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Does a ban on informal health providers save lives? Evidence
from Malawi

Susan Godlonton∗ Edward N. Okeke†

Abstract

Informal health providers ranging from drug vendors to traditional healers account for a large
fraction of health care provision in developing countries. They are, however, largely unlicensed
and unregulated leading to concern that they provide ineffective and, in some cases, even harmful
care. A new and controversial policy tool that has been proposed to alter household health
seeking behavior is an outright ban on these informal providers. The theoretical effects of such
a ban are ambiguous. In this paper, we study the effect of a ban on informal (traditional) birth
attendants imposed by the Malawi government in 2007. To measure the effect of the ban, we
use a difference-in-difference strategy exploiting variation across time and space in the intensity
of exposure to the ban. Our most conservative estimates suggest that the ban decreased use
of traditional attendants by about 15 percentage points. Approximately three quarters of this
decline can be attributed to an increase in use of the formal sector and the remainder is accounted
for by an increase in relative/friend-attended births. Despite the rather large shift from the
informal to the formal sector, we do not find any evidence of a statistically significant reduction
in newborn mortality on average. The results are robust to a triple difference specification
using young children as a control group. We examine several explanations for this result and
find evidence consistent with quality of formal care acting as a constraint on improvements in
newborn health.
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1 Introduction

Households in developing countries receive a large fraction of their health care services from

informal health providers. These providers range from traditional healers and birth attendants

to drug vendors and village doctors.1 Estimates suggests that the informal sector accounts for

anywhere between 9 to 90% of all healthcare interactions (Sudhinaraset et al., 2013). Informal

providers play a particularly important role in the maternal health sector in low-income countries,

attending up to half of all home births in sub-Saharan Africa and up to 40 percent of all births in

South Asia (Darmstadt et al., 2009). They may also provide services such as prenatal care and child

circumcision (Ofili and Okojie, 2005). In general these informal (or traditional) birth attendants,

as they are known, have little formal education and are often self-taught – in a study by Hussein

and Mpembeni (2005), 78 percent of surveyed traditional attendants had no formal education,

63 percent had learnt their skills from a female relative while 25 percent were self-taught – and

many believe that they contribute to high rates of maternal and newborn mortality in developing

countries (Bergström and Goodburn, 2001; Starrs, 2006).2 Despite the best efforts of regulators to

shift births into the formal sector, the use of these informal (or traditional) birth attendants has

remained popular (Titaley et al., 2010).

A recent controversial policy to influence household health seeking behavior is the imposition of a

ban on these informal attendants. The logic underlying this policy is two-fold: first, that restricting

access to these informal attendants will cause women to switch to formal providers, and second,

that higher quality care in the formal sector will lead to reductions in mortality. It is not a priori

clear that either of these assumptions is necessarily true. Regarding the first, a ban might simply

shift use of these attendants underground,3 or may force women, particularly those with limited

access to formal sector providers, to give birth at home unassisted (Bisika, 2008). Either of these

behavioral responses would mute the effect of the ban and might even perversely worsen outcomes.

Regarding the second, there is emerging evidence that the quality of care provided by formal sector

providers may not be much better than that provided by informal providers on average (Das et al.,

1There is no universally agreed upon classification for formal/informal health providers, so we follow the taxonomy
used by Sudhinaraset et al. (2013). In general these are unlicensed, unregulated providers.

2Others have argued that these informal attendants are vital, and ensure access to at least some form of skilled
care, particularly in rural areas where there is poor access to formal providers (Bisika, 2008).

3The potential for bans to lead to hidden use of the proscribed behavior has been highlighted in other studies
(Cheng, 2012).
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2012). To the best of our knowledge, there are no existing empirical studies of the effect of banning

the use of informal health providers.

In this paper we study the effects of a ban on informal birth attendants imposed by the Malawi

government in 2007. We use data from the 2010 Malawi Demographic and Health Survey supple-

mented with a geocoded dataset of all health facilities in Malawi. To estimate the causal effect of

the ban on outcomes, we make use of a difference-in-difference strategy that exploits variation across

time and space in the intensity of exposure to the ban. We define high intensity of exposure areas

as those with high (historical) prevalence rates of informal birth attendant use. We argue that such

areas likely experienced greater enforcement. To establish the validity of our empirical strategy, we

show that low and high-exposure areas experienced similar trends prior to introduction of the ban;

we also show that the treatment variable, the interaction between exposure and the timing of the

ban is unrelated to observable birth, maternal, and household characteristics.

To summarize our results, we find that the ban substantially reduced the use of informal birth

attendants. Our most conservative estimates suggest that the use of informal attendants decreased

by about 15 percentage points. Consistent with policy objectives, we find that majority of these

births appear to appear to have shifted to the formal sector – formal-sector births increased by about

11 percentage points – with the remainder accounted for by a small increase in relative/friend-

attended births. Substitution to relative/friend-attended births is primarily among women with

high travel costs to health facilities. We find no evidence of an increase in the likelihood of an

unattended birth.

Next, we examine whether the increase in the use of formal sector care improved newborn

health. Despite the large shift from the informal to the formal sector, we find little evidence of

a decrease in newborn mortality, on average, either within the first week or the first month. In

our preferred specification the coefficient is positive (though not statistically significant) and the

associated confidence intervals suggest that we can rule out a decrease in early neonatal mortality

greater than about 6 deaths per 1,000 live births (relative to a baseline of 23 deaths per 1,000). To

account for the possibility of differential unobserved shocks to child mortality, we estimate triple

difference models using young children (children 2-5 years old) as a within-area control group and

obtain similar results.

To understand why the shift from the informal to the formal sector did not translate into
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reductions in newborn mortality we examine three possible explanations. First, we examine whether

there might be offsetting effects from the (small) increase in relative/friend-attended births – if these

births were more likely to result in a newborn death, this might offset any reduction in mortality from

the increase in births attended by formal-sector providers. Second, we examine whether mothers

induced by the ban to use formal care (the ‘compliers’) are low-risk women who would have a good

outcome regardless of where they delivered. Lastly, we examine whether the lack of an effect is due

to low average quality of care in the formal sector.

We do not find support for the first two explanations. Our results suggest that low average

quality of formal sector care is why the increased use of formal sector care did not lead to a

measurable decrease in newborn mortality on average. We show that only households with access

to a high quality facility (defined as whether the nearest health facility was in the top quartile of

the quality distribution) experienced a reduction in newborn mortality – about 1.3-1.4 percentage

points within the first week, and 1.6-1.8 percentage points within the first month. The mortality

coefficients for the other households are positive though not statistically significant. These results

are robust to a quadruple difference specification using young children as a within-area control

group. These results suggest significant distributional consequences from the imposition of the ban.

In general, most women faced higher costs of health care with no return in terms of improved

newborn outcomes (that are statistically significant). However, women with relatively good access

to high quality care did benefit with respect to lower newborn mortality, suggesting this type of

policy may exacerbate inequality in infant health outcomes.

This paper makes an important contribution to a growing literature that estimates the returns

to care in the formal sector (Adhvaryu and Nyshadham, 2014; Mazumdar et al., 2011; Okeke and

Chari, 2014).4 Despite the effectiveness of interventions designed to increase the use of formal sector

care, evidence of significant health improvements, and in particular, reductions in mortality have

been hard to come by.5 Our results are largely consistent with this literature but we advance the

discussion by showing that low average quality of care in the formal sector may help to explain why

increased use has not translated into significant improvements in health outcomes. This paper also

4There is a related US literature that estimates the marginal returns to health care. See for example Almond
et al. (2010) and Almond and Doyle (2011).

5Adhvaryu and Nyshadham (2014), who find that care in the formal sector in Tanzania improves malaria and
fever outcomes for children, is one of the exceptions.
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makes a contribution to the economic literature that studies how changes in access to providers

affects health outcomes.6 Relative to this literature, we study how restrictions in access to informal

providers – in this case informal birth attendants – affects health outcomes. Finally, we make a

contribution to a literature that studies the welfare implications of government bans as a policy

instrument to change health-related behavior. See for example Nandi and Deolalikar (2013) who

study the effect of a law banning sex-selective abortions in India, and Adda and Cornaglia (2010)

who study the effect of smoking bans.

The remainder of the paper is set out as follows: in Section 2 we provide a brief overview of

delivery care in developing countries and child health, in Section 3 we discuss the institutional

details of the ban in Malawi, in Section 4 we discuss the data, in Section 5 we discuss our empirical

strategy, in Section 6 we present the results, and in Section 7 we conclude.

2 Delivery care and child health

Nearly eight million children die every year before they turn five and reducing these deaths

is of considerable policy and economic interest (Rajaratnam et al., 2010).7 A major target of

policy efforts is newborn mortality because it constitutes 40 percent of all under-five child deaths.

According to the latest estimates, about 3 million infants die annually within a month of being born.

Deaths are clustered around the time of delivery, with 25% of deaths occurring on the first day,

and 75% occuring within the first week.8 Leading causes of newborn deaths include complications

of prematurity, birth asphyxia,9 and infections. For many of these, timely intervention by skilled

providers is essential for survival, and it has been estimated that skilled care during childbirth can

prevent up to 50% of newborn deaths (Bhutta et al., 2014). However, nearly 60 million births

worldwide take place outside of formal facilities (Darmstadt et al., 2009). In sub-Saharan Africa

and South Asia, the two regions that account for most newborn deaths, nearly 60% of all births

take place at home (Montagu et al., 2011). About half of these births are attended by informal

6Examples of this literature include Buchmueller et al. (2006) who study the effect of hospital closures in California
on adult mortality, and Valente (2014) who studies the effect of the opening of abortion centers on neonatal outcomes
in Nepal.

7The fourth Millennium Development Goal, for example aims to reduce child deaths by 75 percent by 2015.
8Newborn deaths are also clustered in certain parts of the world. More than 65% of all newborn deaths occur

in the following countries: Afghanistan, Bangladesh, China, Democratic Republic of the Congo, Ethiopia, India,
Indonesia, Nigeria, Pakistan, and Tanzania (Lawn et al., 2009).

9Deaths due to asphyxia are now classified as intrapartum-related neonatal deaths.
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(traditional) attendants.10

The literature has shown an inverse relationship between use of formal providers (typically

doctors, nurses and midwives) and rates of newborn mortality. We illustrate this relationship in

Figure 1 using 2010 World Bank data for 52 countries.11 This stylized relationship has motivated

current policies that seek to shift births from the informal to the formal sector as a way to reduce

newborn mortality. Several recent studies have however questioned the rationale behind these

policies, finding no evidence that shifting births to the formal sector reduces mortality (see for

example Okeke and Chari, 2014).

3 The ban on informal attendants in Malawi

Informal birth attendants have a long history in Malawi. In the 1980s the official government

policy was to train and equip them with the proper skills (Chen et al., 2011), but this was discon-

tinued in the 1990s as global health policy shifted towards emphasizing skilled birth attendance, a

term largely synonymous with institutional births (World Health Organization, 1992). Many women

however continued to use these informal providers. As of 2006, nearly one in five births in Malawi

was attended by an informal birth attendant.12

In 2007 the Malawian government announced that informal birth attendants were no longer

allowed to attend deliveries. This was in an attempt to reduce high rates of mortality and achieve

Millennium Development Goal mortality targets.13 This policy was outlined in a report released

in July 2007 and was implemented starting in October 2007 (Ministry of Health, 2007). The

ban imposed substantial financial penalties on both the informal birth attendant and the mother.

Typical fines ranged from three chickens to a goat (chickens cost between 150 and 300 Kwacha,

while a goat can cost up to 1,500 Kwacha).14 In Malawi, informal birth attendants charge around

200 Kwacha for a delivery (Kumar, 2007), while health facilities might charge anywhere from zero

10The World Health Organization defines a traditional birth attendant as a person who assists the mother during
childbirth and who initially acquired her skills by delivering babies herself or through an apprenticeship to other
traditional birth attendants (World Health Organization, 1992). Throughout the rest of this paper, when we use the
term ‘informal birth attendant’ this is what we mean.

11Data is from the World Bank Health Nutrition and Population Statistics database.
12This fraction is much higher in other countries.
13In 2007, the maternal mortality ratio in Malawi was 807 per 100,000 live births, one of the highest in Sub-Saharan

Africa; neonatal and infant mortality rates were also high at 33 and 72 per 1,000 live births respectively (National
Statistical Office, Malawi and United Nations Children’s Fund (UNICEF), 2008).

14In 2008 $1 = KW 140.
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to about 1,000 Kwacha depending on the type of facility (Levin et al., 2003). To help provide

some context for these numbers, the per-capita gross national income for Malawi in 2008 was

approximately US$290 (World Bank, 2014). Though systematic data on enforcement is not available,

since enforcement was largely left to the sub-district and village heads, there is some evidence that

the ban was enforced. Several Malawian newspapers for example reported stories of women in rural

areas walking long distances to get to the nearest maternity center, and in some cases giving birth

along the way.15

Essentially the ban raised the cost of using an informal birth attendant, increasing the cost

relative to the formal sector. Due to this change in relative prices, one would expect the demand for

informal birth attendants to decrease. Available substitutes for an informal birth attendant include

formal sector providers, other informal alternatives such as having a relative or friend present at

the birth, or an unassisted birth. Given this set of choices, one might expect comparatively more

women to switch to a formal sector provider after the ban, but the extent of the substitution would

depend on the perceived quality differences (relative to the costs) among the available alternatives

as well as budget constraints faced by the woman at the time of delivery.

The a priori effect of the ban on health outcomes is ambiguous. It would depend on the

composition of women who were previously using informal birth attendants, the direction and extent

of substitution, and the relative differences in marginal health products. If post-ban all informal

sector births shifted to the formal sector, then assuming higher quality on average, mortality would

almost certainly decline. If instead, women opted to stay home and deliver unassisted, then one

might expect mortality to increase. Furthermore, mortality might increase because of the additional

stress imposed on women attempting to reach formal health facilities during labor, or because

informal attendants went underground and practiced in secret. In the latter case, mothers who

experienced complications might be more reluctant to go to a formal health facility for fear of being

penalized. Since theory does not yield a clear prediction, the mortality effects of a ban on informal

birth attendants is an empirical question.

15A series of reports published in The Nation, a daily newspaper in Malawi, that depicted the hardships faced by
pregnant women as a result of the ban is widely believed to have contributed to a lifting of the ban by the president
in September 2010 (Young, 2010).
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4 Data

4.1 Malawi Demographic and Health Survey

Our primary dataset is the 2010 Malawi Demographic and Health Survey (MDHS). The MDHS

sample uses a stratified, two-stage cluster design, with census enumeration areas being the sampling

units for the first stage. The 2010 MDHS sample includes 849 clusters (or villages) – 158 in urban

areas and 691 in rural areas. Within each selected household, women of reproductive age (15-49

years old), and household heads are interviewed. Women are asked about all births within the

preceding five years. For each birth, respondents are asked to provide detailed information about

the place of birth, whether there was an attendant present at the birth, the type of attendant

(women are specifically asked whether the birth was attended by a traditional birth attendant), and

whether the child is alive or dead. For the subset of children who have died, detailed information

is collected about age at death (to the nearest day for children who died in the first month after

delivery). Data on mortality is collected for all births, not just births within the last 5 years.

Given the retrospective nature of the data, measurement error is a valid consideration, partic-

ularly for infant deaths. We note however that recall error has generally been shown to not be an

issue for live born children, with the exception of some age heaping for reported deaths (Beckett

et al., 2001). For example, children who die on Day 27 may be reported by mothers as having died

at one month. We account for this rounding error by defining deaths within the first month as a

newborn death (even though the technical definition is deaths within 28 days). In our mortality

analyses, we also restrict the sample to children born within the last 10 years to mitigate this issue.16

4.2 Health Facility data

The facility level dataset contains data on all health facilities (public and private) in Malawi

and includes information about various services offered by the health facility.17 We drop facilities

that do not offer maternity services leaving us with 517 health facilities across Malawi. The data is

geocoded, allowing us to link the data to the DHS.18 For each facility, we have some data on facility

16As we will show later, the results are not sensitive to this restriction.
17This survey was conducted in 2003.
18In the DHS a GPS reading is taken for each cluster and readings are accurate to approximately 15-20 meters. To

protect the identity of survey participants, GPS locations are randomly displaced. The measurement error introduced
by this random displacement will tend to attenuate estimates.
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characteristics such as whether a trained provider is available at all hours, whether they have a

laboratory, or provide blood transfusion services, and other services. We later use these measures

to construct an index of quality.

4.3 Descriptives

Table 1 contains summary statistics. Panel A shows individual-level characteristics while Panel

B shows birth-level characteristics. In Panel B, we present disaggregated results for births before

and after the ban.

After dropping 287 observations belonging to non-resident household members, we have data

on 13,564 women and 19,680 births; 10,341 in the post-ban period. The average age of women in

the sample is 28 years. The majority (67 percent) have only completed some primary schooling.

86 percent are married or living with a partner, 85 percent live in a rural community, and only 8

percent have electricity in their dwelling. Before the ban, about 70 percent of births took place in the

formal sector (defined as births in a government, private or mission-owned health facility),19 while

informal birth attendants attended about 18 percent of all deliveries. After the ban the percentage

of deliveries attended by a formal provider increased to 74 percent, while the percentage of births

attended by informal birth attendants dropped to 11.5 percent. On average, 3.1 percent and 2.3

percent of newborns died within the first month and first week, respectively, before the ban was

instituted. Both the probability of a newborn death within the first month and within the first

week increase slightly in the post-period to 3.2 percent and 2.6 percent respectively.

5 Empirical Strategy

Our empirical approach is fairly straightforward. We implement a difference-in-difference es-

timation strategy that exploits variation across time and space in ‘intensity of exposure’ to the

government ban. Our proxy for intensity of exposure is the village-level historical rate of informal

birth attendant use.20 We assume a principal-agent framework in which the central government

1931% of formal-sector births were in a government hospital, 48% were in a government health center, 19% were in
a mission-owned health facility, and 2% were in a privately-owned facility. 13% of formal sector births were attended
by a doctor/clinical officer, 82% were attended by a nurse/midwife and 4% were attended by a patient attendant.

20This strategy of defining exposure based on baseline levels has been used before in the literature. See for example
Osili and Long (2008).
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wishes to reduce the average rate of informal birth attendant use – and hence introduces the ban

– but enforcement is ceded to the subdistrict and village heads because they are better able to

monitor behavior and ensure compliance. First, since the objective is to reduce the average, it is

likely that village heads with high rates of use at baseline will face greater scrutiny/pressure to bring

down their rates in order to be in compliance with the law.21 Village heads in such areas should

therefore be more likely to exert effort to identify and penalize defaulters. Second, local leaders

in such areas should be more likely to enforce because they directly benefit from fines collected –

rents are not remitted to the central government – suggesting that their incentives are properly

aligned. Unfortunately, systematic enforcement data was not collected in Malawi so we are not

able to conclusively prove this, but qualitative evidence gathered from interviews of knowledgeable

Ministry of Health staff and village heads in Malawi conducted in September 2013 is consistent with

this interpretation. Figure 2 provides descriptive supporting evidence for this claim. Areas with

higher rates of baseline use see a much larger reduction after the ban is implemented relative to

areas with lower rates of baseline use.

In the analyses that follow, we define a high-exposure village as one where baseline prevalence of

informal attendant use exceeds the 75th percentile.22 We chose this cutoff to balance two opposing

considerations. First, we wanted to ensure that high-exposure corresponded to a meaningfully high

fraction of informal attendant use, and second, we wanted to ensure a sufficient sample of ‘treated’

births (births in high-exposure villages). Raising the cutoff increases the first but decreases the

second. The choice of the 75th percentile may seem somewhat arbitrary but we later show that

the results are robust to the choice of cutoff. Our treatment variable is the interaction between the

high-exposure variable and Post, a binary indicator for births that take place after the ban. The

basic regression specification is as follows:

Yicdt = α1 + α2Postt + δHighExposurec + γHighExposurec ∗ Postt +Xictβ + ηd + τt + εicdt

Even though most of our outcomes are binary, we prefer a linear probability model primarily because

it allows for ease of interpretation of the coefficients on the interaction terms. With fixed effects logit
21We assume that the central government has leverage over the subdistrict and village heads and is able to punish

those that do not comply.
22This translates to about 29% of births attended by an informal birth attendant. In Appendix Figure A.1, we

graph the entire distribution.
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models, one cannot calculate marginal effects of independent variables without making arbitrary

assumptions about the value of the fixed effects. We, however, confirm that the signs and significance

of the relevant coefficients hold when using the conditional logit. Yicdt denotes (i) the probability

that child i in cluster c in district d at time t was delivered by an attendant in the informal or formal-

sector, and (ii) the probability that child i in cluster c in district d born in time t died within X days

of being born (X = 7, 30)23. Postt is an indicator variable equal to 1 if a birth took place after the

ban was introduced (Post = 1 if the child was born after December 2007). HighExposurec denotes

a DHS cluster with a historical prevalence rate ≥ 75th percentile. Xict is a vector of individual,

household and village characteristics. ηd are district fixed effects (in some specifications we replace

ηd with ηc i.e., cluster fixed effects). τt are year x birth month dummies to capture time trends in

a flexible way. In some specifications we relax the assumption of common time trends and allow

time trends to vary by district. The inclusion of district-specific trends allows us to account for any

unobserved time-varying shocks to aggregate demand or supply within a district. In all regressions,

standard errors are clustered at the district level (there are 27 districts). Conditional on the validity

of our identifying assumption, γ identifies the causal effect of the ban. Next we discuss the validity

of our empirical strategy.

5.1 Validity of the empirical strategy

The use of formal/informal birth attendants is unlikely to be random: places where women tend

to use informal birth attendants are likely to have certain characteristics – as we show later, for

example, high-exposure villages are more likely to be located further away from a health facility.

It is important to highlight that identification in our models does not require that high and low-

exposure villages be similar, only that trends be similar. In other words, we assume that trends

in low-exposure areas represent a valid counterfactual for high-exposure areas in the absence of

the treatment. While this is ultimately untestable, we can test whether trends in both areas were

parallel prior to the introduction of the ban. In Table 2 we regress each outcome of interest on an

interaction between a monthly time trend and an indicator for high-exposure using data from the

pre-ban period. We see from Table 2 that we cannot reject the null of similar pre-trends for any of

23In our main specifications, we limit the definition of mortality to only include deaths of live births as reported
by the mother. We later extend this definition to include stillbirths which we discuss in detail in Section 6.4.3.
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the outcomes. The coefficient on HighExposure ∗ Trend, is both small in absolute magnitude and

statistically insignificant.24

In Figure 3, we show how high and low-exposure areas are distributed across Malawi (green

dots represent low-exposure villages while red dots represent high-exposure villages). In Table 3

we compare birth, maternal and household characteristics across high and low-exposure areas. We

find that high- and low-exposure areas indeed have different characteristics: high exposure areas are

poorer, more rural, and more likely to be located further away from a health facility. Low-exposure

villages are more likely to be located in the northern region.25 Reassuringly, however, births and

mothers in both areas look very similar. In Table 4 we show that while high exposure is correlated

with observable characteristics, the treatment variable, the interaction between high-exposure and

Post, is not, increasing confidence in the validity of our empirical strategy.

Our estimation strategy assumes that nothing changed differentially over time in the two areas

that would have affected mortality. The fact that Table 4 shows no differential change over time in

birth and household characteristics, helps to assuage concern about possibly unobserved shocks that

might be correlated with child mortality since any such shocks, if significant, would plausibly alter

birth/household characteristics.26 In the analyses that follow we estimate model specifications that

allow for district-specific time trends, which would help to soak up any unobserved time-varying

shocks across districts. Lastly, as an additional robustness exercise we estimate triple difference

models where we compare changes in mortality among newborn infants (the ‘treated’ group) to

changes in mortality among untreated young children (2-5 year olds) in high- vs. low-exposure

areas. In this specification young children serve as a within-area control group allowing us to

control for any unobserved differential shocks to child mortality. Both of these strategies account

for natural disasters (e.g. floods or droughts) that might differentially affect low and high exposure

communities over time, for example the Karonga earthquake in 2009.27

24In addition, we examine data from the Integrated Household Survey, a nationally representative survey. Using
the 1998 and 2004 waves we observe that trends in other dimensions, in general do not exhibit differential trends.
The results are presented and discussed in Appendix A.

25The Northern region has higher education levels and much lower population density relative to the Central and
Southern regions. We therefore check that our results are robust to excluding the North.

26To provide further supporting evidence we utilize the 2004 and 2010 waves of the Integrated Household Survey
and observe that the interaction between high-exposure and Post, is not statistically significant, increasing confidence
in the validity of our empirical strategy as it suggests that there is unlikely to be some factor correlated with high
exposure driving the observed results. Further details are provided in Appendix A.

27We also check that the results are robust to excluding Karonga district from the analysis.

12



6 Results

6.1 What was the effect of the ban on the use of informal birth attendants?

We begin by presenting descriptive evidence. In Figure 4, we plot trends in high- vs. low-

exposure villages. The dotted line indicates the year in which the ban was introduced. The visual

evidence is very striking: we see that following the introduction of the ban, the probability that

a baby in a high exposure village was delivered by an informal attendant dropped by about 15

percentage points within a year (from 43% to 28%). In contrast, the probability that a baby was

delivered by an informal attendant remained unchanged in low-exposure villages over the same

period. Important for our identification strategy, we see that pre-ban, the trends for both groups

are parallel.

In Table 5 we present the difference-in-difference results. Column 1 shows the basic specification

with district and year x month fixed effects. In Column 2 we include the following controls: an

indicator for gender of the baby, an indicator for a multiple birth, birth order, dummies for mother’s

level of schooling, dummies for mother’s age at birth, an indicator for women who are married or

living with a partner, dummies for ethnicity and religion, dummies for the partner’s educational

attainment, distance to the nearest health facility, wealth quintile dummies, and a rural-urban

indicator.28 In Column 3 we interact all the control variables with the Post indicator, in Column 4

we include district-specific time trends, and in Column 5, to account for ‘floor’ and ‘ceiling’ effects,

we drop villages with baseline prevalence equal to 0 or 1. Column 6 is identical to Column 3 except

that district fixed effects have been replaced with cluster fixed effects.

We see that the imposition of the ban significantly reduced the use of informal birth attendants

– by about 15 percentage points in our most conservative specification. The coefficients on the

included control variables have the expected signs and magnitudes. Education has a strong negative

and monotonic effect on the use of an informal birth attendant. We find a similar negative effect of

household wealth: women in the richest wealth quintile are about 6 percentage points less likely to

use an informal attendant. In contrast, women in rural areas are about 2 percentage points more

28We calculated the geodesic distance between each cluster and the closest health facility that provides delivery
services by linking the DHS GPS data to our geocoded health facility data. 22 DHS clusters (out of 849) did not have
GPS coordinates and were dropped from the analysis. The wealth index was constructed by aggregating information
on dwelling characteristics and household assets using principal component analysis.
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likely to use an informal attendant. Next we examine what happened to these births.

6.2 What was the effect of the ban on the use of formal sector care and other

informal alternatives?

We first examine the effect of the ban on the use of formal-sector providers. Figure 5 plots

trends in the use of formal sector care for high- and low- exposure villages. We see a large increase

in the probability that a baby was delivered by a formal sector health provider in high-exposure

villages within a year of the ban being implemented. In contrast, in low-exposure villages there was

no noticeable change over the same period. The regression results in Table 6 confirm this. The

probability that a birth was attended by a formal sector provider increased by about 11 percentage

points in our most conservative specification (approximately three-quarters of the decline in births

attended by informal birth attendants). In Table 7 we show that there was a small increase in

relative/friend-attended births (about 4 percentage points). Consistent with higher substitution

costs, we find that this increase in the use of other informal substitutes was primarily among

mothers for whom distance was a perceived barrier to use of health services.29 We however find no

statistically significant evidence of an increase in unattended deliveries (Columns 3 and 4). From

Tables 5-7, we conclude that births largely shifted from the informal to the formal sector.

6.3 What was the effect of the ban on newborn mortality?

Overall, the ban appears to have successfully shifted a large fraction of births from informal to

formal sector providers. Given this we examine whether this led to a reduction in newborn deaths.

We take advantage of the fact that the DHS collects mortality information for all births, not just

those within the last five years, allowing us to study mortality trends over a longer period of time.

To mitigate concerns about accuracy of maternal recall, we restrict our attention to births within

the last ten years.30 Studies show that mothers are able to accurately recall significant pregnancy-
29In the MDHS, women are asked whether distance is a ‘big problem’ for seeking care. 58% of women answered

"Yes" to this question. We estimate fully interacted models using this binary variable (see Table 11). The coefficient
for women for whom distance is a big problem is nearly double the size for women for whom distance is not a big
problem (0.043 vs. 0.027), though the difference does not quite attain statistical significance.

30We assess the robustness of the results to changing the recall period. In Appendix Table 1 Panel A, we present
mortality regressions with a recall period of five years to be consistent with the time period over which we observe
birth location (and also to help reduce potential recall bias), and in Panel B, we extend the recall window from 10 to
20 years (there are more observations but at the risk of potentially increasing recall bias. In both cases the results
are qualitatively similar to our main results.
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related events up to 10 years after the birth (Yawn et al., 1998; Sou et al., 2006). Following standard

practice in demography, we focus our attention on singleton births. Our primary outcome is a binary

indicator for a newborn death. We distinguish between a death within the first month of life (a

neonatal death) and a death within the first week (an early neonatal death). The latter is thought

to be a good indicator of the quality of delivery care (Ngoc et al., 2006). To ensure that all births

are fully exposed to the neonatal period, we drop 507 births that occurred in the month of, and the

month immediately preceding, the month of interview. Our final sample consists of 35,246 singleton

births born to mothers since January 2001.

In Figure 6 we plot trends in newborn mortality for high- and low-exposure villages. Until 2005,

both trend lines appear to be largely parallel. There is a puzzling drop in 2005 in low-exposure

areas and a rebound the following year.31 Though we cannot reject the null of similar trends as

shown in Table 2, we allow for flexible time trends that vary by district. We also estimate a triple

difference specification using young (unexposed) children in the same areas as a control group.

This is described in the next section. The regression results are in Tables 8 and 9. Table 8 shows

the effect of the ban on early neonatal deaths (deaths within the first week) while Table 9 shows

results for neonatal deaths (deaths within the first month). Like before, Column 1 shows the basic

specification with district and year x month fixed effects, Column 2 includes controls, in Column

3 we interact all the control variables with the Post indicator, Column 4 includes district-specific

time trends, and in column 5 we drop villages with baseline informal birth attendance use equal to

0 or 1. Column 6 is equivalent to Column 3 except that district fixed effects have been replaced

with cluster fixed effects.

Across all the specifications we find no statistically significant evidence of a reduction in newborn

mortality (coefficients have been multiplied by 1,000 to allow interpretation as X per 1,000 live

births). In our preferred specification in Column 5, which corresponds to the most conservative

specification from Tables 5 and 6, the coefficient even has the wrong sign. Even if we ignore this

positive coefficient and consider the magnitudes of the negative coefficients, the effects implied by

the point estimates are quite small. One can, for example, compare them to the effect of maternal

age and paternal schooling in the model, both of which are potentially malleable factors. The

31One possibility is that this was due to the food crisis of 2005/06. Early heavy rains and limited rains later on in
the season resulted in poor crop yields in 2005, and the resulting food crisis of 2005/06. This may have had a greater
impact in low-exposure areas.
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coefficients on the included controls are consistent with the broader literature. We find that both

first births, male births, and young mothers all have a significantly higher mortality risk, paternal

schooling on the other hand is associated with a lower risk of a newborn death. In the next section

we discuss several robustness checks.

6.4 Robustness checks

6.4.1 Are the results sensitive to choice of threshold?

As noted earlier, our choice of the 75th percentile for high exposure may be considered to be

somewhat arbitrary and so we assess whether the results are sensitive to the choice of the cutoff.

In Figure 7 we graph, for each of the main outcomes, the point estimates and confidence intervals

obtained from regressions where we iteratively vary the cutoff from the 50th to the 85th percentiles.

The regression specification used is our preferred specification in Column 5. We see that the results

are robust to the choice of cutoff. Panels A and B show that as the definition of high-exposure

becomes more restrictive, the effects become larger. Panels C and D document consistent zero

effects across a wide range of thresholds.32

6.4.2 Inclusion of stillbirths

Next we assess the robustness of the results to the inclusion of stillbirths. It is possible that for

babies that die shortly after birth, formal and informal birth attendants may explain this outcome

differently to mothers. If informal birth attendants are more likely to say that the child was born

dead (to avoid being blamed for the death) whereas a provider in the formal sector is more likely to

report that the child was born alive but died (or vice-versa), this introduces systematic measurement

error because the former would be classified as a stillbirth whereas the latter would be reported

as an early neonatal death.33 To address this we examine whether the results are sensitive to the

32As an additional check, Appendix Table 2 presents the results using the actual rate of informal birth attendant
use at baseline rather than the binary indicator for high exposure. We see that the qualitative results are not sensitive
to defining exposure as a continuous instead of a binary variable.

33We thank the editor for raising this point as well as a related point about whether the ban might have affected
the probability of a fetal loss during the pregnancy. The logic being that if the ban induced more women to use a
formal sector provider during the pregnancy, this might result in less fetal loss. Such babies might then be more
likely to die during the first week or first month. In other words, there are offsetting effects – babies are healthier
under formal sector care, but more babies with health problems are also born under such care. In Appendix Table
4, we show that the ban did not increase the number of prenatal visits, nor did it change the likelihood of using a
formal sector provider during the pregnancy. As a caveat we note that most prenatal care in Malawi was already
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inclusion of stillbirths (when stillbirths are included with early neonatal deaths, this is known as

perinatal mortality). The MDHS includes the following question: “Have you ever had a pregnancy

that miscarried, was aborted, or ended in a stillbirth?” We code all pregnancies that ended in

or after the seventh month as a stillbirth. The results are presented in Appendix Table 3. Our

qualitative conclusions are unchanged.

6.4.3 Triple difference approach

As we noted previously, our estimation strategy assumes that nothing changed differentially over

time in high- and low-exposure areas. Although we allow for district-specific time trends, this may

not fully account for differential changes within districts. As a robustness check, we estimate triple

difference models where we compare changes in mortality among newborn infants (the ‘treated’

group) to changes in mortality among young children – 2-5 year olds – (the ‘control’ group) in high-

vs. low-exposure areas. In this triple difference specification, young children serve as a within-

area control group allowing us to purge our estimates of the confounding effects of any differential

unobserved shocks to child mortality. In this case, we are assuming that time varying shocks that

affect high and low exposure areas differentially would not differentially impact infants and young

children. The results from the triple difference specification are reported in Table 10. We obtain

largely similar results.

6.5 Why did increased use of formal care not translate into lower mortality?

The results we have just shown suggest that though the ban successfully shifted births from the

informal to the formal sector this did not translate into a measurable reduction in newborn deaths.

In the specification corresponding to the most conservative effects of the ban on informal/formal

provider use, the coefficient on early newborn mortality is positive though not statistically signifi-

cant. The 95% confidence interval allow us to rule out an effect size greater than roughly 6 deaths

per 1,000 live births. Even if we ignored the positive (wrong-signed) coefficient and focused on the

negative coefficient in Column 4 of Table 8, the point estimate implies a small effect – a reduction

in early newborn mortality of less than 1 death per 1,000 live births (the estimated effect on 30-day

provided by the formal sector – prior to the ban less than 2% of women received prenatal care from an informal birth
attendant. Since the ban did not change patterns of prenatal care, this mechanism seems highly unlikely.
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mortality is only slightly larger). This is an intent-to-treat estimate since the ban did not achieve

100% compliance, but a quick calculation simulating full compliance and scaling up the negative

coefficient would still imply only a small reduction in early newborn mortality – about 2 deaths per

1,000 live births (less than 10% relative to the baseline).34 This raises the question of why the ban

did not reduce newborn mortality on average. Below we consider several alternative explanations.

6.5.1 Was there an offsetting effect of relative/friend-attended births?

Previously we showed that there was not a 1:1 substitution between informal and formal birth

attendants, some women appear to have substituted towards relative/friend-attended births. If

these women experienced worse outcomes on average, this might offset any potentially beneficial

effects of increased use of formal sector care. Given that the increase in use of formal providers

was nearly three times the increase in use of relative-friend-attended births (11 compared to 4

percentage points), it seems unlikely that any adverse effects of relative/friend attended births

would completely swamp the beneficial effects of formal sector care, nevertheless, to try to rule this

out, we take advantage of the fact that the substitution towards relative/friend-attended births was

largely among women with high travel costs (women who reported that distance was a ‘big problem’

in accessing services). We run separate regressions for women with high and low travel costs (see

Table 11) and find that if anything the results run in the opposite direction – the coefficient on

mortality is negative for women with high travel costs, who were more likely to substitute towards

relatives/friends, and positive for the other women. From this result, we conclude that there is no

evidence of any offsetting effects.

6.5.2 Are ’compliers’ women with low returns to formal care?

Another alternative that we consider is that the women who were induced by the ban to switch

to formal sector care are women with low returns to formal care. The marginal health gain of

switching from an informal to a formal sector provider is likely to depend on pregnancy risk. Low-

risk pregnancies would likely have a good outcome regardless of whether they were attended by

a formal or informal provider, implying that the marginal returns to formal care are low. It is

34The ban conservatively reduced use of informal birth attendants by 15 percentage points. Since the baseline is
45%, to simulate 100% compliance we scale up the mortality estimate by a factor of three i.e., -0.00065*3.
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therefore important to explore whether the compliers in this natural experiment are low-risk women.

Following the medical and epidemiological literature (McMillen, 1979; Vogel et al., 2013), we classify

the following as higher risk: (i) male births, (ii) multiple births, (iii) first births, and (iv) young

mothers (age<18 years). Our data show that, consistent with the literature, these variables are

associated with a greater probability of a newborn death. Following Angrist and Pischke (2009),

we estimate the relative likelihood that compliers possess some Bernoulli-distributed characteristic,

X using the following expression:

P [x1i = 1|D1i > D0i]

P [x1i = 1]
=

E[Di|Zi = 1, x1i = 1]− E[Di|Zi = 0, x1i = 1]

E[Di|Zi = 1]− E[Di|Zi = 0]

Di denotes treatment (in this case, using a formal sector provider), Zi is the instrument (in this

case, the interaction between exposure and Post), and 0 and 1 denote potential outcomes. We also

estimate the mean of each characteristic for compliers using the kappa-weighting scheme suggested

by Abadie (2003) and compare with the average. The results are in Table 12. We see that, overall,

compliers appear more likely to be higher risk – they are 31% more likely to be first-time mothers,

and 32% more likely to be carrying a multiple pregnancy. From this we conclude that the compliers

are not unusually low risk.

6.5.3 Is the quality of formal care a constraint?

The final explanation that we consider is that low average quality constrains improvements in

health outcomes. There is a fair amount of literature that shows that the quality of formal sector

care is quite low on average (Chaudhury et al., 2006; Banerjee et al., 2004; Das et al., 2008, 2012).

Harvey et al. (2007) for example finds that only half of assessed providers in five countries were

competent to perform newborn resuscitation. Ronsmans et al. (2009) show that midwives are not

skilled at managing delivery complications even when women present early. It is also well known

that many health facilities, particularly those at the primary level, lack necessary equipment and

supplies to deliver high-quality care. To explore the potential importance of quality of care in the

formal sector, we turn to our health facility dataset.

The dataset contains information that allows us to construct an index of the facility’s ability

to deliver high-quality care, such as whether the facility has an on-site laboratory, whether trained
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clinical staff are available 24 hours a day, and whether the facility can carry out blood transfusions.

The indicators we use in constructing the quality index are shown in Table 13. A limitation of

these indicators is that they primarily measure structural quality and may not adequately capture

other relevant dimensions of quality such as the process of care. However, the process of care is

notoriously hard to measure – clinical vignettes tend to measure competence but may not be a

good representation of what the provider would do in practice (Das and Hammer, 2004); direct

observation induces Hawthorne effects (Leonard and Masatu, 2010), and the use of standardized

patients is very expensive and can usually only be used on a small scale (Das et al., 2012).

We assign each facility a quality score based on these indicators – we score one point for each

indicator and sum the scores. The minimum score is 0, the maximum is 8. The distribution is

shown in Figure 8. We classify facilities with a score within the top quartile of the distribution as

high-quality facilities. In Table 14 we present separate results for households with access to high-

quality formal care (defined based on whether the nearest health facility is a high-quality facility)

and households without. We find that, consistent with quality being an important constraint,

there is a statistically significant reduction in newborn mortality for households with access to

high quality formal care but not for other households. The coefficients indicate about a 1.3-1.4

percentage point decrease in newborn mortality within the first week and a 1.6-1.8 percentage point

decrease in newborn mortality within the first month. The coefficients for households with access to

lower-quality care are generally positive, though not statistically significant. As a robustness check,

we estimate the earlier triple difference specification for each group of households (i.e. by quality

quartiles). We note that this corresponds to a quadruple difference – the first difference is between

high- and low-exposure areas, the second difference is before and after the ban, the third difference

is between newborns and young children, and the fourth difference is between households with good

access to high-quality formal sector care and those with poor access. The results continue to hold

(see Appendix Table 5).

7 Conclusion

Informal health providers are ubiquitous in developing countries, and play a particularly im-

portant role in the provision of maternal care. These informal (or traditional) birth attendants, as
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they are known, attend up to half of all deliveries, and provide a range of other maternal and child

health services. Their use is however controversial because they are not formally trained and many

people believe that the poor quality of care they provide leads to preventable deaths. Recently,

some countries have instituted bans (enforced by fines and penalties) to prevent the use of these

informal attendants. The goal of these bans is to shift births from informal to formal settings. Since

the quality of care is believed to be higher in the formal sector, this policy is expected to reduce

mortality. However it is not a priori clear that either of these assumptions is necessarily true. It

has been argued that informal attendants play a critical role, particularly in rural areas, and that a

ban might induce women to give birth unassisted, or might force this practice underground. There

is also plenty of research that raises questions about whether formal sector providers deliver better

care in practice. This paper provides the first empirical examination of the effects of a ban on

informal health workers.

In 2007, the Malawi government imposed a ban on the use of informal birth attendants in an

effort to reduce mortality rates that were some of the highest in the world. Newspaper reports

and anecdotal evidence from Malawi suggests that the ban was enforced. To estimate the causal

effect of the ban, we employ a difference-in-difference strategy that exploits variation across time

and space in the intensity of exposure to the ban. We show that the ban significantly reduced

the use of informal providers – by about 15 percentage points based on our most conservative

estimate (relative to a baseline mean of about 45 percent). Consistent with policy objectives, the

ban shifted births to the formal sector. We show that the ban conservatively increased use of formal

sector providers by about 11 percentage points, with a small increase in the use of other informal

alternatives, primarily, relatives and friends. Importantly however, we find no evidence that the ban

led to an increase in unattended births. Despite the large shift in births from informal to formal

settings, we found limited evidence of a reduction in newborn mortality on average.

To understand why the shift from informal to formal providers did not translate into mortality

reductions, we explore three alternative explanations. First, we examine whether there were offset-

ting effects from the (small) increase in use of relative/friend-attended births – increased mortality

from relative/friend-attended births might offset reduced mortality from increased use of formal

care. Second, we examine whether the mothers induced by the ban to use formal services (the

compliers) were low risk. Third, we examine whether low average quality acts as a constraint on
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health improvements. We do not find evidence for the first two explanations: our results instead

are consistent with the ‘low quality’ hypothesis. We find that mothers with access to high-quality

formal sector care – defined based on the closest health facility – had a lower probability of a new-

born death after the ban is introduced. Since most women did not have ‘access’ to a high quality

facility – and our results suggest that there was no (measurable) benefit to using these facilities –

this helps to explain why, on average, there was no effect of the increased use of formal sector care

on newborn mortality. This type of policy may therefore help to exacerbate inequalities in health

outcomes unless there are simultaneous efforts to improve the quality of formal sector care.

The findings in this study add to a growing body of evidence that show that increasing the use of

formal health providers and facilities, by itself, does not lead to significant improvements in health

outcomes. Okeke and Chari (2014), for example, exploit the randomized scale-up of a performance-

based financing program in Rwanda and find that despite a large increase in institutional deliveries

as a result of the program, there was no reduction in newborn mortality. Mazumdar et al. (2011)

evaluate the effect of a large conditional cash transfer program in India, the Janani Suraksha Yojana

(JSY), that incentivizes women to give birth in formal facilities but find no effect of the JSY on

newborn mortality. See also Mohanan et al. (2014), who find no effect of a separate program in

India that covered the costs of deliveries at private-sector hospitals for households below the poverty

line. The results in this paper help to resolve this seeming puzzle. We show that increased use of

formal care does improve outcomes but only for those with access to high quality care. These findings

suggest that supply-side improvements should be a priority for policy maker efforts if the objective

is to reduce mortality.

What are the welfare implications of a ban on informal attendants and is this a good policy?

Our results paint a mixed picture. While we find evidence of decreased newborn mortality for some

households, most households experienced no such gains and likely incurred significant costs to use

formal sector care (higher travel costs and higher fees in the formal sector). As a caveat, we note

that we are only able to look at child outcomes and are not able to estimate the effects of the ban on

maternal health outcomes because of limitations of the available data.35 The economic rationale for

35The DHS asks all women about their female siblings and whether they are alive/dead and how they died. This
allows one to construct a measure of maternal mortality. However, siblings do not necessarily reside in the same
village and this is particularly true post-marriage. This introduces considerable measurement error in an outcome
that is an already rare event. In ongoing work elsewhere we are able to look at maternal health outcomes.
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government intervention in markets is usually to correct a market failure and it is not clear whether

this rationale extends to the informal health sector. Government intervention may be warranted, for

example, if informal sector providers deliver care that is harmful and information frictions prevent

households from perceiving this, or if households systematically underestimate the returns to formal

care.36

On the one hand, our results suggest that women may (correctly) perceive that, on average,

there is little gain to switching to the formal sector, and may therefore be making rational choices

to use informal attendants; on the other hand however, we find that there are some women who

would benefit from using formal care who are not (and who would not be in the absence of the ban).

In other words, some women are making the ‘wrong’ decision. This suggests that there is room for

welfare-improving policy. A ban, however, given the distribution of costs and benefits, may be too

heavy-handed an instrument and other ways to get the right women to use services may be more

appropriate.

36Another potential rationale is if there are negative externalities such as in the case of antibiotic resistance from
improper prescribing.
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8 Appendix A

We carry out additional validity checks using a different dataset – the Malawi Integrated House-

hold Survey (IHS). The IHS is a nationally representative household survey that collects extensive

data on agricultural production, income and consumption. We use these data to: (a) examine

whether there were differential changes pre- and post-intervention using additional variables (simi-

lar to Table 4); (b) explore whether households in high-exposure areas were exposed to more/fewer

shocks over time that might affect child mortality. For our analysis we use the 2004 and 2010

waves of the IHS. We note some important limitations: first we cannot readily match the IHS to

the MDHS (earlier waves of the IHS did not collect GPS coordinates and even when GPS coor-

dinates are available the clusters sampled largely do not overlap with the MDHS), we also cannot

readily match clusters within the IHS across waves (largely different clusters were sampled in both

waves). Therefore, we have to rely on a less sharp definition of exposure to treatment that is not

directly comparable to the measures used in the main analysis. Second, comparability across waves

is a problem because questions change over time, this restricts the range of variables that we can

consider. With these caveats in mind we present the results.

In Table A.6, we test whether there are differential changes in household characteristics between

2004 and 2010. As we have noted because clusters cannot be matched consistently between the

MDHS and the IHS, we construct the exposure indicator at a more aggregate level that we can

match across datasets. Specifically, we construct baseline prevalence of informal birth attendant

use for each district by rural/urban status using the MDHS. Then using the same approach taken in

the paper, we define exposure equal to one if the cell exceeds the 75th percentile in the sample; and

zero otherwise. We then apply exposure status to the IHS. Post is equal to one if the data comes

from the 2010 wave. Similar to our finding using the MDHS, we do not find differential changes in

household characteristics between 2004 and 2010.

In Table A.7 we look specifically at a range of household shocks that may be correlated with

child mortality. The IHS collects information about a range of households shocks and respondents

are asked whether or not they experienced a particular shock. As we have noted previously, there

are some issues with comparability across waves. For example in 2004, the IHS asked about shocks

in the last five years, while in 2010, respondents were asked about shocks in the last year. In
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order to ensure comparability of indicators across waves we have aggregated some shocks that were

listed separately in one round of the survey and jointly in a different round. For example, in 2004

respondents were asked about droughts and floods jointly, whereas in 2010 respondents were asked

about each one separately. With this limitation in mind, we show that the results are broadly

supportive of our identification strategy..
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Figure 1 
 

 
Notes: This figure shows the cross-sectional correlation between the percentage of births 
attended by a doctor, nurse, or midwife and the neonatal mortality rate for 52 countries 
in 2010. Source of data is the World Bank Health Nutrition and Population Statistics 
database.  
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Figure 2 
 

 
 

Notes:  X-axis shows the historical rate of informal birth attendant use grouped into five 
categories. We exclude villages with values of 0 and 1. 
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Figure 3 
 

 
Notes: The figure above is a GIS map of Malawi showing high and 
low-exposure clusters. 

 
 



Figure 4 
 

 
 

Notes: This figure plots trends in use of informal birth attendants in high- and low-
exposure villages. Dotted line indicates when the ban went into effect. 
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Figure 5 
 

 
Notes: This figure plots trends in the use of formal-sector health providers in high- and 
low-exposure villages. Dotted line indicates when the ban went into effect. 
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Figure 6 
 

 
Notes: This figure plots trends in newborn mortality for singleton births between 
2001 and 2010 in high- and low-exposure villages. Top figure shows mortality 
within the first week of life while bottom figure shows mortality within the first 
month. Dotted line indicates when the ban went into effect. 
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Figure 7 
 

 
Notes: We examine the sensitivity of the key results to changes in the percentile threshold used in 
defining our exposure variable. Figure shows coefficient estimates and associated 95% confidence 
intervals obtained from difference-in-difference model specifications corresponding to Column 5 
of Tables 5, 6, 8 and 9.  

 
 

10
0

-1
0

-2
0

-3
0

P
er

ce
nt

ag
e 

po
in

ts

50 60 70 80 90
Percentile threshold

 
A. use of informal attendants

30
20

10
0

-1
0

P
er

ce
nt

ag
e 

po
in

ts
50 60 70 80 90

Percentile threshold

 
B. Use of formal sector providers

-2
0

-1
0

0
10

20
pe

r 
1,

00
0 

liv
e 

bi
rt

hs

50 60 70 80 90
Percentile threshold

 
C. Deaths within the first week

-3
0

-2
0

-1
0

0
10

20
30

pe
r 

1,
00

0 
liv

e 
bi

rt
hs

50 60 70 80 90
Percentile threshold

 
C. Deaths within the first month

Are results robust to choice of percentile threshold?



Figure 8 
 

 
 

Notes: This figure shows the distribution of births by the quality score of the nearest 
health facility. The dotted lines indicate the 50th and 75th percentiles respectively. The set 
of indicators used in calculating the quality score are shown in Table 13. Each indicator 
is assigned a score of one and we sum the scores for each facility. 
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Figure A.1 
 

 
Notes: This figure plots the distribution of DHS clusters by baseline prevalence of 
informal birth attendant use. Dotted lines from left to right indicate the 50th, 75th, and 
90th percentiles respectively. 
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Table 1: Summary Statistics 
 

Panel A: Women sample  
 

 

  



Panel B: Birth sample 
 

 
  



Table 2: Test of parallel time trends  
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