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Parental education and inequalities in child mortality: 
a global systematic review and meta-analysis
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Peng Zheng, Emmanuela Gakidou†, Terje Andreas Eikemo†

Summary
Background The educational attainment of parents, particularly mothers, has been associated with lower levels of 
child mortality, yet there is no consensus on the magnitude of this relationship globally. We aimed to estimate the 
total reductions in under-5 mortality that are associated with increased maternal and paternal education, during 
distinct age intervals.

Methods This study is a comprehensive global systematic review and meta-analysis of all existing studies of the effects 
of parental education on neonatal, infant, and under-5 child mortality, combined with primary analyses of 
Demographic and Health Survey (DHS) data. The literature search of seven databases (CINAHL, Embase, MEDLINE, 
PsycINFO, PubMed, Scopus, and Web of Science) was done between Jan 23 and Feb 8, 2019, and updated on 
Jan 7, 2021, with no language or publication date restrictions. Teams of independent reviewers assessed each record 
for its inclusion of individual-level data on parental education and child mortality and excluded articles on the basis of 
study design and availability of relevant statistics. Full-text screening was done in 15 languages. Data extracted from 
these studies were combined with primary microdata from the DHS for meta-analyses relating maternal or paternal 
education with mortality at six age intervals: 0–27 days, 1–11 months, 1–4 years, 0–4 years, 0–11 months, and 1 month 
to 4 years. Novel mixed-effects meta-regression models were implemented to address heterogeneity in referent and 
exposure measures among the studies and to adjust for study-level covariates (wealth or income, partner’s years of 
schooling, and sex of the child). This study was registered with PROSPERO (CRD42020141731). 

Findings The systematic review returned 5339 unique records, yielding 186 included studies after exclusions. DHS 
data were compiled from 114 unique surveys, capturing 3 112 474 livebirths. Data extracted from the systematic 
review were synthesized together with primary DHS data, for meta-analysis on a total of 300 studies from 
92 countries. Both increased maternal and paternal education showed a dose–response relationship linked to 
reduced under-5 mortality, with maternal education emerging as a stronger predictor. We observed a reduction in 
under-5 mortality of 31·0% (95% CI 29·0–32·6) for children born to mothers with 12 years of education 
(ie, completed secondary education) and 17·3% (15·0–18·8) for children born to fathers with 12 years of education, 
compared with those born to a parent with no education. We also showed that a single additional year of schooling 
was, on average, associated with a reduction in under-5 mortality of 3·04% (2·82–3·23) for maternal education and 
1·57% (1·35–1·72) for paternal education. The association between higher parental education and lower child 
mortality was significant for both parents at all ages studied and was largest after the first month of life. The meta-
analysis framework incorporated uncertainty associated with each individual effect size into the model fitting 
process, in an effort to decrease the risk of bias introduced by study design and quality.

Interpretation To our knowledge, this study is the first effort to systematically quantify the transgenerational 
importance of education for child survival at the global level. The results showed that lower maternal and paternal 
education are both risk factors for child mortality, even after controlling for other markers of family socioeconomic 
status. This study provides robust evidence for universal quality education as a mechanism to achieve the Sustainable 
Development Goal target 3.2 of reducing neonatal and child mortality.
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Introduction 
Education and child survival have both been at the heart 
of the international development agendas for decades,1–3 
yet large inequalities in education attainment persist 
within and between countries,4 as do large inequalities 

in child mortality rates.5,6 Despite decades of reports 
documenting education-related disparities in child sur-
vival, to our knowledge, no study to date has attempted to 
systematically quantify the effect of parental education on 
under-5 mortality on a global scale. Understanding how 
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increased parental education might reduce child mortality 
rates and close within-country and between-country 
inequalities in child mortality is, therefore, of crucial 
importance to tackling social inequalities in health and 
achieving the Sustainable Development Goals (SDGs).

Parental education has been linked to lasting improve-
ments in child health and life expectancy7,8 through direct 
and indirect effects mediated by other determinants 
of health, such as socioeconomic status and living 
conditions.9,10 Higher maternal education in particular 
has been associated with lower child mortality beyond 
the effect of economic and other determinants.2,11–14 
Lohela and colleagues9 reported lower early neonatal 
mortality for the most educated mothers compared with 
the least educated in 72 low-income and middle-income 
countries, but little research has examined child mortality 

after the first month of life. Maternal education has 
generally been shown to have a stronger correlation with 
child mortality, compared with paternal education,15,16 
although the evidence is mixed.17–19 Although paternal 
education is associated with reduced rates of stillbirth 
and increased child survival,15,20 globally, the effect of 
paternal education is crucially underexamined.17,21 The 
lack of focus on paternal education might represent 
a missed opportunity to identify mechanisms that 
contribute to reducing under-5 mortality and narrowing 
health inequalities.

In striving to clarify the magnitude of the effect on 
maternal education on under-5 mortality, evidence for 
causality has been proposed.11,22 Indeed, formal education 
has been suggested as a so-called social vaccine.23 
However, study methods, populations, and study 
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Research in context

Evidence before this study
We searched seven academic databases for studies that used 
individual-level data to estimate the relationship between 
inequalities in child mortality and parental education, with no 
restriction by language or date. Data from the 186 included 
articles were combined with data from 114 Demographic and 
Health Surveys (DHS) for meta-analysis.

In 2008, the Commission on the Social Determinants of Health 
underscored the link between education and improved health 
outcomes, both directly and through its effect on other 
determinants of health such as income, employment, and living 
conditions. It has remained challenging for researchers to 
disentangle the interacting effects of social factors, such as 
education, employment, urbanicity, wealth, and income, among 
others. Previous research has sought to quantify the effect of 
maternal education on child mortality, but reviewed only a 
portion of evidence available, namely from select DHS waves in 
low-income and middle-income countries. One 2010 study, 
drawing on data from 175 countries, estimated that half the 
reduction in child mortality since 1970 could be attributed to 
increased educational attainment among women, with use of 
country-level covariates for income per person and HIV 
seroprevalence. Another study, from 2011, found that increased 
maternal education improved the likelihood of infant survival 
independent of household economic resources, with use of 
cluster-level, rather than individual-level, data. Most studies on 
this topic have looked only at maternal education, where the 
weight of evidence has indicated a link to child survival, and 
focused heavily on the neonatal period rather than later child 
mortality. Although each of these studies has contributed 
important knowledge to the field, crucial questions about the 
scope and magnitude of how both parents’ education might 
influence child mortality have remained unanswered.

Added value of this study
To our knowledge, this study significantly exceeds the scale of 
all previous research on the subject by combining the most 

comprehensive systematic review of the topic to date with 
new primary analysis of DHS data on 3 112 474 livebirths. 
The systematic review was not restricted by time, location, 
or language, yielding 5339 individual records and involving 
full-text review in 15 languages. Moreover, novel mixed-effects 
meta-regression models were implemented here as tools to 
distil this extensive and heterogeneous dataset, incorporating 
partner’s education level and household wealth or income as 
covariates. These models provided effect size estimates from 
data from 92 countries describing the relationship between 
parental education and childhood mortality. This study is not 
only the most comprehensive study on the effects of maternal 
education, but also significantly advances the science on how 
increased paternal education is associated with lower child 
mortality at all ages under 5 years. We highlight gaps in the 
field, such as the scarce research on mortality between ages 5 
and 18 years, and the complexity of isolating the unique effect 
of parental education in the family socioeconomic context. This 
study is an important step towards understanding the distinct 
effect that education has on health generally, with child 
mortality examined here due to its stark and persistent global 
disparities.

Implications of all the available evidence
Over the past several decades, major international campaigns 
have addressed education and child survival, notably the 
Convention on the Rights of the Child and the UN Millennium 
Development Goals (MDGs). Despite impressive progress made 
towards the MDGs, neither its under-5 mortality goal nor the 
primary education goal were achieved by 2015. This unfinished 
agenda was further extended in the Sustainable Development 
Goals (SDGs), which include targets to reduce infant and child 
mortality (SDG 3), achieve inclusive and equitable quality 
education (SDG 4), and reduce inequalities (SDG 10). This study 
offers robust findings that can be used to mobilise evidence-
based investment and encourage coordination between 
research, policy, and practice.
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designs have been inconsistent, often using average 
or community-level education and mortality data. This 
substantial variation in study methods has made 
it challenging to compare across contexts and sys-
tematically account for the potential variation in effect 
sizes across space or time.

In this study, we aimed to investigate whether, and to 
what extent, parental education is a risk factor at the global 
level for all-cause mortality among neonates, infants, and 
children younger than 5 years. To provide the most 
comprehensive analysis to date, we aimed to exceed 
previous efforts in scale and geographical scope by 
combining global systematic review and novel primary 
analysis of Demographic and Health Survey (DHS) 
microdata. 

Methods 
Search strategy and selection criteria
For this systematic review and meta-analysis, our 
literature search identified articles that used individual-
level data to estimate the relationship between 
inequalities in child mortality and parental education. 
Our methods were described in the protocol established 
before the review and registered with PROSPERO 
(CRD42020141731). The academic literature search took 
place initially between Jan 23 and Feb 8, 2019, and was 
updated on Jan 7, 2021, for studies published since 2019, 
by use of the following databases: CINAHL, Embase, 
MEDLINE, PsycINFO, PubMed, Scopus, and Web of 
Science. The search strings were designed, tested, and 
applied by research librarians and optimised for each 
database and their particular syntax. No date or language 
restriction was applied. The list of keywords and an 
example search string are available in appendix 1 (p 1). 

We used Endnote, version X9.2, for the removal of 
duplicate records. Screening of titles, abstracts, and full 
text was done by teams of two reviewers independently 
using Excel. Discrepancies during screening were 
resolved by consensus or referred to a third reviewer. The 
reference lists of included articles were hand-searched 
and screened by at least one reviewer for additional 
references.

We included articles that assessed the relationship 
between parental education (defined as years of schooling, 
highest educational attainment, or literacy) and mortality 
of their child at any age under 5 years (table 1). Age groups 
were defined as neonatal (0–27 days), post-neonatal infancy 
(28–364 days or 1–11 months), or childhood (1–4 years). 
Most of the included studies were research articles that 
measured maternal education, while a smaller number 
measured paternal education or both. For non-research 
articles (eg, comments or letters) referring to suitable data, 
the relevant primary study was located and assessed for 
inclusion instead. Articles in any language were eligible 
for inclusion, and full-text screening was done in English, 
Spanish, French, Portuguese, Italian, Romanian, German, 
Norwegian, Polish, Russian, Greek, Chinese, Korean, 

Indonesian, and Farsi. Study selection based on PRISMA 
guidelines24 is provided in figure 1.

Although the initial review aimed to capture child 
mortality until age 18 years, combined effects of parental 
education, and concentration index, too few studies were 
available to include these in the meta-analysis. Therefore, 
the scope was narrowed to under-5 mortality and the 
exclusion criteria revised to reflect this (table 1). Results 
based on DHS data were not extracted from published 
studies, because primary DHS data were used for 
meta-analysis instead. Included articles are listed in 
appendix 1 (pp 25–36).

We extracted information about the study, participants, 
methods, context, effect size, and covariates from each 
included study into a standard template from the Global 
Burden of Diseases, Injuries, and Risk Factors (GBD) 
Study, tailored to this review. The extraction template and 
raw extraction data are included in appendix 2. Each 
extraction was done by one reviewer. For each reviewer, a 
10% random sample of extractions was checked by a 
second reviewer for quality and accuracy. If an article did See Online for appendix 1

See Online for appendix 2

Inclusion criteria Exclusion criteria

Sample No limitations based on the population 
sample characteristics or size

Studies not providing an accurate sample 
size for the relevant data

Phenomenon of 
interest

Study participants were children and 
their parents, to measure child 
mortality according to parental 
education

··

Outcome All-cause mortality Cause-specific mortality; stillbirth or 
miscarriage alone

Period of mortality 
observation

Childhood from livebirth until age 
5 years

Age ≥5 years only; combined <5 years and 
>5 years estimates; unclear or undisclosed 
age group

Measure of 
parental education

Literacy status; years of education; 
education level

Both parents’ education summarised in 
one measure; unclear definitions of 
education categories; different types of 
education (eg, general vs vocational) with 
the same number of years

Design Retrospective cohort; prospective 
cohort; cross-sectional; case-control; 
nested case-control; case-cohort; 
randomised controlled trial; 
non-randomised controlled trial; 
non-randomised trial

Case-crossover; ecological

Evaluation

Data Individual level Aggregate level; country level; rounded 
effect sizes; neighbourhood level alone

Measure Relative risk; hazard ratio; odds ratio; 
rate ratio

Standardised incidence ratio alone; 
standardised mortality ratio alone; 
time-to-event ratio alone; incidence alone; 
risk difference alone; relative index of 
inequality; concentration index

Research or 
publication type

Any academic publication (research 
articles, comments, editorials, reviews, 
letters, and so on) containing 
quantitative data

Studies using DHS data

Criteria are grouped on the basis of the SPIDER model (sample, phenomenon of interest, design, evaluation, and 
research type). DHS=Demographic and Health Survey.

Table 1: Inclusion and exclusion criteria for systematic review
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not report education as a numerical value (ie, highest level 
of schooling completed or vocational training), we used 
the International Standard Classification of Education 
(ISCED) mapping from the UN Educational, Scientific, 
and Cultural Organization to determine the numerical 
equivalent. In the rare case that this information could not 
be obtained through ISCED, we obtained it through 
alternative sources (eg, government website or other 
studies). For studies that defined groups based on literacy, 
we used 1 to 18 years of education as the corresponding 
numerical value for literacy and 0 for illiteracy. Study-level 
risk of bias was not included in the extraction. However, 
studies that did not provide sufficient detail on key 
elements (such as sample size, population, context, or 
variables used in adjusted models) were excluded on the 
basis of poor reporting quality.

Primary analysis of DHS data
We did primary analyses using open-access DHS 
microdata (individual-level records). We included all 
DHS that contained the complete birth history module, 
partner’s years of schooling, and the DHS wealth 
variable. These criteria allowed us to control for other 
socioeconomic factors that could influence child health. 

Summary characteristics of these surveys are available 
in appendix 1 (p 7). 

In most iterations of the DHS, female respondents of 
reproductive age are asked to enumerate all livebirths 
over the course of their lives and provide information on 
the survival of each child. Using these data, we constructed 
synthetic cohorts of children born in the years leading up 
to the survey date. We analysed the survival of these 
cohorts regarding other available characteristics, such as 
education, to produce estimates of differential risk of 
mortality by schooling (see, for example, the GBD 
2016 study).25

We controlled for the most common study-level 
covariates identified in the systematic review (table 2): sex 
of the child, partner’s years of schooling, and wealth—
avoiding variables that lie on the causal pathway when 
possible. Detailed methods are provided in appendix 1 
(pp 3–4).

Meta-analysis combining data from systematic review 
and DHS primary analyses 
We did mixed-effects meta-regression in this study, 
using the MR-BRT meta-analysis software package 
described by Zheng and colleagues,26 with technical 
details provided in appendix 1 (pp 37–38). We used a 
ratio model that allows for the integration of relative risk 
(RR) point estimates with different exposure and 
referent categories (described in Zheng and colleagues, 
section 2.5).26 Additionally, this model allows for fitting 
non-linear dose–response relationships where necessary, 
though we deemed this unnecessary for this analysis, 
and automated outliering of data.

We did separate meta-analyses for maternal and 
paternal education. Each meta-analysis incorporated 
study-level covariates indicating whether the associated 
effect size controlled for wealth, urbanicity, education, 
age of the mother, sex of the child, or any combination of 
these. Additionally, interacting covariates were included 
to allow the main effect to vary by the age group of the 
child (appendix 1 pp 2–3).

The estimated effect sizes presented here reflect 
adjustment for a standardised set of study-level covariates: 
wealth or income, partner’s years of schooling, and sex of 
the child. 95% CIs are also reported. The estimates do not 
account for age of the mother at birth, which we deemed 
to lie on the causal pathway between parental education 
and child survival. Sensitivity analyses and our approach 
to standardising non-standard data are available in 
appendix 1 (pp 3–5).

Quality and risk of bias of and across individual studies 
The meta-analysis framework incorporates the uncer-
tainty associated with each individual effect size into 
the model fitting process, to decrease the risk of bias 
introduced by study design and quality. The model, in 
turn, estimates the degree of between-study heterogeneity, 
or γ (appendix 1 pp 37–38). To assess the risk of bias 

Figure 1: Study selection
DHS=Demographic and Health Survey.

9192 records identified
 8524 through database searching
 668 through hand search
 

5339 individual records screened 

3853 duplicates removed 

1372 full-text articles assessed for eligibility

3967 excluded

398 studies identified in the systematic review

974 excluded 

186 studies from the review included in the 
meta-analysis

212 based on DHS data excluded

300 included in the meta-analysis

114 individual DHS added
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across studies, we applied funnel plots to the residuals of 
each model, to visually inspect how individual study effect 
sizes deviate from the average fit. Each point was plotted 
by use of the residual value on the x-axis and reported 
SEs on the y-axis, with points falling within the funnel 
consistent with reported uncertainty, with random effect 
units being per year of education in log space. Additionally, 
we report the square root of γ, or the SD of between-study 
heterogeneity, as an empirical measure of the level of 
heterogeneity observed.

Role of the funding sources 
The funders had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report.

Results 
Of the initial 5339 individual records captured by our 
systematic review search, 398 matched our inclusion 
criteria. Of these, 212 DHS-based articles were excluded. 
A total of 186 studies from the systematic review together 
with 114 unique DHS surveys (yielded a combined total 
of 300 studies, published between 1982 and 2020 from 
92 countries, for inclusion in the meta-analysis (figure 1). 
Extracted effect sizes were transformed to match 
model-specification, age-interval, or parent’s gender 
com binations, resulting in 2174 extracted effect sizes 
suitable for analysis.

Although all included studies were published in the 
past 40 years, they covered a wider timespan, with 
cohorts starting as early as 1967, and cross-sectional 
studies covering the lifetimes of the mothers interviewed. 
The literature was biased heavily towards studies on 
the link between child survival and maternal education 
(1811 [83·3%] of 2174 observations), rather than paternal 
education (363 [16·7%]). The high-income super-region 
(as defined by the GBD Study)27 accounted for 45·0% of 
observations used in the meta-analysis (figure 2).

Of the studies included in the systematic review, only 
five covered both children younger than 5 years and older 
children, whereas four included exclusively late child-
hood and adolescence and were excluded because of low 
power for this age interval (table 2). A minority of studies 
disaggregated their results by age intervals, with only 
five analysing the age range of 1–4 years. Data quality 
varied substantially by study. A wide range of study-level 
covariates were included, with some lying on the causal 
pathways between parental education and child mortality. 
The most common study-level confounders found in 
included primary studies were child sex, mother’s age at 
delivery, wealth or income, rural or urban residence, and 
partner’s education. Only 89 (4·1%) of observations met 
our criteria for appropriately controlled effect sizes 
(ie, controlling for the other parent’s education and 
wealth or income). A total of 1415 (65·1%) of observations 
came from country-wide samples. Five studies provided 
dose–response estimates for the effect of parental 
education on child mortality.

Outcome variable: 
maternal education

Outcome variable: 
paternal education

Number of observations

Total observations 1811 363

Total unique countries 64 20

Total unique studies 184 37

Age interval

0–27 days 547 (30·20%) 67 (18·46%)

1–11 months 437 (24·13%) 60 (16·53%)

1–4 years 26 (1·44%) 8 (2·20%)

0–4 years 194 (10·71%) 76 (20·94%)

0–11 months 554 (30·59%) 134 (36·91%)

1 month to 4 years 53 (2·93%) 18 (4·96%)

Study design

Retrospective cohort 1114 (61·51%) 218 (60·06%)

Cross-sectional 407 (22·47%) 109 (30·03%)

Prospective cohort 163 (9·00%) 29 (7·99%)

Case-control 102 (5·63%) 7 (1·93%)

Nested case-control 10 (0·55%) 0

Randomised controlled trial 7 (0·39%) 0

Study-level characteristics

Representative of national or 
subnational unit

1207 (66·65%) 208 (57·30%)

Studied years

1970–79 76 (4·20%) 27 (7·44%)

1980–89 443 (24·46%) 47 (12·95%)

1990–99 555 (30·65%) 93 (25·62%)

2000–09 500 (27·61%) 184 (50·69%)

2010–19 237 (13·09%) 12 (3·31%)

GBD super-region

High-income 773 (42·68%) 206 (56·75%)

South Asia 257 (14·19%) 98 (27·00%)

Latin America and Caribbean 192 (10·60%) 1 (0·28%)

Sub-Saharan Africa 142 (7·84%) 16 (4·41%)

Central Europe, eastern 
Europe, and central Asia

84 (4·64%) 6 (1·65%)

Southeast Asia, east Asia, 
and Oceania

61 (3·37%) 5 (1·38%)

North Africa and Middle East 46 (2·54%) 15 (4·13%)

Study-level controls

Controlled for age of mother 812 (44·84%) 240 (66·12%)

Controlled for sex of child 454 (25·07%) 141 (38·84%)

Controlled for wealth or 
income

219 (12·09%) 55 (15·15%)

Controlled for urbanicity 239 (13·20%) 41 (11·29%)

Controlled for partner’s 
education

143 (7·90%) 135 (37·19%)

Controlled for both partner’s 
education and wealth or 
income

50 (2·76%) 39 (10·74%)

Data are n (%). Percentages indicate proportion of data points with the given 
characteristic, displayed by parent gender. GBD=Global Burden of Diseases, 
Injuries, and Risk Factors Study.

Table 2: Summary characteristics of the systematic review
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DHS data from 114 unique surveys across 58 countries 
were used for primary microdata analysis and combined 
with extracted systematic review data for separate 
meta-analyses for maternal and paternal education. 
These individual-level DHS data were drawn from 
875 396 mothers and captured 3 112 474 livebirths and 
318 619 deaths of children younger than 5 years. This 
allowed examination of parental education on a 
continuous scale and child mortality within discrete age 
intervals. Sensitivity analyses indicated no compositional 
biases by data source (appendix 1 pp 23–24). Although 

some of the estimates of paternal education’s effects on 
child mortality using systematic review data alone seem 
to indicate a deleterious effect of paternal education on 
child survival, they are insignificant findings.

Maternal and paternal education and their relationship 
with under-5 mortality 
Figure 3 presents a summary of relative risks of child 
mortality in the neonatal period, infancy, and childhood, 
by parental completion of primary, secondary, and tertiary 
education. Each additional year of maternal education, 
compared with a mother with no education, was 
associated on average with a reduction in mortality for 
children younger than 5 years of 3·0% (95% CI 2·8–3·2). 
Compared with a mother with 0 years of education, this 
finding translates to a reduction in mortality of 16·9% 
(95% CI 15·8–17·9) for children younger than 5 years 
born to mothers with 6 years of education (ie, com pleted 
primary education), 31·0% (29·0–32·6) for children born 
to mothers with 12 years of education (ie, completed 
secondary education), and 39·0% (36·7–40·9) for 
children born to mothers with 16 years of education 
(ie, completed 4-year tertiary education; figure 4).

Paternal education showed a similar, but smaller effect 
compared with maternal education. Each additional year 
of paternal education was associated on average with a 
reduction in mortality for children younger than 5 years 
of 1·6% (1·3–1·7). Compared with a father with 0 years 
of education, this finding translates to a reduction in 
mortality of 9·1% (7·8–9·9) for children younger than 
5 years born to fathers with 6 years of education, 
17·3% (15·0–18·8) for children born to fathers with 

Figure 2: Mapping of included studies by location and data type
This map shows the number of unique sources identified and extracted from the systematic review across all age ranges for each geographical unit. Studies that 
represented subnational units or cities are mapped here to their parent countries. Colour indicates the type of data source used in the meta-analysis by country, 
with darker colours indicating a greater number of unique data sources. DHS=Demographic and Health Survey.
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Figure 3: Summary of RRs of child mortality by parental education
Error bars are 95% CIs. RRs of child mortality are shown for three age intervals: 
neonatal (1–27 days), post-neonatal infancy (1–11 months), and under-5 
childhood (1–4 years). Maternal education and paternal education are shown by 
completed years of schooling (colours darken with increasing years of education). 
All levels of parental education were compared with 0 years of education as 
reference level. RR=relative risk.
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12 years of education, and 22·4% (19·5–24·2) for children 
born to fathers with 16 years of education (figure 4). 
Sensitivity analyses (appendix 1 pp 4–5) showed that 
incorporating additional study-level covariates beyond 
sex of the child, partner’s years of schooling, and wealth 
did not have a large effect on our final estimates.

Most extracted study effect sizes (69·8%) found a 
significant and protective effect of maternal education on 
under-5 survival (appendix 1 p 19). Considerably fewer 
effect sizes (53·7%) found significant and protective 
effects between paternal education and under-5 survival 
(appendix 1 p 13).

Figure 4: RR of under-5 mortality by parent’s education (maternal and paternal) and child age
(A) These RR curves show fitted average effect sizes in normal space across the full range (0–18 years of parental education) of exposures. (B) This figure shows how 
the underlying, normalised data were synthesised to produce the RR curves; normalised ln(RR) can be interpreted as the instantaneous slope of the RR curve implied 
by each study; data are superimposed with a synthesised average effect size; all of this is done separately by age group, and the other age groups estimated in the 
model are presented in appendix 1 (p 9). DHS=Demographic and Health Survey. RR=relative risk.
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Disaggregating under-5 mortality by age 
Compared with a mother with no education, each 
additional year of maternal education resulted, on 
average, in a reduction in mortality for neonates 
(0–27 days) of 1·5% (1·3–1·6). For post-neonatal 
infants (1–11 months or 28–364 days), the reduction 
was 3·7% (3·3–3·9), and for young children 
(12–59 months or 1–4 years), the reduction was 4·4% 
(4·1–4·8; figure 4). This resulted in a child born to 
a mother with 12 years of education, compared with 
one born to a mother with no education, having a 
16·4% (14·2–18·0) reduced risk of dying in the first 
month of life, a 36·3% (33·5–38·2) reduced risk 
of dying between 1 and 11 months, and a 41·5% 
(39·7–44·8) reduced risk of dying between 12 and 
59 months (figure 4). Similarly, each additional year of 
paternal education resulted in a reduction of mortality 
for neonates (0–27 days) of 1·1% (0·8–1·2) compared 
with those born to a father with no education. For 
post-neonatal infants (1–11 months or 28–364 days), 
this reduction was 1·8% (1·6–2·0), and for young 
children (12–59 months or 1–4 years), the reduction 
was 2·2% (1·9–2·4; figure 2). This resulted in a child 
born to a father with 12 years of education, compared 
with one born to a father with no education, having a 
12·3% (9·2–13·4) reduced risk of dying in the first 
month of life, a 19·6% (17·2–21·4) reduced risk 
of dying between 1 and 11 months, and a 23·3% 
(20·7–25·0) reduced risk of dying between the ages of 
1–4 years (figure 4). Figure 5 shows the dose–response 
relationship observed between parental education and 
under-5 mortality for all age intervals and both parents. 
The slope of the RR curve was negative across the 
entire exposure range. This offered, in aggregate, no 
evidence for a decreasing marginal utility of increased 
maternal or paternal education (more details in 
appendix 1 p 6).

Effect sizes across time and geography 
Figure 6 shows that few data points fell outside the 
funnel of estimated average effect sizes. This was 
corroborated by the between-study random effects SD 
estimation in our model (table 3). We assumed that 
between-study heterogeneity translates roughly to 
between-geography heterogeneity, an assumption that 
was strengthened by our sensitivity analysis, which 
showed rather consistent results between DHS and 
non-DHS data. The maternal model returned an SD 
of 0·0115% (95% CI 0·0105–0·0124) and the paternal an 
SD of 0·0067% (0·0058–0·0076). These values translate 
to an absolute average magnitude of deviation of the 
study-specific log (RR) from the model fit of a factor 
of ±0·138% (95% CI 0·126–0·149) for the maternal 
model and ±0·080% (0·070–0·092) for the paternal 
model. As an example, we estimated that the average 
reduction in risk of a child dying in their first 5 years of 
life for a mother with 12 years of education compared 

Figure 5: Dose–response relationship between parental education and child mortality
By displaying the data from figure 4B across the entire exposure range, we are able to examine the monotonicity 
and linearity of the data. Models are adjusted for wealth or income, the partner’s level of education, and sex of the 
child. RR=relative risk.
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with 0 years of education to be 31·0%. Adding study-level 
uncertainty to these estimates gives the range of possible 
RRs to be between 39·0% and 23·0%.

Discussion
To our knowledge, our global systematic review and 
meta-analysis provides the most compre hensive syn-
thesis to date of evidence describing the relationship 
between parental education and inequalities in all-cause 
child mortality from livebirth to 5 years of age. The 
results show that lower maternal and paternal education 

are both risk factors for under-5 mortality at all ages, 
even after controlling for wealth or income, partner’s 
years of schooling, and sex of the child.

Meta-analyses showed that both increased paternal 
and maternal education were linked to reduced all-cause 
child mortality globally. A child born to a mother with a 
high-school degree had a 31·0% (95% CI 29·0–32·6) 
lower risk of dying before their fifth birthday than 
one born to a mother with no education. This was sup-
ported by findings reported for maternal education in 
several low-income and middle-income countries.9,13,28 

Figure 6: Funnel plots of effect sizes extracted in the systematic review
Funnel plots show how the effect sizes of RRs from individual studies systematically vary according to the SE of their observations. Because each child age interval has 
a different average effect size, as estimated by our models, we plotted the residuals against the SE of the observations. The residuals are defined as the normalised RR 
of the study minus the age-specific fit. Many studies outside of the funnel would indicate study-level heterogeneity and indicate more deviation from the average 
effect size than would be expected from chance alone. RR=relative risk.
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Meanwhile, a child born to a father with a high-school 
degree had a 17·3% (15·0–18·8) lower risk of dying 
before their fifth birthday than one born to a father with 
no education. Disaggregation by child age indicated that 
the protective effect of each parent’s education was 
significant across all age groups and grew stronger with 
increasing age of the child. Across age groups, maternal 
education was a stronger predictor of mortality than was 
paternal education. Moreover, the systematic review 
found evidence of this relationship across world regions. 
Although variations in effect sizes existed among the 
reviewed studies, this variation was not in excess of 
what would be expected by chance, indicating a 
moderately consistent relationship between parental 
education and the prevention of child mortality across 
time and space.

Globally, most child deaths occur during infancy,29,30 
with the first 28 days of life being the most vulnerable 
period for mortality due to prematurity, congenital 
anomalies, and pregnancy complications.31–33 Progress in 
reducing neonatal mortality globally has been slower 
than that for older children, leading to a growing share 
of neonates among under-5 deaths.34–36 We report 1·5% 
(95% CI 1·3–1·6) lower neonatal mortality per year of 
education for mothers, and 1·1% (0·8–1·2) for fathers. 
Because neonatal causes of death are strongly influenced 
by antenatal and perinatal health-care quality and access, 
it is not surprising that the relationship between 
neonatal mortality and parental education was smaller 
than that for post-neonatal infants and children. Still, 
even a comparatively small reduction of neonatal 
mortality linked to an additional year of maternal 
education in relative terms might, in fact, contribute to a 

substantial number of babies’ lives saved in absolute 
terms.

We showed that the link between both paternal and 
maternal education and child survival is strong, 
highlighting the intergenerational effect on health 
conveyed by increased education, probably through 
several mechanistic pathways. Explanatory factors or 
mediators might include parents’ health literacy,37 
health-seeking behaviours,38,39 consanguinity and family 
structure,40,41 and quality early care and education.42 
Education also plays a key moderating role between 
health interventions and child health determinants and 
outcomes.43 The attenuated effect of paternal education 
might reflect the gendered pathways through which 
parental education affects child mortality. The scarce 
research on the combined effects of maternal and 
paternal education suggests that effects of both parents’ 
education, together with assortative mating and 
community education level, might all play a role.17,44 The 
persistent relationship between maternal education and 
child mortality points to gender-specific pathways,45 such 
as increased female autonomy, resources, and knowledge 
that might translate into improvements such as 
increased use of health services and health-seeking 
behaviours,2,46–51 delivery in health facilities,52 greater 
autonomy in deciding parity levels and reducing 
fertility,45,53 and better child nutrition.54 Moreover, 
maternal education and literacy can improve agency to 
influence family and child-care decisions.55,56

This complex web of socioeconomic factors and 
behaviours that lies between parental education and child 
health necessitates careful consideration of study 
design.10,57–59 For example, wealth and income are both 
determinants and outcomes of education. Smoking, 
alcohol use, antenatal care use, and age of the mother at 
birth also lie on the causal pathway between parental 
education and childhood mortality, yet are commonly 
used as study-level covariates in the literature.60,61 
Additionally, included studies used a wide range of 
exposure and referent categories (eg, reference category 
of 0 years of education, some high school, and so on), had 
inconsistent use of a continuous exposure measure for 
parental education, and often reported multiple relevant 
effect sizes in a single study. To address the methodological 
challenge posed by the diversity of study designs and 
analytical approaches yielded by the systematic review 
and the synthesis with DHS microdata, we implemented 
a novel ratio model using the MR-BRT meta-regression 
tool, to integrate RR point estimates with different 
exposure and referent categories. All models were 
adjusted for wealth or income, partner’s education, and 
sex of the child. By striving to isolate the relationship 
between parental education and child mortality, this study 
can aid future research in measuring the effect of other 
markers of socioeconomic inequalities and improving 
comparability across contexts. Previous studies have 
estimated that each year of increase in average maternal 

Paternal coefficients Maternal coefficients

Exposure

Education, years –0·046 (–0·051 to –0·042) –0·054 (–0·057 to –0·050)

Study-level covariates

Rural or urban:education 0·001 (–0·004 to 0·006) 0·007 (–0·003 to 0·012)

Wealth or income:education 0·023 (–0·018 to 0·030) –0·007 (–0·012 to –0·001)

Partner’s education:education 0·006 (0·001 to 0·011) 0·011 (0·006 to 0·014)

Child sex:education 0·001 (–0·006 to 0·009) 0·011 (0·007 to 0·015)

Mother’s age:education 0·010 (0·007 to 0·013) 0·007 (0·005 to 0·010)

Child age dummy variables

0–27 days:education 0·005 (0·003 to 0·007) 0·013 (0·011 to 0·014)

0–11 months:education 0·002 (–0·000 to 0·003) 0·003 (0·001 to 0·004)

1–11 months:education –0·003 (–0·005 to –0·001) –0·008 (–0·009 to –0·006)

1 month to 4 years:education –0·005 (–0·006 to –0·003) –0·008 (–0·010 to –0·006)

1–4 years:education –0·006 (–0·009 to –0·004) –0·015 (–0·018 to –0·012)

Between-study heterogeneity

SD per year of education 0·007 (0·006 to 0·007) 0·011 (0·010 to 0·012)

The reference child age dummy variable (not shown) is 0–4 years (under-5). Parental education was modelled as a 
continuous variable, and all interactive variables are operationalised as such. All variables aside from the main exposure 
are binary variables that interact with continuous education and capture study-level qualities alone.

Table 3: Coefficients from meta-analyses 
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education was associated with reductions in under-5 
mortality by 8·5%21 or 9·5%,13 though these analyses 
relied on country-level indicators that lacked specificity 
about individual families’ socioeconomic status. We 
found, when using individual-level microdata and—
unlike previous studies—also controlling for partner’s 
education, that these effects are attenuated, with each 
additional year of maternal education associated with an 
under-5 mortality reduction of 3·0% (95% CI 2·8–3·2). 
A comprehensive analysis of both parents’ education 
alongside other determinants of health such as welfare, 
living environment, sanitation, food, working conditions, 
and access to quality health and social services, could 
help translate research to inform the development of 
interventions for improving child health outcomes 
through the social determinants of health.62

Unlike previous research drawing on data from limited 
geographical contexts,63–65 our meta-analysis supports a 
linear dose–response relationship between increased 
parental education and lower child mortality at the global 
level. We found no evidence that the first years of 
education were more strongly predictive of child survival 
than later years, consistent with the sparse existing 
research base.66,67 This review provides novel evidence of 
the same age trend being present among fathers. 
The dose–response relationship serves to highlight the 
importance of universal primary school completion—
part of the unfinished development agenda the SDGs 
sought to address—in equal step to the importance of 
higher education as it pertains to health. Despite this, 
little progress has been made towards achieving universal 
higher education.68

The findings presented here should be interpreted while 
accounting for the study’s limitations, as well as key gaps 
in the field. First, this study reports the average global 
relationship between parental education and all-cause 
child mortality, the generalisability of which was supported 
by the data in aggregate and in sensitivity analyses. 
However, more granular effects, such as those specific to a 
location or time, also warrant careful consideration. 
Second, methodological choices—such as the age intervals 
used, decision to examine maternal and paternal 
education separately, and selection of covariates—were 
strongly influenced by what was available from the data 
found in the literature. For example, too few published 
studies covering child mortality after age 5 years and in 
adolescence were available to be included in this study. 
Moreover, many studies did not adequately disaggregate 
by child age despite clear changes to the disease profile of 
child health throughout the first 5 years of life. We used 
DHS data to fill this gap, which is particularly relevant for 
the under-studied period of 1–4 years, which has a 
relatively high mortality rate in sub-Saharan Africa 
compared with other regions.69 Third, the systematic 
review results reflect longstanding imbalances in the field, 
with disproportionately more studies from high-income 
countries and fewer data sources from low-income and 

middle-income countries outside of DHS-based studies, 
as well as a large bias towards studying maternal, 
rather than paternal, education.16 Fourth, few observations 
obtained from our review adequately controlled for at least 
two key social determinants of health: the other parent’s 
education and an indicator of wealth or income. The meta-
analyses addressed this by controlling for wealth or 
income, partner’s educational attainment, and sex of the 
child for calculating effect sizes, to harmonise varying 
methods across data sources and indicate the strength of 
effects accounting for family socioeconomic status. Fifth, 
this study covers a period spanning several decades that 
witnessed large reductions in child mortality. Over the 
past 50 years, vaccination campaigns, improvements in 
antenatal care, and interventions against communicable 
diseases including malaria, lower respiratory infections, 
diarrhoeal diseases, and measles have boosted child 
survival in low-income and middle-income countries.70,71 
At the same time, child mortality trends in high-income 
countries not only reflect social policies such as expanded 
health-care coverage, but also widening social inequalities 
in maternal health.72 Further research is needed to 
disentangle the interacting effects on child mortality of 
parental education and trends in health-care access and 
quality. Finally, the study leaves open questions about the 
relationships between parental education and cause-
specific child mortality, as well as how child mortality is 
related to parental preschool education, quality rather 
than years of education, or combined effects reflecting 
both parents’ education levels.

Education offers a key point of entry globally to improve 
the health of future generations and promote sustainable 
development through improving opportunities and 
participation and providing knock-on effects for other 
social determinants of health. To date, this is the largest 
study on the relationship between parental education 
and child mortality, providing the most comprehensive 
evidence quantifying the degree to which lower education 
of mothers and fathers is a risk factor for under-5 mortality. 
The reduction in the RRs of under-5 mortality brought by 
each additional year of parental education observed 
globally in this study provides strong evidence to further 
support goal 4 of the SDGs, universal quality education, as 
a mechanism to achieve SDG target 3·2 of reducing 
neonatal and child mortality. This study represents an 
important step towards expanding the frame of reference 
for social determinants of health73 and advances our 
understanding of the transgenerational effect of parents’ 
education on child mortality within the family socio-
economic context. Overall, the findings provide a strong 
rationale for the global development community to focus 
on education—starting early and continuing into higher 
education—on a global scale for its potential health-
protective benefits on child survival. This is particularly 
relevant for the estimated 750 million adults who lack 
basic reading and writing skills, two-thirds of whom are 
women.74 This study offers robust findings that can be 
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used to mobilise evidence-based investment to address 
health equity for the next generation, towards universal 
education and elimination of the gender gap in schools.
Contributors
TAE and EG developed the initial idea for the study. MB and TAE 
designed the scope and planned the methodological approach. MB and 
EB coordinated the systematic review process, wrote the systematic review 
protocol, and completed the PROSPERO registration. KS coordinated the 
systematic review update. MRJ and SS defined the search strings, 
executed the search, exported results, and removed duplicate records. 
MB, EB, KS, HDV, TM, DS, MRJ, and AT screened abstracts and texts for 
the systematic review, extracted relevant data from the systematic review 
articles, and did quality checks. JW compiled and standardised survey 
microdata for analysis. MB and HWY verified the underlying data. 
HWY wrote the computer code and designed and did the meta-analysis, 
with substantial intellectual and methodological inputs from PZ, SS, and 
RS. MB, HWY, KS, EB, and HDV wrote the first draft of the manuscript 
and all authors contributed to subsequent revisions. All authors had full 
access to all the data in the study, and the corresponding author had final 
responsibility for the decision to submit for publication.

Declaration of interests
We declare no competing interests.

Data sharing
Supplementary data files contain all raw tabulated data from the 
systematic review and collapsed DHS data (appendix 3); key to study 
names is provided in appendix 4. This study used DHS data that are 
available from public online repositories, most of which require a basic 
registration process and usage agreement with the data provider. 
Although we are restricted from providing the DHS data directly in most 
cases, specific datasets can be made available by request and with 
permission from the data provider. We can be contacted for assistance in 
acquiring data for replication of this study.

Acknowledgments
This study was supported by a grant awarded by the Research Council of 
Norway (project number 288638) to the Centre for Global Health 
Inequalities Research at the Norwegian University for Science and 
Technology. This work was also supported by the Bill & Melinda Gates 
Foundation (grant OPP1152504) and the Rockefeller Foundation-Boston 
University Commission on Social Determinants, Data, and Decision 
Making (3-D Commission). We would like to thank 
Marlen Toch-Marquardt, Sophia Efstathiou, Feng Wang, Shanshan Xu, 
Daniel Sokolowski, Ewelina Bartoszek, Melody Violine, Hera Kim, 
Mirela Patrascu, Hye-Jeong Cheon, and Sayed Ebrahim Hashemi for 
assisting with full-text screening.

Editorial note: the Lancet Group takes a neutral position with respect to 
territorial claims in published maps and institutional affiliations.

References
1 Office of the UN High Commissioner for Human Rights. 

Convention on the rights of the child. Geneva: Office of the 
UN High Commissioner for Human Rights, 1989.

2 Caldwell JC. Education as a factor in mortality decline an 
examination of Nigerian data. Popul Stud (Camb) 1979; 33: 395.

3 Clark H, Coll-Seck AM, Banerjee A, et al. A future for the world’s 
children? A WHO-UNICEF-Lancet Commission. Lancet 2020; 
395: 605–58.

4 Friedman J, York H, Graetz N, et al. Measuring and forecasting 
progress towards the education-related SDG targets. Nature 2020; 
580: 636–39.

5 Wang L. Determinants of child mortality in LDCs: empirical 
findings from demographic and health surveys. Health Policy 2003; 
65: 277–99.

6 Gakidou EE, King G. An individual-level approach to health 
inequality: child survival in 50 countries. Geneva: World Health 
Organization, 2001.

7 Mensch BS, Chuang EK, Melnikas AJ, Psaki SR. Evidence for causal 
links between education and maternal and child health: systematic 
review. Trop Med Int Health 2019; 24: 504–22.

8 Huebener M. Life expectancy and parental education. Soc Sci Med 
2019; 232: 351–65.

See Online for appendix 3

See Online for appendix 4

9 Lohela TJ, Nesbitt RC, Pekkanen J, Gabrysch S. Comparing 
socioeconomic inequalities between early neonatal mortality and 
facility delivery: cross-sectional data from 72 low- and middle-income 
countries. Sci Rep 2019; 9: 9786.

10 Commission on Social Determinants of Health. Closing the gap in 
a generation: health equity through action on the social 
determinants of health—final report of the Commission on Social 
Determinants of Health. Geneva: World Health Organization, 2008.

11 Hobcraft J. Women’s education, child welfare and child survival: 
a review of the evidence. Health Transit Rev 1993; 3: 159–75.

12 Boyle MH, Racine Y, Georgiades K, et al. The influence of economic 
development level, household wealth and maternal education on 
child health in the developing world. Soc Sci Med 2006; 63: 2242–54.

13 Gakidou E, Cowling K, Lozano R, Murray CJL. Increased 
educational attainment and its effect on child mortality in 
175 countries between 1970 and 2009: a systematic analysis. Lancet 
2010; 376: 959–74.

14 Fuchs R, Pamuk E, Lutz W. Education or wealth: which matters 
more for reducing child mortality in developing countries? 
Vienna Yearb Popul Res 2010; 8: 175–99.

15 Caldwell J, McDonald P. Influence of maternal education on infant 
and child mortality: levels and causes. Health Policy Educ 1982; 
2: 251–67.

16 Duflo E. Women empowerment and economic development. 
J Econ Lit 2012; 50: 1051–79.

17 Breierova L, Duflo E. The impact of education on fertility and child 
mortality: do fathers really matter less than mothers? Cambridge, 
MA: National Bureau of Economic Research, 2004.

18 Chou S-Y, Liu J-T, Grossman M, Joyce TJ. Parental education and 
child health: evidence from a natural experiment in Taiwan. 
Cambridge, MA: National Bureau of Economic Research, 2007.

19 Desai S, Alva S. Maternal education and child health: is there a 
strong causal relationship? Demography 1998; 35: 71–81.

20 Arntzen A, Magnus P, Bakketeig LS. Different effects of maternal 
and paternal education on early mortality in Norway. 
Paediatr Perinat Epidemiol 1993; 7: 376–86.

21 Wang H, Liddell CA, Coates MM, et al. Global, regional, and 
national levels of neonatal, infant, and under-5 mortality during 
1990–2013: a systematic analysis for the Global Burden of Disease 
Study 2013. Lancet 2014; 384: 957–79.

22 Pamuk ER, Fuchs R, Lutz W. Comparing relative effects of 
education and economic resources on infant mortality in 
developing countries. Popul Dev Rev 2011; 37: 637–64.

23 Ma C, Claude KM, Kibendelwa ZT, Brooks H, Zheng X, Hawkes M. 
Is maternal education a social vaccine for childhood malaria 
infection? A cross-sectional study from war-torn Democratic 
Republic of Congo. Pathog Glob Health 2017; 111: 98–106.

24 Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. 
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med 2009; 6: e1000097.

25 Wang H, Abajobir AA, Abate KH, et al. Global, regional, and 
national under-5 mortality, adult mortality, age-specific mortality, 
and life expectancy, 1970–2016: a systematic analysis for the Global 
Burden of Disease Study 2016. Lancet 2017; 390: 1084–150.

26 Zheng P, Barber R, Sorensen RJD, Murray CJL, Aravkin AY. 
Trimmed constrained mixed effects models: formulations and 
algorithms. J Comput Graph Stat 2021; published online Feb 12. 
https://doi.org/10.1080/10618600.2020.1868303.

27 Institute for Health Metrics and Evaluation. Global Burden of 
Disease: frequently asked questions. 2014. http://www.healthdata.
org/gbd/faq#What%20countries%20are%20in%20each%20region? 
(accessed May 23, 2021).

28 McKinnon B, Harper S, Kaufman JS, Bergevin Y. Socioeconomic 
inequality in neonatal mortality in countries of low and middle 
income: a multicountry analysis. Lancet Glob Health 2014; 
2: e165–73.

29 Lawn JE, Blencowe H, Oza S, et al. Every Newborn: progress, 
priorities, and potential beyond survival. Lancet 2014; 384: 189–205.

30 UN Inter-agency Group for Child Mortality Estimation. Levels & 
trends in child mortality: Report 2019. 2019. https://www.unicef.
org/sites/default/files/2019-10/UN-IGME-child-mortality-
report-2019.pdf (accessed May 23, 2021).

31 UNICEF. Neonatal mortality. 2020. https://data.unicef.org/topic/
child-survival/neonatal-mortality (accessed May 23, 2021).



Articles

www.thelancet.com   Published online June 10, 2021   https://doi.org/10.1016/S0140-6736(21)00534-1 13

32 Victora CG, Requejo JH, Barros AJ, et al. Countdown to 2015: 
a decade of tracking progress for maternal, newborn, and child 
survival. Lancet 2016; 387: 2049–59.

33 Organisation for Economic Co-operation and Development. 
Health at a glance 2019: OECD indicators. 2019. https://www.oecd.
org/health/health-systems/health-at-a-glance-19991312.htm 
(accessed May 23, 2021).

34 Bhutta ZA, Black RE. Global maternal, newborn, and child health—
so near and yet so far. N Engl J Med 2013; 369: 2226–35.

35 Wang H, Naghavi M, Allen C, et al. Global, regional, and national 
life expectancy, all-cause mortality, and cause-specific mortality for 
249 causes of death, 1980-2015: a systematic analysis for the Global 
Burden of Disease Study 2015. Lancet 2016; 388: 1459–544.

36 Hug L, Alexander M, You D, Alkema L. National, regional, and 
global levels and trends in neonatal mortality between 1990 
and 2017, with scenario-based projections to 2030: a systematic 
analysis. Lancet Glob Health 2019; 7: e710–20.

37 Pati S, Feemster KA, Mohamad Z, Fiks A, Grundmeier R, Cnaan A. 
Maternal health literacy and late initiation of immunizations 
among an inner-city birth cohort. Matern Child Health J 2011; 
15: 386–94.

38 Bicego GT, Boerma JT. Maternal education, use of health services, 
and child survival: an analysis of data from the Bolivia DHS Survey. 
Demographic and Health Surveys. 1990. https://permanent.fdlp.
gov/gpo135998/WP1.pdf (accessed May 23, 2021).

39 Joshi AR. Maternal schooling and child health: preliminary analysis 
of the intervening mechanisms in rural Nepal. Health Transit Rev 
1994; 4: 1–28.

40 Joshi PK, Esko T, Mattsson H, et al. Directional dominance on 
stature and cognition in diverse human populations. Nature 2015; 
523: 459–62.

41 Case A, Paxson C. Mothers and others: who invests in children’s 
health? J Health Econ 2001; 20: 301–28.

42 Shonkoff JP, Richter L, van der Gaag J, Bhutta ZA. An integrated 
scientific framework for child survival and early childhood 
development. Pediatrics 2012; 129: e460–72.

43 Cooper JE, Benmarhnia T, Koski A, King NB. Cash transfer programs 
have differential effects on health: a review of the literature from low 
and middle-income countries. Soc Sci Med 2020; 247: 112806.

44 Puglisi C, Busetta A. The effect of education on under-five mortality: 
individual and community-level effects in Bangladesh. Statistica 
2019; 79: 181–200.

45 Cleland JG, Van Ginneken JK. Maternal education and child 
survival in developing countries: the search for pathways of 
influence. Soc Sci Med 1988; 27: 1357–68.

46 Bicego GT, Boerma JT. Maternal education and child survival: 
a comparative study of survey data from 17 countries. Soc Sci Med 
1993; 36: 1207–27.

47 Raghupathy S. Education and the use of maternal health care in 
Thailand. Soc Sci Med 1996; 43: 459–71.

48 Bloom SS, Wypij D, Das Gupta M. Dimensions of women’s 
autonomy and the influence on maternal health care utilization in a 
north Indian city. Demography 2001; 38: 67–78.

49 Laine JE, Baltar VT, Stringhini S, et al. Reducing socio-economic 
inequalities in all-cause mortality: a counterfactual mediation 
approach. Int J Epidemiol 2020; 49: 497–510.

50 Rahman M, Roy SK, Ali M, Mitra AK, Alam AN, Akbar MS. 
Maternal nutritional status as a determinant of child health. 
J Trop Pediatr 1993; 39: 86–88.

51 Bertini G, Perugi S, Dani C, Pezzati M, Tronchin M, Rubaltelli FF. 
Maternal education and the incidence and duration of breast feeding: 
a prospective study. J Pediatr Gastroenterol Nutr 2003; 37: 447–52.

52 Gabrysch S, Campbell OMR. Still too far to walk: literature review of 
the determinants of delivery service use. BMC Pregnancy Childbirth 
2009; 9: 34.

53 Castro Martín T. Women’s education and fertility: results from 
26 Demographic and Health Surveys. Stud Fam Plann 1995; 
26: 187–202.

54 Frost MB, Forste R, Haas DW. Maternal education and child 
nutritional status in Bolivia: finding the links. Soc Sci Med 2005; 
60: 395–407.

55 Sen A. Chapter 8. In: Development as freedom. Oxford: Oxford 
University Press, 2001.

56 Richards E, Theobald S, George A, et al. Going beyond the surface: 
gendered intra-household bargaining as a social determinant of 
child health and nutrition in low and middle income countries. 
Soc Sci Med 2013; 95: 24–33.

57 Cramer JC. Social factors and infant mortality: identifying high-risk 
groups and proximate causes. Demography 1987; 24: 299–322.

58 Mosley WH, Chen LC. An analytical framework for the study of 
child survival in developing countries. Popul Dev Rev 1984; 10: 25–45.

59 Houweling TA, Kunst AE, Huisman M, Mackenbach JP. Using 
relative and absolute measures for monitoring health inequalities: 
experiences from cross-national analyses on maternal and child 
health. Int J Equity Health 2007; 6: 15.

60 Akinyemi JO, Adedini SA, Wandera SO, Odimegwu CO. 
Independent and combined effects of maternal smoking and solid 
fuel on infant and child mortality in sub-Saharan Africa. 
Trop Med Int Health 2016; 21: 1572–82.

61 Finlay JE, Özaltin E, Canning D. The association of maternal age 
with infant mortality, child anthropometric failure, diarrhoea and 
anaemia for first births: evidence from 55 low- and middle-income 
countries. BMJ Open 2011; 1: e000226.

62 Houweling TAJ, Kunst AE. Socio-economic inequalities in 
childhood mortality in low- and middle-income countries: a review 
of the international evidence. Br Med Bull 2010; 93: 7–26.

63 Chen J, Xie Z, Liu H. Son preference, use of maternal health care, 
and infant mortality in rural China, 1989-2000. Popul Stud (Camb) 
2007; 61: 161–83.

64 Mekonnen Y, Tensou B, Telake DS, Degefie T, Bekele A. Neonatal 
mortality in Ethiopia: trends and determinants. BMC Public Health 
2013; 13: 483.

65 Ronsmans C, Chowdhury ME, Alam N, Koblinsky M, El Arifeen S. 
Trends in stillbirths, early and late neonatal mortality in rural 
Bangladesh: the role of public health interventions. 
Paediatr Perinat Epidemiol 2008; 22: 269–79.

66 Damghanian M, Shariati M, Mirzaiinajmabadi K, Yunesian M, 
Emamian MH. Socioeconomic inequality and its determinants 
regarding infant mortality in Iran. Iran Red Crescent Med J 2014; 
16: e17602.

67 Bawah AA, Phillips JF, Adjuik M, Vaughan-Smith M, Macleod B, 
Binka FN. The impact of immunization on the association between 
poverty and child survival: evidence from Kassena-Nankana District 
of northern Ghana. Scand J Public Health 2010; 38: 95–103.

68 UNESCO. Education for people & planet: creating sustainable 
futures for all. Global Education Monitoring (GEM) Report 2016. 
2016. https://en.unesco.org/gem-report/report/2016/education-
people-and-planet-creating-sustainable-futures-all (accessed 
May 23, 2021).

69 Guillot M, Gerland P, Pelletier F, Saabneh A. Child mortality 
estimation: a global overview of infant and child mortality age 
patterns in light of new empirical data. PLoS Med 2012; 9: e1001299.

70 Wang H, Bhutta ZA, Coates MM, et al. Global, regional, national, 
and selected subnational levels of stillbirths, neonatal, infant, and 
under-5 mortality, 1980–2015: a systematic analysis for the Global 
Burden of Disease Study 2015. Lancet 2016; 388: 1725–74.

71 Vikram K, Vanneman R, Desai S. Linkages between maternal 
education and childhood immunization in India. Soc Sci Med 2012; 
75: 331–39.

72 Singh GK, Kogan MD. Persistent socioeconomic disparities in 
infant, neonatal, and postneonatal mortality rates in the 
United States, 1969–2001. Pediatrics 2007; 119: e928–39.

73 Marmot M, Friel S, Bell R, Houweling TA, Taylor S. Closing the gap 
in a generation: health equity through action on the social 
determinants of health. Lancet 2008; 372: 1661–69.

74 UNESCO. Literacy rates continue to rise from one generation to the 
next. 2017. http://uis.unesco.org/sites/default/files/documents/fs45-
literacy-rates-continue-rise-generation-to-next-en-2017.pdf (accessed 
May 23, 2021).


	Parental education and inequalities in child mortality: a global systematic review and meta-analysis
	Introduction
	Methods
	Search strategy and selection criteria
	Primary analysis of DHS data
	Meta-analysis combining data from systematic review and DHS primary analyses
	Quality and risk of bias of and across individual studies
	Role of the funding sources

	Results
	Maternal and paternal education and their relationship with under-5 mortality
	Effect sizes across time and geography

	Discussion
	Acknowledgments
	References


