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FIGURE 10-1 Total Numbers and Rates of Non-rheumatic Degenerative Mitral Valve Disease: Global

Age group — Age-standardized — All Ages
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Global non-rheumatic degenerative mitral valve disease count in millions and rate per 100,000 by measure for age-standardized and all-age groups with shaded

95% CI from 1990 to 2023. DALY = disability-adjusted life year.
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Age-standardized DALY rate (per 100,000)
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FIGURE 10-2 Age-Standardized DALY Rates for Non-rheumatic Degenerative Mitral Valve Disease, 2023
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Age-standardized non-rheumatic degenerative mitral valve disease disability-adjusted life years (DALYs) per 100,000 in 2023 (all sexes combined).

Russian Federation (2.1% [95% UIL: 1.5% to 2.8%]),
while locations with large decreases included
Belgium (3.5% [95% UI: 2.9% to 4.1%]), the
Netherlands (3.4% [95% UI: 3.0% to 3.9%]), and
Singapore (2.9% [95% UI: 2.3% to 3.6%)).

CARDIOMYOPATHY AND MYOCARDITIS. Cardiomy-
opathy and myocarditis represented the aggregate of
myocarditis, alcoholic myocarditis, and other car-
diomyopathy. In 2023, DALYs from cardiomyopathy
and myocarditis were mainly composed of other
cardiomyopathy (76.5% [95% UI: 72.6% to 80.1%]),
followed by alcoholic cardiomyopathy (18.1% [95%
UlL: 14.9% to 21.8%]), and last by myocarditis (5.4%
[95% UL: 3.7% to 8.0%]). In 2023, cardiomyopathy
and myocarditis caused 12.0 million (95% UI: 9.80 to
14.4 million) DALYs, 400,000 (95% UI: 338,000 to
465,000) deaths, and 5.35 million (95% UI: 4.39 to
6.23 million) prevalent cases (Figure 11-1). The age-
standardized DALY rate for males was 186.8 (95%
Ul: 148.9 to 240.9) per 100,000, and for females was
97.5 (95% UI: 68.6 to 134.9) per 100,000 (Figure 11-2).

By world region, the greatest age-standardized rate
of cardiomyopathy and myocarditis DALYs was in
Eastern Europe (846.6 [95% UI: 768.4 to 928.8] per
100,000) and the lowest was in East Asia (29.0 [95%
UI: 21.8 to 37.5]) per 100,000 (Figure 11-3). From 1990
to 2023, the total number of DALYs increased steadily
by 32.8% (95% Ul: 2.4% to 71.0%) (Figure 11-1);
however, age-standardized DALY rates decreased by
30.4% (95% UI: 11.2% to 46.0%).

In 2023, the remainder category of other cardio-
myopathy accounted for 9.19 million (95% UI: 7.12 to
11.3 million) DALYs, 321,000 (95% UI: 260,000 to
381,000) deaths, and 4.42 million (95% UI: 3.51 to
5.28) prevalent cases. The age-standardized DALY
rate ranged from 16.5 DALYs (95% UI: 11.6 to 22.6
DALYs) per 100,000 in East Asia to 367.3 DALYs (95%
UI: 171.9 to 661.4 DALYs) per 100,000 in Central Sub-
Saharan Africa. The number of DALYs increased by
53.1% (95% UI: 8.2% to 105.8%) from 1990 to 2023.

MYOCARDITIS. In 2023, age-standardized DALYs per
100,000 population from myocarditis ranked 17th
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FIGURE 11-1 Total Numbers and Rates of Cardiomyopathy and Myocarditis: Global
Age group — Age-standardized — All Ages
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DALY rate (per 100,000)

FIGURE 11-2 Global Cardiomyopathy and Myocarditis DALY Rate by Age and Sex, for 2023
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Global age-specific disability-adjusted life year (DALY) rate of cardiomyopathy and myocarditis in 2023 for males and females. Specific age groups under the age of 5
years were aggregated to “under 5" for clarity.

among most detailed CVD causes, were higher in
males vs females, and increased with age (Figure 12-1).
From 1990 to 2023, the number of incident and
prevalent cases of myocarditis increased over time,
while the number of deaths and DALYs decreased.
During that time, the age-standardized DALYs and
deaths decreased, while incidence and prevalence
flattened. In the GBD study’s comparative risk
assessment framework, myocarditis was only attrib-
uted to one risk factor: non-optimal temperature.

In 2023, myocarditis led to 650,000 (95% UI:
440,000 to 969,000) DALYSs, 16,900 (95% UI: 11,300
to 24,100) deaths, and 390,000 (95% UI: 321,000 to
467,000) prevalent cases. Males had similar age-
standardized rates of DALYs (10.1 [95% UI: 6.1 to
17.2] per 100,000) compared with females (6.7 [95%

UI: 3.4 to 13.7] per 100,000) (Figure 12-1). By world
region, the greatest DALY rate was in Central Sub-
Saharan Africa (22.2 [95% UI: 6.4 to 56.3] per
100,000), and the lowest in Andean Latin America
(1.8 [95% UI: 1.3 to 2.6] per 100,000) (Supplemental
Figure 11).

From 1990 to 2023, the total number of myocar-
ditis DALYs decreased steadily by 46.1% (95% UI:
16.9% to 66.5%) (Supplemental Figure 12). The age-
standardized DALY rate also decreased by 62.5%
(95% UI: 43.0% to 76.7%). In 2023, 43,500 (95% UI:
15,600 to 85,700) DALYs from myocarditis were
attributable to non-optimal temperature. These
decreased by 46,500 (15,900 to 92,200) DALYs from
1990, corresponding to a reduction of 51.6% (95% UI:
23.1% to 71.7%). This decrease was mainly driven by a
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FIGURE 11-3 Age-Standardized DALY Rates for Cardiomyopathy and Myocarditis, 2023
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Age-standardized cardiomyopathy and myocarditis disability-adjusted life years (DALYs) per 100,000 in 2023 (all sexes combined).

reduction of 64,000 (95% UI: 21,700 to 127,000) and non-optimal temperature, with population
DALYs due to risk-deleted DALY rate, followed by a growth and aging as the factors driving
decrease of 20,400 (95% Ul: 7,560 to 40,400) DALYs these increases.
due to population aging (Figure 12-2). The change in Alcoholic cardiomyopathy was responsible for 2.16
non-optimal temperature risk exposure globally million (95% UI: 1.93 to 2.46 million) DALYs, 62,300
contributed to little to no change in DALYs, changing (95% UI: 56,000 to 71,600) deaths, and 544,000 (95%
by only -7,970 (95% UI: —20,600 to 9,580). Ul: 453,000 to 647,000) prevalent cases in 2023
(Figure 13-1). Among males, the age-standardized
ALCOHOLIC CARDIOMYOPATHY. In 2023, age- DALY rate per 100,000 population was 39.8 (95%
standardized DALYs per 100,000 population from UI: 34.6 to 46.5), and among females it was 9.0 (95%
alcoholic cardiomyopathy ranked 13th among most UI: 7.7 to 10.8) (Supplemental Figure 13). By age, the
detailed CVD causes. DALY rates were higher in males  greatest DALY rates were among adults 60 to 64 years
vs females, and by age they showed a bimodal dis- of age, with 124.4 (95% UI: 111.0 to 141.9) per 100,000
tribution, peaking at 60 to 64 years of age and for males and 25.1 (95% UI: 21.4 to 30.2) per 100,000
increasing again after 80 years of age. The total for females. By world region, the greatest age-
number and age-standardized DALYs and deaths standardized DALY rate was in Eastern Europe
increased between 1990 and 2005 before declining (470.6 [95% Ul: 419.9 to 532.2] per 100,000) and the
through 2023 (Figure 13-1). For prevalence, the lowest wasin Andean Latin America (0.1 [95% UI: 0.1
number of cases increased over time, while the age- to 0.2] per 100,000). From 1990 to 2023, the total
standardized rates decreased. Alcoholic cardiomy- number of DALYs from alcoholic cardiomyopathy
opathy DALYs were attributable to high alcohol use increased by 18.1% (95% UI: 1.6% to 38.9%), while the
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FIGURE 12-1 Global Myocarditis DALY Rate by Age and Sex, for 2023
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Global age-specific disability-adjusted life year (DALY) rate of myocarditis in 2023 for males and females. Specific age groups under the age of 5 years were
aggregated to “under 5" for clarity.

age-standardized DALYs decreased by 41.8% (95% UI:
31.8% to 49.9%) (Figure 13-1).

From 1990 to 2023, alcoholic cardiomyopathy
attributable to high alcohol use increased by 330,000
(95% UI: 30,300 to 637,000) DALYs. This increase was
driven by population growth (932,000 [95% UI:
792,000 to 1,100,000] DALYs) and population aging
(559,000 [95% UIL: 495,000 to 651,000] DALYs)
(Figure 13-2). High alcohol consumption accounts for
100% of the risk for alcoholic cardiomyopathy;
however, non-optimal temperature increases the risk
of alcoholic cardiomyopathy when high alcohol is
present, hence this is also shown in Figure 13-2.

PULMONARY ARTERIAL HYPERTENSION. Pulmo-
nary arterial hypertension was a less common con-
dition among the CVD estimated in GBD, with the

16th largest number of DALYs among CVDs globally
in 2023. Pulmonary arterial hypertension had a
“U-shaped” age-distribution of DALYs: DALY rates
globally were high in groups younger than 5 years of
age, decreased near 10 through 20 years of age,
then increased steadily beyond 25 years of age
(Figure 14-1). Age-standardized pulmonary arterial
hypertension DALY rates have decreased slightly
since 1990, while the all-age DALY count was
consistently level. Pulmonary arterial hypertension
DALYs were not attributable to any risk measured
in GBD 2023.

There were 701,000 (95% UI: 515,000 to 999,000)
pulmonary arterial hypertension DALYs globally in
2023. In 1990, the age-standardized pulmonary arte-
rial hypertension DALY rate was 17.2 (95% UI: 12.1 to
23.1) per 100,000, and since then the DALY rate has
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FIGURE 12-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for Myocarditis
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Decomposition of change in all-age, all sexes combined myocarditis disability-adjusted life years (DALYs) attributable to risk factors from 1990 to 2023 due to
population growth, population aging, risk exposure, and risk-deleted DALYs. Risk-deleted DALYs are the number of DALYs left after removing the effect of risk
factors, population growth, and population aging on overall DALYs. They were calculated as the overall myocarditis DALY count multiplied by 1 minus the population
attributable fraction for each risk. The dot and error bar represent the mean and 95% uncertainty interval in percentage change in number of DALYs attributable to

the risk from 1990 to 2023.

decreased globally, with an annualized rate of change
decrease of 2.1% (95% UI: 0.8% to 3.5%) (Figure 14-2).

DALY rates were similar for females than males
globally in 2023: the age-standardized rate was 9.0
(95% UI: 5.6 to 13.6) per 100,000 for females and 8.4
(95% UIl: 5.3 to 13.1) per 100,000 for males
(Supplemental Table 3). This sex pattern held for
both incidence and deaths as well; there were 20,800
(95% UI: 16,400 to 25,200) incident cases and 9,900
(95% UI: 6,990 to 13,700) pulmonary arterial hyper-
tension deaths for males, while females had 24,500
(95% UI: 19,600 to 29,700) incident cases and 12,900
(95% UI: 9,200 to 18,400) pulmonary arterial hyper-
tension deaths in 2023 globally.

ATRIAL FIBRILLATION AND FLUTTER. Among CVDs
estimated in GBD, atrial fibrillation and flutter had

the eighth-highest number of DALYs. Atrial fibrilla-
tion and flutter age-standardized DALY rates varied
between 45.6 and 238.4 per 100,000 globally, a more
than 5-fold difference between countries. The age-
standardized rates of atrial fibrillation and flutter
DALYs, deaths, and prevalence all showed little
change from 1990 to 2023. However, the all-age rate
and number of DALYs, deaths, and prevalence have
all increased globally since 1990. The increase in all-
age burden, reflected by DALYs, was primarily due
to population aging, while changes in exposure to
harmful risks and risk-deleted burden did little to
mitigate population changes.

As of 2023, there were 9.27 million (95% UI: 7.52 to
11.7 million) atrial fibrillation and flutter DALYs
globally (Figure 15-1). Age-standardized atrial fibril-
lation and flutter burden was larger for males than
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FIGURE 13-1 Total Numbers and Rates of Alcoholic Cardiomyopathy: Global
Age group — Age-standardized — All Ages
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FIGURE 13-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for Alcoholic Cardiomyopathy
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Decomposition of change in all-age, all sexes combined alcoholic cardiomyopathy disability-adjusted life years (DALYs) attributable to risk factors from 1990 to 2023
due to population growth, population aging, risk exposure, and risk-deleted DALYs. Risk-deleted DALYs are the number of DALYs left after removing the effect of risk
factors, population growth, and population aging on overall DALYs. They were calculated as the overall alcoholic cardiomyopathy DALY count multiplied by 1 minus
the population attributable fraction for each risk. The dot and error bar represent the mean and 95% uncertainty interval in percentage change in number of DALYs

females: the age-standardized DALY rate for males
was 114.5 (95% UI: 91.9 to 145.3) per 100,000 and for
females was 94.4 (95% UI: 76.9 to 117.1) per 100,000
globally in 2023 (Supplemental Table 3). The GBD
region with the highest DALY rate in 2023 was high-
income North America at 159.9 (95% UI: 133.2 to
192.8) per 100,000, and the lowest was high-income
Asia Pacific at 70.7 (95% UI: 56.5 to 88.9) per
100,000, only a 2-fold difference (Supplemental
Figure 14). Atrial fibrillation and flutter was a com-
mon cause of cardiovascular deaths: there were
378,000 (95% UI: 319,000 to 424,000) deaths globally
in 2023. There were 59.0 million (95% UI: 46.5 to 72.8
million) prevalent cases of atrial fibrillation and
flutter globally in 2023. The prevalence rate of atrial
fibrillation and flutter was slightly higher in males

than females globally; for males, the age-
standardized prevalence rate was 776.3 (95% UI:
615.3 to 949.3) per 100,000 and for females, 541.9
(95% UI: 421.1 to 671.1) per 100,000.

In 2023, 3.64 million (95% UI: 1.98 to 5.62 million)
atrial fibrillation and flutter DALYs were attributable
to a modifiable risk factor, 39.2% (95% UI: 21.7% to
55.3%) of atrial fibrillation and flutter DALYs
(Table 4). The leading risk factors for atrial fibrillation
and flutter were high SBP, high BMI, and tobacco use,
which accounted for 2.81 million (95% UI: 1.03 to 4.83
million), 759,000 (95% UI: 374,000 to 1.23 million),
and 414,000 (95% UI: 225,000 to 603,000) atrial
fibrillation DALYs, respectively. High alcohol use and
lead exposure accounted for the least atrial fibrilla-
tion and flutter DALYs; high alcohol use accounted
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FIGURE 14-1 Global Pulmonary Arterial Hypertension DALY Rate by Age and Sex, for 2023
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Global age-specific disability-adjusted life year (DALY) rate of pulmonary arterial hypertension in 2023 for males and females. Specific age groups under the age of 5
years were aggregated to “under 5" for clarity.

for 280,000 DALYs (95% UI: 132,000 to 467,000
DALYs), while lead exposure accounted for 186,000
DALYs (95% UI: —23,600 to 470,000 DALYSs).

The burden of atrial fibrillation attributable to risk
factors has grown by 2.26 million (95% UI: 1.17 to 3.56
million) DALYs since 1990, a 163.8% (95% UI: 127.2%
to 210.4%) increase globally. Population aging has
contributed 1.55 million (95% UI: 0.825 to 2.37
million) atrial fibrillation and flutter DALYs since
1990, while population growth added 0.705 million
(95% UI: 0.390 to 1.06 million) atrial fibrillation and
flutter DALYs (Figure 15-2). The increase in DALYs
from population growth and aging was not offset by
changing exposure to harmful risk factors or risk-
deleted burden. Increased exposure to high BMI
and lead exposure contributed most among risk fac-
tors to the increase in atrial fibrillation DALYs. The
change in exposure to high BMI led to an additional
237,000 (95% UI: 80,800 to 439,000) atrial

fibrillation and flutter DALYs since 1990. Changes in
lead exposure resulted in an additional 21,300 (95%
Ul: —2,530 to 59,100) atrial fibrillation and flutter
DALYs globally, though the slight overlap of the UI
with 0 suggests the possibility of no change globally.
The larger counterbalance to the increases in DALYs
was from reduced exposure to tobacco. The change in
exposure to tobacco usage mitigated 101,000 (95%
UIL: 39,300 to 188,000) atrial fibrillation and flutter
DALYs.

AORTIC ANEURYSM. Aortic aneurysm was only
evaluated as a cause of death, and non-fatal out-
comes were not estimated. In 2023, aortic aneurysm
ranked 10th among age-standardized DALY rates for
all CVDs. DALY rates from aortic aneurysm were
higher in males vs females and increased with age.
From 1990 to 2023, the number of DALYs and deaths
increased, while the age-standardized rates
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FIGURE 14-2 Total Numbers and Rates of Pulmonary Arterial Hypertension: Global
Age group — Age-standardized — All Ages
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JACC VOL. 86, NO. 22, 2025
DECEMBER 2, 2025:2167-2243

GBD in 204 Countries and Territories, 1990-2023

2209

FIGURE 15-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for Atrial Fibrillation and Flutter
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Decomposition of change in all-age, all sexes combined atrial fibrillation and flutter disability-adjusted life years (DALYs) attributable to risk factors from 1990 to
2023 due to population growth, population aging, risk exposure, and risk-deleted DALYs. Risk-deleted DALYs are the number of DALYs left after removing the effect
of risk factors, population growth, and population aging on overall DALYs. They were calculated as the overall atrial fibrillation and flutter DALY count multiplied by
1 minus the population attributable fraction for each risk. The dot and error bar represent the mean and 95% uncertainty interval in percentage change in number of

decreased. The increase in DALYs from aortic aneu-
rysm was attributable to metabolic, behavioral, and
environmental risk factors, mostly driven by popu-
lation growth and population aging.

In 2023, there were 3.42 million (95% UI: 3.03 to
3.84 million) DALYs and 167,000 (95% UI: 147,000 to
187,000) deaths from aortic aneurysm (Figure 16-1).
Among males, the rate of DALYs was 54.3 (95% UI:
47.7 to 63.0) per 100,000, while for females it was
22.9 (95% UI: 19.3 to 27.2) per 100,000 (Supplemental
Figure 15). By world region, the greatest DALY rate
was in Eastern Europe (89.0 [95% UI: 80.4 to 99.3]
DALYs per 100,000) and lowest in East Asia (12.2
[95% UI: 9.3 to 15.1] DALYs per 100,000). From 1990
to 2023, the number of DALYs from aortic aneurysm
increased steadily by 78.0% (95% UI: 55.9% to
101.0%). In contrast, the age-standardized DALYs and

death rates per 100,000 population decreased by
23.2% (95% Ul: 13.7% to 32.6%).

In 2023, 1.63 million (95% UI: 1.37 to 1.89 million)
DALYs from aortic aneurysm were attributable to
measured modifiable risk factors, corresponding to
47.7% (95% Ul: 42.5% to 53.8%) of all DALYs from
aortic aneurism. Tobacco exposure (1.24 million [95%
UL: 1.02 to 1.48 million] DALYs) and high SBP
(609,000 [95% UI: 450,000 to 790,000]) were the top
risk factors. From 1990 to 2023, DALYs from aortic
aneurysm attributable to all modifiable risk factors
increased by 552,000 (95% UI: 328,000 to 762,000),
representing an increase of 51.3% (95% UI: 29.5% to
71.4%) from 1990 (Figure 16-2). These increases were
mainly due to population aging (636,000 [95% UI:
542,000 to 735,000]) and population growth
(549,000 [95% UI: 472,000 to 623,000]). Out of all
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FIGURE 16-1 Total Numbers and Rates of Aortic Aneurysm: Global
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FIGURE 16-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for Aortic Aneurysm
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Decomposition of change in all-age, all sexes combined aortic aneurysm disability-adjusted life years (DALYs) attributable to risk factors from 1990 to 2023 due to
population growth, population aging, risk exposure, and risk-deleted DALYs. Risk-deleted DALYs are the number of DALYs left after removing the effect of risk
factors, population growth, and population aging on overall DALYs. They were calculated as the overall aortic aneurysm DALY count multiplied by 1 minus the
population attributable fraction for each risk. The dot and error bar represent the mean and 95% uncertainty interval in percentage change in number of DALYs

risk factors, lead exposure (120.6% [95% UI: 69.8% to
174.9%]) and high BMI (94.1% [95% UI: 55.2% to
144.4%]) contributed to the largest proportional in-
creases in DALYs from aortic aneurysm.

LOWER EXTREMITY PERIPHERAL ARTERIAL DISEASE.
The global burden of peripheral arterial disease is
lower than that of most CVDs, ranked as the 14th-
highest cause of DALYs among CVDs. There was
notable geographic variation in peripheral arterial
diseases globally in 2023. The age-standardized rates
of peripheral arterial disease DALYs, deaths, and
prevalence all decreased from 1990 to 2023. while all-
age rates all increased.

Globally there were 1.86 million (95% UI: 1.44 to
2.47 million) peripheral arterial disease DALYs in
2023. The age-standardized DALY rate was 20.6 (95%
UI: 15.9 to 27.3) per 100,000 in 2023, a decrease since

1990 (28.1 [95% UI: 23.1 to 35.7] per 100,000). The
burden was highest in the older ages: there were 1.23
million (95% UI: 0.928 to 1.67 million) DALYs in
groups 70 years of age and older (Supplemental
Figure 16). The age-standardized DALY rates in 2023
varied among GBD regions, with the highest in
Eastern Europe, at 64.1 (95% UIL: 55.1 to 75.1) per
100,000, and the lowest in East Asia, at 8.0 (95% UI:
4.2 to 14.2) per 100,000, an 8-fold difference
(Figure 17-1). Peripheral arterial disease was also a
highly prevalent cause of CVDs globally, with 122
million (95% UI: 93.9 to 157 million) prevalent cases
in 2023 (47.2 million [95% UI: 36.1 to 60.8 million] in
males and 74.8 million [95% UI: 57.6 to 95.8 million]
in females).

In 2023, 1.24 million (95% UI: 0.937 to 1.69 million)
peripheral arterial disease DALYs were attributable to
a modifiable risk factor, accounting for 66.5% (95%
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FIGURE 17-1 Age-Standardized DALY Rates for Lower Extremity Peripheral Arterial Disease, 2023
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UI: 58.2% to 74.1%) of DALYs (Table 4). Globally, high
FPG, kidney dysfunction, tobacco use, and high BMI
were the leading risk factors for peripheral arterial
disease, accounting for 481,000 (95% UI: 338,000 to
702,000) DALYs, 580,000 (95% UI: 328,000 to
928,000) DALYs, 454,000 (95% UI: 319,000 to
649,000) DALYs, and 365,000 (95% UI: 98,400 to
765,000) DALYs in 2023, respectively.

The number of peripheral arterial disease DALYs
attributable to risk factors has increased by 591,000
(95% UI: 409,000 to 857,000) since 1990. Population
growth added 330,000 (95% UI: 257,000 to 428,000)
DALYs, while aging added 578,000 (95% UI: 444,000
to 778,000) DALYs (Figure 17-2). Increases in the
exposure to high FPG and high BMI led to increases of
62,200 (95% UI: —29,600 to 227,000) DALYs and
101,000 (95% UI: —13,400 to 289,000) DALYs since
1990, respectively. For high FPG and high BMI, the
Uls were only slightly above zero, suggesting a po-
tential contribution to the increase in DALYs. Bene-
ficial reductions in tobacco use helped lessen the
increases in peripheral arterial disease DALYs; DALYs

decreased by 191,000 (95% UI: 103,000 to 307,000) as
a result.

ENDOCARDITIS. Age-standardized DALY rates from
endocarditis ranked 11th among all CVD causes. DALY
rates increased with age and were higher in males vs
females among those younger than 90 years of age,
but higher in females compared with males 90+ years
of age. The number of DALYs, deaths, prevalence,
and incidence increased steadily from 1990 to 2023.
The age-standardized rates per 100,000 population
increased for prevalence and incidence but not for
deaths, in which a decrease was observed.

In 2023, there were 2.34 million (95% UI: 1.96 to
2.87 million) DALYs and 86,200 (95% UI: 74,200 to
101,000) deaths from endocarditis (Figure 18-1).
Among males, the age-standardized rate of DALYs
was 31.2 (95% UI: 24.3 to 41.1) DALYs per 100,000,
while for females it was 24.1 (95% UI: 17.4 to 33.1)
DALYs per 100,000. By world region, the greatest
age-standardized DALY rate was in Oceania (78.0
[95% UI: 49.4 to 119.5] per 100,000) and the lowest
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percentage change in number of DALYs attributable to the risk from 1990 to 2023.

was in East Asia (4.4 [95% UI: 3.4 to 5.6] per 100,000)
(Figure 18-2, Supplemental Figure 17). From 1990 to
2023, the number of DALYs from endocarditis
increased by 55.3% (95% UI: 8.0% to 111.7%). Endo-
carditis is not attributed to any risk factors in the GBD
study’s comparative risk assessment framework.

CARDIOVASCULAR RISK FACTORS. Summary of
global trends in CVD risks. In 2023, 79.6% (95%
Ul: 75.7% to 82.5%) of CVD DALYs were attributable
to modifiable risk factors (Supplemental Table 8).
This was led by metabolic risk factors, which
contributed to 67.3% (95% Ul: 61.7% to 72.9%) of CVD
DALYs, followed by behavioral risk factors and
environmental/occupational risk factors, which
contributed to 44.9% (95% UI: 28.8% to 54.7%) and

35.8% (95% UI: 30.9% to 40.7%) of CVD DALYs,
respectively. Since 1990, the percentage of CVD
DALYs attributable to metabolic risk factors has
increased from 63.1% (95% Ul: 54.8% to 70.0%), pri-
marily driven by a notable increase in DALYs attrib-
utable to high BMI and more moderate increases in
DALYs attributable to high FPG, kidney dysfunction,
high SBP, and high LDL-C. The percentage of CVD
DALYs attributable to behavioral risk factors and
environmental/occupational risk factors decreased
from 47.3% (95% Ul: 31.3% to 55.7%) and 38.0% (95%
Ul: 32.4% to 43.5%), respectively, in 1990. For
behavioral risk factors, a small increase in the per-
centage of CVD burden attributable to low physical
activity was opposed by decreases in burden attrib-
utable to high alcohol use, dietary risks, and, most
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FIGURE 18-1 Total Numbers and Rates of Endocarditis: Global
Age group — Age-standardized — All Ages
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notably, tobacco. Among environmental/occupa-
tional risk factors, the attributable percentage for
CVD DALYs increased for lead exposure but
decreased for air pollution and non-optimal temper-
ature. There was considerable geographic variation in
the risk factors contributing to CVD burden. Meta-
bolic risk factors accounted for the highest percent-
age of CVD DALYs in middle SDI regions, followed by
high-middle and high SDI regions, with the lowest
percentage of CVD DALYs in low SDI regions. Simi-
larly, behavioral risk factors accounted for the high-
est percentage of CVD DALYs in middle SDI regions,
followed by high-middle SDI regions, with the lowest
percentage of CVD DALYs in low SDI regions. Envi-
ronmental/occupational risk factors accounted for
the highest percentage of CVD DALYs in low-middle
SDI regions, followed by high-middle and low SDI
regions, with the lowest percentage of CVD DALYs in
high SDI regions.

High FPG. Burden attributable to high FPG is esti-
mated for 4 CVDs: IHD, ischemic stroke, intracerebral
hemorrhage, and lower extremity peripheral arterial
disease. In addition to CVDs, high FPG was also a
large contributor to diabetes mellitus. High FPG

ranked ninth in terms of contributors to cardiovas-
cular DALYs in both 1990 and 2023. The percentage of
cardiovascular DALYs attributed to it rose from 6.6%
(95% UI: 4.9% t0 9.3%) in 1990 to 8.5% (95% UI: 7.1%
t0 10.7%) in 2023, in part due to the increase in global
exposure to high FPG since 1990 (Supplemental
Table 8).

Globally, the number of cardiovascular DALYs
attributable to high FPG increased from 21.2 million
(95% UI: 15.9 to 30.1 million) in 1990 to 37.3 million
(95% UI: 30.3 to 47.4 million) in 2023 (Supplemental
Table 7). Global age-standardized cardiovascular
DALYs attributable to high FPG decreased from 578.2
(95% UI: 440.1 to 813.9) per 100,000 in 1990 to 410.0
(95% UI: 333.3 to 521.4) per 100,000 in 2023, though
not all locations experienced a decrease (Figure 19-1).
Western Europe and high-income Asia Pacific had the
largest decreases in age-standardized attributable
DALY rates with annualized rates of change of —2.9%
(95% UI: —3.7% to —2.1%) and —2.9% (95% Ul: —4.1%
to —1.9%), respectively, between 1990 and 2023. No
region showed a notable increase in attributable
DALY rates from 1990 to 2023; Eastern Sub-Saharan
Africa increased the most, with an annualized rate
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FIGURE 19-1 Annualized Rate of Change in Age-Standardized Cardiovascular Disease Disability-Adjusted Life Year Rates Attributable to High Fasting Plasma

Glucose 1990-2023
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of change of 0.9% (95% UIl: —0.2% to 2.1%), though
the UI overlapped with =zero. In 2023, age-
standardized cardiovascular DALYs attributable to
high FPG were highest in North Africa and the Middle
East (878.6 [95% UI: 728.3 to 1,083.7] per 100,000)
and Central Asia (812.7 [95% UI: 672.4 to 1,025.4] per
100,000) and lowest were in Eastern Sub-Saharan
Africa (116.2 [95% UI: 82.5 to 167.2] per 100,000).
Exposure to high FPG increased globally between
1990 and 2023 (Supplemental Table 11). Among
females, the age-standardized SEV increased from
13.8 (95% UI: 9.1 to 22.4) to 17.4 (95% UI: 12.7 to 25.2),
while that of males increased from 14.9 (95% UI: 9.9
to 23.5) to 17.7 (95% Ul: 13.3 to 24.4). This rise in high
FPG exposure contributed to an increase of 6.51
million (95% UI: —4.03 to 16.5 million) cardiovascular
DALYsattributable to high FPG since 1990 (Figure 19-2;
Supplemental Table 8), with the UI slightly crossing
zero, suggesting only a potential contribution to
the increase in DALYs. Similarly, the effects of
population growth and aging contributed to an in-
crease of 10.8 million (95% UI: 8.12 to 15.0 million)

and 16.6 million (95% UI: 13.8 to 20.5 million)
attributable cardiovascular DALYs,
These sources of increases in DALYs were coun-
tered by changes in risk-deleted DALY rates, which
contributed to a decrease of 17.8 million (95% UI:
13.3 to 23.3 million) cardiovascular DALYs attribut-
able to high FPG. Among the 4 CVDs with which it
is associated in the GBD study’s comparative risk
assessment framework, increasing high FPG expo-

respectively.

sure contributed to the largest percentage increase
in attributable DALYs for IHD and lower extremity
peripheral arterial disease.

High LDL-C. The burden attributable to high LDL-C
was estimated for 2 cardiovascular outcomes:
ischemic stroke and IHD. High LDL-C was the fifth-
and third-largest contributor to cardiovascular
DALYs in 1990 and 2023, respectively, with 20.5%
(95% UI: 12.6% to 28.3%) and 20.8% (95% Ul: 13.6% to
29.0%) of cardiovascular DALYs attributed to high
LDL-C, respectively (Supplemental Table 8). Despite
global exposure remaining fairly consistent since
1990, many locations experienced large changes,
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FIGURE 19-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for High Fasting Plasma Glucose
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Decomposition of change in all-age, all sexes combined cardiovascular disease disability-adjusted life years (DALYs) attributable to high fasting plasma glucose from
1990 to 2023 due to population growth, population aging, risk exposure, and risk-deleted DALYs. Risk-deleted DALYs are the number of DALYs left after removing
the effect of risk factors, population growth, and population aging on overall DALYs. They were calculated as the cardiovascular disease DALY count multiplied by
1 minus the population attributable fraction for high fasting plasma glucose. The dot and error bar represent the mean and 95% uncertainty interval in percentage
change in number of DALYs attributable to the risk from 1990 to 2023.

with small decreases occurring in high SDI locations
that continue to have high exposure to high LDL-C
and increases in low SDI locations where exposure
is lower.

There were a total of 90.7 million (95% UI: 59.0 to
123 million) cardiovascular DALYs attributed to high
LDL-C in 2023 (Supplemental Table 7). Age-
standardized attributable cardiovascular DALYs in
2023 were 1,002.6 (95% UI: 653.3 to 1,363.9) per
100,000 globally, with rates highest in Eastern
Europe, at 2,252.6 (95% UI: 1,507.4 to 3,038.2) per
100,000, and in Oceania, at 2,200.7 (95% UI: 1,468.7
to 3,027.5) per 100,000, and rates lowest in high-
income Asia Pacific, at 322.0 (95% UI: 208.7 to
446.6) per 100,000 (Figure 20-1). High LDL-C was
attributed to 2.61 million (95% UI: 1.54 to 3.80
million) cardiovascular deaths in 1990, and age-

standardized cardiovascular mortality attributed to
high LDL-C was 74.3 (95% UI: 42.7 to 109.0) per
100,000 (Supplemental Table 9). By 2023, the num-
ber of attributable cardiovascular deaths had
increased to 3.63 million (95% UI: 2.23 to 5.36
million), while age-standardized attributable cardio-
vascular mortality decreased to 40.5 (95% Ul: 24.9 to
59.9) per 100,000.

Globally, trends in LDL-C level did not contribute
to a change in the associated CVD DALYs. However,
change in risk-deleted DALY rates did substantially
reduce burden attributable to LDL-C by 41.3 million
(95% UI: 24.9 to 63.5 million) DALYs (Supplemental
Table 8). Despite this, there was an overall increase
in cardiovascular DALYs attributable to high LDL-C
due to the effects of population growth and aging,
which contributed to an increase of 33.4 million
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Age-standardized cardiovascular disease (CVD) disability-adjusted life years (DALYs) attributable to high low-density lipoprotein cholesterol per 100,000 in 2023 (all

(95% UI: 21.1 to 47.0 million) and 33.9 million (95%
UI: 20.7 to 49.3 million) DALYs, respectively. How-
ever, changes in high LDL-C exposure varied by SDI
(Figure 20-2). Trends in age-standardized SEVs were
fairly flat for high SDI regions, with a slight decline
from 52.4 (95% Ul: 44.2 to 61.5) in 1990 to 49.8 (95%
Ul: 42.4 to 58.0) in 2023 (Supplemental Table 11).
Conversely, exposure increased slightly in low SDI
regions from 29.7 (95% UI: 21.7 to 39.4) to 34.6 (95%
Ul: 26.1 to 44.9).
High SBP. Burden attributable to high SBP was
estimated for 8 CVDs, including IHD, ischemic stroke,
intracerebral hemorrhage, and hypertensive heart
disease, through the comparative risk assessment
framework. High SBP was the largest contributor to
CVD DALYs in 1990 and 2023 with 48.1% (95% UI:
36.3% to 58.0%) and 51.1% (95% UI: 41.8% to 58.5%)
of CVD DALYs, respectively, attributed to it
(Supplemental Table 8). The burden of high SBP has
remained high, with exposure continuing to increase
in many locations since 1990.

In 1990, there were 154 million (95% UI: 117 to 190
million) cardiovascular DALYs attributed to high SBP

(Supplemental Table 7). By 2023, this had increased
to 223 million (95% UI: 180 to 261 million). However,
age-standardized cardiovascular DALYs attributed to
high SBP per 100,000 decreased from 4,044.9 (95%
Ul: 3,122.8 to 4,975.3) in 1990 to 2,454.9 (95% UI:
1,978.6 to 2,872.0) in 2023. Age-standardized cardio-
vascular mortality attributed to high SBP similarly
declined from 205.8 (95% UI: 162.4 to 245.7) per
100,000 in 1990 to 117.9 (95% UI: 95.2 to 138.9) per
100,000 in 2023, while the number of attributable
deaths increased from 7.07 million (95% UI: 5.55 to
8.56 million) to 10.5 million (95% UI: 8.51 to 12.4
million) (Supplemental Table 9). In 2023, age-
standardized cardiovascular DALYs attributed to
high SBP per 100,000 were highest in Oceania and
Central Asia, followed by Eastern Europe and North
Africa and the Middle East, and lowest in high-
income Asia Pacific and Australasia (Figure 21-1).
Globally, exposure to high SBP has risen from 1990 to
2023, from an age-standardized SEV of 28.3 (95% UI:
16.4 to 43.1) for males and 26.1 (95% UI: 15.2 to 41.4)
for females to 32.6 (27.1 to 38.7) for males and
27.8 (95% Ul: 22.7 to 33.4) for females
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FIGURE 20-2 ARC in SEVs for High Low-Density Lipoprotein Cholesterol by Country and Territory, 1990 to 2023
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(Supplemental Table 11). Despite this slight global
increase, there were some locations for which expo-
sure declined, particularly high-income Asia Pacific.

The increase in number of cardiovascular DALYs
attributable to high SBP globally from 1990 to 2023
was driven by population growth and aging, with an
increase of 78.5 million (95% UI: 58.7 to 96.1 million)
and 94.3 million (95% UI: 77.3 to 110 million) in car-
diovascular DALYs, respectively. Changes in global
high SBP risk exposure contributed little to no
change in DALYs (Figure 21-2, Supplemental Table 8).
These sources of increases were opposed by changes
due to risk-deleted DALY rates, which contributed to
a decrease of 111 million (95% UI: 70.2 to 156 million)
cardiovascular DALYs attributable to high SBP.

Among the 8 CVDs, changes in high SBP exposure
contributed to percentage increases in DALYs for
intracerebral hemorrhage and subarachnoid hemor-
rhage and contributed to decreases in DALYs for
other causes, such as hypertensive heart disease,
atrial fibrillation and flutter, and aortic aneurysm.

High BMI. In the GBD study, the burden attributable
to high BMI was estimated for 8 CVDs. High BMI was
the seventh-largest contributor to CVD DALYs,
responsible for 10.6% (95% Ul: 5.9% to 14.9%) of all
CVD DALYs in 2023 (Supplemental Table 8). This
represents a rise from 1990, in which high BMI was
responsible for 6.8% (95% Ul: 3.7% to 10.3%) of all
CVD DALYs. Substantial global increases in exposure
to high BMI since 1990 have contributed to a rise in
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FIGURE 21-1 Age-Standardized CVD DALY Rates Attributable to High Systolic Blood Pressure, 2023
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CVD DALYs, representing a major determinant in the
increase in CVD DALYs along with the impacts of
population growth and aging.

The total number of CVD DALYs attributable to
high BMI globally increased from 21.6 million (95%
UI: 11.3 to 33.1 million) in 1990 to 46.1 million (95%
Ul: 25.2 to 66.2 million) in 2023, while age-
standardized DALYs per 100,000 decreased from
537.2 (95% UI: 281.8 to 824.1) per 100,000 to 508.5
(95% UI: 278.2 to 731.5) per 100,000 (Supplemental
Table 7). Despite this global decline, there were a
number of regions for which age-standardized DALYs
per 100,000 increased, such as South Asia, which had
an annualized rate of change of 3.7% (95% Ul: 2.3% to
5.1%). North Africa and the Middle East had the
highest age-standardized CVD DALY rate attributable
to high BMI in 2023, at 1,527.1 (95% UI: 844.0 to
2,177.1) per 100,000, while high-income Asia Pacific
had the lowest, at 104.3 (95% UI: 50.8 to 171.7) per
100,000. Exposure to high BMI has increased notably
since 1990 for all countries (Figure 22-1). Globally, the
age-standardized SEV for high BMI in males
increased from 12.5 (95% Ul: 10.5 to 14.7) in 1990 to
19.2 (95% UI: 17.5 to 21.2) in 2023 (Supplemental
Table 11). For females, the summary exposure to

high BMI increased from 14.0 (95% UI: 11.7 to 16.4) in
1990 to 21.6 (95% UI: 19.7 to 23.8) in 2023.

Since 1990, the number of CVD DALYs attributable
to high BMI increased by 113.8% (95% UI: 79.3% to
165.8%). A total of 17.1 million (95% UI: 7.97 to 28.3
million) of the increase in DALYs were due to
increasing high BMI exposure (Figure 22-2,
Supplemental Table 8). Similarly, 11.0 million (95%
Ul: 5.88 to 16.9 million) and 16.6 million (95% UI: 8.93
to 24.0 million) of the increase in DALYs were due to
population growth and aging, respectively. These in-
creases were countered by change due to risk-deleted
DALY rates, which contributed to a decrease of 20.1
million (95% UIL: 10.3 to 30.4 million) DALYs.
Increasing high BMI exposure contributed to the
largest percentage increase in DALYs for intracerebral
hemorrhage and subarachnoid hemorrhage, followed
by atrial fibrillation and hypertensive heart disease.
Kidney dysfunction. In the GBD study, the burden
attributable to kidney dysfunction was estimated for
4 CVDs: IHD, ischemic stroke, intracerebral hemor-
rhage, and lower extremity peripheral arterial dis-
ease. In addition to CVDs, kidney dysfunction was
also a large contributor to chronic kidney disease
burden. Kidney dysfunction was the seventh-largest
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FIGURE 21-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for High Systolic Blood Pressure
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contributor to cardiovascular DALYs in 1990 and the
eighth largest in 2023, with 9.2% (95% Ul: 6.9% to
11.6%) of cardiovascular DALYs attributed to it in
1990 and 10.2% (95% UI: 7.6% to 12.8%) in 2023
(Supplemental Table 8).

Age-standardized cardiovascular DALYs per
100,000 attributable to kidney dysfunction declined
over time, decreasing from 789.1 (95% UI: 590.8 to
992.8) per 100,000 in 1990 to 491.3 (95% UI: 367.5 to
638.0) per 100,000 in 2023, despite an increase in
number of DALYs from 29.5 million (95% UI: 22.4 to
37.0 million) to 44.6 million (95% UI: 33.5 to 57.8
million) (Supplemental Table 7). Age-standardized
DALYs per 100,000 in 2023 were highest in Central
Asia, at 1,155.2 (95% UI: 896.7 to 1,419.3) per 100,000,
and Oceania, at 1,121.4 (95% UI: 848.0 to 1,495.0) per
100,000 (Figure 23-1). Rates were lowest in

Australasia, which had age-standardized attributable
cardiovascular DALYs of 120.9 (95% UI: 87.1 to 159.5)
per 100,000. Globally, exposure to kidney dysfunc-
tion was similar in 1990 and 2023 at an age-
standardized SEV of 2.9 (95% UI: 1.9 to 4.9) and 2.9
(95% UI: 2.0 to 4.9), respectively (Supplemental
Table 11). In both 1990 and 2023, the SEV was high-
est in Central Latin America (4.9 [95% UI: 3.0 to 7.5]
and 5.1 [95% UI: 3.1 to 7.7], respectively) and the
Caribbean (4.7 [95% UI: 2.9 to 7.2] and 5.0 [95% UI:
3.1 to 7.6], respectively).

Between 1990 and 2023, the number of cardiovas-
cular DALYs attributable to kidney dysfunction
globally increased by 51.0% (95% UI: 37.5% to 66.8%)
(Supplemental Table 8). This increase was primarily
due to the effects of population growth and aging,
which contributed 15.1 million (95% UI: 11.3 to 19.1
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FIGURE 22-1 ARC in SEVs for High Body Mass Index by Country and Territory, 1990 to 2023
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million) and 19.3 million (95% UI: 14.5 to 24.8
million) DALYs, respectively (Figure 23-2). Changes
in exposure to kidney dysfunction contributed to a
smaller change of 2.03 million (95% UIl: —0.0509 to
4.07 million) DALYs, the UI barely crossed zero,
suggesting a potential increase in DALYs due to
exposure. Decreases in DALYs were solely due to
changes in risk-deleted DALY rates, which contrib-
uted to a decrease of 21.4 million (95% UI: 15.3 to 27.7
million) DALYs.

Tobacco. Tobacco causes 7 CVDs, including atrial
fibrillation and flutter, lower extremity arterial dis-
ease, and aortic aneurism. In 2023, tobacco was the
fifth-leading cause of CVD DALYs among all risks for
CVD, decreasing from fourth place in 1990. The per-
centage of CVD DALYs attributable to tobacco
decreased from 21.2% (95% UI: 18.5% to 24.1%) in
1990 t0 17.9% (95% UI: 15.5% to 20.3%).

The number of CVD DALYs attributable to tobacco
increased from 67.8 million (95% UI: 58.3 to 78.3
million) in 1990 to 78.0 million (95% UI: 67.9 to 88.8
million) in 2023, although the age-standardized rate
per 100,000 population decreased from 1,650.5 (95%
UI: 1,418.8 to 1,903.0) to 855.6 (95% UI: 743.7 to
971.9) (Supplemental Figure 18). By world region,
the number of DALYs attributable to tobacco ranged
from 118,000 (95% UI: 96,600 to 141,000) in Aus-
tralasia to 22.4 million (95% UI: 18.7 to 26.1 million)
in East Asia in 2023; per 100,000 population DALYs
were largest in Oceania (2,066.5 [95% UI: 1,630.0 to
2,613.3]) and lowest in Andean Latin America (229.7
[95% Ul: 176.8 to 296.7]) (Figure 24-1). Age-
standardized DALYs attributable to tobacco per
100,000 decreased the most from 1990 to 2023 in
Australasia and Western Europe, with an annualized
rate of change decrease of 4.9% (95% Ul: 4.6% to
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FIGURE 22-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for High Body Mass Index
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5.3%) and by 3.8% (95% UL: 3.5% to 4.1%),
respectively.

From 1990 to 2023, tobacco exposure decreased
globally from a SEV of 34.5 (95% UI: 32.4 to 37.1) for
males and 23.0 (95% UI: 21.5 to 24.7) for females in
1990, to 26.1 (95% UI: 24.5 to 28.2) for males and 15.8
(95% UI: 14.5 to 17.4) for females in 2023. The
decrease in tobacco exposure led to a reduction of
21.2 million (95% UI: 11.3 to 31.2 million) cardiovas-
cular DALYs (Figure 24-2). Similarly, the risk-deleted
DALY rate contributed to a decrease of 31.6 million
(95% UI: 19.7 to 41.2 million) DALYs. In contrast,
population growth (34.6 million [95% UI: 29.4 to 39.6
million]) and population aging (28.3 million [95% UI:
24.2 to 32.9 million]) contributed to a rise in DALYs,
yielding an overall increase in the number of DALYs
attributable to tobacco exposure of 15.0% (95% UI:

0.3% to 34.6%) from 1990 to 2023. The largest

proportional decreases in DALYs due to tobacco
exposure only by CVD subcategory from 1990 to 2023
were for lower extremity peripheral arterial disease
and aortic aneurism, where DALYs due to tobacco
exposure decreased by 59.3% (95% UI: 36.7% to
82.6%) and 58.7% (95% UI: 37.2% to 81.2%)
respectively.

High alcohol use. High alcohol use causes 6 CVDs:
alcoholic cardiomyopathy, atrial fibrillation, hyper-
tensive heart disease, intracerebral hemorrhage, IHD,
and ischemic stroke. For IHD, the GBD study esti-
mated a J-shaped risk curve for burden attributable
to high alcohol use and therefore uses a theoretical
minimum level that accounts for the possibility of
protective effects. In contrast, the risks of the other
outcomes are estimated as increasing from low levels
of alcohol consumption. In 1990 and 2023, high
alcohol use ranked 12th among all risks for CVD



2224

GBD in 204 Countries and Territories, 1990-2023

JACC VOL. 86, NO. 22, 2025
DECEMBER 2, 2025:2167-2243

FIGURE 23-1 Age-Standardized CVD DALY Rates Attributable to Kidney Dysfunction, 2023
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DALYs. The percentage of CVD DALYs attributable to
high alcohol use remained similar from 1990 (0.9%
[95% UI: 0.0% to 2.9%]) to 2023 (0.9% [95% UI: 0.1%
to 2.5%]).

The number of CVD DALYs attributable to high
alcohol use increased from 2.86 million (95% UI:
0.0328 to 9.34 million) in 1990 to 3.83 million (95%
UI: 0.411 to 11.0 million) in 2023 (Supplemental
Figure 19). In contrast, the age-standardized rate
per 100,000 population of DALYs attributable to high
alcohol use decreased from 75.3 (95% UI: 8.4 to 227.5)
in 1990 to 41.8 (95% UI: 4.0 to 121.4) in 2023. By world
region in 2023, the number of DALYs attributable to
high alcohol use was highest in Eastern Europe (1.34
million [95% UI: 1.01 to 2.37 million]) and East Asia
(1.31 million [95% UIl: —0.172 to 3.36 million]); per
100,000 population, DALYs were largest in Eastern
Europe (445.1 [95% Ul: 341.6 to 750.1]), followed by
the Caribbean (106.3 [95% UI: 35.7 to 229.0])
(Figure 25-1).

From 1990 to 2023, the global exposure to high
alcohol use decreased from a SEV of 9.1 (95% UI: 6.8
to 12.7) for males and 4.6 (95% UI: 3.1 to 6.4) for fe-
males, to 8.0 (95% UI: 6.0 t0 10.8) and 3.4 (95% UI: 2.5

to 4.5), respectively. The decrease in high alcohol
exposure contributed to a change of —0.36 million
(95% UI: —2.58 to 0.983 million) DALYs (Figure 25-2),
the UI largely overlapped with zero, suggesting the
possibility of no notable change due to risk exposure
changes. Nevertheless, there was an overall increase
in the number of CVD DALYs attributable to high
alcohol use driven by increases due to population
aging (95% UI: 1.81 million [95% UI: 0.616 to 4.15
million]) and population growth (1.46 million [0.0168
to 4.68 million] DALYs). These increases counter-
acted the effect of decreased exposure, as well as that
of the risk-deleted DALYs (-1.93 million [95% UI:
—4.91 to —0.439 million]). By CVD subcategory,
changes in exposure to high alcohol use contributed
to the greatest decrease in the number of DALYs for
alcoholic cardiomyopathy with a decrease of 63.6%
(95% Ul: 48.3% to 75.7%) DALYs from 1990 to 2023.

DIETARY RISKS. Dietary risks consist of 15 dietary
risk subtypes (Table 2), 13 of which cause 8 CVDs
including atrial fibrillation and flutter, aortic aneu-
rism, and lower extremity peripheral arterial disease.
Dietary risks were the second-leading attributable
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FIGURE 23-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for Kidney Dysfunction
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risk factor among all risks for CVD DALYs in both
1990 and 2023. The percentage of CVD DALYs
attributable to dietary risks remained similar from
1990 (33.5% [95% UI: 13.2% to 44.5%]) to 2023 (32.3%
[95% UI: 12.5% to 45.5%]).

The number of DALYs attributable to diet
increased from 107 million (95% UI: 42.1 to 147
million) in 1990 to 141 million (95% UI: 56.0 to 198
million) in 2023 (Supplemental Figure 20). However,
the age-standardized DALY rate per 100,000 popu-
lation decreased from 2,694.9 (95% UI: 1,055.0 to
3,717.3) in 1990 to 1,557.3 (95% Ul: 617.8 to 2,184.3) in
2023. In 2023, large regional variations were
observed, with the number of DALYs ranging from
257,000 (95% UI: 76,700 to 379,000) DALYs in Aus-
tralasia to 38.1 million (95% UI: 10.3 to 56.4 million)
in South Asia and 30.1 million (95% UI: 15.5 to 42.4

million) in East Asia; age-standardized DALYs per
100,000 population were largest in Oceania (4,122.8
[95% UI: 1,434.6 to 5,961.0]) and lowest in high-
income Asia Pacific (434.3 [95% UI: 224.6 to 609.7])
(Figure 26-1). CVD DALYs attributable to dietary risks
per 100,000 decreased the most in Australasia and
Western Europe, with an annualized rate of change
decrease of 4.2% (95% Ul: 3.7% to 4.6%) and 3.3%
(95% Ul: 2.8% to 3.7%), respectively.

From 1990 to 2023, the global SEV for dietary risks
modestly decreased from 41.2 (95% UI: 32.5 to 49.0)
for males and 38.8 (95% UI: 28.1 to 46.2) for females
in 1990 to 39.9 (95% UI: 30.3 to 47.4) for males and
37.0 (95% UL: 27.7 to 44.1) for females in 2023. The
decreased exposure in dietary risks contributed to a
change of -13.1 million (95% UI: -38.4 to 15.7
million) DALYs, though a wide UI that overlaps with


https://doi.org/10.1016/j.jacc.2025.08.015

2226

GBD in 204 Countries and Territories, 1990-2023

JACC VOL. 86, NO. 22, 2025
DECEMBER 2, 2025:2167-2243

FIGURE 24-1 Age-Standardized CVD DALY Rates Attributable to Tobacco, 2023
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zero suggests the possibility of no change
(Figure 26-2). While this value is informed by a
composite of the exposure from all dietary factors
causing CVD, the individual dietary risks may have
an effect in opposite directions. Specifically, the
harmful exposure to sugar-sweetened beverages
increased since 1990, while other harmful dietary
risk exposure decreased (ie, low fruit consumption).
Population growth (54.8 million [95% UI: 21.7 to 75.9
million] DALYs) and population aging (53.2 million
[95% UI: 21.6 to 77.4 million] DALYs) contributed to a
substantial increase in CVD DALYs attributable to
diet, while the risk-deleted DALY rate accounted for
a decrease of 61.3 million (95% UIL: 22.1 to 95.3
million) DALYs. Altogether, dietary risks led to an
overall increase of attributable CVD DALYs of 31.4%
(95% UI: 9.7% to 52.5%) from 1990 to 2023.

Low physical activity. In the GBD study’s compar-
ative risk assessment framework, the burden attrib-
utable to low physical activity was estimated for
3 CVDs: IHD, ischemic stroke, and lower extremity
peripheral arterial disease. In both 1990 and 2023, it

was the second-smallest contributor to cardiovascu-
lar DALYs. However, it still accounted for 1.5%
(95% UI: 0.6% to 2.5%) and 1.6% (95% Ul: 0.6% to
2.6%) of all cardiovascular DALYs in 1990 and 2023,
respectively (Supplemental Table 8).

The number of cardiovascular DALYs attributable
to low physical activity increased from 4.94 million
(95% UI: 1.93 to 7.87 million) in 1990 to 7.16 million
(95% UI: 2.87 to 11.6 million) in 2023 (Supplemental
Table 7). However, attributable age-standardized
cardiovascular DALYs per 100,000 decreased from
133.1 (95% UI: 48.7 to 218.0) per 100,000 in 1990 to
78.8 (95% UI: 31.5 to 129.0) per 100,000 in 2023. In
2023, rates were highest in North Africa and Middle
East with 210.0 DALYs (95% UI: 84.3 to 332.1 DALYs)
per 100,000 (Figure 27-1). Andean Latin America and
Southern Latin America had the lowest rates with
20.0 (95% Ul: 6.6 to 33.8) and 19.0 (95% Ul: 6.3 to
34.2) DALYs per 100,000, respectively. Globally,
exposure to low physical activity increased over
time, though this change was not substantial
(Figure 27-2; Supplemental Table 11). From 1990 to
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FIGURE 24-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for Tobacco
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attributable to the risk from 1990 to 2023.

2023, the age-standardized SEV rose from 20.6 (95%
UL 17.5 to 23.6) for females and 12.8 (95% UI: 10.3 to
15.4) for males to 23.0 (19.5 to 26.7) for females and
13.9 (11.3 to 16.6) for males.

The increase in number of cardiovascular DALYs
attributable to low physical activity over time was
primarily driven by the effects of population growth
and aging, which contributed to an increase of 2.52
million (95% UI: 1.01 to 4.04 million) DALYs and 3.13
million (95% UI: 0.989 to 5.27 million) DALYs,
respectively (Supplemental Table 8). Increasing
exposure to low physical activity contributed little to
no change in DALYs at only 0.218 million (95% UI:
—0.623 to 1.05 million) DALYs added since 1990 due
to changing exposure. These increases were coun-
tered by changes due to risk-deleted DALY rates,
which contributed to a decrease of 3.65 million (95%

UI: 1.38 to 5.87 million) DALYs. Among the 3 CVDs,
changes due to low physical activity contributed to
the largest percentage increase for IHD as well as to a
large percentage decrease for lower extremity pe-
ripheral arterial disease.

Air pollution. In the GBD study, burden attributable
to air pollution is estimated for 4 CVDs: IHD,
ischemic stroke, intracerebral hemorrhage, and sub-
arachnoid hemorrhage. It was the third- and fourth-
largest contributor to CVDs in 1990 and 2023,
responsible for 25.5% (95% UI: 20.0% to 31.3%) and
20.7% (95% UI: 16.2% to 25.2%) of all cardiovascular
DALYs, respectively (Supplemental Table 8).

In 1990, there were 81.7 million (95% UI: 61.2 to
103 million) cardiovascular DALYs and 3.46 million
(95% UI: 2.59 to 4.34 million) cardiovascular deaths
attributable to air pollution (Figure 28-1). By 2023,
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FIGURE 25-1 Age-Standardized CVD DALY Rates Attributable to High Alcohol Use, 2023
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this had increased to 90.5 million (95% UI: 70.7 to 110
million) DALYs and 3.97 million (95% UI: 3.09 to 4.83
million) deaths. However, despite a slight increase
between 2020 and 2021, attributable age-
standardized cardiovascular DALYs and deaths per
100,000 have steadily decreased from 2,077.5 (95%
UI: 1,552.4 to 2,610.8) per 100,000 and 96.8 (95% UI:
73.1 to 121.2) per 100,000 in 1990 to 996.6 (95% UI:
778.6 to 1,211.2) per 100,000 and 44.1 (95% Ul: 34.2 to
53.8) per 100,000 in 2023, respectively. Age-
standardized rates of attributable cardiovascular
DALYs in 2023 were highest in Oceania, at 2,961.0
(95% UI: 2,156.0 to 3,759.7) per 100,000, and lowest
in Australasia, at 50.9 (95% UI: 26.3 to 80.8) per
100,000 (Supplemental Table 7). Although global
exposure to air pollution declined from an age-
standardized SEV of 51.5 (95% UI: 44.4 to 58.5) in
1990 to 37.6 (95% UIl: 31.9 to 44.1) in 2023
(Supplemental Table 11), this change was not
consistent by location (Figure 28-2). Decreases were
largest in high SDI regions, with an annualized rate of
change of —1.9% (95% UI: —2.2% to —1.4%) from a SEV
of 40.7 (95% UI: 30.0 to 50.4) to 22.2 (95% UI: 15.6 to
30.0) between 1990 and 2023. Conversely, low SDI
regions experienced a decrease of only 0.3% (95% UI:

0.3% to 0.4%), despite a substantially higher SEV of
69.1 (95% UI: 63.8 to 74.7) in 1990 and 61.8 (95% UI:
56.4 to 67.5) in 2023. Additionally, changes between
1990 and 2023 were not consistent for types of air
pollution. From 1990 to 2023, CVD DALYs due to
ambient particulate matter pollution rose from 33.3
million (95% UI: 23.4 to 42.9 million) to 60.4 million
(95% UI: 47.2 to 76.0 million); in contrast, those
associated with household air pollution from solid
fuels decreased from 48.5 million (95% UI: 35.1 to
63.4 million) to 30.3 million (95% UI: 20.8 to 43.3
million).

Globally, the increase in number of cardiovascular
DALYs attributable to air pollution was driven pri-
marily by the effects of population growth and aging,
which contributed 41.7 million (95% UI: 30.9 to 51.8)
and 36.2 million (95% UI: 28.0 to 44.8 million)
DALYs, respectively (Supplemental Table 8). Changes
in air pollution exposure resulted in a decrease of
28.5 million (95% UI: 15.7 to 42.9 million) DALYs,
which was similar to the effects of risk-deleted DALY
rates, which contributed a decrease of 40.6 million
(95% UIL: 29.0 to 51.8 million) DALYs. Exposure
contributed to the largest percentage decrease in
DALYs for subarachnoid hemorrhage followed by
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FIGURE 25-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for High Alcohol Use
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intracerebral hemorrhage, which, along with the ef-
fects of risk-deleted DALY rates, were large enough to
outweigh the increases from population growth and
aging, resulting in a decline in the number of DALYs
attributable to air pollution for these causes between
1990 and 2023.

Non-optimal temperature. Burden attributable to
non-optimal temperature is estimated for 8 CVDs in
the GBD study, including IHD, ischemic stroke,
intracerebral hemorrhage, and hypertensive heart
disease. It was the 10th-largest contributor to car-
diovascular DALYs in both 1990 and 2023. A total of
5.9% (95% UI: 5.4% to 7.0%) of cardiovascular DALYs
were attributed to non-optimal temperature in 1990
and 5.3% (95% Ul: 4.5% to 6.5%) in 2023
(Supplemental Table 8).

In 2023, there were 22.9 million (95% UI: 19.2 to
28.7 million) cardiovascular DALYs and 1.16 million
(95% UI: 0.968 to 1.41 million) cardiovascular deaths
attributable to non-optimal temperature, reflecting
an increase from 19.0 million (95% UI: 16.6 to 22.7
million) cardiovascular DALYs and 0.875 million
(95% UI: 0.776 to 1.02 million) cardiovascular deaths
in 1990 (Supplemental Tables 7 and 9). Between 1990
and 2023, global age-standardized cardiovascular
DALYs attributable to non-optimal temperature per
100,000 decreased from 489.2 (95% UI: 429.8 to
577.4) to 254.7 (95% UI: 212.7 to 318.7). Among re-
gions, rates were highest in Central Asia, North Africa
and the Middle East, and Eastern Europe, with 601.3
(95% Ul: 536.5 to 758.6) DALYSs, 575.2 (95% UI: 433.7
to 779.8) DALYs, and 498.6 (95% Ul: 463.7 to 550.9)
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FIGURE 26-1 Age-Standardized CVD DALY Rates Attributable to Dietary Risks, 2023
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DALYs per 100,000, respectively (Figure 29-1). Rates
were lowest in the Caribbean and Central Sub-
Saharan Africa with 53.0 (95% UlL: 33.8 to 74.9)
DALYs and 51.9 (95% Ul: —47.7 to 96.5) DALYs per
100,000, respectively. Globally, exposure to non-
optimal temperature increased over time from an
age-standardized SEV of 28.5 (95% UI: 27.8 to0 29.6) in
1990 to 32.2 (95% UI: 31.0 to 33.2) in 2023
(Supplemental Table 11). However, global trends
differed by type of non-optimal temperature, with
exposure to low temperature having little to no
change while exposure to high temperature increased
substantially.

Between 1990 and 2023, the number of cardiovas-
cular DALYs attributable to non-optimal temperature
increased by 20.6% (95% UI: 6.5% to 36.2%)
(Supplemental Table 8). This increase was driven by
the effects of population growth and aging, which
contributed to increases of 9.71 million (95% UI: 8.55
to 11.6 million) DALYs and 9.23 million (95% UI: 7.74
to 11.5 million) DALYs, respectively (Figure 29-2).
Changes in exposure to non-optimal temperature
contributed to a decrease of 3.43 million (95% UI:
2.02 to 4.87 million) DALYs, reflecting the larger risk

attribution of low temperature compared with high
temperature for CVD burden. Changes due to risk-
deleted DALY rate were larger, contributing to a
decrease of 11.6 million (95% UI: 8.50 to 15.0 million)
DALYs. Changes in exposure to non-optimal tem-
perature contributed to the largest percentage de-
creases for ischemic stroke, subarachnoid
hemorrhage, and hypertensive heart disease.
Lead exposure. Lead exposure is a subgroup of the
category of other environmental risks in GBD. Lead
exposure itself consists of lead exposure in bone and
lead exposure in blood; CVD was only attributed to
lead exposure in bone reflecting the long-term effect
of lead accumulation. Lead exposure caused 8 CVDs
in the GBD via its effect mediated through high SBP,
including IHD, ischemic stroke, and intracerebral
hemorrhage. Lead exposure was the sixth largest
cause of CVD DALYs when compared with level 2 GBD
CVD risk factors, just below tobacco. There was
notable geographic and sociodemographic variation
in the exposure and the global attributable burden of
CVD attributable to lead exposure (Figure 30-1).
There were 70.1 million (95% UI: 53.0 to 87.5
million) cardiovascular DALYs and 3.43 million (95%
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Ul: 2.59 to 4.25 million) cardiovascular deaths
attributable to lead exposure in 2023 globally. These
increased from 41.2 million (95% UI: 30.8 to 53.8
million) DALYs and 1.83 million (95% UI: 1.36 to 2.35
million) deaths in 1990. In contrast, the age-
standardized DALY rate decreased from 1,069.6
(95% UI: 803.2 to 1,391.5) per 100,000 in 1990 to 772.1
(95% UI: 582.4 to 963.7) per 100,000 in 2023. There
was notable geographic variation in the distribution
of CVD DALYs attributable to lead exposure in 2023,
ranging from 1,504.1 (95% UI: 1,259.1 to 1,764.8) per
100,000 in Central Asia and 1,474.3 (95% UI: 1,154.1
to 1,801.9) per 100,000 in North Africa and the Mid-
dle East, to 126.6 (95% UI: 95.6 to 161.2) per 100,000
in high-income Asia Pacific (Figure 30-1). From 1990
to 2023, DALYs attributable to lead exposure
decreased the most in Australasia (annualized rate of

change: —4.2% [95% Ul: —4.4% to —3.9%]), Western
Europe (—3.2% [95% Ul: —3.4% to —3.0%]), high-
income North America (-3.0% [95% UIl: —3.3% to
—2.7%], and Southern Latin America (—2.8% [95% UI:
—-3.0% to —2.6%]).

The exposure to lead did not substantially change
from 54.2 (95% Ul: 8.8 to 65.5) per 100 among males
and 44.4 (95% UI: 7.5 to 56.1) per 100 among females
in 1990 to 51.8 (95% Ul: 7.7 to 60.5) per 100 in males
and 44.5 (95% UI: 6.8 to 52.5) per 100 in females in
2023. The rise in the number of DALYs was driven by
the effects of population growth and population ag-
ing, as well as the changing exposure to lead. Popu-
lation growth and aging contributed to increases of
21.0 million (95% UI: 15.5 to 27.5 million) and 28.9
million (95% UI: 21.5 to 36.2 million) CVD DALYs,
respectively, while changes in lead exposure led to
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an increase of 12.5 million (95% UI: 7.59 to 18.1
million) CVD DALYs globally in 2023 (Figure 30-2).
The leading subcauses of CVD that contributed to this
rise were IHD, ischemic stroke, and intracerebral
hemorrhage.

DISCUSSION

OVERVIEW AND KEY FINDINGS. In 2023, CVD was
the leading cause of disease burden and deaths
worldwide (at level 2). Low, low-middle, and middle
SDI regions had the greatest age-standardized rates
of DALYs due to CVD, which was almost twice the
rate estimated in locations in the high SDI region.
This finding, that CVD burden is substantially greater
outside of the most developed settings even after
accounting for differences in population age, remains
among the most important messages of this analysis
and provides key evidence for the upcoming Fourth
High-level Meeting of the UN General Assembly on
the prevention and control of non-communicable
diseases. Geographic variation in CVD burden is
extensive, as shown in the maps throughout our
analysis, and extends beyond any simple assessment

based on economic categories. Burden varies greatly
for countries at the same level of SDI, suggesting a
potential for gains in cardiovascular health even
before broader development goals are achieved.

The global burden of CVD is not declining. This flat
trend is in the decline of CVD is due to trends in low-
middle and middle SDI regions where populations are
growing and aging at rates outpacing improvement in
modifiable risk factors and other drivers of health.
These trends are occurring despite remarkable im-
provements in the age-standardized rate of CVD
burden in higher SDI regions in the first decade of
this analysis, with an inflection point for many high
SDI countries around 2010, when these improving
trends began to flatten. The past decade has been one
of stagnation for these countries, and most have had
no substantial improvement in age-standardized
rates of CVD burden over that period.

In 2023, CVD burden was attributable to numerous
modifiable risk factors, with high SBP the dominant
contributor, followed by non-optimal diet, high
LDL-C, air pollution, tobacco use, lead exposure,
BMI, kidney dysfunction, FPG, non-optimal temper-
ature, low physical activity, and unsafe alcohol use.
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Summary exposure value for low physical activity (ranging from O to 100) from 1990 to 2023 for males and females. Summary exposure values are a measure of
risk-weighted exposure in the population with a possible range of O to 100. A value of O signifies that no excess risk exists in the population due to exposure to the
specified risk factor, while 100 indicates when the population is at the highest level of risk.

The fastest-rising threats globally for CVD burden
were metabolic (high BMI and FPG) and environ-
mental (ambient air pollution and high non-optimal
temperature) risks, while improvements occurred in
burden attributable to high trans fats and household
air pollution.

Risk factor attribution varied considerably be-
tween regions. For example, household air pollution
was a larger cause of CVD in Oceania and SSA than
other regions. High alcohol use was a larger cause of
CVD in Eastern Europe than other regions. High so-
dium consumption was a larger cause of CVD in East
Asia, Southeast Asia, Central Europe, and Oceania.
Given this kind of variation, disease burden

estimates offer the opportunity to tailor local health
policies to target the most relevant risks.

ATHEROSCLEROTIC CVD. Trends in IHD, ischemic
stroke, and PAD represent the changing global
burden of ASCVD and account for the majority of CVD
burden, as well as for many of its principal epide-
miologic features. Our decomposition analysis shows
that the leading reason for the increase in ASCVD
burden after population growth and aging was
increasing high BMI and FPG. The substantial in-
crease in ASCVD burden supports the need for early
detection, prompt risk stratification, and accessible
paths to lifestyle modification and treatment for the
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FIGURE 28-1 Total Numbers and Rates of Cardiovascular Diseases Attributable to Air Pollution: Global
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full range of cardiovascular risk factors. High SBP
accounts for more than half of ASCVD burden glob-
ally, indicating that hypertension screening, delivery
of cost-effective pharmacotherapies, dietary sodium
reduction, and reduction in environmental lead
exposure remain essential goals.?*»>*

The role of obesity and diabetes in ASCVD requires
particular attention.3%3® A broader framing of the risk
of high BMI and FPG has been called for in which
malnutrition, including obesity, is considered a
global syndemic. Our findings highlight the need for
wider implementation of primary prevention strate-
gies to increase healthy eating and physical activity
as well as implementation of screening and moni-
toring systems. Efforts to stem the increase in high
BMI have focused on behavioral prevention strate-
gies at younger ages, including healthier diets,
increased physical activity levels, and more recently,

incretin-based pharmacotherapies among individuals
with obesity, diabetes, or CVD.?” The syndemic
approach suggests a need to expand our scope to
identify drivers and impacts on a societal and
ecological scale. Our findings emphasize that expo-
sure levels to these complex, intertwined risks
continue to rise even in the face of innovative ther-
apies. Given that approximately half of the world is
unaware of their diabetes, substantial attention will
need to be paid to out-of-pocket costs and household
economic burden if any headway is to be
achieved.?®:3°

Similar challenges exist to reduce levels of both
high blood pressure and cholesterol, though gains
have been made for some ASCVD risks. Effective
policies are helping to reduce household air pollu-
tion, eliminate trans fat, and decrease access to to-
bacco.*°** New policies will be needed to address the
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FIGURE 28-2 Annualized Rate of Change in SEVs for Air Pollution by Country and Territory, 1990 to 2023
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threat of environmental risks, including ambient
particulate matter air pollution, non-optimal high
temperature, and lead exposure.

STROKE. Age-standardized DALY rates for stroke,
including ischemic, intracerebral hemorrhage, and
subarachnoid hemorrhage, were highest in low,
low-middle, and middle SDI settings, in which there
are large gaps in access to diagnostic imaging,
emergency transportation and treatment, and both
critical and long-term care.*>** While shared risk
factors suggest a parallel approach to that of ASCVD,
key policy priorities have been recommended beyond
risk factor control, including expanding access to
acute care facilities capable of treating stroke and
improving rehabilitation capabilities for stroke sur-
vivors.?> Out-of-pocket expenses, limited training for

physiotherapy, occupational therapists, and speech-
language therapists, and focus on acute care have
led to limited access for rehabilitation care in many
parts of the world. Future declines in the health
workforce, driven by global declines in fertility, may
limit capacity to provide adequate care for in-
dividuals with brain injury following stroke as well as
other CVD.*°48

CARDIOMYOPATHIES, VALVULAR DISEASE, AND
HYPERTENSIVE HEART DISEASE. Cardiomyopathies
include a diverse collection of myocardial diseases
with a broad range of etiologies, including hyper-
tension, alcohol use, valvular heart disease, and pri-
mary genetic disease.*® The burden of the most
common of these, hypertensive heart disease, has
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FIGURE 29-1 Age-Standardized CVD DALY Rates Attributable to Non-optimal Temperature, 2023

Age-standardized CVD DALY rate (per 100,000)
W <25 130 to <180
= 2510 <50 180 to <260
50t0<76 ™ 260 to <360
76t0<97 = 360to <530
9710 <130 = >=530

Eastern.
West Africa Mediterranean

o

Northern Europe

VV 4

Caribbean and Central America Persian Gulf The Balkans Southeast Asia

v

'd

Age-standardized CVD DALYs attributable to non-optimal temperature per 100,000 in 2023 (all sexes combined). Abbreviations as in Figure 20-1.

not declined significantly in the past 3 decades. Ac- in adolescence or early adulthood, which is consis-
cess to blood pressure-lowering drugs has become tent with alcoholic cardiomyopathy DALY rates
more common; however, surveys of pharmacies peaking at 60 years of age, a younger age than we
show that availability of multiple drug classes or found for other CVDs. Alcohol intake is generally
combination therapies correlates with blood pressure  higher in men vs women, particularly in countries
control but is substantially lower in low- and middle- that preserve more traditional gender roles.>> This
income countries.”® We observed wide variation in  aligns with our finding of higher burden from alco-
the rate of change in the burden of hypertensive holic cardiomyopathy in men vs women. Alcohol
heart disease even among countries at the same level consumption trends are changing, with substantial
of SDI, suggesting that there may be best practice declines in Europe associated with adoption of
strategies which can be adopted by health systems effective government policies but increases in
even for those at similar levels of national develop- Southeast Asia.>?
ment. For example, a single-pill combination of 3 The global burden of calcific aortic valve disease
antihypertensives has been shown to be more effec- rose significantly, while degenerative mitral valve
tive and just as safe as 2 drugs, providing a strategy to  disease burden remained stable. The GBD study also
improve the treatment of hypertension.>’ estimates disease burden due to tricuspid and pul-
Alcoholic cardiomyopathy remains an important monic valve disease (in aggregate and excluding
target for policy interventions. An intake of at least congenital heart diseases, which are estimated
80 g per day of alcohol for over 5 years is generally separately as part of congenital diseases) and found a
considered the main risk factor for alcoholic cardio- trend toward increasing burden for both all-age and
myopathy, which aligns closely with the threshold age-standardized rates. Improvements in surveil-
that GBD estimates for increasing risk of IHD due to lance and reporting will be needed to better under-
alcohol consumption.”® Risks of stroke and atrial stand how the availability of diagnostic imaging and
fibrillation are estimated by GBD to increase at lower options for therapies will impact future valvular
levels of consumption. Alcohol intake tends to start heart disease burden estimates.’*
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FIGURE 29-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Pop ion Aging, Ch
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for Non-optimal Temperature
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Decomposition of change in all-age, all sexes combined cardiovascular disease disability-adjusted life years (DALYs) attributable to non-optimal temperature from
1990 to 2023 due to population growth, population aging, risk exposure, and risk-deleted DALYs. Risk-deleted DALYs are the number of DALYs left after removing
the effect of risk factors, population growth, and population aging on overall DALYs. They were calculated as the cardiovascular disease DALY count multiplied by
1 minus the population attributable fraction for non-optimal temperature. The dot and error bar represent the mean and 95% uncertainty interval in percentage
change in number of DALYs attributable to the risk from 1990 to 2023.

ATRIAL FIBRILLATION. We found that the burden of
atrial fibrillation increased due to increasing popu-
lation age and size as well as to increasing high BMI
and environmental lead exposure (through its effect
on blood pressure), with small improvements in
other risk factors offsetting these effects. Obesity is
known to increase the risk of atrial fibrillation by
multiple mechanisms, and weight reduction reduces
atrial fibrillation burden.>® Pooled studies of regis-
tries and clinical trials have shown that premature
death among people with atrial fibrillation is due to a
cardiovascular cause in more than half of cases, most
commonly sudden cardiac death, heart failure,
stroke, or myocardial infarction.>® However, identi-
fication of atrial fibrillation as the underlying cause of
death on a death certificate has become common only
recently, and only in higher SDI locations, as

screening and diagnostic technologies become more
widely available. Educational campaigns and quality
improvement interventions appear to improve both
detection of atrial fibrillation and delivery of anti-
coagulation.®”->® Access to direct oral anticoagulants
remains limited in many countries due to their cost
and health care provider training, despite their
addition to the WHO essential medicines list
in 2019.%°

CVD DUE TO INFECTION. Infection is among the
most morbid causes of CVD. Burden due to rheumatic
heart disease is particularly high in Oceania, Sub-
Saharan Africa, and South Asia. Rheumatic heart
disease burden has declined globally but still affects
lower-resource settings where ongoing surveillance
shows that acute rheumatic fever and its carditis
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sequelae remain common.®® A recent prospective
cohort study of acute rheumatic fever, one of the first
performed in Sub-Saharan Africa, showed that over
4.3 years of follow-up, 16% of patients had died.®' A
record linkage study in Fiji found a death rate of
18.5% over 2.4 years.®? Bacterial endocarditis carries
similarly high fatality rates. In a large European reg-
istry, 17.1% of patients with endocarditis died in
hospital.®® Large-scale efforts to better understand
the epidemiology of these high-risk conditions has
advanced in recent years, but most countries lack
routine surveillance.

Viral infections are also common causes of CVD.
The proportion of myocarditis that is due to viral
infection remains unclear; however, SARS-CoV-2
may carry as much as a 15-fold increased risk for
myocarditis.®* Influenza has been estimated to be the
cause of 4% of IHD deaths globally.®®

TRENDS IN CVD RISK FACTORS. More CVD is
attributable to high SBP than any other risk factor.
Exposure to high SBP on average did not change since
1990, and little improvement was seen over the last 2
decades outside of the highest-income countries.®®

The addition of single-pill combination medications
for the prevention of ASCVD to the WHO List of
Essential Medicines is particularly important given
the dominant role of high blood pressure and
cholesterol as modifiable risks for CVD.®” For hyper-
tension, switching to pills that include 2 or 3 anti-
hypertensive medications has been shown safe and
more effective at achieving blood pressure targets
than traditional strategies. Delivery by community
health workers who both screen and treat for hy-
pertension allows these medications to be delivered
even in the most resource-limited settings.®®

From 1990 to 2023, high FPG and high BMI
contributed to the greatest proportional increase in
attributable CVD DALYs out of all risk factors. This
worrisome trend reflects the position of non-optimal
diet as the second leading risk for CVD and the
contribution of artificially formulated foods such as
sugar-sweetened beverages.®® Ultra-processed foods
have been identified as a particular risk for health,
driven substantially by consumption of sugar-
sweetened beverages and processed meats.”® No
single score or scale adequately reflects a healthy
diet, and increasing attention is being paid to dietary
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FIGURE 30-2 Percentage Change in the Number of Global Risk-Attributable DALYs, 1990 to 2023, due to Population Growth, Population Aging, Changes
in Exposures to Each Global Burden of Disease Risk Factor, and Changes in Risk-Deleted DALY Rates for All Sexes, for Lead Exposure
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population attributable fraction for lead exposure. The dot and error bar represent the mean and 95% uncertainty interval in percentage change in number of DALYs

attributable to the risk from 1990 to 2023.

patterns that combine healthy and unhealthy foods
in complex ways.”*

Among the most complex risks of CVD to analyze is
non-optimal temperature. The analysis presented
here makes use of a global surface temperature
dataset and mortality data for 64.9 million deaths
since 1990. GBD defines these risks as the same-day
exposure to ambient temperature that is warmer or
colder than the temperature with the minimum
estimated mortality risk, specific to a given location
in a given year, with a separate relative risk modeled
for each cause of death.”” Non-optimal temperature
is one of the few risks where our decomposition
analysis shows decreasing attributable CVD burden,
due to the higher risk of low temperature for IHD in
the face of increasingly higher global temperatures.
These estimates approximate a direct relationship

between surface temperature and specific CVD cau-
ses of death but do not include other pathways
through which climate might have affected CVD,
such as dehydration, migration, or extreme weather
events.”?

Improvements in CVD risk factors at the global
level can be seen in our analysis. Decreasing expo-
sure to tobacco, high alcohol use, dietary risks
including trans fats, and household air pollution led
toreductions in age-standardized rates of CVD DALYs
in many locations. These gains in health can be un-
derstood as the result of highly effective global and
national health policies that need to be supported,
continued and expanded.

POLICIES AND INTERVENTIONS TO ADDRESS CVD

BURDEN. Advances in medical diagnosis and treat-
ment of CVD remain limited in their availability for a
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large proportion of people, contributing to large
global disparities in CVD.”* Approximately half of the
improvement in CVD is likely to be due to medical
therapies, with risk factor modification contributing
equally to improved health.”> The contributions of
health systems to past reductions in CVD burden
include prehospital and hospital care, revasculariza-
tion and other device-based or surgical procedures,
and secondary prevention therapies. The available
health care workforce trained to diagnose and treat
CVD and its risk factors remains limited.

A broad range of population-level policies have
been adopted to improve CVD burden beginning with
the North Karelia Project launched in Finland in
1972.7° In the current era, tobacco prevention has
been among the most effective policies for the
reduction of CVD burden. The WHO Framework
Convention on Tobacco Control facilitates taxation
for tobacco products, inclusion of package warning
labels, and restricted smoking in public spaces such
as restaurants, worksites, and public trans-
portation.”” Major improvements in tobacco control
have been observed over the past decade in locations
with high burden such as found in parts of India,
though current trends have flattened and additional
progress is not clear in all locations.’® In comparison,
global efforts to reduce exposure to the harmful ef-
fects of alcohol have varied. In 2024, WHO launched
updated guidelines to curb alcohol intake, including
promoting restrictions in alcohol availability, raising
excise taxes on alcoholic beverages, and restricting
advertising.”®

Air pollution is the leading environmental risk
factor contributing to CVD burden, but there is a large
degree of geographic variation, with household and
ambient air pollution affecting large areas of Africa
and Asia. Installation of air pollution control tech-
nologies has been a successful strategy for reducing
ambient pollution in some locations such as China.®°

Improvements in diet have been limited but
promising, with increasing numbers of countries
banning trans fats. The effect of Mexico’s tax on
sugar-sweetened beverages remains unclear.®"%?
Japan and the United Kingdom have adopted broad,
effective policies to reduce sodium consumption.®?
Front-of-package labeling is being adopted in multi-
ple countries to provide consumers with information
on nutritional value.®

Many barriers exist to effective implementation of
these policies, including extremely limited funding
for the development and implementation of CVD
policies due to the extremely small share of devel-
opment assistance directed to non-communicable
diseases in general and CVD in particular.®®
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LIMITATIONS AND FUTURE EFFORTS IN GLOBAL
SURVEILLANCE. Estimates from the GBD study were
limited by the quality and availability of input data,
particularly in data-sparse regions. Future in-
vestments in data collection would be particularly
valuable in which regional trends and country-level
covariates predict a large shift in the burden of
CVD, but recent surveillance data are lacking. While
covariate estimates are available for all countries,
vital registration or verbal autopsy studies were not
available for estimation of total CVD cause of death in
56 countries including 2 countries in Latin America
and the Caribbean; 5 countries within North Africa
and the Middle East; 2 countries in South Asia; 14
countries in Southeast Asia, East Asia, and Oceania;
and 33 countries in Sub-Saharan Africa. We report
country-level details on data availability for this
analysis in Supplemental Appendix 1 (Supplemental
Figure 21, Supplemental Table 12). GBD estimates
are improved by the availability of risk factor data,
which are more widely available than mortality data
and can be used as covariates in disease models. For
example, 50 of 56 countries with no cause-of-death
data for total CVD had available input data to
inform estimates of mean SBP. Rates of death due to
hypertensive heart disease in Sub-Saharan Africa are
a result of higher measured SBP in the health exam-
ination surveys in many of those countries. In the
absence of direct data on CVD burden, robust statis-
tical models using covariates generated estimates.
Some risks and conditions have particularly limited
amounts of input data and rely extensively on
country-level covariates, including myocarditis and
atrial fibrillation. Data on mediation of risk factors by
other risks and how that may vary between pop-
ulations remain limited. There are also risk factors
not yet included in the GBD study, such as isolated
elevation in diastolic blood pressure.

IMPLICATIONS FOR HEALTH SYSTEMS AND PRIORITY
SETTING. Investment in cardiovascular health pol-
icies will be challenging in the current political and
economic climate. In 2025, development assistance
for health has fallen to its lowest level in over
15 years as multiple countries, including Finland,
France, Germany, the United Kingdom, and the
United States, have cut their funding.®® Only a small
proportion of this funding was ever invested in non-
communicable diseases. This May, the 78th World
Health Assembly approved a resolution affirming
their commitment to universal health coverage and
urging increases in domestic investments to improve
financial = protections and reduce  out-of-
pocket expenditures.®’
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Estimates of cardiovascular risk and disease
burden such as the those presented here offer the
opportunity to develop and align global health policy
with “facts on the ground” in this resource-
constrained environment. Burden estimates func-
tion as an aggregator of information from millions of
household survey respondents, patients enrolled in
disease registries, anonymized hospital and ambula-
tory health system records, and death certificates
filled out by the decedents reporting physicians.
Taken together, this data suggests that, if current
trends continue, the Sustainable Development Goals
Target 3.4 of a one-third reduction in premature
mortality from non-communicable diseases between
2015 and 2030 is not likely to be met.

To redirect these trends, future cardiovascular
health policies will need to support risk factor
reduction within a comprehensive framework for
universal health coverage. The leading CVD risk fac-
tors are not the same in each country and local sur-
veillance data and burden estimates can ensure an
evidence-based approach that is responsive to local
needs. In addition to the most common causes of
CVD such as IHD, stroke, and HHD, health systems
will need to invest in diagnostic and screening tools
to address the rising burden of atrial fibrillation and
non-rheumatic valvular heart disease, which are
often asymptomatic early in their course. Policies
should also support the eradication of rheumatic
heart disease, which remains a persistent health
threat in the poorest countries.®®

CONCLUSIONS

CVD remains the leading cause of disease burden and
death worldwide (at level 2), with the greatest

GBD in 204 Countries and Territories, 1990-2023

burden in low, low-middle, and middle SDI regions.
Large variation exists in CVD burden even for coun-
tries at similar levels of development, a gap
explained substantially by known, modifiable risk
factors that are inadequately controlled. Global levels
of exposure to high BMI have grown steadily since
1990, along with high FPG and low physical activity
to a lesser extent, which resulted in enlarged CVD
burden. High SBP, the leading risk for CVD, remains a
persistent threat for the health of most countries,
while exposure to high LDL-C has not improved
outside a small and select number of countries. In
contrast, decreases in exposure to tobacco and air
pollution, specifically household air pollution, have
counteracted some of the rising CVD burden.
Ambient air pollution and environmental lead expo-
sure remain serious health threats. Effective health
systems and public health strategies exist to reduce
these risks. Countries will need to adopt these stra-
tegies if they are to progress in achieving global goals
to reduce the burden of CVD.
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