis of a cluster-randomised controlled trial of the WHO safe
childbirth checklist in Uttar Pradesh, India (BetterBirth). The Lancet Global Health. 2019 Aug
1;7(8):e1088-96.
DiNardo J, Fortin NM, Lemieux T. Labor market institutions and the distribution of wages, 1973-1992: A
semiparametric approach. Econometrica. 1996 Sep 1:1001-44.
Drevenstedt, G, Crimmins E, Vasunilashorn S and Finch, C. The Rise and Fall of Excess Male Infant
Mortality, Proceedings of the National Academy of Sciences, 2008 Vol 105, No 13, pp 5016–21.
10

Ely, D, Driscoll, A. Infant mortality in the United States, 2018: Data from the period linked birth/infant
death file. US Department of Health and Human Services. National Vital Statistics Reports.
volume 69, number 7.
Gautham, M., Bruxvoort, K., Iles, R., Subharwal, M., Gupta, S., Jain, M. and Goodman, C., 2019.
Investigating the nature of competition facing private healthcare facilities: the case of maternity
care in Uttar Pradesh, India. Health policy and planning, 34(6), pp.450-460.
Geruso M, Spears D. Neighborhood sanitation and infant mortality. American Economic Journal: Applied
Economics. 2018 Apr; 10(2):125-62.
Hug L, Alexander M, You D, Alkema L, for Child UI. National, regional, and global levels and trends in
neonatal mortality between 1990 and 2017, with scenario-based projections to 2030: a
systematic analysis. The Lancet Global Health. 2019 Jun 1; 7(6):e710-20.
Kitagawa EM. Components of a difference between two rates. Journal of the American statistical
association. 1955 Dec 1; 50(272):1168-94.
Kruk ME, Gage AD, Arsenault C, Jordan K, Leslie HH, Roder-DeWan S, Adeyi O, Barker P, Daelmans B,
Doubova SV, English M. High-quality health systems in the Sustainable Development Goals era:
time for a revolution. The Lancet Global Health. 2018 Nov 1;6(11):e1196-252.
Mohanan M, Hay K, Mor N. Quality of health care in India: Challenges, priorities, and the road ahead.
Health Affairs. 2016 Oct 1; 35(10):1753-8.
Namasivayam, V., Dehury, B., Prakash, R., Becker, M., Avery, L., Sankaran, D., Ramesh, B.M., Blanchard,
J., Kumar, P., Anthony, J. and Kumar, M., 2021. Association of prenatal counselling and
immediate postnatal support with early initiation of breastfeeding in Uttar Pradesh, India.
International Breastfeeding Journal, 16(1), pp.1-11.
Preston S, Heuveline P, Guillot M. Demography: measuring and modeling population processes. 2001.
Malden, MA: Blackwell Publishers. 2000.
Prior, E., Santhakumaran, S., Gale, C., Philipps, L.H., Modi, N. and Hyde, M.J., 2012. Breastfeeding after
cesarean delivery: A systematic review and meta-analysis of world literature. The American
Journal of Clinical Nutrition, 95(5), pp.1113-1135.
Semrau, KE, Hirschhorn, LR, Marx Delaney, M, Singh, VP, Saurastri, R, Sharma, N, Tuller, DE, Firestone, R,
Lipsitz, S, Dhingra-Kumar, N and Kodkany, BS. Outcomes of a coaching-based WHO safe
childbirth checklist program in India. New England Journal of Medicine. 2017; 377(24):23132324.
Sharma, G., Penn-Kekana, L., Halder, K. and Filippi, V., 2019. An investigation into mistreatment of
women during labour and childbirth in maternity care facilities in Uttar Pradesh, India: a mixed
methods study. Reproductive health, 16(1), p.7.
Shyken JM, Petrie RH. Oxytocin to induce labour. Clinical obstetrics and gynecology. 1995 Jun
1;38(2):232-45.
11

Sinharoy SS, Clasen T, Martorell R. Air pollution and stunting: a missing link? The Lancet Global Health.
2020 Apr 1;8(4):e472-5.
Smith, E.R., Hurt, L., Chowdhury, R., Sinha, B., Fawzi, W., Edmond, K.M. and Neovita Study Group, 2017.
Delayed breastfeeding initiation and infant survival: A systematic review and meta-analysis. PloS
one, 12(7), p.e0180722.
Unicef. 2021. UNICEF Data Warehouse. Retrieved from http://data.unicef.org.
Verma, A. and Cleland, J., 2021. Is newborn survival influenced by place of delivery? A comparison of
home, public sector and private sector deliveries in India. Journal of Biosocial Science, 1-15.
World Bank. 2020. Neonatal mortality rates. Retrieved from
https://datacatalog.worldbank.org/mortality-rate-neonatal-1000-live-births.

12

Figure 1. Main Result: Age-specific early-life mortality rates in EAG and non-EAG states, by
place of birth, unadjusted and adjusted for socioeconomic status

Figure 1 note: “Own weight estimates” use NFHS sample weights only and are therefore unadjusted.
Standardized weights adjust for socioeconomic status and are described in the text and Supplementary
Materials. Variables used for socioeconomic status standardization are asset wealth (five categories),
social group (four categories), and mother’s literacy. CI = “Confidence Interval” 90% (bars) and 95%
(spikes) CIs computed by 1,000 cluster-bootstrap repetitions of reweighting procedure.

Table 1. Summary statistics: Sample means by place and facility-type of birth (95% confidence interval in parentheses).
private
% of all births in India
6.2
% of all rural births
8.7
% of all deaths in India
11.3
% of all rural deaths
14.0
n = 16,009

rural EAG states
public
home
23.4
13.2
32.6
18.3
27.5
19.6
34.0
24.3
n = 65,706
n = 34,846

rural non-EAG states
private
public
home
8.7
15.8
4.6
12.1
21.9
6.4
6.0
11.8
4.6
7.4
14.6
5.7
n = 15,799 n = 43,645
n = 20,108

private
18.9
20.8
18.6
21.4
n = 31,808

all rural India
public
36.6
54.5
37.9
48.6
n = 109,351

home
14.6
24.7
21.8
30.0
n = 54,954

28q0

52
(48-56)

34
(32-36)

43
(40-46)

20
(17-23)

21
(19-24)

29
(24-34)

33
(31-36)

29
(27-30)

39
(37-42)

1q0

24
(21-27)

12
(11-14)

17
(15-18)

7
(5-8)

8
(6-9)

11
(7-14)

14
(12-15)

10
(10-11)

15
(14-17)

0.06
(0.05-0.06)
0.16
(0.15-0.17)
0.29
(0.28-0.30)
0.30
(0.29-0.32)
0.19
(0.18-0.20)
0.14
(0.13-0.15)
0.10
(0.09-0.11)
0.17
(0.15-0.18)
0.07
(0.07-0.08)
0.66
(0.65-0.68)

0.15
(0.14-0.15)
0.31
(0.30-0.32)
0.31
(0.30-0.32)
0.17
(0.17-0.18)
0.07
(0.06-0.07)
0.22
(0.22-0.23)
0.14
(0.13-0.15)
0.28
(0.27-0.30)
0.13
(0.12-0.14)
0.45
(0.44-0.46)

0.37
(0.34-0.39)
0.37
(0.35-0.39)
0.17
(0.16-0.19)
0.07
(0.06-0.08)
0.02
(0.02-0.02)
0.47
(0.45-0.49)
0.33
(0.30-0.36)
0.18
(0.16-0.20)
0.23
(0.21-0.26)
0.28
(0.25-0.30)

0.13
(0.12-0.13)
0.19
(0.19-0.20)
0.26
(0.26-0.27)
0.25
(0.25-0.26)
0.16
(0.15-0.17)
0.21
(0.20-0.22)
0.11
(0.11-0.12)
0.17
(0.16-0.18)
0.06
(0.06-0.07)
0.66
(0.65-0.67)

0.32
(0.31-0.32)
0.30
(0.29-0.30)
0.22
(0.22-0.23)
0.12
(0.11-0.12)
0.05
(0.04-0.05)
0.37
(0.37-0.38)
0.11
(0.11-0.12)
0.26
(0.25-0.26)
0.13
(0.13-0.14)
0.51
(0.50-0.51)

0.55
(0.54-0.56)
0.27
(0.26-0.28)
0.12
(0.11-0.12)
0.05
(0.05-0.05)
0.01
(0.01-0.01)
0.61
(0.61-0.62)
0.22
(0.20-0.23)
0.22
(0.22-0.23)
0.18
(0.17-0.19)
0.40
(0.39-0.41)

Demographic characteristics and characteristics of pregnancy and birth (p.p. BMI = mother’s pre-pregnancy BMI)
mother under 20 at
0.13
0.13
0.10
0.16
0.19
0.17
0.15
birth
(0.13-0.14)
(0.13-0.13)
(0.10-0.11)
(0.15-0.17) (0.19-0.20) (0.16-0.18)
(0.14-0.16)
male
0.55
0.52
0.51
0.53
0.52
0.50
0.54
(0.54-0.56)
(0.52-0.53)
(0.50-0.51)
(0.52-0.55) (0.51-0.52) (0.49-0.51)
(0.53-0.55)
prior neonatal
0.15
0.12
0.13
0.08
0.06
0.09
0.11
death to mother
(0.14-0.16)
(0.11-0.12)
(0.12-0.13)
(0.07-0.09) (0.06-0.07) (0.08-0.10)
(0.11-0.12)
mother p.p. BMI <
0.26
0.35
0.38
0.25
0.30
0.35
0.25
18.5 (projected)
(0.25-0.27)
(0.34-0.36)
(0.37-0.39)
(0.24-0.26) (0.29-0.31) (0.33-0.37)
(0.25-0.26)
vaginal birth
0.70
0.96
1.00
0.57
0.83
1.00
0.62
(0.69-0.71)
(0.96-0.96)
(1.00-1.00)
(0.55-0.58) (0.82-0.84) (1.00-1.00)
(0.61-0.63)

0.16
(0.15-0.16)
0.52
(0.51-0.52)
0.10
(0.09-0.10)
0.33
(0.32-0.33)
0.91
(0.90-0.91)

0.12
(0.12-0.12)
0.51
(0.50-0.51)
0.12
(0.11-0.12)
0.37
(0.37-0.38)
1.00
(1.00-1.00)

Socioeconomic characteristics of the mother and her household
poorest quintile
0.23
0.43
0.61
(0.22-0.24)
(0.43-0.44)
(0.60-0.62)
poorer quintile
0.24
0.29
0.23
(0.23-0.25)
(0.29-0.30)
(0.23-0.24)
middle quintile
0.23
0.16
0.10
(0.22-0.24)
(0.16-0.17)
(0.09-0.10)
richer quintile
0.18
0.08
0.04
(0.17-0.19)
(0.08-0.08)
(0.04-0.05)
richest quintile
0.12
0.03
0.01
(0.12-0.13)
(0.03-0.03)
(0.01-0.01)
not literate
0.32
0.47
0.66
(0.31-0.33)
(0.47-0.48)
(0.66-0.67)
Muslim
0.13
0.09
0.18
(0.12-0.14)
(0.09-0.10)
(0.17-0.19)
Dalit/SC
0.17
0.24
0.24
(0.16-0.18)
(0.23-0.24)
(0.23-0.25)
Adivasi/ST
0.04
0.13
0.16
(0.04-0.05)
(0.12-0.14)
(0.15-0.17)
not a disadvantaged
0.66
0.55
0.44
category (82% Hindu) (0.65-0.68)
(0.54-0.55)
(0.43-0.45)

Table 2. Stratified neonatal mortality rates (28q0) in split subsamples (95% confidence interval in parentheses).
subsample
all rural births (full sample)

private
52
(48-56)
n = 16,009

mother had prior death

118
(98-139)
n = 1,337
42
(37-47)
n = 7,335
55
(49-60)
n = 8,758
49
(43-55)
n = 7,251
66
(54-78)
n = 2,135
50
(46-55)
n = 13,874
55
(50-60)
n = 11,070
45
(39-52)
n = 4,939
50
(42-57)
n = 4,162
53
(49-58)
n = 11,847

mother did not have prior death
(first-borns excluded)
male

female

mother under 20 at birth

mother 20 or older at birth

vaginal birth

caesarean birth

mother BMI < 18.5
(projected)
mother BMI ≥ 18.5
(projected)

rural EAG states
public
home
34
43
(32-36)
(40-46)
n = 65,706 n = 34,846
72
(63-81)
n = 4,811
25
(23-26)
n = 37,201
37
(35-40)
n = 34,332
30
(28-32)
n = 31,374
46
(41-51)
n = 8,807
32
(30-34)
n = 56,899
33
(31-35)
n = 62,871
48
(38-58)
n = 2,835
33
(30-36)
n = 23,294
34
(32-36)
n = 42,412

91
(79-103)
n = 3,504
29
(27-32)
n = 24,078
47
(43-51)
n = 17,689
38
(35-42)
n = 17,157
71
(60-81)
n = 3,666
40
(37-42)
n = 31,180
43
(40-46)
n = 34,846

43
(39-48)
n = 13,281
43
(39-46)
n = 21,565

rural non-EAG states
private
public
home
20
21
29
(17-23)
(19-24)
(24-34)
n = 15,799 n = 43,645 n = 20,108

private
33
(31-36)
n = 31,808

all rural India
public
29
(27-30)
n = 109,351

62
(35-89)
n = 586
14
(11-17)
n = 7,228
24
(19-28)
n = 8,362
15
(12-19)
n = 7,437
33
(23-44)
n = 2,059
17
(14-20)
n = 13,740
24
(20-28)
n = 9,559
14
(10-18)
n = 6,240
25
(19-31)
n = 3,505
18
(15-21)
n = 12,294

96
(80-112)
n = 1,923
26
(23-29)
n = 14,563
37
(33-40)
n = 17,120
29
(26-32)
n = 14,688
45
(37-53)
n = 4,194
31
(29-34)
n = 27,614
39
(36-42)
n = 20,629
24
(21-28)
n = 11,179
35
(31-40)
n = 7,667
33
(30-35)
n = 24,141

69
(61-77)
n = 6,295
21
(20-22)
n = 60,190
32
(30-34)
n = 56,899
25
(23-27)
n = 52,452
35
(31-39)
n = 15,222
28
(26-29)
n = 94,129
29
(28-31)
n = 99,514
25
(21-29)
n = 9,837
29
(27-32)
n = 33,815
29
(27-30)
n = 75,536

60
(42-78)
n = 1,484
15
(13-17)
n = 22,989
25
(21-28)
n = 22,567
18
(15-21)
n = 21,078
24
(18-29)
n = 6,415
21
(18-23)
n = 37,230
22
(20-25)
n = 36,643
17
(12-21)
n = 7,002
23
(19-28)
n = 10,521
21
(18-23)
n = 33,124

72
(37-107)
n = 1,050
21
(16-25)
n = 14,398
38
(30-46)
n = 10,171
20
(15-25)
n = 9,937
40
(27-52)
n = 2,534
27
(22-32)
n = 17,574
29
(24-34)
n = 20,108

32
(22-42)
n = 4,765
28
(22-33)
n = 15,343

home
39
(37-42)
n = 54,954
87
(75-99)
n = 4,554
27
(25-29)
n = 38,476
45
(41-49)
n = 27,860
33
(31-36)
n = 27,094
59
(51-67)
n = 6,200
37
(34-39)
n = 48,754
39
(37-42)
n = 54,954

41
(37-45)
n = 18,046
39
(36-42)
n = 36,908
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A1.Details on in-text descriptive and summary statistics
Fractions of global births and neonatal deaths are calculated using fractions computed by the authors from India's
NFHS-2015 and published demographic statistics in the online UNICEF Data Warehouse.
“India is home to almost one-fourth of neonatal deaths.”
● The UNICEF Data Warehouse has the number of neonatal deaths per country for 2018:
https://data.unicef.org/resources/data_explorer/unicef_f/?ag=UNICEF&df=GLOBAL_DATAFLOW&ver=
1.0&dq=WORLD+IND.CME_TMM0..&startPeriod=2009&endPeriod=2019 (accessed 30 March 2021)
● India is reported as 546,427, the world as 2,498,971. This yields a fraction of 22%.
“Nine percent of worldwide births and 15% of worldwide neonatal deaths each year happen in the EAG states
alone.”
● As above, for neonatal deaths, India is reported as 546,427, the world as 2,498,971. 68.7% of neonatal
deaths in India are in the EAG states, so that is 15% of the global deaths.
● For births (see link to UNICEF Data Warehouse in next paragraph), the data report 139,814.04 thousands
for the world and 24,164.357 thousands for India. 52% of births in India are in the focus states, so that is
9% of global births.
“Table 1 shows that 6.2% of all births in India occur to rural EAG-state residents in private facilities. This
represents about 1.5 million births annually. Therefore, there are more births in private facilities to rural EAG-state
residents than the total number of births in each of 166 countries (details in Supplementary Materials A1).”
● The UNICEF Data Warehouse has the number of births per country for 2018:
https://data.unicef.org/resources/data_explorer/unicef_f/?ag=UNICEF&df=GLOBAL_DATAFLOW&ver=
1.0&dq=.DM_BRTS..&startPeriod=2008&endPeriod=2018 (accessed 30 March 2021)
● These data report 24,164,357 births in India. 6.2% of this number is 1498190.134.
● Of the 184 countries with a number of births in these UNICEF data, 166 of them have fewer than 1,498,190
reported births for 2018.
“To put this NMR in context, no country in the world has had a national neonatal mortality rate as high as 52 since
2006.”
● The UNICEF Data Warehouse lists national neonatal mortality rates:
https://data.unicef.org/resources/data_explorer/unicef_f/?ag=UNICEF&df=GLOBAL_DATAFLOW&ver=
1.0&dq=.CME_MRM0..&startPeriod=2005&endPeriod=2006 (accessed 30 March 2021)
● These data report that Afghanistan had a neonatal mortality rate of 52.89 in 2006 and Pakistan of 52.06. In
2007 these were 51.50 and 51.54, respectively.
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A2.Flow chart of sample
1,315,617 live births in NFHS2015 birth recode
(IABR71FL.dta)

1,839 births without recorded
neonatal mortality (typically
because one month has not
passed since birth)

1,313,778 live births in NFHS2015 birth recode with
recorded neonatal mortality
1,055,990 births 60 or more
months ago (place of birth is
not asked in the NFHS-2015)
257,788 live births <60
months before interview in
NFHS-2015 birth recode with
recorded neonatal mortality
61,027 births in urban India

196,761 live rural births <60
months before interview in
NFHS-2015 birth recode with
recorded neonatal mortality

116,936 rural births in EAG
states

79,825 rural births in nonEAG states

65,706 at public facility

43,645 at public facility

16,009 at private facility

15,799 at private facility

34,846 at home (no facility)

20,108 at home (no facility)

116,561 in analysis sample

79,552 in analysis sample

375 place unknown (excluded
from sample)

273 place unknown (excluded
from sample)

Supplementary Materials - page 3 of 13

A3.Sample means of NNM for urban India, for comparison
68% of births in India in 2015 were to rural households. By design, we include only rural births in our
analysis sample. For completeness and the reader’s comparison, we present here average neonatal
mortality rates by group for urban births:
Table A1: Urban neonatal mortality rates

mean NNM
95% CI
n (urban births)

private
28.0
[24.0,32.0]
9,825

EAG states
public
28.5
[24.8,32.2]
13,777

home
39.0
[31.4,46.6]
5,293

mean NNM
95% CI
n (urban births)

private
10.7
[8.0,13.4]
12,353

non-EAG states
public
15.7
[12.3,19.0]
16,815

home
25.5
[15.7,35.3]
2,826

mean NNM
95% CI
n (urban births)

private
15.7
[13.4,17.9]
22,178

all states
public
20
[17.5,22.6]
30,592

home
33.6
[27.5,39.6]
8,119

We observe that the pattern of higher mortality in private than public facilities that we document among
rural births is not present among urban births (although in the EAG states the rates are very similar
between public and private, despite the fact that private-facility births belong to socioeconomically
privileged households, on average). Confidence intervals are computed with clustered standard errors.
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A4.Robustness check of main results as regression with controls
Table A2: Regression coefficients. Dependent variable is neonatal mortality (deaths per 1,000 births).

States
CS included?
private facility
home
public facility
(omitted)
poorest
poorer
middle
(omitted)
richer
richest
Muslim
SC/Dalit
ST/Adivasi

(1)
EAG
yes

(2)
non-EAG
yes

(3)
EAG
no

(4)
non-EAG
no

(5)
EAG
yes

(6)
non-EAG
yes

(7)
EAG
no

(8)
non-EAG
no

18.5
[14.0,22.9]
9.1
[5.9,12.2]

-1.8
[-5.5,1.8]
7.5
[2.1,12.9]

22
[16.8,27.3]
9.7
[6.5,12.8]

1.6
[-3.2,6.4]
6.5
[1.0,12.0]

21.8
[17.1,26.4]
9.5
[6.2,12.7]

1.2
[-2.7,5.2]
6.2
[0.8,11.7]

24.8
[19.3,30.3]
10.5
[7.2,13.8]

4.6
[-0.4,9.6]
5.8
[0.3,11.4]

5.7
[1.5,10.0]
4
[-0.2,8.2]

7.8
[1.4,14.3]
2.8
[-1.9,7.5]

6.1
[1.8,10.5]
4.3
[-0.0,8.6]

5.8
[-0.9,12.5]
1.6
[-3.9,7.0]

-6.6
[-11.8,-1.3]
-17.5
[-24.3,-10.7]
-3.1
[-7.8,1.6]
4.8
[1.1,8.6]
-1.6
[-5.8,2.6]

other social
(omitted)
mother not
literate
constant

-4.1
-6.1
-4.7
[-8.7,0.5] [-11.7,-0.6] [-10.4,1.0]
-7.8
-14.7
-9.8
[-12.4,-3.3] [-22.4,-7.0] [-15.5,-4.2]
1
-3.9
2.2
[-3.6,5.6] [-8.7,0.8] [-3.2,7.6]
3.9
4.3
2.9
[-0.5,8.2]
[0.5,8.1]
[-2.1,7.9]
-0.4
-2.5
0.4
[-6.5,5.8] [-6.8,1.7] [-6.6,7.4]

4.1
2.6
3.7
1.1
[0.9,7.4]
[-1.8,7.1]
[0.4,7.0]
[-3.7,5.8]
28.7
19
28.1
21.1
33.9
21.6
33.3
22.5
[25.1,32.4]
[15.3,22.8]
[24.4,31.8]
[16.8,25.5]
[32.2,35.6] [19.4,23.7] [31.5,35.0] [20.1,25.0]
n (rural births)
116,561
79,552
108,787
66,310
116,561
79,552
108,787
66,310
Note: Observe that, within EAG/non-EAG pairs, the confidence intervals on private facility never
overlap. Only rural births are included. CS = cesarean section. SC = Scheduled Caste. ST = Scheduled
Tribe. In brackets are 95% confidence intervals computed with standard errors clustered by sample
design. Survey sampling weights are used. In columns 5-8, controls match reweighting variable set.
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A5.Statistical methodology
a. Projected underweight
The NFHS measures women’s weight at the time of the survey. But what we are interested in predicting
neonatal outcomes is whether mothers were underweight at the time of becoming pregnant. We cannot
observe this in our data, but we can estimate it with a projection. We do this by running two regressions
for each state:
1.

2.

3.
4.

Among all non-pregnant rural women measured, separately for each state, regress BMI on age at the time
of the survey, using survey sampling weights. Label the coefficient estimate 𝛽̂𝑠𝑎 , where a denotes that the
independent variable is age and s indexes a separate coefficient for each state.
Among all pregnant women at 3 or more months gestation, separately or each state, regress BMI on
𝑔
gestational age (months pregnant), using survey sampling weights. Label the coefficient estimate 𝛽̂𝑠 ,
where g denotes that the independent variable is gestational age and s indexes a separate coefficient for
each state.
For women who are currently pregnant, compute their BMI at the beginning of the current pregnancy as
𝑔
their measured BMI – (gestational age × 𝛽̂𝑠 ).
For all pregnancies in our neonatal mortality sample, compute the mother’s BMI at the beginning of
pregnancy as projected BMI = BMI* - ((age at survey - age at beginning of pregnancy) × 𝛽̂𝑠𝑎 ), where

a. For women not pregnant at the time of the survey, BMI* is at the time of the survey.
b. For women pregnant at the time of the survey, BMI* is at the beginning of the current
pregnancy, as computed in step 3.
5.

Create projected underweight as an indicator that projected BMI is less than 18.5.

Notice that different births to the same mother will have different projected BMIs because the mother was
at different ages.
b. DFL reweighting
Because the NFHS is a complex sample survey, mortality probabilities q are computed as weighted
sample means of indicators for death:
𝑛𝑞 𝑝 𝑥 = 1000 × ∑

(𝑤 𝑖𝑐 × 𝑛𝑑𝑖𝑐 𝑥 ),

𝑖∈𝑝

where i is an individual child, c is its socioeconomic status cell, x is a starting age (always 0 in our case),
n is the length of an age interval (either 1 day or 28 days in our case), q is the estimate of the death
probability, d is an indicator for dying in the age range, and wic is the DHS’s sampling weight for that
child. p is a birth place (public, private, or home). This is the formula we use for our unadjusted mortality
probabilities.
To compute our SES-adjusted mortality probabilities, following the method of DiNardo, et al (1996), we
split the sample into 40 cells, indexed as c in the equation. These are unique categories of asset wealth
quintile (v190), four social group categories (Hindu/other; Muslim; SC/Dalit; or ST/Adivasi), and an
indicator for the mother not being literate (5 × 4 × 2 = 40). All 40 bins have observations for all three
facility places within both EAG and non-EAG states. We use these bins to compute reweighted 𝑛𝑞̃𝑥 as:
𝑛𝑞̃ 𝑝 𝑥 = 1000 × ∑

(𝜙𝑝𝑐 × 𝑤 𝑖𝑐 × 𝑛𝑑𝑖𝑐 𝑥 ),

𝑖∈𝑝
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which is identical to the above except for the reweighting factor 𝜙𝑐𝑝 which scales each type of birth place
p (public, private, or home) to the full distribution of rural births in the same geography (EAP, non-EAP,
or all India) in all three types of birth place:
𝜙𝑐𝑝 =

∑𝑖∈𝑐
∑𝑖∈(𝑐∩𝑝)

𝑤 𝑖𝑐
𝑤 𝑖𝑐

,

where the notation 𝑖 ∈ (𝑐 ∩ 𝑝) indicates that person i was born in facility place p and is in SES cell c, so
𝜙𝑐𝑝 is the ratio of the sum of all sampling weights in cell c to the sampling weights in cell c but for facility
p only.
DFL reweighting has been used in the population science literature by Geruso (2012), Coffey (2015), and
Geruso and Spears (2018), all cited in the main text. It is more common in the demography literature than
in other literatures, so in Section A4 of these Supplementary Materials we show that we find essentially
equivalent results using a linear regression framework instead, as a robustness check.
c. Bootstrap inference
In the literature, there exist analytical expressions for standard errors of a mean that are asymptotically
consistent even with clustered and stratified complex survey sample designs. But in our estimates that
adjust for socioeconomic status with non-parametric reweighting, we estimate both sample means and the
weight ratios; the uncertainty in our confidence intervals should incorporate both sources of uncertainty.
Because there is no published equation for such standard errors, we use a bootstrap. In particular, for
each bootstrap resample, we newly compute reweighting frequencies. We conduct 1,000 bootstrap
replications, each with the following steps:
1. Draw a clustered, stratified bootstrap sample that resamples clusters (preserving all individual
observations within clusters) within strata, both as defined by the NFHS.
a. Clusters are Primary Sampling Units, coded within the NFHS as v001.
b. Strata are states, coded within the NFHS as v024, except that we combine Chandigarh
and Delhi into one stratum because they have very small rural populations.
2. With that bootstrap resample, compute the unadjusted mortality q as simple sample means.
3. With that bootstrap resample, compute the adjusted reweighted mortality q by the same procedure
as for the main sample:
a. Within each reweighting cell for socioeconomic status, compute the total sampling
weight in the reweighted sample.
b. Use these totals to construct a reweighted mean mortality q using that bootstrap sample’s
weights.
4. Record the adjusted and unadjusted mortality q’s for that sample.
Then, compute the confidence intervals from the observed 2.5th, 5th, 95th, and 97.5th centiles of the 1,000
bootstrap replication sample means.
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A6.Further summary statistics using only most-recent births to each mother
Some of the questions in the NFHS that are informative for our analysis—specifically questions about
difficulties in childbirth and difficulties in pregnancy—were only asked to the most recent birth for each
mother. It would therefore be misleading to use these variables in our main analysis, because they have a
sample that would be selected on the demography and composition of a mother’s births. However, we
wish to learn from the information in these variables, to the degree possible. So in Tables A3 and A4 we
repeat our summary statistics and split-sample statistics using only the most recent birth to each mother.
Weadd additional variables about complications in pregnancy and labor.

Supplementary Materials - page 8 of 13

Table A3: Summary statistics (sample means) for last births

private

rural EAG states
public

home

private

rural non-EAG states
public
home

private

all rural India
public

home

28q0

36
(33-40)
n = 11,748

23
(21-25)
n = 46,616

29
(26-31)
n = 22,469

12
(9-14)
n = 12,470

12
(11-14)
n = 34,024

17
(13-21)
n = 13,806

22
(19-24)
n = 24,218

18
(17-20)
n = 80,640

25
(23-28)
n = 36,275

1q0

16
(13-18)
n = 11,748

9
(8-10)
n = 46,616

11
(9-12)
n = 22,469

4
(3-6)
n = 12,470

4
(3-5)
n = 34,024

6
(4-8)
n = 13,806

9
(7-10)
n = 24,218

7
(6-8)
n = 80,640

9
(8-11)
n = 36,275

Socioeconomic characteristics of the mother and her household
poorest
0.22
0.42
0.61
0.05
quintile
(0.21-0.23) (0.41-0.43) (0.60-0.62)
(0.05-0.06)
n = 11,748
n = 46,616
n = 22,469
n = 12,470
poorer
0.23
0.29
0.23
0.16
quintile
(0.22-0.24) (0.29-0.30) (0.22-0.24)
(0.15-0.16)
n = 11,748
n = 46,616
n = 22,469
n = 12,470
middle
0.23
0.17
0.10
0.28
quintile
(0.22-0.24) (0.17-0.18) (0.10-0.11)
(0.27-0.29)
n = 11,748
n = 46,616
n = 22,469
n = 12,470
richer
0.19
0.08
0.05
0.31
quintile
(0.18-0.20) (0.08-0.09) (0.04-0.05)
(0.30-0.32)
n = 11,748
n = 46,616
n = 22,469
n = 12,470
richest
0.14
0.03
0.01
0.20
quintile
(0.13-0.15) (0.03-0.04) (0.01-0.01)
(0.19-0.21)
n = 11,748
n = 46,616
n = 22,469
n = 12,470
not literate
0.30
0.46
0.66
0.13
(0.29-0.31) (0.45-0.46) (0.65-0.67)
(0.12-0.14)
n = 11,748
n = 46,616
n = 22,469
n = 12,470
Muslim
0.13
0.09
0.17
0.10
(0.12-0.14) (0.09-0.10) (0.16-0.18)
(0.09-0.11)
n = 11,748
n = 46,616
n = 22,469
n = 12,470
Dalit/SC
0.16
0.23
0.24
0.16
(0.15-0.17) (0.22-0.24) (0.23-0.25)
(0.15-0.17)
n = 11,748
n = 46,616
n = 22,469
n = 12,470

0.14
(0.14-0.15)
n = 34,024
0.30
(0.29-0.31)
n = 34,024
0.31
(0.30-0.31)
n = 34,024
0.18
(0.17-0.19)
n = 34,024
0.07
(0.06-0.07)
n = 34,024
0.22
(0.21-0.22)
n = 34,024
0.14
(0.13-0.15)
n = 34,024
0.28
(0.27-0.29)
n = 34,024

0.37
(0.35-0.39)
n = 13,806
0.37
(0.36-0.39)
n = 13,806
0.17
(0.15-0.18)
n = 13,806
0.07
(0.06-0.08)
n = 13,806
0.02
(0.02-0.02)
n = 13,806
0.46
(0.44-0.48)
n = 13,806
0.34
(0.30-0.37)
n = 13,806
0.18
(0.16-0.20)
n = 13,806

0.12
(0.11-0.12)
n = 24,218
0.18
(0.18-0.19)
n = 24,218
0.26
(0.25-0.27)
n = 24,218
0.26
(0.25-0.27)
n = 24,218
0.18
(0.17-0.18)
n = 24,218
0.20
(0.19-0.20)
n = 24,218
0.11
(0.10-0.12)
n = 24,218
0.16
(0.15-0.17)
n = 24,218

0.30
(0.29-0.31)
n = 80,640
0.30
(0.29-0.30)
n = 80,640
0.23
(0.22-0.23)
n = 80,640
0.12
(0.12-0.13)
n = 80,640
0.05
(0.05-0.05)
n = 80,640
0.35
(0.35-0.36)
n = 80,640
0.11
(0.11-0.12)
n = 80,640
0.25
(0.25-0.26)
n = 80,640

0.55
(0.53-0.56)
n = 36,275
0.27
(0.26-0.28)
n = 36,275
0.12
(0.11-0.12)
n = 36,275
0.05
(0.05-0.06)
n = 36,275
0.01
(0.01-0.02)
n = 36,275
0.60
(0.59-0.61)
n = 36,275
0.21
(0.20-0.23)
n = 36,275
0.22
(0.21-0.23)
n = 36,275

Adivasi/ST
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0.07
0.13
(0.06-0.08) (0.12-0.14)
n = 12,470
n = 34,024
0.67
0.46
(0.66-0.69) (0.44-0.47)
n = 12,470
n = 34,024

0.13
(0.13-0.14)
n = 46,616
0.55
(0.54-0.56)
n = 46,616

0.17
(0.16-0.17)
n = 22,469
0.44
(0.43-0.46)
n = 22,469

Demographic characteristics of the birth
mother under 20
0.11
0.11
at birth
(0.10-0.11) (0.10-0.11)
n = 11,748
n = 46,616
male
0.58
0.55
(0.57-0.59) (0.55-0.56)
n = 11,748
n = 46,616
prior neonatal
0.14
0.11
death to mother
(0.13-0.15) (0.11-0.11)
n = 7,066
n = 32,404

0.08
(0.07-0.08)
n = 22,469
0.54
(0.53-0.55)
n = 22,469
0.12
(0.12-0.13)
n = 18,982

0.13
(0.12-0.14)
n = 12,470
0.55
(0.54-0.56)
n = 12,470
0.07
(0.06-0.08)
n = 6,881

0.38
(0.37-0.39)
n = 22,469
1.00
(1.00-1.00)
n = 22,469
0.06
(0.06-0.06)
n = 22,469
0.31
(0.30-0.32)
n = 22,469
0.37
(0.36-0.38)
n = 22,469

not a disadvantaged social
category

0.04
(0.04-0.05)
n = 11,748
0.67
(0.66-0.69)
n = 11,748

Characteristics of pregnancy and birth
mother BMI < 18.5
0.25
0.34
(projected)
(0.24-0.26) (0.34-0.35)
n = 11,748
n = 46,616
vaginal birth
0.67
0.95
(0.66-0.68) (0.95-0.96)
n = 11,748
n = 46,616
breech
0.08
0.08
(0.07-0.08) (0.07-0.08)
n = 11,748
n = 46,616
excessive
bleeding
0.33
0.34
(0.31-0.34) (0.33-0.35)
n = 11,748
n = 46,616
prolonged labour
0.47
0.43
(0.46-0.48) (0.43-0.44)
n = 11,748
n = 46,616

0.22
(0.20-0.25)
n = 13,806
0.27
(0.25-0.30)
n = 13,806

0.06
(0.06-0.07)
n = 24,218
0.67
(0.66-0.68)
n = 24,218

0.13
(0.13-0.14)
n = 80,640
0.51
(0.50-0.52)
n = 80,640

0.18
(0.17-0.19)
n = 36,275
0.40
(0.39-0.41)
n = 36,275

0.17
(0.16-0.18)
n = 34,024
0.53
(0.52-0.54)
n = 34,024
0.06
(0.05-0.06)
n = 20,927

0.14
(0.13-0.15)
n = 13,806
0.52
(0.51-0.54)
n = 13,806
0.09
(0.08-0.10)
n = 11,241

0.12
(0.11-0.13)
n = 24,218
0.56
(0.55-0.57)
n = 24,218
0.10
(0.09-0.11)
n = 13,947

0.13
(0.13-0.14)
n = 80,640
0.54
(0.54-0.55)
n = 80,640
0.09
(0.09-0.09)
n = 53,331

0.09
(0.09-0.10)
n = 36,275
0.54
(0.53-0.54)
n = 36,275
0.12
(0.11-0.12)
n = 30,223

0.24
(0.22-0.25)
n = 12,470
0.54
(0.53-0.56)
n = 12,470
0.17
(0.16-0.19)
n = 12,470

0.29
(0.28-0.30)
n = 34,024
0.82
(0.81-0.83)
n = 34,024
0.20
(0.19-0.21)
n = 34,024

0.34
(0.32-0.35)
n = 13,806
1.00
(1.00-1.00)
n = 13,806
0.12
(0.10-0.13)
n = 13,806

0.24
(0.23-0.25)
n = 24,218
0.59
(0.59-0.60)
n = 24,218
0.14
(0.13-0.14)
n = 24,218

0.32
(0.32-0.33)
n = 80,640
0.90
(0.89-0.90)
n = 80,640
0.13
(0.12-0.13)
n = 80,640

0.37
(0.36-0.38)
n = 36,275
1.00
(1.00-1.00)
n = 36,275
0.08
(0.07-0.08)
n = 36,275

0.34
(0.33-0.36)
n = 12,470
0.42
(0.41-0.43)
n = 12,470

0.37
(0.36-0.38)
n = 34,024
0.46
(0.45-0.47)
n = 34,024

0.32
(0.30-0.34)
n = 13,806
0.38
(0.36-0.40)
n = 13,806

0.34
(0.33-0.35)
n = 24,218
0.44
(0.43-0.45)
n = 24,218

0.35
(0.35-0.36)
n = 80,640
0.44
(0.44-0.45)
n = 80,640

0.31
(0.30-0.32)
n = 36,275
0.37
(0.36-0.38)
n = 36,275

any labour
problem
any pregnancy
problem

0.55
(0.54-0.56)
n = 11,748
0.49
(0.48-0.50)
n = 11,742

0.52
(0.52-0.53)
n = 46,616
0.46
(0.45-0.47)
n = 46,553

0.46
(0.45-0.48)
n = 22,469
0.44
(0.43-0.45)
n = 22,433
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0.56
0.59
(0.55-0.58) (0.58-0.60)
n = 12,470
n = 34,024
0.38
0.37
(0.37-0.39) (0.36-0.38)
n = 12,445
n = 33,936

0.50
(0.48-0.52)
n = 13,806
0.32
(0.30-0.34)
n = 13,691

0.56
(0.55-0.57)
n = 24,218
0.42
(0.42-0.43)
n = 24,187

0.55
(0.54-0.56)
n = 80,640
0.42
(0.42-0.43)
n = 80,489

0.47
(0.46-0.48)
n = 36,275
0.41
(0.40-0.42)
n = 36,124

Table A4: Stratified neonatal mortality rates (28q0) for last births in split subsamples (95% confidence interval in parentheses).

subsample
all rural births
(most recent)

private
36
(33-40)
n = 11,748

rural EAG states
public
home
23
29
(21-25)
(26-31)
n = 46,616
n = 22,469

Demographic characteristics associated with mortality
mother had prior
93
52
63
death
(73-113)
(43-60)
(51-75)
n = 1,012
n = 3,490
n = 2,355
mother had no
29
18
20
prior death (first(24-34)
(16-20)
(17-22)
borns excluded)
n = 6,054
n = 28,914
n = 16,627
male
37
23
29
(32-42)
(21-25)
(25-32)
n = 6,739
n = 25,738
n = 12,120
female
36
23
28
(30-42)
(21-25)
(24-32)
n = 5,009
n = 20,878
n = 10,349
mother under 20
40
30
45
at birth
(27-52)
(25-36)
(33-57)
n = 1,227
n = 5,095
n = 1,781
mother 20 or older
36
22
27
at birth
(32-40)
(20-24)
(25-30)
n = 10,521
n = 41,521
n = 20,688
vaginal birth
37
22
29
(32-41)
(21-24)
(26-31)
n = 7,782
n = 44,347
n = 22,469
caesarean birth
36
36
(29-42)
(27-46)
n = 3,966
n = 2,269
mother BMI < 18.5 35
20
26
(projected)
(27-42)
(18-23)
(23-30)
n = 2,928
n = 16,179
n = 8,493

rural non-EAG states
private
public
home
12
12
17
(9-14)
(11-14)
(13-21)
n = 12,470
n = 34,024
n = 13,806

private
22
(19-24)
n = 24,218

39
(16-61)
n = 459
10
(7-13)
n = 6,422
12
(9-15)
n = 6,781
11
(8-14)
n = 5,689
19
(9-28)
n = 1,314
11
(8-13)
n = 11,156
13
(10-16)
n = 7,276
10
(7-14)
n = 5,194
11
(7-15)
n = 2,602

71
(56-86)
n = 1,471
18
(15-20)
n = 12,476
22
(19-25)
n = 13,520
21
(17-24)
n = 10,698
26
(18-34)
n = 2,541
21
(19-23)
n = 21,677
24
(21-26)
n = 15,058
19
(15-22)
n = 9,160
21
(17-25)
n = 5,530

44
(28-59)
n = 1,158
10
(8-11)
n = 19,769
13
(11-16)
n = 18,064
11
(9-14)
n = 15,960
11
(7-14)
n = 4,299
13
(11-15)
n = 29,725
13
(11-14)
n = 28,211
12
(8-15)
n = 5,813
13
(10-17)
n = 7,902

60
(25-94)
n = 750
12
(8-15)
n = 10,491
21
(14-27)
n = 7,218
14
(9-19)
n = 6,588
10
(3-16)
n = 1,416
19
(14-23)
n = 12,390
17
(13-21)
n = 13,806

16
(9-23)
n = 3,192

all rural India
public
home
18
25
(17-20)
(23-28)
n = 80,640
n = 36,275

50
(42-57)
n = 4,648
14
(13-16)
n = 48,683
19
(17-21)
n = 43,802
18
(16-19)
n = 36,838
20
(16-23)
n = 9,394
18
(17-19)
n = 71,246
18
(17-20)
n = 72,558
18
(15-22)
n = 8,082
18
(16-20)
n = 24,081

62
(50-74)
n = 3,105
18
(16-20)
n = 27,118
27
(24-30)
n = 19,338
24
(21-27)
n = 16,937
31
(23-38)
n = 3,197
25
(23-27)
n = 33,078
25
(23-28)
n = 36,275

24
(20-27)
n = 11,685

Table A4 continued
Characteristics of pregnancy and birth associated with mortality
mother BMI ≥ 18.5
37
24
30
12
12
(projected)
(33-41)
(22-26)
(27-33)
(9-15)
(10-14)
n = 8,820
n = 30,437
n = 13,976
n = 9,868
n = 26,122
breech
44
28
45
10
16
(28-59)
(22-34)
(32-58)
(5-16)
(11-20)
n = 891
n = 3,688
n = 1,401
n = 1,950
n = 5,850
not breech
36
23
28
12
12
(32-40)
(21-24)
(25-30)
(9-14)
(10-13)
n = 10,857
n = 42,928
n = 21,068
n = 10,520
n = 28,174
excessive
bleeding
42
28
32
10
15
(35-50)
(25-31)
(27-37)
(7-13)
(12-17)
n = 3,703
n = 15,852
n = 6,652
n = 4,169
n = 11,549
not excessive
34
20
27
12
11
bleeding
(29-38)
(19-22)
(24-30)
(9-16)
(9-13)
n = 8,045
n = 30,764
n = 15,817
n = 8,301
n = 22,475
prolonged labor
45
25
31
9
13
(39-51)
(23-28)
(27-36)
(6-12)
(11-16)
n = 5,244
n = 19,844
n = 7,836
n = 5,307
n = 14,244
not prolonged
29
21
27
13
12
labor
(24-33)
(19-23)
(24-30)
(10-16)
(9-14)
n = 6,504
n = 26,772
n = 14,633
n = 7,163
n = 19,780
any labor problem
44
26
31
10
14
(38-50)
(23-28)
(27-35)
(7-12)
(12-17)
n = 6,258
n = 24,222
n = 10,004
n = 6,857
n = 18,035
no labor problem
27
20
27
14
10
(23-32)
(18-22)
(23-30)
(10-18)
(8-12)
n = 5,490
n = 22,394
n = 12,465
n = 5,613
n = 15,989
any pregnancy
36
25
31
12
14
problem
(31-42)
(22-27)
(27-35)
(8-16)
(11-17)
n = 5,674
n = 21,131
n = 9,574
n = 4,919
n = 13,182
no pregnancy
37
21
27
11
12
problem
(31-42)
(19-23)
(23-30)
(8-14)
(10-14)
n = 6,068
n = 25,422
n = 12,859
n = 7,526
n = 20,754

18
(13-23)
n = 10,614
34
(17-52)
n = 1,303
15
(11-19)
n = 12,503

22
(19-24)
n = 18,688
18
(12-23)
n = 2,841
22
(20-24)
n = 21,377

19
(17-20)
n = 56,559
20
(16-24)
n = 9,538
18
(17-19)
n = 71,102

26
(24-29)
n = 24,590
40
(30-51)
n = 2,704
24
(22-26)
n = 33,571

18
(10-25)
n = 3,496
17
(12-22)
n = 10,310
20
(12-27)
n = 4,284
16
(11-21)
n = 9,522
22
(15-29)
n = 5,481
13
(9-17)
n = 8,325
21
(13-29)
n = 4,661
16
(11-20)
n = 9,030

22
(19-26)
n = 7,872
21
(18-24)
n = 16,346
25
(21-28)
n = 10,551
19
(16-22)
n = 13,667
23
(20-26)
n = 13,115
19
(16-22)
n = 11,103
23
(20-27)
n = 10,593
20
(18-23)
n = 13,594

22
(20-24)
n = 27,401
17
(15-18)
n = 53,239
20
(18-22)
n = 34,088
17
(16-19)
n = 46,552
20
(19-22)
n = 42,257
16
(14-18)
n = 38,383
21
(19-23)
n = 34,313
17
(15-18)
n = 46,176

28
(24-32)
n = 10,148
24
(22-27)
n = 26,127
28
(24-32)
n = 12,120
24
(21-27)
n = 24,155
28
(25-32)
n = 15,485
23
(20-26)
n = 20,790
29
(25-32)
n = 14,235
23
(21-26)
n = 21,889

