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Abstract

OBJECTIVE Numerous studies have documented an inverse association between years of schooling

attained, particularly by women, and reduced maternal, infant and child mortality. However, if
factors affecting educational attainment — many of which are unobservable, e.g. motivation and
genetic endowment — also affect the likelihood of engaging in behaviours that enhance health, then
assumed effects of schooling will be inflated in analyses that do not address this endogeneity. This
systematic review assesses evidence for a causal link between education and maternal and child health

in low and middle-income countries.

METHODS Eligible studies controlled for observable and unobservable factors affecting both
education and health. Reported effects were converted into partial correlations. When possible, we
also conducted meta-analyses to estimate mean effects by outcome.

RESULTS Of 4952 papers identified, 16 met the inclusion criteria. The 15 child health papers
examined neonatal, infant and child mortality, stunting and wasting. Significant effects of education
on infant and child health were observed for 30 of 33 models that did not account for endogeneity.
In contrast, only 18 of 46 effects were significant in models that addressed endogeneity. Notably, for
only one outcome —child mortality measured dichotomously —was the effect of maternal
educational attainment significant in a meta-analysis. The one maternal morbidity paper found
significant effects for the two preventable outcomes considered.

CONCLUSION While we find evidence for a causal link between education and health, effects are
weaker in models that address endogeneity compared to naive models that do not account for
unobservable factors affecting both education and health. Advances in women’s educational outcomes
have undoubtedly played a role in improving health in many settings; however, the effect is not as
strong as some researchers and advocates have claimed.

keywords infant and child health, education, low and middle-income countries, maternal health,

systematic review

Introduction

Numerous studies have documented an inverse associa-
tion between years of schooling attained, particularly by
women, and reduced maternal, infant and child mortality
[1-5]. It has been said that the link between education
and child mortality is one of the strongest relationships
established in public health [6]. A systematic examination
of trends in education and child health in 175 countries
between 1970 and 2009 argued that about half the
reduction in child mortality could be attributed to the
increase in years of schooling of young women globally
[6]. Moreover, analyses of survey data from low income

countries have shown that mother’s education generally
explains more of the variation in infant and child mortal-
ity than household economic resources [7, 8].

Mother’s education is thought to be important for
both preventing and treating poor health outcomes [9]
and illness. A variety of pathways have been hypothe-
sised linking education to maternal and child health
including skill building, socialisation, information provi-
sion and delays in childbearing [10-12]. Recently, liter-
acy has become a focal point for theories about
mechanisms linking female education to maternal and
child health outcomes, serving both as a marker for
skills gained in school and an indicator of future
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learning potential [13,14]. The contributions of literacy
have been framed in terms of providing women with
tools to learn more about the broader world as well as
skills to acquire more targeted knowledge to improve
child outcomes [15].

Maternal grade attainment and literacy are also associ-
ated with a wide range of preventive and treatment-
oriented health behaviours, including breastfeeding dura-
tion, well-child care and effective use of health services
[16]. These health behaviours, in turn, have been found
to partially mediate the relationship between women’s
schooling and child health as well as maternal health as
use of health facility services for labour and delivery is
considered by many to be the most effective strategy to
reduce maternal deaths [2, 17-22].

Researchers have argued that, in addition to develop-
ing academic skills and competencies that facilitate
interaction with health bureaucracies, education poten-
tially gives rise to more equitable gender attitudes and
greater autonomy, which are likely gained through
school-based experiences and shifting expectations
about the future [15]. Although academic skills may
facilitate their acquisition, changes in attitudes and
autonomy may be more closely related to time spent in
classrooms and social interactions between teachers and
students, depending on the school environment [19].
Better-educated women are said to develop autonomy
to act on health knowledge, navigate health institu-
tions, control fertility and improve child health [14, 19,
23-33].

While a voluminous literature has established associa-
tions between education and health in developing coun-
tries, and while studies have referred to women’s
schooling as a ‘determinant’ of health [21], a question
remains regarding the degree to which a causal rela-
tionship exists [34]. Education is not randomly
assigned. Those with more years of school are likely to
be selective and, as such, factors affecting educational
attainment such as motivation or genetic endowment
may also affect the likelihood of engaging in beha-
viours that enhance maternal and child health [35]. Yet
claims have been made regarding the beneficial effects
of education based on associations rather than through
more rigorous methods to assess causality. Analyses
that fail to address the potential endogeneity between
health and schooling may lead to exaggerated conclu-
sions about the degree to which education, in and of
itself, is protective [2].

To document and fill this gap in knowledge, we con-
ducted a systematic review of the evidence for a causal
link between education and health in low and middle-
income countries. Establishment of causality is more than

an academic exercise; it has implications for current poli-
cies and programs. If increases in educational attainment
or improvements in skills acquired in school can be
shown to reduce morbidity and mortality, then invest-
ments in education will likely have a direct payoff in
terms of improved child and maternal health.

While the above discussion considers education
broadly, the focus of this analysis is on mother’s grade
attainment and years of schooling because the vast
majority of papers use these measures as the education
exposure. However, we also summarise results from the
few papers that consider father’s education given interest
in whether the effect is comparable to the effect for
mother’s education [36].

Note that this paper is one component of a two-part
effort to review the literature on the causal links between
education and health. While the search included sexual
and reproductive health and malaria, the results here are
limited to those focused on maternal and child health.
Findings from the review of the effects of education on
sexual and reproductive health are summarised elsewhere
(see Psaki, SR, et al. 2018) [37]; no papers meeting the
inclusion criteria were found for malaria. Details of the
protocol for this systematic review were registered on
PROSPERO and can be accessed here (https://www.crd.
york.ac.uk/prospero/display_record.php?RecordID=
73224; Registry number: CRD42017073224).

Methods
Search strategy

We searched select peer-reviewed and gray literature
databases (Box 1) for English language articles from
1990 or later using education as either an intervention or
exposure. In addition to database searches, we reviewed
reference lists for pertinent articles as well as recom-
mended articles from the study advisory committee and
authors. Search terms included measures of exposure to
formal schooling as well as learning outcomes, and
maternal and child health. Study design terms were also
included. (Box 2). The search was conducted between

Box | Databases searched

PubMed, POPLINE, EconLit, ProQuest Dissertation
Abstracts, Sociological Abstracts, WHO Regional
(AIM), WHO Regional (LILACS), WHO Regional
(WPRIM), WWW, DEC-USAID, ELDIS, World Bank
OKR, NBER Working paper series.
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Box 2 Examples of search terms

e Measures of exposure to formal schooling: e.g.

educational attainment, enrollment, school drop-

out, maternal education

Measures of health: e.g. maternal morbidity and

mortality, child stunting, child wasting, infant and

child mortality, malaria.

e Study Design terms: e.g. randomisation, causality,
experiment, instrumental variable and regression
discontinuity.

July 30, 2017 and August 16, 2017. Authors and study
advisors were given until December 18, 2018 to update
data and provide any additional papers.

Inclusion/exclusion criteria

After the initial search, titles and abstracts were uploaded
to Covidence, where two authors (2 and 3) reviewed
titles and abstracts to assess relevance, including studies
for full text review if their abstracts suggested that they
met our inclusion criteria. Abstracts were assessed inde-
pendently and disagreements were discussed before refer-
ring to a third author (4 or 1). Articles were included in
full text review if they met the criteria listed in Box 3.
Two authors (2 and 3) reviewed each full text. The com-
plete list of inclusion and exclusion criteria is available in
the registered protocol.

Data extraction

Data were single extracted. The data extraction form was
designed in consultation with the Cochrane Handbook
[38] and included study design; methods; participants;
sample size; analysis methods; outcome measure(s); expo-
sure measure(s); effect sizes; statistical significance; and
discussion of mechanisms. In the course of data extrac-
tion, authors were contacted to request additional infor-
mation as needed to compare study effect sizes.

Grading of evidence

After data extraction, two authors (2 and 3) indepen-
dently assessed study quality for each of the final
included articles. Using an assessment tool adapted from
Baird et al.[39] and GRADE, studies were assigned
points based on whether they addressed six domains: (i)
selection bias; (ii) methods-specific criteria (appropriate
use and reporting of study design and analytical

Box 3 Inclusion criteria

e Any of the exposure and outcome measures as
noted in our study protocol.

e Same exposure(s) and outcome measure(s) were
analysed for both treatment/quasi-treatment and
control/quasi-control groups.

e Analysis attempted to control for the endogeneity
between education and at least one health outcome
of interest.

o Study methods eligible for inclusion were:

o Randomised controlled trials (RCTs), both lon-
gitudinal and repeated cross-sectional survey
methods or natural experiments that addressed
the endogeneity of schooling or other designs
that addressed the endogeneity of policy changes
or programs which improve schooling.

o Quasi-experimental studies with a controlled
comparison.

e Reports on data from low- and middle-income

countries as defined by the World Bank.
o Published 1990 or later.
o Published in English.

Note: for an RCT or natural experiment to be
included, the authors had to first show that it pro-
duced a positive effect on an education outcome. In
the absence of a change in an education outcome, the
authors would be unable to address the endogeneity
between education and health.

approaches); (iii) sample size; (iv) confounding factors;
(v) respondent and data attrition; and (vi) mechanisms
(authors describe any theoretical pathways linking educa-
tion and health to motivate analyses). Each study was
given 0 or 1 on the six criteria outlined, for a possible
score ranging from 0 to 6.

Quantitative analysis

In addition to presenting the coefficient estimates for
both the ordinary least squares (OLS) models and the
more rigorous models that addressed endogeneity, to
summarise the results we designated the effect of educa-
tion on a health outcome to be either ‘expected’ when
the estimated effect of education was statistically signifi-
cant and improved a health outcome, ‘null’ when the
effect of education on a health outcome was not signifi-
cant, and ‘unexpected’ when the effect of education was
significant and led to a worse health outcome. Signifi-
cance levels were based on o = 0.05, which may differ
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from results reported by some authors who use o = 0.10.
For the synthesis, we use only measures of maternal edu-
cation for our education exposures of interest because
too few papers included paternal education.

To compare results across studies we converted
reported effects into partial correlations () and provide
95% confidence intervals. We estimated the partial corre-
lations for OLS models, when the authors provided esti-
mates for such models, as well as for the more rigorous
models. When there are at least three studies with the
same exposure and outcome, we also compare effect sizes
visually using forest plots with 95% CIs. The partial cor-
relation has an absolute value of 1. When it is <0.2,
which is the case for all papers considered here, the par-
tial correlation is roughly equal to the standard deviation
of the change in the health outcome associated with a
one standard deviation change in the education variable
controlling for, or ‘partialling out’, the other variables in
the model [40]° Drawing on Cohen’s [41] conventions for
interpreting effect sizes, correlation effect sizes less than
or equal to 0.10 are considered small, values of 0.25 are
considered medium, and values greater than or equal to
0.40 are considered large [42]. Typically, most systematic
reviews that contrast groups compute standardised mean
differences if the outcome is continuous and odds ratios
if the outcome is dichotomous [42]. However, because
the final set of papers included multiple model types and
because all papers incorporated complex estimation
methods, the partial correlation was considered the most
appropriate standardised effect size statistic. In some
cases, e.g. linear models with a continuous or dichoto-
mous education exposure, conversion was straightfor-
ward. But other conversions were more complex. See
Data S1 for a more detailed description of the computa-
tion of partial correlations.

After converting each study’s estimated effects to partial
correlation coefficients, we conducted meta-regressions to
estimate mean effect sizes and 95% confidence intervals
for outcomes when three or more studies were identified
that (i) drew from different study populations; (ii) mea-
sured an exposure and outcome the same way; and (iii)
used the same study design (i.e. quasi-experimental or
RCT). We ran random effects rather than fixed effects
models based on the assumption that identified studies are
drawn from a larger population of studies that do not
have a common effect size[43]. We estimated a restricted
maximum likelihood (REML) random effects model
rather than the more-often employed DerSimonian-Laird
(DL) model due to software limitations, but multiple stud-
ies have shown that DL and REML produce comparable
estimates of between-study variance under various condi-
tions [44-46]. Mean effect sizes were calculated by

weighting each study’s partial correlation coefficient by
the within study variance using the following equation:

1

where w; is the weight of study i, v; represents within-
study variance, and gy is the between-study variance
for the REML model, as calculated below.
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Here, y; is the treatment effect for study i, 3, is the
between-study variance from the maximum likelihood
model, and jizg is the mean effect size under a random-
effects estimation [47].

We report Cochran’s Q statistic to assess the extent to
which the included effect sizes all estimate the same popu-
lation effect size (that is, from a homogenous population).
Since the variation in effect sizes between studies may
reflect both true heterogeneity and random error, a statisti-
cally significant O indicates that the variation in study
effect sizes is not due to error alone, and therefore studies
are drawn from a heterogeneous population. However, a
non-significant P-value for Q does not necessarily rule out
the possibility of variations in true effects, as this may be
due to low power, which is likely when there are few stud-
ies [43]. We also report the between-study variance estima-
tor 1 [2], as calculated above from the REML model. In
addition, we include the I* statistic, a study-level measure
of effect, which quantifies the percentage of the variance in
a set of studies that is due to the studies themselves rather
than sampling error. Cochrane collaboration guidelines
suggest that an I greater than 75% indicates considerable
heterogeneity between studies, while a value below 40%
indicates that heterogeneity may be unimportant [48].
Given that there are few studies included in each regression
we do not conduct a moderator analysis which is used to
investigate factors causing the heterogeneity.

Narrative synthesis

We begin the summary of results by first providing a
description of the papers, including the type of publica-
tion, the country, the sample size, the type of analyses
the authors conducted, the estimation procedures and our
assessment of the risk of bias. We organise the quantita-
tive analysis by outcome beginning with neonatal, infant
and child mortality, then turning to child stunting and
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wasting, and then finally considering maternal morbidity.
We summarise the papers in tabular form for each health
outcome separately converting each study’s result into a
common statistic. While we calculate the frequency of
different results across studies, specifically the extent to
which significant results in ‘naive’ analyses are retained
in more rigorous models, our quantitative synthesis is not
limited to ‘vote counting’ but also, where possible,
includes meta-analysis. We then consider the effect of
father’s educational attainment for the few papers that
analyse this exposure. Finally, to the extent that authors
discuss mechanisms, we have summarised their findings
about the pathways linking education to health.

and half were working papers. All studies focused on a
single country; half analysed data from sub-Saharan
Africa, and the other half analysed data from Asia, the
Middle East/North Africa and Latin America. Eleven of
the 16 papers used data from the Demographic and
Health Surveys (Table 1).

Figure 1 shows the PRISMA flow diagram. Of the final
set of 16 papers, only one study investigating maternal
morbidity, and no papers on maternal mortality or
malaria, met our inclusion criteria. Of the papers that
examined child health, seven investigated the effects of
education on both infant and child mortality [35, 36, 49—
53], one measured child but not infant mortality sepa-
rately [54] and one measured infant but not child mortal-

Results

Study selection

Of the 4952 papers identified, 16 were included in this

ity [55]. Of the nine papers that investigated infant
mortality [35, 36, 49-53, 55, 56], five also examined
neonatal mortality [35, 36, 51, 52, 56]. Of the papers
that measured child growth faltering, eight investigated

review. Half were published in peer reviewed journals,

Table | Study characteristics

child stunting [51, 55-61] and, of these, five also

Estimation  Risk of
Authors (year) Publication type Country Sample size Type of analysis procedure  bias score
Ali & Elsayed Journal article Egypt 95,191 mothers; Quasi-experimental  2SLS, RDD 3
(2018) [51] 345,235 children
Baird, McIntosh, & Working paper ~ Malawi 2049 females RCT OLS 6
Ozler (2018) [56]
Breierova & Working paper  Indonesia 122,818 mothers; Quasi-experimental  2SLS, OLS 3
Duflo (2003) [36] 98,953 sons; 96,391
daughters
De Neve & Journal article Zimbabwe 8243 children Quasi-experimental  2SLS, OLS 4
Subramanian
(2017) [57]
Dinger, Kaushal, & Journal article Turkey 5233 females Quasi-experimental  2SLS, OLS  §
Grossman (2014) [35]
Dursun, Cesur, & Working paper  Turkey 1,486,353 females; Quasi-experimental  2SLS, OLS 5
Kelly (2017) [54] 340,091 children
Fazlul (2018) [58] Working paper  Bangladesh 19892 women Quasi-experimental  2SLS, OLS 2
Grépin & Bharadwaj Journal article Zimbabwe 7813 females Quasi-experimental  2SLS, OLS 3
(2015) [49]
Giines (2015) [59] Journal article Turkey 1677 ever-married females Quasi-experimental 2SLS, OLS 4
Keats (2018) [55] Working paper  Uganda 12966 females Quasi-experimental  2SLS 3
Makate & Makate Journal article ~ Malawi 20,299 mothers; Quasi-experimental  2SLS, OLS 4
(2016) [50] 67,225 toddlers
Makate (2016) [52] Journal article Uganda 9957 females; Quasi-experimental  2SLS, OLS 4
34,102 children
Maiga (2011) [60] Working paper  Burkina Faso 2007 children Quasi-experimental  2SLS, OLS 3
Shrestha (2016) [53] Working paper  Nepal 3349 mothers (literacy), Quasi-experimental  2SLS, OLS 4
3306 mothers
(grade attainment)
Tequame & Tirivayi Working paper  Ethiopia 4291 females Quasi-experimental  2SLS, OLS 4
(2015) [61]
Weitzman (2017) [64]  Journal article Peru 5441 females Quasi-experimental  2SLS, OLS 3
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Citations removed due to:

¢ Non-English studies (n=111)

e Out of geographic scope (n=1791)
o Off topic (n = 1539)

e Animal studies (n = 26)

Duplicates removed (n = 135)

Studies excluded, lack of relevance
(n=982)

Studies excluded (n = 363)
o Does not report any of the listed exposure and

outcome measures (n = 159)
¢ Quasi-experiment without a controlled
comparison or study which does not attempt to

control for endogenityof education exposures (s)
and states health outcome (s) (n = 159)

SRH outcomes only (n = 13)
Duplicates (n=11)
Gray literature (n = 5)

Figure | PRISMA flow diagram MCH.

measured child wasting [51, 55, 57, 58, 60] and three
[51, 55, 58, 59] measured child weight for age [55, 58,
59].

Health outcomes

The outcome measures differed across studies. Many
infant and child health studies had continuous outcomes:
for growth faltering these included z-scores and number
of children stunted before age 5 based on World Health
Organization definitions; for infant and child mortality
these included number of children dead before one
month, one year or five years and mortality rates. Other
child health studies had dichotomous measures: any
stunted or wasted child and infant or child death by the
survey. While not all authors were specific about whether
the child mortality measure was inclusive of infant mor-
tality, that is whether the child mortality results refer to

Citations initially identified in search
(n=4952)
- e PubMed (n=2132)
9 ¢ Dissertation abstracts (n = 873)
T e ERIC (n=866)
ES o EconlLit (n = 405)
S e POPLINE (n=312)
k=] e Other* (n=364)
Citations added from
reviews, advisory
— | committee, or author
directly (n=11) - . -
Potentially relevant studies imported into
Endnote for screening (n = 1496)
o
=
c
()
o
?
Potentially relevant studies screened for full
text retrieval (n = 1361)
= Full text articles retrieved for detailed
> evaluation (n = 379)
S5
w
Studies included in review (n = 16)
°
o)
°
=
©
=

Only reports data from high income countries
(n=5)

Unable to locate (n = 4)

Embargoed (n = 3)

Non-English language articles (n = 2)

Different exposure (s) and outcome measure (s)
were analyzed between treatment/quasi-
treatment and control/quasi-control (n = 1)

e Purely qualitative study (n=1)

4q1 rather than 5q0, or whether infant mortality was
inclusive of neonatal mortality, based on the wording
provided, all papers that assessed infant or child mortal-
ity included younger age brackets except for Baird, MclIn-
tosh and Ozler’s (2018) [56] measure of infant mortality,
which excluded neonatal mortality. For the paper investi-
gating maternal morbidity, all measures were dichoto-
mous: ever experienced fever, excessive vaginal bleeding
or convulsions during pregnancy and mastitis after child-
birth. While we will discuss the results for wasting and
maternal morbidity outcomes since they were included in
our search terms, tables summarising results from these
models are provided in a supplementary section (Tables
S3-S6) rather than the main paper because wasting is
considerably less common than stunting [62,63] and is
often short term since it is generally the consequence of
an acute food shortage [62, 63], and because only one
paper was available for maternal morbidity.
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Education exposure

Of the 16 papers, 11 measured the effects of maternal
grade attainment only (i.e. years of school completed either
as a continuous or dichotomous measure); one measured
grade attainment and literacy, three measured years of
schooling, which could differ from years attained because
of grade repetition and one, focused on adolescents, mea-
sured school attendance. With a few exceptions, studies
did not measure whether the effect of maternal schooling is
linear or whether there are threshold effects, that is
whether, for example, the positive effect of schooling on
health is realised with primary or secondary completion.
Because the measure of education is continuous for most
studies, where forest plots are provided, treatment/expo-
sure and control group numbers are not provided. While
all 16 papers considered the effect of maternal education,
three papers [36, 51, 57] also considered the effect of
paternal educational attainment on child health.

Study design

Only one paper [56] analysed data from a randomised
controlled trial. Fifteen of the 16 studies took advantage
of natural experiments, e.g. school construction program
in Indonesia [36], implementation of universal primary
education policies (elimination of primary school fees)
in Malawi [50] and Uganda [52, 55], increases in years
of compulsory education in Peru [64] and Turkey [35,
54, 59], and a secondary school scholarship program in
Bangladesh [58]. These 15 papers all used exposure to
the intervention or policy change as an instrument to
address the endogeneity in the relationship of interest.
That is, they exploited the variation in the intensity of,
or exposure to, the reform across cohorts, which
resulted in exogenous variation in the supply of school-
ing to mimic a randomised controlled experiment.
Instrumental variables (IV) estimation is widely used in
economic research to assess causality with observational
data when correlation between the explanatory variable
and the error term is suspected due, for example, to an
omitted variable [65]. The goal is to identify an observ-
able variable that induces changes in the endogenous
explanatory variable, in this case education, but has no
direct effect on the dependent variable, in this case,
health. That is, the instrument is supposed to influence
health only through its effect on education. Two stage
least squares (2sls) models are then estimated. In the
first stage, the endogenous explanatory variable, educa-
tion, is regressed on the exogenous explanatory variables
in the model as well as the excluded instrument. To
obtain unbiased estimates of the effect of education, in

the second stage the endogenous school attendance vari-
able is replaced with the predicted values from the first-
stage estimates. For this estimation technique to perform
well, that is for hypothesis testing based on IV estimates
to be correct, the instrument most be valid. There must
be a convincing theoretical argument ruling out any
direct effect of the instrument on the dependent variable
at the same time the instrument must be correlated with
the endogenous regressor. If these conditions are not
satisfied the instrument is considered to be weak and
2sls may introduce more bias than the ordinary least
squares model it is intended to replace. The advantage
of a natural experiment is that these conditions can
often be met, that is ‘there is usually a well-developed
story or model motivating the choice of instruments’

[66].

Risk of bias

In our ‘risk of bias’ assessment, while only one study
scored a five or six [56], given the stringent criteria for
this review, we consider all papers that met our inclusion
criteria to be higher quality than much of the existing lit-
erature. The scores assigned are a function of the level of
detail reported by the authors, rather than fundamental
flaws in study design. (Table S2). Both because only 16
studies met our stringent criteria and limited variability
in analytic quality, we do not separate analyses by scores,
although in the tables we do indicate studies that received
a score of 4 or higher.

Infant and child health

Of the 14 quasi-experimental papers that investigated
infant and child health, 12 compared OLS models with
more rigorous models that addressed endogeneity. These
12 papers examined 33 outcomes, 17 of which are
unique. (A list of the 17 outcomes is included as

Table S1). Significant effects of education on health were
found for 30 of 33 outcomes in OLS models, seven of
nine for neonatal and infant mortality [35, 36, 49, 50,
52, 53], 12 of 12 for child mortality [35, 36, 49, 50, 52—
54] and 11 of 12 for growth faltering [57-60, 61]. Only
16 of the 33 outcomes were significant in the more rigor-
ous models for papers comparing OLS to these more rig-
orous models; five of nine for infant and neonatal
mortality [36, 49, 50, 52, 53], eight of 12 for child mor-
tality [36, 49, 50, 52, 54] and two of 12 for growth fal-
tering [55, 58]. In summary, while there is evidence for a
causal link between education and child health, effects
are considerably weaker in models that address endo-
geneity by comparison to naive models. The discussion
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below considers all papers separately by outcome, not
just those that compared OLS models with more rigorous
models. In total, the 15 infant and child health papers
examined 46 outcomes, 18 of which were significant in
models that addressed endogeneity. The tables — both
those included in the main paper as well as the supple-
ment— separate results by the approach used by authors
to measure the outcome.

Neonatal, infant and child mortality

The effect of maternal education was significant in the
expected direction for five [36, 49, 50, 52, 53] of 12
infant mortality models (Table 2.3-2.5) and eight [36,
49, 50, 52] of 13 child mortality models (Table 3.1-3.6).
Only one paper [53] that included both infant and child
mortality as an outcome found a significant effect for one
outcome, infant mortality, and a null effect for child
mortality. Consistent with early descriptive research [67],
the evidence for an effect of education on neonatal mor-
tality (Table 2.1 and 2.2) is weaker than for infant and
child mortality; only one [36] of the four papers found a
significant effect with more rigorous models. Although
the signs calculated for the partial correlations are always
consistent with the signs for the coefficients produced by
the authors, there is one infant and child mortality paper
[52] where the significance level reported (equivalent to

o = 0.05) for infant mortality does not correspond with
the 95% CI that we calculated. There is insufficient infor-
mation reported by the author to account for the discrep-
ancy.

Stunting and wasting

The results for the child growth faltering models —stunt-
ing, wasting, underweight— varied, but apart from stunt-
ing the number of papers identified for each of these
outcomes is very small. For stunting, which reflects
cumulative nutritional deprivation and infection, three
measures were used: (i) height-for-age z-score (HAZ)
where we expect a positive association with education
(Table 4.1), (ii) a dichotomous indicator of stunting
where height-for-age is more than two standard devia-
tions below the WHO Child Growth Standards median
(Table 4.3), and (iii) total number of stunted children
under age five, again based on the WHO standard; for
the latter two we expect a negative association

(Table 4.2). For wasting, which reflects acute undernutri-
tion, there were two measures: (i) weight-for-height z-
score (WHZ), where we expect a positive association
with education, and (ii) a dichotomous indicator of wast-
ing where weight-for-height is more than two standard

deviations below the WHO Child Growth Standards
median, for which we expect a negative association with
education. For underweight, which reflects both chronic
and acute malnutrition, there is one measure, weight-for-
age z-score (WAZ), for which we expect a positive asso-
ciation with education (Tables S3-S6).

The effect of maternal education was significant in
the expected direction in more rigorous models for two
of ten child stunting outcomes[55], two[58, 60] of six
child wasting outcomes and none of the three weight-
for-age outcomes. While there are too few papers exam-
ining the effect of education on child growth faltering
to draw definitive conclusions, the few that satisfied our
inclusion criteria did not have consistent findings across
outcomes. One paper that found a significant effect on
stunting in Uganda [55] did not find a significant effect
on wasting whereas a paper analysing data from Burk-
ina Faso [60] found the opposite pattern (see Table 4.1—
4.5). For one paper analysing the effect of education on
stunting [59], the value of r was not significant, but the
coefficient calculated by the author was. (Note, in
another paper Fazlul (2018) indicates significant effects
of education in 2sls models for three outcomes: wasting,
WAZ and WHZ, but only WHZ was significant in our
analysis because we set it alpha = 0.05 whereas he set al-
pha = 0.1.)

Meta-analysis

Given the small number of studies and the criteria listed
above, we were only able to conduct meta-regressions for
five of the 17 infant and child health outcomes in seven
papers [49-52, 55, 57, 58]. Consistent with that observed
in the forest plots, meta-regression results indicate a sta-
tistically significant mean effect size of increased grade
attainment only on child mortality measured dichoto-
mously: —0.0206 (P = 0.018). While three of the five
meta regressions indicate that I* is high — indicating sub-
stantial heterogeneity between studies — for child mortal-
ity measured dichotomously it is zero. However, the I*
index has low statistical power when the number of stud-
ies is small, and thus no definitive conclusions should be
drawn about heterogeneity for the child mortality model
[68]. Suffice it to say: based on the results from three of
the other regressions as well as the information available
about the characteristics of each study, it is likely that
there is considerable between-study variability related to
the samples and the study designs thus limiting our abil-
ity to make definitive statements about the magnitude of
the significant relationship between maternal education
and child mortality and the source of heterogeneity

(Table 3).
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reproductive behaviour, health behaviours, maternal
health status, resources and knowledge, skills and atti-
tudes. It is beyond the scope of this review to investigate
which mechanisms find the most empirical support as
that would require a systematic analysis of all papers
exploring those relationships, a much larger sample of
papers than discussed in this review. However, for the
nine child health papers that investigate mechanisms
empirically, few consistent pathways emerge, which in
part may reflect that data were not available to analyse
the same set of mechanisms across studies. The one con-
sistent intervening pathway linking maternal education to
child health outcomes is reproductive behaviour. How-
ever, our review of the sexual and reproductive health lit-
erature did not find consistent evidence of mechanisms
linking education and those outcomes (see Authors 2018
[37]) leaving us with an incomplete picture of whether it
is knowledge, skills, or attitudes and preferences that
underlie the associations.

Discussion

To the best of our knowledge, this is the first systematic
review of rigorous studies attempting to address the
endogeneity between education and maternal and child
health in low and middle-income countries. While signifi-
cant effects of education on infant and child health were
observed for 30 of 33 OLS models that did not address
endogeneity, only 16 of the 33 effects were significant in
more rigorous models. Including all 15 child health
papers, not just those comparing OLS to more rigorous
models, we examined 46 models, only 18 of which were
significant when endogeneity was addressed. This analysis
has demonstrated that models that do not address the
shared factors driving the association between maternal
education and infant and child health considerably over-
state the effect of education. While papers published in
journals or as working papers are often biased in favor
of reporting significant effects of education on maternal
and child health [69], one characteristic of the papers
included in this review argues against that: almost all
authors had the goal of demonstrating whether significant
effects found in OLS models were maintained in models
addressing endogeneity; thus if insignificant effects were
found in the more rigorous models, that was a worthy
finding in and of itself.

Given the small number of papers per outcome we were
only able to conduct meta-analysis for five of 17 outcomes.
Notably for only one outcome — child mortality measured
dichotomously — is maternal educational attainment sig-
nificant. Why might mother’s education have a more con-
sistent effect on child mortality than on neonatal and

infant mortality and stunting? There are several potential
explanations: (i) For almost all papers the measure of child
mortality included infant deaths, and thus there was more
power to detect an effect of education for child mortality
than for neonatal and infant mortality models. (ii) Many
neonatal and infant deaths are caused by congenital mal-
formations and genetic abnormalities (in addition to
obstetric care and delivery complications), whereas deaths
after age one are more often a result of environmental con-
ditions, sanitation, nutrition, immunisation and child care
practices [70]. These so-called exogenous or external fac-
tors are more likely to be influenced by maternal education
[9]. (iii) In addition to recurrent infections, stunting is
caused by inadequate nutrition [71], which is likely more a
function of financial resources of the household than of
education of the mother.

This review had several limitations. First, although we
calculated mean effect sizes for each individual paper and
overall mean effects for selected outcomes via meta-
regressions, the small number of studies per outcome and
the considerable variability in number and type of vari-
ables included in each model, even in studies with similar
designs, makes it difficult to draw definitive conclusions
about the magnitude of the effect of education on health.
Because the 15 child health papers investigated 17 differ-
ent outcomes, we summarised the results by counting sig-
nificant effects and, where possible, compared the OLS
results to the results where endogeneity was addressed.
Yet there are serious limitations to ‘vote counting’ in that
every study is treated equivalently, which means that the
magnitude of the effect, the sample and the study quality
are not considered. The Cochrane review guidelines note
that “Vote counting might be considered as a last resort
in situations when standard meta-analytical methods can-
not be applied (such as when there is no consistent out-
come measure [38]. What we have noted above and can
conclude with confidence based on both the counting
procedure used in all 15 child health papers and the
meta-analyses for seven of the papers is that the effect of
maternal education on health, which appears to be signif-
icant in almost all OLS models, is attenuated in models
that account for endogeneity. We recommend that future
studies investigating the effect of education on child
health include outcome measures that are most com-
monly used, which will facilitate comparisons between
studies and make it possible to conduct meta analyses
with more studies. Specifically, we suggest that research-
ers measure child health with dichotomous outcome vari-
ables, i.e. ever neonatal, infant and child death and
stunted and wasted (yes/no).

Second, although there is considerable heterogeneity
between studies included in this review, we are unable to
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conduct moderator analyses that would help explain the
source of heterogeneity. For example, it might be expected
that the magnitude of the effect of maternal schooling on
health would depend, in part, on the overall level of educa-
tion in the country or geographic area under consideration.
For example, education might be a more important deter-
minant of child health in settings of extreme poverty, sub-
stituting for non-existent or poor-quality health facilities,
and inadequate water and sanitation infrastructure. Alter-
natively, mother’s education might matter more where
health facilities are accessible and of reasonable quality as
the better educated may be more able to take advantage of
such facilities. The 15 child health papers are based on data
from nine countries for which the mean years of schooling
varies from 1.5 (Burkina Faso) to 8.1 (Zimbabwe)
[72].While there is no evidence from our analysis that the
presence of significant effects varies consistently with the
overall level of school, the number of countries is insuffi-
cient to draw any definitive conclusions.

Third, almost all papers focused on grade attainment
or years of schooling as the education exposure, likely
due not only to data limitations, but also because they
exploited natural experiments, primarily in the form of
policy or programmatic changes designed to increase
access and/or attainment. This undermines our ability to
identify what aspect(s) of schooling improves maternal
and child health. Is it the challenging of traditional
notions of disease and acquisition of specific preventative
and curative procedures through life skills curricula? Is it
improvement of literacy that provides the tools to acquire
and use targeted information [13]? Is it that the process
of learning produces structural changes in the brain
thereby enhancing cognitive abilities associated with
improved health behaviours [7]? Is it the development of
autonomy that allows individuals, especially women, to
act on health knowledge and navigate health institutions
[15]? The absence of an array of measures means that
grade attainment will likely capture the effects of other
dimensions of schooling that are potentially key for
improving health outcomes.

Fourth, very few papers investigated the effect of both
mothers’ and fathers’ grade attainment, and thus it is not
possible to draw conclusions on whether there is a gender
difference in the effect of parental education on child
health. Fifth, no paper examined the relationship between
education and maternal mortality, a relatively rare event
compared to other outcomes studied, and only one exam-
ined maternal morbidity, for which data are not often
collected. Sixth, the exclusion of papers prior to 1990
and the restriction to studies published in English may
have led us to overlook a few papers, although it is our
understanding that the vast majority of papers on this

subject are published in English and efforts to address the
endogeneity are recent.

While this review provides evidence of significant effects
of maternal grade attainment on key health outcomes in
the expected direction in a number of settings and while
our meta analyses point to a significant effect of maternal
education on child mortality, it is worth investigating why
null effects were observed in a number of models. Three
papers discussed null effects and provide insights that
might be relevant in settings beyond those particular
papers. The following reasons were mentioned: (i) sec-
ondary schooling was not sufficient to reduce child stunt-
ing (Zimbabwe) [57]; (ii) vaccination coverage was
extensive (Ethiopia), reducing the possibility of finding an
effect of education on child health; and (iii) school quality
(Egypt) was too poor to expect a strong effect on child
health. More research on the pathways might shed light
on when and why women’s education is not always a sig-
nificant factor in improving health.

Rapid expansion of school participation in many low-
income countries since the 1990s was motivated in part
by the promise of improving health outcomes. Given that
many initiatives to expand schooling access have not
resulted in substantially improved learning, it is impor-
tant to examine whether positive effects of schooling on
health outcomes persist in low school quality contexts in
order to guide effective education investments. Increases
in the educational attainment of women have undoubt-
edly played a role in improving child health, and likely
maternal health, in low and middle-income countries.
However, as this review demonstrates, the effect is not
nearly as strong as some researchers and advocates have
claimed. The effects of increases in maternal grade attain-
ment on infant and child health are smaller than those
observed in naive analyses that fail to address endogene-
ity. This is not unexpected given that improvements in
both education and health share a common set of deter-
minants, including poverty and quantity and quality of
infrastructure. Moreover, to the extent that many
improvements in health, e.g. immunisation campaigns,
are experienced by even the poorest and least educated
members of society, we might not observe large variabil-
ity in certain health outcomes by educational attainment.
In addition, the effect of education on health may dimin-
ish over time due to declining school quality, a conse-
quence of the rapid increase in school enrollment in
many settings. Indeed, variability across studies in the
effect of grade attainment on health observed currently
may be due to differences in school quality. If, however,
it is merely participation in school that boosts young
women’s ability and inclination to engage with the health
sector, academic skill acquisition may not be as
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important as school participation. If so, perhaps whatever
beneficial effect of education that currently exists will
persist regardless of school quality [6]. Future research
should examine the independent effects of school enroll-
ment, grade attainment and learning on health and inves-
tigate the mechanisms underlying each of these effects.
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