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SUMMARY OF GLOBAL BURDEN OF DISEASE

STUDY METHODS

BACKGROUND. The Global Burden of Diseases, In-
juries, and Risk Factors Study (GBD) is a multinational
collaborative research study with >10,000 collabora-
tors around the world. GBD generates a time series of
summary measures of health, including prevalence,
cause-specific mortality (CSMR), years of life lost
(YLLs), years lived with disability (YLDs), and
disability-adjusted life years (DALYs) to provide a
comprehensive view of health burden for a wide
range of stakeholders including clinicians, public and
private health systems, ministries of health, and
other policymakers. These estimates are produced for
371 causes of death and 88 risk factors according to
mutually exclusive, collectively exhaustive hierar-
chies of health conditions and risks. The study is led
by a principal investigator and governed by a study
protocol, with oversight from a Scientific Council, and
an Independent Advisory Committee.1 GBD is per-
formed in compliance with Guidelines for Accurate
and Transparent Health Estimates Reporting
(GATHER).2 GBD uses de-identified data, and the
waiver of informed consent was reviewed and
approved by the University of Washington Institu-
tional Review Board (study number 9060).

This almanac presents results for 18 cardiovascular
diseases (CVD) and the CVD burden attributed to 15
risk factors (including an aggregate grouping of di-
etary risks) by GBD region. A summary of methods
follows. Additional information can be found online
at https://ghdx.healthdata.org/record/ihme-data/
cvd-1990-2022, including:

1) detailed methods, including information on the
GBD location hierarchy, the GBD cause hierarchy,
mapping of International Classification of Disease
(ICD) codes to the GBD cause list, and health states
and associated disability weights used in the co-
morbidity simulation;

2) mean values and 95% uncertainty intervals for all
estimates presented in the almanac, by country,
sex, age group, and year;

3) cause-specific write-ups outlining methods for
estimation of mortality with details of model pa-
rameters for each cause, including selection of
location-specific covariates;
4) cause-specific write-ups outlining methods for
estimation of prevalence, with details of system-
atic reviews, input data, all data adjustments,
modeling frameworks, and model parameter
selection;

5) risk factor write-ups containing details of system-
atic reviews, input data, all data adjustments,
modeling frameworks, and model parameter
selection;

6) documentation of compliance with GATHER.

METHODS. Demograph ic group ings . This study
estimated CVD burden for 204 countries and terri-
tories grouped into 21 regions and 7 super-regions.
GBD regions are made up of countries and territories
that are geographically close and epidemiologically
similar. GBD regions are grouped into super-regions
based on observed cause of death patterns. Estimates
presented in this almanac were produced at the sub-
national level (eg, region, state, or province) for a
subset of locations including Brazil, China, Ethiopia,
India, Indonesia, Italy, Iran, Japan, Kenya, Mexico,
Nigeria, Norway, Pakistan, the Philippines, Russia,
South Africa, the UK, and the USA. Since GBD 2019,
the GBD location hierarchy has included all WHO
member states. Each epidemiological quantity of in-
terest was estimated for 23 age groups from birth to
95 years and older; males, females, and both sexes
combined from 1990 to 2022. Age standardization
used the direct method with the GBD standard global
population age structure. This standard population is
determined by using the population structure of all
national locations with a population >5 million peo-
ple. First, the proportion of the location-specific
population in each age group is calculated. Second,
these age-specific proportions are averaged across
all locations.3

Soc iodemograph ic index . Results are also pre-
sented by socio-demographic index (SDI) value. SDI is
a composite measure of overall development
comprised of lag-distributed income per capita (LDI),
average years of education, and fertility rates among
females younger than 25 years (TFU25). LDI and ed-
ucation are positively correlated with improved
health outcomes, while TFU25 is negatively corre-
lated. SDI is thus calculated as the geometric mean of
LDI, education, and the inverse of TFU25.3
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TABLE 1 Cardiovascular Case De� nitions

GBD Cause De� nition

Rheumatic heart disease Diagnosis by a physician with use of echocardiography. This case de� nition for echocardiographic
con� rmation of rheumatic heart disease follows the World Heart Federation criteria for
echocardiographic diagnosis.12

Ischemic heart disease 1) Myocardial infarction as de� ned in the Fourth Universal De� nition of Myocardial Infarction. 13

2) Coronary artery disease de� ned as at least moderate (> 50%) stenosis of an epicardial coronary
vessel based on angiographic or functional diagnostic testing. 14,15

3) Heart failure due to ischemic heart disease de� ned as a clinical diagnosis based on structured
criteria as described.4

Ischemic stroke Brain imaging showing blood � ow to part of the brain being occluded and according to WHO criteria of
rapidly developing clinical signs of disturbance of cerebral function lasting > 24 h or leading to
death.16,17

Intracerebral hemorrhage Brain imaging showing bleeding into the tissue of the brain and according to WHO criteria of rapidly
developing clinical signs of disturbance of cerebral function lasting > 24 h or leading to death. Only
nontraumatic events were included. 16,17

Subarachnoid hemorrhage Brain imaging or lumbar puncture indicating the rupture of a blood vessel resulting in bleeding into the
subarachnoid space and according to WHO criteria of rapidly developing clinical signs of disturbance of
cerebral function lasting > 24 h or leading to death. Only nontraumatic events were included. 16,17

Hypertensive heart disease Heart condition caused by long-term high blood pressure, resulting in left ventricular hypertrophy,
diastolic dysfunction, and clinical heart failure with either preserved or reduced systolic function of the
left ventricle. Clinical diagnosis of heart failure is based on structured criteria as described. 4

Non-rheumatic calci� c aortic valve
disease

Diagnosis by a physician based on echocardiographic� ndings of stenosis or regurgitation caused by
progressive calci� cation of the valve, excluding congenital, rheumatic, or infectious causes but
including stenosis of a bicuspid aortic valve. 18

Non-rheumatic degenerative mitral
valve disease

Diagnosis by a physician based on echocardiographic� ndings of myxomatous degeneration or prolapse of
the mitral valve leading to at least moderate mitral regurgitation, excluding disease due to annular
dilation, congenital, rheumatic, or infectious causes. 18

Other non-rheumatic valve diseases Residual category capturing diagnosis by a physician based on echocardiographic� ndings of stenosis or
regurgitation of pulmonary and tricuspid valves. Valve dysfunction due to congenital, infectious, or
rheumatic causes was estimated separately.18

Myocarditis Acute myocarditis is de� ned by symptoms, clinical examination, cardiac imaging such as cardiac MRI, or
endomyocardial biopsy.19

Heart failure due to myocarditis is a clinical diagnosis of heart failure based on structured criteria as
described with a history of myocarditis. 4

Alcoholic cardiomyopathy Clinical diagnosis of heart failure based on structured criteria as described due to the toxic effects of
ingested alcohol.4

Other cardiomyopathy Residual category capturing a clinical diagnosis of heart failure based on structured criteria as described
without a history of other potential causes of heart failure. 4

Pulmonary arterial hypertension Diagnosis by a physician based on� ndings of restricted blood � ow and elevated pressure in the pulmonary
arteries based on right heart catheterization or echocardiography. 20

Atrial � brillation and � utter ECG studies demonstrating irregularly irregular RR intervals; and no P waves.21,22

Aortic aneurysm Abdominal or thoracic aorta is abnormally enlarged and weakened due to atherosclerosis, high blood
pressure, or in� ammation, which can lead to tearing or rupture of the blood vessel. 23 Prevalence and
YLDs are not currently estimated for aortic aneurysm.

Lower-extremity peripheral artery
disease

An ankle-brachial index # 0.90. 24

Endocarditis Acute infective endocarditis was diagnosed de� ned as a clinical diagnosis clinically via based on the Duke
Criteria, which includes con� rmation through clinical signs and blood tests. 25

Heart failure due to endocarditis was based on a clinical diagnosis of heart failure based on structured
criteria as described with a history of acute infective endocarditis. 4

Other cardiovascular and
circulatory diseases

This aggregate cause incorporates less common cardiovascular diseases that are not modelled
independently; for example, pericarditis. Diagnostic criteria vary based on the underlying condition.

ECG¼ echocardiogram; MRI ¼ magnetic resonance imaging; WHO¼ World Health Organization; YLDs ¼ years lived with disability.
Card iovascu la r d isease case de� n i t i ons . A set of

case de� nitions was used to consistently identify and

harmonize data on cardiovascular diseases for all lo-

cations across the entire time period. CVD case de � -

nitions used by GBD are shown in Table 1. Of note,

heart failure is classi � ed as an impairment rather than

an underlying cause of death in the GBD classi � cation

system. Heart failure is a structural or functional
abnormality of the heart that impairs cardiac � lling

and output and, within the GBD, contributes burden

to many underlying causes of death including all

cardiovascular diseases as described with the excep-

tion of aortic aneurysm and lower extremity periph-

eral arterial disease. GBD relies on data in which heart

failure has been diagnosed by clinicians using struc-

tured criteria, such as the Framingham, European
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TABLE 2 Risk Factor Exposure De� nitions

Risk Factor De� nition

High systolic blood pressure Brachial SBP> 105-115 mm Hg in adults > 25 years of age.

High LDL cholesterol LDL-cholesterol > 0.9-1.4 mmol/L in adults > 25 years of age.

High body mass index Body mass index> 20-23 kg/m 2 in adults > 20 years of age.

High fasting plasma glucose Serum fasting plasma glucose > 4.9-5.3 mmol/L in adults > 25 years of age.

Kidney dysfunction Estimated glomerular � ltration rate < 60 mL/min/1.73 m 2 and/or albumin-to-creatinine ratio # 30 mg/g.

Ambient particulate matter
pollution

Population-weighted annual average mass concentration of PM2.5 in a cubic meter of air > 2.4-5.9 mg/m 3.

Household air pollution from
solid fuels

Proportion of individuals exposed to > 2.4-5.9 mg/m 3 of PM2.5 due to the use of solid fuels for cooking,
including coal, charcoal, wood, agricultural residue, and animal dung.

High temperature Exposure to temperatures warmer than the temperature associated with the lowest overall mortality
attributable to the risk, in a given location and year.

Low temperature Exposure to temperatures colder than the temperature associated with the lowest overall mortality
attributable to the risk, in a given location and year.

Lead exposure Micrograms of lead per gram of bone greater than the age-speci� c TMREL.

Dietary risks Composite risk factor consisting of suboptimal exposure to dietary factors including fruits, vegetables, whole
grains, nuts and seeds,� ber, omega-3 fatty acids, polyunsaturated fatty acids, calcium, milk, legumes, red
meat, processed meat, sugar-sweetened beverages, trans fatty acids, and sodium.

Smoking Current or former users of any smoked tobacco product on a daily or occasional basis.

Secondhand smoke Current exposure of nonsmokers to secondhand tobacco smoke at home, at work, or in other public places.

High alcohol use Grams per day of pure alcohol consumed among current drinkers greater than the age-, sex-, and region-
speci� c TMREL.

Low physical activity Physical activity performed by adults > 25 years of age, for at least 10 minutes at a time, across all domains of
life (leisure/recreation, work/household, and transport) < 3,000-4,500 metabolic equivalent-minutes per
week.

LDL ¼ low-density lipoprotein; PM2.5 ¼ particulate matter < 2.5 mm in diameter; SBP ¼ systolic blood pressure; TMREL¼ theoretical minimum risk exposure level.
Society of Cardiology, or Universal De � nition and

Classi� cation of Heart Failure criteria. Prevalent heart

failure is de � ned as structural heart disease with

current or previous symptoms of heart failure (ACCF/

AHA stages C or D). 4 As part of the GBD estimation

process, heart failure burden is included in the

burden estimates for each etiologic underlying cause

of death.

All-cause mortality and population estimates. GBD

produces estimates of all-cause mortality and popu-

lation; for cause-speci � c burden, these are integral

inputs into the cause-speci � c estimation

process. Detailed methods have been previously

reported. 3

Cause-spec i� c mor ta l i t y . Death records, including

vital registration for all cardiovascular causes and

verbal autopsy data for total cardiovascular disease,

ischemic heart disease, and total stroke, were map-

ped to the GBD cause list. Records where the under-

lying cause was considered nonspeci � c, intermediate,

or implausible were reassigned to a valid underlying

cause of death via redistribution algorithms which

utilized proportional information, cause-speci � c

priors, or data sets with information on all contrib-

uting causes of death in addition to the underlying

cause.5 A counterfactual approach, based on data
from 2014 to 2019, was used to estimate excess cause-

speci � c deaths in 2020 and 2021 and reclassify them

as deaths due to COVID-19. A noise reduction algo-

rithm was applied to mortality data and a Bayesian

geospatial ensemble regression model (CODEm, the

cause of death ensemble model, Institute for Health

Metrics and Evaluation [IHME], Seattle, Washington)

was used with location-speci � c covariates to produce

smoothed time series for each location, including

where data was sparse or missing. 6 Individual models

included in the ensemble are weighted according to

performance on out-of-sa mple predictive validity

testing.

CoDCor rec t . As each cause-speci � c model is esti-

mated separately, the sum of these models is not

certain to equal the all-cause mortality estimates. The

CoDCorrect process rescales each level of the GBD

cause hierarchy such that the sum of the cause-spe-

ci � c estimates does not exceed the all-cause mortality

estimates. 6 Using the GBD cause hierarchy, this pro-

cess begins by rescaling the Level 1 causes to match

the all-cause mortality estimates. Level 2 causes are

then rescaled to their co rrected parent cause esti-

mates. This process continues for Level 3 and Level 4

causes such that all levels of the hierarchy are

rescaled.
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Preva lence. Prevalence was estimated for each dis-

ease using the Disease Model —Bayesian meta-

regression (DisMod-MR 2.1 [ IHME, Seattle, Washing-

ton]), an epidemiologic s tate-transition disease

modeling tool. DisMod-MR evaluates all available

high-quality, population-representative data for dis-

ease incidence, prevalence, remission, and mortality,

while enforcing consistency among these various

parameters. 6 Possible input data sources included

scienti � c literature identi � ed via systematic reviews

of published literature and expert review, population

surveys, and administrative health facility data.

Where applicable, network meta-analysis was per-

formed using the meta-regression —Bayesian, regu-

larized, trimmed software (MR-BRT, IHME, Seattle,

Washington) to allow adjustment for study-level dif-

ferences in case de � nition or measurement method. 7

If necessary, correction factors were calculated to

adjust tabulated inpatient-only health facility data to

account for readmission, no nprimary diagnoses, and

outpatient visits.

R isk fac to rs . De� nitions used for each risk factor

can be found in Table 2.

At t r ibu tab le burden es t imat ion . The GBD esti-

mates disease burden attributable to risk factors us-

ing a comparative risk assessment framework. 8

Population-level exposure to each risk factor was

estimated using statistical models. Most risk expo-

sure was estimated using spatiotemporal Gaussian

process regression (ST-GPR) or DisMod-MR, as

described. ST-GPR is a geospatial Gaussian process

regression model that bo rrows strength between lo-

cations and over time to generate estimates of mean

risk factor exposures. 8 Input data sources included

scienti � c literature identi � ed via systematic reviews

of published literature and expert review, population

health surveys, and, for ambient air pollution, satel-

lite data. Person-level data from cohort studies were

used to determine the standard deviation of the risk

factor exposure and to estimate the shape of the

exposure distribution.

Each risk was assigned outcomes from the GBD

study list of diseases to form risk-outcome pairs

based on the availability of convincing or probable

evidence of a disease-risk association. For each risk

factor, the level of exposure where disease risk is
minimized, or theoretical minimum risk exposure

level (TMREL), was determined.

Relative risks were estimated for each risk outcome

pair following the burden of proof (BoP) method,

previously reported. 9 Brie � y, following PRISMA

guidelines, systematic reviews were performed for

studies reporting relative risk or hazard ratios, and

data were extracted using a standardized template. 10

Using MR-BRT, the relative risk between risk and

disease outcome was model ed, integrating over the

exposure ranges reported . This approach allows us to

identify publication or reporting bias and to account

for between-study hetero geneity and within-study

correlation. An example of this approach has been

reported in detail for the relationship between sys-

tolic blood pressure and ischemic heart disease. 11

Population-attributable fractions (PAF) were then

calculated for each risk-outcome pair using the

exposure levels, the estimated relative risk, and the

TMREL to generate the amount of burden for each

disease due to risk factor exposure. Attributable

burden was then estimated as the PAF for that risk-

outcome pair multiplied by the burden measure of

interest.

Summary measures o f d isease burden . YLDs were

estimated by multiplying disease prevalence by the

relevant disability weight after accounting for co-

morbidity in a simulation process. 6 Disability

weights, which represent the magnitude of health

loss associated with the outcome were constructed

based on surveys of the general population, with a

statistical adjustment made to account for comor-

bidity. YLLs due to premature mortality were

computed by multiplying the number of estimated

deaths by the standard life expectancy at age of

death. 6 The standard life expectancy was determined

by using the lowest observed age-speci � c mortality

rates by location and sex across all estimation years

from locations with total populations > 5 million in

2016 to establish a theore tical minimum risk refer-

ence life table. DALYs were calculated as the sum of

YLLs and YLDs and represent the total health burden

associated with each cause. All summary measures

were estimated using 500 d raws, and uncertainty

intervals were determined as the 2.5th and 97.5th

values of the posterior distribution of model draws.
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