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Summary

Background Future trends in disease burden and drivers of health are of great interest to policy makers and the public
at large. This information can be used for policy and long-term health investment, planning, and prioritisation. We
have expanded and improved upon previous forecasts produced as part of the Global Burden of Diseases, Injuries,
and Risk Factors Study (GBD) and provide a reference forecast (the most likely future), and alternative scenarios
assessing disease burden trajectories if selected sets of risk factors were eliminated from current levels by 2050.

Methods Using forecasts of major drivers of health such as the Socio-demographic Index (SDI; a composite measure
of lag-distributed income per capita, mean years of education, and total fertility under 25 years of age) and the full set
of risk factor exposures captured by GBD, we provide cause-specific forecasts of mortality, years of life lost (YLLs),
years lived with disability (YLDs), and disability-adjusted life-years (DALYs) by age and sex from 2022 to 2050 for
204 countries and territories, 21 GBD regions, seven super-regions, and the world. All analyses were done at the
cause-specific level so that only risk factors deemed causal by the GBD comparative risk assessment influenced future
trajectories of mortality for each disease. Cause-specific mortality was modelled using mixed-effects models with SDI
and time as the main covariates, and the combined impact of causal risk factors as an offset in the model. At the all-
cause mortality level, we captured unexplained variation by modelling residuals with an autoregressive integrated
moving average model with drift attenuation. These all-cause forecasts constrained the cause-specific forecasts at
successively deeper levels of the GBD cause hierarchy using cascading mortality models, thus ensuring a robust
estimate of cause-specific mortality. For non-fatal measures (eg, low back pain), incidence and prevalence were
forecasted from mixed-effects models with SDI as the main covariate, and YLDs were computed from the resulting
prevalence forecasts and average disability weights from GBD. Alternative future scenarios were constructed by
replacing appropriate reference trajectories for risk factors with hypothetical trajectories of gradual elimination of risk
factor exposure from current levels to 2050. The scenarios were constructed from various sets of risk factors:
environmental risks (Safer Environment scenario), risks associated with communicable, maternal, neonatal, and
nutritional diseases (CMNNSs; Improved Childhood Nutrition and Vaccination scenario), risks associated with major
non-communicable diseases (NCDs; Improved Behavioural and Metabolic Risks scenario), and the combined effects
of these three scenarios. Using the Shared Socioeconomic Pathways climate scenarios SSP2-4.5 as reference and
SSP1-1.9 as an optimistic alternative in the Safer Environment scenario, we accounted for climate change impact on
health by using the most recent Intergovernmental Panel on Climate Change temperature forecasts and published
trajectories of ambient air pollution for the same two scenarios. Life expectancy and healthy life expectancy were
computed using standard methods. The forecasting framework includes computing the age-sex-specific future
population for each location and separately for each scenario. 95% uncertainty intervals (Uls) for each individual
future estimate were derived from the 2-5th and 97-5th percentiles of distributions generated from propagating
500 draws through the multistage computational pipeline.

Findings In the reference scenario forecast, global and super-regional life expectancy increased from 2022 to 2050, but
improvement was at a slower pace than in the three decades preceding the COVID-19 pandemic (beginning in 2020).
Gains in future life expectancy were forecasted to be greatest in super-regions with comparatively low life expectancies
(such as sub-Saharan Africa) compared with super-regions with higher life expectancies (such as the high-income
super-region), leading to a trend towards convergence in life expectancy across locations between now and 2050. At
the super-region level, forecasted healthy life expectancy patterns were similar to those of life expectancies. Forecasts
for the reference scenario found that health will improve in the coming decades, with all-cause age-standardised
DALY rates decreasing in every GBD super-region. The total DALY burden measured in counts, however, will increase
in every super-region, largely a function of population ageing and growth. We also forecasted that both DALY counts
and age-standardised DALY rates will continue to shift from CMNNs to NCDs, with the most pronounced shifts
occurring in sub-Saharan Africa (60-1% [95% UI 56-8-63-1] of DALYs were from CMNNs in 2022 compared with
35-8% [31-0-45-0] in 2050) and south Asia (31-7% [29-2-34-1] to 15-5% [13-7-17-5]). This shift is reflected in the
leading global causes of DALYs, with the top four causes in 2050 being ischaemic heart disease, stroke, diabetes, and
chronic obstructive pulmonary disease, compared with 2022, with ischaemic heart disease, neonatal disorders, stroke,
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and lower respiratory infections at the top. The global proportion of DALYs due to YLDs likewise increased from
33-8% (27-4-40-3) to 41-1% (33-9-48-1) from 2022 to 2050, demonstrating an important shift in overall disease
burden towards morbidity and away from premature death. The largest shift of this kind was forecasted for sub-
Saharan Africa, from 20-1% (15-6-25-3) of DALYs due to YLDs in 2022 to 35-6% (26-5-43-0) in 2050. In the
assessment of alternative future scenarios, the combined effects of the scenarios (Safer Environment, Improved
Childhood Nutrition and Vaccination, and Improved Behavioural and Metabolic Risks scenarios) demonstrated an
important decrease in the global burden of DALYs in 2050 of 15-4% (13-5-17-5) compared with the reference
scenario, with decreases across super-regions ranging from 10-4% (9-7-11-3) in the high-income super-region to
23-9% (20-7-27-3) in north Africa and the Middle East. The Safer Environment scenario had its largest decrease in
sub-Saharan Africa (5-2% [3-5-6-8]), the Improved Behavioural and Metabolic Risks scenario in north Africa and the
Middle East (23-2% [20-2-26-5]), and the Improved Nutrition and Vaccination scenario in sub-Saharan Africa
(2-0% [-0-6 to 3-6]).

Interpretation Globally, life expectancy and age-standardised disease burden were forecasted to improve between
2022 and 2050, with the majority of the burden continuing to shift from CMNNs to NCDs. That said, continued
progress on reducing the CMNN disease burden will be dependent on maintaining investment in and policy emphasis
on CMNN disease prevention and treatment. Mostly due to growth and ageing of populations, the number of deaths
and DALYs due to all causes combined will generally increase. By constructing alternative future scenarios wherein
certain risk exposures are eliminated by 2050, we have shown that opportunities exist to substantially improve health
outcomes in the future through concerted efforts to prevent exposure to well established risk factors and to expand

access to key health interventions.

Funding Bill & Melinda Gates Foundation.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
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Introduction

Comprehensive forecasts and alternative future scenarios
of disease burden are in high demand from policy
makers and planners of health-care systems and are also
of great interest to the general public. A key feature for
health forecasts to be useful is that changes in population
size and age composition of future populations are built
in. Future population estimates are needed to enumerate
effects of, for example, ageing populations on disease
burden, so that health system capacity can be planned
accordingly. Likewise, widespread reductions in fertility
that have been observed in past decades have
consequences for future school and education systems,
the size of the workforce, and capacity of pension systems
to support a growing older population."

Over the past several decades, a series of forecasting
studies have been built on historical estimates of disease
and injury burden from the Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD). GBD forecasts of
mortality and disability-adjusted life-years (DALYs) were
initially produced at the regional level for 1990-2020°and
were updated a decade later to include projections to
2030.* In 2011, regional forecasts were published for
communicable and non-communicable disease burden
through 2060 that integrated GBD estimates with
methods from the International Futures economic
modelling framework,” and more recently, forecasts of
mortality and independent drivers of health to 2040 were
published at the country level.® A GBD-based analysis
also produced detailed forecasts of population size, age
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structure, fertility, migration, and all-cause mortality for
195 countries and territories to 2100.!

In this study, we extended country-level GBD forecasts
of disease burden to include non-fatal disease burden
and present estimates of years lived with disability
(YLDs), DALYs, and healthy life expectancy (HALE) for
204 countries and territories to 2050, in addition to
measures of fatal disease burden—mortality, years of life
lost (YLLs), and life expectancy.

Methods

Overview

We projected 359 causes of fatal and non-fatal disease
burden from 2022 to 2050 for 204 countries and
territories using GBD 2021 estimates.”® Our modelling
framework is multi-staged, wusing forecasts of
independent drivers of health to inform forecasts of
cause-specific health outcomes. In our framework, we
forecasted drivers of disease, such as age-specific fertility
rates by location, age-specific educational attainment by
location, and projections of risk factor exposure—such
as smoking—by location,” in order to obtain forecasts of
cause-specific and all-cause mortality and YLLs. Cause-
specific forecasts for mortality—incidence ratios (MIRs)
and mortality—prevalence ratios (MPRs) are combined
with forecasts of mortality to produce estimates of non-
fatal disease burden (YLDs) by age, sex, location, and
cause (appendix 1 figure A). Forecasts of YLLs and YLDs
are combined to produce forecasts of DALYs, and
forecasts of mortality are used along with forecasts of

See Online for appendix 1
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Research in context

Evidence before this study

The first forecasts of global disease and injury burden were
published a quarter of a century ago. They were part of the first
Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) and provided baseline forecasts and optimistic and
pessimistic scenarios globally and for eight regions, by sex, in
14 age groups, for nine disease clusters and their child causes
from 1990 to 2020. Independent drivers of health in the
forecasting regression models were income per capita, years of
education, smoking intensity, and time. A 2006 update based
on the same GBD framework extending these forecasts to 2030
was based on WHO Global Burden of Disease estimates from
2002. Hughes and colleagues—published in 2011—integrated
GBD data with the International Futures modelling system to
produce forecasts and scenarios to 2060 for three major cause
groups (communicable diseases, non-communicable diseases,
and injuries). This study used explicit forecasts of a wider set of
drivers including childhood underweight, BMI, unsafe water,
poor sanitation and hygiene, ambient and household air
pollution, climate change, and motor vehicle ownership.
Climate change was captured as mediated through agricultural
yield on childhood mortality. In 2018, the most detailed GBD
forecasts of mortality, risk factor exposure, and risk factor
burden to 2040 were published for 195 countries and territories
for 250 causes of death using 79 drivers of health. These health
drivers included all GBD 2016 risk factors; selected vaccines; and
the Socio-demographic Index (SDI), a composite measure of
development that includes lag-distributed income per capita,
mean years of educational attainment, and total fertility rate
under 25 years. In addition to a reference forecast, optimistic
(better for health) and pessimistic (worse for health) scenarios
were also produced. These alternative scenarios were
constructed from past rates of change for all drivers of health
across locations by setting all in an either optimistic or
pessimistic position.

Added value of this study

This study updates previous mortality forecasts and aligns with
the GBD 2021 estimates. For the first time, country-level
forecasts include a full set of burden measures: deaths, years of
life lost, years lived with disability, disability-adjusted life-years
(DALYs), life expectancy, and healthy life expectancy.
Considering non-fatal diseases, this expands the number of
diseases and injuries GBD forecasts from 250 to 359.

The current study includes several methodological refinements.
First, ambient mean temperature was added as a risk factor,
allowing for forecasts of effects of temperature changes on
cause-specific mortality as well as scenarios of different
trajectories of mean global surface temperatures and associated
effects on health. Second, we untangle the co-dependence
between risk drivers via the modelling of intrinsic summary
exposure values through the application of mediation factors
(see appendix 1 section 2.1.6.2). This allows us to make
independent predictions of the component risk trends and

combine their future effects without over-counting.

Third, we forecast risk factor exposures using an ensemble of
models rather than a single rate of change model.

The ensemble includes earlier rate of change models and adds a
set of meta-regression—Bayesian, regularised, trimmed
(MR-BRT) spline regression models that also allow for
covariates (such as SDI), with predictive validity informing the
sub-model selection. Fourth, in combination with GBD 2021
estimates, we present the first set of estimates and forecasts of
fatal and non-fatal burden due to COVID-19 for the first 4 years
of the pandemic (2020-23). This allows us to put the burden of
COVID-19 in the context of total disease burden. Fifth,

we evaluated the skill metric of our cause-specific forecasts for
deaths and DALYs. Sixth, we also developed new, target-based
scenarios rather than relying only on past rates of change
applied across all drivers of health. The first alternative scenario
forecasts the effects of eliminating exposure to unsafe water,
sanitation, and hygiene and exposure to household air
pollution by 2050, as well as the effects of an optimistic global
temperature and ambient air pollution scenario on future
location-specific, cause-specific disease burden. The second
scenario demonstrates the effects on disease burden from
eliminating smoking, diet, and metabolic risk factors including
high BMI, high LDL cholesterol, high systolic blood pressure,
and high fasting plasma glucose by 2050. The third scenario
forecasts the effects of eliminating childhood malnutrition risks
including child stunting and wasting, vitamin A deficiency, and
non-optimal breastfeeding; as well as increasing vaccination
rates for a range of common vaccines to 100% by 2050.

Implications of all the available evidence

Our reference scenario suggests that global age-standardised
disease burden and life expectancy will continue to improve
steadily to 2050, although at slower rates than in the several
decades preceding the COVID-19 pandemic (beginning in
2020). The greatest health gains are projected to occur in
locations with highest rates of deaths and DALYs as of 2022,
resulting in a convergence of disease burden across regions.
Across locations, the burden of disease will continue to shift
from communicable, maternal, neonatal, and nutritional
diseases to non-communicable diseases. Policy makers can use
our location-specific reference and alternative scenarios—which
forecast potential improvements in health outcomes if
exposure to key groups of risk factors were eliminated by
2050—to plan for the future and set policy priorities that target
the areas of health and risk exposure with the greatest room for
improvement. While our framework does not account for every
possible future threat to human health, our alternative future
scenarios suggest that there are considerable opportunities to
achieve better than expected health outcomes over the next
several decades—particularly in locations with the highest rates
of disease burden—if concerted efforts are made to reduce
exposure to known risk factors.
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fertility and migration to forecast population, which
allows for all of the cause-specific burden measures to be
aggregated to produce global estimates.

This analysis complies with the Guidelines on Accurate
and Transparent Health Estimates Reporting (appendix 1
table S2).° Analyses were completed with Python
version 3.10. All code used in the analysis can be found
online. Summaries of the modelling methods used in the
forecasts of independent drivers, risk factors, mortality,
fertility, population, and non-fatal burden are presented
in this report, with additional details available in
appendix 1 (section 2). Details on the mortality and
population forecasting frameworks were also reported
previously."* We estimated 95% uncertainty intervals
(Uls) by combining draw-level data from GBD with
draws from the forecast-generating models, when
sampling or posterior distributions were available. This
allows the propagation of uncertainty through the entire
modelling framework. We display the mean, 2-5th, and
97-5th percentiles of the draws for all scenarios in tables
and only for the reference scenario in figures. We also
produced alternative scenarios of disease burden to
reflect potential impacts of health policies.

Modelling

Independent drivers—demographic drivers

We modelled contraceptive met need and educational
attainment using the weighted annualised rate of change
described by Foreman and colleagues (2018)° with cross-
validation to select the parameters. For age-specific
fertility rate (ASFR) forecasts, we forecasted completed
cohort fertility by age 50 years by location and derived the
implied ASFR using cohort-age-specific models, as
detailed by the GBD 2021 Fertility and Forecasting
Collaborators.? We projected lag-distributed income
(LDI) per capita, a moving average transformation of
gross domestic product (GDP), by applying a decay
function forward in time to estimate future GDP for each
country and territory." Short-term GDP estimates
included estimates of the economic impacts of COVID-19
from 2021 to 2026 (appendix 1 section 2.1.3). Finally, we
standardised education—which included the estimated
effects of disruptions in schooling due to COVID-19 on
educational attainment (appendix 1 section 2.1.2)—LDI,
and ASFR, and took the geometric mean to obtain
location-specific forecasts of the Socio-demographic
Index (SDI), used as a driver for mortality and non-fatal
models to prevent issues with collinearity between the
three component drivers. We forecasted coverage of key
vaccines as described by Foreman and colleagues (2018)°
using a combination of linear mixed effects models for
the following vaccines: third-dose diphtheria, tetanus,
and pertussis (DTP3) vaccine; measles conjugate vaccine
doses 1and 2 (MCV1and MCV2); Haemophilus influenzae
type B (HiB) vaccine; pneumococcal conjugate (PCV3)
vaccine; and rotavirus vaccine (Rota). Estimates of
disruption in vaccine coverage during the COVID-19
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pandemic were incorporated into the vaccine coverage
forecasts (appendix 1 section 2.1.5).

Independent drivers—risk factors
We forecasted location-specific GBD summary exposure
values (SEVs) for 68 risk factors using an ensemble
model comprising six annualised rate of change models
and six meta-regression—Bayesian, regularised,
trimmed (MR-BRT) spline models driven by SDI. Within
each model branch, we varied recency-weighting
schemes among the six sub-models, from treating all
years equally (recency weight=0) to exponentially
weighting the most recent trends more heavily (see
appendix 1 section 2.1.6). MR-BRT includes a range of
statistical models—primarily non-linear and linear
mixed effects models—and fitting procedures.” Forecasts
of population attributable fractions (PAFs) by cause and
risk were computed using GBD past SEVs and relative
risks.”® Finally, we used novel risk factor mediation
methodology that allowed for the impacts of changes to
diet, BMI, fasting plasma glucose, smoking, and physical
activity to be mediated through systolic blood pressure,
LDL cholesterol, and plasma glucose levels. In this way,
changes in diet, smoking, and BMI risk factors have
secondary impacts on these mediator risk factors as well
(see appendix 1 sections 2.1.6.2-2.1.6.3 for details).
Additional details on the methodology to incorporate
risk exposure into the mortality modelling framework
are described by Foreman and colleagues® and in
appendix 1 (section 2.1.6). Figures for select SEVs globally
and by super-region for all scenarios can be found in
appendix 2 (figure S1).

Independent drivers—temperature and particulate matter
pollution

To forecast health impacts due to temperature and
ambient particulate matter pollution, we employed a
modelling approach distinct from the one described
above. Using Coupled Model Intercomparison Project
Phase 6 (CMIPG6) forecasted gridded global temperatures
for a reference and optimistic scenario with GBD
estimates of relative risks for the association between
temperature and cause-specific mortality—estimated
using the methods for evaluating the association
between cause-specific mortality and daily temperature
published by Burkart and colleagues*—we calculated
PAFs for each cause due to non-optimal temperature
(high and low separately), using the methodology from
GBD 2021.° See appendix 1 (section 2.1.6.7) for more
details. For ambient particulate matter pollution, we
used data from a study by Turnock and colleagues,”
which translates the same CMIPG6 scenarios into gridded
ambient air particulate matter concentrations. We
employed a similar GBD risk association strategy to
calculate PAFs for relevant causes due to air pollution
with GBD 2021 methods,” as detailed in appendix 1
(section 2.1.6.8).

For the code see https://ghdx.

healthdata.org/ghd-2021/
code

See Online for appendix 2
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Mortality and YLLs

Our mortality framework used the methods of Foreman
and colleagues® and Vollset and colleagues' with a few
minor changes. In short, we forecasted 220 mutually
exclusive, collectively exhaustive causes independently
using a three-component model comprising (1) the
underlying mortality modelled as a function of SDI,
time, and cause-specific covariates, (2) a risk factor scalar
capturing cause-specific combined risk factor effects, and
(3) a random walk with attenuated drift for unexplained
residual mortality. We used the model

h’l (mji;asl) =5t Biss D Ilt + eiast + 1n(Silust) + &y

where the first three terms of the right-hand side of the
equation constitute the logarithm of the underlying (risk-
deleted) mortality,

In(mY,q).

Silusl
sex,

is the risk factor scalar, and for the ith cause and sth

Oljjgs™~ N ( Ba,is”[;,is)

is a location-age-specific random intercept, §, is a global
fixed slope on SDI, and

eius ~N ( Be,i:l‘[(i,is)

is an age-specific random slope on the secular time
trend. Covariates also included risk factors for which the
PAF for the risk and the cause is 1, such as type 2 diabetes
and high fasting plasma glucose, because we could not
compute a risk factor scalar from a PAF of 1. To forecast
the residual trends not captured by risk factors, SDI, and
global secular trends in the basic model, we used an
autoregressive integrated moving average (ARIMA; 0,1,0)
with attenuated drift (exponential decay parameter=0-1)
on all-cause mortality, and for all other causes we used an
ARIMA (0,1,0) without drift. This allowed the model to
capture accelerating trends in all-cause mortality that
would not be captured at the detailed cause level. We
then cascaded the all-cause mortality envelope down to
the most detailed levels in the hierarchy by scaling the
cause-specific forecasts. Additional details are provided
in appendix 1 (section 2.2). For five out of 284 causes
(HIV, exposure to forces of nature, conflict and terrorism,
executions, and COVID-19), we wused alternative
approaches for past events that are stochastic in nature or
that are more suitable for capturing the unique
transmission and intervention dynamics of the HIV
epidemic. For COVID-19, due to severe data limitations
after 2021 and high uncertainty around potential longer-
term patterns in COVID-19 mortality, we chose to assume
that COVID-19 deaths and DALYs will decline linearly to
zero between 2023 and 2030. Detailed methods for these

custom models are described in appendix 1 (section 2.2.3).
We used the resulting estimates to produce forecasted
life tables and as inputs to the population cohort-
component model and the non-fatal burden estimates,
described below and in detail in appendix 1
(sections 2.3-2.5).

Forecasted YLLs were computed as the product of the
forecasted cause-specific death rates and standard life
expectancy at each age (using the GBD 2021 reference
life table).”

Population

We used the methods of Vollset and colleagues’ to obtain
forecasts of migration and population. Briefly, we used
past migration estimates from the UN’s Population
Division of the Department of Economic and Social
Affairs World Population Prospects 2022 report”* to
forecast net migration rates for each country or territory
as a function of natural population increase and mortality
from war and disaster. We then balanced migration rates
to achieve zero net migration globally. We used these
estimates in combination with age-sex-location-year-
specific all-cause mortality rates and age-location-year-
specific total fertility rates to calculate projections of
population.? Further information on the population and
life table calculations are described in appendix 1
(sections 2.4, 2.5). Forecasts of population were used to
produce counts for disease burden metrics and location,
age, and sex aggregations (such as global, all-age, and all-
sex rates).

Non-fatal burden

For the first time, we forecasted non-fatal disease burden
(YLDs) by individually modelling 290 causes
independently. In order to compute future YLDs, we first
forecasted incidence and prevalence for all causes. For
causes considered acute, we forecasted incidence using a
mixed-effect model of the MIR and forecasted mortality,
while for non-acute causes, we used a mixed-effect model
to obtain prevalence either via the MPR or directly from
GBD estimates of prevalence (such as in cases where
mortality is not present or constitutes a very small
portion of the disease burden for a given cause, such as
chronic low back pain). Where applicable, we then
converted these primary metrics into the secondary
metric using the prevalence-incidence ratio (PIR); for
instance, we obtained incidence for an acute cause, and
then converted the incidence to prevalence using the
forecasted PIR. For the MIRs, MPRs, and PIRs, we used
the model:

log ( Ru,s,l,y) =B0 + Bls DIl,y + T:a,5 + nl:u’s,ls DIl,y + 8a,s,l,y

where R,,, is the age-sex-location-year-specific ratio for a
given cause, with the covariate SDI,, being the location-
year-specific SDI. n,,,, is the age-sex-location-specific
random intercept, m,,,, is the age-sex-location-specific
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slope on SDI, and ¢,,,, is the residual term. The direct
prevalence model was similar, but in logit space without
the random slope term. Causes that were exceptions to
this general system included congenital causes where
incidence only occurs at birth, and composite cause
groups (other causes) for which prevalence and incidence
do not have a good definition. For the former, we
modelled both incidence and prevalence directly without
using the PIR; for the latter, we modelled the YLD-YLL
ratio and used forecasted YLLs to obtain YLD estimates.
We then computed average disability weights across
sequelae for each cause from the GBD 2019 estimates
and multiplied these by the forecasts of prevalence to
compute forecasts of YLDs. We added the YLDs to YLLs
to obtain DALYs. The division of causes into different
modelling strategies, causes that are exceptions to the
standard strategies, and model details can be found in
appendix 1 (section 2.3).

Scenarios

In addition to a reference scenario, we produced the
following alternative health scenarios to illustrate the
potential health gains from improvements to risk
exposure over the course of the next several decades.
These scenarios are designed to illustrate the potential
achievable benefit to better understand what is possible if
exposure to a set of key modifiable risk factors were
eliminated. The scenarios do not factor in cost or
feasibility of eliminating exposure, or analyse specific
policies that could be implemented; they simply forecast
potential disease burden in the coming decades if risk
exposure targets were realised. Target scenarios were
applied to future years for all locations at the most
granular age and sex level. In the rare instances that the
reference scenario was more optimistic that the target
scenario, the reference scenario values were used for
those location-year-age-sex subgroups.

Safer environment

This scenario assumes that exposure to unsafe water,
unsafe sanitation, unsafe hygiene, and household air
pollution will be eliminated linearly by 2050 in all
locations. In addition, forecasts of particulate matter air
pollution and non-optimal temperature reflect carbon
emissions trends from the Shared Socioeconomic
Pathways SSP1-1.9 scenario as published in the CMIP6
climate projections, representing an aggressive decrease
in emissions and reaching net 0 carbon dioxide emissions
by 2050 for the alternative scenario.”” The SSP2-4.5
scenario represents a “middle of the road” path for
reducing emissions and stays truer to historical trends
for the reference scenario. The resulting global
temperature anomalies reported for 2100 were 2-7°C for
the reference scenario and 1-9°C for the alternative
scenario.” We used the PM2-5 air pollution values
reported for the SSP2-4.5 and SSPI1-1.9 scenarios by
Turnock and colleagues.”

www.thelancet.com Vol 403 May 18, 2024

Improved behavioural and metabolic risks

This scenario assumes exposure to high adult BMI, high
systolic blood pressure, high LDL cholesterol, and high
fasting plasma glucose are linearly eliminated by 2050 in
all locations. It further assumes that exposure to non-
optimal diet for all GBD diet-related risk factors is
likewise eliminated by 2050; ie, all dietary components
included in GBD will be consumed at the level that
minimises health risk for that dietary component. In
addition, we assumed a linear reduction of current
tobacco smokers to zero by 2050 as well as no new
smokers after 2022 in all locations.

Improved childhood nutrition and vaccination

This scenario assumes exposure to child growth failure
(stunting, wasting, underweight), vitamin A and iron
deficiency, and suboptimal breastfeeding (discontinued
or non-exclusive) linearly decreases to zero by 2050 and
assumes a linear increase in vaccine coverage to 100% in
all locations by 2050 for the following vaccines: DTP3,
MCV1, MCV2, Hib, PCV3, and Rota.

Combined

This scenario combines all the target-based trends from
the Safer Environment, Improved Behavioural and
Metabolic Risks, and Improved Childhood Nutrition and
Vaccination scenarios.

Model performance

To evaluate our model performance, we used the
following skill metric,” designed to evaluate forecasting
accuracy for the validation period 2010-19:

RMSE (Model)
RMSE (Baseline Model)

skill=1-

where Model is the Institute for Health Metrics and
Evaluation (IHME) forecasting model and Baseline
Model is a simple model where the value in the year 2009
was held constant over 2010-19. For each model, we
calculated squared errors between observed and predicted
values for each cause-sex-location-year and winsorised
the errors at the 95% level. To calculate root mean square
error values, we took the square root of the average of the
winsorised squared errors across location-year. This skill
metric was reported for both mortality and DALY
estimates for males and females of all ages combined for
level 0 (all causes combined), 1 (aggregates of non-
communicable diseases [NCDs]; injuries; and a category
combining communicable, maternal, neonatal, and
nutritional diseases [CMNNs)), and 2 (disease and injury
aggregate groupings within the Level 1 cause groups such
as cardiovascular diseases and nutritional deficiencies)
causes in the GBD cause hierarchy (appendix 1 tables E, F).
A positive skill value indicates that the model being
evaluated performs better than the baseline model (here,

For CMIP6 see https://pcmdi.linl.
gov/CMIP6/
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(67-9-731)
639

632
(57:0-67-7)

546
(50-9-58-3)

57:6
(52:4-62.0)

657
(60-1-69-9)

736
(63-2-78-2)

Sierra Leone

(52:9-62:0)

589

(54-0-67-1)
63-8

(51-4-58-2)
579

(65:6-77-2)
70-7

(57-3-65-5)
62:6

(60-5-71.8)
712

(60-3-67-1)
67:9

624
(56-2-67-0)

559
(52:2-59-4)

60-8
(55-8-65-4)

66-1
(61:3-70-0)

75:6
(68-4-80-1)

Togo

(54-0-62:9)

(57-3-69-2)

(53-8-61.7)

(64-5-75-4)

(58-6-65-9)

(66-6-750)

(641-71.0)

healthy life expectancy.

Estimates are listed as means (years) with 95% uncertainty intervals in parentheses. Rows with bold text indicate global and super-region results from the GBD location hierarchy. HALE:

Table 1: Life expectancy and HALE at birth in 2022 and 2050 (reference scenario) by location for males and females

a simple model holding 2009 values constant in the
future), and a negative value indicates that the evaluated
model performs worse than baseline. A negative skill
value thus suggests that a different modelling approach
might be needed for that particular sex-cause.

We used a 10-year hold-out period to assess skill in order
to strike a balance between maximising the available time
series of data (beginning in 1990) and producing a hold-
out forecast long enough to assess our annual projections
sufficiently. We believe that the structural nature of our
modelling approach (utilising risks and drivers with
known relationships to disease outcomes) will result in
more robust forecasts over long time horizons (20 or
30 years). Due to the limited time series of data we have,
we were not able to assess the long-term predictability of
our models and thus our 10-year hold outs might be more
sensitive to noise in the data than they are of long term
trends, leading to higher skill values over time.

Presentation of estimates

Disease and injury burden estimates for 1990, 2022, and
2050 are given in death and DALY counts as well as all-
age and age-standardised rates per 100000 population.
For changes over time, we present percentage changes
over the time period 2022-50. All final estimates were
computed using the mean estimate across 500 draws,
and 95% Uls are given as the 2-5th and 97-5th ranked
values across all 500 draws. Uls were computed for
forecasted alternative scenarios but are only reported in
the text and tables. For readability, figures only include
Uls for the past and the future reference scenario.

Role of the funding source

The funders of this study had no role in study design,
data collection, data analysis, data interpretation, or the
writing of the report.

Results

We forecasted the complete set of burden estimates
(deaths, YLLs, YLDs, DALYs, life expectancy, and HALE)
by age and sex for 204 countries and territories from
2022 to 2050. Forecasts have been produced for a
reference scenario (the most likely future in our
framework, assuming the continuation of past trends
and relationships) and for four alternative scenarios. Due
to space limitations, YLL and YLD forecasts are available
primarily in appendix 2 and on the GBD Foresight
visualisation tool.

Life expectancy and HALE, reference scenario

Global and super-regional trends

In the reference scenario, we forecasted continued
increases in global and super-regional life expectancy
between 2022 (global life expectancy of 73-6 years
[95% UI 72.7-74-4]) and 2050 (global 78-2 vyears
[75-2-80-3]), but at slower growth rates than in the three
decades preceding the COVID-19 pandemic in 2020-21*
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(table 1, figure 1, appendix 2 table S1). Globally, life
expectancy increased by an average of 0-27 years
(0-25-0-29) annually between 1990 and 2019 compared
with a 0-16-year (0-07-0-23) annual increase between
2022 and 2050, a statistically significant difference in
growth rate (appendix 2 table S1). Life expectancy growth
rates were significantly slower in the forecasted period
than the past period for the high-income super-region;
north Africa and the Middle East; and southeast Asia,
east Asia, and Oceania. Overall and for both males and
females, global life expectancy will continue to increase
in all seven GBD super-regions. From 2022 to 2023, we
estimate that life expectancies returned to or exceeded
2019 levels. By 2050, we forecast the global life expectancy
for males to be just above 75 years and for females just
above 80 years.

At the super-regional level, we forecast a convergence
of life expectancy in 2050, whereby countries with lower
life expectancy in 2022 are forecasted to see larger gains
in the coming decades and countries with relatively high
life expectancy in 2022 are forecasted to see slower
growth. The highest life expectancy in 2050 in the
reference scenario will be in the high-income super-
region (83-3 years [95% UI 82-9-83-6]); followed by
southeast Asia, east Asia, and Oceania (79-8 years
[77-8-81-6]); and Latin America and the Caribbean
(79- 6 years [77-1-81-5]; appendix 2 table S2). Although it
will remain the highest, life expectancy in the high-
income super-region is forecasted to have the smallest
increase across super-regions (from 81-4 years
[81-2-81-5] in 2022 or 81-5 years [81-5-81-6 ] in 2019),
while in sub-Saharan Africa, life expectancy will increase
from 64-4 years (62-6-66-0) in 2022 (63-9 years
[62-1-65-4] in 2019) to 73-6 years (69-4-76-2) in 2050—
the largest increase.

Global increases in life expectancy from 2022 to 2050
are forecasted to be greater among males than females;
71-1years (95% UI 70-1-72-0) to 76-0 years (73-2-77-9)
for males (increase of 4- 9 years [2-4-6-6]), and 76 - 2 years
(75-4-77-0) to 80-5 years (77-4-82-6) for females
(increase of 4-2 years [1-4-6-2]; table 1, figure 1). Life
expectancy will remain highest in the high-income super-
region in 2050 among both males and females (81- 3 years
[81-0-81-6] in males and 85-3 years [84-8-85-7] in
females), although increases will be minimal for females
in this super-region (1-4-year [1-0-1-8] change from 2022
to 2050). For both males and females, the super-region
with the lowest life expectancy in 2050 but also the largest
gains over the forecasted period will be sub-Saharan
Africa.

We likewise forecast continued increases in global
HALE in the reference scenario, from 62 - 6 years (95% Ul
60-1-64-9) for males in 2022 to 66-0 years (62-6-69-3)
in 2050, and 64-7 years (61-4-67-7) to 67-5 years
(63-3-71-6) for females over the same forecasted period
(table 1, appendix 2 figure S2). Super-regionally, HALE is
forecasted to be highest in the high-income super-region
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Global ~ —— Central Europe, eastern Europe, and central Asia
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Figure 1: Global and super-regional life expectancy, 1990-2050 for females (A) and males (B)
Forecasts are based on the reference scenario. The black vertical line indicates the year 2022 (the first forecast

year).

in 2050 (70-8 years [67-3-73-8]), followed by 69-3 years
(66-0-72-4) in southeast Asia, east Asia, and Oceania
and 68-1 years (64-6-71-4) in central Europe, eastern
Europe, and central Asia. Country-specific life expectancy
and HALE forecasts can be found in table 1 and
appendix 2 (figure S3).

Decomposition of life expectancy changes by cause

In the reference scenario, a decline in cardiovascular
disease deaths was the leading Level 2 cause-specific
contributor to increases in life expectancy between
2022 and 2050 globally (35-4% of total life expectancy
gains) and in five of seven super-regions (figure 2).
Declines in respiratory infections and tuberculosis
deaths contributed the most to life expectancy gains in
sub-Saharan Africa and Latin America and the
Caribbean—largely due to COVID-19 declines—and
the second-most in the other five super-regions and
globally. At the global level, improvements in maternal
and neonatal deaths were the third-leading contributor
to life expectancy gains, followed, in descending order,
by enteric infections, chronic respiratory diseases,
neoplasms, and HIV/AIDS and sexually transmitted
infections.

Deaths and DALYs, reference scenario

Global trends

In the reference scenario, the numbers of global all-
cause deaths and DALYs are forecasted to increase
from 2022 to 2050, from 60-1 million (95% UI
57-0-63-2) deaths and 2-67 billion (2-39-2-97) DALYs
in 2022 to 90-7 million (83-9-99-6) and 3-15 billion
(2-72-3-60) in 2050 (table 2, appendix 2 table S4). At
the same time, age-standardised rates are forecasted to
decline, from 736-3 deaths (702-6-772-7) per 100000
and 33340-8 DALYs (30241-6-36798-4) per 100000 in

2221
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Figure 2: Decomposition of change in global and super-regional life expectancy, 2022-50, by Level 2 causes, for reference and combined scenarios

Life expectancy at birth in 2022 is denoted by the orange vertical line, while life expectancy at birth in 2050 is denoted by the blue vertical line. The horizontal bars
show the breakdown of causes of death trends by Level 2 GBD cause that have contributed to changes in life expectancy. Causes to the left of the 2022 life expectancy
value indicate increases in mortality rates (thus declines in life expectancy), while causes to the right of the 2022 value represent reductions in mortality that have led

to increases in life expectancy.

2022 to  547-8 (467-9-670-7) and 264213
(22106-8-31292-5) in 2050. All-age rates are forecasted
to increase as the global population ages, from
756-3 deaths (723-0-791-7) and 33548-3 DALYs
(30355-4-36963-4) per 100000 in 2022 to 967-2
(879-0-1087-6) and 33576-8 (28817-9-38853-2) per
100000 in 2050, respectively.

Leading causes of DALYs

Our reference forecast predicts a continued shift in
disease burden from CMNNs to NCDs, with 77-6% (95%
UI 74-2-79-9) of global DALYs in 2050 coming from
NCDs, an increase of 13-4% from 2022 levels (figure 3A).
At the super-regional level, the largest shifts are
forecasted to occur in sub-Saharan Africa (from 60-1%
[56-8-63-1] of DALYs due to CMNNs in 2022 to just
35-8% [31-0-45-0] in 2050) and south Asia (from 31-7%
[29-2-34-1] to 15-5% [13-7-17-5] over the forecasted
period). The two largest Level 2 causes of the global
increase in number of DALYs (both NCDs) were
neoplasms (from 255-5 million [237-7-273-3] DALYs in

2022 to 388-1 million [334-8-452-6] in 2050) and
diabetes and kidney disease (from 117-3 million
[103-7-134-3] DALYs in 2022 to 240-1 million
[192-6-287-8] DALYs in 2050; figure 3B, table 2). At the
Level 3 cause-specific level, ischaemic heart disease is
expected to remain the leading cause of total number of
DALYs at the global level (185-6 million [171-9-197-6]
DALYs in 2022 and 186- 5 million [128-6-260-4] in 2050),
while neonatal disorders will remain the leading cause of
age-standardised DALY rates in 2050 (2905-7 age-
standardised DALYs [2513-7-3352- 3] per 100000 in 2022
to 1941-7 [1554-1-2441-9] in 2050; figure 4A). Among the
top ten causes of global DALYs in 2022, all three CMNN
causes (neonatal disorders, lower respiratory infections,
and diarrhoeal diseases; plus COVID-19, which the
model dropped to zero DALYs by 2030) are expected to
drop in ranking—from second, fourth, and tenth to the
fifth, ninth, and 20th-leading causes—by 2050, while
stroke (ranked third in 2022), diabetes (fifth), and chronic
obstructive pulmonary disease (sixth) are forecasted to
increase in ranking to second, third, and fourth,
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Figure 3: Global and super-regional DALY counts and age-standardised DALY rates by Level 1 (A) and Level 2 causes (B), 1990-2050
Forecasts are based on the reference scenario. The dashed vertical line indicates the year 2022 (the first forecast year). Note that scales are not anchored at zero and there are different scales across

super-regions so that change over time is more visible.

respectively. Another notable shift is from fatal to
non-fatal burden, as measured by the proportion of
DALYs due to YLDs (figure 5). The global proportion of
DALYs due to YLDs is forecasted to increase from 33-8%

www.thelancet.com Vol 403 May 18, 2024

(27-4-40-3) to 41-1% (33-9-48-1) from 2022 to 2050, a
relative increase of 21-6% (11-4-30-4). The largest shift
from fatal to non-fatal burden was forecasted for sub-
Saharan Africa, from 20-1% (15-6-25-3) in 2022 to
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A
Leading causes 2022

Leading causes 2050

Mean percentage

Mean percentage change

change in number of DALYs in all-age DALY rate

Mean percentage change in

age-standardised DALY rate

1 Ischaemic heart disease

1 Ischaemic heart disease

161 (-28:3 t0 44-6)

135 (-40-7 to0 27-6)

-44-4 (-63-9 to-137)

2 Neonatal disorders

2 Stroke

12:9 (-467t0 34)

3.94 (118410 16)

-38.8(-49-7t0-24-1)

3 Stroke 3 Diabetes 97-5(82-1t0 114) 68 (517 to 86-5) 22.4(10-4 t0 36-6)
4 Lower respiratory infections | 4 COPD 72-8 (39-6 to 113) 47 (19to 86-1) -13-8 (-34-6 t0 15-6)
5 Diabetes - 5 Neonatal disorders -37-2 (-48-4to-23) -46-6 (-55-8 to -34-4) -32.7 (-43-2to-17-5)
6 COPD 6 Other musculoskeletal 109 (97-2to 119) 77-5 (70-8 to 84-9) 54-8 (523 t0 57-6)
7COVID-19 7 Low back pain 34-1(28-1t0 40-4) 13-9 (10-3t0 18) -5.23 (-5-58 t0-4-9)
8 Low back pain 8 Alzheimer's disease 142 (106 to 173) 106 (80-6 to 129) -2.91 (-4-6 to-1-47)
9 Road injuries 9 Lower respiratory infections|  -14-6 (-25 to-4-23) -27-4 (-36-3t0-16-1) -44-1 (-53-2t0-32-1)
10 Diarrhoeal diseases 10 Chronic kidney disease 122 (71-7t0 183) 88-8 (43-8t0151) 28.6 (-6:61t0 77-7)
11 Congenital defects 11 Age-related hearing loss 66-7 (56 to 78-8) 41.7 (33-4t0 50-1) 0-387 (-0-408 to 1-17)
12 Malaria 12 Depressive disorders 35-4(28-9to 41-6) 15-1 (11-8 to 18-9) 3-8(3-02t0 4-51)
13 Depressive disorders 13 Road injuries -1-47 (-34-3 to 50-4) -16-1 (-44-8t0 31-3) -187 (-48-2t0 30-6)
14 Headache disorders 14 Lung cancer | 369(335t0746) || 163(-981t0442) || -235(377t0-6:91)
15 Cirrhosis liver 15 Falls 45-1(32-2t059-1) 23-3(13-3t032-7) -14-9 (-18-6 to -11.5)
16 Lung cancer 16 Hypertensive heart disease 135 (78-8 t0 203) 99-8 (49-4t0 167) 226 (-12:9to 68-4)
17 Other musculoskeletal 17 Cirrhosis liver 27-3(11to 45-7) 827 (-6-41t027) -12 (-24-5t0 4-22)
18 Age-related hearing loss 18 Headache disorders 19-8 (13-8t0 28.9) 1-84 (-11t0 8-87) -0-299 (-0-866 to 0-375)
19 Falls 19 Blindness and vision loss 71.9 (57-2t0 87-2) 46-1(34-5t056-6) 3-69 (176 to 5-39)

20 Tuberculosis L

"/ 20 Diarrhoeal diseases

-20-2 (-443t0153)

-32-1(-53-2 to-0-585)

-40-9 (-61-1t0-8-07)

22 Alzheimer's disease
23 Chronic kidney disease 3
27 Blindness and vision loss

30 Hypertensive heart disease

B
Leading causes 2022

25 Congenital defects
27 Malaria
32 Tuberculosis

" 172 COVID-19

Leading causes 2050

Mean percentage change

Mean percentage change

Mean percentage change in

in number of deaths in all-age death rate age-standardised death rate

1 Ischaemic heart disease 1 Ischaemic heart disease 20-6 (-12.7to 64) 2.69 (-27 to 44-4) -44-8 (-64-3to-15-4)

2 Stroke 2 Stroke 28.5(7-89 to 51-1) 9-27 (-7-5 t0 30-9) -41-3 (-53-4t0-25.9)

3COPD 3COPD 102 (66-1to0 141) 71-8 (40-1t0 113) 137 (-343t0 15:6)

4 Lower respiratory infections . _ 4 Alzheimer's disease 173 (124 to 222) 132 (95t0 168) -3-48 (-5-38 to-1-07)

5COVID-19 5 Chronic kidney disease 182 (126 to 245) 140 (90-5 to 202) 33-1(-0-751t0 79)

6 Lung cancer 6 Lower respiratory infections 56-7 (42-3t0 69-5) 33-3(20-1t0 46-5) -26-6 (-36-8t0-13-3)

7 Alzheimer's disease " 7 Hypertensive heart disease 165 (105 to 232) 126 (74-3t0192) 17-1 (-16-5to 61)

8 Neonatal disorders 4 8Lung cancer 68-1(24-5t0 117) 42.7 (8-87t0 80-4) -17 (-31-9t0 0:776)

9 Diabetes 9 Diabetes 76-2 (43-2to 115) 49-9 (18-6 to 89-6) -13-9 (-33-8t0 14-9)
10 Chronic kidney disease 10 Cirrhosis liver 50-7 (34-5to 67) 28-2 (12-6 to 45-3) -9:06 (-20-9 to 6:14)
11 Cirrhosis liver 11 Colorectal cancer 103 (41-1t0 177) 72-1(23-7t0131) -3.02 (-24-8t0 23-1)
12 Hypertensive heart disease 12 Falls 113 (82-1t0 146) 81-3(58-4t0107) -5-34 (-10-6 to -0-215)
13 Road injuries 13 Diarrhoeal diseases || 309(024710686) || 114(-165t047-9) | -34(541t0013)
14 Tuberculosis 14 Road injuries 9-8 (24-3t0 61-4) -6:52 (-36-1t0 41-6) -18-1 (-46-7t0 28-6)
15 Diarrhoeal diseases 15 Pancreatic cancer 140 (72-1to 219) 104 (50-3to 169) 181 (-6-89 to 46-9)
16 Colorectal cancer 16 Breast cancer 81.8 (36-1t0 137) 54-4(17-9t0 96-1) 142 (-18-9t0 24-8)
17 Stomach cancer - 17 Stomach cancer 24-7 (12-6 t0 37) 5-99 (-3-94 to 16-1) -38-1(-41-6 to -34-4)
18 Falls 18 Atrial fibrillation 229 (177 to 278) 179 (143 to 216) 17-3 (11-9 to 22.5)
19 Self-harm 19 Urinary diseases 203 (176 to 225) 158 (133t0 182) 335 (11-4 to 60)
20 Malaria 20 Prostate cancer 145 (86 to 209) 108 (60-6 to 158) 5.51(-8-93t0 23)

[ Communicable, maternal, neonatal, and nutritional diseases
=71 Non-communicable diseases

22 Breast cancer " 24 Neonatal disorders

25 Pancreatic cancer 25 Tuberculosis

Injuries
27 Prostate cancer i 26Self-harm
32 Urinary diseases ' 30 Malaria
34 Atrial fibrillation 137 COVID-19

Figure 4: Leading 20 Level 3 causes of global DALYs (A) and deaths (B), and percentage change in number of DALYs (A) and deaths (B) and all-age and age-
standardised DALY (A) and death (B) rates, 2022-50

The two main columns display the top 20 causes of DALYs and deaths in descending order for the specified year. Causes are coloured by Level 1 cause category and are
connected by lines between time periods; solid lines represent an increase or lateral shift in ranking, dashed lines represent a decrease in rank. Bolded values indicate
statistically significant changes from 2022 to 2050. Estimates are global and for the reference scenario. COPD=chronic obstructive pulmonary disease.
DALY=disability-adjusted life-year.
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Figure 5: YLD proportion (%) of total DALYs by country and territory, 2022 (A) and 2050 (B)
DALYs=disability-adjusted life-years. YLD=years lived with disability.
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35-6% (26-5-43-0) in 2050 (a relative increase in the
proportion of DALYs due to YLDs of 77- 3% [48 - 6100 - 8]).

Leading causes of deaths

Reference scenario trends for the leading causes of death
between 2022 and 2050 were similar to those of DALYs,
with NCDs continuing to increase in prominence
compared with CMNNs (figure 4B, appendix 2 table S4).
Ischaemic heart disease is expected to remain the leading

cause of death through to 2050 at the global level,
followed in descending order by stroke and COPD.

Among top-ten CMNN causes in 2022, lower respiratory
infections and neonatal disorders are both expected to

drop in ranking by 2050, from fourth and eighth to sixth
and 24th, respectively. In contrast, Alzheimer’s disease,
chronic kidney disease, hypertensive heart disease, and
colorectal cancer are all forecasted to rise in ranking over
the forecasted period, from seventh, tenth, 12th, and 16th
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Figure 6: Global and super-regional all-cause age-standardised DALY rates (A) and all-age DALY counts (B), for the past and for five future scenarios, 1990-2050

The dashed vertical line indicates the year 2022 (the first forecast year). The blue shading indicates the 95% uncertainty interval for the reference scenario. The five scenarios include the reference
scenario, Safer Environment scenario, Improved Behavioural and Metabolic Risks scenario, Improved Childhood Nutrition and Vaccination scenario, and the combined scenario. Note different scales
were used across each super-region so that change over time is more visible. DALY=disability-adjusted life-year.
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to fourth, fifth, seventh, and 11th, respectively. Country-
specific leading causes of DALY and death results can be
found in appendix 2 (figures S4-S8); country-specific
leading causes of YLLs and YLDs are also shown in
appendix 2 (figure S6).

Population and age structure, reference scenario

Our reference forecast shows a global increase in death
and DALY counts (50-8% [95% UI 40-2-64-6] increase
in number of deaths from 2022 to 2050 and 18-0%
[9-4-28-8] increase in number of DALYs) as well as all-
age rates (27-9% [17-2-41.-8] increase in number of
deaths per 100000 from 2022 to 2050 and 0-1%
[-8-4 to 10-9] increase in number of DALYs per 100000),
but a decline in age-standardised death and DALY rates
(25-6% [10-6-35-3] decrease in the age-standardised
death rate per 100000 and 20-8% [8-3-28-9] decrease in
age-standardised DALY rate per 100000). This
phenomenon is driven by shifts in the age structure of
the global population between now and 2050, when we
forecast 12-2% (11-3-13-0) of the global population will
be older than 70 years, compared with 6-4% (6-3—6-5) in
2022 (appendix 2 figure S9). In absolute terms, this shift
will be most pronounced in the southeast Asia, east Asia,
and Oceania super-region, increasing from 7-4%
(7-3-7-5) in 2022 to 18-4% (17-0-19-6) in 2050, while in
relative terms, this shift will be most pronounced in
north Africa and the Middle East, increasing from 3-3%
(3-3-3-4)in 2022 t0 9-2% (8-2-10-1) in 2050. Population
growth will be most pronounced in the sub-Saharan
Africa super-region (an 82-2% [71-4-94-0] increase from
2022 to 2050).

Alternative scenarios

DALYs by scenario

We forecast large differences in future DALY burden
between the alternative scenarios globally and across
super-regions (table 2, figure 6A, B). Globally, the
forecasted effects are strongest for the Improved
Behavioural and Metabolic Risks scenario, with a 13-3%
(95% UI 11-8-15-0) decrease in DALY counts in 2050
compared with the reference scenario. For the Safer
Environment and Improved Childhood Nutrition and
Vaccination scenarios, we forecasted decreases of 1-8%
(1-4-2-4) and 0-6% (0-1-1-0), respectively, in 2050,
compared with the reference scenario. The combined
global impact of the three scenarios is forecasted to
amount to 15-4% (13-5-17-5) fewer DALYs in 2050 than
in the reference scenario. Across super-regions, the
largest decrease in DALYs between the reference scenario
and the Improved Behavioural and Metabolic Risks
scenario was seen for north Africa and the Middle East
(23-2% lower [20-2-26-5]) and the smallest for sub-
Saharan Africa (8-7% lower [7-5-9-8]) and the high-
income super-region (10-4% lower [9-6-11-2]). The Safer
Environment scenario was forecasted to have the largest
impact on DALYs in sub-Saharan Africa and south Asia
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(5:2% [3-5-6-8] and 2-1% [1-6-2-8] fewer DALYs
compared with the reference scenario, respectively),
while the smallest effects were seen in the high-income
and central Europe, eastern Europe, and central Asia
super-regions (0-1% [0-0-0-1] and 0-2% [0-2-0- 3] lower,
respectively). The Improved Childhood Nutrition and
Vaccination scenario was forecasted to have by far its
greatest impact in sub-Saharan Africa—a 2-0% (-0-6 to
3-6) decrease in DALYs—followed by south Asia, with a
0-5% (0-3-0-6) decrease. The impact of this scenario
was smallest in the high-income super-region, with a
decrease of 0-01% (0-01-0-02). The combined impact of
the three scenarios ranged from a decrease of 10-4%
(9-7-11-3) in the high-income super-region to a 23-9%
(20-7-27-3) decrease in north Africa and the Middle
East. Country-level results for the impact of the alternative
scenarios on DALYs are shown on world maps in figure 7
Additional country-level scenario results for DALYs and
deaths can be found in appendix 2 (figures S10-S13,
tables S3-S4).

Life expectancy decomposition by scenario

Global life expectancy for all sexes combined was
forecasted to increase by 4-6 years (95% UI 2-0-6-4)
between 2022 and 2050 in the reference scenario and an
additional 5-3 years (4-6-5-8) above the reference
scenario under the combined alternative scenario (an
increase of 127-9% [75-4-288-8] over the reference
scenario). All seven super-regions were forecasted to
experience substantial additional gains in life expectancy
under the combined scenario, ranging from 3- 3 additional
years (3-1-3-4) compared with the reference scenario in
the high-income superregion to 7-9 additional years
(7-0-8-8) in north Africa and the Middle East. Globally
and in all super-regions except sub-Saharan Africa and
south Asia, the additional gain in the combined scenario
more than doubled the gain in the reference scenario
alone (ranging from 135-4% to 232-6%). In sub-Saharan
Africa and south Asia, the additional gains were 6-1 years
(5-3-6-7; a 67-9% increase from reference gain) and
5.6 years (4-8-6-2; a 91-9% increase), respectively. In the
reference scenario, the largest Level 2 cause-specific gains
in life expectancy were due to improvements in
cardiovascular diseases in five of seven super-regions,
with respiratory infections and tuberculosis (primarily
COVID-19) declines causing the largest improvements in
sub-Saharan Africa and Latin America and the Caribbean
(figure 2). After cardiovascular disease gains (35-4% of
the total global life expectancy gain), improvements in the
GBD Level 2 causes that contributed most to global life
expectancy gains in the reference scenario were, in
descending order, respiratory infections and tuberculosis
(primarily COVID-19), maternal and neonatal disorders,
and enteric infections, contributing to 23-3%, 10-0%,
and 4-2%, respectively, of the total gain. In the high-
income super-region, the leading causes in the reference
scenario after cardiovascular diseases were respiratory
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Figure 7: Percentage decrease in DALY counts in 2050 between the reference and four alternative scenarios by country and territory
Alternative scenarios are as follows: Safer Environment scenario (A), Improved Behavioural and Metabolic Risks scenario (B), Improved Childhood Nutrition and Vaccination Scenario (C), and the

combined scenario (D). DALY=disability-adjusted life-year.
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infections and tuberculosis (primarily COVID-19; 39-0%
of total improvement in life expectancy), neoplasms
(7-0%), and self-harm and interpersonal violence (4-7%),
and in sub-Saharan Africa respiratory infections and
tuberculosis gains were followed, in descending order, by
cardiovascular diseases (14-9%), HIV/AIDS and other
sexually transmitted infections (12-9%), and neglected
tropical diseases and malaria (9-7%). The year 2022 was
still marked by a considerable mortality burden from
COVID-19, compared with the zero COVID-19 deaths we
assume in 2050 (see Methods for details). In the combined
scenario, improvements in cardiovascular diseases
contributed to the largest gains in life expectancy across
all seven super-regions, followed by respiratory infections
and tuberculosis (primarily COVID-19) for three of seven
super-regions. Additional country-level results for life
expectancy decomposition for all scenarios can be found
in appendix 2 (figure S14).

Model performance

We used a skill metric to evaluate the performance of our
forecasting model, for which a positive skill value indicates
better performance than the baseline model (a simple
model holding 2009 values constant in the future) while a
negative skill value indicates worse performance than the
baseline model. Skill values for all-cause mortality as well
as the GBD Level 1 causes (NCDs, CMNNSs, and injuries)
were positive for out-of-sample predictions (appendix 1
table E). The skill value for all-cause mortality was 0-44 for
males and 0-49 for females. Among Level 1 causes, the
highest skill value was for CMNNs in females (0-75) and
the lowest was for injuries in males (0-19). Among GBD
Level 2 causes, neurological disorders in males had the
highest skill value (0-74) and musculoskeletal disorders in
females had the lowest skill value (-0-82). Five of 22
Level 2 causes had negative skill values, most notably
mental disorders and musculoskeletal disorders, but the
causes with negative skill values contributed just 11-81%
of total deaths (appendix 1 table E).

Similarly, both male and female DALY out-of-sample
model estimates had a positive skill value for all-cause
DALYs and the GBD Level 1 causes (appendix 1 table F).
All-cause DALY skill values were 0-58 for males and
0-66 for females. Among Level 1 causes, CMNNs in
females had the highest skill value (0-78) while NCDs
and injuries in males had equally low skill values
(0-24). The highest skill value among Level 2 causes
was for HIV/AIDS and other sexually transmitted
infections in females (0-74), while the lowest skill
value was for skin and subcutaneous diseases, also in
females (-1-93).

Discussion

Main findings

This study presents comprehensive forecasts of future
trends in disease burden in 204 countries and territories
to the year 2050. Broadly, our reference scenario forecasts

that age-standardised disease burden will continue to
decline in the future, albeit at slower rates than during
the three decades preceding the COVID-19 pandemic,**
and with several notable cause-specific exceptions,
including diabetes, hypertensive heart disease, and
chronic kidney disease. While CMNN diseases will
continue contributing to the overall disease burden
across locations, the proportion of deaths and DALYs due
to NCDs will increase substantially in most locations
within the next generation. This shift reflects population
ageing, improved prevention and treatment options for
many CMNN diseases, and rising rates of obesity and
metabolic disorders. That said, our reference scenario
forecast of continued progress on CMNN disease burden
is a reflection of historical trends in which CMNN
prevention and treatment was invested in heavily. Thus,
future progress will require that CMNNSs remain a public
health priority; if these diseases are neglected, the world
will be unlikely to achieve the progress forecasted in our
reference scenario.

Even with the large disruption in life expectancy caused
by the COVID-19 pandemic, long-term trends in life
expectancy are expected to continue improving in all
regions in the coming decades, despite increases in
exposure to high temperature and increases in BMI.
Improvements in life expectancy in the coming years will
be driven primarily by reductions in deaths from
cardiovascular diseases and respiratory infections (partly
due to short-term declines in COVID-19 because we use
2022 as the base year in the life expectancy decomposition
analysis). Similar to trends in age-standardised disease
burden, we forecast that improvements in life expectancy
and HALE will be slower in the coming decades than
from 1990 to 2019, and that differential progress will lead
to narrower—but still persistent—Ilife expectancy and
HALE inequalities between locations in 2050 than we see
in 2022. The slowdown of future growth in life expectancy
that is most pronounced in the high-income super-region
has already been observed and debated in the UK and the
USA in the 5-10 years preceding the COVID-19
pandemic.”* Increasing or stalled mortality trends have
been observed both in midlife (deaths of despair due to
suicide, drugs, and alcohol) and older age groups.”*

Population growth will slow considerably by 2050 at the
global level but will remain high in some of the poorest
regions of the world. The highest rates of population
growth in the coming decades will primarily be found in
parts of sub-Saharan Africa; we forecast that population
will increase by more than 80% in this super-region
between 2022 and 2050. Pronounced increases in
population growth in this superregion will pose
considerable challenges to already strained health
systems®?” and contribute to further food, water, and
other resource scarcity in populations already particularly
vulnerable to climate change.””' The interplay between
population growth, limited health system infrastructure
and capacity, and climate change is of great importance
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when considering how to address growing numbers of
deaths and DALYs in parts of sub-Saharan Africa and in
other vulnerable populations in the future. As a greater
proportion of global deaths and DALYs occur in sub-
Saharan Africa in the coming decades, due in large part
to sustained population growth in this super-region,’
policy makers must consider how to sustain progress on
declining age-standardised rates of disease burden in the
face of greater strain on infrastructure, resources, health
systems, and the environment.

Impact of scenarios
In addition to our reference scenario, we also forecasted
three risk group-specific and one combined alternative
scenario that each illustrate the extreme ends of potential
gains in human health that could be achieved if concerted
efforts are made in the coming years to substantially
reduce or eliminate exposure to different types of risk
factors. While the scenarios reflect an unlikely magnitude
of risk reduction—eg, it is unlikely that tobacco smoking
will be eliminated completely by 2050—they nonetheless
provide valuable insights to policy makers who want to
understand the extent to which prioritising the
prevention of exposure to a wide range of known and
modifiable risks (the combined scenario) or to certain
risks over others (by comparing each scenario) might
impact health outcomes. We observed the largest
scenario differences between the reference scenario and
the Improved Behavioural and Metabolic Risks scenario
both globally and across super-regions. The impacts of
the two other scenarios compared with the reference
scenario were much smaller. Our alternative scenarios
thus suggest that globally and at the super-region level,
policies that lead to substantial reductions in metabolic
risk exposure and rates of tobacco smoking have the
potential to reduce the global burden of disease to a
greater extent than policies that lead to similarly
substantial improvements in rates of childhood
malnutrition and vaccination. Even in sub-Saharan
Africa, where the impact of the Improved Childhood
Nutrition and Vaccination scenario was largest among
super-regions, the impacts of the Safer Environment and
Improved Behavioural and Metabolic Risks scenarios
were larger and largest, respectively. To fully understand
the contrast between the reference and alternative
scenarios, one must understand that the reference might
be optimistic or pessimistic based on historical trends or
investments in the relevant interventions (eg,
considerable past progress on CMNN-related risks is
reflected in continued progress in our forecasts). Thus,
the seemingly moderate impact of this scenario relative
to the gains already projected in the reference scenario
reflects past successes in this area, and a failure to
continue the interventions that led to past progress could
lead to less future progress than we forecast.

That said, country-specific alternative scenarios
demonstrate why targeted policy approaches that address
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the specific risk exposure and disease profile of a
particular location are of great importance, as the effects
of each scenario vary substantially by country and
territory. Furthermore, risk exposure prevention is not
equally feasible, simple, or cost-effective for all risk
factors or in all settings. For example, while at the global
level, policies that eliminate metabolic risk exposure
might reduce disease burden more than policies that
eliminate exposure to unsafe water, sanitation, and
hygiene (WaSH), the scenarios do not consider the cost
and feasibility of achieving equivalent risk reductions in
one risk group or another (eg, the scenarios do not
provide insights into how feasible bringing safe WaSH
infrastructure to all households and communities
worldwide would be compared with eliminating high
systolic blood pressure worldwide). Finally, policy makers
must consider the populations most impacted by policies
that target certain risk factors over others, and the trade-
offs of each. For example, risk factors like child growth
failure primarily affect young, low-income populations,
while risk factors like high LDL cholesterol primarily
affect older, higher-income populations.

Our alternative scenarios demonstrate huge potential
opportunities to alter the course of health in the 21st
century through policy change. Much of the disease
burden in the coming years will be determined by how
much progress can be made towards reducing and
ultimately eliminating exposure to well established risks
and increasing access to well established health
interventions (eg, statins for cholesterol-lowering and
antihypertensive treatment). The risk factors and
interventions in our alternative scenarios all have the
capacity to be modified, meaning policy makers,
governments, and populations around the world have a
chance to drastically change the trajectory of human
health by using the alternative scenarios in this study to
help guide location-specific, population-specific policies
and decisions that target the most impactful threats.
Although providing population-specific prescriptions or
evaluating economic feasibility is beyond the scope of
this study, we have illustrated how our alternative
scenarios can be used to inform and prioritise risk-
specific policy change to maximise health gains in two
examples below. Here, we use Chad and Germany as
examples to demonstrate how the scenarios have
different impacts depending on country-specific contexts,
and how a policy maker might interpret different,
country-specific alternative scenario forecasts and—in
combination with other information such as current
estimates of disease burden; feasibility, cost, and
effectiveness assessments; and more—incorporate these
forecasts into policy decision making.

First, in our Safer Environment and Improved
Childhood Nutrition and Vaccination scenarios, we
projected that Chad would experience approximately 13%
and 9% fewer DALYs in 2050, respectively, if the scenario-
specific risk factors were eliminated by that time
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compared with the reference forecast of disease burden
(see appendix 2 table S3). In contrast, we can expect only
5% fewer DALYs than in the reference scenario if the
included metabolic and behavioural risks were
eliminated. Child growth failure was the leading
contributor to risk-attributable DALYs in Chad in 2021—
followed by low birthweight and short gestation, unsafe
water, and particulate matter pollution—but all-age rates
declined by more than 75% between 1990 and 2021,
demonstrating that preventing and treating child growth
failure in Chad remains critically important but also that
the country has already seen considerable improvements
towards this end. The findings from our alternative
scenarios combined with estimates of disease burden
from the recent past therefore suggest that continuing to
prioritise and expand evidence-based and locally relevant
interventions that improve childhood vaccination rates
and further reduce rates of child growth failure, low
birthweight and short gestation, unsafe WaSH, and
particulate matter pollution could improve health
outcomes in Chad considerably over the next several
decades. Policies could include those that promote
exclusive breastfeeding; support supplementation for
infants whose nutrition from breastfeeding is insufficient;
improve maternal nutrition; expand vitamin A deficiency
detection and treatment interventions; improve infant
and child access to WaSH infrastructure and primary
health care—including health services equipped to detect
early signs of child growth failure—and more.* In
contrast, failure to continue prioritising childhood
malnutrition and vaccination in Chad in the coming
decades could lead to reversals in the health progress that
has already been made and is forecasted to continue.
Second, our Improved Behavioural and Metabolic
Risks scenario suggests that Germany would experience
approximately 9% fewer DALYs than expected in 2050 if
high adult BMI, systolic blood pressure, LDL cholesterol,
and fasting plasma glucose; tobacco smoking; and
exposure to GBD dietary risk factors were eliminated by
2050. On the other hand, eliminating the risks in our
Safer Environment and Improved Childhood Nutrition
and Vaccination scenarios would have almost no effect
on DALYs, with declines of just 0-05% and 0-01%,
respectively, in 2050 compared with the reference
scenario. Considering these projections and historical
estimates that high systolic blood pressure, tobacco
smoking, high BMI, and high fasting plasma glucose
were the four leading contributors to risk-attributable
DALYs in Germany in recent past years,’ there are
considerable opportunities to improve health outcomes
in Germany by placing greater emphasis on addressing
the complex causes of metabolic risks, including
individual behaviours, socioeconomic environments and
other social determinants, and physical environments,*
as well as on tobacco smoking cessation and prevention
programmes.*® Given Germany's commendable
existing policies related to childhood vaccination,” WaSH

infrastructure, and air quality regulations,” the greatest
opportunities for further health improvements lie in
targeted efforts that address specific risk factors
contributing to metabolic risks. These policies should
not, however, be de-emphasised, or continued progress
could stall or even reverse.

An important strength of our alternative scenarios
modelling framework is that it accounts for competing
risks when contrasting the reference versus alternative
scenarios.” This is done by capturing different population
dynamics between the scenarios. For example, in the
Improved Behavioural and Metabolic Risks scenario, there
are strong declines in exposure to behavioural (smoking
and unhealthy diet) and metabolic risk factors, which leads
to reductions in cause-specific mortality linked to those
risks (such as lung cancer). Reductions in these mortality
rates lead to forecasting a larger and older population in
this alternative scenario compared with the reference
scenario. This means the cause of death composition shifts
to one of an older population. Accordingly, in the older
ages we might see increases in causes unrelated to the
scenario intervention, such as increases in rates of
Alzheimer’s deaths in older age groups alongside declines
in cardiovascular disease deaths. These findings might
seem paradoxical at first but are in fact a strength of the
model in accounting for competing risks. Lastly, our
scenarios estimate the avoidable burden that could be
realised from elimination of key risk factors. However,
these estimates do not account for the deaths avoided
beyond the study period (2050) that are likely to be realised
as population cohorts continue to age.

Model performance

A positive skill metric indicates that a model being
evaluated performs better than the baseline model,
whereas a negative skill metric suggests the opposite.
Both DALY and mortality model estimates had positive
skill values for all-cause and for all three GBD Level 1
causes (appendix 1 tables E, F). There were several Level 2
causes that had negative skill values. For mortality, these
included mental disorders and musculoskeletal disorders,
which contributed just 0-23% of all deaths combined; for
DALYs, these included skin and subcutaneous diseases
and digestive diseases, which contributed 5-49% of all
DALYs. The major limitation in skill evaluation is the
short period (only 10 years) for validation due to the
cause-specific data availability. To address negative skill
values, we will revisit the corresponding models with
negative skill and consider the addition of new covariates
to improve model performance, as well as include data
with longer range for the validation period when possible,
which could result in higher skill values.

Health threats not included in the framework

The world faces major potential threats to human health
in the coming decades. These include climate change;
antimicrobial resistance;* new pandemics, either due to
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a novel virus or a more virulent SARS-CoV-2 variant; war
and conflict; mass migration and internal displacement;
food insecurity and famines, potentially at a scale some
thought was history; and more. While this study
incorporated more than 80 independent drivers known
to influence population health, including all GBD 2019
fatal risk factors and select interventions, there are a
number of important potential health threats that were
not included in the current analysis.

First, while our framework does include models for
natural disasters, war and conflict, and migration, these
stochastic event models need improvement. Take, for
example, natural disasters. Major natural disaster events
do not regularly happen on an annual basis, and while we
can infer from the past where they are most likely to occur
in the future, we are unable to predict their exact timing
and magnitude. Thus, predictions of stochastic events
might be better captured by estimating the cumulative
probability of the event using extreme value theory.*
Extreme value theory can likewise be useful for forecasting
future pandemics. For example, extreme value theory has
estimated that the annual probability of another pandemic
of at least the magnitude of the COVID-19 pandemic is
2-3%.% This equates to an 18-26% chance within a decade
and 79-90% chance within the remainder of the 21st
century. In future work, we will explore how we can utilise
extreme value theory as a supplement to our current
forecasting framework.

Second, while we include climate change in our
framework  through exposure to  non-optimal
temperatures and ambient particulate matter pollution
(as modelled for CMIPG6 climate scenarios”), there are
additional pathways through which climate change is
likely to impact population health in the coming decades.
These pathways include impacts on migration, extreme
weather events, vector-borne disease incidence and
geography, sea level rise, drought, and crop failure. We
have not yet incorporated these climate change-related
events into our framework. As our reference forecast is a
probabilistic estimate of the most likely future, we plan
to use the probabilistic climate forecasts that were
recently released by the Rhodium Group? in the future.
Their estimate of global temperature anomaly was 2-8°C
(90% UI 2-0—4-0), very close to the Intergovernmental
Panel on Climate Change estimate for their SSP2-4.5
scenario of 2-7°C,* which we used in our reference
scenario. Third, we did not include threats that are
difficult to quantify due to lack of evidence on their
potential impacts on health or the evolving magnitude of
the risk. This includes malicious artificial intelligence,
nuclear escalation, and bioterrorism. Similarly, we did
not include health advancements that could potentially
reduce disease burden but for which we also do not have
sufficient evidence for their potential impact or scalability,
such as mass use of GLP-1 agonists for the treatment of
diabetes and obesity,* mass use of polypill formulations
for the treatment of cardiovascular diseases, ™ or
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advancements in artificial intelligence. Fourth, we could
not include new threats that the world has not yet
observed and are so far unknown. For example, the world
could not have predicted the health impacts of nuclear
weapons before the weaponisation of nuclear energy.

Limitations and future directions

As with any forecasting model, there are several
uncertainties and limitations. Our framework depends
on forecasting 81 drivers of health using past estimates
from GBD and a collection of other health-related
covariates estimated by IHME. As noted above, there are
other drivers and potential threats to population health
that we were not able to incorporate at this time. Our
forecasts are also inherently limited by the data quality
and limitations present in the GBD estimates themselves,
which vary by cause, location, age, and sex.”*"*** Estimates
in data-sparse contexts will be reflected by wider
uncertainty bounds in the forecast estimates, but these
forecasts would also be improved if and as more data are
made available to inform the historical estimates. In
addition, while we use the GBD mediation matrix to
account for risk factor mediation pathways—for example,
how the effect of high BMI is mediated through systolic
blood pressure and LDL cholesterol—the matrix is still
incomplete in the sense that there are mediation
pathways that we have not been able to include, often due
to lack of solid data on the relationship between the distal
risk factor and the mediator risk factor. We will work to
expand and improve the mediation matrix in future
studies. In addition, we have improved our methodology
for estimating the impacts of smoking on cause-specific
disease burden to capture the pack-year lagged effects
that smoking has on mortality. We have not yet
incorporated time lag effects for other risk factors where
this might be appropriate, such as high BMI. As evidence
becomes available to estimate the lagged effects of these
changes at the population level, we will incorporate
additional risk factors into this approach.

For the first time, we have provided estimates of YLDs
and DALYs, computed from estimates of incidence and
prevalence. These predictions are based primarily on
modelling MIRs or MPRs using linear mixed-effects
models with SDI as the main covariate. These models
allow for the effects of all risk factors on cause-specific
mortality to also influence non-fatal disease burden. For
non-fatal diseases, we predict prevalence directly using
similar SDI-based models. Future iterations of this work
will refine these models and add additional cause-specific
covariates and risk factors for non-fatal diseases, such as
we have already done for forecasting diabetes and
dementia prevalence.®* In other cases, we noted
implausible trend reversals in the future when prevalence
or incidence modelling was based on the MPR or MIR
models. Disconnecting these measures from the
associated trends in mortality, and forecasting based only
on trends in incidence or prevalence produced more
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plausible future trends. Our forecasts of YLDs were
produced using average disability weights from GBD,
thus assuming a static relationship between prevalence
and disability over time. In cases where substantial
improvements to treatment are made in the future, this
relationship might not fully capture those improvements.
We will also more closely explore the coherence of our
estimates of cause-specific mortality, incidence, and
prevalence rates as they run into the future.

Also for the first time, we have captured indirect
impacts of the COVID-19 pandemic in our forecasting
model, through disruptions in vaccine coverage,
schooling (measured by educational attainment), and the
economy (measured by income per capita). That said,
data on COVID-19 cases and deaths in 2022-23 are still
very limited due to reporting lags, and there remains
great uncertainty around what the longer-term direct and
indirect effects of the pandemic will be. In the absence of
data that could indicate future trends in COVID-19
burden, we assumed that COVID-19 deaths and DALYs
will decline linearly to zero between 2023 and 2030.
Although speculative, there is basis for this assumption
from the loss of virulence that has occurred to other
coronaviruses now causing the common cold.” As more
data on the impacts of COVID-19 become available, we
will revisit and revise our models accordingly.

The alternative scenarios included in this paper are
intended to be illustrative of the potential health gains the
world could make if substantial improvements are made
to known risk factors, and the degree to which these
benefits differentially play out by cause, age, sex, or
geography. Computational constraints prevented us from
producing alternative scenarios for each risk factor
individually, but subsequent studies aim to understand
the individual impacts of independent drivers on disease
burden.

Conclusion

Our reference forecasts of disease burden and life
expectancy to 2050 indicate a continued, albeit slower,
improvement in the health status of the world compared
with the progress experienced from 1990 until the onset of
the COVID-19 pandemic in 2020-21. If investment in
CMNN disease prevention and treatment is maintained,
the burden of disease will continue to decline for these
causes and the proportion due to NCDs will continue to
grow considerably. It is noteworthy that areas currently
experiencing the highest disease burden are expected to
see more pronounced health improvements. This will
lead to a mnarrowing of health disparities across
populations. Our alternative future scenarios demonstrate
that major health improvements can be achieved by
reducing exposure to established risk factors, offering an
opportunity to alter the course of human health in the
coming century through concerted risk factor prevention
efforts. This is particularly true for countries currently
facing high disease burden.
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