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Abstract

We examine whether a causal relationship exists between maternal education and ma-
ternal mortality. Despite considerable evidence in favour of a causal relationship between
education and a range of other health behaviours and outcomes, and a significant gradi-
ent between maternal mortality and education across time and countries, no comprehensive
study exists to examine whether this relationship is—at least in part—causal. By forming a
large panel of data consisting of 108 countries over 20 years, and by examining three natural
experiments resulting in plausibly exogenous expansions in education, we present consider-
able evidence that increases in maternal education causally reduce the likelihood of dying
in child birth. The size of this relationship is considerable. Our preferred estimates suggest
that a country moving from 0 to 1 years of education will reduce maternal mortality by
174 deaths per 100,000 births, while moving from 7 to 8 years results in a smaller, but still
significant, 15 deaths per 100,000 births.
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1 Introduction

Life expectancy exhibits a consistently positive gradient in education that, unlike income gra-
dients, tends not to diminish as education levels rise and is evident across and within rich and
poor countries (Richards and Barry, 1998; Kunst and Mackenbach, 1994; Elo and Preston, 1996;
Lleras-Muney, 2005; Meara et al., 2008). Maternal mortality is an important determinant of
life expectancy for women in developing countries but there is relatively little evidence of the

relationship between maternal mortality and education. This paper attempts to fill that gap.

Every day, approximately 800 women die from preventable causes related to pregnancy and
childbirth with 99% of all maternal deaths occuring in developing countries (WHO, 2012). The
maternal mortality ratio in developing countries is 240 per 100,000 births versus 16 per 100,000
in developed countries. There are large disparities between and within countries, with a few
countries having extremely high maternal mortality ratios of 1,000 or more per 100,000 live births;
more than half of all maternal deaths occur in sub-Saharan Africa and almost one third occur in
South Asia (WHO, 2012). The WHO identifies poverty, limited access to public services, cultural
practices and lack of information as the main causes or sources of variation in maternal mortality
ratios. Here we test whether differences in levels of womens education have an additional direct

effect on rates of maternal death.

Between 1990 and 2010, maternal mortality worldwide dropped by almost 50%. While this is
impressive, certainly relative to trends in the preceding twenty years, the average rate of decline
in the global maternal mortality ratio (the number of maternal deaths per 100,000 live births)
of 3.1% per year over this period falls well below the annual decline of 5.5% required to achieve
the Millennium Development Goals (MDG) for maternal health adopted by the international
community in 2000. There are signs of increasing policy commitment to addressing maternal
mortality: official development assistance for maternal and new-born health has risen relative,

for instance, to funding for child health (Greco et al., 2008).!

However policy documents on maternal mortality seldom indicate education as a cause and
the academic literature has very little to say about the relationship between maternal mortality
and education. This said, there is a lively literature in economics that documents a positive
correlation between education and other indicators of health. One possibility, relatively uninter-

esting for policy, is that this correlation is driven by time preference, people with lower discount

1Overall donor disbursements increased from US$2,119 million in 2003 to $3,482 million in 2006; funding for
child health increased by 63% and that for maternal and new-born health increased by 66%. In the 68 priority
countries, child-related disbursements increased from a mean of $4 per child in 2003 to $7 per child in 2006;
disbursements for maternal and neonatal health increased from $7 per live birth in 2003 to $12 per live birth in
2006.



rates tending to invest more in both forms of human capital. While this is likely so, the crop
of studies that identify causal effects of education on health most often tend to associate this
with educated people engaging in healthier behaviours, for instance, smoking and drinking less
and being more likely to seek prenatal care, adopt new drugs or adhere to treatment for disease
(Goldman and Smith, 2010; Goldman and Lakdawalla, 2001; Currie and Moretti, 2003; Licht-
enberg and Lleras-Muney, 2005; Cutler and Lleras-Muney, 2010; Glied and Lleras-Muney, 2008;
Jensen and Lleras-Muney, 2012). This is consistent with the efficacy that education confers in
acquiring and processing relevant information (Rosenzweig, 1995; Rosenzweig and Schultz, 1989;
Cutler and Lleras-Muney, 2010). Education may also influence health through its influence on
income and, thereby, the facility to purchase health inputs, but the impacts of education on
health tend to be larger than direct impacts of income, to hold conditional upon income, and
to be similar for men and women, at least in richer countries (Lleras-Muney, 2005; Cutler and

Lleras-Muney, 2010).

The proximate causes of maternal mortality are pregnancy complications such as pre-eclampsia,

bleeding, infections and unsafe abortion.?

To the extent that educated women are more likely
to adopt simple and low-cost practices to maintain hygiene, are more able to react to symptoms
such as bleeding or high blood pressure, more likely to assess the information on abortion and
place of abortion, and more willing to accept treatment and birth attendance, education may
plausibly cause declines in maternal mortality. Moreover, if these are the mechanisms by which
it acts then education may have an impact on maternal mortality conditional upon the state of
health services. The payoff to education tends to be higher in circumstances where learning is
important, for instance, circumstances of structural and technological change (Foster and Rosen-
zweig, 2004). Such change is characteristic of developing countries which, in the post-war period,

have experienced massive technological change in the public health sphere (Cutler et al., 2006)

as well as changes in the economic (and occupational) structure.

Using panel data for 108 developing countries and new estimates of maternal mortality
ratios for 1990-2010, we estimate the relationship between maternal mortality and educational
attainment under the standard panel data identifying assumptions, unconditional and conditional
upon indicators of income, public health provision and fertility. We find large and consistently
significant impacts of education. Indeed, depending upon the specification, the (standardized)
impacts of education on maternal mortality are equal to or larger than the impacts of skilled birth
attendance, an instrument that the WHO currently focuses upon in devising programs to address
maternal mortality. In contrast, within-country variation in GDP has no significant impact on

maternal mortality conditional upon education. We supplement the cross-country analysis with

2We provide a more extensive discussion of the medical literature related to maternal mortality and death in
and surrounding childbirth in appendix B.



quasi-experimental case studies from Nigeria, Zimbabwe and Kenya. These are three countries
that implemented substantial education reforms. We use cohort and region variation in education
generated by the reform, which we argue is plausibly exogenous. To match this to maternal
mortality rates, we construct cohort mortality rates for regions within these countries using the
Demographic and Health Surveys. In two of the three case we identify a sizeable and negative
impact of improvements in education on maternal mortality. In both Nigeria and Zimbabwe
we find that the educational expansions due to policy experiments significantly reduce maternal
death in affected cohorts, and find that these results are surprisingly close to those estimated in
cross-country regressions. In Kenya—which experienced a schooling extension at the lower high
school level—we do not find evidence of such a reduction, estimating that the effect on maternal

mortality is not significantly different to zero.

Allin all, this paper generates new data on maternal mortality that is available for individuals
within regions and states of countries, and it provides what would appear to be the first systematic
consideration of the relationship between maternal mortality ratios and education. It opens up

several avenues for further research.

2 Methodology

2.1 Cross-Country Analysis

In order to examine the effect of educational expansions on maternal mortality, we run country-

level regressions of the following form:
MMR. =educyS + Wy + ae + oy + €444 (1)

where M M R.; refers to the maternal mortality rate in country ¢ and period ¢, educ.; to a series
of variables measuring the percent of the population with a given level of education, and W
refers to a vector of relevant country- and time-varying covariates. Given that we have both tem-
poral and regional variation in the variables of interest, we employ a fixed-effects methodology
which allows for us to control for all time-fixed country-specific factors which may confound the
analysis in (1).% The ability to eliminate these time invariant factors is particularly important in
this analysis, given that many unobserved factors, such as the institutional and political aspects

of a given country, are likely to be correlated with both maternal mortality and educational at-

3As a robustness test, we include country-specific linear time trends a. - t in all regressions.



tainment. Whilst some of these variables are not strictly “time-invariant”, they evolve sufficiently
slowly that our analysis over a comparatively short time horizon will mean that a fixed-effect
estimator will largely control for them. We cluster standard errors at the level of the country

(allowing for the stochastic term wu.; to be correlated over time for each c.)*

We estimate (1) for a number of different subgroups. Whilst we primarily focus on women
of reproductive age, our data allows us to run a similar analysis for educational attainment of
both gender groups and for various age subgroups created within the fertile age range. We also
segregate countries by region- and income-level, and present group-specific estimates of the above
specification. A full list of the educational variables which we use and a description of the time

varying covariates W; is provided in section 3.

2.2 Natural Experiments

In addition to (1) which we estimate with country by year panel data, we focus on a number of
country-specific cases in countries which have experienced isolated, policy-defined expansions in
schooling achievement. Such expansions allow for us to causally identify the effect of education
on maternal mortality if we believe that we can identify similar subgroups of individuals who
are differentially affected by these isolated shocks to education. In these country case studies,
we construct comparable subgroups of women who entered school on either side of an important
educational reform. We exploit variation in the intensity of treatment between regions and

cohorts of birth to estimate the effect of educational expansions on maternal mortality.

Prominent educational reforms discussed in the economics literature are listed in table 1.
Of the reforms listed here, we identify three which are suitable to use as natural experiments to
identify the effect of education on maternal mortality. These are Nigeria, Zimbabwe, and Kenya.
Of the other three cases listed, they were either not examined as they occurred too recently to
observe the outcome of interest (maternal mortality) or because microdata for maternal mortality
outcomes was not available for the country in question. For each of the three natural experiments
examined, we briefly describe the nature of the reform, and the identification strategy used in

estimation.

4In certain cases when we restrict to only certain sub-groups of countries, the number of countries in each
regression is less than 50. Rule of thumb-type considerations suggest that clustering standard errors using less
than around 50 clusters is not optimal (Angrist and Pischke, 2009; Nichols and Schaffer, 2007). In these cases we
also estimate using heteroscedasticity robust standard errors, and wild bootstrapped standard errors (MacKinnon
and Webb, 2014; Cameron and Miller, 2015). To be conservative, we always report the set of estimates with the
largest standard errors (on our variables of interest).



2.2.1 Nigeria 1976

The Universal Primary Education (UPE) program was initiated in Nigeria in September 1976 as
a national program directed at primary school enrolment. This program involved the provision
of free primary school education, along with significant classroom construction (Osili and Long,
2008). The gross primary enrolment rate doubled between 1974 and 1981 for male students, and
nearly tripled for females. Osili and Long (2008) suggest using a double-differences identification
strategy in which women from cohorts born between 1970 and 1975 in high-intensity states® act
as the treatment group. As per Osili and Long, rather than opt for a control group immediately
older than the treatment group, we examine women born between 1956-1961 in order for our
analysis to not be confounded by over- and under-age enrolments in primary school. We also
examine the effect on cohorts born between 1965 and 1970, which may be partially affected by

the reform given over-age enrolment in primary school.

Two measures of treatment intensity are defined: a dummy for those living in high-intensity
states, and a measure of federal capital funds dispersed per capita in each state in 1976 (the year
of the reform)®. The effect of UPE on schooling and maternal mortality is then estimated using

a difference-in-difference framework:
Yiji. = a+ B UPE Cohort,j,+yUPE Input, +§(UPE Input, x UPE Cohort ) +Xj;,.0+€ijk- (2)

The schooling and maternal mortality outcomes (y) for individual ¢ in cohort j and state k are
regressed on controls for year of birth, religion, ethnicity, and additional controls for groups
differentially affected by the 1967-70 civil war (see Akresh et al. (2012) for further discussion.)
The UPE Cohort dummy captures whether an individual was of primary school age at the time
of the reform (year of birth between 1970 and 1975 inclusive), and UPE Input is a dummy for
whether an invididual resides in a high-intensity treatment state, or the investment per capita
of a given individual’s state as discussed above. For educational outcomes we expect that é—
the reduced form estimate of the effect of UPE—should be positive, and, if education reduces
maternal mortality, that § < 0 for maternal mortality outcomes. Further details and summary

statistics for outcome and treatment variables are provided in section 3.

5Prior to the UPE program the non-Western states of Nigeria had low primary enrolment rates and low levels
of investment per capita. With the introduction of the UPE, these states experienced a considerable expansion
in educational investments (Osili and Long, 2008), and so are defined as ‘high-intensity’ states.

6Two additional treatment measures are examined by interacting funds per capita with treatment state, and
funds per capita with number of years affected by the treatment. Further details are available as notes to Table
Ta.



2.2.2 Zimbabwe 1980

Agliero and Bharadwaj (2014) use extensions of schooling availability to black citizens in 1980
after independence in Zimbabwe to isolate the effect of education on health investments. This
extension in years of education was observed in high-school age students, with the authors demon-
strating a discontinuity between the ages of 14 and 15. The reform in question occurred in April

1980, and has been used in the literature in earlier papers (see for example Edwards (1995)).

In estimating the effect of the reform we follow Agiiero and Bharadwaj (2014) in estimating

around the discontinuity in educational attainment between the cohorts aged 14 and 15 in 1980:

Yyij = f1DumAge;;+ B2 DumAge;; x (AgeSOij—14)+ﬁ3(1—DumAgeij~)>< (AgeSOij—lél)—i—X;jH—&—Eij.

(3)
Here DumAge takes the value of 1 for those aged 14 or less in 1980, and 0 for all women aged
over 14 in 1980, and linear trends are fitted on each side of this cutoff.” The X,; vector includes
controls for age at 1980, survey fixed-effects, region fixed effects, and a rural dummy variable.
In this context (7 is the reduced-form estimate of the effect of the expansion on education and

maternal mortality outcome variables.

2.2.3 Kenya 1985

A primary school reform in Kenya in 1985 resulted in a change in the structure of education
from a “7-4-2-3” system (7 years primary education, 4 years of lower secondary, 2 years of upper
secondary, and 3 years of tertiary) to an “8-4-4” system. Significantly, this means an increase by
one year in required primary schooling to receive the Kenyan Certificate of Primary Education
(KCPE). This reform was sharp, taking place nationally in January of 1985 by allowing no
students to progress from primary to secondary education in this school year. Chicoine (2012)
shows that this has a significant impact on years of completed schooling, both for those women
who complete only primary school, as for those women who progress to secondary education.
Chicoine (2012) demonstrates that for those individuals born prior to or in 1963, there is null
(or very low) probability that they will be treated by the 1985 reform in Kenya. For those born
between 1963 and 1972, the probability of treatment is an increasing function of birth year,
and for those born post-1972 they are treated with a probability of 1 (where ‘treatment’ implies
matriculating to secondary school after 1985, and hence completing an additional year of primary

schooling).

"This is in line with that suggested by Agiiero and Bharadwaj (2014). We also present results estimated with
a quadratic and cubic trend.



A treatment variable is then defined in line with the probability that an individual in each
cohort is affected by the reform. This variable is approximately identical to that defined by
Chicoine (2012). We use this treatment in a reduced form equation of the following form:

Yijq = o+ fTreat ), + age;jqu + qob trend;q§ + X;ij + €ijqs (4)
where as in the prior subsections we estimate the effect of the plausibly exogenous treatment
on individual ¢, from cohort j, and, in this case, as per Chicoine (2012), control for quarter of
birth ¢q. The vectors age (in years) and quarter of birth trend include cubic and quadratic

terms respectively, while X, includes a quarter of birth fixed effects, ethnicity, and rural/urban

controls.

3 Data

3.1 Cross-Country Regressions

Measures of educational attainment come from the cross—country dataset compiled by Barro and
Lee (2013, 2010) which provides data on total years of schooling, years of schooling by education
level (primary, secondary and tertiary), plus a measure of the proportion of the population with
each level of education (primary, secondary and tertiary) or with no formal education. The
Barro-Lee data allows us to observe the evolution of national attainment figures over time in
five-year age groups, both for the entire population, and for the subgroup of females. The age-
specific nature of this dataset allows for us to limit our analysis to individuals of fertile age,
which for simplicity we define as between the ages of 15 and 39.8 We also construct educational
measures based upon individual data collected in the Demographic and Health Surveys (DHS).
This data allows for us to observe the education outcomes reported by a representative sample
of individuals in a subsample of countries, and allow us to test the robustness of the results using
the Barro-Lee data. The DHS education data can be constructed at the regional (sub-country)

level and we take advantage of this for our country-specific estimates.

The education data are merged by country and year with information on maternal mortality
ratios (hereafter MMR) provided by the World Health Organization (WHO, 2012). The MMR
indicator is calculated by the World Health Organization (WHO) using figures collected in house-

hold surveys and administrative records for maternal mortality and live births. Maternal deaths

8Similar estimates are run for the age group 15-49. The qualitative implications of the estimates do not change.



are classified (ICD 10) as those mothers who die from any cause “related to or aggravated by
pregnancy or its management (excluding accidental or incidental causes) during pregnancy and
childbirth or within 42 days of termination of pregnancy...”.? Given concerns of underreporting
by member states and the difficulty in compiling accurate measures of maternal mortality, point

estimates are reported along with confidence intervals in the MMR dataset used.

Merging Barro-Lee and MMR data results in a panel of 146 countries with observations
over a period of 20 years (1990-2010). Both sets of data provide observations on a 5-yearly
cycle; 1990, 1995, 2000, 2005 and 2010. To this main dataset we add measures for the log of
GDP per capita, immunization rates—which we consider an imperfect proxy for national health
expenditures—and fertility which are accessed from The World Bank Data Bank. We construct
two further covariates by combining results from household surveys with available, but sporadic,
cross-country measures. In order to control for births attended by skilled health staff and for
the adolescent fertility rate, we use household data from the Demographic and Health Surveys
(DHS) for that subset of countries and time periods for which a DHS survey is available. Where
DHS data is not available, we access more complete cross-country data provided by The World
Bank (2013) Data Bank. A precise description of what these variables represent and how they
are constructed is provided in appendix A. The full merged dataset is available for download

from the authors’ webpage.

The estimation sample with non-missing data for all relevant variables contains 108 countries
observed quinquennially through 1990-2010. The panel is unbalanced containing gaps in years
in which attended births or adolescent fertility observations are not available. A full list of
countries and years of availability is presented in table 8 in appendix C, and summary statistics
of all variables and their coverage are presented in table 2a. Additional descriptive statistics of
education and maternal mortality over the time period of interest are available in data appendix

A, and in appendix figures.

3.2 Natural Experiments

In order to focus on country-specific case studies, we use micro-level survey data from the Demo-
graphic and Health Surveys (DHS). These surveys focus on maternal and child health, and have
a module focusing on maternal mortality. This maternal mortality module of the DHS is based
upon the sisterhood method, where surveyed women are asked about sisters who have died, and

whether death was during or related to child-birth (Rutstein and Rojas, 2006). These surveys

9A full description is provided by The World Health Organization at http://apps.who.int/gho/
indicatorregistry/App_Main/view_indicator.aspx?iid=26


http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=26
http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=26

allow us to calculate cohort specific maternal mortality rates, which can be combined with sim-
ilarly calculated cohort specific educational attainment figures. As we do not have educational
data on women who have died during childbirth and are not available to be surveyed, we use the
microdata from the DHS respondents themselves. Effectively we work with two individual-level
databases: a maternal mortality database of all sisters of respondents and their survival status,

and an education database with years of completed education of all survey respondents.

Given that we observe data on each respondent’s sisters and their survival status, our mater-
nal mortality measure in this case is at the level of the woman, not at the level of the birth. While
in the cross-country specification (1) we examine deaths per 100,000 births, in each country case
we examine deaths per woman (or the probability that a woman dies in child birth) over her
fertile life. This latter measure is referred to as maternal mortality rate, and reflects both the risk
of maternal death per birth and the frequency of births in a population. The maternal mortality
rate and the maternal mortality ratio are not directly comparable without some measure of the
fertility in a given country. In the results section of this paper we use fertilty data described in
section 3.1 to provide a rough comparison of the results from cross-country and country-specific

estimates.

The DHS interviews women aged 15-49 at the time of the survey. To correct for the fact that
many women are interviewed before they have completed their fertility (younger cohorts in the
sample), as a robustness check we use the correction method discussed by Rutstein and Rojas
(2006) and Stanton et al. (1997). This involves weighting each age cohort by an adjustment
factor, which is calculated based upon its exposure to maternal mortality.'” We note however
that in the empirical strategies outlined in section 2.2, all identification is either based upon
a double-difference estimator, or includes appropriate cohort-specific trends, so we expect that
variation in exposure to maternal mortality should be accounted for even in the absence of this

correction.

Table 2b presents summary statistics from the DHS data for each of these country-specific ex-
periments. In each case we present descriptive statistics for years of education, maternal mortality
rate, and treatment intensity, along with the time period examined in the natural experiment of
interest. In Zimbabwe and Kenya, the two countries in which the natural experiments occurred
at the secondary or upper-primary level, average educational attainment is approximately 7-8
years for all women in the sample, while in Nigeria, where the natural experiment of interest in-
volves primary school construction, average education in the cohorts of interest is approximately

5 years. In each case, over the entire range of cohorts examined, betwee 1 and 2 in every 100

10These adjustment factors have been calculated as 0.107, 0.206, 0.343, 0.503, 0.664, 0.882, and 0.900 for five
age groups from 15-19 to 45-49 (respectively).
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women dies during child birth.

4 Results

4.1 Global

4.1.1 The Sensitivity of Maternal Mortality to Education (and Health Interven-

tions)

Figure 1 presents a simple plot of changes in MMR versus changes in education over time for
all countries for which data is available. We examine the unconditional correlation between
reductions in the proportion of women who have no education and reductions in MMR in panel
A, while in panel B we examine the correlation between increases in the proportion of women
with primary education and changes in maternal mortality. In both cases, a strong and highly
significant (p<0.01) negative correlation is observed. In the time period examined, a 1 percentage
point reduction in the proportion of women out of school is associated with 9.172 fewer maternal
deaths per 100,000 live births, while a 1 percentage point increase in the proportion of women in
primary school is associated with 5.079 fewer maternal deaths per 100,000 live births. In appendix
figure 7, similar conclusions are found to hold even when conditioning on changes in GDP which

occurr simultaneously. and plotting residual changes in MMR and educational attainment.

Table 3 provides results for our principal cross-country specification (1), estimated on cross-
country panel data for 108 developing countries observed at five yearly intervals in 1990-2010,
and using the percentage of people in a country and year who have attained specified levels of
education.'’ We start with a simple panel data specification in which the identifying variation is
within countries over time, with country fixed effects absorbing all country-specific time-invariant
components of, for instance, political institutions, climate, culture and deep-set attitudes towards
women that may produce a correlation between education and maternal mortality. We then add
flexible controls for aggregate trended unobservables and for country and time-varying variables

that we expect are correlated with education and maternal mortality.

The pooled within-country correlation of maternal mortality rates with women’s education

HWe present similar results disaggregated by country income group and regional classifications as tables 4a
and 4b respectively. In order to test the robustness of our results to alternative specifications of measures of
education, we run regressions using years of education and years of education squared, and these results are
included as appendix tables 9a and 9b.

11



is significantly negative for the percent of the population attaining each education level. The
estimates suggest that the MMR-returns to investment in women’s education are positive and
diminishing in level of education (this is confirmed by fitting a quadratic in total years of educa-
tion: the quadratic term is positive and significant but the turning point lies outside the sample
range). The point estimates are consistently largest for primary education but they are not

statistically significantly different from the estimates for higher levels of education.

The estimates are robust to the introduction of year dummies, and further time-varying
controls which reflect changes in the health and development status of a country. When examining
coefficients by region- and income-specific groups (tables 4a and 4b), we find that the relationship
between educational improvements and MMR reduction is larger in lower income environments
(consistent with their higher baseline rates of maternal mortality and their lower baseline levels

of education).

Column (3) is the favoured specification. It shows that, conditional upon aggregate trends in
maternal mortality, if an additional one percent of the population enrolled in primary education
this would lower the number of maternal deaths by 9 per 100,000 live births (the omitted group
is the percent of the population with no formal education). This is a large (and statistically
significant) impact, equivalent to 0.04 of a standard deviation and 5% of the mean maternal
mortality rate in the sample. It is illustrative to consider the impact of moving the entire
population of individuals with no education—on average 17.5% of women—into enrolment in
primary education. Our estimates suggest this would lower MMR by 175.5 per 100,000 births,
which is 0.58 of a s.d. of total MMR. The addition of controls in the remaining columns of
the table lowers the coeflicient on primary education but in no case is it significantly different
from the coefficient in column 3. In the richest model, conditional upon controls for economic
and health variables (column 8), the point estimate on primary education is reduced to almost
three quarters of its initial size (column 3). For policy purposes it can be useful to look at the
estimates conditional and unconditional upon alternative sets of controls since cohort changes in
primary education will sometimes evolve similarly to changes in the controls that we introduce.

We examine this in the following section.

Conditional on the controls introduced, the coefficient on secondary education also remains
significant. An additional percent of the female population moving into secondary education
lowers maternal mortality by between 6.5 and 5 deaths in 100,000 births (partial versus full
controls). Although always resulting in negative coefficients, the additional impact of moving
women into tertiary education has no statistitically significant effect. Our estimates suggest that
the largest effects are observed when women move from no to some education, while the additional

effect of higher education is small: results suggestive that gaining basic health knowledge has the

12



largest effect on the likelihood of dying in child birth.

In columns 4-8 we introduce a succession of controls for the state of the economy, public
health care, and fertility. We control for the logarithm of per capita GDP so as to assess whether
education is simply proxying income. We find that it is not; the coefficients on education are
unchanged and the coefficient on GDP is insignificantly different from zero (column 3). This is
important, given that the most recent WHO factsheet on maternal mortality highlights differences

in maternal mortality ratios by income and not education level (WHO, 2012).

Another widely recognised stylized fact highlighted in the WHO factsheet is that maternal
mortality is a function of health services. We investigate this, introducing into the equation, DPT
immunization rates for children as an indicator of the quality of public health provision.!? The
coefficient on primary education falls by about 10% but this drop is not statistically significant.
Immunization has a direct impact on maternal mortality. A one standard deviation increase in
immunization rates (which is 15.9% points) lowers maternal mortality by 45 per 100,000 birth,
which is 0.14 s.d. or 20% of the mean (column 5).

We also include in the equation an index of health provision that is more directly related to
maternal mortality. Skilled care before, during and after childbirth is recognised in the public
health community to save the lives of both women and new-born babies. Maternal deaths tend
to occur because of bleeding and infection and timely management and treatment can make the
difference between life and death (WHO, 2012). India and Nepal for instance have, in the last
decade, introduced financial incentives to encourage women to give birth in facilities with birth
attendants rather than at home (Bauhoff et al., 2012; Powell-Jackson and Hanson, 2012). We find
that the percentage of births attended by a skilled professional is associated with lower maternal
mortality conditional upon immunization (column 8). A one s.d. increase in the percentage of
births attended (which is 27.6% points) results in a drop in MMR of 35 which is 0.11 s.d. or 16%

of the mean. Conditioning upon birth attendance does not alter the immunization coefficient.

The measure of maternal mortality that we use here is per live birth and so it is mechanically
a function of the number of live births in the country and, plausibly, a function of fertility (the
number of births per woman). Women in developing countries have on average many more
pregnancies than women in developed countries, and their lifetime risk of death due to pregnancy

is higher. A woman'’s lifetime risk of maternal death—the probability that a 15 year old woman

I2UNICEF for instance regards immunization rates as indicating the quality of overall public health provision
in developing countries. Most immunization is directed at children under the age of 12 (and sometimes up to 24)
months and our measure of immunization rates pertains to children but it includes tetanus and tetanus injections
for pregnant mothers are part of routine prenatal care and in this way immunization rates may also directly
influence maternal mortality.

13



will eventually die from a maternal cause—is 1 in 3,800 in developed countries, versus 1 in 150 in
developing countries. Introducing the fertility rate in column 7, we see that an additional birth
per mother is associated with an increase in maternal mortality of 8 per 100,000 live births or
that a one s.d. increase in fertility (which is 1.7 births) leads to 14 additional maternal deaths.
In the main specification however, it should be noted that the effect of total fertility is weakly

estimated, and not significant at typical levels of confidence.

Teenage fertility is highly prevalent in developing countries, and this is closely associated
with women dropping out of school early. Adolescent women face relatively high risks of com-
plications and death as a result of pregnancy than older women (Conde-Agudelo et al., 2005;
Patton et al., 2009). Whether this is because such women are negatively selected or because they
are biologically more at risk is unclear and we know of no causal evidence on this. Introducing
into the model the percentage of women who give birth at age 15-19, we find a significantly
positive association. A one s.d. increase in the percent of teen births (which is 46 percentage
points) results in 91 more maternal deaths per 100,000 births, which is 0.31 s.d. and 42% of the
mean. Overall, in standardised terms, the association of maternal mortality with fertility and
the prevalence of teen births is stronger than its association with either health interventions or
education. It is well established that education tends to lower fertility and raise age at birth. In
standardized terms, the impacts of primary and secondary education, DPT immunization rates
and attended delivery on the maternal mortality ratio are almost identical, each conditional upon
the others. To the extent that standardized estimates are useful, this suggests that the payoff
to basic education in terms of a health sector outcome is equal to or larger than the payoff to
a common index of provision in the health sector. This contributes to a literature documenting
synergies between investments in education and health. It is of particular import for policy given

that WHO policy documents on maternal mortality have under-emphasised education.

Alternative specification of education We examine the sensitivity of these results to func-
tional form, and also measurement of education and MMR. The specification in appendix Table
9a (column 3) suggests that when considering years of education achieved, rather than individ-
ual levels, an additional year of education for all women lowers the number of maternal deaths
by 28 per 100,000 live births. A one standard deviation increase in years of education, of 3.21
years, would lower MMR, by 90 per 100,000 births, which is 0.3 of a s.d. of MMR in the whole
world sample. The introduction of controls—particularly the addition of immunization—renders
the linear years of education variable insignificant, although the coefficient is still negative. In
appendix Table 9b we show estimates using a quadratic in years of education, the functional
form suggested by a non-parametric plot of the relationship of interest (see Figure 10). The

education coefficient is now robust to the introduction of immunization and other controls. With
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the exception of fertility which is now significant and of larger magnitude, other controls behave
similarly in terms of their effects on MMR as the estimates in Table 3 discussed earlier. The
linear and quadratic terms in education are significant and they indicate continuously positive
but diminishing marginal returns (in terms of MMR reductions) to years of education. The esti-
mates in column 2 show that moving from 0 to 1 year of education is associated with a reduction
of 210 deaths per 100,000 live births, while moving from 5 to 6 years of education is associated
with a smaller, but still very significant, reduction of 94 maternal deaths per 100,000 births. In
the model with all controls (column 8) these estimates are attenuated slightly but still suggest
significant effects: reductions of 171 deaths and 65 deaths respectively when moving from 0 to 1

or from 5 to 6 years of education.

While we have only a limited number of observations for maternal mortality and education
for each country in our cross-country data, in figure 2 we examine correlations between maternal
mortality and education both across and within countries. The clear negative relationship is once
again seen when plotting country averages of log MMR against years of schooling (the solid points
in figure 2). However, regression results are not only driven by this across-country result. Intra-
country correlations appear to also be negative in the large majority of cases. Arrows overlayed
on top of country averages show that, in a given country, increases in education are associated
with reductions in log MMR in 116 of 146 cases, and is unrelated or positively related in only
30 cases. We examine this more formally in appendix table 10. Here we follow specification
1, however replace all variables with their changes (first differences), so that the interpretation
of the regression is how a one unit change in educational attainment within a country effects
changes in maternal mortality. Once again we see that increases in education significantly reduce

MMR, and that this reduction is largely focused on lower levels of education.

Finally, when working with the subset of countries for which we are able to calculate ma-
ternal mortality ratios using DHS microdata, we run identical regressions, however replace the
dependent variable (MMR measures from cross-country data provided by the WHO) with their
DHS counterpart which we calculate from all DHS surveys. These results are displayed in ap-
pendix table 13. In general, results based on maternal mortality estimates from microdata agree
reasonably well with WHO measures. However, given that microdata results are based on a
smaller number of events (maternal deaths), DHS results are, unsurprisingly, somewhat less pre-
cise. Despite this, panel A shows that when using either DHS or WHO data, (quadratic) years of
education are significantly related to MMR. In column (8) we see that conditional on full controls,
DHS and WHO estimates result in similar conclusions, and reasonably similar point estimates
(tests of equality of the coefficients on the linear and quadratic term cannot be rejected). We

return to using DHS microdata in the country case studies considered in section 4.2.
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4.1.2 Education, Female Education, or Male Education?

Thus far, all regression results present the conditional effect of female education on maternal
mortality. However, fundamentally, we have not controlled for the educational attainment of
other members of the population, precluding us from being able to conclude that these effects
are only due to women’s education. The inclusion of women’s education in a regression without
controlling for male education may be problematic, especially when considering that levels of

female and male education in a country, on average, are highly correlated.'®

In this section we turn to results which allow us to test whether increases in male or in
female education drive reductions in maternal mortality. We run a series of regressions as per
(1), where now the vector of educational variables educ;; contains measures of both male and
female education in the population. We can thus test whether conditional on male education,
increases in female education cause reductions in rates of maternal mortality. And vice versa,
conditioning on female education, we can test whether higher levels of male education reduce

rates of maternal mortality.

In table 5 we present results where education for each group of the population is measured
by the percent with each level of education (primary, secondary or tertiary). This is the analogue
of table 3, however now for both genders. Overwhelmingly, it is apparent that the results we
have discussed in the previous section are driven only by increases in education of the cohort of
fertile women. When controlling for female education, the effect of the level of men’s education
in the population of interest is never significantly different from zero. This is in line with recent
empirical findings which suggest that women are more likely to seek family planning advice and
contraceptives when males were not involved in consultations Ashraf et al. (2014). Whilst this
is consistent with more educated and more empowered women being more likely to seek family
planning services, the same logic does not seem to hold for males, potentially reflecting different

childbearing and contraceptive preferences, which are reflected in maternal mortality rates.

Column 2 of table 5 suggests that a 1% increase in the rate of completion of primary education
among women is (unconditionally) associated with a reduction in the rate of maternal mortality
of 11.33 per 100,000 live births. Similarly higher rates of secondary and tertiary completion
among women reduce maternal mortality. However, when turning to rates of male education,
no effect is seen (with t-statistics nearly always well below 1). This result remains even when
conditioning on our full set of controls. Column 7 shows that a 1% increase in female rates of

primary education reduces MMR by 8.9 in 100,000 births, while a 1% increase in male primary

13For example, in the Barro-Lee sample used in this paper the R? of a regression of female to male education
and an intercept is 0.918, while the coefficient on male education is 1.190.
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education has a small positive (insignificant) relationship.

These results are stable regardless of the set of controls used, and also the way in which
education is mesured. Appendix table 12 presents the same set of regressions with education
measured as a quadratic in years for males and females. While the effect of female educa-
tion on MMR—after controlling for male education—is a significant negative linear and positive
quadratic effect (suggesting that education reduces maternal mortality, and that returns to edu-
cation are diminishing)'?, the conditional effect of male education on maternal mortality rates is
once again insignificant at all levels in the sample range. Similar effects are seen when education
is measured simply as years of schooling, providing considerable evidence that it is actually the
level of education of the women in the cohort that is important, not total educational attainment,

or the attainment of men in the same cohort.

4.1.3 Education and Women’s Age

In a similar manner to the above results by gender, we are interested in determining whether
these results are driven by fertile aged women, or whether more educated women in all age cohorts
of a country are responsible for reductions in MMR observed when education rises. If education
reduces maternal deaths mainly through an ‘individual knowledge’ channel, we would expect
that it is the educational attainment of fertile aged women which matters. However, if women’s
education affects maternal mortality through social channels such as more trained female health
professionals, or greater weight in public decisions, we may find that female education at all ages,

including post-fertile age, affects MMR levels in the country.

Barro-Lee education data records the education levels of various age groups, from 15-19 year
olds up to 70-74 (and 75 plus). Given this data and our principal (cross-country) regression 1, we
can replicate the specification which was earlier run for fertile-aged women only, using women of
all ages. We thus estimate 1 for each quinquennial age group (from 20-24 up to 70-74 inclusive,
as well as the 75 plus group). We omit 15-19 year olds from this analysis given that many of

these women will still be in secondary education.

Results from these regressions are presented in figure 3. In this figure, the coefficient on
proportion of primary educated women is reported, where each coefficient comes from a regression

using a seperate age group. These results suggest that overwhelmingly, it is education at fertile

14Quadratic figures have a turning point from a negative to a positive effect on MMR at between 15.5 to 18.5
years of education (depending upon the set of controls included). These values of considerably higher than the
maximum sample value displayed in table 2a.
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ages (rather than all ages) which is driving MMR reductions. While among 20-24 year olds
each additional percent of women in the country with primary education results in a statistically
significant reduction of more than 4 maternal deaths per 100,000 live births, this figure has
dropped to less than 1 death per 100,000 live births (and insignifcant) for women aged 45-49.

Over the ages of 50, results are typically very close to 0, and insignificant in all cases.

4.1.4 Potential Pathways and Correlated Effects

The discussion in the preceding sections establishes that declines in maternal mortality in de-
veloping countries have been associated with gains in education, improvements in public health
services and declines in fertility. Since our primary interest in this paper is in the benefits flowing
from education, in this section we consider the extent to which improvements in public health
services and declines in fertility are themselves driven by improvements in education. We take
each of the controls that were used in Table 3 (including GDP which had no significant impact on
maternal mortality) and regress them on education conditional upon country fixed effects (Table
6):

fertiy = a+ educy, 8 + Wiy + uy. (5)

We see that increases in education are significant predictors of within-country variation in
fertility, immunization, the percentage of attended births and log per capita GDP. The dependent
variables in Table 6 have been cast as z-scores (see notes to Table 6) so the coefficients on the
education variables indicate the standard deviation change in the outcome flowing from a one
year increase in education at the specified level. For example, moving an additional percent of
non-school attendees into primary education results in a 0.018 s.d. decline in fertility; an increase
of approximately 0.014 s.d. in both immunization rates and attended births; and a 0.008 s.d.
increase in log GDP p.c. So education not only directly influences maternal mortality, it also is

strongly correlated with other determinants of maternal mortality.

We can plug the relationships estimated in Table 6 into the specifications in Table 3. For
instance, using column 7 in Table 3, we found that a one s.d. reduction in fertility led to a
0.21 s.d. decline in MMR. Since Table 6 column 1 tells us that a single percentage increase
in primary education years leads to a 0.0177 s.d. decline in fertility, it follows that there is a
fertility-mediated impact of primary education on MMR of 0.0177 x 0.21 or 0.004 s.d. This is
in addition to the direct impact of a year of primary education on MMR in column 7, which is
0.025 s.d. When considering that the total percent of women without formal education is much

larger than the one percent which the preceding calculations assume, these effects can become
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quite large. Similar calculations can be made for education-led impacts of immunization and
attended delivery on maternal mortality, and we present these calculations in the final row of
table 3. Rather than present these calculations as the impact of moving 1% of women into primary
education, we present the impact of moving all uneducated women into schooling. We consider
this to be a more relevant indicator for policy. Overall, these results show that education is
strongly positively correlated with health service provision conditional upon country fixed effects
and aggregate trends. While this association may not be entirely causal, causal components such

as that educated people demand public health services merit testing.

4.2 Country-Specific Results

We take advantage of the reforms described in sections 2.2.1-2.2.3 to estimate the effect that
plausibly exogenous within-country variation in education expansion has on maternal mortality
rates. Regression results from these country-specific expansions in schooling are presented be-
low in Tables 7a-7c. Each table displays reduced form results for the effect of the reform on
educational attainment and on maternal mortality. For each case we also present a descriptive
(graphical) summary of the evolution of education, maternal mortality, and the date of the ed-
ucational reform (Figures 4a-6b). In those graphs where two vertical cut-off points are plotted,
the first signifies the tail end of the “treatment” group, while the second represents the begin-
ning of the “control” group (with intermediate cohorts considered as transitionary, or partially
affected). Whilst these figures are each plotted from data at the national level, the regression
analysis presented in Tables 7a-7c, relies on sub-national variation resulting from variation in

reform intensity by region.

In each case as a robustness check we also examine the effect of some placebo reform. This
placebo reform is defined by comparing birth cohorts who had completely finished the relevant
level of school at the time of the reform, and hence who were both unaffected by the expansion
in education. We expect in this case that the effect of the false reform—on both education and
maternal mortality—should not be significantly different to zero, while we expect that the true
reform should increase educational attainment and reduce maternal mortality. These placebo

results are presented in appendix tables 14a-14c

With the exception of one of twenty different outcome treatment-outcome pairs, as expected
we see that the placebo reform has no significant effect on either schooling or on maternal
mortality. This provides some evidence in favour of the functional form of equations (2), (3) and

(4). Turning to the true reforms, we find that in all cases these significantly increased educational
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attainment. In Nigeria the effect of residing in a high-intensity state (column 2 of Table 7a) is
approximately 2.1 additional years of education. The effect of extensions in schooling availability
due to independence in Zimbabwe is approximately 1.2 additional years,'® and the effect of the
changes in the structure of the KCPE was an additional 0.95 years of education on average for

female students.

Turning to the reduced form effect of these reforms on maternal mortality, we see that in two
of the three cases: Nigeria and Zimbabwe, the reforms significantly reduce maternal mortality
in the treated cohorts. The exception here is Kenya, where we find a weakly positive (but not
significantly different from zero) effect. The lack of a result in this country is perhaps unsurprising
for two reasons. Firstly the educational expansion occurred at a relatively high level (between
seven and eight years), while our earlier results suggest that the effect of education on maternal
mortality is greatest when the educational expansion occurs at low levels. Secondly, the DHS
data on maternal mortality from Kenya is by far the noisiest, with large fluctuations by birth

cohort over the range of the treatment period.

In the case of Nigeria we find statistically and economically significant reductions in maternal
mortality by the age of 25 in response to the reform. Depending on the treatment examined,
the effect is between a 1 and 2% reduction in total mortality (or between 1 and 2 less women
in 100 dying in child birth). In the case of Zimbabwe we find a slightly smaller effect of a
0.4% reduction in total mortality. Once again, it is perhaps not surprising that the effect of
the Zimbabwe reform is smaller than the effect of the Nigeria reform, given that the Nigeria
reform occured at the primary level, while the Zimbabwe reform largely increased educational
attainment at the high school level. We can calculate the approximate effect of an additional year
of education by dividing the “second stage” effect of the reform on maternal mortality by the
“first stage” effect of the reform on education in years. Using the preferred estimates from Tables
7a and 7b, this gives an estimate of —0.0192/2.147 = —0.0089 and —0.00413/1.148 = —0.0033

respectively.

How do these estimates compare with the cross-country estimates reported earlier? It turns
out that they match up rather unexpectedly well with cross-country estimates for the effect
of additional years of education. Recall that the cross-country estimates use WHO maternal
mortality ratios which are maternal deaths per live birth while the country specific estimates
use DHS maternal mortality rates which are maternal deaths per woman. In order to provide a
rough comparison, we use recent data (Central Intelligence Agency, 2012) on fertility per woman

for Zimbabwe and Nigeria to convert the maternal deaths per woman estimates calculated in

15This is very similar (and not significantly different) to the 1.252 years estimated by Agiiero and Bharadwaj
(2014) using only two waves of the Zimbabwean DHS.
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the paragraph above, to deaths per birth. These figures of 3.61 and 5.38 births per woman
(respectively), result in per-birth estimates of 0.0088/5.38 = 0.00166, and 0.0036/3.61 = 0.00091.
These correspond to an effect of 166 deaths per 100,000 live births (for an expansion at the lower
primary level), and 9.1 deaths per 100,000 live births for an expansion in high school. When
we use the years of schooling results from table 9b (column 8), we find that an expansion in
schooling from 1 to 2 years results in a reduction in MMR of 153.0 deaths per 100,000 births,
and an expansion from 7 to 8 years results in a reduction of 21.5 deaths per 100,000 births: quite

close to the country-specific results from Nigeria and Zimbabwe.

5 Conclusion

In the last two decades, maternal mortality has declined sharply (by 50%) and education has
risen sharply. The analysis in this paper suggests that some part of the decline in maternal
mortality may be directly attributed to the rise in education. These results are consistent with
a number of papers in the public and health economic literature which find that education has
a direct link to health behaviour. Here we show that this is the case even when considering

hard-to-move indicators like maternal death.

Using both large-scale national reforms and variation in education and maternal mortality
over time, and consulting sources of education and maternal mortality measures from the best
available micro and macro-level datasets, we find consistent evidence that increases in primary
and lower levels of education can have significant impacts on rates of death related to child birth.
Depending on the context, we find that moving all women in a country from 0 to 1 year of
education could account for reductions in MMR by as much as 150 per 100,000 live births, while
moving women from 7 to 8 years could results in approximately 15-20 fewer deaths per 100,000

births.

Our results suggest that it is not just general education rates in a society which matter (or
education acting as a proxy for economic development). Rather reductions in MMR are nearly
exclusively driven by educational attainment accruing directly to women, and specifically to
fertile-aged women. These findings are particularly relevant for policy makers, and in considering
the definition and progress towards global goals such as the sustainable development goals. The
evidence in this paper suggests that potential synergies between improvements in education,

gender equality, and health are considerable.
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Figures

Figure 1: Maternal Mortality Ratio and Women’s Education
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Similar results are found when conditioning on changes in GDP per capita (see appendix figure 7).

Figure 2: Between and Within Country Correlations: Education and MMR
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Figure 3: Effect of Primary Education on MMR, by Women’s Age
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NOTES TO FIGURE 3: Each point and confidence interval represent the results from a regression of country MMR
on the Proportion of Women of that age with completed primary education (as per specification 1). The regression
includes variables for each level of education, and the controls and country and year fixed effects are included as
per table 3. Standard errors are clustered by countr. Each regression consists of the estimation sample of 108
countries and 428 year by country observations from table 3.

Figure 4: Maternal Mortality and Education by Year — Nigeria
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NOTES TO FIGURE 4: 3 year moving averages are displayed for maternal mortality and education. The first vertical
dotted line represents the end of the control group, and the second vertical dotted line represents the beginning
of fully treated cohorts. Cohorts in between are partially treated. Further details in the body of the text, and
table 1.
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Figure 5: Maternal Mortality and Education by Year — Kenya
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NOTES TO FIGURE 5: The first vertical dotted line represents the end of the control group, and the second vertical
dotted line represents the beginning of fully treated cohorts. Cohorts in between are partially treated. Further
details are provided in the body of the text, and in table 1.

Figure 6: Maternal Mortality and Education by Year — Zimbabwe
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to the right of the line (1965 and before) are not treated. Further details are provided in the body of the text,

and in table 1.
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Tables

Table 1: Educational Experiments: treatment and control groups

Reform Reform  Expansion Type Treatment Control
Country Year Cohorts Cohorts
Indonesia 1973-78 Primary school construction 1968-72 1957-62
Nigeria 1976 Universal Primary Education 1965-69, 1970-75 1956-61
Zimbabwe 1980 High school education expansion 1966 1965

Kenya 1985 Additional year of primary school post-1972 pre-1963
Botswana 1986 High school year rearrangement pre-1970, post 1982 1974

Sierra Leone 2001 Free Primary Education 1990-93 1980-86

NoTES: Reforms for Nigeria, Zimbabwe and Kenya are described in more detail in section 2.2. For Nigeria, the
main treatment group is 1970-‘75, however 1965-‘69 may be affected by overage enrolment. For Kenya, cohorts

born between 1963 and 1972 are expected to be partially treated, while post-1972 cohorts are completely treated.

Table 2a: Summary Statistics - Cross Country

Variable Obs  Mean Std. Dev. Min Max
Maternal Mortality 710.0  220.6 300.9 2.0 1900.0
In(Maternal Mortality) 710.0  4.302 1.649 0.6931 7.55
GDP per capita 702.0 9190.0 13870.0 64.36 104500.0
In(GDP per capita) 702.0  7.966 1.649 4.164 11.56
Immunization 690.0 84.75 15.9 18.0 99.0
Fertility 718.0 3.163 1.676 0.887 8.659
Percent Attended Births 450.0 77.29 27.59 -2.6e-06 100.0
Population (Millions) 670.0 40.49 144.0 0.09515  1338.0
Teen Births 670.0 55.68 46.12 2.796 220.6
EDUCATION - FEMALE

Total Years of Education 730.0 8.07 3.319 0.4692 13.99

Years of Primary Education 730.0 4.714 1.693 0.3421 8.907
Years of Secondary Education 730.0 2.963 1.754 0.04875 7.459
Years of Tertiary Education 730.0 0.3932 0.3744 7.15e-08 2.048

Percent Primary 730.0 23.83 17.44 0.02 77.85
Percent Secondary 730.0 4597 23.88 1.203 95.65
Percent Tertiary 730.0 12.58 12.05 0.0 62.86
Percent No Education 730.0 17.61 23.4 0.0 93.59

NoTES: Maternal mortality is expressed in terms of deaths per 100,000 live births. Immuniza-
tion is expressed as the percent of children of ages 12-23 months who are immunized against
diphtheria, pertussis and tetanus (DPT). Fertility represents births per woman, and teen births

are expressed as the number of births per 1000 women between the ages of 15-19.
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Table 2b: Summary Statistics — Natural Experiments

Variable Obs Mean Std. Dev. Min  Max
PANEL A — NIGERIA

Years of Education 13221 4.822 5.349 0 22
Investment per Capita 12748 0.881 0.545 0.014 2.195
Non-West State 13235 0.828 0.377 0 1
Year of Birth (education) 13235 1968.329 5.119 1956 1975
Maternal Mortality 25354 0.019 0.137 0 1
Under 25 Maternal Mortality 29676 0.006 0.074 0 1
Year of Birth (MM) 29967 1968.472 5.381 1956 1975
PANEL B — ZIMBABWE

Years of Education 10195 7.023 3.788 0 21
High School Enrollment 10195 0.439 0.496 0 1
Treated 10201 0.622 0.485 0 1
Year of Birth (education) 10201 1966.128 4.786 1956 1974
Maternal Mortality 23699 0.013 0.115 0 1
Under 25 Maternal Mortality 28631 0.003 0.055 0 1
Year of Birth (MM) 28842 1966.023 4.736 1957 1974
PANEL C — KENYA

Years of Education 13712 7.168 4.149 0 23
Treated 13712 0.575 0.443 0 1
Year of Birth (education) 13712 1968.389 8.147 1950 1980
Maternal Mortality 22738 0.014 0.116 0 1
Under 25 Maternal Mortality 25616 0.006 0.076 0 1
Year of Birth (MM) 25686 1967.686 7.770 1950 1980

NoOTEs: Year of birth (education) refers to the birth cohorts of respondents to the DHS

surveys for whom we observe educational attainment. Year of birth (MM) refers to the birth

cohorts in the maternal mortality data, who are sisters of DHS respondents. In panel A

investment per capita refers to federal funds dispersed for school construction in 1976 (in

naira). We do not observe this for the state Abuja which has existed since 1991 only. In all

panels maternal mortality and under 25 maternal mortality refers deaths due to pregnancy

divided by the total number of women.

26



100>, 04 G0°0>d,, ‘T0>d, ‘pofe[dIp ore AIJUNOD YY) JO [9A] 9} IR PoILISN[D SIOLIS pIepUR)IS "Ry 9[qR) 0%

9)0U 91} Se pUR ‘¢ UOIIIAS Ul d[GR[IRAR ST SO[(RLIBA [0IJU0D JO UONdLIOSOp [[NJ Y “AIJUNO0D YOLd Ul UOTJRONPS JO [9AS] UORD M GE Pue GT JO soSe oY) usamiaq

uorjendod areuray o1} jo juediad oY} 10J oIk SHNSSY 'Y SR 23S IeA AqQ SOLIJUNOD JO ISI[ [N 9YY} 10 "AIIUN0D Aq S}O9JO-POX] SPN[IUI SUOISSISDI [ SHLON

80T 80T 80T 80T 80T 80T 80T 4741 SOLIPUNIOD JO J9UITLN
oreo 66S°0 6240 61S°0 06¥°0 6870 0S7°0 e 0 porenbs-y
Sta Stad 8¢ Stad 8¢ 8C 8TV 01L SuoIyeAISsSq()
(z'682) (¥222) (6'161) (6'002) (¥'502) (Tp11) (s'e11) (¥'001)
sxxG GOL sxx7 998 xxx9°GT6 sxxV 706 soxxl V9L *xx9 VT8 ***ﬂwopﬁ ***NNOJ jue)suo))
(806°0)
+xGES'T SMI] WA,
(z6'52) (8¢°gz)
€156 6£¢'8 Ao
(v08°0) (16L°0) (€18°0)
« 1SV T- CLTT- GLT T~ SULE POPUIY
(£16°0) (606°0) (088°0) (988°0)
xx096°T- *x8L6°1- xxGC0'C™ *xV61°C- A,Hﬁmgv uorjeZiumnumuy
(LG6T) (69°6T) (e1°02) (g¥02) (€8°02)
GL9°G €9G°8 759°6 L18°G €008 eqides 1od J@p 901
(8g°L8) (89°8¢) (z9°ze) (eL€€) (2z'8¢€) (18°2L2)
v cv- €694 +91°¢9- x08°€9- #9978 4xx[C08- 010T Teok
(L¥'82) (zz'62) (6£°€T) (1€'%2) (zg'L2) (67°22)
788G~ 8G'CE- 89°L¢- €8°L¢- +x06°09- +xLG 94" G00g 1eok
(e1'12) (¥0'12) (Lz'91) (9g°91) (12°81) (8¢21)
6€°91- 61°¢T- L1891~ 6561 %907 16~ *G1°0¢- 000¢g Teok
(g6'7T) (82'%T) (06'1T) (8z'eT) (6e°€T) (z8eT)
700G L- 18¢C ¢ LIC T~ Ge9v- e1el- 9¢°11- G66T T80k
(ge8'1) (296°1) (826°'1) (¥58°'1) (896'T) (ge02) (z17'1) (8g2'1)
**._Hmwm| V_C_L”@Oﬂu **@Nﬁﬂ| **ﬁomﬂu **.:uhﬂu **w._uwﬂu ***mmo._uu ***._”Nm@| AQOE\ESQO& &v uorjyeonpy %M@E.HQ,H\
(912'T) (TL8°T) (829'T) (zev'1) (L9eT) (92£'T) (g0e'T) (¥12°1)
***ﬂﬁm.ﬂu ***@ﬁﬁ.mu ***mbm.mu ***@N@.mu ***@%@.@- ***NN@.@- ***@%N.@- ***@@@.mu AQOE,NMSQO& m&v Qoﬂdoﬁﬁm %Eﬂugoo@m
(1%6'1) (890°2) (o12°1) (1v9°1) (695°1) (9ge'1) (g29°1) (Lo¥'1)
***bmm.wu ***mwﬁ.bn ***wwm.hu ***mmmbn ***mﬂﬂ.wu ***mwﬂ.wu ***ﬂN.OHu ***@0.0ﬁu AQOENMSQO& ﬁva uorjeonpy %Hmaﬁﬁm
HININ HININ HININ HININ HININ HININ HININ HININ SHTIVIUVA
(8) (L) (9) (g) () (e) (@) (1)

JUIOUINTR)}Y [RUOIJRONPS] d[eUIo] Pur YININ JO $HNsoy AIjuno))-ssoiy) :¢ a[qe],

27



10°0>d s :G0°0>d

‘1°0>d, "A13unoo Aq po1slsn[d 9Ie SIOLI® PIRPUR)S 'S100JJo PoX IeoA pue AIUNO0d sepnoul YdIym ¢ o[qe) woij (g) uorjeoyads 10 pajiodar are synsey

‘AI3UNO0D ors Ul ¢ PUR GT JO SoFe o1} UoomM)a(| SO[RUIS) JO UOIIRINPS JO SIBIA 9FRIOAR I0] 1€ S)NSoY "AIIUnod Aq S109[o-PoX1j opn[dul SUOISSeISaI [ SHLON

14 9 ¢l 0¢ 91 1T 8T SOLIPUTLOD JO JSUITLN
L09°0 Ge60 0650 0G0 0750 ¢89°0 7466°0 parenbs-y
T0T ¢¢ 148 €8 L9 4% 8L SUOIeAIISq ()
(¢'gee) (v6L1) (v6'72) (1°L22) (g°661) (v'1€2) (11°09)
+xx280°T +4x9°GV6 #1091 %V V19 *979¢- sxx L 106 +x6°0TT jae)suoy)
(c¥61) (v0'¥z) (88T°1) (10L°2) (g8L°2) (L96°C) (867°0)
T1¢°1T 6V VI *xG6L°C +xG6L°G- *%L66°G 17ANS 70L°0- (uoryerndo g %) uoryeonpy] Are1a9],
(ggLe) (g90°L) (Lee1) (9g¥°2) (9z2°2) (Lv8T) (gzg0)
190°¢- 0z'¢I- L81°0- CLT V- *GGET s TLL L~ «L20°T-  (uoryendod %) woryednpy AI1epuodag
(90z%) (606°€) (206°0) (90L°2) (12L°71) (068°2) (L£g°0)
*x87' 0T~ *6T1°8- L6600 *%xGEL G x809°¢ +x016°8- *LIT°T- (woryendog %) uoryeonpyy Arewrri g
ROLIJY uea(qLIe)) RISY ogoeg
ROLIJY RISY JION pue 9} pue ol [e1ua)) 9} puR  SOIWIOUOIH SHTIVIYVA
uereyeg-qng Inog )ser] S[PPI[N -Iowy umjer] pue odoiny RISy SRy  POOURADY
(L) (9) () (¥) (€) (c) (1)

uoi3ey Ag JUSWIUIR))Y [RUOIYRINDH d[rW] Pue NN JO SHNSOY AIJUNO)-SSOI)) :Bf 9[qR],

28



Table 4b: Cross-Country Results of MMR and Female Educational Attainment By Income Group

(1) (2) 3) (4)
VARIABLES Low Lower Upper High
Middle  Middle

Primary Education (% Population) -9.972*%  -5.157%F  -3.567  0.0519
(4.759) (2.210)  (2.306)  (0.0779)
Secondary Education (% Population)  -0.877  -5.469** -2.743  -0.0237
(5.349) (2.350)  (2.330)  (0.104)
Tertiary Education (% Population) -8.746  -10.18**  -2.362 0.0860
(36.03) (4.310)  (1.978) (0.147)
Constant 1,097#%%  781.4%**  373.3* 12.43
(178.4) (167.3)  (200.3)  (9.365)
Observations 79 114 122 113
R-squared 0.769 0.540 0.349 0.124
Number of countries 19 28 31 30

NoTEs: All regressions include fixed-effects by country. Results are for average years of education
of females between the ages of 15 and 39 in each country. Results are reported for specification
(2) from table 3 which includes country and year fixed effects. Countries are classified according
to World Bank income groups, and standard errors are clustered by country. *p<0.1; **p<0.05;
***p<0.01
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Table 7a: Effect of 1976 Educational Expansion: Nigeria

(1) (2) (3) (4)
PANEL A: OUTCOME — EDUCATION
Intensity 70-75 0.983* 2.147*** 0.0574 0.175%**
(0.555) (0.790) (0.0545) (0.0451)
Intensity 65-69 0.671* 1.040%** 0.0925 0.195***
(0.382) (0.445) (0.0641) (0.0540)
Intensity 0.360
(0.513)
Observations 12,735 12,735 12,735 12,735
R-squared 0.425 0.424 0.426 0.427
PANEL B: OutcoME — MMR
Intensity 70-75 -0.000214  -0.0135 -2.67e-05 2.95e-05
(0.00867) (0.0116) (0.000877) (0.000753)
Intensity 65-69 -0.000119  -0.00839  0.00257* 0.00161
(0.00637) (0.00752) (0.00153) (0.00121)
Intensity 0.000119
(0.00812)
Observations 28,694 28,694 28,694 28,694
R-squared 0.008 0.008 0.013 0.013

PaNEL C: OuTcoME — MMR, (UNDER 25)

Intensity 70-75 -0.000323 -0.0192**  -0.00128* -0.00120***
(0.00546)  (0.00949)  (0.000650) (0.000336)
Intensity 65-69 -0.00162  -0.0118** -0.000768 -0.00151***
(0.00353)  (0.00517)  (0.000712) (0.000500)
Intensity -0.00419
(0.00513)
Observations 28,694 28,694 28,694 28,694
R-squared 0.005 0.005 0.007 0.007

NoTEs: Columns (1)-(4) represent different measures of treatment intensity. Column (1) uses
capital expenditure on school construction in 1976 in each individual’s state as their treatment
intensity, column (2) uses a dummy for residence in non-West (high-intensity) states, column (3)
uses the number of years exposed to the reform interacted with the high-intensity state dummy as
the intensity measure, and column (4) uses capital expenditure interacted with the high-intensity
state dummy. The effect of the reform is identified for 1970-1975 birth cohorts (who are fully
affected), and 1965-1969 cohorts, who are affected partially via over-age enrollments. Panel A
shows the effect of the education reforms on educational attainment, panel B shows the effect on
life-time maternal mortality, and panel C the effect on maternal mortality under the age of 25.
All regressions are double-differences, however in columns (2)-(4) the intensity dummy is captured
by state of residence fixed effects. Additional controls include religion, ethnicity and year of birth
fixed effects, plus time trends by state, and controls for the length of exposure to the civil war
in Biafra (Akresh et al., 2012). Standard errors are clustered by state and birth cohort. *p<0.1;
**p<0.05; ***p<0.01
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Table 7c: Effect of 1985 Educational Expansion: Kenya

(1) (2)

VARIABLES Years of Education Maternal Mortality
Treatment 0.953*** 0.00689
(0.265) (0.00553)
Observations 13,703 25,602
R-squared 0.203 0.031

NoTEs: Each regression includes a cubic term for age at time of reform,
a cuadratic trend for quarter of birth, fixed effects by quarter of birth
and ethnicity, and a dummy for rural or urban residence. The nature
of the treatment variable is defined in section 2.2.3. *p<0.1; **p<0.05;
**p<0.01
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A Data Appendix

A.1 Data for Panel Analysis

The variable ‘Percent Attended Births’ represents the number of births attended by a skilled
physician. This variable has been constructed from World Bank data relating to births attended
by skilled health staff (http://data.worldbank.org/indicator/SH.STA.BRTC.ZS) and DHS
data constructed from the cross-country micro data. The DHS data comes from a question
regarding place of birth, where those mothers who report births in a public or private facility are

assumed to have been attended by a skilled health professional.

Given the sporadic nature of the data produced, the following procedure was followed: ‘Per-
cent Attended Births’ was set equal to the DHS microdata average for each year/country group
pair for which this observation was available. In the case that DHS data was not available and
World Bank data was, ‘Percent Attended Births’ was set equal to the rate from the World Bank
data. Given that MMR and Education data is available in 5 year periods (1990, 1995, 2000,
2005, 2010), for each of these years where the fifth year was not available but there was data in
the preceeding 5 year period, the average of the preceeding 5 year period was taken and used as

the data point in the fifth year.

Trends in maternal mortality and education in the cross-country sample are displayed in
figures 8-9. There is considerable variation both across time and continents, but overall a consis-
tently positive trend in years of schooling, and a negative trend in regional maternal mortality
figures. Exceptionally, in sub-Saharan Africa, maternal mortality stagnated between 1990-1995,

beginning to fall in line with other regions during the late 1990s and early 2000s.

Despite reductions in maternal mortality in sub-Saharan Africa, this region still had over-
whelmingly the highest rates of maternal death associated with childbirth in 2010 (Figure 11).
Whilst certain countries in South, Central and East Asia, along with Middle East and North
Africa, and Latin America have achieved ratios of less than 100 deaths per 100,000 births, all but
a small hand-full of sub-Saharan countries still have ratios which exceed 300 per 100,000 births.
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A.2 Data for Quasi-Experiments

Micro-level data for education and maternal mortality is used in each country. Both come from
DHS. For each country we pool all available DHS waves in which the maternal mortality module
was collected. These are, for Zimbabwe: 1994, 1999, 2005 and 2010; for Kenya: 1998, 2003, and
2008; and for Nigeria: 1999 and 2008.

From each respondent in the DHS Individual Recode file (ie all index women), we use their
education, along with their region of birth and residence, data of birth, and various characteristics
such as ethnicity and religion. To create a maternal mortality database, we take information on
all of the sisters of each woman in the DHS data. For these sisters, the index woman reports if
they are alive, their data of birth, if they died during child birth, and if so, in what the maternal
death occurred. From this, we generate a sisters file recording maternal mortality rates for each
woman, (and hence birth cohorts). Full details regarding all data, and data itself is available on

the web (https://github.com/damiancclarke/MMR).

B Maternal Mortality in the Medical Literature

The medical literature suggests that maternal mortality is principally associated with labour, de-
livery and the early postpartum period; largely occuring between the third trimester of pregnancy
and the first post-partum week. The principal medical cause of these deaths is obstetric haem-
orrhage, a largely preventable cause provided “access to timely and competent obstetric care”
is available (Ronsmans and Graham, 2006). Along with haemorrhage, a number of other causes
are reported, including sepsis, abortion, hypertensive disorders, obstructed labour, embolism and
ectopic pregnancy'®. Despite the fact that these complications account for the majority of deaths
during labour, birth and the post-partum period, the prevalence of each varies by region (Khan
et al., 2006). Whilst haemorrhage is the principal cause in developing regions, complications
from caesarian sections and anaesthesia are more common in developed countries, and other
region-specific disease burdens are noted (abortion in Latin America and the Caribbean, sepsis

and HIV in Africa and anaemia in Asia).

Much focus in the existing literature is on the difficulty of obtaining accurate statistics of

16Highly cited figures (AbouZahr et al., 1991) suggest figures of 25% due to haemorrhage, 20% due to indirect
causes, 15% due to infection, 13% due to abortions, 12% due to eclampsia, 8% to obstructed labour and 8% to
other direct causes. Khan et al. (2006) provide evidence broadly in agreement with these values however note
that these estimates suffer from large confidence intervals.
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maternal mortality, particularly in those areas where maternal mortality is highest(Ronsmans and
Graham, 2006; McCarthy and Maine, 1992; McAlister and Baskett, 2006). The ability to compile
credible data is confounded by the lack of consistent classification prior to the introduction
of ICD-9 coding, the need to collect data from an array of data sources, misclassification of
maternal death, significant under-reporting of maternal mortality, and missing and incomplete

data(Yazbeck, 2012; Hogan et al., 2010).

Early work!” in the medical literature highlighted the importance of addressing the ‘proximal
causes’ or inputs of maternal mortality; namely the likelihood that a women becomes pregnant,
or the likelihood of complications (and the treatment of these complications) conditional upon
her becoming pregnant (McCarthy and Maine, 1992; Goodburn and Campbell, 2001; Trussell
and Pebley, 1984). Along with attendence and medical care for mothers during pregnancy and
child birth, these studies suggest that altering maternal age, quantity of births, and spacing of

births could have a considerable effect on rates of maternal mortality.

More recent medical studies also suggest that socioeconomic factors are fundamental in the
reduction of maternal mortality. Costello et al. (2004), for example, argue that the focus on
primary care and skilled attendance is not a sufficient strategy, citing considerable reductions
in maternal mortality following community-based interventions'®. McAlister and Baskett (2006)
suggest that social—and specifically gender-specific factors such as female education—should pre-
dict maternal mortality, demonstrating cross-country correlation between these variables. Recent
work from Ahmed et al. (2012) suggests that family planning inputs would allow for considerable
reductions in maternal deaths world-wide, with the authors estimating that the equivalent of 44%
of maternal deaths in 2008 were averted due to contraceptive use, and that meeting unmet de-
mand for family planning could prevent a further 29%. Finally, the importance of socio-economic
factors is also highlighted by Ahmed et al. (2010) (and earlier by Shen and Williamson (1999))
who suggest that more educated and empowered women are more likely to utilise health services
related to maternal mortality such as antenatal care, and skilled birth attendants, and by Bhutta
and Black (2013) who higlight the social determinants of maternal health, and the link of poor
health to poorly served urban slum environments where social and educational support networks

are weak.

17The Safe Motherhood Initiative of 1987 was put in place in response to the increasing recognition of this topic
in developing countries.
18 Also see Manandhar et al. (2004) for the results of a randomized trial of community-based meetings.
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Appendix Tables

Table 8: Full Country Data

Country 1990 1995 2000 2005 2010 Country 1990 1995 2000 2005 2010
Afghanistan X X Lesotho X X X X
Albania X X X X X Liberia X X
Algeria X X X X Libya X X

Argentina X X X X Lithuania X X X X
Armenia X X X X Luxembourg X X
Australia X X X X X Malawi X X X X X
Austria X X X X X Malaysia X X X X X
Bahrain X X X Maldives X X X
Bangladesh X X X X X Mali X X X X X
Barbados X X X X Malta X X
Belgium X X X X X Mauritania X X X
Belize X X X X Mauritius X X X X

Benin X X X X Mexico X X X X
Bolivia X X X X X Mongolia X X X
Botswana X X X Morocco X X X X

Brazil X X X X X Mozambique X X X X
Bulgaria X X X X X Namibia X X X
Burundi X X X X Nepal X X X X
Cambodia X X X X Netherlands X X X X X
Cameroon X X X X X Nicaragua X X X X
Canada X X X X X Niger X X X X
Chile X X X X Norway X X X X X
China X X X X X Pakistan X X X X X
Colombia X X X X X Panama X X b'e bd
Croatia X X X X Paraguay X X X X
Cuba X X X Peru X X X X X
Cyprus X Philippines X X X X X
Denmark X X X X X Poland X X X X
Ecuador X X X X Portugal X X X
Estonia X X X X Qatar X X X
Fiji X X X Moldova X X X X
Finland X X Romania X X X X X
France X X X X X Rwanda X X X X X
Gabon X X Senegal X X X X
Germany X X X X X Serbia X X X
Ghana X X X X X Singapore X
Guatemala X X X X X Slovenia X X X X
Guyana X X X X Sudan X X
Haiti X X X Swaziland X X X X
Honduras X X X X X Sweden X X X X X
Hungary X X X X X Switzerland X X X X X
India X X X X Tajikistan X X X X
Indonesia X X X X X Thailand X X X
Iraq X X Togo X X be X X
Ireland X X X X X Tonga X X X X
Israel X Tunisia X X X X
Italy X Turkey X X X X X
Jamaica X X X X Uganda X X X X X
Japan X X X X X Ukraine X X X X
Jordan X X X X Tanzania X X X X X
Kazakhstan X X X X Uruguay X X X
Kenya X X X X X Viet Nam X X X X
Kuwait X X X X Zambia X X X X X
Latvia X X X X Zimbabwe X X X X
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Table 14a: 1976 Educational Expansion Placebo: Nigeria

(1) (2) (3) (4)

PANEL A: OUTCOME — EDUCATION
Intensity 56-60 1.534* 1.449 -0.348 0.213

(0.818) (1.177) (0.336) (0.168)
Intensity -0.242

(0.872)
Observations 2,617 2,617 2,617 2,617
R-squared 0.299 0.297 0.300 0.301
PANEL B: OurcoME — MMR
Intensity 56-60 -0.0118  -0.00631 -0.00315 -0.00257

(0.0107)  (0.0117)  (0.00389)  (0.00204)
Intensity 0.00135

(0.0119)
Observations 6,508 6,508 6,508 6,508
R-squared 0.014 0.014 0.015 0.015

PANEL C: OuTcOoME — MMR (UNDER 25)

Intensity 56-60 0.00356  0.00177 -0.00196  -0.00156
(0.00616)  (0.00589)  (0.00227)  (0.00148)
Intensity -0.00886
(0.00992)
Observations 6,508 6,508 6,508 6,508
R-squared 0.011 0.011 0.011 0.011

NoTEs: For a full description of outcomes and treatments see Table 7a. A placebo treatment
here is defined by comparing two groups who had already left primary school by the time of
the reform. The birth cohorts from 1956-1961 were defined as the placebo ‘treatment’ and
the cohorts from 1950-1955 were defined as controls. *p<0.1; **p<0.05; ***p<0.01
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Table 14c: 1985 Educational Expansion Placebo: Kenya

(1) @)
VARIABLES Years of Education Maternal Mortality
Treatment -0.0994 -0.0152
(0.531) (0.00978)
Observations 13,703 25,602
R-squared 0.203 0.031

NotEes: For a full description of outcomes and treatments see Table 7c.
A placebo treatment here is defined by comparing two groups who had
already left primary school by the time of the reform in 1985. The placebo
‘treatment’ was defined as occurring in 1977, and hence affecting (at least
partially) birth cohorts from 1955 to 1963, rather than the true affected
cohorts of 1964 to 1972. *p<0.1; **p<0.05; ***p<0.01
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D Appendix Figures

Figure 7: Maternal Mortality Ratio and Women’s Education (Conditional on Income)
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Slope = -12.304 (p-value = 0.000 )

(a) Proportion out of School

Slope = -2.37 (p-value = .039 )

(b) Proportion in Primary School

NOTES TO FIGURE 7: Each point represents the country average of A MMR and A educational indicator after
conditioning on A GDP per capita. A is the first difference, and is a country average over the period 1990-2010
(the full MMR sample). The inverse of Proportion out of School is used, so A is interpreted as a reduction in the
proportion of women out of school. Unconditional results are presented in figure 1 of the paper.

Figure 8: Educational Attainment by Region: 1990-2010
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Figure 9: Maternal Mortality Ratio by Region: 1990-2010
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Figure 10: Maternal Mortality and Education:

Functional Form

Years of Schooling

MMR
Fitted Values (quadratic)

Fitted Values (linear)

Notes to figure: Each point represents a country average of maternal deaths per 100,000 live births.

Education data is for women aged 15-39.
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