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Summary
Background Timely and comprehensive analyses of causes of death stratified by age, sex, and location are essential for 
shaping effective health policies aimed at reducing global mortality. The Global Burden of Diseases, Injuries, and 
Risk Factors Study (GBD) 2023 provides cause-specific mortality estimates measured in counts, rates, and years of life 
lost (YLLs). GBD 2023 aimed to enhance our understanding of the relationship between age and cause of death by 
quantifying the probability of dying before age 70 years (70q0) and the mean age at death by cause and sex. This study 
enables comparisons of the impact of causes of death over time, offering a deeper understanding of how these causes 
affect global populations.

Methods GBD 2023 produced estimates for 292 causes of death disaggregated by age-sex-location-year in 204 countries 
and territories and 660 subnational locations for each year from 1990 until 2023. We used a modelling tool developed 
for GBD, the Cause of Death Ensemble model (CODEm), to estimate cause-specific death rates for most causes. We 
computed YLLs as the product of the number of deaths for each cause-age-sex-location-year and the standard life 
expectancy at each age. Probability of death was calculated as the chance of dying from a given cause in a specific age 
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 (UIs) 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 55 761 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 
to 63·4 years (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.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license. 

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-19.1–3 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.4 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.5 In recent publications, it has become 
common practice to classify deaths occurring before 
70 years of age as premature.6 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.5 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 50.5 
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,7 and the mean age at the time of 
death has been trending upward for many countries.8 
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.8,9 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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areas and for specific causes, the mean age is much 
higher or lower than expected.8 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 

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 

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 11 474 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. 

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.
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or the use of alcohol, tobacco, or drugs, which can be 
targeted through public health interventions.10

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, 202011—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.7 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.12 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.13

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 14 410 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 2021.14 These methods have been extensively 
peer reviewed over previous rounds of GBD14–19 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.7 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 

See Online for appendix 1
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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 11 474 new sources, for a total of 55 761 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.20 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 S4 and 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 100 000 population, calculated using the GBD 

standard population structure.7 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% uncertainty intervals (UIs) 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,6,21 the US National Institutes of Health,22 and 
the US Centers for Disease Control and Prevention,23 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.7 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:

where

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

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

represents the all cause probability of death for ages x 
to x + n.

For GBD data sources at the 

Global Health Data Exchange 

see https://ghdx.healthdata.org/

gbd-2023/sources

qx,c = deathsx,c × qx 
n n n

qx,c 
n

deaths
x,c 
n

qx
n

https://ghdx.healthdata.org/gbd-2023/sources
https://ghdx.healthdata.org/gbd-2023/sources
https://ghdx.healthdata.org/gbd-2023/sources
https://ghdx.healthdata.org/gbd-2023/sources
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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).7 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.7

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.24,25 
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.26 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 

See Online for appendix 3

See Online for appendix 2
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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;27 COVID-19 infection detection rate;27 
Healthcare Access and Quality Index;28 and prevalence of 
risk factors and comorbidities including obesity, 
smoking, cancer, cardiovascular disease, chronic kidney 
disease, chronic obstructive pulmonary disease, and 
diabetes.29,30 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 
Guidelines for Accurate and Transparent Health 

Estimates Reporting (GATHER) statement (appendix 1 
section 2.4).31 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 
Compare 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 7·6]), 
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 
from 47·9 million (47·6–48·3) in 1990 to 55·2 million 

For the statistical code used in 

GBD estimation see https://

ghdx.healthdata.org/gbd-2023/

code

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.

13 Hypertensive heart disease

11 Hypertensive heart disease 11 Hypertensive heart disease

20 Rheumatic heart disease

1 Ischaemic heart disease 161·4 (146·9 to 172·6) 1 Ischaemic heart disease 101·4 (93·0 to 108·2) 1 COVID-19 110·5 (105·9 to 113·9) 1 Ischaemic heart disease 99·8 (89·9 to 108·4)

2 Stroke 157·2 (141·1 to 171·3) 2 Stroke 80·5 (73·9 to 87·1) 2 Ischaemic heart disease 102·9 (94·4 to 109·5) 2 Stroke 75·9 (67·8 to 83·5)

3 Diarrhoeal diseases 67·4 (55·6 to 85·5) 3 COPD 38·8 (33·6 to 46·2) 3 Stroke 79·6 (72·2 to 86·5) 3 COPD 38·4 (33·2 to 45·8)

4 Lower respiratory infections 60·7 (54·6 to 66·7) 4 Lower respiratory infections 34·2 (31·1 to 38·0) 4 COPD 34·5 (29·2 to 41·9) 4 Lower respiratory infections 31·6 (28·3 to 35·3)

5 COPD 52·4 (41·6 to 60·1) 5 Neonatal disorders 27·7 (26·1 to 29·1) 5 Lower respiratory infections 27·5 (24·4 to 31·3) 5 Neonatal disorders 26·7 (24·7 to 28·6)

6 Neonatal disorders 49·9 (46·8 to 53·0) 6 Alzheimer's disease 25·3 (6·3 to 62·8) 6 Neonatal disorders 27·3 (25·6 to 28·9) 6 Alzheimer's disease 25·9 (6·4 to 62·7)

7 Tuberculosis 42·6 (32·4 to 54·2) 7 Lung cancer 21·9 (19·8 to 23·4) 7 Alzheimer's disease 25·6 (6·4 to 64·0) 7 Lung cancer 22·2 (20·2 to 24·1)

8 Lung cancer 27·8 (26·1 to 30·8) 8 Diabetes 21·5 (18·8 to 24·2) 8 Diabetes 22·3 (19·4 to 25·3) 8 Diabetes 22·1 (18·7 to 25·5)

9 Alzheimer's disease 24·4 (5·9 to 63·1) 9 Diarrhoeal diseases 16·9 (13·4 to 22·6) 9 Lung cancer 22·2 (20·1 to 23·8) 9 Chronic kidney disease 17·2 (15·1 to 19·2)

10 Road injuries 23·7 (19·0 to 28·4) 10 Chronic kidney disease 16·6 (14·8 to 18·4) 10 Chronic kidney disease 17·0 (15·1 to 19·0) 10 Hypertensive heart disease 16·8 (13·4 to 20·7)

11 Stomach cancer 23·3 (20·6 to 26·5) 16·5 (13·2 to 19·4) 16·9 (13·6 to 20·2) 11 Road injuries 16·1 (12·5 to 19·0)

12 Cirrhosis 23·3 (19·9 to 26·6) 12 Road injuries 15·7 (12·5 to 18·0) 12 Road injuries 16·3 (12·7 to 18·9) 12 Cirrhosis liver 14·3 (12·7 to 16·0)

21·2 (15·8 to 25·9) 13 Cirrhosis 15·3 (13·7 to 17·0) 13 Diarrhoeal diseases 15·3 (11·9 to 20·6) 13 Diarrhoeal diseases 14·2 (10·6 to 19·2)

14 Measles 18·1 (7·8 to 30·4) 14 Tuberculosis 14·2 (11·8 to 17·7) 14 Cirrhosis 14·9 (13·2 to 16·7) 14 Colon and rectum cancer 12·3 (11·0 to 13·5)

15 Diabetes 18·0 (15·4 to 20·8) 15 Colon and rectum cancer 12·0 (11·0 to 13·1) 15 Tuberculosis 12·4 (10·4 to 15·3) 15 Tuberculosis 11·6 (9·2 to 14·4)
16 Chronic kidney disease 16·2 (13·8 to 18·6) 16 HIV/AIDS 11·3 (10·2 to 12·7) 16 Colon and rectum cancer 12·1 (11·1 to 13·2) 16 Stomach cancer 10·3 (8·8 to 11·9)
17 Colon and rectum cancer 15·7 (14·7 to 16·7) 17 Stomach cancer 10·5 (9·1 to 12·0) 17 Stomach cancer 10·4 (9·1 to 11·9) 17 Falls 9·9 (8·3 to 11·6)
18 Self-harm 13·9 (12·0 to 15·6) 18 Falls 9·5 (8·1 to 11·0) 18 HIV/AIDS 10·3 (9·1 to 11·9) 18 HIV/AIDS 9·9 (8·6 to 11·3)
19 Malaria 13·5 (6·8 to 24·2) 19 Self-harm 9·1 (8·1 to 10·2) 19 Malaria 10·0 (4·2 to 17·7) 19 Malaria 9·6 (3·7 to 17·9)

12·1 (9·7 to 14·4) 20 Malaria 9·0 (4·1 to 15·7) 20 Falls 9·9 (8·4 to 11·5) 20 COVID-19 9·3 (8·4 to 10·0)

22 Falls 10·7 (9·4 to 12·1) 30 Rheumatic heart disease 4·6 (3·2 to 6·3) 21 Self-harm 9·2 (8·1 to 10·3)

33 HIV/AIDS 6·6 (6·0 to 7·2) 57 Measles 1·8 (0·8 to 3·3)

Age-standardised 

mortality rate 

(per 100 000 population),

1990

Age-standardised 

mortality rate 

(per 100 000 population),

2019

Age-standardised 

mortality rate 

(per 100 000 population),

2021
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mortality rate 
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Leading causes, 1990 Leading causes, 2019 Leading causes, 2021 Leading causes, 2023

Communicable, maternal, neonatal, and nutritional diseases

Non-communicable diseases

Injuries

For the GBD Results tool see 

https:// vizhub.healthdata.org/

gbd-results

For the GBD Compare tool see 

http://vizhub.healthdata.org/

gbd-compare
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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 100 000 to 701·5 
(690·2–714·9) deaths per 100 000 (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 
161·4 deaths (95% UI 146·9–172·6) per 100 000 population 
in 1990, to 99·8 deaths (89·9–108·4) per 100 000 in 2023; 
while stroke declined from 157·2 deaths (141·1–171·3) 
per 100 000 in 1990 to 75·9 deaths (67·8–83·5) 
per 100 000 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 100 000 
in 1990 to 14·2 deaths [10·6–19·2] per 100 000 in 2023), 
tuberculosis (42·6 deaths [32·4–54·2] per 100 000 
in 1990 to 11·6 deaths [9·2–14·4] per 100 000 in 2023), 
stomach cancer (23·3 deaths [20·6–26·5] per 100 000 
in 1990 to 10·3 deaths [8·8–11·9] per 100 000 in 2023), 
and measles (18·1 deaths [7·8–30·4] per 100 000 in 1990 
to 2·2 deaths [0·9–3·9] per 100 000 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 100 000 population), more than five times that of the 
second-leading country, Ukraine (70·1 deaths [67·2–73·2] 
per 100 000). 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 100 000 population in 1990 to 
2398·9 YLLs (2219·7–2575·4) per 100 000 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 a reduction of 37·6% (32·6–42·6) 
in total YLLs due to neonatal disorders, from 235 000 
in 2000 to 146 000 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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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 (797 000 deaths 
[723 000–857 000]). 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 (849 000 deaths 
[780 000–920 000]), and Brazil (795 000 deaths 
[748 000–821 000]; 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 100 000), Bolivia (229·0 deaths [215·5–241·4] per 
100 000), Peru (220·6 deaths [213·4–228·5] per 100 000), 
Montenegro (215·2 deaths [197·9–229·3] per 100 000), 
and Moldova (207·3 deaths [199·4–212·7] per 100 000; 
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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–46·9%

–47·7%

–50·1%

–48·6%

–54·2%

–56·7%

–73·4%

–80·5%

–51·3%

–54·6%

–59·3%

–62·8%

–72·4%

–78·0%

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.
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Age 10–14 

years

Age 15–19 

years

Age 20–24 

years

Age 25–29 

years

Age 30–34 

years

Age 35–39 

years

Age 40–44 

years

Age 45–49 

years

Age 50–54 

years

Age 55–59 

years

Age 60–64 

years

Age 65–69 

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% –38·1% –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% –38·1% –54·0% –62·6% –56·2% –46·4% –16·2% 13·8% 33·1% 37·1%

Female –23·7% –21·6% –18·5% –20·0% –24·4% –26·6% –23·8% –12·4% 23·1% 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% –61·1% –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% –5·1% –0·7% –4·8% –7·9% –10·8% –11·7% –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% –48·1%

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% –81·3% –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% –5·2% 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% –8·7% –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% –37·1% –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% –71·3% –76·1% –78·4% –76·1% –71·7% –63·4% –59·5% –57·1% –57·9%

Female –64·5% –64·6% –72·2% –78·8% –79·0% –78·6% –73·3% –68·3% –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% –78·1% –62·0% –35·7% –30·7% –36·1% –50·2% –59·0% –56·0% –47·0% –21·4%

Female –33·3% –41·3% –44·9% –2·3% 35·7% 45·0% 44·2% 14·7% –3·6% –6·1% 20·0% 53·1%

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% –18·1% –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% –73·7% –74·3% –63·3% –46·0% –30·3% –21·1% –10·7% –11·7%

Female –43·6% –49·9% –42·2% –52·3% –57·0% –55·5% –44·9% –34·5% –23·7% –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% –43·1% –42·4% –45·9% –41·1%

Andean Latin America

Male –39·1% –39·2% –39·2% –40·5% –40·0% –35·9% –29·6% –25·3% –18·9% –3·7% –3·7% –1·3%

Female –36·7% –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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Australasia

Male –29·1% –50·8% –44·1% –66·6% –62·6% –66·8% –57·2% –46·0% –35·1% –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% –71·2% –71·8% –73·1% –70·3% –70·2% –65·8% –68·1% –68·4% –65·7% –68·1% –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% –45·3% –38·0% –39·2%

Female –57·1% –52·2% –45·3% –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% –38·3% –43·4% –51·8% –52·8% –46·9%

Central Asia

Male –48·9% –57·3% –75·4% –79·2% –75·0% –66·7% –61·7% –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% 2·1% 3·1% 14·9% 17·8% 19·3% 17·8% 9·8% 2·7% 5·1% 3·5% 3·7%

Female 13·0% 8·0% 17·4% 48·9% 52·6% 44·6% 27·5% 13·1% 2·5% 4·1% –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% –18·7% –26·4%

Female –9·5% 16·3% 50·5% 67·0% 63·3% 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% –28·2% –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% 81·1% 71·3% 68·9% 49·2% 26·2% 10·2% 7·3%

Oceania

Male –12·8% –18·5% –1·1% 16·1% 10·0% 3·3% –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% 5·3% –6·2% –8·0% –10·5% –4·2% –1·3%

Female –23·0% –24·9% –30·5% 1·2% 16·3% 38·2% 24·3% 28·2% 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% –9·7%

Female –21·8% –13·5% –5·1% 8·9% 23·9% 44·8% 54·1% 56·5% 27·4% 9·5% –8·3% –7·5%

Southern Latin America

Male –23·9% –14·4% –6·9% –10·1% –20·6% –22·1% –30·1% –36·3% –37·3% –35·7% –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% –21·3%

Tropical Latin America

Male 1·3% 12·9% 14·0% –0·3% –15·8% –24·2% –30·4% –30·1% –27·5% –26·7% –25·6% –23·2%

Female 0·4% 2·9% 7·0% 3·2% –6·9% –16·0% –23·3% –26·5% –27·7% –28·2% –28·5% –25·8%

Eastern sub-Saharan Africa

Male –20·1% –26·8% –30·6% –24·9% –17·1% 2·4% –2·3% –5·3% –8·7% –6·7% –0·3% 0·7%

Female –27·9% –32·0% –30·5% –0·4% 12·6% 22·5% 18·3% 35·1% 23·6% 12·2% 1·1% 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% –2·7% –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% 3·7% –2·6% –3·6% –3·3% –3·2% –6·6% –8·1% –11·2%

Female 2·9% 1·5% –0·5% –1·4% 3·5% –1·6% –4·9% –9·0% –13·2% –16·1% –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% –28·2%

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% –34·3% –40·1% –34·4% –32·9% –31·2% –32·3%

Female –20·4% –22·0% –19·0% –21·8% –18·6% –24·4% –31·2% –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% –5·1% 0·1% 7·4% 9·3% 8·1% 4·9% 1·4% –0·9% –8·2% –13·3%

Andean Latin America

Male –6·5% –5·1% –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% –3·2% –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% –34·7% –42·5%

Female –33·4% –40·1% –32·6% –35·6% –33·2% –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% –35·1% –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% –35·2% –33·1% –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% –38·2% –41·4% –36·0% –31·8% –34·5% –39·1% –44·0% –40·3% –39·4% –35·8%

Injuries

Caribbean

Male –5·2% 31·0% 26·4% 35·3% 36·8% 38·1% 34·5% 27·0% 13·1% 14·9% 10·9% 9·1%

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 –23·3% –21·9% –19·2% 1·6% 20·0% 12·8% 8·9% 2·1% 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% –23·1% –23·2% –15·9% 2·8% 39·5% 32·2% 18·1% 13·1% 7·7% 13·8% 15·1%

Female 2·3% 5·1% 4·3% 51·8% 66·9% 83·8% 75·3% 73·4% 57·2% 36·2% 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% 7·1% 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% –2·2% 0·4% 10·5% 15·8% 17·3% 1·8% –14·0% –27·1% –25·7%

(Table 2 continues on next page)
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central Asia, east Asia, and south Asia—consistently 
showed decreases in death rates across all 5-year age 
groups by sex and Level 1 causes from 2000 to 2023. By 

contrast, the Caribbean region showed increases in death 
rates for 40 distinct Level 1 cause-sex-age groups; the 
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Southern Latin America

Male –53·0% –31·2% –22·0% –21·1% –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 –38·7% –14·9% 2·8% 5·2% –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% –35·1% –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% –8·1%

North Africa and Middle East

Male –9·1% –0·1% 15·1% –5·7% –14·0% –25·6% –32·7% –33·6% –30·9% –20·7% –30·3% –14·6%

Female 30·4% 24·2% 55·2% 45·4% 50·3% 13·2% –2·4% –8·4% –5·7% 26·5% –3·1% 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 1·1% –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% –38·1% –42·7% –46·5% –43·0% –32·6% –29·9% –28·4% –30·7%

Western Europe

Male –57·2% –51·2% –47·6% –41·5% –31·8% –23·0% –16·7% –8·0% 8·4% 13·5% 13·9% 5·7%

Female –51·4% –49·7% –38·7% –34·5% –29·0% –28·3% –24·0% –16·0% –4·1% 1·1% 3·4% 0·4%

Southeast Asia

Male –43·0% –36·2% –35·1% –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% –21·1%

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% –23·1% –26·5% –22·8%

Australasia

Male –51·4% –53·3% –46·9% –48·2% –40·4% –36·8% –26·1% –8·8% –3·8% 2·2% –1·4% –8·3%

Female –47·0% –45·1% –29·2% –34·3% –35·7% –30·4% –24·2% –9·5% –6·9% –13·0% –21·8% –25·2%

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% –28·3% –24·4% –19·4% –22·7% –23·8% –16·9% –26·8% –25·7%

High-income Asia Pacific

Male –51·6% –48·3% –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 –67·3% –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% –78·3% –79·7% –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% –43·1% –33·3%

Female –34·1% –19·6% –40·4% –49·3% –48·6% –47·7% –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
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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 Türkiye 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 
48·5 years (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 at 79·8 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 

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.
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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 78·6 (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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–33·4% 

(29·3% to 19·5%); 

75·4 vs 71·3

–17·1% 

(15·6% to 12·9%); 

80·9 vs 76·4

–19·1% 

(25·5% to 20·6%); 

68·7 vs 65·4

–23·4% 

(31·6% to 24·3%); 

62·8 vs 54·3

–26·9% 

(44·0% to 32·2%); 

60·7 vs 56·6

–43·1% 

(29·7% to 16·9%); 

72·8 vs 68·4

–27·8% 

(59·2% to 42·7%); 

38·0 vs 42·5

–42·7% 

(5·9% to 3·4%); 

80·9 vs 78·0

–40·9% 

(1·5% to 0·9%); 

84·5 vs 81·5

–29·1% 

(33·8% to 23·9%); 

65·9 vs 65·9

–0·5% 

(2·1% to 2·1%); 

77·4 vs 77·4

–1·8% 

(1·8% to 1·8%); 

77·8 vs 76·9

–0·8% 

(3·9% to 3·8%); 

73·5 vs 72·3

38·9% 

(2·4% to 3·4%); 

69·9 vs 72·9

–8·2% 

(2·1% to 1·9%); 

78·7 vs 76·6

81·1% 

(0·6% to 1·0%); 

69·2 vs 72·6

–20·7% 

(2·4% to 1·9%); 

75·8 vs 75·8

–60·7% 

(4·7% to 1·8%); 

80·5 vs 76·7

–45·8% 

(1·0% to 0·5%); 

85·1 vs 80·0

–27·7% 

(1·8% to 1·3%); 

74·8 vs 75·2

–26·4% 

(3·0% to 2·2%); 

72·6 vs 70·7

48·2% 

(1·9% to 2·9%); 

71·0 vs 71·4

–46·0% 

(4·5% to 2·5%); 

76·1 vs 75·1

51·7% 

(1·1% to 1·7%); 

67·4 vs 70·1

–51·5% 

(2·8% to 1·4%); 

0·1 vs 0·1

–32·0% 

(0·5% to 0·3%); 

0·1 vs 0·1

–55·8% 

(0·3% to 0·1%); 

0·1 vs 0·1

–68·1% 

(2·4% to 0·8%); 

0·1 vs 0·1

–66·8% 

(3·8% to 1·3%);

0·1 vs 0·1

–57·1% 

(5·6% to 2·4%); 

0·0 vs 0·1

–79·8% 

(1·5% to 0·3%); 

0·1 vs 0·1

–22·0% 

(5·2% to 4·1%); 

0·1 vs 0·1

–51·2% 

(2·3% to 1·1%); 

55·7 vs 55·7

–38·8% 

(1·0% to 0·6%); 

61·3 vs 66·5

–11·7% 

(0·3% to 0·2%); 

85·2 vs 74·5

–38·8% 

(1·6% to 1·0%); 

71·2 vs 55·7

–62·3% 

(2·5% to 0·9%); 

52·7 vs 37·7

–60·4% 

(3·8% to 1·5%); 

45·2 vs 41·6

–71·6% 

(1·5% to 0·4%); 

70·1 vs 62·7

–32·9% 

(4·6% to 3·1%); 

31·8 vs 23·0

33·6% 

(0·7% to 1·0%); 

63·0 vs 63·0

–26·2% 

(1·5% to 1·1%); 

68·0 vs 65·5

–28·9% 

(1·5% to 1·1%); 

73·2 vs 69·1

35·6% 

(0·8% to 1·1%); 

63·2 vs 62·0

99·0% 

(0·5% to 1·1%); 

58·1 vs 57·7

139·3% 

(0·4% to 1·1%); 

58·6 vs 58·6

6·3% 

(0·8% to 0·9%);

 60·1 vs 63·0

227·9% 

(0·4% to 1·2%); 

52·4 vs 56·2

–58·2% 

(1·9% to 0·8%); 

40·8 vs 40·8

132·3% 

(0·1% to 0·3%); 

40·9 vs 44·2

–66·7% 

(0·1% to 0·0%); 

48·8 vs 45·0

–48·6% 

(0·8% to 0·4%); 

40·8 vs 40·9

–0·9% 

(0·2% to 0·2%); 

38·8 vs 38·5

–23·6% 

(0·4% to 0·3%); 

41·8 vs 38·5

–29·8% 

(0·2% to 0·2%); 

43·8 vs 43·4

–61·7% 

(10·6% to 4·1%); 

40·5 vs 33·7

42·7% 

(0·6% to 0·8%); 

72·0 vs 72·0

33·1% 

(0·4% to 0·6%); 

75·3 vs 73·3

–34·6% 

(0·4% to 0·3%); 

81·0 vs 76·3

18·9% 

(1·2% to 1·4%); 

72·0 vs 71·4

27·8% 

(0·7% to 0·9%); 

71·6 vs 67·6

119·4% 

(0·7% to 1·5%);

 70·2 vs 68·3

2·4% 

(0·6% to 0·7%); 

71·4 vs 71·5

52·6% 

(0·4% to 0·5%); 

66·9 vs 66·4

12·3% 

(0·6% to 0·7%); 

78·5 vs 78·5

–31·0% 

(0·3% to 0·2%); 

78·6 vs 78·8

18·5% 

(0·4% to 0·5%); 

81·3 vs 81·6

–10·9% 

(0·4% to 0·4%); 

79·6 vs 78·1

22·1% 

(0·3% to 0·3%); 

76·6 vs 74·9

56·8% 

(1·1% to 1·8%); 

75·3 vs 75·2

–38·3% 

(0·9% to 0·5%); 

81·2 vs 77·7

85·5% 

(0·1% to 0·2%); 

73·1 vs 75·4

–72·0% 

(2·2% to 0·6%); 

52·6 vs 52·6

–74·7% 

(0·1% to 0·0%); 

62·9 vs 63·8

33·8% 

(0·0% to 0·0%); 

84·2 vs 70·6

–79·2% 

(0·8% to 0·2%); 

57·3 vs 52·5

–84·6% 

(1·1% to 0·2%); 

24·0 vs 37·0

–75·4% 

(4·8% to 1·2%); 

65·6 vs 40·6

–77·4% 

(0·6% to 0·1%); 

63·2 vs 59·7

–64·4% 

(5·8% to 2·1%); 

26·8 vs 22·6

–20·3% 

(0·8% to 0·6%); 

42·3 vs 42·3

–64·4% 

(0·6% to 0·2%); 

47·0 vs 49·4

–56·2% 

(0·5% to 0·2%); 

53·5 vs 52·1

–32·3% 

(0·8% to 0·5%); 

42·2 vs 42·3

–28·5% 

(1·0% to 0·7%); 

38·8 vs 36·6

11·4% 

(0·5% to 0·6%); 

47·6 vs 37·2

–58·0% 

(1·2% to 0·5%); 

50·3 vs 46·2

57·6% 

(0·9% to 1·5%); 

32·0 vs 29·5

23·6% 

(0·5% to 0·6%); 

56·8 vs 56·8

–28·7% 

(0·6% to 0·4%); 

61·7 vs 59·6

–20·6% 

(0·3% to 0·2%); 

66·9 vs 62·0

–14·1% 

(0·8% to 0·7%); 

59·6 vs 56·0

29·7% 

(0·2% to 0·2%); 

57·8 vs 52·7

41·3% 

(0·6% to 0·8%); 

56·4 vs 53·2

–13·1% 

(0·5% to 0·4%); 

60·6 vs 57·5

103·5% 

(0·6% to 1·2%); 

49·1 vs 50·3

15·2% 

(0·5% to 0·6%); 

71·6 vs 71·6

5·8% 

(0·6% to 0·6%);

 70·5 vs 72·8
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Figure 5: Change in 70q0 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 70q0 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, 
most notably in 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 70q0 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 
super-region (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, 
70q0 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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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 70q0 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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(2·0% to 1·1%); 

68·2 vs 68·4

56·6% 

(0·1% to 0·2%); 

61·6 vs 64·9

18·0% 

(0·5% to 0·6%); 

69·7 vs 69·7

7·6% 

(0·9% to 1·0%); 

70·2 vs 69·5

–19·2% 

(1·0% to 0·8%); 

74·9 vs 73·5

84·8% 

(0·3% to 0·5%); 

68·0 vs 69·6

76·8% 

(0·2% to 0·4%); 

66·1 vs 65·8

80·3% 

(0·1% to 0·3%); 

64·6 vs 67·1

15·4% 

(0·7% to 0·8%); 

67·4 vs 69·5

127·2% 

(0·1% to 0·2%); 

63·3 vs 65·4

–35·5% 

(0·9% to 0·6%); 

5·2 vs 5·2

–32·2% 

(0·4% to 0·3%); 

8·4 vs 7·1

–41·8% 

(0·3% to 0·2%); 

20·9 vs 8·3

–46·3% 

(1·1% to 0·6%); 

6·8 vs 5·5

–48·5% 

(2·2% to 1·1%); 

3·3 vs 4·6

–26·8% 

(1·0% to 0·8%); 

3·8 vs 4·9

–70·5% 

(0·9% to 0·3%); 

7·3 vs 8·1

26·4% 

(1·0% to 1·2%); 

3·4 vs 2·5

–5·2% 

(0·5% to 0·5%); 

64·6 vs 64·6

–34·7% 

(0·8% to 0·5%); 

60·4 vs 66·0

–5·6% 

(0·3% to 0·3%); 

79·1 vs 73·3

–6·0% 

(0·4% to 0·4%); 

64·9 vs 64·8

–5·5% 

(0·4% to 0·4%); 

50·8 vs 56·3

5·2% 

(0·6% to 0·6%); 

62·2 vs 58·1

–15·5% 

(0·6% to 0·5%); 

63·1 vs 66·2

32·6% 

(0·3% to 0·4%); 

48·7 vs 49·4

13·1% 

(0·4% to 0·5%); 

73·5 vs 73·5

–2·7% 

(0·5% to 0·4%); 

74·6 vs 72·9

70·5% 

(0·2% to 0·3%); 

77·8 vs 77·4

10·5% 

(0·3% to 0·3%); 

75·2 vs 73·7

–0·4% 

(0·7% to 0·7%); 

72·6 vs 69·1

34·7% 

(0·4% to 0·5%); 

71·8 vs 70·5

–19·4% 

(0·6% to 0·5%); 

74·4 vs 73·2

58·7% 

(0·3% to 0·4%); 

67·5 vs 69·6

All causes

Ischaemic heart disease

Stroke

Neonatal disorders

Road injuries

Lower respiratory 

infections

Tracheal, bronchus, and 

lung cancer

Cirrhosis and other 

chronic liver diseases

Diabetes

Chronic obstructive 

pulmonary disease

Self-harm

Tuberculosis

HIV/AIDS

Chronic kidney disease

Interpersonal violence

Diarrhoeal diseases

Stomach cancer

Colon and rectum cancer

Congenital birth defects

Falls

Hypertensive heart 

disease

Global Central Europe, 

eastern Europe, 

and central Asia

High income Latin America 

and Caribbean

North Africa and 

Middle East

South Asia Southeast Asia, 

east Asia, and 

Oceania

Sub-Saharan Africa

Increasing 70q0, mean age at death lower than expected

Increasing 70q0, mean age at death higher than expected

Decreasing 70q0, mean age at death lower than expected

Decreasing 70q0, mean age at death higher than expected
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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 
and YLLs
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.14 
Many of these diseases are concentrated in specific 
populations and locations, making their control an 
achievable goal.14 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 using 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-19.14 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.32,33

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.34

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 H1N1 influenza pandemic that killed 
between 21 million and 100 million people within 
2 years.35,36 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 
to 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.7 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 
5-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 Türkiye. In 
central and eastern Europe, heatwaves have been 
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.37 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.37 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.38,39

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,40 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.41

Global self-harm rates have been trending downwards 
since the early 1990s, but this progress conceals spikes in 
self-harm occurring in some locations.42 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.43,44 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.42 While an increase in mean age at death due 
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to self-harm 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.45 
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 
88·4 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 50.5 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.5,46 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,47 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.48 Vaccines against Haemophilus influenzae 
type b and Streptococcus pneumoniae are particularly 
crucial in the reduction of lower respiratory infections in 
70q0.49 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 hygiene 
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infrastructure, and the rollout of the rotavirus 
vacci nation.50

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.47 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,47,51 and to 
reach WHO’s End TB Strategy.52 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 2035.47 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.53 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.54

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 
70q0 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.55,56 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.57 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.57,58 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.57 There are several important 
implications for health systems when disease burdens 
transition from communicable diseases to those from 
non-communicable sources.10,57 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.57 
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 
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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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Data sharing

For detailed information on data sources and estimates, please visit the 
GHDx GBD 2023 website at http://ghdx.healthdata.org/gbd-2023.
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agreement GPO-A-00–08–000_D3–00. The opinions expressed are those 
of the authors and do not necessarily reflect the views of USAID or the 
United States government. Data for this research was provided by 
MEASURE Evaluation, funded by the United States Agency for 
International Development (USAID). Views expressed do not necessarily 
reflect those of USAID, the US government, or MEASURE Evaluation. 
The data reported here have been supplied by the United States Renal 
Data System (USRDS). The interpretation and reporting of these data are 
the responsibility of the author(s) and in no way should be seen as an 
official policy or interpretation of the U.S. government. HBSC is an 
international study carried out in collaboration with WHO/EURO. The 
International Coordinator of the 1997/98, 2001/02, 2005/06 
and 2009/10 surveys was Prof Candace Currie and the Data Bank 
Manager for the 1997/98 survey was Prof Bente Wold, whereas for the 
following survey Prof Oddrun Samdal was the Databank Manager. A list 
of principal investigators in each country can be found at http://www.
hbsc.org. This manuscript is based on data collected and shared by the 
International Vaccine Institute (IVI) from an original study it conducted 
with support from the Bill and Melinda Gates Foundation (BMGF). This 
analysis is based on the Canadian Heart Health Database 1986–92, which 
contains anonymised data collected in a coordinated series of Heart 
Health Surveys carried out in the ten Provinces of Canada between 1986 
and 1992. The database was constructed by the Conference of Principal 
Investigators of Provincial Heart Health Programs from survey questions 
and clinical measures which were common to all surveys. All 

computations on these microdata were prepared by IHME and the 
responsibility for the use and interpretation of these data is entirely that 
of the author(s). The Palestinian Central Bureau of Statistics granted the 
researchers access to relevant data in accordance with license 
number SLN2019–8-64, after subjecting data to processing aiming to 
preserve the confidentiality of individual data in accordance with the 
General Statistics Law—2000. The researchers are solely responsible for 
the conclusions and inferences drawn upon available data. We thank the 
Russia Longitudinal Monitoring Survey, RLMS-HSE, conducted by the 
National Research University Higher School of Economics and ZAO 
“Demoscope” together with Carolina Population Center, University of 
North Carolina at Chapel Hill and the Institute of Sociology RAS for 
making these data available. This analysis is based on Statistics Canada 
Microdata file International Adult Literacy Skills Survey (Canada), 2003; 
International Adult Literacy Survey, 1994–1998; Adult Literacy and Life 
Skills Survey, 2003 which contains anonymised data collected in the 
2003 Bermuda Adult Literacy and Life Skills Survey. All computations on 
these microdata were prepared by IHME and the responsibility for the 
use and interpretation of these data is entirely that of the authors. This 
paper uses data from the American Samoa 2004 STEPS survey, 
implemented by Department of Health (American Samoa) and Monash 
University (Australia) with the support of WHO. Collection of these data 
was made possible by the U.S. Agency for International 
Development (USAID) under the terms of cooperative agreement 
GPO-A-00–08–000_D3–00. The opinions expressed are those of the 
authors and do not necessarily reflect the views of USAID or the 
United States government. This paper uses data from the Botswana 2007 
and 2014 STEPS surveys, implemented by Ministry of Health (Botswana) 
with the support of WHO. This paper uses data from the Cameroon 
2003 STEPS survey, implemented by Health of Populations in 
Transition (HoPiT) Research Group (Cameroon) and Ministry of Public 
Health (Cameroon) with the support of WHO. This paper uses data from 
the Zambia—Lusaka 2008 STEPS survey, implemented by Ministry of 
Health (Zambia) with the support of WHO. This paper uses data from 
the Uruguay 2006 and 2013–2014 STEPS surveys, implemented by 
Ministry of Health (Uruguay) with the support of WHO. This paper uses 
data from the Tokelau 2005 STEPS survey, implemented by Tokelau 
Department of Health, Fiji School of Medicine with the support of WHO. 
This paper uses data from the Chad—Ville de N’Djamena 2008 STEPS 
survey, implemented by Ministry of Public Health (Chad) with the 
support of WHO. This paper uses data from the Seychelles 2004 STEPS 
survey, implemented by Ministry of Health (Seychelles) with the support 
of WHO. This paper uses data from the Sierra Leone 2009 STEPS survey, 
implemented by Ministry of Health and Sanitation (Sierra Leone) with 
the support of WHO. This paper uses data from the Nauru 2004 and 
2015–2016 STEPS surveys, implemented by Ministry of Health (Nauru) 
with the support of WHO. This paper uses data from the Niger 
2007 STEPS survey, implemented by Ministry of Health (Niger) with the 
support of WHO. This paper uses data from the Malawi 2009 and 
2017 STEPS surveys, implemented by Ministry of Health (Malawi) with 
the support of WHO. This paper uses data from the Mauritania—
Nouakchott 2006 STEPS survey, implemented by Ministry of Health 
(Mauritania) with the support of WHO. This paper uses data from the 
Mozambique 2005 STEPS survey, implemented by Ministry of Health 
(Mozambique) with the support of WHO. This paper uses data from the 
Mongolia 2005, 2009, and 2013 STEPS surveys, implemented by Ministry 
of Health (Mongolia) with the support of WHO. This paper uses data 
from the Madagascar—Antananarivo and Toliara 2005 STEPS survey, 
implemented by Ministry of Health and Family Planning (Madagascar) 
with the support of WHO. This paper uses data from the Laos—
Viangchan 2008 STEPS survey, implemented by Ministry of Health 
(Laos) with the support of WHO. This paper uses data from the 
Kuwait 2006 and 2014 STEPS surveys, implemented by Ministry of 
Health (Kuwait) with the support of WHO. This paper uses data from the 
Kiribati 2004–2006 and 2016 STEPS surveys, implemented by Ministry of 
Health and Medical Services (Kiribati) with the support of WHO. This 
paper uses data from the Gabon—Estuaire 2009 STEPS survey, 
implemented by Ministry of Health and Public Hygiene (Gabon) with the 
support of WHO. This paper uses data from the Micronesia—Pohnpei 
2002 STEPS survey, implemented by Centre for Physical Activity and 
Health, University of Sydney (Australia), Department of Health and 
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Social Affairs (Micronesia), Fiji School of Medicine, Micronesia Human 
Resources Development Center, Pohnpei State Department of Health 
Services with the support of WHO. This paper uses data from the Fiji 
2002 STEPS survey, implemented by Fiji School of Medicine, Menzies 
Center for Population Health Research, University of Tasmania 
(Australia), Ministry of Health (Fiji) with the support of WHO. This 
paper uses data from the Eritrea 2004 and 2010 STEPS surveys, 
implemented by Ministry of Health (Eritrea) with the support of WHO. 
This paper uses data from the Algeria—Setif and Mostaganem 
2003 STEPS survey, implemented by Ministry of Health, Population and 
Hospital Reform (Algeria) with the support of WHO. This paper uses 
data from the Congo—Brazzaville 2004 STEPS survey, implemented by 
Ministry of Health and Population (Congo) with the support of WHO. 
This paper uses data from the Democratic Republic of the Congo—
Kinshasa 2005 STEPS survey, implemented by the Ministry of Public 
Health (Congo, DR) with the support of WHO. This paper uses data from 
the Cote D’Ivoire—Lagunes 2005 STEPS survey, implemented by 
Ministry of Health and Public Hygiene (Cote D’Ivoire) with the support 
of WHO. This paper uses data from the Bhutan—Thimphu 2007 STEPS 
survey, implemented by Ministry of Health (Bhutan) with the support of 
WHO. This paper uses data from the Benin—Littoral 2007 STEPS survey, 
implemented by Ministry of Health (Benin) with the support of WHO. 
This paper uses data from the Benin 2008 and 2015 STEPS surveys, 
implemented by Ministry of Health (Benin) with the support of WHO. 
This analysis is based on Statistics Canada Microdata file, 
product 62M0004XCB, which contains anonymised data collected in the 
Survey of Household Spending for the year 2009. All computations on 
these microdata were prepared by IHME and the responsibility for the 
use and interpretation of these data is entirely that of the author(s). Data 
for this research was provided by MEASURE Evaluation, funded by the 
United States Agency for International Development (USAID). Views 
expressed do not necessarily reflect those of USAID, the US government, 
or MEASURE Evaluation. This study is based on data from Eurostat, 
Malta European Health Interview Survey 2008 and 2014. The 
responsibility for all conclusions drawn from the data lies entirely with 
the author(s). This paper uses data from the Qatar 2012 STEPS survey, 
implemented by Supreme Council of Health (Qatar) with the support of 
WHO. This paper uses data from the Libya 2009 STEPS survey, 
implemented by Secretariat of Health and Environment (Libya) with the 
support of WHO. This paper uses data from the Palestine 
2010–2011 STEPS survey, implemented by Ministry of Health (Palestine) 
with the support of WHO. This paper contains information licensed 
under the Open Government Licence Canada. https://open.canada.ca/
en/open-government-licence-canada. This paper uses data from the 
Bangladesh 2009–2010 STEPS survey, implemented by Ministry of 
Health and Family Welfare (Bangladesh), Bangladesh Society of Medicine 
with the support of WHO. This paper uses data from the Micronesia—
Chuuk 2006 STEPS survey, implemented by Department of Health and 
Social Affairs (Micronesia), Chuuk Department of Health Services 
(Micronesia) with the support of WHO. This paper uses data from the 
Cambodia 2010 STEPS survey, implemented by Ministry of Health 
(Cambodia) with the support of WHO. This paper uses data from the 
Solomon Islands 2005–2006 STEPS survey, implemented by Ministry of 
Health and Medical Services (Solomon Islands) with the support of 
WHO. This paper uses data from the Togo 2010–2011 STEPS survey, 
implemented by Ministry of Health (Togo) with the support of WHO. 
This paper uses data from the Ethiopia—Addis Ababa 2006 STEPS 
survey, implemented by School of Public Health, Addis Ababa University 
(Ethiopia) with the support of WHO. This paper uses data from the Fiji 
2011 STEPS survey, implemented by Ministry of Health (Fiji) with the 
support of WHO. This paper uses data from the Lesotho 2012 STEPS 
survey, implemented by Ministry of Health and Social Welfare (Lesotho) 
with the support of WHO. This paper uses data from the Barbados 
2007 STEPS survey, implemented by Ministry of Health (Barbados) with 
the support of WHO. This paper uses data from the Cape Verde 
2007 STEPS survey, implemented by Ministry of Health, National 
Statistics Office with the support of WHO. This paper uses data from the 
Central African Republic—Bangui 2010 STEPS survey, implemented by 
Ministry of Health and Population (Central African Republic) with the 
support of WHO. This paper uses data from the Comoros 2011 STEPS 
survey, implemented by Ministry of Health (Comoros) with the support 

of WHO. This paper uses data from the Gambia 2010 STEPS survey, 
implemented by Ministry of Health and Social Welfare (Gambia) with the 
support of WHO. This paper uses data from the Guinea 2009 STEPS 
survey, implemented by Ministry of Public Health and Hygiene (Guinea) 
with the support of WHO. This paper uses data from the Liberia 
2011 STEPS survey, implemented by Ministry of Health and Social 
Welfare (Liberia) with the support of WHO. This paper uses data from 
the Maldives 2011 STEPS survey, implemented by Health Protection 
Agency (Maldives) with the support of WHO. This paper uses data from 
the Mali 2007 STEPS survey, implemented by Ministry of Health (Mali) 
with the support of WHO. This paper uses data from the 
Marshall Islands 2002 STEPS survey, implemented by Ministry of Health 
(Marshall Islands) with the support of WHO. This paper uses data from 
the Micronesia—Pohnpei 2008 STEPS survey, implemented by FSM 
Department of Health and Social Affairs, Pohnpei State Department of 
Health Services with the support of WHO. This paper uses data from the 
Sao Tome and Principe 2008 and 2019 STEPS surveys, implemented by 
Ministry of Health (Sao Tome and Principe) with the support of WHO. 
This paper uses data from the Sri Lanka 2006, 2014–2015, and 
2019 STEPS surveys, implemented by Ministry of Health (Sri Lanka) with 
the support of WHO. This paper uses data from the Swaziland 2007 and 
2014 STEPS surveys, implemented by Ministry of Health (Swaziland) 
with the support of WHO. This paper uses data from the Tanzania 
2012 STEPS survey, implemented by National Institute for Medical 
Research (Tanzania) with the support of WHO. This paper uses data 
from the Tonga 2004, 2011–2012, and 2017 STEPS surveys, implemented 
by Ministry of Health (Tonga) with the support of WHO. This paper uses 
data from the Vanuatu 2005 and 2011 STEPS surveys, implemented by 
Ministry of Health (Vanuatu) with the support of WHO. This paper uses 
data from the Virgin Islands, British 2009 STEPS survey, implemented 
by Ministry of Health and Social Development (British Virgin Islands) 
with the support of WHO. This paper uses data from the 
French Polynesia 2010 STEPS survey, implemented by Ministry of Health 
(French Polynesia) with the support of WHO. This research used data 
from the National Health Survey 2003. The author is grateful to the 
Ministry of Health, Survey copyright owner, allowing him to have the 
database. All results of the study are those of the author and in no way 
committed to the Ministry. This study is based on data from Eurostat, 
Slovenia European Health Interview Survey 2007–2008 and 2014. The 
responsibility for all conclusions drawn from the data lies entirely with 
the author(s). This paper uses data from the Cook Islands 2003–2004 and 
2013–2015 STEPS surveys, implemented by Ministry of Health 
(Cook Islands) with the support of WHO. This paper uses data from the 
Tanzania—Zanzibar 2011 STEPS survey, implemented by Ministry of 
Health (Zanzibar) with the support of WHO. This research used data 
from the National Health Survey 2009–2010. The author is grateful to the 
Ministry of Health, Survey copyright owner, allowing him to have the 
database. All results of the study are those of the author and in no way 
committed to the Ministry. This research uses data from Add Health, a 
program project designed by J. Richard Udry, Peter S. Bearman, and 
Kathleen Mullan Harris, and funded by a grant P01-HD31921 from the 
Eunice Kennedy Shriver National Institute of Child Health and Human 
Development, with cooperative funding from 17 other agencies. Special 
acknowledgment is due to Ronald R. Rindfuss and Barbara Entwisle for 
assistance in the original design. Persons interested in obtaining data 
files from Add Health should contact Add Health, Carolina Population 
Center, 123 W. Franklin Street, Chapel Hill, NC 27516–2524 (addhealth@
unc.edu). No direct support was received from grant P01-HD31921 for 
this analysis. This study is based on data from Eurostat, Slovakia 
European Health Interview Survey 2009 and 2014. The responsibility for 
all conclusions drawn from the data lies entirely with the author(s). The 
HRS (Health and Retirement Study) is sponsored by the National 
Institute on Aging (grant number NIA U01AG009740) and is conducted 
by the University of Michigan. This paper uses data from SHARE 
Waves 1, 2, 3 (SHARELIFE), 4, 5 and 6 (DOIs: 10.6103/SHARE.w1.611, 
10.6103/SHARE.w2.611, 10.6103/SHARE.w3.611, 10.6103/SHARE.w4.611, 
10.6103/SHARE.w5.611, and 10.6103/SHARE.w6.611), see Börsch-Supan 
et al (2013) for methodological details. The SHARE data collection has 
been primarily funded by the European Commission through FP5 
(QLK6-CT-2001-00360), FP6 (SHARE-I3: RII-CT-2006-062193, 
COMPARE: CIT5-CT-2005-028857, SHARELIFE: CIT4-CT-2006-028812) 
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and FP7 (SHARE-PREP: N 211909, SHARE-LEAP: N 227822, SHARE M4: 
N 261982). Additional funding from the German Ministry of Education 
and Research, the Max Planck Society for the Advancement of Science, 
the U.S. National Institute on Aging (U01_AG09740-13S2, 
P01_AG005842, P01_AG08291, P30_AG12815, R21_AG025169, 
Y1-AG-4553-01, IAG_BSR06-11, OGHA_04-064, HHSN271201300071C) 
and from various national funding sources is gratefully acknowledged 
(see www.share-project.org). This paper uses data from the Rwanda 
2012–2013 STEPS survey, implemented by Ministry of Health (Rwanda) 
with the support of WHO. HBSC is an international study carried out in 
collaboration with WHO/EURO. The International Coordinator of 
the 1997/98, 2001/02, 2005/06 and 2009/10 surveys was 
Prof Candace Currie and the Data Bank Manager for the 1997/98 survey 
was Prof Bente Wold, whereas for the following survey 
Prof Oddrun Samdal was the Databank Manager. A list of principal 
investigators in each country can be found at http://www.hbsc.org. This 
paper uses data from the WHO Study on global AGEing and adult health 
(SAGE). This study is based on data from Eurostat, Latvia 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, Romania European Health 
Interview Survey 2008 and 2014. The responsibility for all conclusions 
drawn from the data lies entirely with the author(s). This paper uses data 
from the Moldova 2013 and 2021 STEPS surveys, implemented by 
Ministry of Health (Moldova) with the support of WHO. This paper uses 
data from the Cayman Islands 2012 STEPS survey, implemented by 
Ministry of Health, Environment, Youth, Sports and Culture 
(Cayman Islands) with the support of WHO. This paper uses data from 
the Grenada 2010–2011 STEPS survey, implemented by Ministry of 
Health (Grenada) with the support of WHO. This paper uses data from 
the Nepal 2012–2013 STEPS survey, implemented by the Nepal Health 
Research Council with the support of WHO. This publication uses data 
provided by Statistics Botswana. This paper uses data from the Namibia 
2005 STEPS survey, implemented by the Ministry of Health with the 
support of WHO. Researchers interested in using TILDA data may 
access the data for free from the following sites: Irish Social Science Data 
Archive (ISSDA) at University College Dublin http://www.ucd.ie/issda/
data/tilda/; Interuniversity Consortium for Political and Social 
Research (ICPSR) at the University of Michigan http://www.icpsr.umich.
edu/icpsrweb/ICPSR/studies/34315. Data for this research were accessed 
via the Irish Social Science Data Archive (www.ucd.ie/issda). The original 
creators bear no responsibility for analysis or interpretation of them. This 
analysis is based on the Statistics Canada Canadian Community Health 
Survey Microdata File which contains anonymised data collected in the 
2013–2014 Canadian Community Health Survey. All computations, use 
and interpretation of these data are entirely that of IHME. This paper 
uses data from the Kenya 2015 STEPS survey, implemented by Kenya 
National Bureau of Statistics, Ministry of Health (Kenya) with the support 
of WHO. This analysis uses data or information from the LASI Pilot 
micro data and documentation. The development and release of the LASI 
Pilot Study was funded by the National Institute on Ageing / National 
Institute of Health (R21AG032572, R03AG043052, and R01 AG030153). 
The data used in this paper come from the 2009–10 Ghana 
Socioeconomic Panel Study Survey which is a nationally representative 
survey of over 5000 households in Ghana. The survey is a joint effort 
undertaken by the Institute of Statistical, Social and Economic 
Research (ISSER) at the University of Ghana, and the Economic Growth 
Centre (EGC) at Yale University. It was funded by the Economic Growth 
Center. At the same time, ISSER and the EGC are not responsible for the 
estimations reported by the analyst(s). This paper uses data from the 
Bhutan 2014 and 2019 STEPS surveys, implemented by Ministry of 
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 
by the University of Costa Rica’s Centro Centroamericano de Población 
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 R01AG031716). The study Principal Investigators are 
Luis Rosero-Bixby and William H. Dow, and co-Principal Investigators 
Xinia Fernández 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 Población 
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 R01AG031716). The study Principal Investigators are 
Luis Rosero-Bixby and William H. Dow, and co-Principal Investigators 
Xinia Fernández 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 
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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 2016–2017 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 R01AG018016) 
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 
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