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 2 

Abstract 1 

 2 

Preventable maternal mortality remains a major cause of premature death, particularly in 3 

sub-Saharan Africa. Maternal mortality reduces women’s life expectancy, yet its contribution 4 

to variation in the age of death has not been quantified globally. Using Global Burden of 5 

Disease mortality estimates, we provide the first global estimates of its contribution to life 6 

expectancy and lifetime uncertainty. In most regions, maternal mortality makes a small 7 

contribution to both measures. Sub-Saharan Africa remains the exception. In the highest-8 

burden countries, eliminating maternal mortality may substantially reduce lifetime uncertainty 9 

and increase life expectancy from age 10 onwards. Potential reductions in uncertainty 10 

exceed gains in life expectancy. Across the maternal mortality transition, the contribution of 11 

maternal mortality to both measures declines systematically. These findings reveal an 12 

overlooked dimension of inequity in maternal health outcomes: maternal mortality imposes a 13 

double burden on women’s survival by shortening lives and making the timing of death less 14 

predictable. 15 

 16 

 17 

 18 



 3 

Introduction  1 

 2 

Maternal deaths are largely preventable. Yet an estimated 260,000 women died from 3 

maternal causes in 2023, with approximately 70% of these deaths occurring in sub-Saharan 4 

Africa.1 Preventable maternal mortality remains an important indicator of human 5 

development and health system functioning, reflecting persistent health system failures and 6 

wavering political commitment to save women’s lives during pregnancy and childbirth.2 7 

Inequity continues to characterise maternal survival, and vulnerable populations affected by 8 

humanitarian and environmental crises, poverty, and fragile health systems bear a 9 

disproportionate burden.1,3,4  10 

Maternal mortality occurs in otherwise healthy adult ages when there are few other 11 

competing causes of death.5 At the population-level, these premature deaths reduce 12 

reproductive age life expectancy and the potential gains from their elimination remain 13 

substantial in sub-Saharan Africa.6 However, life expectancy captures only one dimension of 14 

mortality.  As an average measure of age at death, it does not describe how deaths are 15 

distributed across a population. Two populations may have comparable life expectancy but 16 

differ substantially in their variability of ages at death.7–9  17 

Lifetime uncertainty measures variation in the timing of death within a population, capturing a 18 

distributional dimension of mortality that is complementary to life expectancy.7–9 Whereas life 19 

expectancy describes average survival, lifetime uncertainty describes the heterogeneity in 20 

survival and inequities in premature mortality. Premature deaths typically lower both life 21 

expectancy and increase lifetime uncertainty.7–9 These dynamics mean that maternal 22 

mortality may therefore impose a double burden on women’s survival by both shortening 23 

average length of life and increasing uncertainty in the timing of death. 24 

Although lifetime uncertainty is measured at the population level, the mortality environment it 25 

characterises may have consequences for individuals, families and communities.10–12 26 

Individuals may internalise their surrounding mortality conditions when forming expectations 27 

about their own survival and making life course decisions.11 Evidence from populations 28 

exposed to elevated premature mortality risk, including armed conflict and HIV before 29 

increased access to antiretrovirals, suggests that the perceived mortality environment can 30 

influence demographic and health behaviours, including reproductive choices.13–15 These 31 

perceptions may shorten individuals’ time horizons and reduce incentives for investments 32 

whose returns accrue in the future, including investments in education and preventive 33 

health,16–20 while also potentially increasing risky behaviours.21  Premature maternal mortality 34 
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and greater uncertainty in reproductive age-survival may therefore impose behavioural 1 

responses beyond the individuals and families directly affected by maternal deaths. 2 

Finally, at the societal level, uncertainty in survival during the reproductive ages may make 3 

population health needs harder to predict, complicating health-system planning and resource 4 

allocation.  5 

Despite its importance, how maternal mortality affects lifetime uncertainty has received little 6 

attention. Globally, maternal mortality is among the strongest predictors of overall lifespan 7 

inequality.22 Yet no comparative analysis has quantified the contribution of maternal mortality 8 

to lifetime uncertainty across countries. As countries progress through the maternal mortality 9 

transition – from high to low maternal mortality, and direct to indirect obstetric causes of 10 

maternal death23,24 –  its contribution to lifetime uncertainty would be expected to decline. 11 

However, whether this hypothesis holds, how and where it declines across the maternal 12 

mortality transition remains unknown. 13 

We present the first cross-country comparative estimates of the contribution of maternal 14 

mortality to both life expectancy and lifetime uncertainty. By quantifying how maternal deaths 15 

affect average length and variation in women's lifespans, we provide a more comprehensive 16 

assessment of global maternal mortality and its contribution to health inequality.  17 

 18 

 19 
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Results  1 

Global and regional estimates in 2023 2 

Figure 1 presents global estimates of the impact of maternal mortality on life expectancy and 3 

lifetime uncertainty (standard deviation of age at death) from age 10 and above in 2023. Full 4 

country-level results are provided in Table S1 (appendix pp.2-6). Panel A shows the 5 

absolute potential gains in life expectancy and reductions in lifetime uncertainty that would 6 

result from the elimination of maternal causes of death, while relative changes are presented 7 

in Figure S1 (appendix p.7). Across countries, the contribution of maternal mortality to life 8 

expectancy and lifetime uncertainty were highly correlated, with countries experiencing the 9 

largest gains in life expectancy also showing the greatest reductions in lifetime uncertainty. 10 

The potential gain in life expectancy from eliminating maternal mortality was greatest in 11 

Chad, with an estimated 2 years, equivalent to a 3.6% increase from age 10 and above. In 12 

total, 11 countries had an estimated potential gain in life expectancy exceeding one year, all 13 

of which are in sub-Saharan Africa. 35 countries had estimated gains of at least 0.5 years, 14 

all located in sub-Saharan Africa except Haiti (Latin America and the Caribbean), Timor-15 

Leste and the Solomon Islands (Southeast Asia, East Asia, and Oceania). 16 

The largest potential reduction in lifetime uncertainty was again observed in Chad, where 17 

eliminating maternal mortality would reduce lifetime uncertainty from age 10 and above by 18 

1.6 years, corresponding to an 8.5% reduction. In total, five countries had an estimated 19 

potential reduction in lifetime uncertainty of at least one year, and 28 countries had a 20 

potential reduction exceeding half a year, all in sub-Saharan Africa, except Haiti, Timor-21 

Leste, and Papua New Guinea. Relative reductions in lifetime uncertainty exceeded 5% in 22 

Chad, Liberia, Niger, Somalia, and the Central African Republic, while 39 countries had 23 

potential reductions of at least 2.5%, 31 of which are in sub-Saharan Africa. 24 

Results by GBD super region are presented in Table 1. In 2023, the contribution of maternal 25 

mortality to life expectancy is small in all regions except Sub-Saharan Africa, where its 26 

elimination would result in a potential gain of 0.72 years, equivalent to approximately 9 27 

months of life expectancy from age 10 years. Its elimination would reduce lifetime 28 

uncertainty by an estimated 0.62 years, or over 3% of total variation in ages of death from 29 

age 10.  30 

31 
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Figure 1. Absolute potential change in life expectancy and lifetime uncertainty with 1 

the elimination of maternal mortality, 2023  2 

 3 

Note: no GBD data for Western Sahara  4 

 5 

 6 

 7 
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Table 1. Potential gains in life expectancy and reductions in lifetime uncertainty with elimination of 
maternal mortality by GBD super region 

GBD super 
region 

 Life expectancy (age 10+) Lifetime uncertainty (SDb, age 10+) 

MMRa Observed Maternal 
mortality 

eliminated 

Difference 
(relative change) 

Observed Maternal 
mortality 

eliminated 

Difference (relative 
change) 

Central Europe, 
Eastern Europe, 
and Central Asia 

14 69.93 69.95 0.01 years 
(0.02%) 

13.26 13.24 -0.02 years (-0.16%) 

High-income 20 74.11 74.13 0.01 years 
(0.02%) 

12.68 12.65 -0.03 years (-0.22%) 

Latin America and 
Caribbean 

120 70.49 70.61 0.11 years 
(0.16%) 

14.58 14.39 -0.18 years (-1.26%) 

North Africa and 
Middle East 

80 67.19 67.28 0.09 years 
(0.13%) 

13.24 13.10 -0.14 years (-1.07%) 

South Asia 138 65.15 65.28 0.13 years 
(0.20%) 

14.43 14.25 -0.19 years (-1.30%) 

Southeast Asia, 
East Asia, and 
Oceania 

89 71.41 71.47 0.06 years 
(0.09%) 

13.36 13.24 -0.12 years (-0.89%) 

Sub-Saharan 
Africa 

396 60.91 61.63 0.72 years 
(1.18%) 

18.68 18.06 -0.62 years (-3.33%) 

a MMR = Maternal mortality ratio 
b SD = Standard deviation 

 

 1 

 2 
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Regional trends from 2000 to 2023 1 

Figure 2 shows the potential impact of eliminating maternal mortality on life expectancy and 2 

lifetime uncertainty from age 10 between 2000 and 2023 across GBD super regions.  3 

Panel A presents observed trends (solid lines) alongside a counterfactual scenario in which 4 

maternal mortality is eliminated (dashed lines). Across all regions, the observed and 5 

counterfactual trajectories converge over time, reflecting the declining contribution of 6 

maternal mortality to overall reproductive age mortality. In almost all regions, life expectancy 7 

declined and lifetime uncertainty increased in 2020 and 2021, before starting to rebound.  8 

Panel B quantifies the corresponding gains in life expectancy and reductions in lifetime 9 

uncertainty associated with eliminating maternal mortality. In all regions except sub-Saharan 10 

Africa, these potential improvements declined over the study period as maternal mortality 11 

fell. By 2023, most regions exhibited only modest remaining gains in both outcomes. In 12 

contrast, sub-Saharan Africa saw a larger potential reduction in lifetime uncertainty between 13 

2003 and 2013 than previous period. Although this declined thereafter, eliminating maternal 14 

mortality in 2023 would still produce a substantial reduction in lifetime uncertainty. 15 

 16 

 17 
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Figure 2. Life expectancy and potential gains, lifetime uncertainty and potential 1 

reductions, from the elimination of maternal mortality by GBD super region, 2000-2023 2 

  3 

 4 
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Dynamics of the maternal mortality transition  1 

Figure 3 shows the relationship between the maternal mortality ratio (MMR) and the potential 2 

reduction in lifetime uncertainty that would result from eliminating maternal mortality across 3 

African countries. Countries are classified into tertiles for each measure. For most countries, 4 

the two measures are concordant: countries with higher MMRs tend to have larger potential 5 

reductions in lifetime uncertainty from eliminating maternal mortality. However, important 6 

differences emerge in some countries. Countries shown in red, including Eswatini, Lesotho, 7 

Zimbabwe, and the Republic of the Congo have relatively high MMRs but smaller potential 8 

reductions in lifetime uncertainty. Conversely, countries shown in blue, including Mali, 9 

Burkina Faso, Benin, Nigeria, and Uganda, have relatively low MMRs but larger potential 10 

reductions in lifetime uncertainty.  11 

Figure 3. Relationship between maternal mortality ratio (MMR) and the potential 12 

reduction in lifetime uncertainty from eliminating maternal mortality in Africa, 2023. 13 

 14 

Notes: no GBD data for Western Sahara. MM = maternal mortality; SD = standard deviation; Tertiles were defined separately 15 

for the maternal mortality ratio (MMR) (low, <290; medium, 290–440; high, >440 deaths per 100,000 live births) and the 16 

potential reduction in lifetime uncertainty with the elimination of maternal mortality (low, <0.36; medium, 0.36–0.59; high, >0.59 17 

years). 18 

 19 
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Figure 4 shows the relationship between the potential contribution of eliminating maternal 1 

mortality to life expectancy and lifetime uncertainty from age 10, with countries classified by 2 

their stage in the maternal mortality transition according to MMR.23,24 There is a strong, 3 

approximately linear positive association between potential gains in life expectancy and 4 

reductions in lifetime uncertainty. Countries in stages 1 and 2, characterised by the highest 5 

MMRs, exhibit the largest potential gains in life expectancy and the greatest reductions in 6 

lifetime uncertainty from eliminating maternal mortality. As countries advance through the 7 

maternal mortality transition and the MMR declines, these potential benefits diminish, 8 

reflecting longer average lifespans and lower uncertainty in the timing of death from age 10 9 

and above.  10 

Relative changes are shown in Figure S2 (appendix p.8). Across all stages of the maternal 11 

mortality transition, the elimination of maternal deaths results in a potential relative reduction 12 

in total lifetime uncertainty which exceeds the relative gain in life expectancy.  13 

 14 
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Figure 4. Absolute potential gain in life expectancy and potential reduction in lifetime 1 

uncertainty (age 10+) by countries’ stage in maternal mortality transition.  2 

 3 

 4 

5 
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Finally, Table 2 summarises countries by stage of the maternal mortality transition, together 1 

with the mean potential gains in life expectancy and potential reductions in lifetime 2 

uncertainty that would result from eliminating maternal mortality. Countries in stage 1 of the 3 

transition (MMR >500), comprising 13 countries in sub-Saharan Africa in 2023, would gain, 4 

on average, 1.24 additional years of life expectancy (95% CI 0.95–1.53) and experience a 5 

reduction in lifetime uncertainty of 0.93 years (95% CI 0.72–1.14) if maternal mortality were 6 

eliminated. These potential benefits decline progressively across the transition. In stage 2, 7 

the corresponding gains are 0.63 years of life expectancy and a 0.55-year reduction in 8 

lifetime uncertainty, falling to 0.22 and 0.25 years, respectively, in stage 3. By stage 4b 9 

(MMR <20), the remaining potential gains in both life expectancy and lifetime uncertainty 10 

from the elimination of maternal mortality are small at the population-level. 11 

 12 
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Table 2. Potential gain in life expectancy and reduction in lifetime uncertainty from 1 

eliminating maternal mortality across stages of the maternal mortality transition  2 

Maternal 
mortality 

transition stage 

Potential gain in 
life expectancy 
from age 10+, 
mean years (95% 
CI) 

Potential reduction 
in lifetime 
uncertainty from 
age 10+ (SDc) mean 
years (95% CI) 

Countries 

Stage 1; very 
high maternal 

mortality, MMR 
>=500 

+1.24 (0.95–1.53) −0.93 (0.72–1.14) Cameroon, Central African Republic, Chad, Congo, Democratic 
Republic of the Congo, Eritrea, Gabon, Guinea, Haiti, Lesotho, 
Liberia, Niger, Sierra Leone 

Stage 2; high 
maternal 

mortality, MMR 
300-499 

+0.63 (0.54–0.72) −0.55 (0.47–0.63) Benin, Bhutan, Bolivia (Plurinational State of), Burundi, Côte d'Ivoire, 
Djibouti, Equatorial Guinea, Eswatini, Ethiopia, Gambia, Guinea-
Bissau, Madagascar, Malawi, Mali, Mauritania, Nauru, Nigeria, 
Northern Mariana Islands, Rwanda, Solomon Islands, Somalia, South 
Sudan, Sudan, Timor-Leste, Togo, Zimbabwe 

Stage 3; 
intermediate 

maternal 
mortality, MMR 

100-299 

+0.22 (0.18–0.26) −0.25 (0.22–0.29) Afghanistan, Algeria, American Samoa, Angola, Antigua and 
Barbuda, Bahamas, Bangladesh, Burkina Faso, Dominica, 
Dominican Republic, Fiji, Ghana, Grenada, Guam, Guatemala, 
Guyana, India, Indonesia, Kenya, Kiribati, Lao People's Democratic 
Republic, Libya, Marshall Islands, Micronesia (Federated States of), 
Morocco, Mozambique, Myanmar, Namibia, Niue, Pakistan, Palau, 
Papua New Guinea, Paraguay, Peru, Philippines, Saint Kitts and 
Nevis, Saint Vincent and the Grenadines, Sao Tome and Principe, 
Senegal, South Africa, Suriname, Tokelau, Tonga, Trinidad and 
Tobago, Tuvalu, Uganda, United Republic of Tanzania, United States 
Virgin Islands, Venezuela (Bolivarian Republic of), Zambia 

Stage 4a; low 
maternal 

mortality, MMR 
20-99 

+0.05 (0.04–0.06) −0.08 (0.07–0.10) Argentina, Bahrain, Barbados, Belize, Bermuda, Botswana, Brazil, 
Brunei Darussalam, Cabo Verde, Cambodia, Chile, Colombia, 
Comoros, Costa Rica, Cuba, Democratic People's Republic of Korea, 
Ecuador, Egypt, El Salvador, Georgia, Greenland, Honduras, Iran 
(Islamic Republic of), Iraq, Jamaica, Jordan, Kyrgyzstan, Lebanon, 
Malaysia, Maldives, Mauritius, Mexico, Mongolia, Nepal, Nicaragua, 
Oman, Panama, Puerto Rico, Saint Lucia, Samoa, Saudi Arabia, 
Seychelles, Sri Lanka, Syrian Arab Republic, Thailand, Tunisia, 
Türkiye, United States of America, Uruguay, Uzbekistan, Vanuatu, 
Viet Nam, Yemen 

Stage 4b; lowest 
maternal 

mortality, MMR 
<20 

+0.01 (0.00–0.01) −0.01 (0.01–0.01) Albania, Andorra, Armenia, Australia, Austria, Azerbaijan, Belarus, 
Belgium, Bosnia and Herzegovina, Bulgaria, Canada, China, Cook 
Islands, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, 
Japan, Kazakhstan, Kuwait, Latvia, Lithuania, Luxembourg, Malta, 
Monaco, Montenegro, Netherlands, New Zealand, North Macedonia, 
Norway, Palestine, Poland, Portugal, Qatar, Republic of Korea, 
Republic of Moldova, Romania, Russian Federation, San Marino, 
Serbia, Singapore, Slovakia, Slovenia, Spain, Sweden, Switzerland, 
Taiwan, Tajikistan, Turkmenistan, Ukraine, United Arab Emirates, 
United Kingdom 

a Maternal mortality ratio (MMR); b Confidence interval (CI); c Standard deviation (SD) 

 3 

 4 

 5 
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Age-specific contribution of eliminating maternal mortality  1 

Figure S3 shows the contribution of maternal deaths in each age group to the potential gains 2 

in life expectancy and reductions in lifetime uncertainty following the elimination of maternal 3 

mortality, by GBD super region (appendix p.9). Age patterns were remarkably consistent 4 

across super regions, despite substantial differences in the absolute magnitude of the gains. 5 

In all regions, the largest contributions came from maternal deaths occurring at ages 15–19 6 

years, followed by ages 10–14 and 20–24 years. Although maternal mortality rates are 7 

relatively low among the youngest age groups, deaths at these ages contribute 8 

disproportionately to potential gains in life expectancy and reductions in lifetime uncertainty, 9 

reflecting the large number of years of life lost when maternal deaths occur at younger ages. 10 

Sensitivity results 11 

Sensitivity analyses produced broadly consistent results. First, using WHO rather than GBD 12 

maternal mortality level estimates yielded similar results for most countries. The maximum 13 

difference was 9% in Afghanistan in the relative change in lifetime uncertainty with the 14 

elimination of maternal mortality between two data sources, but in most places was below 15 

1%. (Table S2, appendix pp.10-14). Discrepancy was generally higher in countries in high 16 

burden MMR settings, where CRVS data are weak and maternal mortality estimates are 17 

primarily model driven.  Second, results were robust to the choice of lifetime uncertainty 18 

measure, with similar country-level patterns using the standard deviation, life disparity, and 19 

coefficient of variation (Table S3, appendix pp.15-22). Third, conditioning on survival to age 20 

15 rather than age 10 produced very similar results (Table S4, appendix pp.23-27). Finally, 21 

applying reductions in maternal mortality consistent with Ending Preventable Maternal 22 

Mortality (EPMM) targets rather than complete elimination produced similar patterns, 23 

although the potential reduction in lifetime uncertainty if the EPMM targets were achieved 24 

was slightly smaller than with complete elimination of maternal deaths in countries with high 25 

MMRs (Table S5, appendix pp.28-32). 26 

 27 

 28 
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Discussion 1 

 2 

Most maternal deaths are preventable and occur among women of reproductive age, a 3 

period of the life course when the overall hazard of mortality is otherwise relatively low. This 4 

is the first study to quantify, across all countries and regions, the potential contribution of 5 

eliminating maternal mortality to both gains in life expectancy and reductions in lifetime 6 

uncertainty. Our findings reveal a previously overlooked double burden: in settings where 7 

maternal mortality remains high, premature maternal deaths not only shorten women’s lives 8 

but also make the length of life less predictable.  9 

In most world regions, maternal mortality now makes only a small contribution to life 10 

expectancy and lifetime uncertainty. Sub-Saharan Africa remains the clear exception. In 11 

2023, eliminating maternal mortality across the region would result in a potential increase in 12 

life expectancy at age 10 of almost nine months, and reduction in lifetime uncertainty of over 13 

seven months. These regional estimates, however, mask substantial country-level 14 

heterogeneity. The largest effects were estimated in Chad, where eliminating maternal 15 

mortality would result in potential reductions of lifetime uncertainty by up to 1.6 years (8.5% 16 

relative reduction) and increase life expectancy at age 10 by 2 years (3.6% relative 17 

increase). Potential reductions in lifetime uncertainty exceeded 0.5 years in 28 countries, 25 18 

of which were in sub-Saharan Africa; potential gains in life expectancy exceeded 0.5 years in 19 

35 countries, 32 of which were in sub-Saharan Africa.  20 

The substantial country-level variation in the contribution of maternal mortality is consistent 21 

with heterogeneity in life expectancy and lifetime uncertainty trajectories across sub-Saharan 22 

Africa.25 Moreover, in most countries in sub-Saharan Africa, the relative reduction in lifetime 23 

uncertainty following elimination of maternal mortality was greater than the relative increase 24 

in life expectancy. This indicates that maternal mortality disproportionately affects the 25 

predictability of age at death relative to average longevity. Considering lifetime uncertainty 26 

alongside life expectancy therefore captures an important dimension of the mortality burden 27 

of preventable maternal deaths that longevity alone may obscure.7,9,26  28 

The magnitude of these effects is substantial for a single level 2 cause category.27 For 29 

comparison, between 1990 and 2021, reductions in enteric infections contributed up to 1.9 30 

years to gains in life expectancy in sub-Saharan Africa, while reductions in ischaemic heart 31 

disease contributed around 1.8 years in high-income settings.28  The relative contribution of 32 

maternal mortality to lifetime uncertainty in the highest burden countries is comparable to the 33 

contribution of homicides to male lifetime uncertainty in several African countries.12 That 34 

maternal disorders can have effects of this magnitude is notable because maternal deaths 35 
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account for a relatively small share of deaths, even in high-burden settings. This illustrates 1 

that a cause need not account for a large share of deaths to make a significant contribution 2 

to lifetime uncertainty because its contribution also depends on the ages at which deaths 3 

occur and the age structure of the population.29 The concentration of maternal deaths at 4 

younger adult ages may therefore help explain the magnitude of these effects. 5 

Our findings advance the maternal mortality transition framework by showing how declining 6 

maternal mortality is accompanied by changes in both the length and predictability of life. 7 

The maternal mortality transition has been characterised by the long-term shift from high to 8 

low levels of maternal mortality and from predominantly direct to increasingly indirect 9 

obstetric causes of death.23,24,30 As countries progress through the transition, the MMR 10 

declines, as does the contribution of maternal mortality to lifetime uncertainty and life 11 

expectancy. The consistency of these patterns across settings suggests that changes in 12 

lifetime uncertainty and life expectancy represent complementary characteristics of the 13 

maternal mortality transition, alongside changes in the level of maternal mortality and its 14 

cause composition. 15 

Substantial improvements do not require the complete elimination of maternal mortality. 16 

Among high-burden countries with an MMR above 420 maternal deaths per 100,000 live 17 

births in 2010, reducing the MMR to below 140 in line with the existing EPMM target for 18 

these settings31,32 would yield gains in life expectancy and reductions in lifetime uncertainty 19 

comparable in magnitude to those estimated under a scenario of complete elimination. 20 

Achieving existing global commitments to improve maternal survival could therefore 21 

substantially improve both the length and predictability of women’s lives, particularly in sub-22 

Saharan Africa.  23 

Yet many high-burden countries remain significantly off track to reach the global SDG target 24 

3.1 and their national maternal mortality targets by 2030.1,2 Despite more than a decade of 25 

global efforts, the potential gains in life expectancy in sub-Saharan Africa for 2023 remain 26 

comparable to those reported before the start of the SDG era.6 Our findings show that this 27 

stalled progress in maternal survival also leaves potential reductions in lifetime uncertainty 28 

unrealised, revealing a dimension of reproductive health inequity that life expectancy alone 29 

does not capture. This is relevant beyond SDG 3.1, including to commitments to universal 30 

health coverage under SDG 3.8 and reducing inequalities under SDG 10.33 Against a 31 

backdrop of contracting global health financing and growing threats to maternal health, these 32 

findings reinforce the importance of sustained political and financial commitment to maternal 33 

health programmes and the data systems required to monitor progress.34–36  34 
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Finally, discrepancies in our estimates of lifetime uncertainty and life expectancy when using 1 

GBD and WHO maternal mortality estimates are greatest in high MMR settings with limited 2 

empirical input data where modelled estimates are primarily covariate driven. This 3 

emphasises the urgent and continued need to strengthen CRVS systems in low resource 4 

settings. Vital registration remains the gold standard for identifying maternal deaths, but 5 

sustained investment and capacity-building are needed to improve the completeness of 6 

CRVS systems, reduce the misclassification of maternal deaths, and ensure consistent 7 

application of ICD-11 coding standards.34,37–39 Improving the availability and quality of 8 

empirical data is essential for reducing uncertainty in estimates of maternal mortality and, 9 

consequently, in estimates of its contribution to broader mortality dynamics. 10 

An important strength of this study is the global scope, including all countries and GBD 11 

regions, with standardised and comparable estimates of the contribution of maternal 12 

mortality to life expectancy and lifetime uncertainty. We also compared several indicators of 13 

lifetime uncertainty, and the results are robust to the choice of measure. Ours is also one of 14 

the first papers to emphasise substantial lifetime uncertainty across women’s lives, with most 15 

existing work highlighting greater lifetime uncertainty for men.12  16 

However, this study also has several limitations. First, our estimates are only so good as the 17 

input data. Age-specific all cause and maternal mortality rates from GBD are primarily 18 

modelled for many low-income countries with poor CRVS systems and limited input data. 19 

This underscores the need to strengthen CRVS systems, including the registration of deaths 20 

and medical certification of the cause of death.38,40 Second, the GBD estimates of the MMR 21 

are not consistent with the ICD-11 definition, which includes deaths only up to 42 days 22 

postpartum. Third, life expectancy and lifetime uncertainty are period measures, assuming 23 

current mortality levels remain constant, and do not reflect the survival of a real cohort of 24 

women. Fourth, cause-deleted life tables assume that women whose maternal deaths are 25 

prevented subsequently experience the same age-specific mortality risks as other survivors. 26 

If these women remain at elevated risk of death from other causes, our estimates may 27 

overstate potential gains. Conversely, they may understate gains if preventing maternal 28 

deaths also reduces subsequent mortality, for example through improved detection, 29 

treatment or continuity of care. 30 

Conclusion 31 

Maternal mortality continues to impose a substantial burden on women’s survival in sub-32 

Saharan Africa, shortening lives while increasing uncertainty in the age of death. By 33 

quantifying lifetime uncertainty alongside life expectancy, our findings reveal persistent 34 

global health inequity and an overlooked dimension of the maternal mortality transition. 35 
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Methods 1 

All analyses were conducted using R and are fully reproducible from open data. All code is 2 

available at: https://osf.io/2rxy3/overview?view_only=7dcfecd193a24557812d41df1c0022a3  3 

Data 4 

We used publicly available, open-access age-specific estimates of all-cause mortality and 5 

mortality from maternal disorders for 204 countries and territories from the Global Burden of 6 

Diseases (GBD) study, produced by the Institute of Health Metrics and Evaluation (IHME).27 7 

Regions were grouped according to the seven GBD Super Regions (High Income; Central 8 

Europe, Eastern Europe, and Central Asia; Latin America and the Caribbean; North Africa 9 

and the Middle East; South Asia; Southeast Asia, East Asia and Oceania, and sub-Saharan 10 

Africa).  11 

These analyses required age-specific estimates on all-cause and maternal mortality. GBD 12 

provides the only globally comparable, standardised age-specific estimates of maternal 13 

mortality between the ages 10-54 years, whereas WHO estimates are available only for the 14 

combined reproductive age range.1 Estimates are primarily covariate driven in low resource 15 

settings with weak civil registration and vital statistics systems (CRVS) where input data are 16 

scarce. A summary of the GBD modelling approach for deaths from maternal disorders, 17 

which is particularly relevant for results pertaining to low resource settings, is available 18 

elsewhere,41  along with further details on the GBD methodology.27 Comparison and cross-19 

validation of WHO and GBD maternal mortality estimates highlight key differences in 20 

estimates arise from how input data are adjusted for bias, how deaths among HIV-positive 21 

pregnant women are classified, and the specifications of statistical models.37,42 Nonetheless, 22 

we assessed the sensitivity of our results to the choice of global estimates (see Sensitivity 23 

Table S2).  24 

GBD include 10 sub-categories within "maternal disorders": (1) maternal haemorrhage; (2) 25 

maternal sepsis and other maternal infections; (3) maternal hypertensive disorders; (4) 26 

maternal obstructed labour and uterine rupture; (5) maternal abortion and miscarriage; (6) 27 

ectopic pregnancy; (7) other direct maternal disorders; (8) indirect maternal deaths; (9) 28 

maternal deaths aggravated by HIV/AIDS; (10) late maternal deaths. These subcategories 29 

do not correspond directly with the International Classification of Diseases-Maternal Mortality 30 

(ICD-MM) grouping schedule.43 Most notably, the GBD maternal disorders category includes 31 

late maternal deaths in the overall maternal mortality ratio (MMR) estimate, whereas these 32 

are excluded from the ICD definition of maternal death and hence also the WHO definition of 33 

the MMR.24  However, to quantify the contribution of maternal mortality to life expectancy 34 

and lifetime uncertainty, including maternal deaths occurring within 42 days as well as late 35 
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maternal deaths from 43 days to one year postpartum is a more comprehensive approach 1 

than limiting to deaths occurring up to 42 days postpartum.  2 

Measures of lifetime uncertainty 3 

Lifetime uncertainty is reflected in the variation in the age-at-death distribution, derived from 4 

a life table. We chose the standard deviation conditional on surviving to age 10 as the main 5 

indicator of uncertainty because it is expressed in years which aids interpretability alongside 6 

life expectancy. Several other measures of uncertainty exist that are highly correlated but 7 

differ in their sensitivity to deaths occurring at different ages. 7,44,45 We also replicated all 8 

results with life disparity (absolute measure) and the coefficient of variation (relative 9 

measure) to assess the robustness of the results to our choice of lifetime uncertainty 10 

indicator (see Sensitivity Table S3).  11 

Estimation of life expectancy and lifetime uncertainty from age 10 12 

We estimated the potential contribution of eliminating maternal mortality to life expectancy 13 

and lifetime uncertainty conditional on survival to age 10, the youngest age at which the 14 

GBD study estimates deaths from maternal disorders. Conditioning on survival to age 10 15 

improves cross-country comparability by excluding variation in early-childhood mortality, 16 

allowing differences in the measure to more clearly reflect maternal rather than childhood 17 

mortality. .6,46 Although maternal deaths occur during the reproductive years, they affect 18 

survival and lifetime uncertainty in the age-at-death distribution throughout the remainder of 19 

women's lives, not only up to the end of the reproductive period. We test the sensitivity of 20 

our results to conditioning on survival to age 10 versus age 15, which is the lower bound of 21 

maternal mortality used in WHO estimates (see Sensitivity Table S4). 22 

Statistical methods  23 

GBD mortality rates are provided in five-year age. We used natural cubic splines to estimate 24 

single-year age-specific death rates, providing greater resolution of the age-at-death 25 

distribution.47,48 We subsequently constructed life tables by country and GBD super regions 26 

using standard methods.49  From these, we derived life expectancy and indicators of lifetime 27 

uncertainty. Estimates based on smoothed single-year death rates closely reproduced the 28 

temporal trends and spatial patterns observed using five-year age groups.  29 

We used a cause-deleted life table approach to quantify the effect of the elimination of 30 

maternal mortality to life expectancy and lifetime uncertainty. We constructed a 31 

counterfactual mortality age-profile where maternal mortality has been eliminated from the 32 

all-cause mortality. We compare the resulting life expectancy and lifetime uncertainty 33 

estimates with their respective values using observed all-cause mortality rates. From this 34 
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comparison, we estimate the absolute and relative change in life expectancy and lifetime 1 

uncertainty resulting from the elimination of maternal mortality by country and by GBD super 2 

region.  The cause-deleted life-table approach assumes that eliminating maternal causes of 3 

death does not alter mortality rates from other causes.50 Our estimates therefore represent 4 

hypothetical gains under cause elimination rather than predicted effects of an intervention, 5 

which may also affect the risk of death from other causes. 6 

Counterfactual scenarios 7 

For our primary analyses, we estimated the potential contribution of the complete elimination 8 

of preventable maternal mortality to life expectancy and lifetime uncertainty. Complete 9 

elimination represents an aspirational scenario not yet achieved by any country (maternal 10 

mortality transition stage 5; see below). We therefore conducted an additional analysis using 11 

the national-level Ending Preventable Maternal Mortality (EPMM) targets developed to 12 

support achievement of the Sustainable Development Goal (SDG) global target, to define 13 

scenarios based on established policy targets (see Sensitivity Table S5). EPMM 14 

commitments are as follows: (1) For countries with MMR less than 420 in 2010: reduce the 15 

MMR by at least two thirds from the 2010 baseline by 2030; (2) For all countries with 16 

baseline MMR greater than 420 in 2010: no country has an MMR greater than 140; (3) For 17 

all countries with low baseline MMR in 2010: achieve equity in MMR for vulnerable 18 

populations at the subnational level.31 Hence, based on countries’ estimated MMR in 2010, 19 

we used the counterfactual target of 140 for high-MMR countries, unless they had already 20 

achieved an MMR below 140 by 2023, in which case, we assigned their counterfactual as 21 

one-third of their 2010 MMR because assessing subnational inequity (EPMM 3) was not 22 

possible.  23 

Dynamics of maternal mortality transition 24 

We examined how maternal mortality’s contribution to life expectancy and lifetime 25 

uncertainty varies across the maternal mortality transition. First, we compared the magnitude 26 

of changes in life expectancy and lifetime uncertainty according to countries' stage, 27 

classified as follows: stage 1 very high maternal mortality: MMR >500; stage 2 high maternal 28 

mortality: MMR 300-499; stage 3 intermediate maternal mortality: MMR 100-299; stage 4a 29 

low maternal mortality: MMR 20-99; and stage 4b lowest maternal mortality: MMR <20. No 30 

countries have reached the hypothetical stage 5, such that all preventable maternal mortality 31 

has been eliminated (MMR=0).23 Second, given the central role of MMR in monitoring 32 

progress towards SDG 3.1, we compared its geographical distribution with that of the 33 

potential reduction in lifetime uncertainty from eliminating maternal mortality, classifying 34 

high-burden African countries into low, medium and high tertiles for each measure. 35 
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