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Introduction

	 The World Bank commissioned 
the original Global Burden of Dis-
ease (GBD) study and featured it in 
the landmark World Development 
Report 1993: Investing in Health.1 
This early GBD study served as the 
most comprehensive effort up to 
that point to systematically measure 
the world’s health problems, gen-
erating estimates for 107 diseases 
and 483 sequelae (nonfatal health 
consequences related to a disease). 
It covered eight regions and five 
age groups with estimates for 1990. 
	 The GBD has evolved over time; 
it is now produced annually by the 
Institute for Health Metrics and Eval-

uation at the University of Washing-
ton in Seattle, WA, with more than 
3,600 collaborators in 140 coun-
tries.2–15 GBD 2017 used a compre-
hensive approach to report causes of 
death with garbage redistribution; 
systemically and simultaneously esti-
mated disease incidence, prevalence, 
and exposure to risks and injuries; 
and used statistical models to pool 
data, adjust for bias, and incorporate 
covariates.2–15 It used several metrics 
to report results on health loss related 
to specific diseases, injuries, and risk 
factors: deaths and death rates, years 
of life lost due to premature mortal-
ity (YLLs), prevalence and prevalence 
rates for sequelae, years lived with 
disability (YLDs), Health Adjusted 
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burden of diseases, injuries, and risks at the 
global, regional, national, and subnational 
level, and by sociodemographic index (SDI), 
from 1990 to 2017. 

Design: GBD 2017 undertook a systematic 
analysis of published studies and available 
data providing information on prevalence, 
incidence, remission, and excess mortal-
ity. We computed prevalence, incidence, 
mortality, life expectancy, healthy life 
expectancy, years of life lost due to prema-
ture mortality, years lived with disability, 
and disability-adjusted life years with 95% 
uncertainty intervals for 23 age groups, both 
sexes, and 918 locations, including 195 
countries and territories and subnational 
locations for 16 countries from 1990 to 
2017. We also computed SDI, a summary 
indicator combining measures of income, 
education, and fertility. 

Results: There were wide disparities in 
the burden of disease by SDI, with smaller 
burdens in affluent countries and in specific 
regions within countries. Select diseases and 
risks, such as drug use disorders, high blood 
pressure, high body mass index, diet, high 
fasting plasma glucose, smoking, and alco-
hol use disorders warrant increased global 
attention and indicate a need for greater 
investment in prevention and treatment 
across the life course. 

Conclusions: Policymakers need a com-
prehensive picture of what risks and causes 
result in disability and death. The GBD 
provides the means to quantify health loss: 
these findings can be used to examine root 
causes of disparities and develop pro-

grams to improve health and health equity. 
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Life Expectancy (HALE), and dis-
ability-adjusted life years (DALYs). 
The study provided a comprehen-
sive assessment of all-cause mortal-
ity and estimates for 282 causes of 
death, 354 causes of YLDs, and 359 
causes of DALYs in 195 countries 
and territories from 1990 to 2017.
	 In this article, we used the pub-
licly available GBD 2017 data to 
highlight how GBD data can identify 
health disparities and provide infor-
mation for setting public health pri-
orities to address health equity. We 
also outline proposed future direc-
tions for the GBD and explore how 
these additions could empower health 
officials to develop policies and inter-
ventions informed by local priorities. 

Methods

	 To estimate the burden of dis-
ease, estimation for each sequela 
began with a systematic analy-
sis of published studies and avail-
able data sources providing infor-
mation on prevalence, incidence, 
remission, and excess mortality. 

All-cause Mortality and Cause 
of Death
	 Six modeling approaches were 
used to assess cause-specific mortality, 
with the Cause of Death Ensemble 
Model (CODEm) generating esti-
mates for the vast majority of causes.2 
Deaths were tabulated by location, 
age group (<1, 1-4, 5-9, …, 90-94, 
and 95+), sex, year, and by cause. The 
cause list developed by GBD and used 
for this analysis has been widely used 
for cause of death analyses,2 and is ar-
ranged hierarchically in four levels. 

Incidence and Prevalence
	 The study estimated incidence 
and prevalence by age, sex, cause, 
year, and location using a wide range 
of updated and standardized analyti-
cal procedures.4 GBD used DisMod-
MR, a Bayesian meta-regression 
tool, to determine prevalence and 
incidence by cause and sequelae.4

Additional Metrics: YLLs, 
YLDs, DALYs, and HALE
	 Based on standard GBD methods, 
YLLs were computed by multiplying 

to represent the mortality experience 
of a population with minimal excess 
mortality, using the lowest observed 
age-specific mortality rates in 2017 
among all countries with a population 
greater than five million. Prevalence 
of each sequela was multiplied by the 
disability weight for the corresponding 
health state to calculate YLDs for the 
sequela.4 The sum of all YLDs for rele-
vant sequelae equated to overall YLDs 
for each disease. Details on disability 
weights for GBD 2017, including data 
collection and disability weight con-
struction, are described elsewhere.16 
	 DALYs were computed by sum-
ming YLLs and YLDs for each cause, 
age, and sex.5 DALYs were computed 
for 359 diseases with 95% uncertainty 
intervals (UIs) capturing the uncer-
tainty for both YLL and YLD rates. 
Healthy life expectancy (HALE) was 
calculated using the Sullivan method,17 
and generated 95% UIs that represent-
ed uncertainty for age-specific death 
rates and YLDs per capita for each 
location, age, sex, and year. HALE 
was calculated for each geographic lo-
cation using multiple-decrement life 
tables and estimated YLDs per capita. 

Risk Factors
	 GBD 2017 used the comparative 
risk assessment (CRA) framework 
developed for previous iterations of the 
GBD study to estimate attributable 
deaths, DALYs, and trends in exposure 
by age, sex, year, and location for 
84 behavioral, environmental and 
occupational, and metabolic risks or 
clusters of risks over the period 1990 
to 2017.6 Risk-outcome pairs were 
included in GBD 2017 if they met 
World Cancer Research Fund criteria 
for convincing or probable evidence.18 

In this article, we used the 
publicly available GBD 
2017 data to highlight 

how GBD data can 
identify health disparities 
and provide information 
for setting public health 

priorities to address health 
equity.

the number of deaths from each cause 
in each age group by the reference life 
expectancy at the average age of death 
among those who died in the age 
group.3 YLL computations used the 
same life table standard for calculating 
YLLs in all locations and years. This de-
cision is essential in order to compare 
estimates of YLLs across locations and 
years. The life table standard is meant 
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Relative risk estimates were extracted 
from published and unpublished 
randomized controlled trials, cohorts, 
and pooled cohorts. GBD uses the 
counterfactual scenario of theoretical 
minimum risk level (TMREL) to 

attribute burden. TMREL is the level 
for a given risk exposure that could 
minimize risk at the population level. 
A summary exposure value (SEV) was 
developed for GBD 2015 as the relative 
risk-weighted prevalence of exposure. 

SEV ranges from zero, when no excess 
risk exists in a population, to one, when 
the population is at the highest risk.
	 To calculate risk-attributable frac-
tions of disease burden by cause, 
we modeled the effects of risk ex-
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Figure 1. Number and cause of deaths by five-year age group at the global level in 1990
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posure levels, documented relative 
risks (RRs) associated with risk ex-
posure and specific health outcomes, 
and computed counterfactual lev-
els of risk exposure on estimates of 
deaths, YLLs, YLDs, and DALYs. 

Sociodemographic Index and 
Decomposition of Variance
	 GBD 2017 created the socio-
demographic index (SDI) based on 
lag-dependent income per capita, 
average educational attainment for 

those aged >15 years, and the total 
fertility rate under 25.7,10,19 Estimates 
of observed disease burden were 
compared with expected burden, 
or a country’s anticipated burden 
based on its development status.2–15 
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Figure 2. Number and cause of deaths by five-year age group at the global level in 2017
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	 GBD 2017 documented each step 
of the estimation processes, as well as 
all data sources, in accordance with the 
Guidelines for Accurate and Trans-
parent Health Estimates Reporting 
(GATHER) statement, and all data 
and codes are publicly available.20 

Results

Age and Equity
	 Figure 1 shows the number and 
causes of death by five-year age 
groups at the global level in 1990. 
There were clear patterns, with more 
infectious diseases causing deaths in 
younger age groups compared with 
a greater burden of non-communi-
cable diseases at later ages. Diarrheal 
and lower respiratory infections were 
more common in younger ages. In-
juries and self-harm were highest in 
young adults, while cardiovascular 
diseases and cancer were the main 
causes of death in older age groups.

Time and Equity
	 Figure 2 shows the number and 
causes of death by five-year age 
groups at the global level in 2017. 
The comparison with Figure 1 shows 
that from 1990 to 2017 there was a 
tremendous decrease in the num-
ber of global deaths, most notably 
in children under five. However, 
declines varied across countries, 
and in many, improvements have 
slowed over time (see GBD visu-
alization tools at https://vizhub.
healthdata.org/gbd-compare/) . 
	 Ischemic heart disease and stroke 
remained the first and second causes 
of death. A noticeable general trend 

of declining infectious diseases oc-
curred alongside a rise in non-com-
municable diseases, a trend which 
has been termed the epidemiologic 
transition. High systolic blood pres-
sure, smoking, high fasting plasma 
glucose, high body-mass index, and 
particulate matter pollution were the 
leading causes in 2017, while child 
growth failure dropped from the 4th 
rank to the 19th at the global level. 

Disabilities and Equity
	 Figure 3 and Figure 4 show the 
number of YLDs by five-year age 
groups at the global level in 1990 
and 2017 by cause. There was little 
improvement in the number of dis-
abilities from 1990 to 2017, par-
ticularly compared with the im-
provements observed for deaths. 
There were huge variations by age 
in the cause of disabilities. For ex-
ample, mental disorders were high-
est in those aged 25 to 29 years.

Sex and Equity
	 Figure 5 and Figure 6 show 
the percentage of DALYs by five-
year age groups at the global level 
in 1990 and 2017 by cause for 
males and females. The results show 
clear patterns of burden by sex. Fe-
males had more DALYs from men-
tal health and diabetes compared 
with males, while males had more 
DALYs from injuries and HIV/AIDs.

Geography and Equity
	 Figure 7 shows the global distri-
bution of DALY rates per 100,000 
from mental disorders in 2017. 
Greenland, Iran, Australia, New Zea-
land, the United States and other de-
veloped nations stood out as having 

larger burdens compared with the 
rest of the world. Another finding of 
note is the sharp difference in DALYs 
due to mental disorders between 
the United States and its neighbors. 

Equity Measured by Observed 
vs Expected SDI
	 Figure 8 and Figure 9 show the 
observed and expected rates of death 
(per 100,000) from interpersonal 
violence globally. There are very no-
ticeable trends: countries in South 

The Global Burden of 
Disease Study allows for 

comparisons between 
and within countries to 
examine disparities and 

empower health officials to 
address health equity.21–26

America, South Africa, Philippines, 
and Russia had more deaths from 
interpersonal violence than would 
be expected given their SDI. Con-
versely, countries in Africa with some 
notable exceptions (ie, South Africa, 
Namibia, and Lesotho) and parts of 
Asia had much lower deaths from 
violence than would be expected.

Discussion

	 This article showcases several fea-
tures of the GBD that enable the 
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examination of health equity by sex, 
age, year, location, and SDI. The 
GBD provides a unique research op-
portunity, allowing for the detailed 

exploration of drivers and trends of 
the burden of disease. Moreover, as a 
global public good, it allows for com-
parisons between and within countries 

to examine disparities and empower 
health officials to address health eq-
uity.21–26 GBD data could also be used 
to assess progress from 1990 and as 
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Figure 3. Number of YLDs by five-year age group at the global level in 1990 by cause
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a baseline for future health trends.  
	 The GBD is a global effort. In-
deed, the level of complex analy-
ses and resources required to pro-

duce the GBD cannot be achieved 
without the wide range of expertise 
at the Institute for Health Met-
rics and Evaluation (IHME) and 

available through the large num-
ber of international collaborators. 
	 IHME undertakes several other 
projects alongside the GBD to im-
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Figure 5. Percentage of DALYs by five-year age group at the global level in 1990 by cause for males and females
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Figure 7. Global distribution of DALY rates from mental disorders in 2017, both sexes, all ages, per 100,000

prove the understanding of the issues 
impacting the burden of disease. For 
example, the Health Access and Qual-
ity of Care Index (HAQ) is based on 
32 causes from which deaths should 
not occur in the presence of effective 
health care.27 The HAQ Index in 2016 
varied from a high of 97.1 in Iceland 
to a low of 18.6 in the Central Afri-
can Republic. The rank of the US in 
2016, at 27th, represents a significant 
decrease from 1990, when it ranked 
6th. Though the US made progress 
between 1990 and 2000, it witnessed 
a stagnation between 2001 and 2016.
	 IHME also produces a human 
capital index, measured as the num-
ber of years a person can be expected 

to work in the years of peak pro-
ductivity, taking into account life 
expectancy, functional health, years 
of schooling, and learning.28 Coun-
tries that made greater improve-
ments in the human capital index 
had faster economic growth in per 
capita GDP. The findings of this in-
dex highlight the need for countries 
to invest in health and education 
— improving economies by improv-
ing the productivity of labor forces.
	 The IHME Disease Expendi-
ture project builds on the GBD to 
determine health care spending by 
health condition, age and sex, type 
of care, and time.29 This information 
can help health systems researchers 

and policymakers identify the driv-
ers of spending increases and better 
plan for the future. Only by under-
standing the current health spending 
landscape can decision makers better 
allocate resources, technology, and 
innovation to improve health out-
comes and systems performance.30–33

	 Another IHME project is the Lo-
cal Burden of Disease, designed to 
produce estimates of health outcomes 
and related measures at a very fine 
resolution, at 5 by 5 kilometers.34–39 
Such estimates allow decision-makers 
to target resources and health inter-
ventions precisely and tailor health 
policy for local areas rather than entire 
countries. Several publications from 
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Figure 8. Observed death rates from interpersonal violence globally, 2017, both sexes, all ages, per 100,000

the local burden of disease showed 
huge variation in Africa in educa-
tional levels, anemia, diarrhea, and 
child growth.34–36 This project pro-
vides valuable information to govern-
ments, donors, and health agencies.
	 IHME’s Future Health Scenarios 
project examines future potential 
health outcomes such as life expec-
tancy and causes of death.8 This proj-
ect aims to help inform policies and 
programs to improve health. Under-
standing the drivers of health and their 
trajectories is crucial to setting invest-
ment priorities to maximize benefits, 
particularly given limited resources. 
The project’s projections show the 
burden that would occur if a country 

performed at a different level, using 
projections from all countries and ap-
plying the 15th or 85th percentiles of 
performance.40  In addition, IHME 
will expand the GBD to report on 
the burden that is amenable to health 
care, and on the percentage of the bur-
den that could be averted by reducing 
specific risk factors or by improving 
specific determinants of health.41

	 The GBD and other IHME proj-
ects have documented the burden 
and have shown the magnitude of 
health disparities: the first step to-
ward improving health. There is often 
a gap between the identification of a 
problem, the location of a solution, 
and the translation of that solution 

to an entire population. We currently 
lack a systematic, scalable process for 
determining which interventions are 
most likely to succeed in a given situ-
ation. There is an urgent need to fill 
this critical gap in the tools available 
to policy makers, health leaders, and 
others. By drawing on the interdis-
ciplinary strengths of several players, 
such as universities, federal govern-
ments, United Nations agencies, do-
nors, bilateral groups, non-govern-
ment organizations, public-private 
partnerships, and others, one could 
create a groundbreaking knowledge 
base and process for the translation 
of successful population health in-
terventions to sustainable implemen-
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Figure 9. Expected death rates from interpersonal violence globally, 2017, both sexes, per 100,000

tation in wider practice and policy. 
	 Two substantial steps would need 
to be taken in order to achieve this 
goal. First, identify, compile, and 
make publicly available the full spec-
trum of peer-reviewed and grey lit-
erature regarding interventions for 
a targeted disease, risk factor, social 
determinant, or other population 
health issue, with selected literature 
covering both successful and unsuc-
cessful outcomes. Second, synthesize 
the available quantitative and qualita-
tive evidence gathered in the previous 
step to develop a publicly accessible 
diagnosis of why specific population-
level interventions and innovations 

for a targeted area succeed or fail, 
including an analysis of the qual-
ity of the available evidence for each 
area. Partnerships with communi-
ties, governments, foundations, and 
other collaborators will be essential. 

Conclusion

	 In conclusion, GBD is a global 
public good that allows everyone to 
access health data to improve health. 
The GBD provides the health met-
rics needed to improve health eq-
uity by revealing existing health dis-
parities at the local, national, and 

global level. This wealth of informa-
tion is the first step toward reduc-
ing disparities: we cannot change 
what we are not able to measure. 
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