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Global burden of 292 causes of death in 204 countries and @+k ®
territories and 660 subnational locations, 1990-2023:
a systematic analysis for the Global Burden of Disease

Study 2023

GBD 2023 Causes of Death Collaborators*

Summary

Background Timely and comprehensive analyses of causes of death stratified by age, sex, and location are essential for published Online
shaping effective health policies aimed at reducing global mortality. The Global Burden of Diseases, Injuries, and October12,2025

Risk Factors Study (GBD) 2023 provides cause-specific mortality estimates measured in counts, rates, and years of life g(t)tlp:(:)/_/ 2;"322/5 1)3'11901176_;
lost (YLLs). GBD 2023 aimed to enhance our understanding of the relationship between age and cause of death by ,

e . e . . See Online/Comment
quantifying the probability of dying before age 70 years (70q0) and the mean age at death by cause and sex. This study ,..c./doi.org/10 1016/
enables comparisons of the impact of causes of death over time, offering a deeper understanding of how these causes  $0140-6736(25)01907-5
affect glObal populations. *Collaborators listed at the end

of the Article
Methods GBD 2023 produced estimates for 292 causes of death disaggregated by age-sex-location-year in 204 countries  Correspondence to:
and territories and 660 subnational locations for each year from 1990 until 2023. We used a modelling tool developed ~Prof Simon! Hay, Institute for
for GBD, the Cause of Death Ensemble model (CODEm), to estimate cause-specific death rates for most causes. We EZT&:;X;::;\/Z::.E\g,iunatlon
computed YLLs as the product of the number of deaths for each cause-age-sex-location-year and the standard life seattie wa 98195, Usa
expectancy at each age. Probability of death was calculated as the chance of dying from a given cause in a specific age sihay@uw.edu
period, for a specific population. Mean age at death was calculated by first assigning the midpoint age of each age
group for every death, followed by computing the mean of all midpoint ages across all deaths attributed to a given
cause. We used GBD death estimates to calculate the observed mean age at death and to model the expected mean age
across causes, sexes, years, and locations. The expected mean age reflects the expected mean age at death for
individuals within a population, based on global mortality rates and the population’s age structure. Comparatively, the
observed mean age represents the actual mean age at death, influenced by all factors unique to a location-specific
population, including its age structure. As part of the modelling process, uncertainty intervals (UlIs) were generated
using the 2-5th and 97- 5th percentiles from a 250-draw distribution for each metric. Findings are reported as counts
and age-standardised rates. Methodological improvements for cause-of-death estimates in GBD 2023 include a
correction for the misclassification of deaths due to COVID-19, updates to the method used to estimate COVID-19,
and updates to the CODEm modelling framework. This analysis used 55761 data sources, including vital registration
and verbal autopsy data as well as data from surveys, censuses, surveillance systems, and cancer registries, among
others. For GBD 2023, there were 312 new country-years of vital registration cause-of-death data, 3 country-years of
surveillance data, 51 country-years of verbal autopsy data, and 144 country-years of other data types that were added to
those used in previous GBD rounds.

Findings The initial years of the COVID-19 pandemic caused shifts in long-standing rankings of the leading causes of
global deaths: it ranked as the number one age-standardised cause of death at Level 3 of the GBD cause classification
hierarchy in 2021. By 2023, COVID-19 dropped to the 20th place among the leading global causes, returning the
rankings of the leading two causes to those typical across the time series (ie, ischaemic heart disease and stroke).
While ischaemic heart disease and stroke persist as leading causes of death, there has been progress in reducing their
age-standardised mortality rates globally. Four other leading causes have also shown large declines in global age-
standardised mortality rates across the study period: diarrhoeal diseases, tuberculosis, stomach cancer, and measles.
Other causes of death showed disparate patterns between sexes, notably for deaths from conflict and terrorism in
some locations. A large reduction in age-standardised rates of YLLs occurred for neonatal disorders. Despite this,
neonatal disorders remained the leading cause of global YLLs over the period studied, except in 2021, when COVID-19
was temporarily the leading cause. Compared to 1990, there has been a considerable reduction in total YLLs in many
vaccine-preventable diseases, most notably diphtheria, pertussis, tetanus, and measles. In addition, this study
quantified the mean age at death for all-cause mortality and cause-specific mortality and found noticeable variation by
sex and location. The global all-cause mean age at death increased from 46-8 years (95% UI 46-6—47-0) in 1990
to63-4years (63-1-63 -7) in 2023. For males, mean age increased from 45 - 4 years (45 - 1-45 - 7) to 61- 2 years (60 - 7—61- 6),
and for females it increased from 48-5 years (48-1-48-8) to 65-9 years (65-5-66-3), from 1990 to 2023. The highest
all-cause mean age at death in 2023 was found in the high-income super-region, where the mean age for females
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reached 80-9 years (80-9-81-0) and for males 74-8 years (74-8-74-9). By comparison, the lowest all-cause mean age
at death occurred in sub-Saharan Africa, where it was 38-0 years (37-5-38-4) for females and 35-6 years (35-2-35-9)
for males in 2023. Lastly, our study found that all-cause 70q0 decreased across each GBD super-region and region
from 2000 to 2023, although with large variability between them. For females, we found that 70q0 notably increased
from drug use disorders and conflict and terrorism. Leading causes that increased 70q0 for males also included drug
use disorders, as well as diabetes. In sub-Saharan Africa, there was an increase in 70q0 for many non-communicable
diseases (NCDs). Additionally, the mean age at death from NCDs was lower than the expected mean age at death for
this super-region. By comparison, there was an increase in 70q0 for drug use disorders in the high-income super-
region, which also had an observed mean age at death lower than the expected value.

Interpretation We examined global mortality patterns over the past three decades, highlighting—with enhanced
estimation methods—the impacts of major events such as the COVID-19 pandemic, in addition to broader trends
such as increasing NCDs in low-income regions that reflect ongoing shifts in the global epidemiological transition.
This study also delves into premature mortality patterns, exploring the interplay between age and causes of death and
deepening our understanding of where targeted resources could be applied to further reduce preventable sources of
mortality. We provide essential insights into global and regional health disparities, identifying locations in need of
targeted interventions to address both communicable and non-communicable diseases. There is an ever-present need
for strengthened health-care systems that are resilient to future pandemics and the shifting burden of disease,
particularly among ageing populations in regions with high mortality rates. Robust estimates of causes of death are
increasingly essential to inform health priorities and guide efforts toward achieving global health equity. The need for
global collaboration to reduce preventable mortality is more important than ever, as shifting burdens of disease are

affecting all nations, albeit at different paces and scales.

Funding Gates Foundation.
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Introduction

Measuring causes of death is a foundational step towards
developing effective strategies to improve human health.
The Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD) provides comprehensive and
systematic analyses of causes of death worldwide and
across time. The utility of GBD cause of death estimates
has been particularly valuable during the onset of
COVID-19."* However, GBD estimates have uses beyond
informing preparation for stochastic events, such as a
novel virus or new pandemic; these estimates are used
integrally as tools for understanding public health trends,
shaping health policy, and monitoring progress toward
global health goals.* As a global public good, GBD 2023
contributes freely available, updated, and comprehensive
estimates of causes of death to the existing body of
scientific literature. In addition to presenting the
routinely updated estimates of causes of death, the
current study expands our analysis to further explore the
relationship between age and cause of death.

This study investigates important age patterns in
mortality by estimating the probability of dying from any
given cause before the age of 70 years (70q0). The
probability of death measure is a fundamental indicator
in public health because it can effectively capture
improvements in survival within all age groups before
age 70 years.’ In recent publications, it has become
common practice to classify deaths occurring before
70 years of age as premature.® Some studies, including

the Global Health 2050 report from the Lancet
Commission on Investing in Health, have shown that the
probability of all-cause mortality before age 70 years has
decreased globally and across major regions.’ The Global
Health 2050 report concluded that further reductions, by
as much as 50%, are attainable by mid-century with
targeted health investments, a goal referred to as 50 by 50.°
To support progress towards 50 by 50, our study aims to
address remaining questions, including which causes of
death deviate from the broader improvements in
premature mortality, and where disparities might exist in
the likelihood of dying before age 70 years within specific
populations. These are pressing concerns for policy
makers and health-planning teams at both national and
international levels.

Another primary objective of GBD 2023 was to calculate
the mean age at the time of death across causes and
locations. This metric allows for straightforward
observations of national and regional disease burdens in
relation to global values. Related studies find that the
overall mortality rate from all causes has been decreasing
over the past 75 years,” and the mean age at the time of
death has been trending upward for many countries.®
Estimates of mean age at death are influenced not only
by a population’s age distribution but also by disease
characteristics, health-care access, socioeconomic status,
comorbidities, and other risk factors.*® Although some of
this general upward trend can be attributed to shifts in
age structure and sex distribution by location, in certain
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Research in context

Evidence before this study

The Global Burden of Diseases, Injuries, and Risk Factors

Study (GBD) is a worldwide research initiative that provides
comprehensive and timely assessments of mortality, morbidity,
and risk factors disaggregated to granular levels that are
meaningful for policy development. In the last iteration, the
GBD 2021 causes-of-death publication marked a major
advancement in the evidence base; the study delineated cause-
specific mortality to provide insights on the primary causes of
death influencing life expectancy across locations. It also
identified several causes with shifting mortality trends that had
important implications for targeted policy initiatives—causes
that were once widespread across the globe but became
increasingly localised and in need of tailored reduction
strategies. The GBD 2021 causes-of-death analysis was also the
first of its kind to publish worldwide estimates of deaths from
the initial years of the COVID-19 pandemic, quantifying its
effect on life expectancy and offering comparisons to deaths
from other causes. While estimates from other studies are
published periodically that assess specific causes of death
among a subset of populations or across a narrower timeframe,
GBD remains the only research effort to offer cause-specific
estimates of mortality to this degree of time and location detail
and to produce these assessments in peer-reviewed and
GATHER-compliant publications.

Added value of this study

This study provides new and more robust evidence of mortality
patterns across the globe, updating and extending the analysis
from GBD 2021, and reanalysing the entire time series to
supersede all previous GBD publications. We provide estimates
of cause-specific mortality for 292 causes of death within

204 countries and territories and 660 subnational locations,
disaggregated by age and sex, from 1990 to 2023. These
estimates include 11474 new sources compared with

GBD 2021. This update advances mortality measurements in
several ways. First, we present the probability of death before
age 70 years (70q0) by sex and year to enable measurements of
premature mortality by individual causes. We describe causes
of death that are not following global improvements in 70q0
to highlight locations where disparities are occurring in the
likelihood of dying before age 70 years. Second, we calculate
the mean age at death by assigning the midpoint age of each
age group for every death, followed by computing the overall
mean across all deaths attributed to a given cause. Our analysis
of mean age of death offers insights into a country’s ability to
manage different disease burdens relative to global
benchmarks, independent of local population structure.

areas and for specific causes, the mean age is much
higher or lower than expected® Quantifying the
difference between the expected mean age at death
(based only on population age structure and disease
characteristics) and the observed mean age at death

Additionally, our study examines the correlation between
mean age at death and the Socio-demographic Index (SDI) to
evaluate whether countries at the higher end of the SDI exhibit
older mean ages at death for a given cause compared with
countries with a lower SDI value, while controlling for SDI's
effect on population structure. This approach adds a novel
dimension to understanding how sociodemographic factors
influence both the risk and timing of mortality. This study also
builds upon our estimates from GBD 2021 to include

2 additional years of COVID-19 analysis, providing a more
comprehensive picture of COVID-19 mortality worldwide.
Lastly, we report estimates for several newly disaggregated
causes of death, including ulcerative colitis; Crohn'’s disease;
thyroid disease; other endocrine, metabolic, and blood and
immune disease; and electrocution.

Implications of all the available evidence

Our study offers a thorough analysis of causes of death over
the past 34 years, including new findings into the full duration
of the COVID-19 pandemic. We highlight causes of death that
have declined in certain locations, which could lend insight for
policy change and implementation. We also identify causes
that persist as major sources of mortality across populations,
signifying priority areas for future intervention. Additionally,
our study investigated important age patterns in mortality by
estimating the probability of dying from any given cause
before age 70 years, thereby advancing our understanding of
the relationship between age and cause of death. The Global
Health 2050 report set a target to reduce the probability of
premature deaths by 50% by 2050. We aim to complement
and support this goal by offering an in-depth analysis of 70q0
across time, sex, and geographical locations. Lastly, our mean
age of death analysis is a valuable metric for comparing
observed mortality levels with expected patterns to help
identify locations that are keeping pace with development
trends and those that might be falling behind. Evidence from
this study can be used to examine epidemiological patterns
and trends across time and locations, and to gauge progress in
global development goals. These findings can also guide
future policy initiatives aimed at furthering reductions in
cause-specific mortality and, in particular, achieving better
pandemic preparedness within the context of specific
locations. In aggregate, cyclical updates to GBD reflect
improvements in data availability and enhanced methodology
that reduce bias and improve transparency, supporting the
development and implementation of new evidence-based
health policies worldwide.

provides policy makers with additional population-level
understanding beyond simply comparing age-
standardised death rates between locations. These
quantified differences could be linked to modifiable
factors within a community, such as high blood pressure
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See Online for appendix 1

or the use of alcohol, tobacco, or drugs, which can be
targeted through public health interventions.”

The timeframe of this analysis allows for important
new insights into COVID-19, including two additional
years of estimation since GBD 2021, new data collected,
and improved methodology. As we mark 5 years since
the onset of the COVID-19 pandemic—declared officially
by WHO in March, 2020"—it is important to reflect on
its impact. Substantial declines in deaths from COVID-19
were not noted until 2023, after a period of extraordinary
global disruption.” Since that time, countries with robust
vital registration systems have been able to publish
mortality data for the years with the highest number of
COVID-19 deaths. In addition, localised studies revealed
shifts in mortality patterns occurring for certain causes
of death during the height of the pandemic.® As
additional vital registration data become available, a
more comprehensive understanding of the long-term
effects of COVID-19 on global mortality will continue to
unfold. Key questions remain regarding the total number
of deaths attributed to COVID-19, the populations most
affected, and which causes of death—and to what
extent—were affected by the COVID-19 pandemic.

This study provides new insights related to trends in
70q0 and the mean age at death, and identifies and
delineates causes that most heavily affect mortality across
populations. An updated understanding of how the
COVID-19 pandemic interrupted or altered previous
trajectories in mortality by cause, age, sex, or location is
another important contribution of GBD 2023. At the same
time, tracking changes in 70q0 and the mean age at death
across causes, populations, and over time—alongside
metrics such as the number of deaths, age-standardised
mortality rates, and years of life lost (YLLs), offers more
actionable insights to improve health at the population
level. These patterns can be an essential guide for policy
makers when shaping health priorities. This manuscript
was produced as part of the GBD Collaborator Network
and in accordance with the GBD Protocol.”

Methods
Overview
GBD 2023 produced estimates for each epidemiological
quantity of interest for 292 causes of death by age-sex-
location-year for 25 age groups from birth to 95 years and
older; for males, females, and all sexes combined; in
204 countries and territories grouped into 21 regions and
seven super-regions; and for every year from 1990
to 2023. GBD 2023 also includes subnational analyses for
20 countries and territories. This study drew on the
expertise of a network of 14410 international collaborators
from more than 160 countries and territories who
provide, review, and analyse the available data to generate
these metrics.

GBD 2023 produced updated estimates of health loss
around the world using the best available data. For each
GBD round, newly available data and updated methods are

used to update the full time series of estimates from 1990
to the latest year of analysis. Consequently, GBD 2023
estimates supersede all previous estimates. The methods
used to generate estimates for GBD 2023 closely followed
those for GBD 2021.* These methods have been extensively
peer reviewed over previous rounds of GBD"® and
concurrently as part of the peer review process for
GBD 2023. Here, we provide an overview of the methods
with an emphasis on the main methodological changes
since GBD 2021; a comprehensive description of the
analytical methods for GBD 2023 is provided in appendix 1.

The GBD 2023 cause-of-death estimates described here
include cause-specific mortality, observed and expected
mean ages at death, cause-specific probabilities of death
before age 70 years, and the premature death metric YLLs.
YLLs were calculated as the number of deaths for each
cause-age-sex-location-year multiplied by the standard life
expectancy at each age (appendix 1 section 6.3). Standard
life expectancy is calculated from the lowest age-specific
mortality rate between countries.” In brief, cause-specific
death rates for 214 causes were estimated using the Cause
of Death Ensemble model (CODEm), while alternative
strategies were used to model causes with very limited data,
changes in reporting over the study period, or very specific
epidemiology. The modelling strategy used for all cause of
death estimates can be found in appendix 1 (table S8).
CODEm is a modelling tool developed specifically for GBD
that evaluates the out-of-sample predictive validity of
different statistical models and covariate permutations and
then combines the results from those evaluations to
produce cause-specific fatal burden estimates.

Methodological —improvements for cause-of-death
estimates in the current round of estimation focused on
several key areas. First, a method for the identification and
correction of causes displaying excess mortality spikes due
to misclassified COVID-19 deaths was applied to all vital
registration data between the years of 2020 and 2023.
Second, we added 312 new country-years of vital registration
data on cause of death, 3 country-years of surveillance data,
51 country-years of verbal autopsy data, and 144 country-
years of other data types. Third, all CODEms were fitted to
mortality rates rather than cause fractions. Fourth, we
updated the modelling framework for COVID-19 to
incorporate pandemic-era vital registration data and
preliminary vital registration reporting.

The GBD disease and injury hierarchy

GBD classifies diseases and injuries into a hierarchy with
four Levels that include both fatal and non-fatal causes.
Level 1 causes include three broad aggregate categories
(communicable, maternal, neonatal, and nutritional
[CMNN] diseases; non-communicable diseases [NCDs];
and injuries); Level 2 disaggregates those categories into
22 clusters of causes, which are further disaggregated
into Level 3 and Level 4 causes. At the most detailed
Level, 292 fatal causes are estimated. For a full list of
causes of death by Level, see appendix 1 (table S1). For
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GBD 2023, five causes of death were estimated for the
first time: ulcerative colitis; Crohn’s disease; thyroid
disease; other endocrine, metabolic, blood, and immune
disease; and electrocution.

Data sources, processing, and assessing for
completeness

The GBD 2023 cause-of-death database included data
sources identified in previous rounds of estimation in
addition to 11474 new sources, for a total of 55761 data
sources—these sources are detailed in appendix 1
(table S3) and can be accessed through the Global Health
Data Exchange (GHDx) website. Multiple data types were
included to capture the widest array of information,
including vital registration data for all 292 causes, as well
as verbal autopsy, survey, census, surveillance, cancer
registry, and police record data; open-source databases;
and minimally invasive tissue sampling. To standardise
these data so that they could be compared by cause, age,
sex, location, and time, a set of data processing corrections
were applied. First, deaths with insufficient or missing
age and sex detail underwent a process of distribution via
age and sex splitting (appendix 1 section 3.5). In addition,
garbage codes, which are non-specific, implausible, or
intermediate rather than underlying cause-of-death codes
from the ICD, were redistributed to appropriate targets to
assign the underlying cause of death.?” Data sources with
more than 50% of all deaths assigned to major garbage
codes (class 1 or class 2 garbage codes) in any location-year
were excluded to mitigate the potential for bias from these
sources (appendix 1 section 3.11).

Assessing data completeness illustrates the coverage
from a data source on overall mortality for the country.
Vital registration and verbal autopsy data completeness—a
source-specific estimate of the percentage of total cause-
specific deaths that are reported in a given location and
year—was assessed by location-year, and sources with
less than 50% completeness were excluded. We excluded
283 country-years of data due to insufficient completeness
or excessive garbage coding. The estimated all-cause
mortality for each age-sex-location-year was then
multiplied by the cause fraction for the corresponding
age-sex-location-year to adjust all included sources to
100% completeness. GBD assesses the quality of all vital
registration and verbal autopsy data using a star ranking
system of one to five stars, based on the percentage of
completeness and percentage of garbage coding. Vital
registration and verbal autopsy data availability,
completeness, and five-star quality rating for each
location-year are available in appendix 1 (figures S4and S5).
Full details on all data processing corrections can be
found in appendix 1 (section 3.16).

Presentation of cause-specific mortality estimates

Cause-specific mortality estimates for GBD 2023 are
given in death counts and age-standardised rates
per 100000 population, calculated using the GBD

standard population structure.” For changes over time,
we present percentage changes over the period 1990-2023,
and annualised rates of change as the difference in the
natural log of the values at the start and end of the time
interval divided by the number of years in the interval.
95% wuncertainty intervals (Uls) for all metrics are
computed using the 2-5th and 97-5th percentiles from a
250-draw distribution for each metric (appendix 1
section 4.1.3). To reduce computing power and time, the
number of computations per process was scaled back
from 500 in GBD 2021 to 250 in GBD 2023, as simulation
testing revealed that final estimates and their uncertainty
were not affected by this reduction. See appendix 1
(section 4.1.3) for further details on this update.

Measuring probability of premature death

In accordance with the GBD framework, a death that
occurs at any age before the standard (expected) life
expectancy is classified as premature. To inform
discussions and debates in the literature on premature
deaths before age 70 years, in alignment with studies
from WHO,** the US National Institutes of Health,” and
the US Centers for Disease Control and Prevention,? we
computed the probability of death from birth to age
70 years (70q0).

Calculation of the probability of premature death by
cause

The probability-of-death metric represents the chance
of dying from a given cause in a specific age period, for
a specific population. Methods for calculating all-cause
probability of premature death have been described
elsewhere.” For example, for males aged 0-70 years in
Canada in 1990, a probability of death of 0-1 from
ischaemic heart disease indicates a 10% chance of
dying from this cause before age 70 years. Cause-
specific probability of death can be calculated as
follows:

q; . =deaths? xq;
where
T

represents the probability of death for ages x to x+n in
cause ¢,

deathsy,

represents deaths in cause fraction space for age group x
to x+n in cause ¢; and

qx

represents the all cause probability of death for ages x
to x+n.
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Socio-demographic Index

The Socio-demographic Index (SDI) is a composite
measure of two demographic indicators (total fertility
rate in people younger than 25 years and mean
educational attainment for those aged 15 years and older)
and an economic indicator (lag-distributed income
per capita).” Values are given as a range between 0-0
and 1-0. Additional details describing the calculation of
SDI for GBD 2023 are provided in appendix 1 (section 5)
of our companion publication.’

Calculation of the observed mean age at death and the
expected mean age at death based on the global age-
specific rates

The calculation of mean age at death uses cause-specific
GBD modelled death estimates. GBD produces cause-of-
death estimates for every location-year-age-sex group,
even when no reported cause-of-death data are available.
GBD uses standard 5-year age groups (eg, 15-19, 20-24,
and 25-29 years) from age 5 years to 94 years. The
remaining non-standard age groups consist of 0-6 days,
7-27 days, 1-5 months, 6-11 months, 12-23 months,
2—4 years, and 95 years and older. For this calculation,
each GBD age group is assigned a distinct age at death by
taking the mean age of each age group. For example, the
age group 15-19 years, which represents people from the
day they turn 15 years of age to the day before they turn
20 years of age, was assigned to have a distinct age at
death of 17-5 years. The only age group without a
discernible mean is the 95 years and older group. For this
age group, the distinct age at death was calculated by
adding the life expectancy of the 95 years and older age
group to 95 years by sex-year-location.

The observed mean age at death uses GBD estimates
directly, and each death can be assigned a distinct age at
death. Distinct ages are then summed together for a
given demographic consisting of a given location-year-
sex-cause. This value is then divided by the total number
of deaths for the same demographic to quantify the mean
age at death.

Expected deaths were calculated using cause-specific
GBD global mortality rates by age and sex and applying
them to each country’s population. By multiplying the
mortality rate on the population to calculate deaths,
expected death estimates control for population structure.
These expected death estimates are comparable to
normal GBD estimates, consisting of the same age-sex
groups. The same process used to calculate the observed
mean age at death is then applied to the expected deaths
to calculate the expected mean age at death.

The relationship between mean age at death and SDI
was explored by running linear regressions of SDI
against the observed mean age at death as well as running
linear regressions of SDI against the difference of
observed and expected mean ages at death. Appendix 2
(table S14) reports the resulting r2, slope, and p values of
each regression. An individual regression was run for

each cause—sex combination, in which each observation
represents a country in 1990, 2010, 2019, 2021, or 2023.
By observing the relationship between SDI and the
difference between observed and expected values, we are
able to measure the correlation of SDI with the mean age
at death while accounting for differences in population
structure that might also be correlated with SDI.

Correction for the misclassification of COVID-19 deaths
GBD 2023 received 83 country-years of vital registration
data from 2020, 67 from 2021, and 38 from 2022. During
these years, there is evidence that deaths due to
COVID-19 were misclassified as other causes of death.””
Relative to smooth prepandemic mortality trends, these
misclassified COVID-19 deaths contributed to mortality
spikes in the other causes of death. To systematically
identify these spikes in other causes, we developed a
Support Vector Machine, a machine-learning algorithm
for identifying deviations from the established time
trends in the years 2020-22. After we identified causes
with mortality spikes during the COVID-19 pandemic
years, we ascertained, for each cause of interest, whether
the spike was a result of COVID-19 misclassification or a
true increase in mortality. To do this, we evaluated the
correlation between the rate of excess mortality in the
cause of interest and the observed mortality rate of
COVID-19. Mortality spikes identified to contain
COVID-19 misclassification were then considered
eligible for correction.

When a mortality spike had been identified as being
eligible for correction, we calculated the portion of excess
mortality attributable to misclassified COVID-19. We
first created an estimate of expected deaths absent of any
pandemic effects using the mean of two counterfactual
estimates: one calculated by a linear regression of the
5 years before the start of the pandemic (2015-19), and
another calculated using a global relative rate of
non-COVID-19 deaths, adapted from a previously
published method used in the correction of misclassified
HIV.* Total excess mortality could then be estimated by
subtracting the expected death count total from the
observed death count total. Finally, total excess mortality
was then scaled according to the level of correlation
between COVID-19 rate and excess mortality rate to
calculate the amount of excess attributable to COVID-19.
The total excess attributable to COVID-19 was then
subtracted from the cause of interest and reassigned to
COVID-19. The full details regarding the identification
and correction of misclassified COVID-19 can be found
in appendix 1 (section 3.8), appendix 2 (table S2), and
appendix 3. Detailed results of this process can be found
in appendix 2 (table S3).

Estimation of COVID-19 as a cause of death

For modelling COVID-19, we supplemented the
corrected vital registration data described above with
two other sources of data: 9 country-years of provisional
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For the statistical code used in
GBD estimation see https://
ghdx.healthdata.org/ghd-2023/

code

For the GBD Results tool see
https:// vizhub.healthdata.org/
ghd-results

For the GBD Compare tool see
http://vizhub.healthdata.org/
ghd-compare

vital registration data and 342 country-years of
surveillance data that were reported during the pandemic
(to 2022). We developed an analysis method using
OneMod, a modelling tool that combines robust feature
selection, correlated time-series splines, and covariate
effect sizes across age groups, in addition to kernel
regression for residual smoothing. It included the

following candidate covariates: total COVID-19
infections and variant prevalence; COVID-19
vaccinations;” COVID-19 infection detection rate;”

Healthcare Access and Quality Index;* and prevalence of
risk factors and comorbidities including obesity,
smoking, cancer, cardiovascular disease, chronic kidney
disease, chronic obstructive pulmonary disease, and
diabetes.®* In the first stage of this model pipeline, we
used only the corrected vital registration data to estimate
age patterns and sex ratios, which were then used to split
the provisional vital registration by age and sex, and split
the surveillance data that did not contain detailed age
and sex information into the 25 granular GBD age
groups. We then ran the models using the entire dataset,
setting the infection detection rate to 100% for the
corrected vital registration data. After fitting these
models, we made predictions assuming that the
infection detection rate was 100% in all locations. Details
on the estimation of COVID-19 deaths can be found in
appendix 1 (section 5).

GBD research and reporting practices

This study used de-identified data and was approved by
the University of Washington Institutional Review Board
(study number 9060). GBD 2023 complies with the

Estimates Reporting (GATHER) statement (appendix 1
section 2.4).”' A completed GATHER checklist is provided
in appendix 1 (table S13). Software packages used in the
cause of death analysis for GBD 2023 were Python
version 3.10.4, Stata version 13.1, and R version 4.4.0.
Statistical code used for GBD estimation is publicly
available online at the GHDx website.

Role of the funding source

The funders of this study had no role in the study design,
data collection, data analysis, data interpretation, or the
writing of the report. The corresponding author had full
access to the data in the study and final responsibility for
the decision to submit for publication.

Results

Detailed results for each cause of death in this analysis
are available in downloadable form through the GBD
Results tool and via visual exploration through the GBD
Compeare tool.

Global all-cause mortality

Relative to the rate in 1990, the percentage change in
annual age-standardised mortality rate from 1991-2019
globally for all causes of death fluctuated between a
decrease of 2-9% (95% UI -3-5 to —2-3) and a slight
increase of 0-1% (-0-7 to 1-0; appendix 2 figure S1). A
notable increase occurred between 2019 and 2020
(6-5% [5-9 to 7-1]) and 2020 and 2021 (7-0% [6-5 to 7-G]),
followed by a large decrease between 2021
and 2022 (-9-5% [-10-7 to —8-2]). The total number of
global deaths for all sexes and all age groups increased

Guidelines for Accurate and Transparent Health from 47-9 million (47-6-48-3) in 1990 to 55-2 million
Leading causes, 1990 Age-standardised Leading causes, 2019 Age-standardised Leading causes, 2021 Age-standardised Leading causes, 2023 Age-standardised
mortality rate mortality rate mortality rate mortality rate
(per 100000 population), (per 100000 population), (per 100000 population), (per 100000 population),
1990 2019 2021 2023
1 Ischaemic heart disease 161-4 (1469 to 172-6) 1 lschaemic heart disease 101-4(93-0t01082) | 1COVID-19 110-5 (1059 to 113-9) _~| 1lschaemic heart disease 99-8 (899 to 108-4)
2 Stroke 157-2 (141-1to 171:3) 2 Stroke 805(73-9t0871) | \: ~~| 2Ischaemic heart disease 102:9(94-4t01095) [T - : _~| 2Stroke 759 (67-8 to 83:5)
3 Diarrhoeal diseases 67-4 (556 to 85:5) 3 COPD 388(33:6t0462) | -] 3Stroke 796 (7221086:5) |~ _ [ 3COPD 384 (3320 45-8)
4 Lower respiratory infections 60-7 (54-6 to 66-7) \ 4 Lower respiratory infections 34-2 (31110 38-0) ~o o~ 4 COPD 34-5(29-2 to 41.9) "\/ - _~| 4 Lower respiratory infections 31-6 (28:3t035-3)
5 COPD 52-4 (41-6 to 60-1) \\ 5 Neonatal disorders 277(261t0291) | \: ~~_5 Lower respiratory infections 27-5(24-4t0313) /‘(: _~| 5Neonatal disorders 267 (247 10 28-6)
6 Neonatal disorders 49:9 (46-8 to 53-0) N 6 Alzheimer's disease 253 (6:3t062:8) \\\\\ 6 Neonatal disorders 27-3 (256 t0 28-9) "\’,,/ 6 Alzheimer's disease 259 (6-4 t0 62:7)
7 Tuberculosis 426 (32:4t0 54-2) 7 Lung cancer 21.9 (19-8 t0 23-4) ~~| 7 Alzheimer's disease 256 (6-4 to 64-0) T 7 Lung cancer 22:2(20-2t0 241)
8 Lung cancer 27-8 (26:1t030-8) 8 Diabetes 215 (18-8 t024-2) = < 8 Diabetes 22-3(19-4t025-3) ‘y - 8 Diabetes 22:1(187to 25:5)
9 Alzheimer's disease 24-4 (5-9 to 63-1) 9 Diarrhoeal diseases 169 (13-4t022:6) | N9 Lung cancer 222 (20-1t0 23-8) - \‘ 9 Chronic kidney disease 172 (15:1t019-2)
10 Road injuries 237 (19:0t0 28-4) 10 Chronic kidney disease 166 (14-8t0 18-4) Al 10 Chronic kidney disease 17-0 (15-1t0 19-0) 10 Hypertensive heart disease || 16-8 (13-4 to 207)
11 Stomach cancer 233 (20-6 t0 26:5) 11 Hypertensive heart disease 165 (13-2t0 19-4) A 11 Hypertensive heart disease 16:9 (13-6 t0 20-2) /\/ 11 Road injuries 161 (12-5 0 19-0)
12 Cirrhosis 233 (199 t0 26:6) 12 Road injuries 157 (12:5 t0 18-0) | 12 Road injuries 163 (12.71018.9) | 12 Cirrhosis liver 143 (1270 160)
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[""] communicable, maternal, neonatal, and nutritional diseases
-1 Non-communicable diseases
Injuries

Figure 1: Leading Level 3 causes of global deaths and age-standardised mortality rate per 100 000 population for all sexes combined, 1990, 2019, 2021, and 2023

The 20 leading causes of death are shown in descending order. Causes are connected by lines between time periods; solid lines represent an increase or lateral shift in rank and dashed lines represent
decreases in rank. Alzheimer’s disease=Alzheimer’s disease and other dementias. Cirrhosis=cirrhosis and other chronic liver diseases. COPD=chronic obstructive pulmonary disease. Lung
cancer=tracheal, bronchus, and lung cancer.
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(54-8-55-5) in 2019. An increase occurred during the
initial years of the COVID-19 pandemic, with global
deaths reaching 65 -9 million (65-6-66-2) in 2021. As the
pandemic subsided, the annual global death toll
decreased to 60-0 million (59-0-61-2) in 2023. From 2000
to 2023, this represents an overall decline of 30-5%
(29-0-31-7), in which the global age-standardised
mortality rate for all sexes and age groups dropped from
1009-0 (1002-5-1015-2) deaths per 100000 to 701-5
(690-2-714-9) deaths per 100000 (table 1, appendix 2
table S7).

Causes of death

Figure 1 shows the global rankings of the leading Level 3
causes of age-standardised mortality rates over the
period studied. From 1990 to 2023, ischaemic heart
disease and stroke consistently ranked as the first and
second leading causes, respectively—except in 2021,
when COVID-19 temporarily ranked as the leading
cause of age-standardised deaths. In 2021, the rankings
of the leading five Level 3 causes, in descending order,
were COVID-19, ischaemic heart disease, stroke,
chronic obstructive pulmonary disease (COPD), and
lower respiratory infections. In 2023, COVID-19
dropped to the 20th leading cause of death, with
ischaemic heart disease, stroke, COPD, lower respiratory
infections, and neonatal disorders ranking as the
leading five causes. Although the rankings of the
leading two causes of death in 2023, ischaemic heart
disease and stroke, were the same as they were in 1990,
the age-standardised mortality rates for each have
decreased: ischaemic heart disease decreased from
161-4deaths (95% UI146-9-172 - 6) per 100 000 population
in 1990, to 99 - 8 deaths (89-9-108-4) per 100000 in 2023;
while stroke declined from 157-2 deaths (141-1-171-3)
per 100000 in 1990 to 75-9 deaths (67-8-83-5)
per 100000 in 2023. Other notable shifts in the rankings
of leading causes of death have occurred over the past
three decades. Four causes showed declines in age-
standardised mortality rates between 1990 and 2023:
diarrhoeal diseases (67-4 deaths [55-6-85- 5] per 100000
in 1990 to 14-2 deaths [10-6-19-2] per 100000 in 2023),
tuberculosis (426 deaths [32-4-54-2] per 100000
in 1990 to 11-6 deaths [9-2-14-4] per 100000 in 2023),
stomach cancer (23-3 deaths [20-6-26-5] per 100000
in 1990 to 10-3 deaths [8-8-11-9] per 100000 in 2023),
and measles (181 deaths [7-8-30-4] per 100000 in 1990
to 2-2 deaths [0-9-3-9] per 100000 in 2023). By contrast,
some causes exhibited an increase in age-standardised
mortality rates between 1990 and 2023, such as diabetes,
chronic kidney disease, Alzheimer’s disease and other
dementias, and HIV/AIDS.

The percentage change among leading Level 3 causes
of death varied over the study period between females
and males at the global level (figure 2). The age-
standardised mortality rates for HIV/AIDS, urinary
diseases, chronic kidney disease, and COPD increased

more among females than males. Likewise, those for
falls, asthma, and hypertensive heart disease decreased
more among males than females. Deaths from conflict
and terrorism were particularly disparate by sex and
location (appendix 2 table S18). Between 1995 and 2023,
51-3% (95% UI 45-9-53-9) of female deaths due to
conflict and terrorism occurred in north Africa and the
Middle East, despite only 7-2% of the global female
population residing in this region. Eastern Europe
contributed 7-5% (6-3-8-3) of female deaths from this
cause, despite having only 3-4% of the global female
population. ~ Over the same time  period,
52-0% (46-3-54-7) of male deaths due to conflict and
terrorism occurred in north Africa and the Middle East,
which accounts for only 7-7% of the global male
population, and 8-0% (6-6-9-1) in eastern Europe, with
only 2-9% of the global male population (appendix 2
table S18). In 2023, Palestine had the highest age-
standardised mortality rate due to conflict and terrorism
of any country in the world (385-8 deaths [351-3-424-1]
per 100000 population), more than five times that of the
second-leading country, Ukraine (70-1 deaths [67-2-73-2]
per 100000). Sudan ranks as the third highest country in
terms of age-standardised mortality rates for conflict and
terrorism, while Russia and Burkina Faso follow as the
fourth and fifth leading countries, in 2023 (appendix 2
table S7).

Causes of YLLs

Over the study period, neonatal disorders remained the
leading Level 3 cause of global YLLs, despite a decrease in
age-standardised YLL rates, from 4487-8 YLLs (95% UI
4212-3-4761-6) per 100000 population in 1990 to
2398-9 YLLs (2219-7-2575-4) per 100000 in 2023,
representing a decrease of 46-5% (-51-2 to —41-6;
appendix 2 table S13). In 2021, however, COVID-19
temporarily surpassed neonatal disorders as the leading
cause of global age-standardised YLLs, before dropping to
the 25th position in 2023 (appendix figure S2). Since the
year 2000, there has been areduction of 37-6% (32 6—42 - 6)
in total YLLs due to neonatal disorders, from 235000
in 2000 to 146000 in 2023 (table 1). In 1990, the total YLLs
for vaccine-preventable diseases—including diphtheria,
pertussis, tetanus, measles, varicella and herpes zoster,
yellow fever, rabies, liver cancer due to hepatitis B, cervical
cancer, chronic hepatitis B with cirrhosis, and acute
hepatitis B—amounted to a sum of 178 million
(95% UI 122-239) years (appendix 2 table S4). By 2023,
this number had decreased by 66-5% (57-4-71-9) to
59-8 million (49-6-72-1) years. Similarly, for other
preventable diseases that went through major
international cooperation and large-scale interventions
between 1990 and 2023, total YLLs also showed a decline.
In 1990, total YLLs for these diseases were 1-07 billion
(1-01-1-12) years; by 2023, they had decreased
by 51-6% (48-8-54-4) to 516 million (488-543) years
(appendix 2 table S4).
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Figure 2: Percentage change in global age-standardised mortality rate from 1990 to 2023 among the leading 30 Level 3 causes of death, for males and

females

Figure shows the top 30 causes according to their global age-standardised mortality rate, sorted by percentage change from 1990 to 2023 in females, in descending

order. COVID-19 and causes affecting only one sex (ie, cervical cancer) were omitted.

COVID-19

Between 2020 and 2023, COVID-19 had an immense
global impact, resulting in 18-0 million (95% UI
17-2-18-7) total deaths (appendix 2 table S5). Among
these, 10-5 million (10-1-10-9) deaths were in males, and
7-53 million (6-98-7-96) deaths were in females.
During 2020, the first year of the pandemic, there were
5-47 million (5-22-5-65) COVID-19 deaths. The highest
number of COVID-19 deaths was recorded in 2021
(9-42 million [9-04-9-70] deaths) followed by
2-36 million (2-19-2-47) deaths in 2022, and the lowest
number of deaths occurred in 2023 (797000 deaths
[723000-857000]). The age group most affected by
COVID-19 varied over the years: the highest numbers of
deaths occurred in the 70-74 years age group in 2020
and 2021, but in the 80-84 years age group in 2022, and in
the 85-89 years age group in 2023 (appendix 2 figure S3).
From 2020 to 2023, the five countries with the highest
numbers of total COVID-19 deaths (in descending order)
were India (3-08 million [2-92-3-28] deaths), the USA

(1-21 million [1-10-1-27] deaths), Russia (1-06 million
[1-00-1-09] deaths), Indonesia (849000 deaths
[780000-920000]), and Brazil (795000 deaths
[748000-821000]; appendix 2 table S5). In mortality rates,
the countries with the highest burden (in descending
order) were Tunisia (245-4 deaths [227-9-256-9]
per 100000), Bolivia (229-0 deaths [215-5-241-4] per
100000), Peru (220-6 deaths [213-4-228-5] per 100000),
Montenegro (215-2 deaths [197-9-229-3] per 100000),
and Moldova (207-3 deaths [199-4-212-7] per 100000;
appendix 2 table S5).

Changes in age-specific mortality rate from 2000

to 2023

Globally, between 2000 and 2023, all 5-year age groups
from 10 years to 70 years showed decreases in age-specific
mortality rates, ranging from —-27-1% to —35-0% (table 2;
appendix 2 table S19). However, this trend varied by
country, region, sex, and cause of death. Among the
21 GBD regions, only four—high-income Asia Pacific,
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Age10-14 Age15-19 Age20-24 Age25-29 Age30-34 Age35-39 Age40-44 Age45-49 Age50-54 Age55-59 Age60-64 Age 65-69
years years years years years years years years years years years years

Communicable, maternal, neonatal, and nutritional diseases

Caribbean

Male -32:0% -22:6% -33:9% -46-5% -50-7% -53-6% -53-5% -49-7% -39-8% -32-1% -29:3% -26-5%

Female -23-6% -16:3% -24-6% -381% -36-2% -35-2% -38:5% -36-6% -37-9% -35-7% -33:2% -26-8%
High-income North America

Male -11-1% -22-5% -20-9% -381% -54.0% -62-6% -56-2% -46-4% -16-2% 13-8% 33-1% 37-1%

Female -237% -21-6% -18-5% -20-0% -24-4% -26-6% -23-8% -12-4% 231% 34-1% 44-1% 47-7%
Central sub-Saharan Africa

Male -59-9% -66-8% -67-2% -65-6% -64-5% -61-5% -61-0% -57-0% -53-6% -52.5% -50-0% -49-2%

Female -56-6% -52:3% -56-3% -60-4% -611% -59-9% -56-3% -53:0% -52:2% -52:3% -49-8% -47-5%
Oceania

Male -34-2% -30-9% -18-5% -18-6% -20-0% -16-9% -16-4% -15-9% -19-1% -19-2% -26-2% -26-1%

Female -32:1% -27-4% -13-1% -51% -0-7% -4-8% -7-9% -10-8% -117% -10-2% -15-2% -12:9%
Western sub-Saharan Africa

Male -48-0% -43-3% -46-4% -53:9% -59-6% -59-0% -57-3% -54-2% -50-6% -48-9% -46-6% -46-8%

Female -44-8% -48-6% -56-7% -58-2% -56-6% -53-7% -51-6% -48-6% -48-9% -48-4% -49-7% -481%
Southern sub-Saharan Africa

Male -9-0% 37-4% -42-0% -72-8% -75-8% -73:9% -63-8% -58-0% -50-0% -42-7% -41-7% -40-5%

Female -16-9% -37-9% -71-6% -813% -75-6% -68:3% -55-9% -52-4% -51-9% -51-2% -46-5% -39-2%
Southern Latin America

Male -19-0% -6-0% -17-0% -42-1% -49-4% -26-0% -52% 16-8% 46-7% 49-7% 53-9% 59-5%

Female -20-8% -13-5% -17-5% -25-0% -21.5% -1-6% 28-6% 47-0% 67-2% 83-6% 96-7% 110-6%
Tropical Latin America

Male -20-8% -87% -10-6% -27-0% -42-0% -40-7% -33:5% -26-7% -17-7% -10-4% -4-7% 6-8%

Female -28-0% -21-0% -24-1% -32:7% -371% -28-2% -20-8% -15-3% -10-9% -11-6% -7-6% 6-1%
Eastern sub-Saharan Africa

Male -63-2% -61-4% -61-9% -713% -76-1% -78-4% -76-1% —717% -63-4% -59-5% -571% -57-9%

Female -64-5% -64-6% -72:2% -78-8% -79-0% -78-6% -73:3% -683% -62-8% -60-7% -59-2% -57-8%
North Africa and Middle East

Male -52:1% -30-7% -27-9% -35-2% -37-5% -41-1% -43-0% -46-0% -44-5% -39-1% -39-7% -27-7%

Female -55-9% -41-5% -44-4% -45-0% -44-3% -46-1% -43-8% -38:3% -39-4% -36-3% -36-9% -22-8%
Eastern Europe

Male -40-5% -57-4% -781% -62-0% -357% -30-7% -36-1% -50-2% -59-0% -56-0% -47-0% -21-4%

Female -33:3% -41-3% -44-9% -2:3% 357% 45-0% 44-2% 14-7% -3-6% -6-1% 20-0% 531%
Central Latin America

Male -33-7% -22-7% -30-0% -31.5% -30-5% -28-8% -20-9% -15-9% -11-2% -8-7% -11-6% -13-2%

Female -35-2% -26-8% -28-7% -27-7% -22-1% -23-0% -181% -11-6% -15-4% -10-7% -13-6% -15-8%
Central Europe

Male -67-2% -17-0% -6-0% -13-4% -19-1% -18-1% -27-3% -18-5% 4-4% 14-0% 36-9% 63-4%

Female -63-5% -26-0% -24-9% -22-4% -25-8% -19-1% -16-2% -7-4% 19-7% 28-8% 51-8% 64-7%
Western Europe

Male -46-9% -51.5% -56-4% -68-3% ~737% ~743% -633% -46-0% -303% 211% -10-7% -11.7%

Female -43-6% -49-9% -42-2% -52:3% -57-0% -55-5% -44-9% -34-5% -237% -18-3% -9-8% -9-7%
Southeast Asia

Male -50-6% -47-0% -43-6% -54-7% -58-0% -51-3% -42-9% -36-0% -38-5% -37-7% -40-2% -36-3%

Female -49-9% -52.5% -50-6% -53-1% -51-4% -44-0% -45.7% -41.5% -431% ~42.4% ~45.9% -411%
Andean Latin America

Male -39-1% -39-2% -39-2% -40-5% -40-0% -35-9% -29-6% -253% -18-9% -37% -37% -13%

Female -367% -47-2% -46-4% -46-7% -45-6% -42-1% -36:7% -30-9% -28:6% -18-4% -19-9% -14-4%

(Table 2 continues on next page)
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(Continued from previous page)

Australasia

Male -29-1% -50-8% -44-1% -66-6% -62-6% -66-8% -57-2% -46-0% -351% -30-4% -29:9% -29-7%

Female -42-0% -50-7% -38-6% -45-4% -49-7% -40-4% -21.0% -17-5% -17-0% -15-1% -21-3% -27-1%
South Asia

Male —74-2% -712% -71-8% -731% -70-3% -70-2% -65-8% -681% -68-4% -65-7% -681% -69-1%

Female -70-6% -75-6% -76-2% —74-3% -71.0% -70-6% -67-7% -65-3% -67-5% -59-9% -67-3% -67-6%
High-income Asia Pacific

Male -54-1% -59-7% -50-2% -49-5% -58-8% -64-0% -64-0% -57-1% -46-3% -453% -38-0% -39-2%

Female -57-1% -52:2% -453% -51:3% -58-3% -49-4% -49-3% -47-2% -44-0% -47-1% -46-4% -49-9%
East Asia

Male -60-6% -56-6% -38-2% -22:.9% -24-3% -24-0% -24-2% -24-4% -30-2% -40-6% -45-2% -42-4%

Female -69-8% -71-.9% -72:5% -69-7% -67-5% -56-1% -46-4% -383% -43-4% -51-8% -52-8% -46-9%
Central Asia

Male -48-9% -57-3% -75-4% -79-2% -75-:0% -667% -617% -60-5% -60-1% -50-1% -39-9% -19-0%

Female -48-5% -53-6% -65-4% -68-0% -62-3% -53-8% -50-6% -47-2% -47-2% -39-8% -23-1% -7-5%
Non-communicable diseases
Caribbean

Male -4-4% 21% 31% 14-9% 17-8% 19-3% 17-8% 9-8% 2:7% 51% 35% 37%

Female 13-0% 8-0% 17-4% 48-9% 52-6% 44-6% 27-5% 13-1% 2:5% 41% -0-9% -1.9%
High-income North America

Male -9-7% 29-5% 79:3% 130-5% 122-5% 70-4% 24-1% -3-6% -9-2% -14-0% -187% -26-4%

Female -9-5% 163% 50-5% 67-0% 633% 30-4% 10-9% -2-7% -8-8% -15-1% -18-9% -26-0%
Central sub-Saharan Africa

Male -13-9% -30-2% -31-7% -282% -15-7% 14-5% 9-4% 1-5% 0-2% -1.7% 5-6% 8-8%

Female -4-7% -6-6% -9-5% 30-0% 56-5% 811% 71-3% 68-9% 49-2% 262% 10-2% 7-3%
Oceania

Male -12-8% -18-5% -11% 161% 10-0% 33% -4-3% -11-1% -8-6% -8:5% -10-9% -12:2%

Female -13-4% -17-7% 0-9% 28-0% 46-9% 31-2% 14-8% 5-9% 4-1% 3-:0% -1-8% -1.2%
Western sub-Saharan Africa

Male -18-3% -19-6% -22:3% -19-7% -11-2% 11-4% 53% -6-2% -8-0% -10-5% -4-2% -1.3%

Female -23-0% -24-9% -30-5% 12% 163% 38-2% 24-3% 282% 18-8% 4-1% -5-0% -7-3%
Southern sub-Saharan Africa

Male -15-6% -27-8% -26-1% -21-2% -16-4% -2-7% 0-0% -19-1% -32:2% -24-0% -19-3% -97%

Female -21-8% -13-5% -51% 8-9% 23:9% 44-8% 54-1% 56-5% 27-4% 9-5% -83% -7-5%
Southern Latin America

Male -23-9% -14-4% -6-9% -10-1% -20-6% -22-1% -30-1% -36-3% -37-3% -357% -31.5% -29-7%

Female -23-5% -12-4% -9-6% -8-8% -13-8% -11-7% -19-8% -26-1% -28-9% -26-0% -21-9% -213%
Tropical Latin America

Male 13% 12-9% 14-0% -0-3% -15-8% -24-2% -30-4% -30-1% -27-5% -26-7% -25-6% -232%

Female 0-4% 2:9% 7-0% 32% -6-9% -16-0% -23-3% -26-5% -27-7% -282% -28-5% -25-8%
Eastern sub-Saharan Africa

Male -20-1% -26-8% -30-6% -24-9% -17-1% 2-4% -2:3% -53% -8-7% -6-7% -0-3% 0-7%

Female -27-9% -32:0% -30-5% -0-4% 12:6% 22-5% 183% 351% 23-6% 12:2% 11% 0-2%
North Africa and Middle East

Male -28-3% -16-5% ~7.0% -5.6% -12:2% ~26.4% -34-5% -37-9% -35.7% -25.4% ~25.4% -21.5%

Female -33:7% -25-8% -11.9% -6-2% -27% -12:0% -19-4% -22:6% -29-6% -21-1% -27-4% -23-9%
Eastern Europe

Male -28-8% -39-7% -62:2% -49-1% -30-6% -28:6% -35-6% -40-2% -39-1% -38:0% -38-8% -35-5%

Female -32:2% -37-8% -39-7% -26-8% -16-5% -18-7% -25-8% -36-0% -39-1% -40-8% -42-0% -43-0%

(Table 2 continues on next page)
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Central Latin America

Male 0-0% 7-6% 5-4% 5:5% 37% -2:6% -3-6% -33% -3-2% -6-6% -81% -11-2%

Female 2:9% 15% -0-5% -1-4% 3:5% -1-6% -4-9% -9-0% -13-2% -161% -18-8% -20-5%
Central Europe

Male -45-4% -31-8% -23-1% -19-1% -20-2% -29-2% -43-0% -45-8% -39-8% -34-2% -30-0% -282%

Female -30-7% -25-4% -22-4% -22:0% -22-4% -31.0% -41-1% -43-4% -38-9% -34-0% -29-5% -33-6%
Western Europe

Male -30-0% -33:7% -31.5% -29:4% -24-1% -24-4% -343% -40-1% -34-4% -32:9% -31-2% -32:3%

Female -20-4% -22-0% -19-0% -21-8% -18-6% -24-4% -312% -32-8% -26-9% -23-8% -19-2% -21-3%
Southeast Asia

Male -23-7% -22-7% -13-8% -6-8% -10-5% -9-3% -3-6% 3:4% -0-8% -5-8% -13-1% -16-7%

Female -14-3% -10-2% -51% 0-1% 7-4% 9-3% 81% 4-9% 1-4% -0-9% -82% -13-3%
Andean Latin America

Male -6-5% -51% -11-0% -5-8% -10-2% -13-1% -14-2% -18-4% -16:9% -12-8% -14-6% -13-:9%

Female 14-0% -5-6% -7-0% -5-2% -32% -5-8% -11-2% -15-3% -16:9% -14-5% -19-7% -16-0%
Australasia

Male -35-5% -43-8% -42-7% -46-5% -32:2% -23-6% -20-9% -19-1% -22-7% -28:7% -347% -42-5%

Female -33:4% -40-1% -32:6% -35-6% -332% -25-2% -24-1% -20-8% -22:3% -27-5% -31-6% -36-0%
South Asia

Male -39-5% -47-3% -44-6% -41-5% -33:4% -27-3% -17-6% -17-8% -17-9% -9-5% -15-4% -16-2%

Female -39-7% -44-6% -351% -26-9% -11-7% -10-6% -10-0% -13-1% -7-1% -0-2% -9-4% -7-5%
High-income Asia Pacific

Male -32:9% -352% -331% -37-3% -45-0% -50-2% -52-1% -44-7% -41-9% -41-9% -38-0% -33:7%

Female -28-0% -25-4% -23-4% -30-9% -37-0% -30-6% -31-2% -26-8% -32-8% -35-9% -35-8% -36-4%
East Asia

Male -47-6% -49-4% -57-8% -54-2% -52:2% -46-1% -43-1% -38-0% -37-9% -45-0% -44-1% -47-8%

Female -49-5% -58-1% -65-5% -66-7% -64-4% -61-2% -59-1% -55-9% -55-6% -60-5% -59-4% -57-8%
Central Asia

Male -19-6% -32:.9% -46-0% -50-4% -44-6% -37-5% -36-3% -38-7% -42-5% -33-6% -33:4% -30-8%

Female -16-0% -24-9% -382% -41-4% -36-0% -31-8% -34-5% -39-1% -44-0% -40-3% -39-4% -35-8%
Injuries
Caribbean

Male -52% 31.0% 26-4% 353% 36-8% 381% 34-5% 27-0% 13-1% 14-9% 10-9% 91%

Female 10-1% 11-6% 24-2% 45-7% 42-4% 33:4% 20-0% 9-3% -3-6% -0-9% -3-4% -6-9%
High-income North America

Male -233% -21-9% -19-2% 1.6% 20-0% 12-8% 8:9% 21% 13-1% 18-9% 26-4% 19-8%

Female -18-9% -31-0% -7-5% 6:3% 14-6% 0-6% 1.7% 1.6% 11-4% 11-5% 13-1% 10-5%
Central sub-Saharan Africa

Male -4-9% -231% -232% -15-9% 2-8% 39:5% 322% 181% 13-1% 7-7% 13-8% 15-1%

Female 2:3% 51% 43% 51-8% 66-9% 83-8% 753% 73-4% 57-2% 362% 21:3% 23-8%
Oceania

Male -19-8% -24-8% -6:3% 8.5% 1.0% -3:9% -9-3% -13-1% -9-1% -8-4% -10-4% -11-7%

Female -12-6% -15-9% 9-4% 30-6% 45-8% 29-9% 18-9% 10-1% 13-4% 11.0% 9:5% 10:7%
Western sub-Saharan Africa

Male -19-2% -19-4% -23-4% -21-6% -12:9% 17-6% 8-6% -4-9% -8-0% -11-8% -1-4% -1.5%

Female -27-6% -33:0% -30-2% -1.7% 71% 22-6% 10-8% 14-6% 6:3% -5-0% -15-1% -11-6%
Southern sub-Saharan Africa

Male -38-2% -37:0% -26-2% -20-4% -16-5% -5-2% -6-7% -25-6% -38-5% -32:9% -30-1% -23-6%

Female -42-4% -16:7% -11-0% -22% 0-4% 10-5% 15-8% 17-3% 1-8% -14-0% -27-1% -257%

(Table 2 continues on next page)
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Southern Latin America

Male -53:0% -31-2% -22:0% -211% -24-3% -25-9% -30-6% -36-1% -38-0% -38-9% -37-6% -35-3%

Female -45-7% -26-3% -15-1% -15-0% -22-8% -24-4% -28-8% -30-9% -35-7% -33:-5% -32:8% -31-4%
Tropical Latin America

Male -47-2% -14-1% -6-2% -6-5% -11-5% -14-8% -17-7% -17-1% -13-3% -12.5% -11-7% -5-6%

Female -387% -14-9% 2:8% 52% -1.9% -8-4% -10-3% -11-8% -12-6% -15-3% -14-2% -7-5%
Eastern sub-Saharan Africa

Male -27-8% -63-3% -55-1% -351% -24-8% -4-8% -7-1% -14-7% -17-3% -22-4% -11-0% -2:3%

Female -47-2% -49-0% -50-0% -20-7% -17-5% -10-8% -8-2% 1-4% -2:5% -4-2% -12:1% -81%
North Africa and Middle East

Male -9-1% -0-1% 15-1% -57% -14-0% -25-6% -32:7% -33-6% -30-9% -20-7% -30-3% -14-6%

Female 30-4% 24-2% 552% 45-4% 50-3% 13:2% -2:4% -8-4% -57% 26-5% -31% 64-6%
Eastern Europe

Male -48-7% 9-2% -2:3% -11-4% -21-6% -38-0% -44-4% -50-7% -55-5% -53:9% -49-7% -44-0%

Female 11% -30-6% -37-0% -45-1% -47-6% -50-4% -49-8% -52.0% -54-8% -56-0% -51-3% -46-6%
Central Latin America

Male -35-2% -24-5% -21.5% -13-7% -7-8% -12-1% -15-1% -21-0% -24-7% -29-3% -31.7% -32:6%

Female -19-9% -12:2% -4-6% -0-5% 3:4% -6:7% -12-4% -20-5% -27-6% -30-2% -33:2% -35-3%
Central Europe

Male -64-9% -51-2% -45-5% -41-2% -38-6% -40-4% -43-9% -41-6% -30-1% -23-7% -15-3% -15-8%

Female -52:9% -43-3% -43-0% -40-2% -381% -42-7% -46-5% -43-0% -32:6% -29-9% -28-4% -30-7%
Western Europe

Male -572% -51.2% -47-6% -41-5% -31-8% -23-0% -16:7% -8-0% 8-4% 13-5% 13-9% 57%

Female -51-4% -49-7% -38:7% -34-5% -29-0% -283% -24-0% -16-0% -4-1% 11% 3-4% 0-4%
Southeast Asia

Male -43-0% -36-2% -351% -34-7% -32:6% -27-6% -20-1% -14-0% -11-1% -11-9% -17-2% -19-4%

Female -39-2% -27-6% -22-5% -21-9% -15-2% -14-3% -12-8% -17-6% -9-7% -9-3% -15-3% -211%
Andean Latin America

Male -30-6% -12-1% 1-6% 11-2% 1-4% -6-2% -11-7% -19-4% -20-2% -17-0% -20-6% -20-9%

Female -2:4% -4-2% 0-5% 4-8% 0-5% -6:7% -12-7% -20-8% -26-0% -231% -26-5% -22-8%
Australasia

Male -51-4% -533% -46-9% -48-2% -40-4% -36-8% -26-1% -8-8% -3-8% 2:2% -1-4% -83%

Female -47-0% -45-1% -29-2% -343% -35-7% -30-4% -24-2% -9-5% -6-9% -13-0% -21-8% -252%
South Asia

Male -46-2% -42-2% -33:0% -24-3% -15-7% -12-0% -4-2% -13-4% -17-4% -16-2% -23-3% -28-4%

Female -47-3% -48-5% -46-3% -36-4% -283% -24-4% -19-4% -22-7% -23-8% -16-9% -26-8% -25-7%
High-income Asia Pacific

Male -51-6% -483% -35-5% -32:5% -38-9% -40-3% -41-2% -39-8% -41-1% -44-7% -37-9% -33:9%

Female -35-5% -13-8% -1-8% -6-1% -17-1% -14-4% -16-0% -14-5% -26-3% -37-6% -43-3% -44-3%
East Asia

Male -673% -68-8% -73-6% ~70-7% -70-5% -67-4% -63-0% -54.2% -50-1% -54.0% -51-2% -51-3%

Female -66-1% ~71:2% -783% -797% -78.6% ~75-6% -71-5% -66-3% -63-8% -64-9% -61-4% -60-6%
Central Asia

Male -36-8% -39-4% -50-7% -54-3% -52:2% -49-8% -46-8% -45-2% -52-5% -44-3% -431% -33:3%

Female -341% -19-6% ~40-4% -49-3% -48-6% ~477% ~47-4% -51-6% -57-6% -53-0% -52.8% -44-8%

Regions are ordered by the total number of cause-age combinations that showed an increase across all three Level 1 causes.

Table 2: Percentage change in age-specific mortality rate between 2000 and 2023 for Level 1 causes

central Asia, east Asia, and south Asia—consistently contrast, the Caribbean region showed increases in death
showed decreases in death rates across all 5-year age rates for 40 distinct Level 1 cause-sex-age groups; the
groups by sex and Level 1 causes from 2000 to 2023. By largest of these increases was observed in females aged
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Figure 3: Comparison of age at death for ischaemic heart disease between four regions for males and females

Graphs show the distribution of ischaemic heart disease deaths by age and sex within each region. Percentages represent the number of ischaemic heart disease deaths for a given age-sex group out of

the total ischaemic heart disease deaths within a region (all ages and sexes combined), or the total number of individuals in a given age-sex group out of the total population in the region. The

expected mean age at death is the result of calculating the mean age at death after applying the global mortality rate to a country’s population by age and sex for a given cause; a positive difference

indicates that the observed mean age at death is higher than expected.

30-34 years, in whom deaths from NCDs increased
by 52-6%, and in females aged 25-29 years, in whom
NCD deaths rose by 48-9%. Similarly, in high-income
North America, there was an increase in death rates across
37 distinct Level 1 cause-sex-age groups. The most notable
rise was in males aged 25-29 years, where NCD-related
deaths rose by 130-5%, while injury-related deaths
increased by 26-4% in males aged 60-64 years. Globally,
we found the increase in NCD deaths was primarily due to
drug use disorders, while the rise in injury-related deaths
was linked to intentional injuries. Other notable injury-
related increases around the globe include the conflicts in
Palestine and Ukraine, as well as specific natural disasters
such as the 2023 earthquake in Tirkiye and the
2022-23 heatwaves in Europe (appendix 2 table S19).

Mean age at death

The mean age at death for all causes varied by sex and
location (appendix 2 tables S15, S16, S17). The global
mean age at death increased from 46-8 years
(95% UI 46-6—47-0) in 1990 to 63-4 years (63-1-63-7)

in 2023, for all sexes combined. For males, the mean age
at death in 1990 was 45 - 4 years (45-1-45-7) and increased
to 61-2 years (60-7-61-6) in 2023. For females, it was
48-5years (48-1-48-8) in 1990 and 65 - 9 years (65 - 5-66 - 3)
in 2023. The highest mean age at death observed in 2023
was found in the high-income super-region. Within this
super-region, mean age at death for females reached
80-9 years (80-9-81-0), and was even higher in the high-
income Asia Pacific region (85-1 years [85-1-85-2]), with
Japan having the highest mean among all countries
globally (86-0 years [86-0-86-1]). For males in the high-
income super-region, the mean age at death was
74-8 years (74-8-74-9). In high-income Asia-Pacific, it
was 78-6 years (78-5-78-6), and Japan also recorded the
highest male mean age at death at79- 8 years (79-8-79-8).

At the other end of the spectrum, the lowest mean age at
death in 2023 occurred in sub-Saharan Africa, where
females had a mean age at death of 38-0 years
(95% UI 37-5-38-4; appendix 2 table S16). For males, it
was 35-6 years (35-2-35-9; appendix 2 table S17). Within
this super-region, western sub-Saharan Africa had a mean
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age at death of 33-2 years (32-5-34-0) for females and
31-9 years (31-2-32-6) for males. Niger recorded the
lowest mean age at death, with 21-5 years (20-3-22-8) for
females and 21-8 years (20-6-23-2) for males.

Mean age at death by cause

In 2023, the gap between the observed and the expected
mean age at death varied across causes, locations, and
sexes (figure 3; appendix 2 figure S4, appendix 2 table S6).
For the global leading cause of death, ischaemic heart
disease, females in Switzerland died at the highest mean
age of 88-4 years (95% UI 87-8-88-8), which is
6-8 years (6-1-7-5) higher than the expected age
of 81-6 (80-7-82-4). By contrast, females in South Sudan
died from the same cause at the lowest mean age of
61-2 years (58-9-63-5), which is 7-3 years (4-8-10-1)
below the expected age of 68-5 years (67-1-70-2). For
tracheal, bronchus, and lung cancer—the sixth-leading
cause of death—females in Japan died at the highest
mean age of 82-8 years (81-3-83-5), which is 4-2 years
(3-6-4-6) later than the expected age of 786 (77-4-79-4).
However, in Malawi, females died from this cause at the
lowest mean age of 55-6 years (53-9-57-9), which is
12-8 years (10-4-14-6) earlier than the expected age of
68-4 (67-2—69-3). For the ninth-leading cause of death,
chronic kidney disease, females in Spain died at the
second highest mean age of 89-4 years (89-0-89-7),
9-8 years (8-8-11-1) later than the expected age
of 79-6 (78-0-80-8). Meanwhile, in Angola, the same
cause resulted in a mean age at death of just
46-1 years (42-9-50-3), which is 12-5 years (9-2-15-6)
earlier than the expected age of 58-6 (56-1-61-2).

The observed mean age at death in 2023 shows a
moderate relationship (r2=0-50) with SDI across 96 of 141
Level 3 causes of death (appendix 2 table S14). Where
SDI explains greater than 50% of the variance seen in the
mean age at death, the relationship is positive: as SDI
improves, the observed mean age at death increases.
After controlling for any relationship SDI has with
population structure by comparing observed and
expected mean ages and examining their correlation with
SDI, the results remain varied by sex.

When comparing observed and expected mean ages for
females, a total of 118 causes show a positive correlation
with SDI (appendix 2 table S14). Some causes, such as
self-harm, exhibit a negative correlation—meaning that
females in higher SDI countries died at younger ages
than expected from self-harm compared to those in lower
SDI countries. All of the causes that had a negative
correlation with SDI  were considered weak
relationships (r2<0-50). For females, the difference
between the observed and expected mean age at death in
the following nine Level 3 causes showed a moderate
positive correlation with SDI: ischaemic heart disease,
stroke, breast cancer, pancreatic cancer, leukaemia, brain
and central nervous system cancer, ovarian cancer,
kidney cancer, and invasive non-typhoidal Salmonella.

When comparing observed and expected mean ages for
males, a total of 110 causes show a positive correlation
with SDI (appendix 2 table S14). Similar causes, such as
drug use disorders, self-harm, and conflict and terrorism
exhibited a negative correlation—indicating that males
in higher SDI countries died at younger ages than
expected from these causes compared to those in lower
SDI countries. All negatively correlated causes were
found to have weak relationships with SDI just as
females did. For males, the difference between the
observed and expected mean age at death in only
six Level 3 causes showed a moderate correlation with
SDI. These were leukaemia, brain and central nervous
system cancer, other malignant neoplasms, other
intestinal infectious diseases, kidney cancer, and invasive
non-typhoidal Salmonella.

All-cause 70q0

Across every GBD super-region and region, 70q0 from all
causes combined decreased for both males and females
between 2000 and 2023 (appendix 2 table S11). However,
there was variation in these percentage changes between
regions. For males, 70q0 in the Caribbean decreased 2- 2%,
and in high-income North America it decreased 9-6%.
Conversely, in high-income Asia Pacific, this decrease
was 36-0%, and in east Asia it was 43-8%. For females,
70q0 in Oceania decreased 2-6% and in the
Caribbean 6-0%, while in eastern Europe the decrease
was 35-6% and in east Asia it was 58-2%.

National-level trends in 70q0 also varied (figure 4,
appendix 2 table S11). For males, between 2000 and 2023,
an increase in 70q0 occurred in six countries:
Palestine (40-6%), Lebanon (19-4%), Guam (14-9%),
Paraguay (14:6%), Dominican Republic (9-2%),
and Venezuela (3-5%). For females, for the same period,
12 countries had an increase in 70q0: Libya (19-6%),
Palestine (14-2%), Lebanon (13-7%), Venezuela (12-8%),
Tonga (12-0%), Solomon Islands (7-8%), Samoa (6-6%),
Guam (4-9%), Marshall Islands (4-7%), Paraguay (4 6%),
Dominican Republic (1-2%), and Fiji (0-8%). For males,
the primary cause of death driving these increases for
Palestine and Lebanon was conflict and terrorism, while
in Paraguay and Guam the primary driver was drug use
disorders. Among females, the primary cause responsible
for the increases remained conflict and terrorism for
Palestine and Lebanon. Additionally, chronic kidney
diseases contributed the most to the increases in Libya,
and malaria the most to the increases in Venezuela
(appendix 2 table S6)

70q0 by cause and location
Among the top 50 global causes of death for females, the
15 causes with the largest amount of increase in 70q0

Figure 4: 70q0 in males and females
(A) 2000. (B) 2023. 70q0=probability of death before age 70 years.
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Global Central Europe,
eastern Europe,
and central Asia

All causes -291%
(33-8% t0 23-9%);
65:9vs 65:9
Ischaemic heart disease -0-5%
(21%t0 2:1%);
77-4vs77-4
Stroke -20-7%
(2:4% t0 1-9%);
75-8vs75-8
Neonatal disorders -51.5% -32:0%
(2:8%to 1-4%); (0:5% to 0-3%);
0-1vs0-1 0-1vs0-1
Lower respiratory -51-2% -38-8%
infections (2:3% to 1-1%); (1:0% to 0-6%);
557 vs 557 61:3vs 665
Breast cancer 33-6%
(0-7% t0 1:0%);
63-0vs 63-0
HIV/AIDS -582%
(1:9% to 0-8%);
40-8 vs 40-8
Diabetes 42.7% 331%
(0-6% to 0-8%); (0-4% to 0-6%);
72:0vs72:0 75-3vs733
Chronic obstructive 12:3% -31-0%
pulmonary disease (0-6% to 0-7%); (0:3%to 0-2%);
78-5vs78.5 78-6vs78-8
Diarrhoeal diseases -72:0% -747%
(2:2% 0 0-6%); (01% to 0-0%);
52:6vs52:6 62:9vs 63-8
Road injuries -20-3% -64-4%
(0-8%t0 0-6%); (0-6% to 0-2%);
4235423 47-0vs 49-4
Cervical cancer 23-6%
(0-5% to 0-6%);
56-8 vs56-8
Tracheal, bronchus, and 152%
lung cancer (0-5% to 0-6%);
71-6vs71-6
Chronic kidney disease 277%
(0-5% to 0-6%);
72:1vs72:1
Congenital birth defects -313%
(0-8%t0 0-5%);
5-4vs54
Tuberculosis -60-0% -71-8%
(1:3% to 0-5%); (0:3% to 0-1%);
53-8vs53-8 53:6 vs 60-4
Cirrhosis and other -19:3%
chronic liver diseases (0:7% to 0-5%);
62:3vs 623
Maternal disorders -52-8%
(1:0% t0 0-5%);
29:-5vs29°5
Colon and rectum cancer 9-4% -19-9%
(0-4% to 0-4%); (0-8% to 0-7%);
72:5vs72:5 732vs739
Self-harm -41-6%
(0-7% to 0-4%);
45-8vs45-8
Hypertensive heart 40-9%
disease (0:3% to 0-4%);
79-1vs79-1

High income

-55-8%
(0:3% to 0-1%);
0-1vs0-1

33-8%
(0-0% to 0-0%);
84-2vs70-6

-9-5%
(1-2% to 1.0%);
751vs 754

33:9%
(0-2% to 0-3%);
84-6vs78-9

-12:6%

(0-5% to 0-4%);
53-0vs 55-2
32:4%

(01% to 0-2%);
86-9 vs 83-0

Latin America
and Caribbean

=27-7%

(1-8% to 1.3%);
74-8vs 752
-68-1%

(2:4% to 0-8%);
0-1vs0-1

35-6%
(0-8% to 1-1%);
63-2vs 62-0

-48-6%
(0-8%to 0-4%);
40-8 vs 40-9

18-9%
(1-2% to 1-4%);
72:0vs71-4

-32:3%
(0-8% to 0-5%);
4225423

-51-8%
(0-4% t0 0-2%);
51-2vs 532

North Africa and

Middle East

-66-8%
(3-8%to1:3%);
0-1vs0-1

99-0%
(0-5% to 11%);
58-1vs 57-7

27-8%
(07% to 0-9%);
71:6 vs 67-6

South Asia

-57:1%
(5:6% to 2-4%);
0-0vs 01

119-4%
(07% to 1-5%);
70-2vs 683

22.1%

(0-3% to 0-3%);
76:6vs74-9
-84-6%

(11% to 0-2%);
24.0vs37-0

29.7%
(0-2% 0 0-2%);
57-8vs 527

49-4%

(0-8% to 1-1%);
70-4 vs 64-4
-49-4%

(2-4% to 1-2%);
37vs45

-22:1%
(0-2% to 0-2%);
35-5vs 40-2

56-8%
(11% to 1-8%);
7535752

11-4%
(0-5% to 0-6%);
47-6 vs37-2

413%
(0-6% to 0-8%);
56-4vs 532

-18-0%
(0-8% to 0-7%);
4-0vs5-1

-313%
(0-8% t0 0-5%);
57-2vs57-3

~74-9%
(17% to 0-4%);
28-8vs28.9

21-4%
(11% to 0-8%);
36:9vs 402

54-0%
(0-5% to 0-8%);
756 vs74-1

126:5%
(0-2% to 0-5%);
762vs747

Southeast Asia,
east Asia, and
Oceania

~79-8%
(1:5% to 0-3%);
0-1vs0-1

-4-5%

(1-0% to 0-9%);
71-0vs71-0
-15:3%

(0-6% to 0-5%);
69:3vs72:0
—70-4%

(0-8% to 0-2%);
8-0vs 83

-121%
(0-5% to 0-5%);
70-3vs71:9

Sub-Saharan Africa

-27-8%
(59-2% to 42.7%);
38-0vs 425

-22:0%
(5:2% to 41%);
01vs0-1

52:6%
(0-4% to 0-5%);
669 vs 66-4

57-6%
(0:9% to 1.5%);
32:0vs29-5

16-8%
(1-0% to 1-2%);
3-8vs2-8

17-5%
(0-5% to 0-6%);
53-3vs52:0

332%
(0-2%t0 0-2%);
40-7vs34-8

I Increasing 700, mean age at death lower than expected
[ Increasing 7090, mean age at death higher than expected
[ Decreasing 70q0, mean age at death lower than expected
[ Decreasing 7090, mean age at death higher than expected

Figure 5: Change in 7090 between 2000 and 2023 and the observed versus expected mean age at death in 2023 for females

The contents of each cell are as follows: percentage change in 70¢0 from 2000 to 2023 (70q0 in 2000 to 70q0 in 2023); observed vs expected mean age at death in years. 70q0=probability of death

before age 70 years.
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between 2000 and 2023 were interstitial lung disease and
pulmonary  sarcoidosis  (+74-8%  change; 70q0
in 2023 0-1%); drug use disorders (+68-0%; 0-1%); lip
and oral cavity cancer (+54-7%; 0-1%); atrial fibrillation
and flutter (+52-2%; <0-1%); Alzheimer’s disease and
other dementias (+46-2%; 0-2%); diabetes (+42-7%;
0-8%); hypertensive heart disease (+40-9%; 0-4%);
pancreatic cancer (+37-7%; 0-2%); Parkinson’s disease
(+36-7%; <0-1%); ovarian cancer (+36-5%; 0-3%); other
cardiovascular and circulatory diseases (+35-9%; 0-1%);
breast cancer (+33-6%; 1-0%); endocrine, metabolic,
blood, and immune disorders (+29-9%; 0-1%); chronic
kidney disease (+27-7%; 0-6%); and non-rheumatic
valvular heart disease (+26-2%; <0-1%; appendix 2
table S6).

Among the top 50 global causes for males, the 15 causes
with the largest amount of increase in 70q0 between 2000
and 2023 were diabetes (+75-6% change; 70q0
in 2023 1-0%); drug use disorders (+56-8%; 0-2%); atrial
fibrillation and flutter (+51-1%; <0-1%); interstitial lung
disease and pulmonary sarcoidosis (+48-2%; 0-1%);
Alzheimer’s disease and other dementias (+45-9%; 0-1%);
Parkinson’s disease (+44-4%; 0-1%); endocrine, metabolic,
blood, and immune disorders (+41-3%; 0-1%); pancreatic
cancer (+34-9%; 0-3%); lip and oral cavity
cancer (+29-2%; 0-2%); prostate cancer (+24-7%; 0-2%);
non-rheumatic valvular heart disease (+23-9%; <0-1%);
chronic kidney disease (+18-6%,; 0-7%); colon and rectum
cancer (+18:0%; 0-6%); urinary diseases and male
infertility (+18-0%; 0-1%); and other cardiovascular and
circulatory diseases (+15-1%; 0-1%; appendix 2 table S6).

Among the top 50 causes for which a global increase in
70q0 occurred, we observed several notable declines at
the super-region level between 2000 and 2023 (appendix 2
table S6). For example, 70q0 due to drug use disorders
increased by 56-8% in males and 68-0% in females
globally, yet decreased in southeast Asia, east Asia, and
Oceania by 73-9% for males and 81-5% for females. For
diabetes, 70q0 increased by 75-6% for males and 42-7%
for females globally, but decreased by 9-0% for males
and 34-6% for females in the high-income super-region.
For ovarian cancer, there was a 36- 5% increase in 70q0 in
females globally, but a 25-5% decrease in the high-
income super-region. For chronic kidney disease, 70q0
increased by 18-6% for males and 27-7% for females
globally, but in central Europe, eastern Europe, and
central Asia, it decreased by 10-4% for males and 15-3%
for females.

Alternatively, some causes of death showed increased
national 70q0 where there has otherwise been global
progress to reduce 70q0. For example, a 47-4% decrease
in 70q0 due to lower respiratory infections occurred
among males globally, yet there were substantial
increases in countries such as Poland (98-8%),
Thailand (82-7%), and Argentina (66-0%). Similarly, for
females, there was a 51-2% decrease in 70q0 due to lower
respiratory infections globally, but notable increases in a

number of countries, including Argentina (101-5%),
Poland (48-2%), and Thailand (17-1%). Road injuries are
another example: a 21-1% decline in 70q0 among males
occurred globally, despite increases in many countries,
mostnotablyin Sierra Leone (259-8%), Uganda (180-5%),
and Malawi (155-0%). For road injuries among females,
there was a 20- 3% decrease in 70q0 globally, with notable
increases in  the  Democratic  Republic  of
the Congo (158-5%), Sierra Leone (122-1%), and
Pakistan (121-7%). Additionally, stroke showed global
decreases in 70q0 of 15-6% among males and 20-7%
among females, but increases in many countries for
males (eg, Rwanda [97-0%)], Burundi [85-7%], and
Ethiopia [75-6%]) and females (eg, Ethiopia [128-4%)],
Zimbabwe [106-7%], and South Sudan [106-7%)]).

Joint examination of 7090 and mean age at death in
super-regions

From 2000 to 2023, notable variation was observed
between sexes when investigating the 70q0 and mean
age at death metrics for the top 20 causes of death by
superregion (figures 5, 6). For females in
sub-Saharan Africa, several of the leading causes showed
an increase in 70q0 and a mean age that was lower than
expected: ischaemic heart disease (70q0 increased 81-1%,
with mean age at death 3-4 years lower than expected);
stroke (70q0 increased 51-7%, with mean age at death
2.7 years lower than expected); and breast cancer (70q0
increased 227-9%, with mean age at death 3-8 years
lower than expected). There were six additional causes
that showed this same pattern. For females in south Asia,
7090 due to tracheal, bronchus, and lung cancer
increased by 192-6%, with a mean age at death 4- 3 years
lower than expected (figure 5). In addition, ischaemic
heart disease, stroke, breast cancer, chronic kidney
disease, and colon and rectum cancer also had increasing
70q0 and lower mean age at death compared with
expected age in south Asia. In this super-region, there
were also five causes that had an increase in 70q0 only
(with mean age at death not lower than expected), and
five causes had a mean age at death lower than expected
without an increased 70q0. In females in the high-
income super-region, only COPD showed both
increasing 70q0 and lower mean age at death than
expected. Chronic kidney disease, diarrhoeal diseases,
and hypertensive heart disease had increasing 70q0, but
the mean age at death was not lower than expected. In
females in southeast Asia, east Asia, and Oceania, there
were only two causes among the leading 20 that had an
increased 70q0, breast cancer and diabetes, but both of
those causes had mean ages at death below the expected
values (figure 5).

In males in sub-Saharan Africa, 11 of the top 20 causes
of death showed an increase in 70q0 and a mean age that
was lower than expected: ischaemic heart disease; stroke;
tracheal, bronchus, and lung cancer; cirrhosis and other
chronic liver diseases; diabetes; COPD; chronic kidney
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Global Central Europe, High income Latin America North Africa and South Asia Southeast Asia, Sub-Saharan Africa
eastern Europe, and Caribbean Middle East east Asia, and
and central Asia Oceania
All causes -26-4% -23-6%
(46-4% to 34-2%); (68-3% to 522%);
61-2vs 612 35-6vs 40-4
Ischaemic heart disease 47% 15:6% 10-4% 22:7%
(4-1% to 4-3%); (31% to 3-6%); (6:2% to 6:8%); (3:2% t0 3:9%);
71-1vs71-1 71-4vs712 683 vs66-6 723vs70-8
Stroke -15-6% -151%
(3-3% t0 2:8%); (1-9% to 1-6%);
71-5vs71.5 713vs71-6
Neonatal disorders -51-5% -24-1% -55-6% -67-0% -67-0% -60-6% —78-8% -16-5%
(3-8%to 1-9%); (0-6% to 0-5%); (0-4% to 0-2%); (3:0% to 1-0%); (4-9% to 1-6%); (73%t0 2-9%); (1-9% to 0-4%); (7-5% to 6:3%);
0-1vs0-1 0-1vs0-1 0-1vs0-1 0-1vs0-1 0-1vs0-1 0-0vs0-1 0-1vs0-1 0-1vs0-1
Road injuries -211% -56-5% 27-8% 66-6%
(22% to 1-8%); (1:9% to 0-8%); (1:6% t0 2:0%); (2:1% to 3-5%);
40-9 vs 40-9 43-6vs 44-4 42:1vs373 33:3vs313
Lower respiratory -47-4% -37-8%
infections (2:6% to 1-4%); (2:0% to 1.2%);
53-0vs 530 55:6 vs 589
Tracheal, bronchus, and -11% -313% -8:5%
lung cancer (13%to1:3%); (3:3% to 2:2%); (0-7% to 0-6%);
69-8vs 69-8 67-7vs 69-5 697 vs 697
Cirrhosis and other -157% -253% -30-9%
chronic liver diseases (1-5% to 1-3%); (1-6% to 1-2%); (17%to 1-2%);
58-0vs58-0 55-0vs 55-1 58-1vs59-0
Diabetes 75-6% 833% 75:6% 1807%
(0-6% t0 1.0%); (0-4%t0 0-6%); (0-5% t0 0-9%); (0-6% to 1.7%);
69-0vs 69:0 69-7vs 69-0 687 vs 651 69-2vs 66-4
Chronic obstructive -24-9% -43-7%
pulmonary disease (1:3% to 0-9%); (1:3%to 0-7%);
76:3vs76-3 7355756
Self-harm -24-3% -51-0% -18:5% 39-4%
(1:2% t0 0-9%); (3:3%t0 1.6%); (1:5% to 1:3%); (0-6% t0 0-9%);
46-6 vs 466 487vs49-4 52-4vs 54-0 42-2vs377
Tuberculosis -58-0% -785% -39-8%
(2-1% to 0-9%); (13%to 0-3%); (0-6% to 0-4%);
55-2vs 552 53-4vs57:6 53:9vs54-9
HIV/AIDS -55-6% -111%
(1-8% t0 0-8%); (0-2%t0 0-1%);
42-5vs42.5 40-3vs 405
Chronic kidney disease 18-6% 44:1% 341% 23-9% -8:4%
(0-6% to 0-7%); (0:3%t0 0-5%); (1-0% to 1:3%); (0-9% to 1-1%); (07% to 0-6%);
69-0vs 69-0 80:3vs74-9 69-2vs 69-1 693vs62-8 667 vs 69-5
Interpersonal violence -26:7% -10-5% -223% 51%
(0-9% to 0-7%); (0-4%t0 0-3%); (4-6% t0 3-5%); (1-2% to 1:3%);
351vs351 36-0vs39-4 34-8vs35-0 30-7vs29:3
Diarrhoeal diseases ~72:4% 10-4% -83-4%
(2:3%t0 0-6%); (0:0% to 0-0%); (1-1% to 0-2%);
427 vs 427 79-9vs 627 20-6 vs30-6
Stomach cancer -31:.9% -41-0% -81% 0-9% -44-4%
(0:9% to 0-6%); (13% to 0-8%); (0:7% to 0-6%); (0-4% to 0-4%); (2:0% to 1-1%);
686 vs 68-6 67-6 vs 685 681vs 68:5 67-0vs 652 68-2vs68-4
Colon and rectum cancer | 18-0% 7:6% 76-8%
(0-5% to 0-6%); (0-9% to 1-0%); (0-2% to 0-4%);
697 vs 697 70-2 vs 69.5 66-1vs 65-8
Congenital birth defects -35:5% -48-5% -26-8% -70-5% 26-4%
(0-9% to 0-6%); (2:2% to 1-1%); (1:0% to 0-8%); (0-9% to 0:3%); (1-0% to 1-2%);
5-2vs52 33vs4-6 3-8vs4-9 73vs 81 34vs2:5
Falls -52% -347% -5-5% 52% -15-5%
(0-5% to 0-5%); (0-8% t0 0-5%); (0-4% t0 0-4%); (0-6% to 0-6%); (0-6% to 0-5%);
64-6 vs 64-6 60-4 vs 66:0 50-8 vs 56-3 6225581 63-1vs 66-2
Hypertensive heart 13-1% 70-5% 10-5% 347%
disease (0-4% to 0-5%); (0-2% to 0-3%); (0:3% to 0-3%); (0-4% to 0-5%);
73:5vs735 77-8vs 774 7525737 71-8vs70-5
I Increasing 7090, mean age at death lower than expected
[ Increasing 70q0, mean age at death higher than expected
[ Decreasing 7090, mean age at death lower than expected
X Decreasing 7040, mean age at death higher than expected

Figure 6: Change in 70q0 between 2000 and 2023 and the observed versus expected mean age at death in 2023 for males
The contents of each cell are as follows: percentage change in 70¢0 from 2000 to 2023 (70q0 in 2000 to 70q0 in 2023); observed vs expected mean age at death in years. 70q0=probability of death

before age 70 years.

40

www.thelancet.com Published online October 12, 2025 https://doi.org/10.1016/50140-6736(25)01917-8



Articles

disease; stomach cancer; colon and rectum cancer; falls;
and hypertensive heart disease (figure 6). Additionally,
road injuries, self-harm, interpersonal violence, and
congenital birth defects had an increase in 70q0, but the
mean age at death was not lower than expected. In males
in south Asia, eight of the top 20 causes of death showed
an increase in 70q0 and a mean age at death that was
lower than expected: ischaemic heart disease, stroke,
tracheal, bronchus, and lung cancer, COPD, self-harm,
chronic kidney disease, stomach cancer, and colon and
rectum cancer. Additionally, road injuries, diabetes, falls,
and hypertensive heart disease had an increase in 70q0
only. In males in the high-income super-region, 70q0 due
to interpersonal violence decreased slightly but had a
mean age at death that was more than 3 years lower than
expected. Additionally, 70q0 for chronic kidney disease,
diarrhoeal diseases, and hypertensive heart disease also
increased.

Discussion

High-level overview on causes of death

This study offers valuable new insights into global causes
of human mortality over the past several decades,
building upon and expanding previous iterations of GBD
research. In a post-COVID-19-pandemic world, our study
highlights several encouraging patterns in global health.
Across many leading causes of death, there were declines
in overall mortality within the period studied, despite
disrupted rankings during the height of the COVID-19
pandemic. The rate of total YLLs have also reduced
considerably relative to 1990, and particularly for many of
the vaccine-preventable diseases, illustrating successes
in reductions to preventable causes of death. Patterns in
70q0 show improvements across the globe, with overall
declines observed in every GBD super-region, region,
and in most countries. Additionally, the all-cause global
mean age at death has been rising, indicating that people
are generally dying later in life. While these broad-level
improvements show considerable promise—particularly
in the aftermath of a pandemic—they sometimes conceal
disparities occurring at local levels. Differences by sex,
age, and location underscore the complexity of global
health progress and the persistent challenges in
addressing causes of death. We highlight some of these
inequalities below.

The role of international cooperation in reducing deaths
andYLLs

Over the past three decades, we found large reductions in
age-standardised rates of YLLs for four causes—
respiratory infections and tuberculosis, nutritional
deficiencies, other infectious diseases, and enteric
infections—which had individual declines ranging
from 58-9% to 79-0%. This achievement was facilitated
by many years of sustained international cooperation
with local governments. If we expand this scope to
include maternal and neonatal disorders, neglected

tropical diseases, malaria, HIV/AIDS, and sexually
transmitted infections, and categorise them into
two groups—vaccine-preventable diseases and other
diseases under international intervention plans—we see
that the first group had a 66-5% reduction in YLLs, while
the second had a 51-6% decline. These findings highlight
the profound impact of sustained funding, vaccination,
international collaboration, and targeted support
programmes with local governments in addressing public
health challenges. Previous studies, including GBD 2021,
have highlighted the importance of controlling infectious
diseases as a key factor in improving life expectancy.”
Many of these diseases are concentrated in specific
populations and locations, making their control an
achievable goal.* During a time of uncertainty regarding
the future of global health funding, it is essential to
maintain these efforts, as discontinuing them could
jeopardise the gains made in public health.

COVID-19: challenges to recording and lessons for
preparedness

The COVID-19 pandemic produced a challenge to global
health that has not been seen in recent history, including
the difficulties associated with accurately recording and
analysing deaths from a novel pandemic. GBD 2021
estimated COVID-19 mortality wusing confirmed
COVID-19 death estimates and excess mortality, an
approach which measured the total toll of the pandemic
but had limitations for understanding how many deaths
were directly attributable to COVID-19.* GBD 2023
addresses the issues related to COVID-19 reporting by
applying a method for identifying and correcting
misclassified COVID-19 deaths in vital registration data in
the years 2020-23. This has allowed us to more accurately
quantify the COVID-19 pandemic, as well as to correct for
inaccurate spikes in mortality from other causes that were
instead misclassified COVID-19 deaths. The applied
correction occurs after garbage code redistribution to
ensure that any deaths from COVID-19 are correctly
identified and that other changes in garbage code practices
do not result in cause-specific excess deaths.

The additional 2 years of analysis since GBD 2021
allows for a more complete picture of COVID-19
mortality. We estimated a total of 18-0 million people
died from COVID-19 globally between 2019 and 2023.
This profound loss of life underscores shortcomings in
global health systems and a need to fill critical gaps in
preparedness for epidemic diseases. Necessary steps to
better prepare for the next pandemic should include
strengthening health-care infrastructure, enhancing
global surveillance, improving vaccine development and
delivery, ensuring equitable access to essential and
preventive health services, and improving global
collaboration to include data sharing and advanced
disease monitoring.*»*

In 2020 and 2021, the global mortality rate from
COVID-19 for people younger than 70 years was several
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times higher than the rates for lower respiratory
infections before the pandemic, in 2019. In 2023, the rate
of COVID-19 deaths decreased to be lower than the sum
of all other lower respiratory infections for those younger
than 70 years. A similar pattern holds true for those aged
70 years and older. This suggests that COVID-19’s impact
on mortality could be comparable to other individual
lower respiratory infections in future years, and that
health-care systems should prepare for and expect future
COVID-19 seasons to be endemic.*

Measuring the impact of a pandemic is inherently
challenging; we recognise that future estimates might be
subject to continued improvements as more data become
available. The last pandemic of this nature to occur was
the 1918 HIN1 influenza pandemic that killed
between 21 million and 100 million people within
2 years.”® The true death toll of the 1918 influenza
pandemic still remains uncertain, and even with
improved records, there will likely always be some
ambiguity surrounding the COVID-19 estimates as well.

Changes in age-specific mortality rate from 2000

t0 2023

With all other factors held constant, the age-specific
death rate for teenagers, young adults, and older adults
(aged 10-69 years) should decline over time, reflecting
improvements in health care, socioeconomic conditions,
and public health measures.” However, this trend has not
been universal across all 21 GBD regions. Only
four regions—high-income Asia Pacific, central Asia,
east Asia, and south Asia—have had a declining age-
specific death rate for both males and females across all
S5-year age groups for the three Level 1 GBD causes:
CMNN diseases, NCDs, and injuries.

In regions displaying an increase in NCDs, primary
drivers vary by region; however, we commonly observed
high rates of diabetes and kidney disease, cardiovascular
disease, substance use disorders, and neoplasms. There
were two regions where the increase in NCDs was
primarily driven by an increase in drug use disorders:
high-income North America and central Europe. The
regions facing large increases in neoplasms were
north Africa and the Middle East, southeast Asia, tropical
Latin America, the Caribbean, and all four regions of
sub-Saharan Africa. Diabetes and kidney disease largely
contributed to the increase in central Europe,
the Caribbean, central Latin America, and southern
sub-Saharan Africa. Addressing these trends requires
targeted public health interventions, improved health-
care access, and socioeconomic policies to mitigate the
underlying risk factors.

Among regions displaying an increase in injuries,
there was similar variation by region, although common
drivers included increases in self-harm, interpersonal
violence, conflict and terrorism, environmental heat and
cold exposure, and falls. In north Africa and the
Middle East and eastern Europe, the rise in injury-related

deaths was primarily due to collective and interpersonal
violence, in addition to the earthquake in Tiirkiye. In
central and eastern Europe, heatwaves have Dbeen
occurring more frequently over the past decade. At the
same time, increases in high-income North America,
central Latin America, and tropical Latin America were
all driven by increasing rates of self-harm.

Deaths from violent causes

Our study shows several noteworthy patterns in deaths
from violent causes occurring throughout the world.
Trends of interpersonal violence showed global-level
improvements with regional heterogeneity. Although
global mortality from interpersonal violence has
generally declined, the regions most heavily affected
have seen worsening trends. The primary drivers
associated with deaths from interpersonal violence are
highly variable across locations.” In some parts of the
world, the drug trade fuels deaths from this form of
violence by driving territorial conflicts, organised crime,
and competition over illicit markets.” Deaths from
interpersonal violence can also be linked to several
important social determinants of health, including
adverse childhood experiences, alcohol and drug use
disorders, and lack of social support, among others.**

Deaths from conflict and terrorism are stochastic in
nature and have fluctuated over the past three decades,
displaying periods of declines and increases influenced
by complex regional dynamics. In recent years, the area
of conflict has begun to shift from north Africa and the
Middle East to central Europe, eastern Europe, and
central Asia, due to the war between Russia and Ukraine.
Although the regional mortality rates of north Africa and
the Middle East are no longer the highest, we found that
Palestine had the highest mortality rate and 70q0 due to
conflict and terrorism of any country in the world. These
findings align with the recently reported number of
fatalities in the Gaza Strip,” and an estimated 30-year
loss in life expectancy within the first 12 months of the
war—a conservative estimate that nearly halves the
pre-war life expectancy in Palestine.”

Global self-harm rates have been trending downwards
since the early 1990s, but this progress conceals spikes in
self-harm occurring in some locations.” We observed an
increase in self-harm in central Latin America, and more
moderate increases occurring in Andean Latin America,
high-income North America, high-income Asia Pacific,
and tropical Latin America. There were, however,
declines in self-harm in east Asia, particularly in China,
where improved economic and social conditions, along
with tailored and specified campaigns to reduce self-
harm, have been useful in supporting population
wellbeing.** We also observed that the mean age at death
from self-harm has been increasing globally over the past
three decades, a finding that potentially reflects both
successes and failures with regard to self-harm
prevention.” While an increase in mean age at death due
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to selfharm could signal that intervention strategies
tailored to younger groups have yielded improvements,
increased deaths in older ages might indicate missed
opportunities in addressing risk factors that are more
relevant in older age groups, such as social isolation,
economic insecurity, and increased chronic illness.”
Taken together, the findings that self-harm persists as a
leading cause of death in young people in several regions
while the global mean age at death due to self-harm
increases suggest pivotal opportunities for further
prevention strategies that must be carefully tailored to
the intended demographic.

Interpretation of mean age at death

The mean age at death measure provides a clear, easily
interpretable metric for summarising the population
affected by a given disease or injury. Interventions at
both the individual and population levels vary depending
on the age of those affected. For example, strategies to
improve health outcomes for ischaemic heart disease in
South Sudan, where the mean age at death due to this
cause is 61-2 years for females, would be likely to focus
on prevention strategies and early detection, whereas
strategies to improve health outcomes for the same
disease in Switzerland, where the mean age at death is
884 for females, might focus more on palliative care and
limit treatment options. Identifying who is being affected
by a disease using a single, interpretable measure could
help policy makers to make informed decisions in
complex situations.

There are some challenges when drawing comparisons
in the observed mean age at death between populations
with different age structures. An older population is
likely to have an older mean age at death for a given
cause than a population with a younger age structure.
For this reason, comparing mean ages at death between
locations with different population structures is not a
good measure for how well a disease is being treated. To
account for this, an evaluation of the expected mean age
at death reflecting the given demographic’s population
structure is needed for comparison between locations.

The difference between the expected and observed
mean age at death can reflect important factors and risks,
beyond just the age distribution, that vary between and
within different locations. When the observed mean age
at death is lower than expected, it shows that people are
dying younger than global rates would suggest. These
differences across countries underscore notable
inequalities. Causes of death that strongly correlate with
SDI and differences between expected and observed
mean ages at death are indicative of areas in which the
global community has the capacity to improve health
outcomes—yet resources and interventions remain
unevenly distributed across locations. A lower mean age
at death compared with the expected indicates weakness
in public health, particularly in preventive measures,
early diagnosis, and timely treatment that could delay or

prevent deaths. Many examples of lower mean age at
death are seen in cardiovascular diseases, cancers, and
chronic respiratory diseases in low-income regions,
suggesting challenges in both prevention and treatment.

Probability of death

We included the probability of death between the ages of
0 and 70 years (70q0) in this study to assess the likelihood
that an individual born today will die from a specific
cause before reaching 70 years of age, assuming that
current age-specific mortality rates remain unchanged.
The 70q0 measure incorporates competing risks,
acknowledging that individuals might die from other
causes before reaching the high-risk ages for a particular
cause. In other words, our goal was to provide a more
comprehensive assessment of the 70q0 from a specific
cause over the entire lifespan, assuming survival from
other causes.

In 2024, the Global Health 2050 report set a target to
cut global premature mortality in half by the year 2050, a
goal referred to as 50 by 50.° In support of this target, we
aimed to better position GBD to provide the current state
of national premature mortality estimates across causes
and locations, which could be useful to track progress on
future developments. We used an analysis of 70q0 to
detail substantial sources of health loss that most
contribute to premature death before age 70 years,
providing a roadmap to help countries address their
primary contributors to premature mortality.

Several studies suggest that probability of death is a
valuable indicator, and providing 70q0 by cause of death
highlights areas in which countries can improve the
observed age at death for specific causes, drawing
attention to locations and causes that have not kept pace
with global progress in cause-specific mortality.”* The
probability of death measure also illustrates global and
regional success stories in which, as a global health
community, we have successfully reduced mortality rates
for specific causes in people younger than 70 years. For
instance, lower respiratory infections declined 51-2%
among females and 47-4% among males between 2000
and 2023 due to reductions in the case-fatality rate and
various risk factors,” including reductions in household
air pollution, a decrease in the prevalence of childhood
wasting, and improved vaccine coverage, all of which
were effective in reducing the burden of lower respiratory
infections.® Vaccines against Haemophilus influenzae
type b and Streptococcus pneumoniae are particularly
crucial in the reduction of lower respiratory infections in
70q0.” Global improvements were also observed in
diarrhoeal diseases, with declines of over 70% in 70q0 for
males and females. There have been many multisectoral
approaches that have contributed to a reduction in
diarrhoeal deaths globally in 70q0, many of which have
focused on diarrhoeal deaths in children younger than
5 years. These interventions include oral rehydration
therapy, enhanced  water, sanitation, and
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hygiene infrastructure, and the rollout of the rotavirus
vaccination.”

The global reduction of 70q0 due to tuberculosis
from 2000 to 2023 is another success story. There was an
overall decline of 60-0% in females and 58-0% in males,
and notable improvements in some super-regions,
particularly central Europe, eastern Europe, and
central Asia, where a 78-5% decrease among males and a
71-8% decrease among females occurred in that period.
The analysis of 70q0 is more optimistic than other
literature on tuberculosis, because the slowest progress
in tuberculosis mortality has been in older adults.” While
we have seen success in reducing 70q0 from tuberculosis,
with improvements in mortality for those aged 15 years
and younger, more work is needed to reduce tuberculosis
mortality in individuals aged 50 years and older,”*' and to
reach WHO’s End TB Strategy.” Further reductions to
tuberculosis-related risk factors, such as smoking,
alongside early diagnosis and treatment, and the
development of less toxic and shorter-duration
tuberculosis treatments, are crucial for continued
improvements to reach WHO targets by 2035.7 Lastly,
improvements in 70q0 for neonatal disorders globally,
decreasing by 51-5% for males and females, reflect the
success of efforts to reduce mortality in those younger
than 5 years across health sectors and multilaterally. This
is generally cited as one of public health’s biggest
achievements of the 20th century.” There are many
lessons to be learned from this progress, including the
importance of public health standards and measures
adopted globally, such as the rollout of the S pneumoniae
vaccine to prevent lower respiratory infections and the
rotavirus vaccine for diarrhoea prevention. Sustainable
Development Goal Target 3.2, which aims to end
preventable deaths of newborns and children younger
than 5 years by 2030, will build on the progress already
made in reducing neonatal mortality and support
ongoing efforts toward an 80% reduction in tuberculosis
cases by 2030, as measured by WHO.*

Unfortunately, not all causes of death show an
optimistic picture in terms of 70q0. There remain large
disparities by cause and location. First, as the
epidemiological transition continues, we see rising
probabilities of deaths from NCDs in sub-Saharan Africa,
Latin America and the Caribbean, south Asia, and
southeast Asia, east Asia, and Oceania. With global
progress in 70q0, there are outliers where increased
mortality rates have occurred during this period. Ten
countries saw an increase in 70q0 across all causes
between 2000 and 2023; the largest increase was in
Palestine at 33-1%, more than double that of the next-
largest increase in Lebanon with 15-3%. The staggering
increase in Palestine is driven almost entirely by the
conflict between Israel and Palestine, with an increase in
70q0 of 8980% due to conflict and terrorism. Despite a
substantial rise in 70q0 due to conflict and terrorism in
many countries, including the remainder of the top

ten countries (Sudan, Ukraine, Russia, Burkina Faso,
Myanmar, Israel, Somalia, Syria, and Yemen), none of
these countries had an overall increase in their all-cause
7090 due to their increased risk of conflict deaths.

Patterns in NCD mortality

Rising NCDs worldwide, especially in low-income areas,
will represent a significant global health challenge
moving forward.”** Historically, low-income countries
have been disproportionately affected by the burden of
infectious diseases, but shifts towards more chronic
conditions are a reflection of the ongoing global
epidemiological transition.” In 1990, the three regions
with the highest overall mortality rates from all causes
were western, eastern, and central sub-Saharan Africa,
where 73-4% of deaths came from CMNN diseases.
By 2023, CMNN diseases in these regions dropped to
51-4% of all deaths, representing a 30-0% decrease
from 1990. Our findings also show that age-standardised
mortality rates and 70q0 for both cardiovascular diseases
and neoplasms are increasing in sub-Saharan Africa and
in south Asia (appendix 2 figure S5). As further
reductions in communicable diseases continue, it is
likely that deaths from these NCDs could become the
dominant sources of mortality in future years.

Findings from our study are in agreement with many
studies drawing attention to the surge in NCDs occurring
in low-income settings.”* Although the concept of the
epidemiological transition is not new, the speed and
scale of the rise in NCDs in low-income regions is
increasingly concerning.” There are several important
implications for health systems when disease burdens
transition from communicable diseases to those from
non-communicable  sources.”” Health-care infra-
structure might face a range of growing challenges
associated with increased care needs for chronic disease
management requiring long-term care and ongoing
treatment. Low-resourced locations remain poorly
equipped to address the rising burden of NCDs, with
health-care systems often underfunded and unable to
provide adequate preventive care or treatment options.”
Collaborative and focused efforts—including coordinated
policy initiatives and prevention programmes targeting
key risk factors—are needed to alleviate immediate
health challenges related to the rising burden of NCDs in
low-income regions and to achieve long-term
improvements in global health outcomes.

Limitations

As with any study of this scope, there are several
important limitations to consider. We provide cause-
specific limitations for every GBD cause of death in detail
in appendix 1 (section 3). Here, we highlight limitations
with applicability across many causes. First, accuracy of
cause-of-death estimates can be affected by data sparsity
or unreliability from some regions, time periods, or age
groups. In locations for which we have scarce or

www.thelancet.com Published online October 12, 2025 https://doi.org/10.1016/50140-6736(25)01917-8



Articles

unreliable data, estimates are interpolated from
neighbouring regional patterns by relying on predictive
covariates. Second, the cause-of-death estimates rely on
medically verifiable sources of cause-of-death data, for
which quality can vary. Some datasets do not cover all
deaths in a given age, sex, location, and year, and some
have high levels of garbage-coded underlying causes of
death, which require redistribution algorithms to correct.
For transparency about data quality, we publish a star
rating of the quality of all vital registration and verbal
autopsy data (a 1-5 score compiled based on percentage
completeness and percentage garbage). These scores are
available in appendix 1 and in a publicly available
visualisation tool. Third, for causes with limited data, it is
preferable to provide estimates with appropriate
uncertainty, rather than providing no information.
Fourth, reporting lags in medically verifiable cause-of-
death data are a factor in data availability for recent years,
particularly 2023; therefore, estimates for these years rely
more heavily on the modelling process. Fifth, there are
several limitations that pertain to our COVID-19
estimates. While GBD 2023 reflects the most
comprehensive set of COVID-19 estimates published by
GBD to date, we still have a limited availability of time
series for some locations from 2020 to 2023, particularly
for 2023. Some location-cause-age-sex groups have a
small enough sample size that their time series are
stochastic by default, making the development of a
counterfactual model difficult. To our knowledge,
estimates from GBD 2023 reflect the best account of
COVID-19 and miscoded COVID-19 to date. However, as
we learn more about the virus and its presentation, it is
possible our corrections will be updated to reflect new
knowledge in the field. Sixth, mean age at death
calculations also have limitations, as they are not
standardised for different population age structures.
Aggregate estimates are therefore influenced by the most
populated areas. As a result, it can be unclear whether
the increase in the mean age at death is attributed to a
reduction of deaths in younger ages, or if it is simply a
result of an ageing population. Our calculation of mean
age at death is also limited by the granularity of GBD
results. Here, each death is assigned an age group,
whereas in reality, each death occurred at a specific age.
This strategy does not capture effects within age groups,
and it does not show how cohorts age from year to year.
Seventh, 70q0 is a broad age group that does not capture
improvements made in younger ages if the death occurs
before age 70 years. For example, if the mean age at death
improved from 30 years to 50 years in a period of time,
but the overall mortality rate remained the same, 70q0
would not show this improvement. Lastly, data for
stochastic events such as natural disasters and conflicts
are generally reported without age and sex detail and
instead leverage age-sex splitting using the available
detailed data to split the deaths into the granular GBD
age groups. These types of events are particularly subject

to a lag in reporting, and these estimates will continue to
be improved in the future.

Conclusion

GBD cause of death studies are fundamental for
understanding mortality trends and aligning them with
public health decision making. While progress has been
made in reducing deaths from infectious diseases on a
global scale, the rising burden of NCDs presents new
challenges, particularly for low-income nations. Patterns
in premature mortality across the globe have been
changing, signifying priority areas for public health
intervention. Findings from GBD 2023 show a crucial
need for continued investment in health care, improved
data collection, and targeted interventions to address
both emerging and persistent health issues. Tackling the
global health challenges of the future will require
sustained international collaboration in the prevention
and treatment of both communicable and non-
communicable diseases. Strengthening access and
quality of health care in low-income and middle-income
countries is needed for improving the prevention and
treatment of NCDs in particular, which continue to rise
as major health threats. A unified global effort will also
be necessary to combat the growing number of deaths
from drug use and violence, both of which require
comprehensive strategies for prevention, treatment, and
support. By fostering greater international cooperation
and focusing on these key areas, we can make significant
progress towards reducing global mortality rates and
improving health outcomes for populations worldwide.
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Health (Bhutan) with the support of WHO. This paper uses data from
the Uganda 2014 STEPS survey, implemented by Ministry of Health
(Uganda) with the support of WHO. This paper uses data from the
Timor-Leste 2014 STEPS survey, implemented by Ministry of Health
(Timor-Leste) with the support of WHO. The CRELES project

(Costa Rican Longevity and Healthy Aging Study) is a longitudinal study
Dby the University of Costa Rica’s Centro Centroamericano de Poblacién
and Instituto de Investigaciones en Salud, in collaboration with the
University of California at Berkeley. The original pre-1945 cohort was
funded by the Wellcome Trust (grant 072406), and the

1945-1955 Retirement Cohort was funded by the U.S. National Institute
on Aging (grant R0IAG031716). The study Principal Investigators are
Luis Rosero-Bixby and William H. Dow, and co-Principal Investigators
Xinia Fernandez and Gilbert Brenes. This paper uses data from the
Ghana—Greater Accra Region 2006 STEPS survey, implemented by
Ghana Health Service with the support of WHO. The CRELES project
(Costa Rican Longevity and Healthy Aging Study) is a longitudinal study
by the University of Costa Rica’s Centro Centroamericano de Poblacion
and Instituto de Investigaciones en Salud, in collaboration with the
University of California at Berkeley. The original pre-1945 cohort was
funded by the Wellcome Trust (grant 072406), and the

1945-1955 Retirement Cohort was funded by the U.S. National Institute
on Aging (grant R0IAG031716). The study Principal Investigators are
Luis Rosero-Bixby and William H. Dow, and co-Principal Investigators
Xinia Fernandez and Gilbert Brenes. This paper uses data from the
Myanmar 2014 STEPS survey, implemented by Ministry of Health
(Myanmar) with the support of WHO. HBSC is an international study
carried out in collaboration with WHO/EURO. The International
Coordinator of the 2013/2014 surveys was Prof Candace Currie and the
Data Bank Manager was Prof Oddrun Samdal. A list of principal
investigators in each country can be found at http://www.hbsc.org. The
Canada Health Measures Survey 2016-2017 contains information
licensed under the Open Government License Canada. This research
used information from the Health Surveys for epidemiological
surveillance of the Undersecretary of Public Health. The author thanks
the Ministry of Health of Chile, having allowed them to have access to
the database. All the results obtained from the study or research are the
responsibility of the author and in no way compromise that institution.
In this paper use is made of data of the DNB Household Survey
administered by Centerdata (Tilburg University, The Netherlands). Those
who carried out the original collection and analysis of the Jamaica Survey
of Living Conditions bear no responsibility for their further analysis or
interpretation. This paper uses data from China Family Panel

Studies (CFPS), funded by 985 Program of Peking University and carried
out by the Institute of Social Science Survey of Peking University. This
paper uses data from the Vietnam 2009 and 2015 STEPS surveys,
implemented by Ministry of Health (Vietnam) with the support of WHO.
This paper uses data from the Pakistan 2013-2014 STEPS survey,
implemented by Ministry of National Health Services, Regulation and
Coordination, Pakistan Health Research Council with the support of
WHO. This paper uses data from WHO’s Study on Global Ageing and
Adult Health (SAGE). SAGE is supported by the US National Institute on
Aging through Interagency Agreements OGHA 04034785;
YA1323-08-CN-0020; Y1-AG-1005-0) and through research grants
R01-AG034479 and R21-AG034263. Adapted from Statistics Canada,
Canada Tobacco, Alcohol and Drugs Survey 2015. This does not
constitute an endorsement by Statistics Canada of this product. This
study is based in part on data from Eurostat, European Union Labor
Force Survey, 1992-2016. The responsibility for all conclusions drawn
from the data lies entirely with the authors. This study is based on data
from Eurostat, Belgium Health Interview Survey 2008 and 2009. The
responsibility for all conclusions drawn from the data lies entirely with
the author(s). This study is based on data from Eurostat, Cyprus Health
Interview Survey 2008-2009. The responsibility for all conclusions drawn
from the data lies entirely with the author(s). This study is based on data
from Eurostat, Czech Republic European Health Interview

Survey 2006-2009 and 2013-2015. The responsibility for all conclusions
drawn from the data lies entirely with the author(s). This study is based
on data from Eurostat, Estonia European Health Interview

Survey 2006-2007 and 2014. The responsibility for all conclusions drawn
from the data lies entirely with the author(s). This study is based on data
from Eurostat, Greece European Health Interview Survey 2009 and 2014.
The responsibility for all conclusions drawn from the data lies entirely
with the author(s). This study is based in part on data from Eurostat,
Poland European Health Interview Survey 2009. The responsibility for all
conclusions drawn from the data lies entirely with the authors. This
study is based in part on data from Eurostat, Spain European Health
Interview Survey 2009-2010. The responsibility for all conclusions drawn
from the data lies entirely with the authors. This study is based in part on
data from Eurostat, France European Health Interview Survey 2008. The
responsibility for all conclusions drawn from the data lies entirely with

www.thelancet.com Published online October 12, 2025 https://doi.org/10.1016/50140-6736(25)01917-8



Articles

the authors. The responsibility for analysis and processing is that of the
authors and not ISTAT. This paper uses data from the Lebanon
2016-2017 STEPS survey, implemented by Ministry of Public Health
(Lebanon) with the support of WHO. This paper uses data from the
Zambia 2017 STEPS survey, implemented by Ministry of Health (Zambia)
with the support of WHO. This paper uses data from the Armenia

2016 STEPS survey, implemented by Ministry of Health (Armenia),
National Institute of Health with the support of WHO. This paper uses
data from the Belarus 20162017 STEPS survey, implemented by
Republican Scientific and Practical Center of Medical Technologies,
Informatization, Management and Economics of Public Health (Belarus)
with the support of WHO. This paper uses data from the Iraq

2015 STEPS survey, implemented by Ministry of Health (Iraq) with the
support of WHO. This paper uses data from the Brunei 2015-2016
STEPS survey, implemented by Ministry of Health (Brunei) with the
support of WHO. This paper uses data from the Samoa 2002 and

2013 STEPS surveys, implemented by Ministry of Health (Samoa) with
the support of WHO. The data are from China Family Panel

Studies (CFPS), funded by 985 Program of Peking University and carried
out by the Institute of Social Science Survey of Peking University. This
paper uses data from the Algeria 2016-2017 STEPS survey, implemented
by Ministry of Health (Algeria) with the support of WHO. This paper
uses data from the Azerbaijan 2017 STEPS survey, implemented by
Ministry of Health (Azerbaijan) with the support of WHO. This paper
uses data from the Kyrgyzstan 2013 STEPS survey, implemented by
Ministry of Health (Kyrgyzstan) with the support of WHO. This paper
uses data from the Laos 2013 STEPS survey, implemented by Ministry of
Health (Laos) with the support of WHO. This paper uses data from the
Micronesia—Kosrae 2009 STEPS survey, implemented by FSM
Department of Health and Social Affairs with the support of WHO. This
paper uses data from the Micronesia—Yap 2009 STEPS survey,
implemented by Ministry of Health and Social Affairs (Micronesia) with
the support of WHO. This paper uses data from the Palau 2011-2013 and
2016 STEPS surveys, implemented by Ministry of Health (Palau) with the
support of WHO. This paper uses data from the Tajikistan 2016 STEPS
survey, implemented by Ministry of Health (Tajikistan) with the support
of WHO. This paper uses data from the Tokelau 2014 STEPS survey,
implemented by the Department of Health with the support of WHO.
This paper uses data from the Sudan 2016 STEPS survey, implemented
by the Ministry of Health with the support of WHO. This paper uses data
from the Morocco 2017 STEPS survey, implemented by the Ministry of
Health with the support of WHO. This paper uses data from the Georgia
2016 STEPS survey, implemented by the National Center for Disease
Control and Public Health with the support of WHO. This paper uses
data from the Guyana 2016 STEPS survey, implemented by the Ministry
of Public Health with the support of WHO. The MHAS (Mexican Health
and Aging Study) is partly sponsored by the National Institutes of
Health/National Institute on Aging (grant number NIH R01IAG018016)
and the INEGI in Mexico. Data files and documentation are public use
and available at www.MHASweb.org. The Irish Longitudinal study on
Ageing (TILDA) Wave 4, 2016 was accessed via the Irish Social Science
Data Archive—www.ucd.ie/issda. The harmonised dataset was
downloaded from the GDD website (Global Dietary Database. The
Estonian National Dietary Survey 2014. https://www.
globaldietarydatabase.org/management/microdata-surveys/657,

Aug 28, 2020]. The harmonisation of the dataset was performed by the
data owner (The Estonian National Dietary Survey 2014 (RTU2014), 2014,
National Institute for Health Development], and the overall process was
overseen by EFSA (European Food Safety Authority. EFSA
Comprehensive European Food Consumption Database. http://www.
efsa.europa.eu/en/food-consumption/comprehensive-database] and
GDD. This paper uses data from the Bahamas 2011-2012 STEPS survey,
implemented by the Ministry of Health with the support of WHO. This
paper uses data from the Central African Republic—Bangui and Ombella
M’Poko 2017 STEPS survey, implemented by the Ministry of Health and
Population with the support of WHO. This paper uses data from the
Micronesia—Chuuk STEPS 2016 survey, implemented by the Federated
States of Micronesia Department of Health and Social Affairs,
Department of Health Services of the State of Chuuk, FSM with the
support of WHO. This paper uses data from the Tuvalu 2015 STEPS
survey, implemented by the Ministry of Health with the support of WHO.

This paper uses data from the Solomon Islands 2015 STEPS survey,
implemented by the Ministry of Health with the support of WHO. This
paper uses data from the Mali—Kati, Ouéléssébougou, Koulikoro, Ségou
and Bamako District 2013 STEPS survey, implemented by the Ministry of
Health with the support of WHO. This paper uses data from the Marshall
Islands 2017-2018 STEPS survey, implemented by the Ministry of Health
and Human Services with the support of WHO. This research is based
on data from the National Health Interview Survey of the National Center
for Health Statistics. The analyses, interpretations, and conclusions of
this paper are the author’s own. The NCHS is responsible only for the
initial data. This paper uses data from the Nepal 2019 STEPS survey,
implemented by Nepal Health Research Council, Ministry of Health and
Population with the support of WHO. This paper uses data from the
Bangladesh 2018 STEPS survey, implemented by the National Institute of
Preventive and Social Medicine with the support of WHO. The
harmonised dataset was downloaded from the GDD website (Global
Dietary Database. Nutrition and Nutritional Status of Children under

5 years in Bulgaria NUTRICHILD] 2007 https://www.
globaldietarydatabase.org/management/microdata-surveys/649,
accessed Aug 28,2020). The harmonisation of the dataset was jointly
performed by the data owner (Nutrition and Nutritional Status of
Children under 5 years in Bulgaria [NUTRICHILD], 2007) and

EFSA (European Food Safety Authority. EFSA Comprehensive European
Food Consumption Database. http://www.efsa.europa.eu/en/food-
consumption/comprehensive-database), and the overall process was
overseen by EFSA and GDD. The harmonised dataset was downloaded
from the GDD website (Global Dietary Database. Canadian Community
Health Survey—Nutrition [CCHS-Nutrition], 2015. https://www.
globaldietarydatabase.org/management/microdata-surveys/650;
accessed Aug 28, 2020). The harmonisation of the original dataset was
performed by GDD. The data was adapted from Statistics Canada,
Canadian Community Health Survey: Public Use Microdata

File, 2015/2016 (Statistics Canada. Canadian Community Health
Survey—Nutrition [CCHS-Nutrition], 2015); this does not constitute an
endorsement by Statistics Canada of this product. The data is used under
the terms of the Statistics Canada Open Licence (Statistics Canada.
Statistics Canada Open License. https://www.statcan.gc.ca/eng/
reference/licence). The harmonised dataset was downloaded from the
GDD website (Global Dietary Database. Compilation of existing
individual food consumption data collected within the most recent
national dietary surveys in Europe (SK-MON) 2008. https://www.
globaldietarydatabase.org/management/microdata-surveys/652;

Sept 21, 2020). The harmonisation of the dataset was jointly performed by
the data owner (National nutrition survey in Slovakia (NDS), 2008, Food
Research Institute and Public Health Authority) and EFSA (European
Food Safety Authority. EFSA Comprehensive European Food
Consumption Database. http://www.efsa.europa.eu/en/food-
consumption/comprehensive-database), and the overall process was
overseen by EFSA. The harmonised dataset was downloaded from the
GDD website (Global Dietary Database. National dietary survey in adults
in Sweden, Riksmaten adults 2010-2011. https://www.
globaldietarydatabase.org/management/microdata-surveys/174;

accessed Sept 23, 2020). The harmonisation of the dataset was performed
by the data owner (National dietary survey in adults in Sweden,
Riksmaten adults 201011, Swedish Food Agency), and the overall
process was overseen by EFSA (European Food Safety Authority. EFSA
Comprehensive European Food Consumption Database. http://www.
efsa.europa.eu/en/food-consumption/comprehensive-database) and
GDD. The harmonised dataset was downloaded from the GDD website
(Global Dietary Database. DIETA-PILOT Survey Adults, Children 2012.
https://www.globaldietarydatabase.org/management/microdata-
surveys/661. accessed 10/7/20). The harmonisation of the dataset was
performed by the data owner (DIETA-PILOT Survey, 2012, Dunarea de
Jos University of Galati, Romania), and the overall process was overseen
by EFSA (European Food Safety Authority. EFSA Comprehensive
European Food Consumption Database. http://www.efsa.europa.eu/en/
food-consumption/comprehensive-database) and GDD. This paper uses
data from the Afghanistan 2018 STEPS survey, implemented by Ministry
of Public Health with the support of WHO. This paper uses data from
the Ecuador 2018 STEPS survey, implemented by Ministry of Public
Health with the support of WHO. This paper uses data from the
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Generations and Gender Programme (www.ggp-i.org). The Generations
and Gender Programme has received funding from the European
Commission, its Consortium Board Members and National Funding
Bodies which are gratefully acknowledged. The harmonised dataset was
downloaded from the GDD website (Global Dietary Database. National
Survey of Food Intake and Nutritional Status (NSFIN) 2004. https://www.
globaldietarydatabase.org/management/microdata-surveys/648,

accessed Aug 28, 2020). The harmonisation of the dataset was jointly
performed by the data owner (National Survey of Food Intake and
Nutritional Status (NSFIN), National Nutrition Monitoring in

Bulgaria, 2004) and EFSA (European Food Safety Authority. EFSA
Comprehensive European Food Consumption Database. http://www.
efsa.europa.eu/en/food-consumption/comprehensive-database), and the
overall process was overseen by EFSA and GDD. The harmonised dataset
was downloaded from the GDD website (Global Dietary Database. Mabat
Youth—TFirst Israeli National Health and Nutrition Survey in 7th-12th
grade students 2003-2004. https://www.globaldietarydatabase.org/
management/microdata-surveys/180; accessed Sept 17, 2020). The
harmonisation of the dataset was jointly performed by the data owner
(MABAT Youth First Israeli National Health and Nutrition Survey in
7th-12th grade students 2003-2004. Israel Center for Disease Control,
Ministry of Health, State of Israel) and GDD, and the overall process was
overseen by GDD. VACS data are owned by the Government of

Cote d'Ivoire and made available by the Centers for Disease Control and
Prevention through a Data Use Agreement. This paper uses data from
the Mongolia 2019 STEPS survey, implemented by the Ministry of
Health, Public Health Institute with the support of WHO. This paper
uses data from the Jordan 2019 STEPS survey, implemented by the
Ministry of Health with the support of WHO. This paper uses data from
the Turkmenistan 2018 STEPS survey, implemented by the Ministry of
Health and Medical Industry with the support of WHO. This study is
based on data from Eurostat, Austria European Health Interview

Survey 2006-2007 and 2013-2015. The responsibility for all conclusions
drawn from the data lies entirely with the author(s). This study is based
on data from Eurostat, Belgium European Health Interview Survey 2013
and 2013-2015. The responsibility for all conclusions drawn from the
data lies entirely with the author(s). This study is based on data from
Eurostat, Cyprus European Health Interview Survey 2013-2015. The
responsibility for all conclusions drawn from the data lies entirely with
the author(s). This study is based on data from Eurostat, Germany
European Health Interview Survey 2015. The responsibility for all
conclusions drawn from the data lies entirely with the author(s). This
study is based on data from Eurostat, Denmark European Health
Interview Survey 2015. The responsibility for all conclusions drawn from
the data lies entirely with the author(s). This study is based on data from
Eurostat, Spain European Health Interview Survey 2014. The
responsibility for all conclusions drawn from the data lies entirely with
the author(s). This study is based on data from Eurostat, Finland
European Health Interview Survey 2014. The responsibility for all
conclusions drawn from the data lies entirely with the author(s). This
study is based on data from Eurostat, France European Health Interview
Survey 2014. The responsibility for all conclusions drawn from the data
lies entirely with the author(s). This study is based on data from Eurostat,
Hungary European Health Interview Survey 2008 and 2014. The
responsibility for all conclusions drawn from the data lies entirely with
the author(s). This study is based on data from Eurostat, Croatia
European Health Interview Survey 2014. The responsibility for all
conclusions drawn from the data lies entirely with the author(s). This
study is based on data from Eurostat, Ireland European Health Interview
Survey 2015. The responsibility for all conclusions drawn from the data
lies entirely with the author(s). This study is based on data from Eurostat,
Iceland European Health Interview Survey 2015. The responsibility for all
conclusions drawn from the data lies entirely with the author(s). This
study is based on data from Eurostat, Italy European Health Interview
Survey 2015. The responsibility for all conclusions drawn from the data
lies entirely with the author(s). This study is based on data from Eurostat,
Lithuania European Health Interview Survey 2014. The responsibility for
all conclusions drawn from the data lies entirely with the author(s). This
study is based on data from Eurostat, Netherlands European Health
Interview Survey 2014. The responsibility for all conclusions drawn from
the data lies entirely with the author(s). This study is based on data from

Eurostat, Norway European Health Interview Survey 2015. The
responsibility for all conclusions drawn from the data lies entirely with
the author(s). This study is based on data from Eurostat, Poland
European Health Interview Survey 2014. The responsibility for all
conclusions drawn from the data lies entirely with the author(s). This
study is based on data from Eurostat, Portugal European Health
Interview Survey 2014. The responsibility for all conclusions drawn from
the data lies entirely with the author(s). This study is based on data from
Eurostat, Sweden European Health Interview Survey 2014. The
responsibility for all conclusions drawn from the data lies entirely with
the author(s). This study is based on data from Eurostat, European Union
Statistics on Income and Living Conditions, Cross-sectional Data
Collection 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013,
2014, 2015, 2016, 2017, 2018, 2019, and 2020. The responsibility for all
conclusions drawn from the data lies entirely with the author(s). This
study is based on data from Eurostat, European Union Statistics on
Income and Living Conditions, Longitudinal Data Collection 2005, 2006,
and 2007. The responsibility for all conclusions drawn from the data lies
entirely with the author(s). This paper uses data from the Ukraine

2019 STEPS survey, implemented by the Ministry of Health with the
support of WHO. This study is based on data from Eurostat, United
Kingdom European Health Interview Survey 2013. The responsibility for
all conclusions drawn from the data lies entirely with the author(s). This
study is based on data from Eurostat, Luxembourg European Health
Interview Survey 2014. The responsibility for all conclusions drawn from
the data lies entirely with the author(s). This research uses data from the
study on “Understanding the Lives of Adolescents and Young

Adults (UDAYA) in Bihar and Uttar Pradesh” which was collected by the
Population Council. Data collection funded by Bill & Melinda Gates
Foundation and the David and Lucile Packard Foundation. Data for the
Seychelles Heart Study IV was provided by the Global Dietary Database
and Tufts University in association with the Ministry of Health and
University of Lausanne. HBSC is an international study carried out in
collaboration with WHO/EURO. The International Coordinator of the
2017/2018 surveys was Prof Jo Inchley and the Data Bank Manager was
Prof Oddrun Samdal. A list of principal investigators in each country can
be found at http://www.hbsc.org. This paper uses data from the Global
School-Based Student Health Survey (GSHS). GSHS is supported by
WHO and the US Centers for Disease Control and Prevention. This
paper uses data from the Bolivia 2019 STEPS survey, implemented by the
Ministry of Health with the support of WHO. This paper uses data from
the Cabo Verde 2020 STEPS survey, implemented by the Ministry of
Health, National Institute of Statistics with the support of WHO. This
paper uses data from the WHO Well-being of Older People

Study (WOPS) a Study on Global AGEing and Adult Health (SAGE) sub-
study. Research reported in this publication was supported by the
National Institute on Aging of the National Institutes of Health under
Award Number R01AG044917. The content is solely the responsibility of
the authors and does not necessarily represent the official views of the
National Institutes of Health. This paper uses data from the Saint Lucia
2019 STEPS survey, implemented by the Ministry of Health with the
support of WHO. This paper uses data from the Viet Nam 2021 STEPS
survey, implemented by the Ministry of Health with the support of WHO.
Parts of this material are based on data and information provided by the
Canadian Institute for Health Information. However, the analyses,
conclusions, opinions and statements expressed herein are those of the
author and not those of the Canadian Institute for Health information.
The views and opinions of the authors expressed herein do not
necessarily state or reflect those of ECDC. The accuracy of the authors’
statistical analysis and the findings they report are not the responsibility
of ECDC. ECDC is not responsible for the conclusions or opinions drawn
from the data provided. ECDC is not responsible for the correctness of
the data and for data management, data merging and data collation after
provision of the data. ECDC shall not be held liable for improper or
incorrect use of the data.

Editorial note: The Lancet Group takes a neutral position with respect to
territorial claims in published maps and institutional affiliations.
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Department of Nursing (Prof S Abuhammad PhD), Department of Pharmacy Practice and
Pharmacotherapeutics (A Y Abuhelwa PhD), Department of Restorative Dentistry (A B Acharya PhD),
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Radiology (M Fotouhi MD), University of Southern California, Los Angeles, CA, USA; Department of
Emergency Medicine (Ar Abedi MD), Department of Food Safety and Hygiene (M Aminzare PhD), School
of Medicine (M Ashrafi MD, H Nasiri MD), Department of Immunology (S Athari PhD), Department of
Critical Care and Emergency Nursing (N Hanifi PhD), Zanjan University of Medical Sciences, Zanjan, Iran;
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College of Medicine and Health Science (K'Y Gete MD), Department of Medical Microbiology (A D
Habteyohannes PhD), Department of Adult Health Nursing (E A Mengistie MSc), Department of
Epidemiology and Biostatistics (K M Mihretie MPH), Department of Pediatrics and Child Health Nursing
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Nuffield Department of Medicine (Prof R J Maude PhD, B Sartorius PhD), Centre for Global Epilepsy (M
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Radiology (L C Adams PhD), School of Medicine and Health (F Busch MD), Technical University of
Munich, Munich, Germany; Department of Cardiothoracic Surgery (D N Kamtam MS), Division of
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Health (Prof T R Driscoll PhD), Institute for Musculoskeletal Health (M Jamshidi PhD), Asbestos and Dust
Diseases Research Institute (J Leigh MD), Central Clinical School, Faculty of Medicine and Health (S Mitra
PhD), School of Veterinary Science (B B Singh PhD), University of Sydney, Sydney, NSW, Australia (S
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Health Initiative, Ibadan, Nigeria; Department of Physiotherapy (M A Adesina BPT), Department of
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Faculty of Medicine (B Sartorius PhD), The University of Queensland, Brisbane, QLD, Australia; Chicago
College of Osteopathic Medicine (A E Akrami BS), Midwestern University, Downers Grove, IL, USA;
Feinberg School of Medicine (A E Akrami BS, D B Srivastava BA), Department of Microbiology and
Immunology (O Ebohon MPH), Medical Scientist Training Program (S Marzouk MA), Department of
Radiology (A Shafieioun MD), Department of Preventive Medicine (M Teramoto MD), Northwestern
University, Chicago, IL, USA (M D Szeto MS); Centre for Academic Primary Care (R K Akyea PhD), Institute
of Applied Health Research (N Bhala PhD), Division of Ophthalmology & Visual Sciences (Prof G D Panos
MD), University of Nottingham, Nottingham, UK; Department of Communicable Diseases (S Al Awaidy
MSc), Ministry of Health, Muscat, Oman; Middle East, Eurasia, and Africa Influenza Stakeholders
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Network, Muscat, Oman (S Al Awaidy MSc); Division of Public Health Sciences (S Al Hasan PhD),
Department of Research and Development (Z Al-Aly MD), Department of Surgery (S Azadnajafabad MD),
Department of Psychiatry (Z Li BA), Washington University in St. Louis, St. Louis, MO, USA; Department
of Urology (A Al Homsi MD, O Almidani MSc), Research Department (N Dababo MD), Department of
Cardiac Surgery (Prof L Gobol6s PhD), Cleveland Clinic Abu Dhabi, Abu Dhabi, United Arab Emirates; The
University of Jordan (M K Al Nawayseh PhD), Jordanian Public Health Society, Amman, Jordan; American
University in the Emirates, Dubai, United Arab Emirates (M K Al Nawayseh PhD); Fundamentals and
Administration Department (Prof O Al Omari PhD), Department of Adult Health and Critical Care (O A M
Al Zaabi PhD), Department of Geography (W Ali PhD), College of Nursing (E Lazarus PhD), Sultan Qaboos
University, Muscat, Oman; Jordan Medical Association, Amman, Jordan (Z Al Ta'ani MD); Faculty of
Pharmacy (Y Al Thaher PhD), Philadelphia University, Amman, Jordan; School of Pharmacy (Y Al Thaher
PhD), Division of Population Medicine (A Sha'aban PhD), Cardiff University, Cardiff, UK; School of Public
Health (M A M Al Zoubi PhD), Management Policy and Community Health (J A Atta MPH, Me Igbal MPH),
MD Anderson Cancer Center Department of Plastic Surgery (R Elmorsi MD), Department of Plastic
Surgery (A M Hassan MD), University of Texas, Houston, TX, USA; Department of Biology (T A Alalwan
PhD), College of Health and Sport Sciences (A G Vaithinathan MSc), University of Bahrain, Zallaq,
Bahrain; Clinical Epidemiology Center (Z Al-Aly MD), US Department of Veterans Affairs (VA), St. Louis,
MO, USA; Murdoch Business School (K Alam PhD), Murdoch University, Perth, WA, Australia;
Department of Bioengineering (Ma Alam PhD), Department of Nutrition and Food Studies (S Tyrovolas
PhD), George Mason University, Fairfax, VA, USA; School of Nursing (R M Al-Amer PhD), Department of
Basic Sciences (Z Altaany PhD), Department of Basic Medical Sciences (R A Karasneh PhD, Prof M M
Khatatbeh PhD), Faculty of Nursing (H Khatatbeh PhD), Faculty of Medicine (M Tanashat MD), Yarmouk
University, Irbid, Jordan; School of Nursing and Midwifery (R M Al-Amer PhD), Western Sydney
University, Sydney, NSW, Australia; Department of Nursing and Midwifery (A Alamrew MSc), College of
Health Sciences (T Kitaw MSc), College of Health Science (C Mulugeta MSc), Woldia University, Woldia,
Ethiopia; Department of Health Information Management and Technology (Prof T M Alanzi PhD),
Deanship of Preparatory Year and Supporting Studies (Prof S El-Ashker PhD), Department of Pathology -
Forensic Medicine Division (Prof R G Menezes MD), Imam Abdulrahman Bin Faisal University, Dammam,
Saudi Arabia; Department of Clinical Pharmacy (F Y Al-Ashwal PhD), Al-Ayen Iraqi University, Thi-Qar,
Irag; Department of Clinical Pharmacy and Pharmacy Practice (F Y Al-Ashwal PhD), University of Science
and Technology, Sana'a, Yemen; Department of Community and Mental Health (Prof M Albashtawy
PhD), Al al-Bayt University, Mafraq, Jordan; Division of Gastroenterology and Hepatology (W A Aldhaleei
MD), Department of Radiology (G Belge Bilgin MD, F Nugen PhD), Department of Physiology and
Biomedical Engineering (Z Khashim PhD, F Pourghazi MD), Department of Cardiovascular Medicine (H
Pham MD), Department of Endocrinology (M Salehi MD), Mayo Clinic, Rochester, MN, USA; General
Directorate of Research and Studies (M S Aldossary MClinDent), Ministry of Health, Riyadh, Saudi Arabia;
Institute of Health Informatics (R W Aldridge PhD), Department of Health Informatics (S-C Chung PhD),
Department of Brain Sciences (Prof M Kivimaki PhD), Division of Medicine (T Oyelade PhD), Department
of Population Health Sciences (D Sunkersing PhD), Department of Epidemiology and Public Health (V
Tseriotis MSc), Center for Clinical Microbiology (Prof A Zumla PhD), University College London, London,
UK; Curtin School of Population Health (M B Alemu MSc), Faculty of Health Sciences (K A Alene PhD),
School of Public Health (E K Chowdhury PhD), School of Population Health (Prof P W Gething PhD, S
Nyadanu PhD, G A Tessema PhD, D J Weiss PhD), enAble Institute (Prof B C M Stephan PhD), Curtin
University, Perth, WA, Australia; Geospatial and Tuberculosis Research Team (K A Alene PhD), Child
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Health Analytics Research Program (Prof P W Gething PhD, F Sanna PhD, D J Weiss PhD), Geospatial
Health and Development Team-Child Health Analytics (J Lubinda PhD), The Malaria Atlas Project (M A
McPhail PhD, S F Rumisha PhD, T L Symons PhD), Telethon Kids Institute, Perth, WA, Australia;
Department of Bacteriology, Immunology, and Mycology (Prof A M Algammal PhD), Faculty of
Veterinary Medicine (M Mabrok PhD), Suez Canal University, Ismailia, Egypt; College of Medicine and
Health Sciences (K Al-Habbal MD), Department of Public Health and Epidemiology (Prof B A Saddik PhD),
Khalifa University, Abu Dhabi, United Arab Emirates; Africa Center of Excellence for Mycotoxin and Food
Safety, Minna, Nigeria (N B Alhaji PhD); Faculty of Health Sciences, Epidemiology and Population Health
Department (Prof S Al-Hajj PhD), American University of Beirut, Beirut, Lebanon; British Columbia Injury
Research Prevention Unit (Prof S Al-Hajj PhD), British Columbia Children's Hospital Research Institute,
Vancouver, BC, Canada; Department of Health Services and Hospital Administration (M K Al-Hanawi
PhD), Health Economics Research Group (M K Al-Hanawi PhD), Department of Respiratory Therapy (M A
Althobiani PhD), Respiratory Therapy Unit (M A Althobiani PhD), Pediatric Dentistry Department (K K
Baghlaf PhD), Department of Family and Community Medicine (Prof N S Butt PhD), Department of
Physical Therapy (F Khan PhD), Rabigh Faculty of Medicine (Prof A Malik PhD), Department of Dental
Public Health (Z S Natto DrPH), Department of Community Medicine (S Samargandy PhD), King Abdulaziz
University, Jeddah, Saudi Arabia; Kidney and Pancreas Health Center (Prof K A Alhasan MD), Liver,
Digestive, and Lifestyle Health Research Section (S A Algahtani MD), Biostatics, Epidemiology, and
Science Computing Department (S Yezli PhD), King Faisal Specialist Hospital & Research Center, Riyadh,
Saudi Arabia; Faculty of Dentistry (A Alhumaidi DDS), Ibn Al-Nafis University for Medical Sciences,
Sana'a, Yemen; Department of Biotechnology and Genetic Engineering (A Ali PhD, M Wagqas PhD),
Hazara University Mansehra, Mansehra, Pakistan; Department of Biotechnology (H M Ali MS), University
of Malakand, Chakdara, Pakistan; Department of Statistics and Operations Research (I Ali PhD), Aligarh
Muslim University, Aligarh, India; Department of Biological Sciences (L Ali PhD, S Naz PhD), National
University of Medical Sciences (NUMS), Rawalpindi, Pakistan; School of Food and Agricultural Sciences
(M Ali PhD), Department of Life Sciences (Prof M Umair PhD), University of Management and
Technology, Lahore, Pakistan (A Latif BS); Department of Pharmacy (M Ali PhD), Mohammed Al-Mana
College for Medical Sciences, Dammam, Saudi Arabia; Department of Medical Rehabilitation
(Physiotherapy) (M U Ali PhD), Department of Microbiology (M A Isa PhD), University of Maiduguri,
Maiduguri, Nigeria; Nethersole School of Nursing (M U Ali PhD), The Nethersole School of Nursing (Y
Chong PhD, Jia Li PhD), Faculty of Medicine (J Huang MD), School of Public Health and Primary Care (L
Yao MSc), Jockey Club School of Public Health and Primary Care (C Zhong PhD), The Chinese University
of Hong Kong, Hong Kong, China; Department of Biosciences (R Ali PhD), Centre for Interdisciplinary
Research in Basic Sciences (CIRBSc) (S Anwar PhD, Su Khan MSc), Centre For Interdisciplinary Research In
Basic Sciences (CIRBSc) (T Mohammad PhD, A Shamsi PhD), Jamia Millia Islamia, New Delhi, India; Center
for Biotechnology and Microbiology (S Ali PhD), University of Swat, Charbagh, Pakistan; Center for
Biotechnology and Microbiology (S S Ali PhD, M Suleman PhD), University of Swat, Swat, Pakistan;
Department of Pathophysiology and Transplantation (G Alicandro PhD), Department of Pharmacological
and Biomolecular Sciences (Prof A L Catapano PhD), Department of Clinical Sciences and Community
Health (Prof C La Vecchia MD), Department of Food, Environmental and Nutritional Sciences (Prof D
Martini PhD), Universita degli Studi di Milano (University of Milan), Milan, Italy; Cystic Fibrosis Center (G
Alicandro PhD), Pediatric Emergency Department (A La Vecchia MD), Fondazione IRCCS Ospedale
Maggiore Policlinico (IRCCS "Ca' Granda Maggiore Policlinico" Hospital Foundation), Milan, ltaly;
Institute of Health and Wellbeing (S M Alif PhD), Federation University Australia, Melbourne, VIC,
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Australia; School of Public Health and Preventive Medicine (S M Alif PhD, Prof M Asghari-Jafarabadi
PhD), Faculty of Medicine, Nursing, and Health Sciences (S Aslani PhD), Department of Epidemiology and
Preventative Medicine (E K Chowdhury PhD), Department of Infectious Diseases (M J Loftus MBBS),
Department of General Practice (S Melwani PhD), School of Primary and Allied Health Care (F Sousa
PhD), Monash University, Melbourne, VIC, Australia; Biomedical Physics Group (M Alipour BSc),
University of Hamburg, Hamburg, Germany; Department of Clinical and Community Pharmacy (Prof SW
Al-Jabi PhD, Prof S H Zyoud PhD), Department of Pharmacy (F Amer PhD), Department of Chemistry
(Prof A H Zyoud PhD), An-Najah National University, Nablus, Palestine; Family and Community Medicine
Department (M S Aljohani MD), Qassim University, Al Qassim, Saudi Arabia; Department of Public Health
and Community Medicine (Prof S M Aljunid PhD, Prof C T Sreeramareddy MD), International Medical
University, Kuala Lumpur, Malaysia; International Centre for Casemix and Clinical Coding (Prof S M
Aljunid PhD), National University of Malaysia, Bandar Tun Razak, Malaysia; College of Life Sciences (Prof
A Alkhatib PhD, C C T Clark PhD, Md Shah Islam PhD), Birmingham City University, Birmingham, UK;
Cardiovascular Divivsion (M Alkhawam MD), University of Alabama, Birmingham, AL, USA; Faculty of
Medicine (Prof M Z Allouh PhD, Prof M S | Alyahya PhD, R M Odat MD), Department of Physical Therapy
and Rehabilitation Sciences (Prof M A Alomari PhD), Department of Rehabilitation Sciences and Physical
Therapy (Prof M A Alomari PhD), Department of Rehabilitation Sciences (M Al-Wardat PhD), Department
of Clinical Pharmacy (Prof K H Alzoubi PhD), Department of Public Health (Prof Y S Khader PhD, Prof K A
Kheirallah PhD), Jordan University of Science and Technology, Irbid, Jordan; Faculty of Nursing (W T
Almagharbeh PhD), Nursing Faculty (K A Alnawafleh PhD), Prince Fahad bin Sultan Chair for Biomedical
Research (S Muthupandian PhD), University of Tabuk, Tabuk, Saudi Arabia (S Muthupandian PhD);
Independent Consultant, Amman, Jordan (S Al-Marwani MSc); Department of Parasitology (Prof H M Al-
Mekhlafi PhD), University of Malaya, Kuala Lumpur, Malaysia; Department of Parasitology (Prof H M Al-
Mekhlafi PhD), Department of Biochemistry and Molecular Biology (Prof A'S Al-Zubairi PhD), Sana'a
University, Sana'a, Yemen; Ophthalmology Department (A Almobayed MD), University of Miami, Miami,
FL, USA; School of Public Health (M Alocious Sukumar MPH), SRM Institute of Science and Technology,
Chennai, India; Faculty of Nursing (M R Alosta PhD), Department of Nursing (A H Khalifeh PhD), Zarqa
University, Zarga, Jordan; Department of Respiratory Care (J S Algahtani PhD), Prince Sultan Military
College of Health Sciences, Dammam, Saudi Arabia; Division of Gastroenterology and Hepatology (S A
Algahtani MD), Weill Cornell Medicine, New York, NY, USA; American University of the Middle East,
Egaila, Kuwait (M R Alqudimat PhD); Department of Nursing (I Alrimawi PhD), Georgetown University,
Washington, DC, USA; Macro-Fiscal Policy Department (S M Alrousan PhD), Ministry of Finance, Dubai,
United Arab Emirates; Department of Surgery (S K Al-Sabah MD), Kuwait University, Kuwait, Kuwait;
Jaber Al Ahmad Al Sabah Hospital (S K Al-Sabah MD), Ministry of Health, Kuwait, Kuwait; Department of
Emergency Medicine (M A Alsabri MD), Sana'a University, Sanaa, Yemen; Pediatric Emergency Medicine
Department (M A Alsabri MD), Drexel Dornsife School of Public Health (E Ezenwankwo MPH), School of
Biomedical Engineering, Science and Health Systems (M Noroozi BSc), Drexel University, Philadelphia,
PA, USA; Health Science Division (Z Altaany PhD), Higher Colleges of Technology, Sharjah, United Arab
Emirates; Institute of Molecular Biology and Biotechnology (A Altaf PhD, M Ume Khan PhD, T Magbool
PhD, S Shahid PhD), University College of Medicine & Dentistry (Prof M Arooj PhD), University Institute
of Food Science and Technology (S Bashir PhD), University Institute of Radiological Sciences and Medical
Imaging Technology (Prof Z Fatima PhD, M Latif PhD), University Institute of Diet and Nutritional
Sciences (A Khalil PhD), University Institute of Public Health (F Malik PhD, S Nargus PhD), Research
Centre for Health Sciences (RCHS) (S Shahid PhD, M Umar$ MBA), Lahore Business School (M Umart
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MBA), Faculty of Sciences (Prof A B Waqar PhD), The University of Lahore, Lahore, Pakistan; Faculty of
Health Sciences (A Altaf PhD), Equator University of Science and Technology, Uganda, Masaka, Uganda;
Research, Policy, and Training Directorate (A B Al-Tammemi MPH), Jordan Center for Disease Control,
Amman, Jordan; Department of Specialty Internal Medicine (Prof J A Al-Tawfiq MD), Johns Hopkins
Aramco Healthcare, Dhahran, Saudi Arabia; Department of Medicine (Prof J A Al-Tawfiq MD), Indiana
University School of Medicine, Indianapolis, IN, USA; Faculty of Health Sciences (J Alvarez-Galvez PhD),
University of Cadiz, Cadiz, Spain; Research Group in Health Economics (Prof N Alvis-Guzman PhD),
Universidad de Cartagena (University of Cartagena), Cartagena, Colombia; Research Group in Hospital
Management and Health Policies (Prof N Alvis-Guzman PhD), Department of Economic Sciences (N J
Alvis-Zakzuk MSc), Universidad de la Costa (University of the Coast), Barranquilla, Colombia; National
Health Observatory (N J Alvis-Zakzuk MSc), National Institute of Health, Bogota, Colombia; Department
of Clinical Pharmacology and Toxicology (H Alwafi PhD), Department of Microbiology and Parasitology (A
Hafiz PhD), Institute of Center and Research Studies (F U Rehman PhD), Umm Al-Qura University,
Makkah, Saudi Arabia; Department of Medical Sciences (Prof Y M Al-Worafi PhD), Azal University for
Human Development, Sana'a, Yemen; Department of Clinical Sciences (Prof Y M Al-Worafi PhD),
University of Science and Technology of Fujairah, Fujairah, United Arab Emirates; Department of
Pediatrics (Prof H Aly MD), Lerner College of Medicine (M Balkis MD), Lerner Research Institute (Prof
Xue Liu PhD), Department of Internal Medicine (A Mushtaq MD), Department of Cardiovascular
Medicine (J Rajendran MD), Cleveland Clinic, Cleveland, OH, USA; Department of Physiotherapy (H
Alzahrani PhD), Taif University, Taif, Saudi Arabia; Laboratory Medicine Department (Prof A S Al-Zubairi
PhD), Al-Baha University, Al-Aqiq, Saudi Arabia; London School of Hygiene and Tropical Medicine (E J
Amafah MSc), UCL Institute for Global Health (Prof S Jaffar PhD), University of London, London, UK;
Global Health Advocacy Incubator (GHAI) (J Amafah MPH), University of Central Nicaragua, Washington,
DC, USA; Isfahan Cardiovascular Research Institute, Heart Failure Research Center. (R Amani-Beni MD),
Ophthalmology Department (P Bolourinejad MD), Heart Failure Research Center (B Darouei MD, D
Narimani Davani MD), Department of Epidemiology and Biostatistics (Prof M Mansourian PhD),
Department of Health Services Management (M Mohseni PhD), Family and Prevention Medicine (R
Rouzbahani MD), Isfahan University of Medical Sciences, Isfahan, Iran; Student Research Committee (B
Amidi MD), Lorestan University of Medical Sciences, Khorramabad, Iran; Summer Program (Prof A Amin
PhD), Biological Science Division (M Bayat Tork MD), Department of Public Health Sciences (A Jamal BS),
Pritzker School of Medicine (Prof H Yao PhD), University of Chicago, Chicago, IL, USA (Prof J Wan PhD);
Department of Radiology and Radiological Science (A Amindarolzarbi MD), Department of Medicine (U
Khan MD), University of Maryland, Baltimore, MD, USA; Laboratory Science Department (J Karami PhD),
Operating Room Department (A Sedigh PhD), Khomein University of Medical Sciences, Khomein, Iran (S
Amini PhD); Gastrointestinal and Liver Diseases Research Center (E Amini-Salehi MD, S Hassanipour PhD,
N Letafatkar MD, F Sheida MD), Regenerative Medicine, Organ Procurement and Transplantation Multi-
disciplinary Center (S Anvari MD), School of Health (S Doaei PhD), Gastrointestinal and Liver Disease
Research Center (B Eftekhari MD, N Eslami MSc), Department of Social Medicine and Epidemiology (A
Feizkhah MD), Cardiovascular Diseases Research Center (Z Ghorbani PhD), Caspian Digestive Disease
Research Center (S Hassanipour PhD), Department of Environmental Health Engineering (J Jaafari PhD),
Department of Medicine (A Khalili MD), Burn and Regenerative Medicine Research Center (Prof M
Mobayen MD), Department of Biology (M SobhZahedi PhD), Medical Biotechnology Research Center (M
YektaKooshali PhD), Guilan University of Medical Sciences, Rasht, Iran; Spiritual Health Research Center
(S Amiri PhD), Nephrology and Urology Research Center (K Hushmandi PhD), Bagiyatallah University of
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Medical Sciences, Tehran, Iran; Department of Health and Wellbeing (D A Amugsi PhD), African
Population and Health Research Center, Nairobi, Kenya; Department of Medicine (G A Amusa MD),
Department of Chemical Pathology (L C Imoh MPH), University of Jos, Jos, Nigeria; Department of
Internal Medicine (G A Amusa MD), Department of Chemical Pathology (L C Imoh MPH), Jos University
Teaching Hospital, Jos, Nigeria; Center for Biomedical Image Computing & Analytics (F Anagnostakis
MD), Department of Pathobiology (U M Femoe PhD), Penn Medicine (S K Khokhar PhD), Population
Studies Center (Weil Li PhD), Center for Global Health, Perelman School of Medicine (K Ma DDS),
Department of Biostatistics, Epidemiology, and Informatics (J Puvvula PhD), University of Pennsylvania,
Philadelphia, PA, USA; Dipartimento di Scienze Mediche e Chirurgiche (M Bergami PhD), Department of
Medical and Surgical Sciences (Prof R Bugiardini MD, Prof A F G Cicero PhD, F Fogacci MDc, M Sassano
MD, Prof F S Violante MD), Department of Biomedical and Neuromotor Sciences (S Guicciardi MD, A
Mazzotti PhD, F Sanmarchi MD), Department of Medicine and Surgery (I Papadimopoulos MD),
University of Bologna, Bologna, Italy (F Anagnostakis MD); Department of General Medicine (R A Ananda
MD), Eastern Health, Box Hill, VIC, Australia; Faculty of Pharmacy (Prof R Ancuceanu PhD), Department
of Internal Medicine (M Hostiuc PhD), Department of Legal Medicine and Bioethics (Prof S Hostiuc PhD),
Department of General Surgery (I Negoi PhD), Department of Anatomy and Embryology (R | Negoi PhD),
Department of Diabetes, Nutrition and Metabolic Diseases (Prof A Pantea Stoian PhD), Department of
Dermatology (M Tampa PhD), Carol Davila University of Medicine and Pharmacy, Bucharest, Romania;
Neurology Department (D Anderlini MD), Royal Brisbane and Women's Hospital, Brisbane, QLD,
Australia; Department of General Medicine (N Anh MD), Thai Binh University of Medicine and Pharmacy
in Vietnam, Thai Binh City, Viet Nam; Department of Microbiology (A A Anjorin PhD), Lagos State
University, Ojo, Nigeria; Department of Management (S E Ankomah PhD, S E Ankomah PhD),
Department of Population and Health (J K Oduro PhD), University of Cape Coast, Cape Coast, Ghana;
Department of Public Health (K Annadurai PhD), The Apollo University, Chittoor, India; Department of
Physiotherapy (S Ansari PhD), Galgotias University, Greater Noida, India; Department of Epidemiology
and Biostatistics (Prof A Ansari-Moghaddam PhD), Department of Health Promotion (A Nazri-Panjaki
MSc), Health Promotion Research Center (H Okati-Aliabad PhD), Zahedan University of Medical Sciences,
Zahedan, Iran; Agribusiness Study Program (E Antriyandarti DrAgrSc), Sebelas Maret University,
Surakarta, Indonesia; School of Chemical and Life Sciences (SCLS) (S Anwar PhD), Jamia Hamdard, New
Delhi, India; Department of Surgery (S Anwar PhD), Department of Pharmacology (I Fitriana PhD),
Gadjah Mada University, Yogyakarta, Indonesia; Department of Pathology (R Anwer PhD), Department
of Pharmacology (T Jawaid PhD), Imam Mohammad Ibn Saud Islamic University, Riyadh, Saudi Arabia;
Department of Rehabilitation Sciences (S Anwer PhD), Hong Kong Polytechnic University, Kowloon, Hong
Kong, China; Rural Health Research Institute (A E Anyasodor PhD, S A | Mahmood PhD, Prof J Sun PhD),
Charles Sturt University, Orange, NSW, Australia; Department of Social Sciences (F Appiah MPhil),
Berekum College of Education, Berekum, Ghana; School of Public Health (F Appiah MPhil), Kwame
Nkrumah University of Science and Technology, Kumasi, Ghana; Division of Gastroenterology,
Hepatology, and Nutrition (J Arab MD), Division of Infectious Diseases (P R Ching MD), Virginia
Commonwealth University, Richmond, VA, USA; Gastroenterology Department (J Arab MD), Department
of Gastroenterology (L Diaz MD), School of Government (E A Undurraga PhD), Pontificia Universidad
Catolica de Chile (Pontifical Catholic University of Chile), Santiago, Chile; Geneva University Hospital (H
Arabi PhD), University of Geneva, Geneva, Switzerland; College of Pharmacy (M Arafat PhD), Al Ain
University, Abu Dhabi, United Arab Emirates; College of Art and Science (D Areda PhD), Ottawa
University, Surprise, AZ, USA; School of Life Sciences (D Areda PhD), Arizona State University, Tempe, AZ,
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USA; Care in Long Term Conditions Research Division (J Arias de la Torre PhD), Institute of Psychiatry,
Psychology & Neuroscience (D Urso MD), School of Life Course and Population Sciences (Prof Y Wang
PhD), King's College London, London, UK; CIBER Epidemiology and Public Health (CIBERESP), Madrid,
Spain (J Arias de la Torre PhD); Department of Cardiovascular, Endocrine-Metabolic Diseases and Aging
(B Armocida MD), Istituto Superiore di Sanita (ISS), Rome, Italy; School of Health and Social Studies (Prof
J Arnlév PhD), Dalarna University, Falun, Sweden; Department of Biotechnology (Prof J Arockiaraj PhD, T
Sundaram PhD), SRM Medical College Hospital and Research Centre (J James MD), Division of Medical
Research (R Janardhanan PhD), Sri Ramaswamy Memorial Institute of Science and Technology,
Kattankulathur, India; Institute for Biomedical Problems (A A Artamonov PhD), Russian Academy of
Sciences, Moscow, Russia; Department of Physiotherapy (A Arumugam PhD, Prof V K PhD, M K Sinha
PhD), Manipal College of Pharmaceutical Sciences (S Dharmagadda PhD, J Manikkath PhD), Department
of Pharmacology (S Gangachannaiah MD, R R Shenoy PhD), Prasanna School of Public Health (R Kamath
MHA), Department of Community Medicine (S Kini B MD, C R Rao MD), Kasturba Medical College,
Manipal (P L C MD, J P Raj DM, Prof S Shastry MD), Manipal College of Dental Sciences (Prof A | Narayana
PhD, Prof R A Radhakrishnan PhD), Manipal College of Nursing (S Nayak PhD), Department of Forensic
Medicine (Prof V C Nayak MD), Kasturba Medical College Mangalore (M Rao MD, Prof B Unnikrishnan
MD), Department of Health Information Management (B Reshmi PhD), Kasturba Medical College (D
Upadhya PhD), Manipal Academy of Higher Education, Manipal, India (Prof V Jha MD); Department of
Periodontics (D Arumuganainar PhD), Department of Physiology (E Dilipan PhD), Department of
Prosthodontics (D Ganapathy PhD), Department of Oral Medicine and Periodontology (Prof R D
Jayasinghe MS), Saveetha Medical College and Hospital (Prof M Karobari PhD), Saveetha Dental College
and Hospitals (G Minervini PhD, M Selvamani PhD, M Tovani-Palone PhD), Department of Biomaterials
(N Rabiee PhD), Department of Biochemistry (P Royapuram Parthasarathy PhD), Center for Global
Health Research (Prof A Sahebkar PhD), Department of Microbiology (S Sankar PhD), Saveetha
University, Chennai, India; Department of Research (U R Aryal PhD), Research Department (M Dhimal
PhD, B P Marasini PhD), Nepal Health Research Council, Kathmandu, Nepal; Department of Public Health
(N Aryntayeva MSPH, A Kuttybayev MSc), Atchabar Scientific Research Institute (B Assembekov PhD),
Atchabarov Scientific-Research Institute of Fundamental and Applied Medicine (D Davletov MD, A
Zhumagaliuly MD), Population Health Research Center (Prof K Davletov PhD), Director of the Scientific
and Technological Park (I R Fakhradiyev PhD), Science and Technology Park (A Ibrayeva PhD),
Department of Urology (Y Ismoldayev PhD), Department of General Medical Practice No. 2 (Prof S
Kamenova DMedSc), Scientific and Educational Center for Neurology and Applied Neuroscience (A
Kondybayeva PhD), Research and Publication Activity Division (M Kulimbet MSc), Department of
Research (B Lakanova MD), Scientific Laboratory "Center for Collective Use" (A S Oradova PhD),
Department of Science (A Shamsutdinova MD, A Y Tazhiyeva PhD), Department of Prosthetic Dentistry
(M Tleshev MSc), Department of Internal Disease (Prof S B Zhangelova PhD), Kazakh National Medical
University, Almaty, Kazakhstan; Department of Clinical Disciplines (N Aryntayeva MSPH), Department of
Clinical Subjects (A Kurmanova MD), Al Farabi Kazakh National University, Almaty, Kazakhstan; College
of Medicine (M Asadi Anar MD), Department of Internal Medicine (H Pham MD), University of Arizona,
Tucson, AZ, USA; Department of Community Medicine and Global Health (M Asaduzzaman MPH),
University of Oslo, Oslo, Norway; Department of Pharmacy Practice (Prof S Asdaq PhD), College of
Medicine (M Fareed PhD), AIMaarefa University, Riyadh, Saudi Arabia (Prof A Dutta PhD); Department of
Public Health (M T Asemu MSc), College of Health Science (D Belay MSc), Debre Tabor University, Debre
Tabor, Ethiopia; National Agency for Strategic Research in Medical Education (NASRME) (Prof S Asgary
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MSc), Deputy for Public Health (A Khosravi PhD), Ministry of Health and Medical Education, Tehran, Iran;
Cabrini Research (Prof M Asghari-Jafarabadi PhD), Cabrini Health, Malvern, VIC, Australia; Pioneer
Journal of Biostatistics and Medical Research (PJBMR), Pakistan, Pakistan (T Ashraf PhD); Department of
Radiation Oncology (M Ashrafizadeh DVM), Shandong University, Shandong, China; Deakin Health
Economics/School of Health and Social Development (B K'Y Asiamah-Asare PhD), School of Exercise and
Nutrition Sciences (N Subedi PhD), Deakin University, Melbourne, VIC, Australia; Nursing Department (Y
Asri PhD), Faculty of Health Science (Y Asri PhD), Institute of Technology and Health Science RS dr
Soepraoen, Malang, Indonesia; Department of Forensic Medicine (A Atreya MD), Department of
Community Medicine (S Nepal MD), Lumbini Medical College, Palpa, Nepal; College of Medicine (Prof Z
A Atwan PhD), University of Basrah, Basrah, Iraq; School of Business (Prof M Ausloos PhD), Department
of Health Sciences (Prof T Brugha MD, S J Tromans PhD), Diabetes Research Centre (E Vounzoulaki PhD),
University of Leicester, Leicester, UK; Department of Statistics and Econometrics (Prof M Ausloos PhD, A
Mirica PhD, A Otoiu PhD, | Petcu PhD), Management Department (Prof | Popa PhD), Bucharest University
of Economic Studies, Bucharest, Romania; Robarts Research Institute (A Avan MD), School of Physical
Therapy (A Lawan PhD), The University of Western Ontario, London, ON, Canada; Departament of
Physiotherapy (N C P Avelar DSc), Federal University of Santa Catarina, Ararangua, Brazil; Institute of
Molecular Biology and Biotechnology (S J Awan PhD), The University of Lahore, lahore, Pakistan;
Department of Public Health (L A A Ayana MPH), Department of Pharmacy (Gi Fekadu PhD), Department
of Nursing (G Fetensa MSc), Institute of Health Sciences (B Feyisa MPH), School of Public Health (L K
Solbana MPH), Wollega University, Nekemte, Ethiopia; Medicinal Chemistry Unit (Y O Ayipo PhD), Kwara
State University, Malete, llorin, Nigeria; Centre for Drug Research (Y O Ayipo PhD), Universiti Sains
Malaysia, Pinang, Malaysia; Research and Technology Deputy (A Azadnia PhD), Department of
Epidemiology and Biostatistics (Y Moradi PhD), Epidemiology and Biostatistics (M Rasouli PhD),
Kurdistan University of Medical Sciences, Sanandaj, Iran; Department of Applied Mathematics (J M Azam
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