
Global Maternal Health 
(GMatH) Model Overview

Zach Ward
IDM Annual Symposium

May 24, 2023

www.gmath-model.org

http://www.gmath-model.org/


Co-authors:
Rifat Atun (Harvard)
Gary King (Harvard)
Brenda Sequeira Dmello (CCBRT: Comprehensive Community Based 
Rehabilitation in Tanzania)
Sue Goldie (Harvard)

Funding:
Z.J.W. and S.J.G. received support from the John D. and Catherine T. 
MacArthur Foundation (grant no. 10-97002-000-INP). The funder had 
no role in study design, data collection and analysis, decision to 
publish, or preparation of the manuscript.



Ward ZJ, Atun R, King G, Sequeira Dmello B, Goldie SJ. Simulation-based 
estimates and projections of global, regional and country-level maternal 
mortality by cause, 1990-2050. Nat Med 2023.

Ward ZJ, Atun R, King G, Sequeira Dmello B, Goldie SJ. A simulation-based 
comparative effectiveness analysis of policies to improve global maternal 
health outcomes. Nat Med 2023.



Maternal Mortality Estimation

Measurement of maternal mortality is fraught with difficulty:

• Inadequate data collection and absence of vital registration systems in 
many countries

• Relatively rare: large samples are needed for stable estimates

• Difficult to identify: not a single diagnosis but composite of many 
distinct conditions, each with their own pathophysiology

• Underreporting: many maternal deaths are missed, especially in early 
pregnancy and from complications of induced abortion



Aggregate vs Structural Models
- Aggregate models: based solely on previous trends of the outcome of 

interest
• Estimate cross-sectional country-level association between aggregate factors 

and levels of maternal mortality
• Gross domestic product (GDP) the largest driver of trends

- Structural models: based on a defined system of causal components 
and their relationships

- Can offer more robust estimates for complex systems 
- Synthesize data on various factors from multiple sources
- Use information on related processes/outcomes observed with more certainty to 

estimate ultimate outcomes of interest

- Causal structure allow for counterfactual scenarios to be run
- Estimate potential impact of interventions



Model Overview
Global Maternal Health (GMatH) microsimulation model 
- Simulates the reproductive histories of individual women in 200 

countries and territories
- 6 subgroups of urban/rural and maternal education (low/medium/high) 

within each country -> account for impact of demographic trends
- Individual-level heterogeneity in family planning preferences and history of 

maternal complications

- Causal framework
- Simulate ‘natural history’ (i.e. in the absence of any intervention) of various 

reproductive processes
- Also explicitly model coverage levels and impact of relevant clinical and health 

system interventions
- Allows counterfactual outcomes to be estimated by varying the coverage 

levels and/or impact of the modelled interventions 
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Model Parameter Inputs 
~ 50 parameter groups

- Hierarchical modelling approach with up to five levels: global, country 
income group, area [i.e. continent], region, and country

- Many parameters vary by subgroup (urban/rural + education)

- Synthesized the best available epidemiologic and clinical evidence 
from various sources: randomized clinical trials, observational studies, 
meta-analyses, expert opinion, census data, and primary survey data

- Individual-level Demographic and Health Survey (DHS) data for over 4.6 
million women from 322 surveys in 83 countries

~450,000 parameters
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Calibration Targets

Indicator

Training Set (1990-
2015): # Countries (# 
Estimates)

Testing Set (2016-
2020): # Countries (# 
Estimates) Data Source

Fertility Indicators
Total fertility rate (TFR) (age 15-49) 186 (6,633) 120 (249) UN World Fertility data
Contraceptive prevalence (age 15-49 74 (235) 20 (21) DHS data
Twinning rate 107 (107) 0 (0) Smits 2011, Pison 2015
Process Indicators
Anemia prevalence (by severity) 48 (291) 16 (48) DHS data
Stillbirth rate 93 (656) 0 (0) Blencowe 2016
Facility delivery % 121 (286) 84 (85) DHS data, WHO GHO database
C-section rate 161 (479) 60 (69) UNICEF Maternal and Newborn Health Coverage 

Database
Spontaneous/operative vaginal delivery % 24 (48) 0 (0) WHO Global Survey on Maternal and Perinatal Health
Mortality Indicators
Maternal deaths (total) (CRVS data) 123 (2,311) 70 (117) WHO Mortality Database
Maternal deaths by cause (CRVS data) 114 (11,216) 69 (928) WHO Mortality Database
Pregnancy-related mortality ratio 56 (137) 0 (0) DHS data
Miscellaneous (maternal deaths, maternal mortality 
ratio, pregnancy-related mortality ratio)

22 (96) 3 (8) Country-specific sources

TOTAL 22,495 1,525

Calibrated to empirical primary data (no modelled estimates)

Fit to data from 1990-2015, reserving 2016-2020 estimates a test set
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Computationally intensive model!
• Multi-threaded simulation (6 cores) ~ 20 mins
• ‘Relay’ simulated annealing

• Best-fitting hyperparameters are passed to next 
search chain



Posterior Predictive Checks
Maternal mortality indicators

• Training Set (1990-2015):
• Coverage probability: 96.0%
• Mean absolute error by cause: 10.6 deaths

• Testing Set (2016-2020):
• Coverage probability: 96.0%
• Mean absolute error by cause: 10.5 deaths
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