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Summary
Background Maternal mortality remains a challenge in global health, with well-known disparities across countries.
However, less is known about disparities in maternal health by subgroups within countries. The aim of this study
is to estimate maternal health indicators for subgroups of women within each country.

Methods In this simulation-based analysis, we used the empirically calibrated Global Maternal Health (GMatH)
microsimulation model to estimate a range of maternal health indicators by subgroup (urban/rural location and
level of education) for 200 countries/territories from 1990 to 2050. Education levels were defined as low (less than
primary), middle (less than secondary), and high (completed secondary or higher). The model simulates the
reproductive lifecycle of each woman, accounting for individual-level factors such as family planning preferences,
biological factors (e.g., anemia), and history of maternal complications, and how these factors vary by subgroup.
We also estimated the impact of scaling up women’s education on projected maternal health outcomes compared
to clinical and health system-focused interventions.

Findings We find large subgroup differences in maternal health outcomes, with an estimated global maternal mor-
tality ratio (MMR) in 2022 of 292 (95% UI 250–341) for rural women and 100 (95% UI 84–116) for urban women, and
536 (95% UI 450–594), 143 (95% UI 117–174), and 85 (95% UI 67–108) for low, middle, and high education levels,
respectively. Ensuring all women complete secondary school is associated with a large impact on the projected global
MMR in 2030 (97 [95% UI 76–120]) compared to current trends (167 [95% UI 142–188]), with especially large
improvements in countries such as Afghanistan, Chad, Madagascar, Niger, and Yemen.

Interpretation Substantial subgroup disparities present a challenge for global maternal health and health equity.
Outcomes are especially poor for rural women with low education, highlighting the need to ensure that policy in-
terventions adequately address barriers to care in rural areas, and the importance of investing in social determinants
of health, such as women’s education, in addition to health system interventions to improve maternal health for all
women.
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Introduction
Maternal mortality remains a large challenge in global
health, and is the focus of a United Nations (UN) Sus-
tainable Development Goal (SDG) (Target 3.1) to reduce
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the global maternal mortality ratio (MMR) to less than
70 maternal deaths per 100,000 live births by 2030, with
no individual country exceeding 140.1 However, prog-
ress has stalled in many countries, and on current
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Research in context

Evidence before this study
Estimates of global maternal mortality have been produced
by the United Nations Maternal Mortality Estimation Inter-
agency Group (UN-MMEIG) and the Global Burden of Disease
Study using regression-based statistical models, based on the
cross-sectional country-level association between aggregate
factors and levels of maternal mortality. Recent estimates and
projections of global maternal health indicators have also
been produced by the Global Maternal Health (GMatH)
microsimulation model using a structural model of the
reproductive life courses of individual women in 200
countries and territories. We searched PubMed using the
search terms “maternal mortality” and “global” on February 8,
2024, without any language or publication date restrictions,
and found no other global estimates of maternal mortality.
Although existing estimates provide insight into country-level
disparities in maternal mortality, global estimates of within-
country maternal health disparities by subgroup are lacking.

Added value of this study
Because structural models are based on a defined system of
causal components and their relationships, they can offer
robust predictions for complex systems and can also be used
for counterfactual policy analysis. In addition, individual-level
models allow for flexible aggregation of modelled outcomes,
allowing subgroup-specific estimates to be made. The
empirically calibrated GMatH microsimulation model accounts
for heterogeneity both across and within countries,

simulating each woman’s level of education and urban/rural
location, and accounting for individual-level family planning
preferences and history of maternal complications. In this
analysis we use the GMatH model to estimate a range of
subgroup-specific (urban/rural location and level of education)
maternal health indicators for 200 countries and territories,
and assess the potential role of women’s education in
achieving the UN Sustainable Development Goal Target 3.1
for maternal health.

Implications of all the available evidence
We find large subgroup differences in maternal health
outcomes, with an estimated global maternal mortality ratio
(MMR) in 2022 of 292 for rural women vs 100 for urban
women, with even larger differences by education level: 536,
143, and 85 for low, middle, and high education levels,
respectively. Ensuring all women complete secondary school is
associated with a large impact on the projected global MMR
in 2030: 97 compared to 167 on current trends, with
especially large improvements in countries such as
Afghanistan, Chad, Madagascar, Niger, and Yemen. Maternal
health outcomes are especially poor for rural women with low
education, highlighting the need to ensure that policy
interventions address barriers to care in rural areas, and the
importance of investing in social determinants of health, such
as women’s education, in addition to health system
interventions to improve maternal health for all women.
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trends the SDG maternal health target is unlikely to be
met.2,3 Disparities in maternal mortality across countries
are well-known,2–4 although measurement remains
challenging, with even less known about disparities in
maternal health outcomes for subgroups (i.e., subna-
tional geographic areas and demographic groups) within
countries, as most estimates are country-level.2,4

Some studies have described disparities in maternal
mortality in specific settings, such as the United States,
Canada, and Zambia,5–8 and disparities in intermediate
variables such as utilization of maternal healthcare ser-
vices have also been documented in sub-Saharan Af-
rica.9,10 However, at a global level, systematic estimates
of within-country disparities in maternal mortality are
lacking.

In addition, although previous analyses have focused
on health system and clinical interventions that can
improve maternal health,11–13 fewer studies have explic-
itly examined the impact of social determinants of
health, especially the role of women’s education, which
has been identified as a causal factor for healthcare
utilization and maternal health outcomes in settings
such as Peru and Uganda.14,15 In addition to examining
the impact of women’s education on maternal health
outcomes, understanding the impact of geography (e.g.,
urban/rural location) on reproductive health factors and
health system access can help inform policies to
improve health equity within countries.

In this analysis, we use an empirically calibrated
microsimulation model of global maternal health3 to
estimate a range of maternal health indicators by sub-
group (urban/rural location and level of education) for
200 countries and territories and assess the potential
role of women’s education in achieving the SDG Target
3.1 for maternal health.
Methods
Model overview
We developed the Global Maternal Health (GMatH)
microsimulation model (previously described)3 to
simulate the reproductive histories of individual women
in 200 countries and territories between 1990 and 2050,
using the best demographic, epidemiologic, and clinical
data, including over 4.6 million individual-level De-
mographic and Health Survey (DHS)16 respondents. The
model accounts for heterogeneity both across and
within countries, simulating women’s level of education
and urban/rural location, and accounting for individual-
level family planning preferences and history of
www.thelancet.com Vol 72 June, 2024
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maternal complications. Monthly probabilities of
conception are based on maternal age, breastfeeding
status, and contraceptive use. Pregnant women may
experience ectopic pregnancy or miscarriage, and risks
of induced abortion are modeled for unintended
pregnancies.

Complications during pregnancy and childbirth are
based on individual-level risk factors, with incidence and
case fatality rates impacted by health system factors,
such as appropriate referral and transport to facilities,
availability of clinical interventions, and quality of care.
In addition to death from pregnancy-related complica-
tions (i.e., direct maternal deaths), women also face
risks of indirect maternal deaths (e.g., deaths due to
medical causes such as pre-existing conditions aggra-
vated by pregnancy), as well as mortality from other
causes.

Variations in factors such as health system quality
and accessibility both across and within countries were
accounted for by country- and subgroup-specific model
parameters. We used Bayesian hierarchical models for
all parameters in the GMatH model to synthesize
available data, allowing us to make estimates for coun-
tries with no data and regularize the available empirical
data. Model documentation and technical details for all
parameters are available online (www.gmath-model.
org). See Section 1 in the Supplementary Appendix for
a figure of the GMatH conceptual model.

We calibrated the model to empirical data for a range
of fertility, process, and mortality indicators related to
maternal health, reserving a test set of indicators to
assess the predictive accuracy of the model, and found
that it performs well, with coverage probabilities (i.e.,
proportion of times the empirical point estimate was
contained within the model 95% UI) of 96.0% for
maternal mortality indicators and a mean error of 2.6
deaths (SE 8.9) for total maternal deaths (Section 2 in
the Supplementary Appendix).3

Subgroup trends
Individual women in each country are assigned an ur-
ban/rural location (based on trends from the UN Ur-
banization Projections17), and conditional on their
location are assigned one of three levels of education:
low (less than primary), middle (less than secondary),
and high (completed secondary or higher), based on
data from the United Nations Educational, Scientific
and Cultural Organization (UNESCO)18 and DHS,
resulting in six mutually exclusive demographic sub-
groups (Section 3 in the Supplementary Appendix).

Subgroup-specific parameters
Using our structural model, we leveraged information
frommultiple sources along the reproductive pathway to
estimate outcomes that are unobserved, or observed
with less certainty. This approach also allowed us to
make estimates for subgroups, using a consistent model
www.thelancet.com Vol 72 June, 2024
structure to predict the impact of empirical differences
in model parameters by subgroup on maternal health
outcomes. Although we do not have subgroup-specific
estimates used to calibrate the model (e.g., MMR by
subgroup), we do have subgroup-specific parameters
that yield model predictions consistent with overall
empirical data.

Model parameters that vary by subgroup include
family planning and health system parameters, whereas
we assumed that biological and clinical variables do not
vary subgroup, except for anemia and elective c-section
(see Table 1). Obstetric complications are impacted by
risk factors such as age, anemia status, and delivery site,
so are indirectly influenced by subgroups which impact
these risk factors. Similarly, the availability of clinical
interventions, quality of care, and underreporting of
maternal deaths are indirectly influenced by subgroups
as these are conditional on facility location, which is
directly influenced by subgroup.

When calibrating the model, we had empirical data
to inform the prior probability distributions (priors) for
some subgroup parameters, while for others we used
the same priors for all subgroups but enforced con-
straints (e.g., weakly monotonic parameter values by
education level) when empirical data were unavailable
but we wanted to account for subgroup trends (see
Table 1). We briefly describe subgroup-specific param-
eters below and provide details in the appendix (see
Section 3).

Anemia
Anemia is a risk factor for maternal mortality com-
pounding risks related to unsafe abortion, hemorrhage,
sepsis, and risk of developing pre-eclampsia/
eclampsia.19,20 The main causes of anemia are poor
nutrition, infectious diseases (e.g., malaria), and un-
treated hemoglobin disorders.21 Estimates of anemia
prevalence among pregnant women were available from
the World Health Organization (WHO) Global Health
Observatory (GHO) database22 (country-level) and DHS
by subgroup (i.e., urban/rural location and level of
education).

Family planning parameters
At the beginning of the model, women are initialized
with a number of living children born before the ana-
lytic timeframe begins, based on subgroup-specific DHS
data. Each woman who enters the model over time is
also assigned an age of sexual debut, to simulate the
beginning of her reproductive life-cycle, based on
subgroup-specific DHS data.

Each woman has certain fertility preferences, oper-
ationalized by her stated ideal family size (based on
subgroup-specific DHS data). Women who have met (or
exceeded) their desired number of children are consid-
ered to be ‘limiting’ their family size (i.e., they do not
want to ever become pregnant again), while women who
3
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Subgroup-specific
parameters

Subgroup-specific
priors based on
empirical data

Data source

Demographics

Countries/territories UN World Population Prospects 2022

Population size projections, Urbanization projections UN World Population Prospects 2022; UN World Urbanization
Prospects 2018

Lifetables UN World Population Prospects 2022

Proportion of deaths due to injury Global Burden of Disease 2019

Education projections X X DHS, UNESCO

Migration X X Subgroup-specific weights estimated via raking

Biological parameters

Natural fecundity/fertility Medical literature

Sex ratio—primary Medical literature

Twinning rates Medical literature

Miscarriage Medical literature

Ectopic pregnancy Medical literature

Stillbirths (antepartum) Medical literature

Month of delivery Medical literature

Lactational amenorrhea Medical literature

Menopause Medical literature

Anemia (hemoglobin distribution) X X DHS, WHO GHO database

Family planning parameters

Age of sexual debut X X DHS

Number of living children X X DHS

Desired number of children X X DHS

Unmet need X X DHS

Contraception method mix X X DHS

Contraception failure rates X [Constraint] DHS, medical literature

Method duration of use X X DHS

Abortion: incidence and proportion of medical abortions X [Constraint] Medical literature

Sex ratio—secondary X UN World Population Prospects 2022

Breastfeeding X UNICEF

Health system parameters

Antenatal care X X DHS data, Medical literature

Starting delivery site X X DHS, WHO GHO database, medical literature

Recognition and referral X [Constraint] Medical literature

Transportation X [Constraint] Medical literature

Referral facility X Medical literature

Quality of care Prior probabilities set by income group

Maternal death under-reporting Medical literature

Obstetric complications

Preeclampsia/eclampsia Medical literature

Obstructed labour Medical literature

Postpartum hemorrhage Medical literature

Sepsis Medical literature

Other direct Medical literature, WHO Mortality Database

Late maternal deaths Medical literature, WHO Mortality Database

Indirect maternal deaths WHO Mortality Database

Clinical interventions

Elective c-section X X DHS, UNICEF

Active management of the third stage of labor Medical literature

Partograph Medical literature

Clean delivery Medical literature

Ectopic pregnancy management Medical literature

Hypertension management Medical literature

(Table 1 continues on next page)
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Subgroup-specific
parameters

Subgroup-specific
priors based on
empirical data

Data source

(Continued from previous page)

Assisted delivery Medical literature

Hemorrhage management Medical literature

Antibiotics Medical literature

UNESCO, United Nations Educational, Scientific and Cultural Organization; DHS, Demographic and Health Survey; WHO, World Health Organization; GHO, Global Health Observatory; UNICEF, United
Nations Children’s Fund, [Constraint] indicates that the same prior probability distributions were used for all subgroups but that logical constraints (e.g., weakly monotonic values) were enforced for
subgroup parameters when calibrating the model.

Table 1: Summary of model inputs and subgroup-specific parameters.
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have not yet met their desired number of children are
considered to be ‘spacing’ births (i.e., they wish to
become pregnant again at some point, either soon or at
a later time). This modelling approach accounts for
women’s preferences of family size and timing of
births, which influences the demand and patterns of
contraceptive use (e.g., method type, duration of use,
etc.). Age-specific probabilities of conception (i.e., nat-
ural fecundity) are modified by contraceptive use and
breastfeeding status, which may vary by subgroup.

Unmet need for family planning is defined as
“women who do not want to become pregnant but are
not using contraception”,23 and is modelled based on
subgroup-specific DHS data. For women whose need
for family planning is met, we model the subgroup- and
age-specific mix of contraceptive methods, based on
DHS data. Women may switch between methods for
reasons such as side-effects or method failure (i.e.,
becoming pregnant given typical method use). Contra-
ceptive failure rates vary by socioeconomic status, with
the poorest and youngest women at highest risk of
experiencing unintended pregnancy.24,25 We set the
same priors for each subgroup within a country, but
constrained the calibrated failure rates to be non-
decreasing by increasing education level to account for
this socioeconomic gradient. Duration of method use
and reason for discontinuation are simulated for women
who are ‘spacing’, based on subgroup-specific DHS
data.

Women who experience an unwanted pregnancy
face the risk of induced abortion, which may be ‘safe’
(e.g., medical abortion with misoprostol) or ‘unsafe’
(e.g., traditional methods). Safe abortion requires access
to quality medical services, which is typically higher in
urban areas, while unsafe abortion may be performed by
a nonmedical person (including the woman herself)
under unhygienic conditions, or a health worker outside
of the prescribed facilities.26 Due to lack of data we set
the same priors for all subgroups within a country, but
allowed these parameters to vary by subgroup, and
enforced non-decreasing probabilities of medical (‘safe’)
abortion by increasing level of education to account for
differences in access to care. The risk of induced
www.thelancet.com Vol 72 June, 2024
abortion is also affected by the secondary sex ratio (i.e.,
ratio of males to females at birth), which may vary by
subgroup as it can be driven by socioeconomic-related
factors such as son preference and availability of tech-
nology for prenatal sex determination.27,28

Health system parameters
During pregnancy, we model the number of antenatal
care (ANC) visits each woman attends (based on
subgroup-specific DHS data), which we assume can
improve anemia status and recognition of pregnancy-
related complications.29 At the time of birth women
may begin delivery either at home or in a facility (based
on DHS data), which is defined by the level of emer-
gency obstetric care available.30

In the event of a delivery complication, the compli-
cation must first be recognized and referred for appro-
priate management (i.e., the ‘first delay’).31 A systematic
review found that socioeconomic factors, women’s au-
tonomy, and knowledge of obstetric danger signs were
major factors that contributed to delays in seeking
appropriate care.32 Although we do not have empirical
data on recognition/referral by subgroup, to account for
socioeconomic factors and women’s knowledge, which
do vary by subgroups, we constrained these parameters
to be non-decreasing by increasing education level when
calibrating the model.

Once a complication has been referred, the woman
needs timely transportation to a facility. A systematic
review identified that availability of transportation
infrastructure, distance from the health facility, and lack
of finance for transportation were factors that impacted
this ‘second delay’.32 We therefore assumed that women
with higher education are more likely to have the re-
sources to obtain transport, and that women in urban
areas have shorter distances to travel.

In addition to arranging transportation, a target
referral facility must also be selected. When referral
networks are well-established, women can be taken to a
facility that provides the appropriate level of care.
However, sometimes women are taken to multiple pla-
ces in an attempt to find a facility capable of treating
them,33–35 and wealthier women may bypass facilities to
5
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seek care in higher-level facilities located farther away.36

We therefore allowed the referral facility parameters to
vary by subgroup.

Elective c-section
The use of caesarean section (c-section) has increased
substantially in recent decades, driven by major increases
in non-medically indicated procedures in middle- and
high-income countries,37 and with large differences be-
tween the poorest and richest women within countries,
with many women delivering by elective c-section in
private medical facilities.38 We assume that women who
undergo elective c-section are no longer at risk for pre-
eclampsia/eclampsia, obstructed labour, or postpartum
hemorrhage, but face increased risks of postpartum
infection (sepsis),39 with no change in the risk of other
direct complications. We obtained data on c-section rates
by country from the United Nations Children’s Fund
(UNICEF)40 and subgroup-specific DHS data.

Policy interventions
Using the calibrated model, we estimated the impact of
clinical and health system-focused interventions, with
scale-up defined by minimum coverage targets
informed by the mean level of high-income countries in
2022 (previously described).11 Specifically, we modelled
the following integrated strategies of policy in-
terventions: family planning (contraception, medical
abortion), community-based interventions and linkages
to care (antenatal care, skilled birth attendants for home
births, improved referral and transportation to health
facilities), facility-based interventions and linkages to
care (increased facility births, availability of clinical
services, and improved linkages to care), a facility-based
intervention that also improves the quality of care, and a
comprehensive strategy (all policy interventions). See
Section 4 in the Supplementary Appendix for details.

In addition to these clinical and health system-
focused interventions, we simulated two counterfactual
scenarios to estimate the impact of scaling up women’s
education such that all women achieve at least 1) middle
(i.e., completed primary, less than secondary), or 2) high
(i.e., completed secondary or higher) levels of education.
These scenarios were modelled by ensuring that all
women in the population achieved (at least) the speci-
fied level of education by 2030. In these scenarios, the
counterfactual assumption is that women with low
educational attainment in the baseline scenario (i.e., on
current trends) would instead behave like women with
higher education within their own context (e.g., similar
fertility preferences, care-seeking behavior, etc.), thus
accounting for potential cultural differences across
countries and by urban/rural settings within countries.

Statistics
We ran the model 1000 times for each scenario (i.e.,
baseline or intervention strategy), in each iteration
sampling a parameter set, thus accounting for both first-
order (individual-level) and second-order (parameter)
uncertainty around all outcomes. We report the mean
and 95% uncertainty intervals (UI), calculated as the 2.5
and 97.5 percentiles of the simulation results. We esti-
mated a range of subgroup-specific maternal indicators,
including the total fertility rate (TFR), maternal mortal-
ity ratio (MMR, an indicator of obstetric risk), and life-
time risk of maternal death (LTR, an indicator sensitive
to both levels of fertility and obstetric risk) from 1990 to
2050. More information on subgroup parameter differ-
ences for intermediate factors (e.g., anemia) is available
online (www.gmath-model.org).

Ethics
Ethical approval was not required for this modelling
study as it was based on publicly available data.

Role of the funding source
The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report.
Results
Subgroup disparities
Table 2 reports estimated subgroup-specific TFR, MMR,
and LTR in 2022 by country income groups, and reveals
large differences in these indicators globally by rural vs
urban location (e.g., MMR of 292 [95% UI 250–341] for
rural women vs 100 [95% UI 84–116] for urban women)
and education level (e.g., MMR of 536 [95% UI 450–594]
for low education, 143 [95% UI 117–174] for middle
education, 85 [95% UI 67–108] for high education
levels). These differences diminish by increasing coun-
try income groups, but with disparities by education
level persisting by urban/rural location and larger
educational disparities in rural settings. Urban/rural
disparities decrease by educational level and by country
income group (e.g., low vs high income). Fig. 1 shows
LTR by subgroup and geographic area, with the largest
absolute disparities in Africa, but large relative dispar-
ities also present in Asia, Latin American and the
Caribbean, and Oceania. Group and country-specific
results are available in the Supplementary Appendix
(Section 5) and in a public online repository (https://
doi.org/10.7910/DVN/I2EFAL).

Education interventions
Globally, improving women’s education was associated
with a substantial reduction in the projected MMR in
2030 (Fig. 2). Ensuring all women achieve a middle level
of education (i.e., complete primary, less than second-
ary) was associated with a global MMR of 139 (95% UI
118–159), which was of similar magnitude to a family
planning strategy (149 [95% UI 128–169]), or a
community-based strategy that improves ANC coverage,
www.thelancet.com Vol 72 June, 2024
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Income
group

Overall Rural Urban

Rural Urban Low education Middle
education

High education Low education Middle education High education Low education Middle
education

High education

Total Fertility Rate (TFR)

Global 2.90 (2.52–3.40) 2.35 (2.13–2.63) 4.06 (3.46–4.43) 2.54 (2.18–2.99) 2.31 (1.98–2.65) 4.38 (3.75–4.85) 2.55 (1.94–3.43) 2.57 (1.74–3.47) 3.06 (2.46–3.64) 2.53 (2.09–3.06) 2.20 (1.80–2.59)

Low 4.66 (4.39–4.94) 4.08 (3.66–4.38) 5.34 (5.08–5.69) 4.37 (3.85–4.85) 2.87 (2.26–3.46) 5.52 (5.14–5.86) 4.06 (3.42–4.64) 2.54 (1.83–3.31) 4.45 (3.92–5.15) 4.76 (4.17–5.31) 3.04 (2.26–3.82)

Lower
middle

2.89 (2.32–3.66) 2.67 (2.13–3.34) 3.38 (2.46–4.13) 2.68 (2.21–3.51) 2.87 (2.20–3.58) 3.55 (2.59–4.41) 2.67 (1.76–3.96) 3.08 (1.75–4.45) 2.72 (1.72–3.59) 2.71 (2.13–3.69) 2.70 (1.86–3.83)

Upper
middle

1.51 (1.07–1.97) 2.04 (1.54–2.46) 2.22 (1.46–3.01) 1.94 (1.36–2.62) 1.90 (1.44–2.33) 2.53 (1.58–3.30) 1.18 (0.60–1.69) 1.76 (1.24–2.44) 2.05 (1.31–3.04) 2.18 (1.37–3.24) 1.94 (1.41–2.54)

High 2.16 (1.65–2.85) 1.85 (1.52–2.24) 2.92 (2.12–3.89) 2.02 (1.56–2.54) 1.87 (1.57–2.28) 2.71 (1.65–4.11) 2.69 (2.22–3.23) 2.04 (1.48–2.87) 2.95 (2.09–4.05) 1.88 (1.39–2.48) 1.83 (1.35–2.31)

Maternal Mortality Ratio (MMR)

Global 292 (250–341) 100 (84–116) 536 (450–594) 143 (117–174) 85 (67–108) 596 (494–657) 200 (147–274) 91 (59–132) 261 (184–338) 100 (75–130) 83 (62–109)

Low 602 (502–676) 250 (197–302) 671 (545–755) 323 (269–398) 214 (149–304) 728 (577–825) 411 (319–506) 183 (105–296) 327 (230–442) 231 (172–302) 228 (151–335)

Lower
middle

199 (157–251) 144 (102–181) 412 (309–483) 145 (104–211) 122 (86–171) 431 (334–503) 159 (99–266) 108 (59–185) 314 (172–470) 129 (85–178) 139 (90–201)

Upper
middle

79 (52–168) 37 (23–64) 182 (101–273) 45 (22–121) 36 (24–57) 312 (170–474) 66 (28–206) 47 (26–77) 87 (33–173) 39 (17–92) 34 (19–59)

High 20 (12–31) 17 (12–22) 49 (12–106) 21 (12–33) 15 (11–21) 97 (7–271) 24 (9–43) 17 (8–27) 42 (9–110) 21 (11–34) 15 (10–21)

Lifetime Risk of Maternal Death (LTR)

Global 0.83 (0.74–0.91) 0.23 (0.19–0.26) 2.13 (1.65–2.47) 0.36 (0.28–0.45) 0.19 (0.15–0.24) 2.56 (1.97–3.01) 0.49 (0.36–0.68) 0.22 (0.15–0.30) 0.76 (0.52–1.03) 0.24 (0.19–0.32) 0.18 (0.14–0.23)

Low 2.88 (2.38–3.25) 1.04 (0.79–1.30) 3.58 (3.01–4.07) 1.43 (1.14–1.79) 0.65 (0.40–1.04) 4.03 (3.29–4.64) 1.70 (1.27–2.18) 0.53 (0.24–0.91) 1.44 (0.97–2.02) 1.11 (0.74–1.54) 0.70 (0.41–1.17)

Lower
middle

0.57 (0.47–0.67) 0.37 (0.29–0.45) 1.34 (0.88–1.72) 0.39 (0.28–0.52) 0.34 (0.25–0.43) 1.46 (0.89–1.90) 0.42 (0.26–0.62) 0.31 (0.17–0.45) 0.83 (0.39–1.29) 0.34 (0.23–0.48) 0.36 (0.25–0.47)

Upper
middle

0.11 (0.08–0.23) 0.08 (0.05–0.14) 0.35 (0.17–0.55) 0.08 (0.04–0.21) 0.07 (0.04–0.11) 0.72 (0.35–1.09) 0.08 (0.03–0.27) 0.08 (0.04–0.13) 0.15 (0.05–0.30) 0.08 (0.04–0.20) 0.07 (0.04–0.11)

High 0.04 (0.02–0.06) 0.03 (0.02–0.04) 0.12 (0.03–0.29) 0.04 (0.02–0.07) 0.03 (0.02–0.04) 0.25 (0.01–0.84) 0.06 (0.02–0.11) 0.03 (0.01–0.05) 0.10 (0.02–0.30) 0.04 (0.02–0.07) 0.03 (0.02–0.04)

Estimates shown are mean (95% uncertainty interval). Low Education = Less than primary, Middle Education = Less than secondary, High Education = Completed secondary or higher.

Table 2: Subgroup comparisons of selected maternal health indicators by country income group in 2022.
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skilled birth attendants for home births, and linkages to
care (MMR of 136 [95% UI 117–154]). Ensuring all
women complete secondary school was associated with
an MMR of 97 (95% UI 76–120), which was of a similar
magnitude to a strategy that increases facility births,
availability of clinical services, and linkages to care
(MMR of 104 [95% UI 87–121]).

Fig. 3 shows the country-specific reduction in (cu-
mulative) projected maternal deaths between 2030 and
2050 associated with an intervention that ensures all
women complete secondary education. The impact
ranges from close to 0% to over 70%, highlighting large
disparities in women’s education globally and the im-
pacts on health outcomes. In particular, in countries
such as Afghanistan, Chad, and Yemen improving
women’s education is associated with large improve-
ments in maternal mortality compared to current
trends, suggesting that comprehensive interventions to
improve women’s education could potentially yield large
benefits in addition to health system strengthening in-
terventions. In contrast, in some countries with a high
burden of maternal deaths, such as India and Nigeria,
most women are already projected to complete second-
ary school on current trends.
Discussion
We provide the first estimates, to our knowledge, of
within-country subgroup disparities for global maternal
health outcomes, and estimate the potential impact of
Fig. 3: Projected reduction in maternal deaths 2030–2050 (%) associate
percentage reduction in cumulative maternal deaths between 2030 and
cation, compared to current trends.

www.thelancet.com Vol 72 June, 2024
scaling up women’s education. We find large disparities
both across and within countries, with the largest dis-
parities by education level; however, large differences
still exist by urban/rural status. This highlights the
importance of ensuring targeted efforts are made in
rural areas to improve maternal health equity.

Strengthening health systems and improving clinical
care will be critical to improve global maternal health.11

Our analysis also shows that improving women’s edu-
cation is associated with reductions in maternal mor-
tality, with universal secondary education for women
associated with a substantial reduction in the global
MMR, on a par with modeled interventions that increase
facility births, availability of clinical services, and link-
ages to care. However, the wide disparities that exist in
women’s education globally means that the gains ex-
pected from improvements in education would be
greater in selected countries. For example, increasing
women’s education in countries such as Afghanistan,
Chad, Madagascar, Niger, and Yemen was associated
with large reductions in maternal mortality. In contrast,
in countries such as Nigeria and India, where women’s
education is projected to reach high levels on current
trends, the incremental benefits are smaller, high-
lighting the importance of health system interventions
in these countries, both of which have large numbers of
maternal deaths.

Indeed, a strong health system with high quality
emergency obstetrical care is necessary in all settings to
address women’s reproductive health needs. Along with
d with universal female secondary education by country. Projected
2050 associated with ensuring all women complete secondary edu-
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improving women’s education, health system strength-
ening interventions will therefore also be needed to
respond to the behavioral results of increased women’s
education (e.g., higher levels of facility use, contracep-
tion demand), that lie on the causal pathway between
education and maternal health outcomes.

Women’s education impacts multiple maternal
health factors, and can address these factors across the
continuum of pregnancy and childbirth. For example,
education increases women’s earning power,41 which
improves access to transport and medical facilities.
In addition to influencing women’s fertility prefer-
ences and behaviors, education can also improve
health-seeking behavior, as schools can help women
acquire skills including decision-making, problem-
solving, and communication, and has been empirically
demonstrated to improve maternal healthcare utiliza-
tion and outcomes.14,15 The intersectionality, gender,
and rights-based lenses linked to education highlight
the importance of going beyond exclusively biomed-
ical approaches when addressing causes of maternal
mortality.42

Recognizing that education is a powerful vehicle
for sustainable development across many domains,
Goal 4 of the SDGs aims to “ensure that all girls
and boys complete free, equitable and quality pri-
mary and secondary education”, and “eliminate
gender disparities in education and ensure equal
access to all levels of education”.43 Encouragingly, we
find that progress towards this goal would also yield
improvements for the maternal health SDG Target
3.1. However, efforts will be needed to ensure sus-
tainable growth in these education projections, as
the current trends are based on sustained efforts
over long periods of time.

Although improving women’s education would yield
benefits in maternal health (among numerous other
benefits), there remain obstacles to be addressed in
various contexts. For example, lack of financial re-
sources may prevent families from sending daughters to
school, and cultural factors such as gender bias and
social norms means that in some contexts educating
girls has a lower value than educating boys.44 Girls may
also be expected to help with household responsibilities
that prevent school attendance.45 Although barriers to
women’s education persist, real progress has been made
and evidence exists for interventions that work, such as
making schools more affordable (addressing both direct
and indirect costs), building schools closer to girls’
homes and employing flexible schedules to reduce travel
time and accommodate competing responsibilities, and
community mobilization interventions, among
others.45,46 Pregnancy during adolescence has also been
identified as both a cause and effect of school
dropout,47–49 highlighting the interdependence of family
planning and health system factors with broader social
determinants of maternal health.
Using our individual-level structural model of
maternal health which allows for flexible aggregation of
model outcomes, we leverage information on observed
subgroup differences in intermediate factors to estimate
differences in maternal health outcomes. Although we
do not have subgroup-specific estimates of these out-
comes, we do have subgroup-specific parameters that
yield model predictions consistent with empirical data
for women overall.3 This approach could be generalized
to other topics where only marginal (overall) outcomes
are observed, but subgroup-specific information on in-
termediate factors are available. Although empirical data
are often lacking, and there is typically wide uncertainty
around estimates that are available, our modelling
approach can be used to examine trends in maternal
health indicators by subgroup and the potential impact
of policies to improve health equity.

However, there are limitations to our approach. In
particular, empirical data on subgroup-specific maternal
health outcomes would help to refine the precision of
our estimates. However, given the scarcity of maternal
mortality data and measurement difficulties even for
country-level estimates, we do not anticipate that these
will be widely available in the near future, although
wherever available they may improve the precision of
the model estimates for specific settings.

For example, among 21 countries studied in sub-
Saharan Africa, Tanzania was the only country where
the neonatal mortality rate was significantly higher in
urban areas than rural areas,50 an example of the ‘urban
disadvantage’ found in some cities. Although our find-
ings provide important insights based on available
subgroup data across countries, local factors that are
exceptions to these trends highlight the importance of
further developing this work with local partners to better
contextualize the model to specific settings.

Although we allow many of the model parameters to
vary by subgroup, we did not have sufficient data to
allow competing mortality (i.e., background lifetables),
proportion of deaths due to injury, risk of antepartum
stillbirths, menopause, or risk of indirect maternal
deaths to vary by subgroup, although these factors may
vary within countries. Our estimates of the magnitude
of subgroup disparities are therefore likely conservative,
as there may be subgroup variation in other factors
which we did not capture in the model. Similarly, we did
not consider other benefits of improved women’s edu-
cation, such as infant and child health outcomes or
economic productivity, so our estimates of the benefits
of improved women’s education with respect to
maternal health are also likely conservative.

We find that in addition to the large disparities in
global maternal health that exist across countries, there
are substantial within-country subgroup disparities in
maternal health outcomes which present a large chal-
lenge for population health and health equity. Outcomes
are especially poor for rural women with low education,
www.thelancet.com Vol 72 June, 2024
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highlighting the need to ensure that policy interventions
adequately address barriers to care in rural areas, and
the importance of investments to address social de-
terminants of health, such as women’s education, in
addition to health system interventions to improve
maternal health outcomes for all women.
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