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IMPORTANCE Ischemic heart disease (IHD), the leading cause of death in the US,
is predominantly due to modifiable risk factors. Estimates of IHD mortality attributable
to risk factors provide evidence for health policy decision-making.

OBJECTIVE To estimate the burden of IHD death attributable to risk factors in the US from
1990-2023.

DESIGN, SETTING, AND PARTICIPANTS The Global Burden of Disease Study 2023 (GBD 2023)
used vital records and a broad set of epidemiologic data to estimate IHD death rates, risk
factor exposure, and relative risk curves for risk-outcome pairs for 1990-2023 for the general
population. Data analysis was performed from October 2024 to December 2025.

EXPOSURE Twelve metabolic, behavioral, and environmental risk factors.

MAIN OUTCOMES AND MEASURES The primary outcomes were IHD death rates per 100 000
persons, counts, and attributable risks from 1990-2023 by age, sex, and US state. Estimates
include 95% uncertainty intervals (UI). IHD death rates were estimated using ensemble
modeling methods. Risk exposures were estimated using bayesian meta-regression methods.
Relative risks were estimated following the Burden of Proof framework.

RESULTS In 2023, there were 473 000 IHD deaths (95% UI, 414 000-510 000) in the US,
a decrease of 58.7% (95% UI, 56.8%-61.0%) in age-standardized rate since 1990. Between
2010 and 2023, there was a 19.0% decrease (95% UI, 15.0%-22.9%) for males and a 24.5%
decrease (95% UI, 20.3%-29.7%) for females in IHD death rates. High systolic blood pressure
(SBP), dietary risks, and high low-density lipoprotein cholesterol (LDL-C) were the leading risk
factors for IHD deaths in 2023, accounting for 47.2% (95% UI, 36.4%-57.0%), 38.6% (95%
UI, 17.2%-56.8%), and 28.5% (95% UI, 19.3%-39.6%) of IHD deaths, respectively. Increased
exposure to several risk factors substantially increased their attributable burden for IHD
deaths in 2023, with high fasting plasma glucose (FPG) increasing 38.8% (95% UI,
11.5%-81.1%) and high body mass index (BMI) increasing 54.5% (95% UI, 41.8%-66.3%) since
1990. Smoking and particulate matter pollution had the greatest decrease in attributable IHD
mortality since 1990, at 33.3% (95% UI, 23.6%-41.7%) and 74.9% (95% UI, 46.7%-88.8%),
respectively.

CONCLUSION AND RELEVANCE Per the results of this systematic analysis of GBD 2023, a total
of 88.7% (95% UI, 83.4%-92.5%) of IHD deaths were attributable to modifiable risk factors
in the US in 2023, with high SBP, dietary risks, and high LDL-C being the greatest
contributors. High BMI and high FPG showed the largest attribution increases, while
exposure to other risks did not increase significantly for the population.
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I n the US, ischemic heart disease (IHD) is the leading cause
of death driven by modifiable metabolic, behavioral, and
environmental risks.1-3 High systolic blood pressure (SBP),

low-density lipoprotein cholesterol (LDL-C), body mass in-
dex (BMI), diabetes, diet, sedentary lifestyle, and tobacco are
targets for reducing IHD burden.4,5 Environmental risks, in-
cluding particulate matter pollution, lead exposure, and non-
optimal temperature also cause IHD.6

US IHD mortality declined between 1980 and 2010 due to
improved prevention and treatment.7 Since 2010, this trend
has slowed or reversed in most states due to plateaus in risk
factor improvements, shifting risk factor exposures, and fewer
treatment advances. There is geographic variation and dis-
parities in the US8-11—specifically, smoking has declined since
2000 but remains highly prevalent in certain populations,
while obesity and diabetes have risen.7

To examine IHD and associated risk factor trends, we ana-
lyzed death records and all available data on population risk
exposure and their causal associations with IHD as part of the
Global Burden of Disease 2023 Study (GBD).1,2,12,13 We esti-
mated national and state-specific IHD mortality overall and at-
tributable to 12 modifiable risks from 1990 to 2023 and used
decomposition analysis to determine how population growth,
population aging, and risk exposures drove IHD mortality
trends. Our aim is to provide evidence that can guide public
health interventions and health policy decision-making.

Methods
Overview
GBD is a multinational study that provides mortality and dis-
ability estimates by country, age, and sex from 1990 to 2023;
detailed methods were previously published.14,15 We se-
lected 1990, the inaugural and routinely updated GBD year, as
the baseline. GBD 2023 included estimates for 376 diseases
and 88 risk factors. GBD followed the Guidelines for Accurate
and Transparent Health Estimate Reporting (GATHER)
recommendations.1 GBD used deidentified data, and a waiver
of informed consent was reviewed and approved by the
University of Washington institutional review board (study
number 9060).

Mortality Estimation
IHD deaths were identified from the US National Vital Statis-
tics System using International Classification of Disease (ICD)
codes (ICD-10: I20-I25; ICD-8 or -9: 410-414).16 Death records
coded to intermediate, implausible, or unspecified causes, in-
cluding heart failure, were redistributed to valid underlying
causes, including IHD. Redistribution used reclassification
algorithms, differentiating our results from other national mor-
tality databases.17 An empirical bayesian noise reduction al-
gorithm was applied to reduce random temporal stochastic-
ity in mortality records.17

The cause of death ensemble modeling (CODEm) soft-
ware estimated mortality by generating distinct statistical sub-
models with varying predictive covariates that weighted by out-
of-sample predictive validity.1 IHD mortality rates estimated

by CODEm were scaled with all other causes to align with all-
cause mortality estimates, including the effects of the COVID-19
pandemic in 2020-2022.15,18

Attributable Burden Estimation
IHD burden attributable to 12 risk factors was estimated using
the GBD comparative risk assessment framework.1 Risks were
categorized into the following groups: (1) metabolic, includ-
ing high SBP, high LDL-C, high BMI, high fasting plasma glu-
cose (FPG), and kidney dysfunction; (2) behavioral, includ-
ing diet, tobacco, physical activity, and alcohol consumption;
and (3) environmental, including particulate matter pollu-
tion, temperature, and lead exposure. Estimating attribut-
able burden required 5 entities: (1) the mean level and SD of
risk exposure among the population modeled by age, sex, and
year using regression and meta-regression methods; (2) the
relative risk (RR) of IHD given exposure, estimated following
the Burden of Proof meta-analysis method, accounting for
between-study heterogeneity; (3) the theoretical minimum risk
exposure level (TMREL), defined as the level of minimum
health risk; (4) a risk mediation matrix specifying propor-
tions of disease attributable to associated risks to account for
nonindependence of specific biological or behavioral causal
pathways; and (5) the population-attributable fraction (PAF)
calculated for each risk, adjusted for mediation between
nonindependent risks, and aggregated using the joint PAF
formula to estimate combined impact of multiple risk
factors.1,19-21 PAFs are not fully mutually exclusive through me-
diation and thus may not sum to 100% of risk-attributable
burden. Methodological details are in the eAppendices in
Supplement 1 and eTable 1 in Supplement 2.

Decomposition Analysis
Decomposition analysis was performed using Das Gupta’s
method22 to assess drivers of change in IHD mortality over time.
Using counterfactual scenarios where the effect of 1 pathway
was evaluated while holding all other pathways constant,
deaths attributable to changes in population growth, popula-
tion aging, risk exposure, and the remainder category of risk-
deleted mortality were calculated. Risk-deleted mortality ex-
plained unmeasured change in IHD deaths assuming all other

Key Points
Question How have the burden of ischemic heart disease (IHD)
mortality in the US and the influence of its risk factors changed
between 1990 and 2023?

Findings Per the results of this systematic analysis, there were
an estimated 473 000 IHD deaths in the US in 2023, indicating the
age-standardized mortality rate decreased by 58.7% since 1990.
IHD deaths attributable to high body mass index (BMI) and high
fasting plasma glucose (FPG) increased by 12.5% and 10.5% since
1990, respectively.

Meaning Modifiable risk factors are a major cause of IHD in the
US, with increasing contributions attributable to high BMI and high
FPG; addressing barriers to reducing risk exposure is essential
to lessen IHD mortality.
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drivers of change remained constant. Analyses were per-
formed for individual risk factors and aggregated by meta-
bolic, behavioral, and environmental groups and all risk
factors combined.

Statistical Analysis
Age standardization used the direct method with GBD stan-
dard population.1 Uncertainty intervals (UI) reflected the 2.5th
and 97.5th percentiles from 250 posterior distribution draws.
Risks and outcomes were aggregated by their level in hierar-
chies developed by GBD to represent 4 levels of increasing
granularity. To balance interpretability with sufficient granu-
larity, level 3 (IHD) was used for causes of death and level 2
for risks. PAFs are reported as percentages with 95% UIs. Fur-
ther details are provided in the eAppendices in Supplement 1
and on the Global Health Data Exchange. Software programs
used were Python version 3.10.4 (Python Software

Foundation), Stata version 13.1 (StataCorp), and R version 4.2.1
(R Foundation).

Results
National and State IHD Mortality Trends
In 2023, there were 473 000 (95% UI, 414 000-510 000) IHD
deaths nationally, an age-standardized rate of 75.4 (95% UI,
66.7-81.2) per 100 000 (Table 1). From 1990 to 2023, the age-
standardized mortality rate decreased 58.7% (95% UI, 56.8%-
61.3%) nationally; the decline slowed after 2010, with a 20.5%
(95% UI, 17.4%-23.9%) reduction through 2023.

Nationally, the IHD mortality rate decreased 58.3% (95%
UI, 55.9%-61.0%) for males, from 246.6 (95% UI, 230.4-
258.6) in 1990 to 102.8 (95% UI, 92.3-109.8) per 100 000 in
2023. In females, IHD mortality rates decreased 61.3% (95%

Table 1. Ischemic Heart Disease (IHD) Death Rates (per 100 000), Percentage Change, and Counts by Age, Sex, and Year in the US

Sex
Age
group, y

Mortality rate (95% UI)
Percentage change
(95% UI), % Mortality count (95% UI)

1990 2000 2010 2015 2023 1990-2023 2010-2023 1990 2023
Both
sexes

All ages 234.8
(215.0 to
247.6)

206.1
(183.5 to
218.8)

150.6
(132.4 to
161.6)

146.5
(127.6 to
157.7)

140.9
(123.3 to
152.2)

−40.0
(−43.2 to
−36.9)

−6.48
(−10.5 to
−2.42)

597 000
(546 000 to
629 000)

473 000
(414 000 to
510 000)

15-49 14.3
(13.7 to
14.9)

14.8
(14.1 to
15.7)

11.7
(11.1 to
12.4)

10.1
(9.3 to
10.9)

9.4
(8.5 to
10.3)

−34.2
(−41.5 to
−27.0)

−19.4
(−26.5 to
−11.3)

19 200
(18 400 to
20 100)

14 500
(13 100 to
15 900)

50-69 325.6
(316.0 to
334.7)

215.6
(209.2 to
221.7)

143.8
(138.5 to
149.5)

141.3
(135.5 to
145.8)

141.4
(134.6 to
147.2)

−56.6
(−58.8 to
−54.3)

−1.64
(−6.80 to
3.04)

139 000
(135 000 to
143 000)

116 000
(110 000 to
121 000)

≥70 2073.3
(1837.6 to
2215.0)

1781.7
(1528.3 to
1914.4)

1261.7
(1059.3 to
1378.2)

1118.4
(934.5 to
1224.0)

856.0
(712.8 to
943.5)

−58.7
(−61.3 to
−56.4)

−32.2
(−35.4 to
−29.0)

438 000
(388 000 to
468 000)

342 000
(285 000 to
377 000)

Age
standard-
ized

182.6
(167.1 to
192.6)

143.3
(128.9 to
151.6)

94.8
(84.5 to
101.3)

85.8
(75.8 to
91.9)

75.4
(66.7 to
81.2)

−58.7
(−61.0 to
−56.8)

−20.5
(−23.9 to
−17.4)

NA NA

Female All ages 222.2
(190.9 to
241.3)

202.4
(168.9 to
221.4)

139.7
(114.7 to
153.8)

130.7
(105.9 to
145.3)

117.4
(94.2 to
132.1)

−47.1
(−51.5 to
−42.8)

−15.9
(−20.5 to
−11.3)

289 000
(248 000 to
314 000)

199 000
(159 000 to
223 000)

15-49 5.8
(5.3 to
6.4)

7.0
(6.3 to
7.6)

6.0
(5.6 to
6.5)

5.4
(4.9 to
6.0)

4.8
(4.2 to
5.5)

−17.3
(−31.3 to
1.70)

−19.3
(−28.9 to
−7.74)

3900
(3560 to
4290)

3650
(3200 to
4170)

50-69 187.8
(178.4 to
197.2)

128.2
(120.9 to
135.5)

79.8
(74.9 to
83.9)

79.1
(74.1 to
83.6)

80.0
(72.2 to
86.0)

−57.4
(−61.2 to
−53.5)

0.25
(−7.68 to
7.53)

42 500
(40 400 to
44 600)

33 400
(30 200 to
36 000)

≥70 1856.1
(1551.9 to
2027.7)

1644.7
(1333.9 to
1812.6)

1155.3
(912.5 to
1293.6)

1001.8
(780.1 to
1131.3)

722.7
(560.5 to
826.8)

−61.1
(−64.8 to
−58.0)

−37.5
(−42.0 to
−33.4)

242 000
(203 000 to
265 000)

162 000
(125 000 to
185 000)

Age
standard-
ized

136.5
(118.5 to
147.7)

109.2
(93.5 to
118.3)

69.9
(58.8 to
76.1)

62.1
(52.1 to
68.2)

52.8
(43.3 to
58.7)

−61.3
(−64.6 to
−58.4)

−24.5
(−29.7 to
−20.3)

NA NA

Male All ages 248.1
(234.5 to
259.3)

209.8
(196.7 to
219.5)

162.0
(149.0 to
172.4)

162.6
(147.5 to
173.9)

164.7
(148.7 to
175.7)

−33.6
(−37.8 to
−29.5)

1.72
(−3.364 to
6.80)

308 000
(291 000 to
322 000)

274 000
(247 000 to
292 000)

15-49 22.8
(21.7 to
23.9)

22.6
(21.2 to
24.2)

17.4
(16.3 to
18.7)

14.6
(13.3 to
16.1)

13.9
(12.4 to
15.7)

−38.9
(−46.4 to
−30.2)

−19.7
(−28.9 to
−10.4)

15 300
(14 600 to
16 100)

10 900
(9670 to
12 200)

50-69 480.7
(465.2 to
496.3)

310.1
(299.5 to
320.3)

212.1
(203.7 to
221.5)

207.0
(197.9 to
215.7)

205.4
(195.3 to
215.4)

−57.3
(−59.7 to
−55.0)

−3.19
(−8.97 to
2.30)

96 600
(93 500 to
99 800)

82 500
(78 500 to
86 500)

≥70 2424.4
(2249.3 to
2547.2)

1992.5
(1825.7 to
2099.9)

1411.6
(1251.9 to
1523.1)

1274.7
(1122.3 to
1389.4)

1025.2
(893.8 to
1108.7)

−57.7
(−61.0 to
−54.9)

−27.4
(−31.7 to
−23.3)

196 000
(182 000 to
206 000)

181 000
(157 000 to
195 000)

Age
standard-
ized

246.6
(230.4 to
258.6)

189.1
(176.3 to
198.3)

126.8
(116.1 to
135.4)

115.6
(104.5 to
123.9)

102.7
(92.3 to
109.8)

−58.3
(−61.0 to
−55.9)

−19.0
(−22.9 to
−15.0)

NA NA

Abbreviations: NA, not applicable; UI, uncertainty interval.
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UI, 58.4%-64.6%), from 136.5 (95% UI, 118.5-147.7) per 100 000
in 1990 to 52.8 (95% UI, 43.3-58.7) in 2023. Between 2010 and
2023, there was a 19.0% decrease (95% UI, 15.0%-22.9%) for
males and a 24.5% decrease (95% UI, 20.3%-29.7%) for
females in IHD death rates.

In 2023, the highest IHD mortality rates per 100 000 ranged
from 99.0 to 109.5 (in Kentucky, Tennessee, West Virginia, Mis-
sissippi, and Arkansas), while the lowest rates ranged from 53.5
to 58.0 (in Massachusetts, Oregon, Hawaii, Colorado, and Min-
nesota) (eTable 2 in Supplement 2). Massachusetts, New Jer-
sey, and Minnesota led the reduction in age-standardized IHD
mortality, achieving more than 63% reductions since 1990
(64.8%; 95% UI, 62.8%-66.9%; 64.5%; 95% UI, 62.4%-
66.9%; and 63.5%; 95% UI, 61.3%-65.9%, respectively), while
Arkansas, Montana, and New Mexico declined under 50%
(42.2%; 95% UI, 38.8%-45.1%; 46.4%; 95% UI, 43.2%-49.6%;
and 47.1%; 95% UI, 43.9%-50.4%, respectively).

National Trends in Attributable Burden
and Drivers of Change
In 2023, modifiable risks caused 419 000 (95% UI, 363 000-
462 000) US IHD deaths, comprising 88.7% (95% UI, 83.4%-
92.5%) of all IHD deaths, varying by risk factor (Figure 1,
Table 2; eTable 3 in Supplement 2). In 1990, the number of IHD

deaths attributable to risk factors was 546 000 (95% UI,
494 000-585 000), a decrease of 127 000 deaths (95% UI,
104 000-154 000), or 23.3% (95% UI, 19.1%-28.2%). The de-
composition analysis (Figure 2) revealed the competing driv-
ers behind this national trend. Since 1990, reduced exposure
across IHD risk factors decreased IHD deaths by 180 000 (95%
UI, 50 700-313 000), a 32.9% (95% UI, 9.5%-55.2%) decline in
risk-attributable IHD mortality (eTable 4 in Supplement 2).
Improvements in risk-deleted mortality, which represent the
underlying decline in deaths after removing the effects of popu-
lation changes and risk exposures, mitigated 313 000 IHD
deaths (95% UI, 199 000-431 000), a 57.3% (95% UI, 35.4%-
80.0%) decline. Population growth and aging added 175 000
(95% UI, 152 000-190 000) and 191 000 (95% UI, 162 000-
213 000) IHD deaths, respectively.

There were 365 000 IHD deaths (95% UI, 317 000-
411 000) attributable to metabolic risk factors in 2023, repre-
senting 77.3% (95% UI, 70.7%-83.1%) of IHD deaths (eTable 3
in Supplement 2). The leading metabolic risks for IHD were high
SBP and high LDL-C, for which 47.2% (95% UI, 36.4%-57.0%)
and 28.5% (95% UI, 19.3%-39.6%) of IHD deaths were attrib-
utable, respectively. Changed exposure to high SBP and high
LDL-C led to nonsignificant change in IHD-attributable deaths.
Since 1990, IHD deaths attributable to high FPG increased from

Figure 1. Arrow Diagram Showing Change in Percentage of Ischemic Heart Disease (IHD) Deaths
Attributed to Risk Factors in the US

High systolic blood pressure 
52.0% (95% UI, 38.9%-63.0%)

High systolic blood pressure
47.2% (95% UI, 36.4%-57.0%)

Dietary risks
44.5% (95% UI, 22.3%-63.9%)

Dietary risks
38.5% (95% UI, 17.2%-56.8%)

High LDL cholesterol
31.4% (95% UI, 20.9%-43.1%)

High LDL cholesterol
28.5% (95% UI, 19.3%-39.6%)

Tobacco
21.1% (95% UI, 17.8%-24.1%)

High fasting plasma glucose
18.0% (95% UI, 14.6%-21.8%)

Lead exposure
18.0% (95% UI, 15.2%-20.7%)

Kidney dysfunction
17.8% (95% UI, 12.7%-23.6%)

Kidney dysfunction
17.0% (95% UI, 12.1%-22.6%)

Tobacco
17.8% (95% UI, 14.6%-21.2%)

Particulate matter pollution
14.7% (95% UI, 5.7%-24.0%)

High body mass index
17.0% (95% UI, 8.0%-25.9%)

High fasting plasma glucose
12.9% (95% UI, 10.4%-15.7%)

Lead exposure
16.1% (95% UI, 13.7%-18.3%)

High body mass index
12.0% (95% UI, 5.6%-18.5%)

Nonoptimal temperature
7.5% (95% UI, 6.1%-10.3%)

Nonoptimal temperature
7. 7% (95% UI, 6.5%-10.5%)

Particulate matter pollution
4.7% (95% UI, 2.2%-7.4%)

Alcohol consumption
−0.4% (95% UI, −1.8% to 4.0%)

Alcohol consumption
−1.8% (95% UI, −3.6% to 3.6%)

Low physical activity
2.0% (95% UI, 0.7%-3.7%)

Low physical activity
2.1% (95% UI, 0.7%-3.7%)

1990 Rank 2023 Rank

Metabolic risks

Behavioral risks

Environmental or
occupational risks

Change in percentage of IHD deaths
attributable to 12 level 2 Global
Burden of Disease (GBD) metabolic,
behavioral, and environmental or
occupational risk factors in the US
from 1990 to 2023. Grouping risk
factors by GBD hierarchy can be
found in eTable 1 in Supplement 2.
LDL indicates low-density
lipoprotein; UI, uncertainty interval.
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77 100 (95% UI, 61 700-94 500) to 85 200 (95% UI, 67 100-
106 000) in 2023. Population growth, aging, and increased
high FPG exposure resulted in 24 700 (95% UI, 19 400-
30 700), 40 700 (95% UI, 31 900-51 500), and 29 900 (95% UI,
9850-60 100) additional IHD deaths, respectively, which rep-
resented increases of 32% (95% UI, 29.5%-33.5%), 52.8% (95%
UI, 44.5%-65.3%), and 38.8% (95% UI, 11.5%-81.1%) of high
FPG–attributable IHD deaths since 1990; risk-deleted mortal-
ity did not offset these (Figure 2). IHD deaths attributable to
high BMI increased by 8900 (95% UI, 2700-16 300), or 12.5%
(95% UI, 3.8%-22.8%), since 1990. Increased high BMI expo-
sure added 38 900 (95% UI, 17 000-64 800) IHD deaths,
a 54.5% (95% UI, 41.8%-66.3%) increase in high BMI–
attributable IHD deaths since 1990, which, alongside impacts
of population growth and aging, was not offset by improved
risk-deleted mortality.

In 2023, 232 000 IHD deaths (95% UI, 145 000-311 000)
were attributable to behavioral risks nationally, representing
49.1% (95% UI, 30.3%-63.9%) of IHD deaths. Diet was the lead-
ing behavioral risk, comprising 38.6% (95% UI, 17.2%-56.8%)
of IHD deaths. Tobacco caused 83 900 (95% UI, 69 800-
101 000) IHD deaths in 2023, a decrease of 41 900 (95% UI,
29 700-52 500) since 1990, which represented a 33.3% (95%
UI, 23.6%-41.7%) reduction in tobacco-attributable IHD deaths.

Decomposition analysis showed that changed exposure across
behavioral risks drove a 30.0% (95% UI, 4.9%-52.7%) de-
crease in attributable deaths since 1990 (Figure 2). This prog-
ress was driven by reduced tobacco exposure, which alone
yielded a 22.8% (95% UI, 7.7%-34.5%) drop in IHD deaths at-
tributable to tobacco. Changed diet and physical activity
exposure showed no significant effects.

In 2023, environmental risks caused 123 000 (95% UI,
99 600-144 000) US IHD deaths, comprising 25.9% (95% UI,
22.4%-29.8%) of IHD deaths. Lead exposure, the leading
environmental risk, caused 75 900 (95% UI, 60 900-90 300)
IHD deaths in 2023, or 16.1% (95% UI, 13.7%-18.3%) of IHD
deaths. Additionally, nonoptimal temperature and particu-
late matter pollution led to 35 300 (95% UI, 27 700-48 400)
and 22 000 (95% UI, 10 200-36 300) IHD deaths in 2023,
respectively. For particulate matter pollution, this corre-
sponded to a 74.9% (95% UI, 46.7%-88.8%) reduction in the
number of attributable IHD deaths since 1990 (Table 2).
Since 1990, IHD deaths attributable to environmental risks
decreased by 42.0% (95% UI, 29.3%-51.6%). The decline was
driven primarily by reduced particulate matter pollution
exposure, which resulted in a decrease of 65 400 (95% UI,
13 300-126 000), or 74.7% (95% UI, 37.5%-94.6%), attribut-
able IHD deaths (Figure 2).

Table 2. Risk-Attributable Ischemic Heart Disease (IHD) Deaths and Age-Standardized Mortality Rates in the US, 1990-2023a

Risk

No. of deaths Age-standardized mortality rate (95% UI)
1990,
No. (95% UI)

2023,
No. (95% UI)

Percentage
change, % 1990 2023

Percentage
change, %

All risk factors 546 000 (494 000 to
585 000)

419 000 (363 000 to
462 000)

−23.3 (−28.2 to
−19.1)

168 (152 to
180)

67.1 (58.8 to
73.8)

−60 (−62.3 to
−57.8)

Metabolic risks 466 000 (410 000 to
515 000)

365 000 (316 000 to
411 000)

−21.6 (−27.3 to
−15.5)

143 (126 to
158)

58.4 (50.9 to
65.7)

−59.2 (−62 to
−56)

High systolic blood pressure 310 000 (233 000 to
375 000)

223 000 (167 000 to
272 000)

−28.1 (−37.6 to
−13.7)

94 (70.1 to
114)

34.9 (26.5 to
42.8)

−62.8 (−67.9 to
−55.2)

High LDL cholesterol 187 000 (127 000 to
255 000)

135 000 (92 100 to
187 000)

−28.1 (−38.8 to
−16.8)

59.3 (40.7 to
79.8)

22.8 (16 to
31.2)

−61.5 (−67.2 to
−55.5)

Kidney dysfunction 102 000 (69 200 to
138 000)

84 200 (58 800 to
115 000)

−17.1 (−22.5 to
−11.6)

30.8 (21 to
41.9)

12.8 (8.97 to
17.5)

−58.4 (−60.9 to
−55.8)

High fasting plasma glucose 77 100 (61 700 to
94 500)

85 200 (67 100 to
106 000)

10.5 (−8.64 to
37.6)

23.3 (18.6 to
28.5)

13.3 (10.5 to
16.6)

−42.9 (−52.7 to
−28.9)

High body mass index 71 400 (32 900 to
112 000)

80 300 (37 200 to
126 000)

12.5 (3.81 to
22.8)

22.4 (10.4 to
35.2)

13.5 (6.31 to
20.9)

−39.7 (−44.3 to
−34.2)

Behavioral risks 334 000 (225 000 to
441 000)

232 000 (145 000 to
311 000)

−30.6 (−41.4 to
−22.1)

104 (70.3 to
136)

38.3 (24.5 to
50.7)

−63.1 (−68.5 to
−58.6)

Dietary risks 265 000 (136 000 to
394 000)

182 000 (78 100 to
277 000)

−31.4 (−47.9 to
−18.1)

82.7 (43.1 to
122)

30.2 (13.4 to
45.3)

−63.4 (−71.8 to
−56.2)

Tobacco 126 000 (107 000 to
147 000)

83 900 (69 800 to
101 000)

−33.3 (−41.7 to
−23.6)

40 (34.3 to
46.4)

14.5 (12.1 to
17.4)

−63.7 (−68.1 to
−58.8)

Low physical activity 11 800 (4320 to
21 900)

9880 (3530 to
17 900)

−16.5 (−57.3 to
61.9)

3.56 (1.29 to
6.63)

1.5 (0.54 to
2.7)

−57.9 (−78.2 to
−17.5)

Alcohol consumption −2610 (−11 000 to
24 400)

−8510 (−16 600 to
17 300)

226 (−1180 to
1690)

−1.07 (−3.75 to
7.63)

−1.64 (−3.17 to
2.9)

52.4 (−826 to
572)

Environmental or
occupational risks

211 000 (159 000 to
257 000)

123 000 (99 600 to
144 000)

−42 (−51.5 to
−29.3)

64.5 (48.5 to
78.7)

19.2 (15.7 to
22.7)

−70.2 (−75.1 to
−63.7)

Lead exposure 107 000 (89 200 to
127 000)

75 900 (60 900 to
90 300)

−29.3 (−34.2 to
−25)

32.7 (27.2 to
38.6)

11.7 (9.48 to
14)

−64.1 (−66.4 to
−61.9)

Particulate matter pollution 87 600 (33 400 to
144 000)

22 000 (10 200 to
36 300)

−74.9 (−88.8 to
−46.7)

26.8 (10.2 to
44.2)

3.51 (1.63 to
5.76)

−86.9 (−94.2 to
−72.4)

Nonoptimal temperature 45 800 (37 800 to
63 000)

35 300 (27 700 to
48 400)

−23 (−30 to
−18.3)

14 (11.6 to
19.3)

5.63 (4.45 to
7.72)

−59.8 (−63.4 to
−57.6)

Abbreviations: LDL, low-density lipoprotein; UI, uncertainty interval.
a Percentage change of IHD deaths attributable to risk factors given from 1990 to 2023. Counts, rates, and percentages were rounded to 3 significant figures.
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US State–Level Variation in Attributable Burden
In all states, high SBP, high LDL-C, and diet were the leading
risk factors for IHD deaths (Figures 3 and 4). In 2023, the per-
centage of IHD deaths attributable to high BMI ranged from
13.7% (95% UI, 6.4%-20.7%) in Hawaii to 19.2% (95% UI, 9.2%-
28.7%) in Mississippi; its rank decreased in only 1 state (Colo-
rado). Kidney dysfunction contributed most to IHD deaths in
Massachusetts at 19.5% (95% UI, 13.6%-26.1%) and least in
Texas at 14.7% (95% UI, 10.5%-19.5%).

The percentage of IHD deaths attributable to dietary risks
ranged from 35.4% (95% UI, 15.6%-52.7%) in New Jersey to
42.6% (95% UI, 19.4%-61.4%) in Mississippi. Tobacco’s con-
tribution ranged from 11.2% (95% UI, 9.0%-13.5%) in Utah to
23.5% (95% UI, 19.4%-27.8%) in Alaska. In over half of states,
tobacco ranked the fourth- or fifth-highest risk for IHD deaths.
Low physical activity was ranked the 11th-highest contribu-
tor in all but 1 state (Hawaii).

The percentage of IHD deaths attributable to nonoptimal
temperature was highest in Arizona at 12.3% (95% UI, 6.1%-
19.8%) and lowest in Hawaii at 3.0% (95% UI, 2.8%-3.4%). Non-
optimal temperature was the eighth-ranked risk nationally, and

it increased rank in all but 5 states (Arizona, California, Florida,
Hawaii, and Oregon).

Discussion
Main Findings
Since 1990, population growth and aging caused 365 000 ad-
ditional IHD deaths, while modifiable risk factor changes pre-
vented 180 000 deaths. High SBP, poor diet, and high LDL-C
were the leading IHD mortality risk factors, with no signifi-
cant decrease from changed exposures. Increased high BMI and
high FPG added 38 900 and 29 900 IHD deaths, respectively,
as reduced risk-deleted mortality did not offset their impact.
Reduced tobacco exposure, lead, and air pollution have pre-
vented 28 700, 17 300, and 65 400 IHD deaths nationally, re-
spectively. This study highlights the importance of public
health policies targeting modifiable risk factors, especially high
BMI and high FPG, to reduce IHD mortality by addressing their
role in accelerating atherosclerosis and counterbalancing popu-
lation growth and aging.

Figure 2. Bar Plot Showing Decomposition Analysis: Percentage Change in Attributable Risk Factors
to Ischemic Heart Disease (IHD) Deaths Due to Population Growth, Population Aging, Risk Exposure,
and Risk-Deleted Mortality: US, 1990-2023

Change, %
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High fasting plasma glucose

Kidney dysfunction

High LDL cholesterol

High systolic blood pressure
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Tobacco
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Nonoptimal temperature

Lead exposure

Particulate matter pollutiona

Risk type

Decomposition factor

Change due to risk-deleted mortality rate

Change due to risk exposures

Change due to population aging Net change

Change due to population growth

Decomposition of change in all ages,
all sexes combined IHD deaths
attributable to risk factors from 1990
to 2023 due to population growth,
population aging, risk exposure, and
risk-deleted deaths in the US.
Risk-deleted deaths are the number
of deaths left after removing the
effect of risk factors, population
growth, and population aging on
overall deaths. They were calculated
as the overall IHD death count
multiplied by 1 minus the
population-attributable fraction for
each risk. The dot and error bar
represent the net change and 95%
uncertainty interval in percentage
change in number of deaths
attributable to the risk from 1990 to
2023.
aAggregate of ambient particulate
matter air pollution and household air
pollution due to solid fuels.
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Metabolic Risks
Our findings of rising high FPG and high BMI increasing US
IHD deaths align with analyses documenting increased dia-
betes prevalence since 1990, while 10% of cases remain
undiagnosed.23-26 Current guidelines recommend screening
at age 35 years and sooner if overweight or obesity is present,
yet less than half of eligible US adults report glucose testing,
potentially due to issues including health care access, clini-
cian guideline familiarity, or patient care-seeking practices.27

Glycemic and BP control among US patients with diabetes
declined from the late 2000s onwards after a decade of prog-
ress in the late 1990s to early 2000s.28 Our findings regarding
high FPG lend further evidence to studies describing the
resurgence of diabetes complications, including IHD, in the
US.29 Our results reflect the well-described US obesity epi-
demic, with 172 million adults overweight or obese as of 2021
and numbers projected to increase.30 Multifaceted interven-
tions, including medical management and surgical and life-
style approaches focusing on improved nutrition, health edu-
cation, and physical activity, show effectiveness in reducing
obesity rates.31,32

IHD deaths attributable to high SBP and high LDL-C de-
clined slightly since 1990, predominantly due to reductions in
risk-deleted mortality, not risk exposure. This likely reflects
improved primary and secondary cardiovascular risk preven-
tion rather than large differences in risk exposure control, in-
cluding increased antihypertensive and lipid-lowering
therapies.33,34 However, high SBP and high LDL-C prevalence
remains high.34,35 Our findings align with national studies

showing slight decreases in mean SBP since 1990.35 National
Health and Nutrition Examination Survey (NHANES) data in-
dicate SBP control in hypertensive individuals improved from
1990 to 2010 but declined slightly since 2013.36,37 Regarding
LDL-C, our results align with NHANES analysis finding that US
mean total cholesterol decreased but the proportion of people
with controlled cholesterol did remain unchanged from the late
2000s to the early 2010s.38

Behavioral Risks
Dietary risks were the leading behavioral risk for IHD deaths.
Although NHANES data show fewer adults meeting dietary
guidelines since the early 2000s, our results found a slight re-
duction in IHD deaths attributable to dietary risks since 1990,
partially due to banning trans fats in the late 2010s.39,40 GBD
does not measure total energy (calories) or high glycemic food
consumption as risk factors, so our estimate of IHD trends at-
tributable to diet reflects meal composition rather than quan-
tity eaten (eg, dietary drivers of obesity).

Our findings show decreased IHD deaths from tobacco use
nationally, primarily due to decreased exposure.41 US to-
bacco prevention and control programs have shown success
in reducing smoking prevalence. Our study found that states
that experienced the lowest smoking PAF had implemented
statewide programs (Utah, New Jersey, California).42,43 Co-
hort and case-control studies show low and moderate levels
of alcohol consumption decreases IHD risk compared with no
or high consumption levels, although recent mendelian ran-
domization studies have not shown this protective effect.44,45

Figure 3. Heatmap Showing Percentage of Ischemic Heart Disease (IHD) Deaths Attributable to Risk Factors in the US by State, 2023

High systolic blood pressure High LDL cholesterol High body mass index

High fasting plasma glucose

Dietary risks Tobacco Low physical activity

Lead exposure Nonoptimal temperature Particulate matter pollution

Alcohol consumption

Kidney dysfunction

48
Percent

47

46

42

Percent

40
38
36

21

Percent

18
15
12

2.4
Percent

2.2
2.0
1.8
1.6

–1.5

Percent

–2.0

–2.5

7.5

Percent

5.0
2.5

10.0

Percent

7.5
5.0

24

Percent

20
16

31
Percent

30

28
29

Percent

18
Percent

17

16

19
18

Percent

17

15
16

19
18
17

15
16

Percentage of IHD deaths attributable to 12 level 2 Global Burden of Disease (GBD) risk factors in 2023 by state. Grouped by metabolic, behavioral, and
environmental or occupational risks. Grouping risk factors by GBD hierarchy can be found in eTable 1 in Supplement 2. LDL indicates low-density lipoprotein.

Modifiable Risk Factors and Attributable Ischemic Heart Disease Mortality in US States, 1990-2023 Original Investigation Research

jamacardiology.com (Reprinted) JAMA Cardiology Published online July 15, 2026 E7

© 2026 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Jules Levin on 07/25/2026

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2026.2435?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2026.2435
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2026.2435


We used all available evidence when we estimated a
J-shaped risk curve for IHD attributable to alcohol use and
therefore used a TMREL that accounted for the possibility of
protective effects at low consumption levels. This resulted in
a conservative approach, with IHD risk increasing for alcohol

consumption above 60 g per day. However, low levels of
alcohol consumption increase risk for other outcomes, includ-
ing cancers, cirrhosis, and atrial fibrillation, and thus alcohol
consumption should not be considered as a strategy to
reduce IHD mortality.46

Figure 4. Heatmap of Change in Rank of Ischemic Heart Disease (IHD) Deaths Attributable to Risks From 1990 to 2023 in the US
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Environmental Risks
Lead exposure was the top environmental contributor to
IHD deaths. NHANES and prospective cohort studies sup-
port the harmful association between lead and IHD in the
US.47 Our study showed a small decrease in IHD deaths
attributable to lead since 1990, consistent with findings of
decreased lead exposure nationally.48 Recent US Environ-
mental Protection Agency messaging is aimed at continuing
the decreasing US lead exposure trend, specifically targeting
high-risk communities.49 IHD deaths attributable to particu-
late matter pollution decreased nationally. Unlike many
global regions, household air pollution from the use of solid
fuels for cooking contributed little to US IHD deaths,
likely due to air quality management, regulation, and
enforcement.50 Since 2016, wildfire-driven ambient particu-
late matter increases have been detected in nearly two-
thirds of states and are unregulated by the Clean Air Act.51

Notably, the 2 states (California and Oregon) in which air
pollution accounted for the most IHD deaths experienced
high levels of wildfire air pollution historically.52 Air pollu-
tion is associated with an increase in IHD in Utah, but
longer-term trends are needed.53 The proportion of IHD
deaths attributed to nonoptimal temperature remained con-
sistent since 1990 nationally but increased in states with
extreme temperatures, such as Arizona and Alaska.

Trends, Disparities, and Policy
Since 1990, the US has significantly reduced age-standard-
ized IHD death rates, largely from better preventative medi-
cations and health care system and public health interven-
tions. However, since 2010, this progress has stalled or reversed
with some demographics. While exposure changes for high SBP
and high LDL-C are not decreasing IHD deaths, increased high
FPG and BMI are increasing US IHD risk. This finding in the US
coincides with global findings showing that high FPG and high
BMI are increasingly contributors to IHD burden.54 Health poli-
cies aimed to reduce these modifiable risk factors include im-
proving health care access, providing affordable medications
to treat risk factors, and addressing health disparities and so-
cial determinants of health.7,55-57 Recent recommendations em-
phasize a shift toward targeting underlying IHD mecha-
nisms, with a particular focus on early detection and treatment
of atherosclerosis.58,59 Studies from the US and Sweden show
that even those at low risk of IHD may have subclinical

atherosclerosis, particularly at younger ages.60,61 Viewing ath-
erosclerosis and IHD as a lifetime continuum and targeting
modifiable risk factors via early detection provides opportu-
nity to delay or reverse early atherosclerosis and subsequent
IHD manifestations.

Limitations
Data availability limitations impacted both risk and mortality
estimates. For geographic or temporal gaps in input data for
risk exposures, covariates and statistical modeling were used
to generate estimates. For example, input data for LDL and SBP
exposures were only available through the end of 2021 (eTable 5
in Supplement 2). Similarly, lags in data availability from gov-
ernment sources meant that 2023 vital registration data were
not accessible to investigators outside the government. The
2023 estimates relied on covariates related to IHD based on vi-
tal registration data from 1990 to 2022, potentially impacting
short-term trend analysis.

This study focused on population-level modifiable risk fac-
tors that captured the majority of US IHD burden. Future stud-
ies incorporating emerging risks not currently estimated in
GBD, such as lipoprotein(a), inflammation-related markers,
sleep, and psychosocial factors, may provide a more compre-
hensive cardiovascular risk assessment but were not in-
cluded either due to limited data availability, unclear causal
pathways, or limited exposure data standardization. Poly-
genic risk scores were not included, as they represent inher-
ited genetic susceptibility and are not currently considered
modifiable.

Conclusions
Per the results of this systematic review of GBD 2023, the top
3 US modifiable risk factors for IHD were high SBP, diet, and
high LDL-C. The largest increasing risk factors for IHD deaths
were high BMI and high FPG, driven by increased risk expo-
sure and population aging and growth. Reduced national ex-
posure decreased tobacco and air pollution’s contribution to
IHD deaths, although tobacco remains a leading risk in most
states. Reductions in IHD mortality in the US have slowed, es-
pecially in younger populations. Past declines in IHD mortal-
ity in the US are unlikely to resume without further reduction
of these leading risk factors.
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