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Figure 4: All-cause mortality
rates globally and by GBD
super-region across the
lifespan in females and
males, 1950-2023
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(Figure 5 continues on next page)

central Europe, eastern Europe, and central Asia or in
sub-Saharan Africa (figure 6A).

Age-specific mortality also generally decreased between
1990 and 2011 across regions, but with several key
exceptions (figure 5B, figure 6B). Under-5 mortality rates
decreased most sharply in east Asia (75-9% decline),
with large declines across all regions except for

southern sub-Saharan Africa (6-0% decline). Notable
increases in age-specific mortality occurred in
eastern Europe in those aged 25-49 years (with smaller
increases in those aged 50-79 years) and in
southern sub-Saharan Africa in those aged 5 years and
older. Between 2011 and 2023, under-5 mortality rates
again decreased most sharply in east Asia (67-7% decline)

www.thelancet.com Published online October 12,2025 https://doi.org/10.1016/50140-6736(25)01330-3



Articles

Andean Latin America

East Asia

South Asia

North Africa and Middle East

High-income Asia Pacific

Southeast Asia

Central Latin America

Tropical Latin America

Western sub-Saharan Africa

Eastern sub-Saharan Africa

Central sub-Saharan Africa

Southern Latin America

Central Asia

Oceania

Central Europe

Western Europe

Southern sub-Saharan Africa

Caribbean

Australasia

High-income North America

Eastern Europe

-13-6% -14-6%

-14-4% | -16:9% | -22:4% | -26-6% | -252% | -23:6% | -16:9%

-2:8% -147% | -240% | -23:5% | -233% | -203% | -156%

-2-4% -2:9% -13-4% | -12:0% | -10-7%
-24-5% | -131% -71% -87% -6-2%
-7-0% -1-1% -8:0% -3-0% -7-1%

-1.0% -7-4% -14-0% | -23-8% - -297% | -22:9% | -10-8%
-252% | -262% | -17-7% =77% -15-9% | -13-9% 10-2% -6:0%
-57% -9-6% -5-0%

-21.0%

-16-3%

100-7%

-121%

-16-9%

124-1%

-20-1%

-14-0%

-14-6%

14-7%

-183%

-6:0%

Percentage change, 1990-2011

ey
S
SE NP S
O O <O

\ S°

P
(SIS

,-»0

x>
g5 S

oo o
£ A

/!

.

<O X0
IR
S

s

PR
o

N

L L

Papop

°\;\'() \0&0 \0\10 \,&0 \Q&O \&O \G&O \5\' \
O AR RS P

T T T T T
B S R N S N N N N NN NI (IS NI N
Q" (9 (O O O ,»Q ,\0 p 1>’° Q ,,)Q S (,)Q bQ Z\Q 3,0 1901;\00

(S
xS \e,@
S
o

S®

N
o

and conversely decreased the least in high-income
North America (6-5% decline; figure 5C). High-income
North America, Andean Latin America, and the Caribbean
saw increases in mortality rates for all age groups
between 5-14 years and 40-49 years (figure 5C). High-
income North America had the largest increases in
mortality rates for those aged 5-14, 25-29 years, and

(Figure 5 continues on next page)

30-39 years (increases of 11-5%, 31-7%, and 49-9%,
respectively; figure 5C). Eastern Europe saw the largest
increases in mortality rates for those aged 15-19 years
and 20-24 years (53-9% and 40-1%, respectively), while
north Africa and the Middle East saw small increases in
those aged 20-24 years and 25-29 years (9-8% and 4- 0%,
respectively; figure 5C). Regions in sub-Saharan Africa
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Figure 5: Percentage change in age-specific mortality rates by GBD region, 1950-1990 (A), 1990-2011 (B), and 2011-2023 (C)

Percentage change for a year range is calculated as the difference in the estimates between the second year and the first year, divided by the estimate in the first year.
The boxes range from blue (indicating a decrease in mortality rate between the 2 years), to yellow (indicating no or minimal change between the 2 years), to red
(indicating an increase in mortality rate between the 2 years). Darker colours represent a more substantial change. GBD regions are listed in descending order by
greatest increase in life expectancy from 1950 to 2023. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.

saw declines in neonatal mortality during this period that largest annual declines in age-specific mortality on

ranged from 14-7% in southern sub-Saharan Africa to
22-0% in central sub-Saharan Africa (figure 5C). At the
national level in 2011-23, countries in south Asia had the

average in every age group from birth up to age 19 years
(figure 6C). In each 5-year age group between 30 years
and 74 years, every super-region had at least one country
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Figure 6: Distribution of ARC in age-specific mortality rates across countries and territories by GBD super-region, 1950-1990 (A), 1990-2011 (B), and 2011-2023 (C)
Percentage change for a year range is calculated as the difference in the estimates between the second year and the first year, divided by the estimate in the first year. The boxes represent the middle

50% of the distribution (25th and 75th percentiles), the horizontal line in the boxes indicates the median, and the whiskers show the middle 95% of the distribution (2-5th and 97-5th percentiles).

GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.

or territory with a positive ARC (ie, an increase) in age-
specific mortality, with the exception of South Asia in age
groups 45-49 years, 50-54 years, 65-69 years, and
70-74 years. In age groups older than 75 years, countries
in central Europe, eastern Europe, and central Asia had
the largest annual decreases in mortality on average.
The sub-Saharan Africa super-region saw the largest
changes in estimated age-specific mortality rates
compared to previous estimates in GBD 2021.”? On
average across countries and territories over the
1950-2021 time period, mortality rates for all sexes aged

5-14 years were 87-3% higher than estimated in
GBD 2021, while mortality rates for females aged
15-29 years were 61-2% higher than previously estimated.
Conversely, mortality rates for all sexes aged 50 years and
older were 13-2% lower than GBD 2021 on average across
countries and territories over the 1950-2021 time period.

Life expectancy

Female global life expectancy at birth increased
from 51-2 (95% UI 50-6-51-7) years in 1950 to 76-3
(76-0-76-6) years in 2023, an increase of 25-1
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Figure 7: Life expectancy at birth across GBD super-regions and SDI quintiles in females and males, 1950-2023
The different colours represent GBD super-regions in the top row and SDI quintiles in the bottom row. The decline in life expectancy in 1960 for the southeast Asia,
east Asia, and Oceania super-region (purple line) was due to famine. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. SDI=Socio-demographic Index.

(24-5-25-7) years, while male life expectancy increased
by 23-6 (23-0-24-2) years over the same period,
from 47.9 (47-4-48-4) years to 71-5 (71-2-71-8) years
(figure 7; tables 2, 3). Global trends mask substantial
heterogeneity between GBD super-regions. In 2023, life
expectancy varied from 83.7 (83.7-83.7) years for
females and 78-5 (78-5-78-6) years for males in the
high-income super-region to 66-1 (65-8-66-4) years for
females and 62-2 (62-0-62-5) years for males in
sub-Saharan Africa (figure 7; tables 2, 3). Super-regional
life expectancy progressed inconsistently over the study
period, with stagnation in central Europe,
eastern Europe, and central Asia between 1970 and 2000,
and in sub-Saharan Africa between 1980 and 2000;
these super-regions saw no substantial improvement in
life expectancy over these periods. By contrast, the
largest absolute increase in female life expectancy
occurred in south Asia, nearly doubling between
1950 and 2023, from 38-8 (37-3-40-3) years to 72-4
(71-5-73-3) years, an increase of 336 (31-7-35-4) years.
For males, the largest absolute increase occurred in
southeast Asia, east Asia, and Oceania between

1950 and 2023 (from 44-2 [43-1-45-2] years to 74-8
[74-1-75-6] years, an improvement of 30-6
[29-3-32-1] years). The smallest improvements
occurred in males in central Europe, eastern Europe,
and central Asia (an increase of 11-0 [10-6-11-4] years,
from 58-8 [58-6-59-0] years to 69-9 [69-5-70-1] years).
Among countries and territories with populations
greater than 1 million, female life expectancy at birth
varied in 2023 from 875 (87-3-87-8) years in Singapore
t055-9 (54-6-57-1) yearsin the Central African Republic,
as did male life expectancy, from 83 -1 (82-9-83-4) years
in Singapore to 54-1 (52-9-55-4) years in South Sudan
(tables 2, 3).

Mortality and life expectancy during the COVID-19
pandemic and recovery periods

The number of deaths for all ages and sexes combined
in 2023 represents a 8-9% (95% UI 7-2-10-6) decrease
from the COVID-19 pandemic era high of 65-9 million
(65-6-66-3) deaths in 2021, but an 8-9%
(6-8-11-0) increase from 2019 (55-2 million [54-8-55-5];
appendix 2 table S5A). Measured by percentage change
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Figure 8: Patterns of location-specific changes in life expectancy during and following the COVID-19 pandemic (2019-22)
The life expectancy pattern is based on whether life expectancy increased (+) or decreased (-) between two adjacent years. The + or - after 2019 compares 2019 to 2020, the + or - after 2020 compares
2020 to 2021, and the + or - after 2021 compares 2021 to 2022. For example, the - after 2019 indicates that life expectancy was lower in 2020 compared to 2019. The Other category corresponds to

the remaining 2 life expectancy patterns not otherwise listed.

in number of deaths, the largest post-pandemic recovery
occurred in Tunisia, Bolivia, and Peru, where the number
of deaths declined by 37-4% (35-7-39-1), 36-8%
(35-1-38-5), and 36-0% (34-6-37-4), respectively,
between 2021 and 2023. In total, 162 countries and
territories experienced a decrease in deaths over this
pandemic recovery period. The number of deaths
increased in the remaining 42 countries and territories,
with the largest increases occurring in Palestine (101-9%
[91-1-113-9]), the United Arab Emirates (14-2%
[6-7-22-1]), and Japan (12-1% [11-9-12-3)).

Globally, age-standardised mortality rates increased
by 14-0% (95% UI 13-1 to 14-9) from 2019 to 2021, and
subsequently declined by 12-4% (10-9 to 13-9) from
2021 to 2023 (appendix 2 table S3A). Super-regional
rankings remained unchanged between 2019 and 2023.
Between 2019 and 2023, the largest declines occurred in
central Europe, eastern Europe, and central Asia (3-4%
[2-1 to 4-4] decrease) and sub-Saharan Africa (3-2%
[1-7 to 4-5] decrease), while little to no increase occurred
in the high-income super-region (2-4% [2-2 to 2-7));
southeast Asia, east Asia, and Oceania (1-8%[-3-8t07-5]);
and Latin America and the Caribbean (0-7% [0-1 to 1-4]).
In the pandemic recovery period (2021-23), age-
standardised mortality rates improved for 194 (95-1%) of

204 countries, with the largest declines occurring in
Tunisia (40-3% [38-7 to 41-9] improvement),
Malawi (39-6% [35-3 to 43-9] improvement), and
Namibia (38-7 [37-5-39-9]). Among the remaining
ten countries and territories, the largest increases in age-
standardised mortality rates between 2021 and 2023 were
in Palestine (25-1% [20-3 to 30-5]), Japan (4-7%
[4-5 to 5-0]), and New Zealand (4-3% [2-8 to 5-8]).
194 (95-1%) of 204 countries and territories saw at least
partial recovery from the pandemic by 2023, with nearly
two-thirds (125 [61-3%] of 204) recovering to pre-
pandemic (2019) levels (appendix 2 table S3A).

At the global level, the ARC in life expectancy was 0-5%
(95% UI 0-5 to 0-5) between 2000 and 2019, and -1-3%
(-1-4 to —1-2) between 2019 and 2021 (appendix 2
table S4A), reflecting a decline in overall life expectancy
from 76-3 (76-2 to 76-4) years for females and 71-4
(71-3 to 71-5) years for males in 2019 to 74.7
(74-6 to 74.8) vyears for females and 69-3
(69-2 to 69-4) years for males in 2021 (appendix 2
tables S4B, S4C). Between 2021 and 2023, the ARC
was 1-3% (1-1to 1-5), rising to 76-3 (76-0 to 76-6) years
for females and 71-5 (71-2 to 71- 8) years for males in 2023
(appendix 2 tables S4B, S4C). These estimates
demonstrate a decline in life expectancy in the 2020-21
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Figure 9: National life expectancy at birth versus SDI, and expected life expectancy based on SDI, in females and males, in 1950, 1990, and 2023

Life expectancy at birth is shown for 204 countries and territories coloured by GBD super-region. Transparent points in all plots show every fifth year between
1950, 2015, and 2023 in the first two columns. The black line represents the expected life expectancy at birth based on SDI, and the shaded area corresponds to
95% uncertainty intervals. The labelled countries are those mentioned in the Results section for having the highest or lowest value of a mortality indicator.
GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. SDI=Socio-demographic Index.

territories had decreased life expectancy in all years
from 2019 to 2022: Belarus, Canada, Finland, Germany,
Portugal, Puerto Rico, and Ukraine. Finally, 11 countries
had decreased life expectancy in 2019-20, increased life
expectancy in 2020-21, and decreased life expectancy
again in 2021-22: Andorra, Chad, Eritrea, France,
Iceland, Ireland, Italy, Malta, North Korea, San Marino,
and Spain. These varying trajectories were observed
within and across superregions. Countries in
sub-Saharan Africa generally had decreases in life
expectancy in 2019-20 and 2020-21, followed by an
increase in 2021-22, or had a decrease in 2019-20
followed by increases in 2020-21 and 2021-22.
Countries that had increased life expectancy from
2019 to 2020 before decreasing in 2021 and 2022 were
largely found in the high-income super-region and in
southeast Asia, east Asia, and Oceania.

Estimated life expectancy versus expected life
expectancy based on SDI

Over the 1950-2023 study period, life expectancy at birth
was broadly positively associated with SDI level (figure 7,
table 4). Likewise, between 1950 and 2023, both life
expectancy and SDI increased in all 204 countries and

territories. However, there was considerable variation in
the relationship between national-level life expectancy
(as estimated), and the life expectancy that would be
expected solely on the basis of the SDI level for that
country (figure 9). In other words, some countries and
territories performed better or worse on life expectancy
compared to what would be expected based on that
location’s level of social and economic development.
Overall, in 2023, 123 (60-3%) of 204 countries and
territories overperformed (ie, estimated life expectancy
was higher than expected based on SDI), while the
remaining 81 had lower estimated life expectancy than
expected based on SDI.

For females in 2023, the super-regions with the largest
proportion of countries and territories with a higher than
expected life expectancy were the high-income super-
region (32 of 36 countries and territories above expected),
Latin America and the Caribbean (24 of 33), and
central Europe, eastern Europe, and central Asia (18 of 29;
table 2). Meanwhile, the largest proportion of countries
and territories with lower than expected life expectancy
were found in southeast Asia, east Asia, and
Oceania (24 of 34 countries and territories below
expected), sub-Saharan Africa (29 of 46), and
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south Asia (three of five). At the national level, the largest
positive difference between estimated and expected life
expectancy in females in 2023 was in Somalia (125 years;
ie, it had the largest absolute overperformance in
estimated life expectancy compared to SDI-expected life
expectancy). Among countries and territories with
populations greater than 1 million, the largest negative
difference was in Eswatini (-12-4 years; table 2).

Estimates for males had some overlap with females,
but with notable differences, especially at the super-
region level (figure 9; table 3). For males, the largest
proportions with better than expected life expectancy
were in south Asia (five of five countries and territories),
the high-income superregion (33 of 36), and
north Africa and the Middle East (15 of 21), while the
largest proportions with worse than expected life
expectancy were in central Europe, eastern Europe, and
central Asia (18 of 29), southeast Asia, east Asia, and
Oceania (19 of 34), and sub-Saharan Africa (24 of 46).
The country with a population greater than 1 million
with the largest positive difference between estimated
and expected life expectancy in males in 2023 was
Somalia (11-3 vyears), while the largest negative
difference was in Equatorial Guinea (-11-4 years;
table 3).

Discussion

Main findings

This novel demographic analysis identified several key
trends in all-cause mortality across age, location, and
time. First, life expectancy and mortality have largely
recovered to pre-COVID-19 pandemic levels, with
essentially no difference in life expectancy or age-
standardised mortality rates between 2019 and 2023 at
the global level and in approximately two-thirds of
countries and territories. That said, these broad patterns
mask considerable heterogeneity in life expectancy and
mortality trajectories during and following the pandemic
at the national level. We also found that mortality patterns
in recent years (2011-23) varied by age group and
location, including widespread declines in the under-5
age group, with the largest declines occurring in
east Asia; decreases in those aged 5-19 years across
nearly all regions except for eastern Europe, high-income
North America, and the Caribbean; and the largest
increases in those aged 20-39 years occurring in high-
income  North  America. These and other
age-location-specific findings indicate that mortality rates
in certain populations are substantially higher or lower
than previously estimated by GBD, UNPD, and other
major demographic studies. In particular, we identified
higher than previously estimated mortality rates in
sub-Saharan Africa for adolescents and young adult
females, as well as lower than previously estimated rates
mortality in older age groups in sub-Saharan Africa,
reflecting advances in our modelling approach to

incorporate previously unusable and more readily
available and reliable data sources.

Data availability and gaps

While the completeness of death registration has
continuously increased globally since 1950, this progress
has not been observed in all GBD super-regions. Civil
registration and vital statistics are overwhelmingly scarce
in sub-Saharan Africa, contributing to wide uncertainty for
many estimates in this super-region. While South Africa
has the best functioning VR system in the region, many
others do not report any deaths from a central VR system.
Developing and strengthening VR systems in these
nations is crucial to improve data availability and quality to
inform more accurate demographic and health estimates.”
Although establishing fully complete death registration is
the long-term goal, a short-term focus on establishing
sample registration systems that are representative at the
national level is one way to improve data availability and
quality with less investment of money and time, while
continuing to scale up national systems.* Development of
such systems is currently underway in Sierra Leone,”
Mozambique,” and Zambia.* Systems such as these will
be able to provide more timely data, which is imperative
for tracking emerging health events such as the COVID-19
pandemic if they are able to capture all deaths.
Furthermore, releasing VR data as soon as possible, even
in a preliminary state, is useful to inform trends in most
recent years. Our new methodology allows incorporation
of provisional data at large aggregation scales, such as
yearly total deaths, which aids timeliness and relevancy of
estimates.

Additionally, many countries and territories would
benefit from collecting data from other sources, such as
nationally representative surveys. For the 2020-23 period,
49 countries and territories had no available data on
under-5 mortality, and 67 countries and territories had no
available nationally representative data on mortality in
those older than 15 years, predominantly in sub-Saharan
Africa. However, funding of these collection efforts is in
a concerning state, with the most prominent source of
survey data in low-income and middle-income countries,
the USAID Demographic and Health Surveys (DHS)
Program, having had its operations suspended potentially
permanently.* These data are crucial to inform health
estimates; for 33 countries and territories, DHS has been
the source of the majority of their data since 2000, with
many of these countries and territories having high
mortality and poor health outcomes, such as the
Central African Republic and South Sudan. Losing these
surveys in the coming years is of major concern to the
estimation of demographic indicators and several other
health metrics.

Long-term mortality trends
Many agencies and researchers have used mortality
trends since 1950 to understand the global landscape of
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health trajectories.””® One notable example is the UN
Sustainable Development Goal (SDG) target 3.2 of an
under-5 mortality rate of no more than 25 deaths
per 1000 livebirths by 2030.* Progress on this target has
varied considerably between countries and territories,
with notable declines over the study period, but
69 of 204 countries and territories (as of 2023) are not on
track to reach this target based on their trajectory of
under-5 mortality rate between 2010 and 2023 (appendix 2
table S2A). To accelerate progress in these locations,
reducing global inequities in access to high-quality
health care, particularly maternal, neonatal, and child
health services; vaccines; safe water, sanitation, and
hygiene; and other essential health programmes and
policies will be crucial, with greater funding and attention
paid to the populations most affected by under-5
mortality.”®” The substantial achievements in reducing
under-5 mortality over the past several decades® are
being threatened by the suspension of USAID—the US
government contributed 22-6% of all development
assistance for health in 2023“—and cuts to other funding
sources, such as UK foreign aid.# To maintain progress
or even prevent reversals in under-5 mortality in high-risk
populations, it will be imperative to mitigate the effects
of these funding cuts, while also expanding other
funding streams such as those from non-governmental
organisations.

Although not all countries are on track to meet the
SDG targets for under-5 mortality rates, the emphasis
placed on policies and funding to address neonatal and
under-5 mortality around the world has led to much
larger improvements in the under-5 mortality rate over
the past 25 years than in older children (aged 5-14 years),
adolescents (aged 15-19 years), and young adults (aged
20-39 years). In particular, we found that mortality rates
in those aged 5-14 years for both males and females and
those aged 15-29 years for females in sub-Saharan Africa
were  higher  than  previously  Dbelieved in
sub-Saharan Africa, primarily due to the additional data
included from complete birth histories. These data
indicate higher mortality in those aged 5-14 years, which
increased estimates for these ages directly and increased
estimates for those aged 15-29 years indirectly through
modelled age correlations. We also identified trends of
substantively increasing mortality since 2011 in those
aged 20-39 years in parts of North and Latin America,
particularly the USA, Canada, Mexico, and Brazil. Our
findings on mortality in these age groups illustrate that
the current narrative on global mortality patterns does
not follow the best available findings, and that prevailing
approaches and policy priorities for mortality reduction
around the world must shift to better address the current
reality.

High mortality rates in children and adolescents aged
5-14 years in sub-Saharan Africa are heavily influenced
by the particularly high rates of respiratory infections
and tuberculosis, other infectious diseases, and

unintentional injuries, for which we estimated
approximately double the mortality rate in 2021 in this
study compared to GBD 2021.** Meanwhile, mortality
rates in females aged 15-29 years in sub-Saharan Africa
are affected most by higher than previously estimated
rates of maternal mortality and, to a lesser extent, road
injuries and meningitis.”®* By contrast, high mortality
rates in the population aged 20-39 years in
North and Latin America reflect high and persistent rates
of so-called deaths of despair—a category of deaths due
mainly to suicide, drug overdoses, and alcoholism driven
by economic, social, and psychological factors.* Policy
makers in these locations should thus prioritise policies
that improve access to care and address the social
determinants of health for these age groups in particular.

The different age patterns in mortality identified in this
study largely reflect the methodological improvements in
as well as access to and use of more, different, and
timelier data sources than was previously possible in
demographic modelling. In particular, we have used data
from complete birth histories for the first time to model
adolescent and young adult mortality, while in adult age
groups we have stopped using less reliable sibling history
data and are now also using HDSS data for older ages.
Our novel approach to modelling all-cause mortality—
and the capacity of this approach to incorporate more
timely all-age VR data—gives us better insight than ever
before into historical and recent trends as well as the
current state of mortality across ages, sexes, and
locations.

Mortality experiences during the COVID-19 pandemic

Our global analysis of age-standardised mortality rates
and life expectancy during and after the COVID-19
pandemic reveals a nuanced view of health outcomes
influenced by various factors. The post-pandemic period
marked a substantial recovery in age-standardised
mortality rates for 192 of 204 countries and territories,
with substantial declines in mortality in countries such
as Peru, Tunisia, and Namibia, and with complete
recovery to 2019 levels in nearly two-thirds of countries
and territories. However, the persistence of increased
age-standardised mortality rates in some countries,
alongside the incomplete recovery of life expectancy to
pre-pandemic levels in more than a third of countries
globally, highlights the uneven nature of pandemic
recovery. Several factors could explain the disparate
trajectories in mortality and life expectancy observed
across countries and regions. Variations in health-care
systemresilience, public health responses, socioeconomic
conditions, and the prevalence of comorbidities are likely
to have played considerable roles in shaping outcomes.**
The patterns of changes in life expectancy during the
pandemic further highlight the differential impacts of
COVID-19. The pronounced decline in life expectancy in
Latin America and the Caribbean during the pandemic,
followed by a significant rebound, could suggest that the
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initial severe impact of the pandemic was met with
effective recovery efforts, or that having a severe
pandemic experience led to a smaller vulnerable
population in subsequent years (ie, high infection-
acquired immunity); meanwhile, the modest rebound in
life expectancy in some countries within the high-income
super-region (including New Zealand and Japan) might
reflect ongoing challenges in pandemic management
and recovery strategies or differential virus transmission
over time.”* For several locations, most notably Palestine,
decreases in life expectancy in the pandemic recovery
period (2021-23) were largely due to the ongoing conflict,
rather than a reflection of challenges in pandemic
recovery.® The variable patterns of changes in life
expectancy across countries highlight the influence of
pandemic severity, health-care system capacity, public
health interventions, and vaccine rollout effectiveness at
different stages of the pandemic. Inconsistent increases
in life expectancy underscore the need for targeted health
policy interventions and health system strengthening to
address these persistent challenges. These findings have
major implications for global health policy and planning.
The uneven recovery across countries emphasises the
necessity for continued international cooperation,
investment in health-care infrastructure, and tailored
public health strategies to address the unique challenges
posed by the pandemic and ensure equitable health
outcomes. Moreover, the experiences of nations that have
shown substantial recovery or resilience can offer
valuable lessons in pandemic preparedness and response
for future global health crises. These findings call for a
nuanced, multifaceted approach to health policy and
international cooperation to address the ongoing
challenges of pandemic recovery and strengthen global
health systems against future threats.

“Death” of model life table methods

The estimates presented in this Article are based on a
new method that directly models age-specific mortality
rates from all available data rather than relying on model
life tables, which—despite being invaluable tools for
estimating age patterns of mortality in populations
where empirical data might be scarce—are associated
with considerable challenges that affect their accuracy
and applicability. The primary issue stems from the
assumption that mortality patterns and the distribution
of deaths by age in the models are directly applicable to
the target populations. This assumption can lead to
notable inaccuracies, as it fails to account for unique
health challenges, demographic shifts, and the impact of
specific interventions in different locales.” The reliance
on historical mortality data from a limited set of
populations, notably from middle-income and high-
income countries, risks introducing a bias that might
not fully represent the mortality patterns of diverse
global populations and might fail to adequately account
for more recent developments, including the progress

against infectious diseases, the rise of non-
communicable diseases, and the impacts of global
health initiatives. For example, there is evidence that
mortality in older age groups in sub-Saharan Africa
might be lower than estimates based on model life tables
due to differing population-level characteristics
compared to locations with mortality data used in model
life tables.”* Misestimating mortality rates can lead to
misallocation of resources, inadequately designed health
interventions, and a misunderstanding of the health
needs of a population. This is especially crucial in
regions undergoing rapid changes in health profiles due
to factors such as disease outbreaks, considerable
improvements in health care, or socioeconomic
development.

Another limitation of model life table systems used in
GBD 2021 and by UNPD is their reliance on input
parameters, such as child and adult mortality, which are
estimated via separate models. Additionally, estimates
from these model life table systems account for excess
mortality from the HIV/AIDS epidemic and the
COVID-19 pandemic via post-hoc incorporation of
separately modelled estimates. These methods can be
described as multistage modelling approaches that
combine disconnected models. Multistage modelling
methods have been shown to produce less accurate
inference and predictions compared to unified
frameworks that simultaneously estimate all outcomes in
a single model.” By using a single model to estimate all
age-specific mortality rates that includes covariates to
account for excess mortality due to the HIV/AIDS
epidemic and the COVID-19 pandemic, the method we
developed for GBD 2023 is a marked improvement over
previous methods. Furthermore, using separate estimates
of excess mortality due to the COVID-19 pandemic can
lead to further unreliable estimates. As we move further
into the pandemic recovery period, using counterfactual
mortality estimates as a basis to calculate excess mortality
becomes more dangerous, since counterfactual estimates
based on the assumption that the pandemic had not
occurred are extrapolations of trends before 2019, which
might not hold in more recent years. Our model avoids
this limitation by directly incorporating information on
COVID-19 mortality via covariates.

In response to these challenges, we developed a new
method to directly model age-specific mortality rates
from all available data without reliance on model life
table systems. Our method allows the use of more data
than previously used in GBD 2021—namely, data from
children and adolescents aged 5-14 years from complete
birth histories. Furthermore, age patterns of mortality
estimated by OneMod in data-sparse locations are driven
by modelled correlations among age groups that borrow
strength across space, time, and covariates using all
available data. This contrasts with model life table
systems that impose age patterns based on historical
mortality data from a limited set of populations. Finally,
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our method is based on published statistical methodology
that draws on statistical theory for increased reliability of
estimates. This improvement is essential for enhancing
the utility of mortality estimates in guiding public health
research, policy making, and resource allocation more
effectively. Since modelled estimates are the primary (or
only) source of information on mortality in locations
where data are scarce, improved reliability is paramount
for local mortality monitoring. Although our estimates in
these locations have substantial uncertainty, providing
the best available estimates along with uncertainty
intervals based on statistical theory allows decision
makers to act on the basis of as much information as
possible.

We used simulated data to verify the efficacy of
OneMod as a modelling tool, and real data and past
model results to validate OneMod results for
understanding the pattern of mortality. For simulated
data, we used mortality patterns for cardiovascular
disease and ischaemic heart disease as true rates of
interest and created noisy and down-sampled data. We
compared the performance of OneMod to a state-of-the-
art multistage ensemble tool (CODEm) for both
in-sample and out-of-sample performance (vs true rates)
and found that OneMod was able to consistently improve
in both metrics. That is, OneMod had greater modelling
power than previous tools, and was also less prone to
over-fitting. Due to the complexity of previous modelling
techniques in demographics analysis, it was not possible
to do a head-to-head performance comparison on
simulated data; instead, we validated results by
comparing OneMod estimates to those produced in
previous years by our highly specialised modelling
pipeline. We found that in locations with many years of
complete vital registration data, as well as for child age
groups in locations with many reliable complete birth
history surveys providing datapoints across many
overlapping years, OneMod results and past results
corresponded closely, but in locations with sparser data,
particularly adult age groups in countries throughout
sub-Saharan Africa, the results differed, and those of
OneMod were consistent with new data types that we
were able to incorporate into the model. We reviewed all
results produced by OneMod and, where they differed
from past results, found that it was easier to understand
and explain the OneMod predictions from a scientific
perspective. This includes OneMod estimates better
following trends in data sources as well as, when no data
are present, being able to better explain estimates based
on factors such as covariate effects, regional trends, or
age correlations.

Comparisons between GBD 2023 estimates and other
estimates

As detailed above, there have been many improvements
in data processing and statistical modelling approaches
in GBD 2023 compared to other demographic studies,

particularly with respect to the novel tool introduced in
this GBD cycle to estimate all-cause mortality by directly
incorporating age-specific data in a single statistical
model that does not require the use of model life table
systems. These differences resulted in some important
differences in estimates between sources.

We identified several key changes to age-sex-location-
specific mortality estimates in GBD 2023 compared to
GBD 2021.2 Most notably, our latest mortality rate
estimates for both males and females aged 5-14 years
and females aged 15-29 years in sub-Saharan Africa were
substantially higher than previously estimated
(87-3% and 61-2% higher on average across countries
and territories, respectively, for GBD 2023 compared to
GBD 2021 over the 1950-2021 time period). Conversely,
mortality rates in older age groups (aged =50 years) in
sub-Saharan Africa were 13-2% lower on average across
countries and territories for GBD 2023 compared to
GBD 2021 over the 1950-2021 time period. However,
estimates for locations with high-quality VR data were
nearly identical between GBD 2023 and GBD 2021.

The latest UNICEF child mortality report,” published
in 2025, estimated a global under-5 mortality rate of 36-7
(90% UI 34-7-41-1) deaths per 1000 livebirths in 2023,
compared to our estimate of 36-3 (95% UI 35-7-36-9)
deaths per 1000 livebirths in 2023 (appendix 2 table 2A).
At the national level, our 2023 under-5 mortality rate
estimates had a mean relative difference 8-6% higher
than those of UNICEF, ranging from 73-8% lower to
188-2% higher across countries and territories. The
UNICEF  report likewise  estimated 803000
(90% UI 747800-895000) global deaths among children
aged 5-14 years in 2023 (a 51-3% decline from 1990),
compared to our higher estimate of 872000
(95% UI 845000-902000) deaths, a 49-9% decline
from 1990 (appendix 2 table S7). Differences in national-
level mortality rates for children and adolescents aged
5-14 years in 2023 between GBD 2023 and UNICEF
varied by country, with our estimates an average of
17-6% higher than UNICEF’s, ranging from 48 -8% lower
to 300-9% higher across countries and territories
(appendix 2 table S7). These differences were primarily
driven by differences in data inclusion and processing.

The UNPD’s latest World Population Prospects
revision” also estimated global life expectancy of
73-2 years in 2023, a 26-8-year increase from their
estimate of 46-4 years in 1950. For comparison, we
estimated a global life expectancy of 73-8
(95% UI 73-6-74-1) years in 2023, a 24-4-year increase
from our estimate of 49-5 (95% UI 49-1-49-8) years
in 1950. At the superregional level, the largest
discrepancy between these two sources was found in
sub-Saharan Africa, where life expectancy in 2023 was
62-2 years according to UNPD and 64-2 years according
to GBD 2023. National-level differences between the
two sources varied in 2023, from 8.0 years lower to
10-1 years higher (mean difference 0-1 years). Over the

www.thelancet.com Published online October 12,2025 https://doi.org/10.1016/50140-6736(25)01330-3



Articles

entire 1950-2023 study period, our life expectancy
estimates had a mean difference of being 1-5 years
higher than those from UNPD, ranging from 4-3 years
lower to 13-1 years higher at the national level. The
largest differences were observed in location-years with
scarce high-quality VR data or large fatal discontinuities
with high uncertainty in magnitude.

For model validation and further comparison to UNPD
World Population Prospects estimates, we compared age-
specific and sex-specific death counts from our study to
those from all location-years of VR data deemed to have
complete death registration. We similarly compared
these VR data to UNPD estimates.” Our estimates had a
mean absolute error (MAE) of 46-8 and root mean
squared error (RMSE) of 171, indicating good fit to the
data. These were lower (indicating better fit) than the
MAE of 262 and RMSE of 904 for UNPD estimates.

Limitations and future directions

This study has several key limitations. First, as with any
modelling study of this scale, the estimates are limited by
the availability and scope of data sources, which varies
considerably by location. The precision of estimates
relies on the accuracy of the data used in the model. As
discussed above, the absence of high-quality vital
statistics and civil registration systems in many low-
income and middle-income countries results in
large-scale uncertainty in our estimates for these
locations (reflected in wider 95% UlIs). Furthermore,
delays in reporting limit the availability of recent VR
data, which specifically affects the latest years of
estimates. Of 118 countries and territories with VR data
in 2021, 105 had VR data for 2022 and only 81 had VR
data for 2023 at the time of analysis. Prompt reporting of
VR data is necessary for tracking emerging health events
and responding to changes in demographic and health
trends, even if these data are in a provisional or
aggregated state, since our latest mortality model can use
these preliminary data. Future development of reliable
data sources is crucial because estimates improve as the
quality of underlying data improves. Subsequent GBD
cycles will provide revised estimates after additional data
for recent years become available.

Second, sparse data availability restricted analyses of
more granular subpopulations, including for most
subnational locations as well as for different races and
ethnicities within a single country or territory. The
considerable heterogeneity in demographic patterns
and health outcomes that can exist between certain
subpopulations is obscured by the geographical scale at
which our estimates are published, limiting the utility
of our estimates to inform subpopulation-specific
interventions. Expanding our work in this area will
require more comprehensive and detailed data, such as
by socioeconomic status, race, ethnicity, and smaller
administrative levels across more countries and
territories.****

Third, our death distribution methods and existing
correction strategies, which are used to estimate
completeness of death registration from vital statistics
systems, might not accurately account for migration
between certain countries and territories. This is
especially true for countries with high levels of migration,
including the United Arab Emirates, Qatar, and
Saudi Arabia.”** As population ageing, climate change,
conflict, and other complex factors drive the increased
need for migration in the coming years,** improving
our methods to more thoroughly account for migration
will become increasingly important.

Fourth, we assumed a binomial distribution for our
OneMod model. Although we modelled mortality rates,
using a binomial likelihood was found to be more stable
than other likelihoods tested such as the Poisson; Poisson
is limited in extrapolating over low-data regimes and in
locations that take extreme values of covariates. To
account for mortality rates above 1, particularly for
neonatal age groups, we used re-scaling to pre-process
the data for binomial likelihood. Future work will explore
additional likelihood parameterisations of OneMod to
assess robustness.

Fifth, we used pre-processing and stage-wise analysis
to disaggregate all-age and all-sexes-combined datapoints.
Stage-wise analysis is typically more stable and robust
but gives age-specific and sex-specific data more power to
determine the age and sex patterns that are then applied.
Future work will explore modelling the aggregation
mechanism within OneMod, so that we can ascertain the
impact of stagewise analysis compared to an all-at-once
analysis that can use both specific and aggregated data.

Finally, we were unable to propagate uncertainty for all
covariates used in the analyses or from our age-sex
splitting method, due to computational resource
limitations. 95% Uls reflect uncertainty from data
sampling and model estimation, but not uncertainty
from SDI and PAF covariates or from splitting data in
aggregated age-sex groups into more granular mortality
rates. This limitation is mitigated to some extent by our
use of uncertainty calibration, which adjusts 95% Uls to
guarantee the expected properties in Pearson residuals at
a given level of location granularity, such as country or
region (appendix 1 section 2.3.5.6). Future iterations of
GBD will investigate incorporation of covariate
uncertainty into OneMod, as well as adding additional
uncertainty from age-sex splitting, to allow for all sources
of uncertainty to be included in modelling.

Conclusion

The novel methodology presented in this study allows us
to produce timelier and more accurate estimates of
all-cause mortality and life expectancy across ages, sexes,
locations, and years than ever before, which will be
crucial for understanding and responding to long-term
and emerging health trends across global populations
now and in the coming years. Using this approach, we
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identified several key differences in mortality trends
compared to those previously estimated, including
higher rates of adolescent mortality, higher rates of
young adult mortality in females, and lower rates of
mortality in older age groups in much of
sub-Saharan Africa. These and other differences indicate
that the existing narrative on mortality patterns does not
perfectly align with the current reality of health outcomes
for certain populations, and that prevailing policy
priorities for mortality reduction around the world must
shift if they are to best address this reality. In this first
GBD report to investigate mortality in the several years
following the height of the COVID-19 pandemic, we also
found that most of the world has recovered to pre-
pandemic levels of mortality and life expectancy, although
with considerable differences in trends, both temporally
and in magnitude, across locations. The findings from
this study will help inform policy development,
implementation, and evaluation to ensure that health-
care systems, economies, and societies are prepared to
address the world's greatest health needs.
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