
Assessing differences in country-level estimates of maternal 
mortality: a comparison of GMatH, UN, and GBD model results 
for 2020
Zachary J. Ward,a,b,∗ Rifat Atun,b,c,d Gary King,e Brenda Sequeira Dmello,f and Sue J. Goldiea,b,d,g

aCenter for Health Decision Science, Harvard T.H. Chan School of Public Health, Harvard University, Boston, MA, USA
bDepartment of Health Policy and Management, Harvard T.H. Chan School of Public Health, Harvard University, Boston, MA, USA
cDepartment of Global Health and Population, Harvard T.H. Chan School of Public Health, Harvard University, Boston, MA, USA
dDepartment of Global Health and Social Medicine, Harvard Medical School, Harvard University, Boston, MA, USA
eInstitute for Quantitative Social Science, Harvard University, Cambridge, MA, USA
fMaternal and Newborn Healthcare, Comprehensive Community Based Rehabilitation in Tanzania (CCBRT), Dar Es Salaam, Tanzania
gGlobal Health Education and Learning Incubator, Harvard University, Cambridge, MA, USA

Summary
Background Estimates of maternal mortality are important for informing policy and resource allocation, both globally 
and for individual countries, and to track progress towards Sustainable Development Goals. The Global Maternal 
Health (GMatH) model was developed for policy analysis and produces global and country-level estimates of maternal 
mortality. Estimates are also produced by models from the United Nations (UN) and Global Burden of Disease (GBD).

Methods We compared country-level estimates for 2020 of maternal deaths and the maternal mortality ratio (MMR) 
across the UN (v2023), GBD (v2021), and GMatH (v2023) models. We summarized the differences, assessed model 
convergence, and characterized the available empirical mortality data for countries with large differences to shed 
light on potential reasons for these differences.

Findings On average, the GMatH estimates of country-level maternal deaths in 2020 were 272 larger (43% higher) 
than the UN estimates, and 728 larger (49% higher) than the GBD estimates. Country-level MMRs were on average 
22.3 higher (19% higher) than the UN estimates and 48.1 higher (22% higher) than the GBD estimates. Overall, 
87.9% of the UN country-level MMR estimates were convergent with the GMatH model, and 82.8% of the GBD 
MMR estimates were convergent, but large differences were found for some countries. Among countries with 
the largest differences across models, survey-based estimates of the pregnancy mortality ratio were usually the 
only empirical mortality data available.

Interpretation Although estimates of maternal mortality are similar across the GMatH, UN, and GBD models for 
most countries, there are also large differences. Our structural modelling approach leverages multiple types of data 
across the reproductive life course, including pregnancy mortality ratios, allowing for more robust estimation of 
maternal health indicators. Comparing results across models helps to build confidence in estimates where they are 
similar and sheds light on potential reasons for differences where they diverge to help refine estimates and guide 
policies to reduce maternal mortality.

Funding John D. and Catherine T. MacArthur Foundation, 10-97002-000-INP.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND 
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Maternal health; Global health

Introduction
Maternal mortality continues to be a major global 
health challenge, and is the focus of one of the United 
Nations’ (UN) Sustainable Development Goals (SDG), 

with a target set to reduce the global maternal mortality 
ratio (MMR) to less than 70 maternal deaths per 
100,000 live births by 2030, with no individual country 
above 140.1 Although global maternal mortality has 
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declined over the years, progress has stalled in many 
countries, and the SDG maternal mortality target is 
unlikely to be met on current trends.2,3

Evaluating the effectiveness of strategies and assess
ing progress is particularly challenging because of diffi
culties surrounding the measurement of maternal 
mortality. In addition to inadequate data collection and 
incomplete vital registration systems in many low- and 
middle-income countries (LMICs), maternal deaths are 
often underreported across the pregnancy continuum,4 

or are misclassified, as maternal mortality is a compos
ite of many distinct conditions.5

To address these data limitations, statistical methods 
have been developed to produce estimates of maternal 

mortality using what data are available. For example, 
aggregate regression models developed by the UN 
Maternal Mortality Estimation Inter-agency Group6,7 

and the Global Burden of Disease (GBD) study8,9 esti
mate the cross-sectional associations between country- 
level factors and levels of maternal mortality, with 
gross domestic product (GDP) the largest driver of 
trends.10 These models have been used to produce 
global, regional, and country-specific estimates of 
maternal health indicators, and have been influential 
for policymakers at various levels. Although these 
models can provide insight into relative trends, the 
maternal mortality estimates (both global and country- 
level) from these models often differ (sometimes 

Research in context

Evidence before this study
Aggregate regression models developed by the United 
Nations (UN) Maternal Mortality Estimation Inter-agency 
Group and the Global Burden of Disease (GBD) study have 
been used to estimate global, regional, and country-specific 
estimates of maternal health indicators, based on the cross- 
sectional associations between country-level factors and 
levels of maternal mortality. The Global Maternal Health 
(GMatH) microsimulation model was developed for policy 
analysis and uses a different modelling approach based on a 
defined system of causal components and their relationships 
to estimate maternal health indicators. A previous 
comparison of global estimates of total maternal deaths and 
MMR found that the GMatH (v2023) and UN (v2019) models 
had similar estimates (with GMatH estimates on average 
slightly higher), with GBD (v2019) having much lower 
estimates of global MMR and maternal deaths. In this 
analysis we compare updated model estimates for country- 
level maternal mortality indicators across the UN (v2023), 
GBD (v2021), and GMatH (v2023) models and identify areas 
of convergence and divergence, exploring possible reasons 
for divergence.

Added value of this study
This study provides the first comprehensive comparison of 
country-specific maternal mortality estimates from the UN, 
GBD, and GMatH models. By systematically identifying where 
and why model estimates diverge, we highlight important 
gaps in empirical data, differences in model assumptions, 
and implications for country-level policy and data collection. 
By leveraging multiple types of data in an internally 
consistent framework, our structural microsimulation model 
offers an alternative approach to statistical models for 
estimation, and provides a framework for policy analysis. In 
contrast to regression-based models, which are fitted to a 
limited set of outcomes (often a single outcome variable), 
the GMatH model, a structural model, was calibrated to 
empirical data from multiple sources on indicators all along 
the reproductive pathway, allowing us to leverage indicators 

that may be observed with more certainty to infer parameter 
values that are less certain or may be unobserved. Comparing 
our model results to estimates from the UN and GBD 
models, we identify a subset of countries with the largest 
differences across models, and find that among these 
countries with the largest discrepancies in estimated 
maternal deaths or MMR, the majority have empirical data 
available from DHS surveys for the pregnancy mortality ratio, 
identifying a potential reason for why model estimates may 
diverge for some countries.

Implications of all the available evidence
We find that maternal mortality estimates from the UN and 
GBD are convergent with the GMatH model for most 
countries, but there are large differences for some countries, 
which has implications for global resource allocation and 
efforts aimed at reaching Sustainable Development Goals. 
The countries with the largest differences across models 
generally have data for indicators other than MMR—instead 
estimates of the pregnancy-related mortality ratio are 
available, which are directly used as one of the data sources 
to calibrate the GMatH model, but which must be 
transformed into proportional mortality estimates via a 
series of assumptions and calculations for use in the UN and 
GBD models. This has implications for the design of future 
data collection efforts (e.g., choice of indicators), modelling 
approaches (e.g., pre-processing assumptions), and 
interpretation of estimates (e.g., comparison of results across 
models for divergent countries). Models should integrate all 
reliable data sources across the reproductive life course—not 
only for calibration and validation, but also to identify 
inconsistencies that may signal data quality or reporting 
issues. Further efforts are needed to strengthen data systems 
to provide robust empirical data that can be used for various 
types of modelling, and comparisons across modelling 
approaches can help to refine estimates and identify the 
highest priorities areas where better data are needed to 
accelerate reductions in maternal deaths.
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substantially), which can result in confusion, mistrust 
in reported results, and uncertainty about the effects of 
policies.10

We developed the Global Maternal Health (GMatH) 
microsimulation model to simulate the reproductive 
lifecourse of individual women in each country, with the 
primary goal of performing policy analysis which can 
guide strategy prioritisation and planning.3,11 In addition 
to policy analysis, the GMatH model can also be used to 
estimate maternal health indicators. In contrast to 
aggregate statistical models, which are based only on 
trends in the outcome of interest, the GMatH structural 
model is based on a defined system of causal compo
nents and their relationships, and can synthesize evi
dence (both theory and empirical data) on many factors 
from multiple sources to offer more robust predictions.12

A previous comparison of global estimates of total 
maternal deaths and MMR found that the GMatH 
(v2023) and UN (v2019) models had similar estimates 
(with GMatH estimates on average slightly higher), 
with GBD (v2019) having much lower estimates of 
global MMR and maternal deaths.3 In this analysis we 
compare updated model estimates for country-level 
maternal mortality indicators across the UN (v2023), 
GBD (v2021), and GMatH (v2023) models and identify 
areas of convergence and divergence, exploring possible 
reasons for divergence in the estimates.

Methods
GMatH model overview
The Global Maternal Health (GMatH) microsimulation 
model simulates the reproductive histories of individual 
women in 200 countries and territories between 1990 
and 2050.3 Microsimulation modelling is based on 
graphical causal models and can estimate the effects of 
complex interventions over long time periods, and is 
increasingly recognized as another approach for 
epidemiologic causal inference.13 In addition for the 
potential for more robust estimation, this structural 
approach is also better suited to perform counterfactual 
policy analyses to estimate the impact of various strate
gies to improve maternal health.11,14 The GMatH model 
has been used to estimate global, regional, and country- 
level trends from 1990-2050,3 for context-specific 
comparative effectiveness analysis of policies,11 to esti
mate maternal health indicators for subgroups within 
countries,15 and to develop a country typology framework 
to guide policy.16

Building on a previous conceptual model,17 the 
GMatH model was developed using the most reliable 
and comprehensive demographic, epidemiologic, and 
clinical publicly available data, including data from over 
4.6 million individual Demographic and Health Survey 
(DHS) respondents.18 Individual women in each coun
try are assigned an urban/rural location, and a level of 
education conditional on their location, accounting for 

subgroup differences in factors such as family planning 
preferences and access to care.15

The model simulates the reproductive lifecycle for 
each woman, beginning with her age of sexual debut, 
and models monthly probabilities of conception based 
on maternal age, breastfeeding status, and patterns of 
contraceptive use. Modelling these factors allows us to 
estimate fertility trends and ensures that all maternal 
health indicators (e.g., births, total fertility rate, causes 
of death, etc.) are internally consistent within the 
model. The risks of ectopic pregnancy and miscarriage 
are simulated for each pregnancy, and unintended 
pregnancies (modelled with respect to each individual 
woman’s fertility preferences) may be terminated by 
induced abortion which may be ‘safe’ (e.g., by trained 
personnel in a medical setting) or ‘unsafe’ (e.g., by 
untrained personnel or by traditional methods), with 
differential risks of morbidity and mortality.

Complications during pregnancy and childbirth are 
modelled based on both individual-level risk factors (e. 
g., anemia) and health system factors, such as access to 
care and the availability of specific clinical in
terventions. The risks of indirect maternal death (e.g., 
deaths associated with other causes such as HIV or 
malaria that are aggravated by pregnancy), and 
competing mortality (i.e., deaths from all other causes) 
are also simulated (separately) for each woman. As part 
of the modeled data-generating process, we also simu
late the (setting- and time-dependent) probability that 
each maternal death will be accurately reported, allow
ing us to account for substantial underreporting of 
maternal deaths that often occurs in Civil Registration 
Vital Statistics (CRVS) data.19

GMatH model calibration
The model was calibrated to empirical data for various 
fertility, process, and mortality indicators related to 
maternal health. Although country-specific data are 
often missing (or may be of poor quality), calibrating 
the model to empirical data from multiple sources on 
indicators all along the reproductive pathway allows us 
to leverage indicators that may be observed with more 
certainty to infer parameter values that are less certain 
or may be unobserved. We fitted the model parameters 
so that the model predictions were consistent with 
country-specific empirical data on: total fertility rate 
(TFR), contraceptive prevalence rate, twinning rate, 
anemia prevalence (by severity), stillbirth rate, propor
tion of births which occur in health facilities, caesarean- 
section rate, proportion of births which occur via 
spontaneous/operative vaginal delivery, total maternal 
deaths (CRVS data), maternal deaths by 8 causes 
(abortion, ectopic pregnancy, miscarriage; hypertensive 
disorders; hemorrhage; sepsis and other infections; 
obstructed labor; other direct death; late maternal 
deaths; indirect maternal deaths), pregnancy-related 
mortality ratio, and maternal mortality ratio.
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We fitted the model to empirical data (i.e., no 
modelled estimates) from 1990 to 2015, reserving esti
mates from 2016 to 2020 as a test set to assess the 
predictive accuracy of the model, and found that it 
performs well, with coverage probabilities (i.e., pro
portion of times the empirical point estimate was con
tained within the model 95% uncertainty intervals [UI]) 
of 96.0% for maternal mortality indicators and a mean 
error of 2.6 deaths (SE 8.9) for total maternal deaths.3 

Bayesian hierarchical models were used for all model 
parameters, and 1000 simulations were performed with 
the final calibrated model sampling from the best- 
fitting 100 parameter sets, accounting for uncertainty 
(and missing data) for all model parameters. Our 95% 
uncertainty intervals thus include both first-order (sto
chastic) and second-order (parameter) uncertainty, and 
account for how changes in parameter values affect all 
modelled outcomes. More details on the model pa
rameters and calibration are available in the Appendix 
(section 1.1) and online (www.gmath-model.org).

United Nations (UN) modelling approach
The UN Maternal Mortality Estimation Inter-Agency 
Group (MMEIG) recently (in 2023) produced esti
mates of maternal mortality from 2000 to 2020 using a 
hierarchical Bayesian regression model.2,20,21 Input data 
are adjusted for underreporting and converted to the 
desired outcome variable of “proportional mortality” 
(PM), defined as the proportion of all deaths among 
women of reproductive age due to maternal causes, 
except for estimates of maternal deaths from CRVS data 
and specialized studies which are used directly in the 
likelihood function. The model uses 3 predictor vari
ables (per capita GDP, general fertility rate, and skilled 
birth attendant [SBA] coverage) to estimate PM values 
for each country-year, and all other maternal mortality 
indicators (e.g., number of maternal deaths, MMR) are 
calculated from the predicted PM. The UN model does 
not produce estimates by cause of death, and late 
maternal deaths are not included in the total estimates. 
See Appendix 1.2 for more details.

Global Burden of Disease (GBD) modelling 
approach
The most recent version of the Global Burden of Dis
ease (GBD 2021, published in 2024) has estimates from 
1980 to 2021, and includes late maternal deaths in the 
definition of maternal mortality.22,23 Similar to the UN 
model, overall maternal mortality indicators were 
calculated using PM as the outcome variable, using the 
Cause of Death Ensemble modelling (CODEm) tool 
(described in detail elsewhere) to adjust for under
reporting/misclassification. Spatiotemporal Gaussian 
process regression (ST-GPR) models were used to es
timate PM values based on 3 levels of predictor values, 
such as fertility rate, SBA coverage, ANC coverage, 
healthcare access and quality, female body weight, and 

socio-demographic indicators (see Appendix 1.3 for 
more details). A similar approach was used to model 
each cause of maternal death, with some variation in 
the specific predictor variables included.22

Maternal mortality definitions
The WHO defines a maternal death as a “death from 
any cause related to or aggravated by pregnancy or its 
management (excluding accidental or incidental cau
ses) during pregnancy and childbirth or within 42 days 
of termination of pregnancy, irrespective of the dura
tion and site of the pregnancy.”24 Maternal deaths can 
be due to “direct” causes, or may be “indirect” (i.e., 
deaths due to other causes that are aggravated by 
pregnancy). A “late maternal death” is defined as the 
“death of a woman from direct or indirect obstetric 
causes, more than 42 days but less than one year after 
termination of pregnancy”.24 A “pregnancy-related 
death” is defined as the death of a woman while preg
nant or within 42 days of termination of pregnancy, 
regardless of the cause of death (The exact follow-up 
period after pregnancy may vary by source. For 
example, the DHS sisterhood method has sometimes 
used 60 days [2 months] postpartum,25 while other 
countries such as the US extend the period up to one 
year26). Pregnancy-related deaths thus include all 
maternal deaths, and also deaths from accidental or 
incidental causes, and are often estimated from survey 
data using sibling-based mortality recall (e.g., “sister
hood method”).27

Note that there are differences in the definitions for 
these indicators across models with respect to age range 
and the inclusion of late maternal deaths. GMatH 
(v2023) considers maternal deaths at all ages, and in
cludes late maternal deaths in estimates of total 
maternal deaths but not in the MMR (consistent with 
the WHO definition of “maternal death”).3 UN (v2023) 
generally considers women of reproductive age as 
15–49, and does not include late maternal deaths in any 
estimates.2 In contrast, GBD (v2021) includes late 
maternal deaths in all maternal mortality estimates and 
considers ages 10–54 years.22

Model comparison
We compared estimates across the GMatH (v2023),3 

UN (v2023),2 and GBD (v2021)23 models for maternal 
deaths and MMR (maternal deaths per 100,00 live 
births) in 2020, the latest year estimated by all models. 
Among countries included in the GMatH model, UN 
estimates were available for 185 countries and GBD 
estimates were available for 197 countries. We calcu
lated differences across model estimates in three ways: 
signed difference (i.e., GMatH estimates minus other 
model estimates, the result of which can be positive or 
negative), relative difference (i.e., the percentage dif
ference between model estimates, calculated as GMatH 
minus other model estimates divided by GMatH 
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estimates), and absolute difference (i.e., distance be
tween model estimates, which is greater than or equal 
to 0). We summarized the mean and distribution for 
each difference metric. We also calculated the correla
tion (Pearson’s r) of estimates across models, and 
classified UN and GBD estimates as ‘convergent’ with 
the GMatH estimates if our 95% UIs contained the 
other modelled point estimates. We also compared es
timates of the total fertility rate (TFR) in 2020 across 
models to assess the potential impact of differences in 
fertility estimates.3,28,29 Lastly, we compared causes of 
maternal death in 2020 across the GMatH and GBD 
models (Estimates of maternal death by cause were not 
available from the UN model).

We then compared the 10 countries with the largest 
absolute mean difference for maternal deaths and the 
10 countries with the largest absolute mean difference 
for MMR. For countries in either top 10 list, we 
compared the type of empirical maternal mortality data 
available, categorizing the data as CRVS-based total 
maternal deaths (from the WHO mortality database), 
survey-based pregnancy mortality ratio (from DHS 
data), survey-based MMR (from DHS data), or CRVS- 
based MMR. We also compared which countries were 
included in the top 10 countries globally by burden (i.e., 
MMR and maternal deaths) using the mean estimates 
from each model.

Role of the funding source
The funder had no role in study design, data collection 
and analysis, decision to publish, or preparation of the 
manuscript. All authors had access to the data in the 
study and had final responsibility for the decision to 
submit for publication. Ethical approval was not 
required for this modelling study based on publicly 
available data.

Results
Globally, the GMatH (v2023) model estimated there 
were 337,585 (95% UI 307,944–364,094) maternal 
deaths in 2020, compared with 301,216 (80% UI 
272,718–343,429) estimated by the UN (v2023) and 
194,251 (95% UI 164,813–229,211) estimated by the 
GBD (v2021). On average, the GMatH estimates of 
country-level maternal deaths in 2020 were 272 larger 
(43% higher) than the UN estimates, and 728 larger 
(49% higher) compared to GBD estimates (see Table 1). 
Absolute differences in maternal deaths ranged from 
0 to 33,519 (mean of 771) for GMatH vs. UN, and 
ranged from 0 to 27,402 (mean of 778) for GMatH vs. 
GBD. Estimates of country-level maternal deaths were 
highly correlated across models (0.866 for GMatH vs. 
UN, 0.901 for GMatH vs. GBD), and 76.8% of the UN 
estimates and 71.6% of the GBD estimates of maternal 
deaths were convergent (i.e., within the GMatH 95% 
UIs) with the GMatH model (see Fig. 1).

The GMatH (v2023) model estimated a global MMR 
of 194 (95% UI 174–210) in 2020, compared with 224 
(80% UI 202–255) estimated by the UN (v2023) and 148 
(95% UI 126–174) estimated by the GBD (v2021). Es
timates of country-level MMR from the GMatH model 
were on average 22.3 higher (19% higher) than UN 
estimates (mean absolute difference of 60.2), and 48.1 
higher (22% higher) than GBD estimates (mean abso
lute difference of 68.6) (see Table 1). Estimates of 
country-level MMR were highly correlated for UN vs. 
GMatH models (0.879) and for GBD vs. GMatH (0.828). 
Overall, 88.1% of the UN country-level MMR estimates 
were convergent with the GMatH model, and 85.8% of 
the GBD MMR estimates were convergent (see Fig. 1).

Estimates of TFR were similar across all models 
(correlations of 0.946 for UN vs. GMatH, and 0.913 for 
GBD vs. GMath, see Appendix 2.1), while causes of 
maternal death varied substantially across the GMatH 
and GBD estimates (see Fig. 2, Appendix 2.2). Although 
estimates of maternal deaths from abortive causes, hy
pertensive disorders, and hemorrhage were similar, 
other causes of death were much lower in the GBD 
estimates.

The 10 countries with the largest discrepancies in 
estimated maternal deaths are shown in Fig. 3A, with 

GMatH comparison Maternal deaths MMR

UN (v2023) GBD (v2021) UN (v2023) GBD (v2021)

Difference
Mean 272 728 22.3 48.1
Min −33,519 −1814 −545.5 −238.5
25th percentile 5 7 −9.4 −3.3
Median 36 38 16.7 20.1
75th percentile 179 260 43.0 64.3
Max 24,748 27,402 655.6 960.1

Relative difference
Mean 43% 49% 19% 22%
Min −265% −93% −431% −389%
25th percentile 19% 28% −6% −6%
Median 51% 54% 25% 37%
75th percentile 82% 83% 70% 71%
Max 98% 97% 97% 96%

Absolute difference
Mean 771 778 60.2 68.6
Min 0 0 0.3 0.1
25th percentile 16 13 14.5 15.6
Median 65 56 32.3 30.9
75th percentile 281 295 66.0 76.5
Max 33,519 27,402 655.6 960.1

Correlation/Convergence
Correlation 0.866 0.901 0.879 0.828
Convergent % 76.8% 71.6% 88.1% 85.8%

GMatH = Global Maternal Health model, UN = United Nations, GBD = Global Burden of Disease. Difference = GMatH— 
other model; Relative difference = (GMatH-other model)/GMatH; Absolute difference = absolute value (GMatH—other 
model).

Table 1: Summary of model comparisons (estimates for 2020).
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Fig. 1: Country-specific estimated means by model, 2020. Points indicate mean estimates from the UN (v2023) and GBD (v2021) models (y- 
axis) compared to the GMatH (v2023) estimates (x-axis). The red diagonal line indicates the GMatH predictions along the y-axis.

Fig. 2: Country-specific A) and global B) estimated maternal deaths by cause in 2020, GMatH (v2023) vs. GBD (v2021). Points indicate mean 
estimates from the GBD (v2021) model (y-axis) compared to the GMatH (v2023) estimates (x-axis). The red diagonal line indicates the 
GMatH predictions along the y-axis. The green dotted line indicates the (linear) line of best fit of the GBD vs. GMatH country-level estimates.
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large differences across all three models for Nigeria, 
ranging from below 30,000 in the GBD model to over 
80,000 in the UN model, with the GMatH model esti
mates falling in the middle. The 10 countries with the 
largest differences in estimated MMR are shown in 
Fig. 3B, with large differences across all 3 models for 
Afghanistan and Nigeria, and the GBD estimates of 
MMR generally lower than the other models.

Table 2 lists countries that were in either of the top 
10 largest differences for maternal deaths or MMR 
(n = 15), and characterizes which model estimates are 
convergent with the GMatH model. Among these 
countries, 6 of the UN estimates of maternal deaths are 
convergent with the GMatH model, compared to only 2 
of the GBD estimates. For MMR, 7 country UN esti
mates are convergent with the GMatH model, 
compared to 3 GBD estimates.

Among countries with the largest differences in 
estimated maternal deaths or MMR, we find that the 
majority (10/15) have empirical data available from DHS 
surveys for the pregnancy mortality ratio (Table 2). 
Particularly for countries that are divergent across all 
models (e.g., Afghanistan, Ethiopia, Haiti, Mozambique, 
Nigeria, Yemen), survey-based pregnancy mortality 

Fig. 3: Top 10 countries by mean absolute difference for A) Maternal Deaths and B) MMR. Vertical lines indicate 95% UIs for GMatH and GBD 
estimates, and 80% UIs for UN estimates.

Country Maternal deaths 
convergence

MMR convergence Empirical mortality data

UN 
(v2023)

GBD 
(v2021)

UN 
(v2023)

GBD 
(v2021)

Afghanistan Pregnancy Mortality Ratio (Survey)
Chad X X Pregnancy Mortality Ratio (Survey)
China X X X Maternal Mortality Ratio (CRVS)
DR Congo X X X Pregnancy Mortality Ratio (Survey)
Ethiopia Pregnancy Mortality Ratio (Survey)
Guinea X Pregnancy Mortality Ratio (Survey)
Guinea- 
Bissau

X X Maternal Mortality Ratio (Survey)

Haiti Pregnancy Mortality Ratio (Survey)
India X X X Maternal Mortality Ratio (Survey)
Mozambique Pregnancy Mortality Ratio (Survey)
Nigeria Pregnancy Mortality Ratio (Survey)
South Sudan X X Maternal Mortality Ratio (Survey)
Tajikistan Maternal deaths (CRVS)
Tanzania X X Pregnancy Mortality Ratio (Survey)
Yemen Pregnancy Mortality Ratio (Survey)

Convergence is defined as the GMatH (v2023) 95% UI containing the point estimate from the UN or GBD 
model.

Table 2: Country comparison among top 10 differences for either maternal deaths or MMR.
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ratios are the only empirical data available. In contrast, for 
countries in this list with convergent estimates (e.g., 
China, Guinea-Bissau, India, South Sudan), empirical 
data on estimated MMR are available (See Appendix 2.5 
for country comparisons of multiple indicators across 
models).

Comparing the top 10 countries with the highest 
burden of maternal mortality (measured by MMR or 
absolute number of maternal deaths) across models 
reveals notable differences (see Appendix 2,.3 and 2.4). 
Some countries (Nigeria, Ethiopia, India, DR Congo, 
Pakistan, and Tanzania) consistently appear among the 
highest number of maternal deaths, although the exact 
rankings and burden vary across models. In contrast, 
the top 10 countries by MMR show less consistency 
across models, with only a few (South Sudan, Chad, 
Liberia, Somalia, and Central African Republic) 
appearing across all three models.

Discussion
We developed the GMatH model to perform policy 
analyses of various strategies across the reproductive 
lifecourse. In addition to comparing the effectiveness of 
potential strategies, our structural microsimulation 
model offers a fundamentally different modelling 
approach to estimating maternal mortality that can be 
compared to aggregate statistical models used by the 
UN and GBD.

We find that our mean country-level estimates of 
maternal deaths and MMR are slightly higher than the 
UN estimates on average, and substantially higher than 
the GBD estimates, which is similar to our previous 
comparison of global (total) maternal deaths and MMR 
across models.3 Overall, estimates of maternal deaths 
and MMR are convergent across models for most 
countries, but there are differences in the top 10 
countries by MMR and maternal deaths, and large dif
ferences for some country-specific estimates, such as 
Nigeria, Ethiopia, Afghanistan, and South Sudan. Esti
mates of TFR are similar across all models, suggesting 
that potential differences in fertility estimates do not 
drive the differences in maternal mortality estimates.

In contrast, estimates of maternal death by cause vary 
substantially across the GMatH and GBD models, except 
for deaths from abortive causes, hypertensive disorders, 
and hemorrhage. Globally, the GMatH model estimates 
higher maternal deaths from sepsis, obstructed labour, 
other direct, indirect causes, and late maternal deaths. 
Women who experience these complications may be 
more likely to face delays in obstetric care, with resulting 
maternal deaths less likely to be accurately captured in 
traditional data sources, highlighting the importance of 
adjusting for underreporting by location of death (e.g., 
home vs. facility) in the GMatH model.

Maternal mortality estimates are critical indicators 
for priority-setting and assessing progress towards 

achieving universal health coverage and health-related 
SDG targets, especially for countries with large bur
dens. We find that countries with large differences 
across models generally only have empirical survey- 
based estimates of the pregnancy mortality ratio, 
which differs from the maternal mortality ratio in that it 
includes all causes of death. The prevalence of this 
particular indicator among countries with divergent 
estimates, and lack of other indicators such as the 
MMR, highlights an important feature of our structural 
modelling approach in that we calibrated the model to 
empirical data on a range of fertility, process, and 
mortality indicators. The causal relationships specified 
in our model also allow for realistic counterfactual 
simulations to be performed for policy analyses.11

Because we model the entire reproductive life course 
of individual women, we can integrate various data 
from multiple sources into the model. We also account 
for uncertainty around all model parameters across the 
reproductive life course, including accounting for un
certainty around underreporting of maternal deaths, 
which are reflected in our uncertainty intervals. This 
approach provides the potential for more robust esti
mates of maternal health outcomes as we can incor
porate data for multiple indicators along the 
reproductive life course that are generally more accu
rately observed than maternal mortality outcomes. For 
example, we calibrated the model to empirical estimates 
for a variety of maternal mortality indicators, including 
the pregnancy mortality ratio, number of maternal 
deaths, and maternal mortality ratio, among others.

However, these types of data are not easily inte
grated into statistical regression models which only use 
a narrow set of data as outcome variables. For example, 
the UN and GBD models are fit to a limited set of 
outcomes, often the single outcome variable of pro
portion of deaths among women of reproductive age 
due to maternal causes (PM). Other types of data (e.g., 
MMR, pregnancy-related mortality) must first be con
verted (via a series of assumptions and calculations) to 
the PM, which introduces additional assumptions (and 
potential errors) outside of the modelling framework, 
and which may explain differences in model estimates 
for countries with only pregnancy-related mortality es
timates. In contrast, structural models such as the 
GMatH model can directly incorporate various types of 
indicators (without pre-processing assumptions/trans
formations) when calibrating to empirical data.

Although the GMatH model is a flexible, compre
hensive framework for maternal health and can incor
porate various types of data from multiple sources, every 
model has its own assumptions and limitations. For 
example, although we model cause-specific maternal 
deaths, we do not disaggregate indirect maternal deaths 
by underlying cause (e.g., HIV vs. malaria), which limits 
the model’s ability to evaluate interventions to address 
specific causes of indirect maternal deaths. Further 
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model developments would be needed to incorporate 
country-specific disease prevalence of contributing fac
tors (e.g., HIV and malaria) to refine these estimates. 
The GMatH model could also be extended to estimate 
maternal morbidity outcomes within the same model
ling framework. Statistical models, such as the 
regression-based models used by the UN and GBD to 
estimate maternal mortality also have their own set of 
assumptions, which are generally less flexible than 
simulation-based approaches. Comparing across models 
can help to explore the impact of various assumptions 
and limitations on global and country-specific estimates.

Maternal mortality remains a large challenge in 
global health, and the use of different types of model
ling (e.g., estimation and counterfactual policy analysis) 
can help to guide policy efforts in this area.14 Rigorous 
estimates based on robust empirical data will be needed 
regarding the impact, cost-effectiveness, and feasibility 
of potential interventions, and how these may vary by 
setting. Although estimates of maternal mortality have 
improved over time, further efforts are needed to 
strengthen data systems to provide robust empirical 
data that can be used for various types of modelling. In 
particular, the different assumptions used to convert 
estimates of pregnancy-related mortality to PM for use 
in regression models may explain the differences in 
model estimates for high burden countries. This has 
implications for the design of future data collection 
efforts (e.g., choice of indicators), modelling approaches 
(e.g., pre-processing assumptions), and interpretation 
of estimates (e.g., comparison of results across models 
for divergent countries).

Although more computationally intensive, by 
leveraging multiple types of data in an internally 
consistent framework, our structural microsimulation 
model provides a framework for policy analysis and 
offers a robust approach to estimation that could also be 
applied to other areas in global health.14 Continued 
comparisons across modelling approaches can help to 
refine estimates and identify the highest priorities areas 
where better data are needed to inform resource allo
cation, policy, and practice to accelerate reductions in 
maternal deaths.
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