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BACKGROUND: While prior studies have assessed sex disparities in ischemic heart disease (IHD) outcomes in the United States,
little is known about how these differences vary across states.

METHODS: We analyzed GBD (Global Burden of Disease) data from 2011 to 2021 for all 50 US states. Sex-specific IHD age-
standardized mortality rates and IHD age-standardized prevalence rates were used to calculate the mortality-to-prevalence
ratios per 100000 inhabitants per year, enabling comparison of death rates relative to the population at risk. Hawaii, the state
with the lowest age-standardized prevalence rate and age-standardized mortality rate in both sexes, served as the reference
for Z score analyses, with 99% (7>2.58) or 95% (£>1.96) confidence thresholds.

RESULTS: In 2011, 30 states had significantly higher mortality-to-prevalence ratios in women than men (£>2.58), indicating an
elevated mortality rate in women with IHD. By 2021, only Arkansas (6.7% [95% uncertainty interval, 4.6-9.3]) and Mississippi
(71% [95% uncertainty interval, 4.8-9.7]) exceeded this threshold, while 11 additional states, mainly in the South, retained
moderate disparities (Z>1.96). Higher mortality-to-prevalence ratios were inversely associated with state gross domestic
product per capita. High body mass index, processed meat intake, low fiber, and low vegetable intake emerged as the most
significant contributors (Z>1.96, 95% confidence level) to excess IHD death in women but not men.

CONCLUSIONS: Despite an overall decline, sex disparities in IHD death persist, with Arkansas and Mississippi continuing to bear
the highest burden. These disparities are largely driven by overweight/obesity and dietary risk factors, warranting targeted,
state-level interventions.
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ing cause of death in the United States from 1990
to 2021, contributing to 493000 deaths (95% un-
certainty interval, 432000-527 000) in 2021. Although
women generally have lower age-standardized IHD
prevalence and mortality rates than men, evidence
suggests that they face a higher risk of death following

Isohemic heart disease (IHD) remained the lead-

an IHD event."? This disparity raises questions about
whether higher post-IHD mortality rates in women are
driven by inherent biological differences or disparities
in cardiovascular risk factors and health care access.
Most available data on sex-specific IHD outcomes
in the United States stem from registries that aggregate
data from 1995 to 2014.2° However, the US population
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CLINICAL PERSPECTIVE

What Is New?

e Using GBD (Global Burden of Disease) data from
2011 to 2021, this study provides the first state-
level evaluation of sex differences in ischemic
heart disease death across the United States,
revealing how disparities vary geographically
and economically.

What Are the Clinical Implications?

e Despite nationwide improvements in ischemic
heart disease survival, women in southern and
lower-income states continue to experience a
disproportionately higher mortality burden than
men, driven by excess body weight and subop-
timal diet quality.

¢ Thesefindings underscore the need for targeted,
state-specific prevention strategies focused on
metabolic health, healthy food access, and
weight management to close persistent sex-
based gaps in cardiovascular outcomes.

Nonstandard Abbreviations and Acronyms

ASMR age-standardized mortality rate
GBD Global Burden of Disease
IHD ischemic heart disease

MPR mortality-to-prevalence ratio

has undergone significant demographic changes from
2014 to 2021, including aging and increasing life ex-
pectancy, in addition to institution of the Affordable
Care Act.* These shifts may have altered the balance
between IHD prevalence and death across sexes, po-
tentially modifying sex-based health disparities within
the health care system.

Beyond demographic shifts, socioeconomic dis-
parities play a crucial role in shaping IHD outcomes
both globally and within the United States.>® Income
inequality across US states is striking, with high me-
dian household incomes in states like Massachusetts
and New Jersey and much lower incomes in states like
Mississippi and West Virginia. These economic varia-
tions raise important questions: Are sex differences in
the burden of IHD more pronounced in economically
disadvantaged areas? Do sex disparities in death fol-
lowing IHD worsen in these regions? Or do both trends
intersect to amplify inequities?

To address these questions, we analyzed sex-
specific mortality rates for IHD across US states from
2011 to 2021, examining variations by income level,
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risk factor burden, and geography. Data for this anal-
ysis were sourced from the GBD (Global Burden of
Disease) database, which ensures comprehensive
coverage and comparability across regions and time
periods.”® Updated analyses are necessary to inform
targeted strategies that may address sex-specific chal-
lenges and reduce health disparities in IHD outcomes
across diverse US populations.

METHODS

Data Sources

This study complies with the Guidelines for Accurate
and Transparent Health Estimates Reporting. We used
publicly available mortality and population data from in-
dividual US states provided by the GBD study,” comple-
mented by economic classifications from the US Bureau
of Economic Analysis and the US Census Bureau. The
US Bureau of Economic Analysis ranked state-level
gross domestic product per capita into 7 categories,
from “$80K or more” to “less than $50K,” which we
consolidated into 4 broader groups—Very High, High,
Middle/Upper Middle, and Low—to reflect relative eco-
nomic status (Figure S1, Table S1). In accordance with
American Heart Association Research Guidelines, this
study analyzed deidentified, aggregate, publicly availa-
ble data and therefore did not require institutional review
board approval or informed consent.

Transparency and Openness Statement
The data, analytic methods, and materials used in this
research are publicly available to allow replication. All
mortality and prevalence data are accessible at the
Global Health Data Exchange (http://ghdx.healthdata.
org), and economic indicators are available from the
US Bureau of Economic Analysis (https:./www.bea.
gov) and the US Census Bureau (https:/www.census.
gov).

Sex Definition and Ascertainment

The GBD study defines sex on the basis of biological
classification recorded in vital registration and survey
data. Accordingly, all analyses are sex-stratified
(female/male). We use the terms women and men for
consistency with conventional clinical reporting, while
acknowledging that these categories reflect biological
sex rather than gender identity.

Time Frame and Trends

The analysis covered the period from 2011 to 2021 on
the basis of data availability from the GBD mortality
database. Given the standard 12- to 18-month
reporting lag, 2021 was the most recent year with
complete state-level data. The year 2011 was selected


http://ghdx.healthdata.org
http://ghdx.healthdata.org
https://www.bea.gov
https://www.bea.gov
https://www.census.gov
https://www.census.gov
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as the baseline to allow for a 10-year comparison,
providing sufficient time to capture meaningful trends
in IHD death across diverse US states. Five-year trends
were also assessed to evaluate patterns across varying
geographic and economic contexts.

Risk Factor Estimation

We selected conventional risk factors for IHD on the
basis of evidence of causality, including high systolic
blood pressure (SBP), elevated low-density lipoprotein
cholesterol (LDL-C), high fasting plasma glucose,
tobacco use, and high body mass index (BMI).
According to the GBD 2021 Risk Factors Collaborators,
smoking exposure included current or previous use of
any tobacco product, as well as second-hand smoke,
with the theoretical minimum risk exposure level set at
0.° Theoretical minimum risk exposure levels for other
risk factors were set as follows: SBP, 110 to 115mm
Hg; fasting plasma glucose, 4.8 to 5.4mmol/L; LDL-
C, 0.7 to 1.3mmol/L; and BMI, 20 to 25kg/m?. In
addition, other behavioral and environmental risk
factors, such as low physical activity (<3000-4500
metabolic equivalent minutes per week) and exposure
to ambient air pollution (ambient ozone, particulate
matter with a diameter of <2.5um, and household
air pollution from solid fuel use) were assessed using
similar standardization methods.

Health Effects of Dietary Risks

We identified and evaluated 12 dietary risk factors
for IHD on the basis of GBD selection criteria. These
included inadequate intake of whole grains, fruits, fiber,
legumes, vegetables, nutsand seeds, seafood omega-3
fatty acids, and polyunsaturated fatty acids, as well as
excessive consumption of red meat, processed meat,
sodium, and sugar-sweetened beverages. Data on
trans-fat intake were not available for 2021 and were
therefore excluded from this analysis. Optimal intake
levels for each factor are provided in Table S2.

Statistical Analysis
We analyzed sex-specific IHD outcomes across US
states from 2011 to 2021, focusing on age-standardized
mortality rates (ASMRs), age-standardized prevalence
rates, and mortality-to-prevalence ratios (MPRs) per
100000 inhabitants. The MPR provides a standardized
measure of the mortality burden among individuals
diagnosed with IHD, enabling comparison across
states and between sexes. Both ASMRs and age-
standardized prevalence rates were standardized to
the GBD reference population, as described in prior
analyses.®

To evaluate the impact of modifiable risk factors,
we used GBD estimates of IHD ASMRs attributable to
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each risk factor, assuming theoretical minimum risk ex-
posure levels. These attributable mortality rates were
derived using meta-regression analyses conducted
in the GBD and Burden of Proof studies.”® Full data
sources for each risk—outcome pair and analytical
code are available online (https:/github.com/ihmeuw-
msca/burden-of-proof).

We assessed sex-specific differences in MPRs and
risk factor—attributable mortality rates by comparing
each state’s values for women and men separately to
those of Hawaii, which had the lowest ASMR and age-
standardized prevalence rate in both sexes. For each
comparison, Z scores were calculated on the basis of the
difference relative to Hawaii, using standard errors derived
from the uncertainty intervals reported in the GBD data
set. This reference-based approach highlights state-level
deviations from a relatively low-burden baseline. Z scores
>1.96 or 2.58 were considered statistically significant at
the 95% and 99% confidence levels, respectively.

To assess trends and associations, we calculated
Pearson’s correlation coefficient (), with a P value
<0.05 indicating statistical significance. The normal-
ity assumption for the Pearson correlation was tested
using the Shapiro-Wilk test to ensure validity. Analyses
were conducted using publicly available GBD and
World Bank data with Stata 17.0 (StataCorp, College
Station, TX). Further details on statistical methods and
adjustments are provided in the Supplemental Material.

RESULTS

IHD Mortality Rates

Between 2011 and 2021, ASMRs for IHD declined
significantly across US states: by 12.2% in men and
19.0% in women (Table , Figure S2). Throughout the
period, men consistently had higher mortality rates
than women. In 2011, ASMRs exceeded the ninth decile
threshold (135 per 100000 in men; 74 per 100000 in
women) in several southern states, including Arkansas,
Mississippi, Tennessee, West Virginia, and Louisiana.
By 2021, Mississippi, Arkansas, and West Virginia
remained above this threshold in both sexes, while
Kentucky persisted among the highest for men only.

IHD Prevalence Rates

From 2011 to 2021, IHD prevalence declined in all US
states, reaching 2019.3 per 100000 in men (-6.8%)
and 1034.5 in women (-8.9%) (Table , Figure S3).
Despite these reductions, age-standardized preva-
lence rates remained highest mainly in the South. In
2021, Arkansas, Florida, Kentucky, Louisiana, Missouri,
Oklahoma, and West Virginia exceeded the ninth decile
threshold, defined as >2273 per 100000 for men and
>1199 per 100000 for women.


https://github.com/ihmeuw-msca/burden-of-proof
https://github.com/ihmeuw-msca/burden-of-proof
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Table. Age-Standardized Prevalence Rates, Mortality Rates, and Mortality-to-Prevalence Ratios in Individuals of All Ages,

per 100000 Inhabitants

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914

Age-standardized prevalence rate of IHD per Age-standardized mortality rate of IHD per
States 100000 inhabitants 100000 inhabitants Mortality-to-prevalence ratio, %

2011 2021 2011 2021 2011 2021

Men Women Men Women Men Women | Men Women Men Women Men Women
Alabama 2292.93 1133.30 2187.27 1093.42 151.60 86.73 132.93 70.56 6.61 7.65 6.08 6.45
LB 1985.86 984.56 1832.33 919.92 139.56 75.84 107.54 56.67 5.31 5.80 4.15 4.33
uB 2630.67 1307.28 2589.16 1307.45 168.50 93.16 159.04 84.33 7.98 9.46 8.68 9.17
Alaska 1848.69 906.37 1836.39 925.94 109.89 4912 90.85 36.78 5.94 5.42 4.95 3.97
LB 1690.23 783.97 1545.18 780.48 98.72 41.09 75.54 30.20 4.61 3.90 3.43 274
uB 2143.24 10564.07 2208.07 1101.87 117.86 54.21 109.15 43.45 7.41 6.92 7.06 5.57
Arizona 1912.26 958.72 1839.17 935.86 112.35 61.97 101.50 50.37 5.88 6.46 5.52 5.38
LB 1661.48 83716 1543.83 784.48 100.75 50.94 82.80 39.74 4.58 4.63 3.72 3.56
uB 2201.59 1100.75 2225.08 1116.25 119.07 67.77 122.59 60.81 77 8.10 7.94 7.75
Arkansas 2588.57 1366.74 2358.07 1253.99 163.59 89.78 1565.28 84.14 6.32 6.57 6.60 6.71
LB 2262.26 1211.60 1991.56 1076.15 150.87 78.00 127.52 67.88 511 5.02 4.57 4.60
uB 2950.28 16565612 279319 1476.81 172.20 96.91 188.43 100.30 7.61 8.00 9.46 9.32
California 1915.50 964.63 1814.50 906.89 109.16 61.15 93.21 45.50 5.70 6.34 5.14 5.02
LB 1671.11 841.17 1625.34 763.25 98.23 49.84 76.72 36.21 4.49 4.50 3.53 3.23
uB 2187.99 1106.50 2176.05 1090.24 115.39 6719 110.80 5517 6.90 7.99 7.26 7.23
Colorado 1675.20 726.40 1576.94 756.20 93.09 48.97 79.36 37.70 5.91 6.74 5.08 4.99
LB 13562.74 628.47 1315.87 626.27 83.46 40.41 61.86 28.98 4.54 4.75 3.30 3.14
uB 1840.27 851.13 1875.03 922.61 98.81 53.87 96.84 45.59 7.30 8.57 7.36 7.28
Connecticut 2063.38 1018.23 1866.07 923.08 99.86 53.84 87.22 4512 4.84 5.29 4.67 4.89
LB 1800.12 884.03 1564.29 784.33 89.60 43.76 68.21 35.19 3.79 3.72 3.04 3.20
uB 2362.67 1176.24 2241.80 1099.27 106.64 59.46 106.50 55.88 5.92 6.73 6.74 712
Delaware 2052.73 1084.86 1935.13 1013.90 120.44 70.37 105.85 54.22 5.87 6.49 5.47 5.35
LB 1791.54 944.29 1622.85 858.03 107.87 58.21 88.64 44.58 4.59 4.67 3.85 3.68
uB 2349.81 1247.55 2304.08 1210.85 128.49 76.72 124.24 62.27 77 8.12 7.66 7.26
District of 1798.21 1022.09 1848.84 1008.53 123.67 72.89 106.01 57.22 6.88 713 5.73 5.67
Columbia
LB 1650.14 885.63 1662.00 845.09 111.32 61.63 83.08 46.23 5.39 5.25 3.73 3.85
uB 2064.90 1173.29 222719 1201.63 132.79 80.15 13215 69.05 8.57 9.05 8.46 8.17
Florida 247713 140718 2273.38 1266.11 112.61 62.26 108.07 51.64 4.55 4.42 4.53 4.08
LB 2191.30 1251.14 19561.49 1087.18 101.78 50.39 83.17 39.99 3.66 3.18 3.12 273
UB 2783.45 1584.19 2661.62 1464.89 119.25 68.72 124.22 62.39 5.44 5.49 6.37 5.74
Georgia 2146.14 1063.74 2074.37 1029.88 122.89 69.85 109.23 57.40 5.73 6.57 5.27 5.57
LB 1867.48 919.88 1740.88 872.82 112.33 59.30 87.60 45.84 4.58 4.82 3.52 3.76
UB 2452.31 1231.08 2486.41 1220.63 129.34 75.70 132.00 68.17 6.96 8.23 7.58 7.81
Hawaii 2035.68 1091.563 1895.79 1004.49 90.14 39.39 78.20 31.84 4.43 3.61 413 3.17
LB 1750.65 959.41 1691.30 850.54 80.23 31.00 62.52 24.51 3.43 2.49 277 2.06
uUB 2339.55 124414 2253.46 1190.25 96.51 44.56 95.59 38.24 5.51 4.64 6.01 4.50
Idaho 1663.45 832.74 1696.47 841.88 112.30 56.54 96.55 4518 6.75 6.67 5.64 5.37
LB 1440.65 724.00 1426.97 709.45 101.48 46.89 76.60 3715 5.25 4.88 3.74 3.67
uB 1931.25 960.31 2045.71 1012.09 119.95 61.20 116.20 53.21 8.33 8.45 8.07 7.50
lllinois 2088.78 1039.53 2009.89 10156.31 123.00 66.92 105.38 53.62 5.89 6.44 5.24 5.28
LB 1820.70 904.61 1657.14 867.79 113.06 55.29 86.27 41.32 4.72 4.61 3.60 3.41
uB 2393.88 1198.64 2394.61 1212.01 129.84 72.82 126.86 65.26 713 8.05 7.66 7.52
Indiana 2482.50 1284.01 2259.59 1170.91 137.40 74.66 122.70 63.89 5.53 5.81 5.43 5.46
LB 2176.77 1128.22 1900.31 993.86 127.09 63.48 99.40 51.69 4.45 4.34 3.67 3.68

(Continued)
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Regional Sex Inequalities in the United States
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Age-standardized prevalence rate of IHD per Age-standardized mortality rate of IHD per
States 100000 inhabitants 100000 inhabitants Mortality-to-prevalence ratio, %

2011 2021 2011 2021 2011 2021

Men Women Men Women Men Women | Men Women Men Women Men Women
uB 2855.35 1462.31 2705.08 1403.61 144.32 80.58 147.31 75.50 6.63 77 7.75 7.60
lowa 1945.28 960.02 1907.42 942.59 126.09 67.39 119.81 56.24 6.48 7.02 6.28 5.97
LB 1690.44 830.78 1691.53 789.79 114.79 56.27 96.92 44.37 5.14 5.08 4.27 3.95
uB 2233.55 1108.64 2270.77 1122.86 133.52 73.81 144.45 68.01 7.90 8.88 9.08 8.61
Kansas 2007.00 992.36 1925.94 973.93 118.64 62.91 119.42 59.79 5.91 6.34 6.20 6.14
LB 1749.70 864.99 1605.85 822.23 108.72 52.87 97.44 47.69 4.65 4.61 417 4.10
UB 2335.57 1147.25 2336.28 1162.91 126.06 68.53 144.39 73.00 7.20 7.92 8.99 8.88
Kentucky 2548.85 1325.27 2305.51 1199.51 162.52 8212 134.59 71.08 5.98 6.20 5.84 5.92
LB 2222.63 1161.83 1969.14 1017.51 140.93 72.37 109.08 56.95 4.80 4.78 3.97 4.05
uB 2935.12 15615.56 2748.07 1407.31 160.04 88.02 162.04 85.85 7.20 7.58 8.27 8.44
Louisiana 2421.38 1291.92 2296.19 1228.96 144.90 84.29 137.80 74.89 5.98 6.52 6.00 6.09
LB 2119.75 1138.36 1947.73 1038.10 134.48 74.07 113.22 60.15 4.86 5.056 4.15 4.16
UB 2765.53 1466.57 2729.87 1445.56 151.86 90.72 167.43 89.25 716 7.97 8.60 8.60
Maine 2176.75 1006.90 1942.38 953.06 105.32 55.82 98.97 47.87 4.84 5.54 5.10 5.02
LB 1910.18 874.42 1635.06 797.33 94.48 46.27 79.50 37.47 3.79 4.00 3.42 3.28
UB 2494.05 116817 2324.02 1143.65 112,53 61.29 120.65 56.47 5.89 7.01 7.38 7.08
Maryland 2041.62 1090.73 1904.93 996.02 115.98 67.94 99.78 53.92 5.68 6.23 5.24 5.41
LB 1772.79 950.92 1605.46 840.02 104.56 56.30 80.32 42.02 4.49 4.48 3.53 3.51
UB 2329.27 1256.27 2277.90 1195.73 122.23 7414 121.20 66.65 6.89 7.80 7.55 7.93
Massachusetts 2113.66 1016.00 1941.32 961.70 106.53 53.72 81.59 39.61 5.04 5.29 4.20 412
LB 1844.40 884.11 1636.53 811.94 96.56 4419 65.94 29.79 3.98 3.77 2.86 2.58
uB 2427.05 1171.20 2307.53 1153.27 112.41 59.05 99.45 47.98 6.09 6.68 6.08 5.91
Michigan 2426.38 1313.20 2230.53 1191.23 14517 82.15 124.59 65.10 5.98 6.26 5.59 5.47
LB 2126.73 1149.09 1891.50 1006.17 132.76 69.37 101.57 51.36 4.78 4.60 3.81 3.62
uB 2779.25 1509.06 2662.59 1420.10 152.50 88.92 148.30 76.97 747 7.74 7.84 7.65
Minnesota 1943.55 880.98 1801.95 852.00 88.77 39.73 80.78 36.42 4.57 4.51 4.48 4.27
LB 1687.42 757.32 1518.88 715.70 80.03 32.54 63.41 28.79 3.58 3.18 2.91 2.80
uB 2232.71 102218 2178.63 1027.85 94.75 43.81 98.24 4419 5.62 5.78 6.47 6.17
Mississippi 2303.33 1118.40 2193.55 1099.60 158.36 89.97 152.72 77.60 6.88 8.04 6.96 7.06
LB 2007.27 975.87 1834.29 929.47 148.08 78.31 125.07 62.96 5.55 6.06 4.74 4.82
UB 2666.17 129214 2637.48 1305.31 166.33 96.58 180.08 92.59 8.29 9.90 9.82 9.96
Missouri 2377.51 1218.00 2230.13 1144.64 144.09 81.35 128.47 65.61 6.06 6.68 5.76 5.73
LB 207118 1059.10 1873.99 961.82 131.54 69.26 104.95 52.75 4.79 4.99 3.96 3.85
UB 2743.77 1388.81 2652.05 1370.97 151.77 88.07 154.66 77.58 7.33 8.32 8.25 8.07
Montana 1749.77 840.39 1736.92 875.46 110.60 52.63 103.43 48.07 6.32 6.26 5.95 5.49
LB 1628.59 728.07 1464.00 737.27 100.22 43.97 81.55 38.93 4.95 4.49 3.86 3.67
UB 2026.22 978.98 2112.06 1061.17 118.52 57.76 126.59 55.24 7.75 7.93 8.65 7.49
Nebraska 1906.58 929.89 1818.36 912.07 104.83 52.35 98.31 46.62 5.50 5.63 5.41 511
LB 1672.03 801.45 1624.43 764.59 94.81 43.25 78.38 37.28 4.29 4.06 3.57 3.39
uB 221214 1065.56 219512 1099.97 111.70 57.74 117.69 54,78 6.68 7.20 772 716
Nevada 2031.81 1056.56 1987.56 1034.89 128.08 71.10 124.84 60.61 6.30 6.73 6.28 5.86
LB 1763.45 924.73 1678.25 870.44 116.37 60.42 99.91 50.04 4.93 4.99 4.24 410
UB 2361.78 1212.02 2356.48 1222.01 135.46 77.39 149.89 69.99 7.68 8.37 8.93 8.04
New Hampshire 1990.63 971.06 1829.83 914.59 107.25 55.26 95.05 48.36 5.39 5.69 5.19 5.29
LB 1723.72 838.64 1643.72 764.25 95.65 45.51 76.55 38.48 4.16 4.06 3.46 3.49
uB 2297.01 1121.90 2211.66 1103.60 115.46 61.50 117.87 57.47 6.70 7.33 7.64 7.52

(Continued)
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Table. Continued

Regional Sex Inequalities in the United States

Age-standardized prevalence rate of IHD per

Age-standardized mortality rate of IHD per

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914

States 100000 inhabitants 100000 inhabitants Mortality-to-prevalence ratio, %
2011 2021 2011 2021 2011 2021
Men Women Men Women Men Women | Men Women Men Women Men Women

New Jersey 2239.06 1111.61 2023.45 1024.33 120.91 68.87 97.79 51.62 5.40 6.20 4.83 5.04
LB 1961.59 974.22 1718.74 872.82 108.40 5718 77.57 39.62 4.20 4.50 3.23 3.28
uB 2682.78 1270.59 2404.34 1208.04 127.98 75.52 119.30 62.87 6.52 7.75 6.94 7.20
New Mexico 1839.56 919.31 175112 875.79 107.38 60.87 113.84 56.62 5.84 6.62 6.50 6.47
LB 1605.50 795.03 1471.70 736.28 96.60 50.53 91.90 43.39 4.56 4.75 4.38 410
uB 2119.61 1064.69 2098.91 1057.98 114.22 66.87 137.02 68.56 71 8.41 9.31 9.31
New York 2276.20 1194.64 2044.32 1059.98 134.91 80.47 1156.33 61.42 5.93 6.74 5.64 5.79
LB 2014.46 1063.77 1730.90 898.79 121.83 65.85 93.56 47.89 4.70 4.83 3.84 3.78
uB 2592.92 1364.19 2437.31 1268.40 141.93 88.37 138.77 74.56 7.05 8.39 8.02 8.30
North Carolina 2164.84 1064.39 2007.29 1009.14 12419 67.05 107.08 54.00 5.74 6.30 5.33 5.35
LB 1882.31 924.66 1688.22 845.83 112.50 56.80 85.03 42.08 4.52 4.66 3.55 3.52
uB 2490.94 1219.42 2395.77 1195.11 131.49 72.76 129.44 64.58 6.99 7.87 7.67 7.63
North Dakota 1994.87 1020.07 1954.68 1005.54 115.43 53.39 93.52 41.14 5.79 5.23 4.78 4.09
LB 1734.01 884.88 1660.48 847.32 103.70 43.99 76.81 32.52 4.55 3.76 3.31 2.71
uB 2278.58 1169.68 2319.05 120219 123.12 59.01 109.72 49.59 7.10 6.67 6.61 5.85
Ohio 241410 1262.48 2203.01 1153.36 138.14 77.39 123.98 65.99 5.72 6.13 5.63 5.72
LB 2115.99 1102.49 1868.36 969.46 126.75 65.88 102.05 52.90 4.61 4.59 3.86 3.85
uB 2750.41 1436.32 2640.55 1375.35 144.87 83.62 148.34 777 6.85 7.58 7.94 8.02
Oklahoma 2508.11 1313.84 2330.12 122214 168.50 98.28 132.74 74.64 6.72 7.48 5.70 6.11

LB 2195.38 1163.54 1975.30 1043.57 155.96 85.37 108.75 60.97 5.44 5.72 3.95 4.23
uB 2868.44 149214 2756.39 1441.65 176.55 106.87 157.96 89.25 8.04 9.10 8.00 8.55
Oregon 1693.07 819.42 1672.90 806.19 96.07 44.95 80.92 34.74 5.67 5.49 4.84 4.31
LB 1456.00 706.42 1398.74 676.27 87.41 37.63 65.73 26.70 4.46 3.99 3.26 2.74
uB 1960.15 944.24 2014.05 972.72 101.77 49.56 100.62 43.03 6.99 7.02 719 6.36
Pennsylvania 2205.48 1093.76 1997.98 984.77 129.08 69.80 109.97 58.23 5.85 6.38 5.50 5.91
LB 1916.74 947.96 1672.53 82716 1711 57.71 89.93 45.52 4.63 4.59 3.79 3.88
uB 2528.46 1258.10 2370.44 171.78 136.64 76.10 134.01 70.07 713 8.03 8.01 8.47
Rhode Island 2120.60 1044.70 1943.89 981.09 124.20 71.11 110.00 56.38 5.86 6.81 5.66 5.75
LB 1829.15 907.83 1636.05 82412 111.95 59.00 89.10 44.28 4.60 4.92 3.81 3.74
uB 2435.73 1198.41 2340.69 1183.76 133.62 78.74 134.69 68.40 7.30 8.67 8.23 8.30
South Carolina 2129.81 1026.19 2047.79 1006.41 136.03 70.54 1156.74 57.58 6.39 6.87 5.65 5.72
LB 184215 888.29 1723.55 845.45 125.85 60.72 93.00 47.27 514 513 3.81 3.89
uB 2449.38 1184.21 2443.77 121414 143.20 76.16 139.32 69.12 777 8.57 8.08 8.18
South Dakota 1974.49 879.57 1861.05 896.57 121.22 58.09 114.11 46.33 6.14 6.60 6.13 517
LB 1710.69 764.31 1660.94 752.44 109.53 48.45 96.42 36.66 4.80 473 4.29 3.40
uB 2279.93 1024.18 2225.28 1077.93 130.22 64.51 136.20 53.90 7.61 8.44 8.73 716
Tennessee 2450.30 1220.91 2268.63 1141.26 158.81 89.06 146.63 73.61 6.48 7.29 6.46 6.45
LB 2138.78 1068.62 1914.68 960.45 148.53 78.11 118.62 59.44 5.25 5.58 4.41 4.41
uB 2828.85 1400.92 2691.80 1346.74 166.14 95.51 176.97 87.32 777 8.94 9.24 9.09
Texas 2267.85 1188.40 2107.37 1094.45 123.30 70.67 116.22 59.64 5.44 5.95 5.47 5.45
LB 1978.92 1049.53 177477 933.16 112.97 60.30 95.90 47.60 4.37 4.43 3.85 3.67
uB 2584.63 1360.60 2489.57 1297.36 129.54 76.77 136.95 71.07 6.55 7.31 7.72 7.62
Utah 1711.74 787.63 1622.69 790.84 96.22 56.76 83.66 48.02 5.62 7.21 5.16 6.07
LB 1477.34 68417 1366.34 665.71 86.79 4812 67.75 39.15 4.41 5.27 3.49 413
uB 1969.78 913.39 1942.79 946.90 101.99 62.51 101.35 55.95 6.90 9.14 7.42 8.40
Vermont 2126.38 1040.96 1930.62 968.34 108.66 53.07 102.76 47.84 5.11 5.10 5.32 4.94

(Continued)
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Table. Continued

Age-standardized prevalence rate of IHD per Age-standardized mortality rate of IHD per
States 100000 inhabitants 100000 inhabitants Mortality-to-prevalence ratio, %

2011 2021 2011 2021 2011 2021

Men Women Men Women Men Women | Men Women Men Women Men Women
LB 1836.90 910.03 1621.85 819.67 97.97 43.60 84.49 39.18 4.02 3.64 3.64 3.37
uB 2437.64 1196.75 2322.87 1164.10 116.95 58.83 121.34 56.17 6.37 6.46 7.48 6.85
Virginia 2106.66 1049.21 1975.03 992.02 111.78 62.80 96.89 52.42 5.31 5.99 4.91 5.28
LB 1838.05 911.25 1650.69 836.67 102.33 52.92 79.41 41.68 4.24 4.38 3.32 3.51
uB 2415.88 1208.15 2391.94 1186.78 117.82 68.18 117.25 62.96 6.41 7.48 7.10 7.53
Washington 1772.76 84517 1777.69 861.16 102.32 51.69 86.03 40.48 5.77 6.12 4.84 4.70
LB 1550.23 727.91 1493.98 723.32 92.63 42.67 70.56 30.96 4.54 4.34 3.29 3.01
uB 2038.34 983.19 2145.88 1028.31 108.54 5714 102.80 49.97 7.00 7.85 6.88 6.91
West Virginia 2551.56 1430.79 2279.71 1255.31 1568.68 92.27 139.01 83.38 6.22 6.45 6.10 6.64
LB 2237.57 1252.21 1928.27 1064.69 146.47 80.21 112.29 67.71 5.01 4.94 416 4.59
uB 2921.52 1623.59 2699.84 1476.79 167.58 99.34 165.23 99.93 7.49 7.93 8.57 9.39
Wisconsin 1859.33 892.23 1822.23 885.03 116.30 58.65 103.62 49.85 6.26 6.57 5.68 5.63
LB 1610.65 776.49 1529.89 746.28 104.86 48.91 82.63 39.89 4.89 4.73 3.80 3.76
uB 2146.45 1033.50 2172.72 1061.42 122.48 64.35 126.85 59.71 7.60 8.29 8.29 8.00
Wyoming 1889.25 999.43 1816.47 957.35 114.90 55.63 99.41 45.28 6.08 5.57 5.47 4.73
LB 1631.16 867.84 1507.16 799.01 104.72 46.98 84.44 36.74 4.80 4.03 3.83 3.20
uB 2183.35 1166.35 2206.14 1146.76 123.35 60.90 117.99 52.09 7.56 7.02 7.83 6.52
USA Mean 216712 1109.54 2019.28 1034.55 123.21 68.30 108.10 55.30 5.69 6.16 5.35 5.35
LB 1898.17 971.65 1708.93 877.06 112.45 57.39 98.47 46.05 4.54 4.52 413 3.74
uB 2476.05 1268.38 2385.81 1230.76 128.38 73.77 113.83 59.98 6.76 7.59 6.66 6.84

Data and definitions from the Global Burden of Disease Database, 2021. The Global Burden of Disease 2021 definition describes IHD as International
Classification of Diseases, Tenth Revision (ICD-10) classes 120 to 125.9, namely, angina pectoris, acute myocardial infarction, subsequent ST-segment—elevation
and non-ST-segment-elevation myocardial infarction, certain current complications following ST-segment elevation and non-ST-segment—elevation myocardial
infarction (within the 28-day period), other acute ischemic heart disease, and chronic ischemic heart disease. ASMR indicates age-standardized mortality rate;
ASPR, age-standardized prevalence rate; IHD, ischemic heart disease; LB, lower bound; and UB, upper bound.

Death Normalized for the Prevalence of IHD
Between 2011 and 2021, MPRs declined nationwide,
from 5.69% to 5.35% in men and from 6.16% to 5.35%
in women (Table and Figure 1). However, these aver-
ages obscure substantial state-specific differences. In
2021, Arkansas, Mississippi, and Tennessee exceeded
the ninth decile threshold (>6.28% in men, >6.45% in
women), indicating a disproportionately high IHD mor-
tality rate relative to prevalence. Elevated MPRs were
observed only in men in Nevada and only in women in
Alabama and West Virginia. However, wide uncertainty
intervals add variability to these estimates and warrant
further analysis.

Z Score Analysis for Death Normalized for
the Prevalence of IHD

Hawaii consistently ranked as the best-performing
US state for IHD death, prevalence, and MPR in both
sexes, serving as the benchmark for comparison. In
2011, 33 states showed significantly worse MPRs for

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914

women (Z>2.58; 99% confidence level), while only
Mississippi and Oklahoma exceeded this threshold
for men (Figure 2, Table S3). By 2021, disparities dis-
appeared for men (Figure 2 and Table S4), with no
state exceeding the 95% or 99% threshold. However,
disparities among women persisted. Arkansas and
Mississippi remained above the 99% threshold, and
21 states, mainly in the South, retained moderate
disparities (£>1.96). These states included Alabama,
Delaware, District of Columbia, Georgia, lowa, Kansas,
Kentucky, Louisiana, Missouri, Montana, Nevada, New
York, New Mexico, Ohio, Oklahoma, Pennsylvania,
South Carolina, Tennessee, Utah, West Virginia, and
Wisconsin.

MPR and Nominal Gross Domestic
Product Scores

Pearson correlation analysis demonstrated a strict in-
verse correlation between the MPR and gross domes-
tic product per capita of women and men (=-0.21;
P=0.03), as shown in Figure S4.
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Figure 1. Trends in MPR, stratified by state and sex (2011 vs 2021).

Data from GBD 2021. GBD indicates Global Burden of Disease; GDP, gross domestic product; and MPR, mortality-to-prevalence ratio.

Death Attributable to Metabolic Risk
Factors

Figure 3 shows the top 5 US states with the highest
female-to-male ratios for IHD death attributable to key
metabolic risk factors: high SBP, fasting plasma glu-
cose, LDL-C, and BMI. Complete state-level data are
provided in Tables S5 through S8. Although these risk
factors consistently imposed a higher mortality burden
on men in both 2011 and 2021, sex differences varied
by region. In 2021, the smallest gaps were observed in
West Virginia for LDL-C (risk ratio [RR], 0.58), SBP (RR,
0.70), and fasting glucose (RR, 0.52), while the District
of Columbia exhibited the narrowest BMI gap (RR,
0.57). These patterns highlight geographic disparities,
with the greatest burden among women in economi-
cally disadvantaged southern states.

Death Attributable to Behavioral and
Environmental Risk Factors

Figure 4 displays the top 5 states with the highest
female-to-male ratios for IHD death attributable to

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914

behavioral and environmental risk factors. Full data
are reported in Tables S9 through S11. Tobacco use
showed the largest sex disparity, with women consist-
ently having lower attributable IHD death than men;
the smallest gap was in West Virginia (RR, 0.39). Air
pollution similarly posed less risk for women, with the
narrowest gap in West Virginia (RR, 0.60) as well. In
contrast, physical inactivity disproportionately affected
women, with the highest female-to-male mortality ra-
tios in Arkansas (RR, 1.74).

Death Attributable to Dietary Risk Factors
Between 2011 and 2021, mortality rates attributable to
most dietary risk factors declined, suggesting improve-
ments in diet or health care delivery (Tables S12 and S23).
Across all dietary risks, women exhibited lower mortality
rates than men, with female-to-male RRs typically rang-
ing from 0.3 to 0.6. However, in several states, female-to-
male RRs exceeded the 2021 national average, indicating
a comparatively higher burden for women. Figure 5 ranks
US states by RRs for each dietary risk factor to highlight
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Figure 2. US states exceeding the 95% and 99% Z value thresholds for MPR, stratified by sex, in 2011 and

2021.

ASMR indicates age-standardized mortality rate; ASPR, age-standardized prevalence rate; and MPR, mortality-to-

prevalence ratio.

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914
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Female-to-male ratio for IHD death attributable to high LDL
cholesterol
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Figure 3. Female-to-male ratio for IHD, attributable to metabolic risk factors, per 100000 inhabitants.
Data from GBD 2021. BMI indicates body mass index; GBD, Global Burden of Disease; IHD, ischemic heart disease; and LDL, low-

density lipoprotein.

high-risk regions for women. West Virginia led in death
for women associated with low intake of whole grains,
nuts and seeds, legumes, fiber, and omega-6 and poly-
unsaturated fatty acids, as well as high sodium. Ohio fol-
lowed, with low fruit intake and high consumption of red
meat. Additional high-burden states included Oklahoma
(processed meat), District of Columbia (low seafood
omega-3 fatty acids), Maryland (diet low in vegetables)
and Louisiana (sugar-sweetened beverages).

Z Score Analysis for IHD Risk Factors

Due to wide uncertainty intervals in the estimates of
death attributable to risk factors, formal Z score test-
ing was used to assess statistically significant sex dif-
ferences in risk for 2021. Hawaii, consistently ranking
lowest in IHD burden, served as the reference state
(Tables S24-S37).

Z Score Analysis for Metabolic Risk
Factors

In southern states, including Arkansas, Mississippi,
Louisiana, Oklahoma, Tennessee, and West Virginia,
high SBP, fasting plasma glucose, and LDL-C, were
significantly associated with elevated IHD death

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914

(Z>1.96). These risks affected both sexes similarly and
do not fully explain observed sex disparities. In con-
trast, high BMI showed a disproportionate impact on
women, with Z scores ranging from 1.96 to 2.18, while
corresponding values in men remained below signifi-
cance (Figure 6A; Tables S24-S31).

Z Score Analysis for Behavioral Risk
Factors

Tobacco use remained the leading behavioral risk
factor for IHD death nationwide. Extremely high Z
scores (7>2.58) for both sexes were observed in
southern states such as Alabama, Arkansas, Indiana,
Kentucky, Louisiana, Mississippi, Missouri, Oklahoma,
Tennessee, and West Virginia (Figure 6B; Tables S32
and S33). In contrast, several other states, including
Delaware, District of Columbia, Georgia, llinois, lowa,
Kansas, Michigan, Nevada, New Mexico, New York,
North Carolina, Ohio, Pennsylvania, South Carolina,
Texas, and Virginia exceeded this threshold in women
only, suggesting a disproportionate burden for women.
Physical inactivity, by comparison, showed no signifi-
cant sex differences, with Z scores <1.96 in all states
(Tables S34 and S35).

10
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Figure 4. Female-to-male ratio for IHD, attributable to behavioral and
environmental risk factors, per 100000 inhabitants.

Data from GBD 2021. GBD indicates Global Burden of Disease; and IHD, ischemic
heart disease.
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Figure 5. Female-to-male ratios of IHD death attributable to

female IHD mortality rates (bars), 2021.
IHD indicates ischemic heart disease; and RR, risk ratio.

Z Score Analysis for Environmental Risk
Factors

Figure 6C displays states where both sexes surpassed
the 99% confidence threshold (Z>2.58) for IHD death
attributable to air pollution in 2021. No meaningful sex
differences were observed in these high-burden states.

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914

dietary factors (dots), ranked by ratio and corresponding

Additional states, including Arizona, Connecticut,
Kansas, Nebraska, New Jersey, New York, North
Carolina, Utah, Virginia, and West Virginia exceeded the
95% confidence threshold (Z>1.96) in both sexes, rein-
forcing that air pollution contributes similarly to IHD mor-
tality risk in men and women (Tables S36 and S37).
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Z Score Analysis for Diet-Driven Death

Z score analysis revealed significant geographic and
sex-specific disparities in IHD death attributable to di-
etary factors across US states in 2021 using Hawaii as
the reference state (Figure 7; Tables S38-S61). Four key
dietary risks were identified with significant Z scores
(Z>1.96): low intake of whole grains, vegetables, and
fiber and high consumption of processed meat. The
greatest disparities (£>1.96, 95% confidence level) were
observed in Arkansas and Mississippi, where both sexes
had a high disease mortality burden linked to low whole
grain intake. Among women, additional risks included
low vegetable and fiber intake and high processed meat
consumption. Other southern states also showed a
clustering of dietary risk-related death among women.
Alabama, Tennessee, and West Virginia showed an ele-
vated mortality rate for women associated with high pro-
cessed meat intake and low consumption of fiber and
whole grains. Louisiana, Missouri, Kentucky, and Ohio
also had significant female-specific dietary risks from
high processed meat and low whole grain consump-
tion. The District of Columbia and Oklahoma demon-
strated significant sex-specific differences attributable
exclusively to processed meat intake, while Indiana and
Michigan stood out for an elevated mortality rate for
women associated with low whole grain intake. These
clustered dietary risk patterns, particularly in the South,
underscore enduring nutritional disparities that dispro-
portionately impact women’s IHD outcomes.

Variability in Trends

To address potential year-to-year variability that could
affect direct comparisons between 2011 and 2021,
we analyzed trends in female-to-male MPRs across
3 intervals: 2011, 2016, and 2021 (Tables S62 and
S63). Over this period, only 8 states—Alaska, Florida,
Hawaii, Minnesota, Montana, North Dakota, Oregon,
and Wyoming—consistently exhibited a female-to-
male ratio <1.0, suggesting a persistently lower relative
IHD mortality burden for women or a comparatively
higher burden for men in these populations.

DISCUSSION

Between 2011 and 2021, ASMRs for IHD declined
across US states, with an average reduction of 12% in
men and 19% in women. However, the broad uncer-
tainty intervals indicate substantial geographic variation
and do not rule out persistent sex-based disparities in
IHD outcomes following an IHD event.

Interpretation of the MPR

To better interpret mortality patterns relative to disease
burden, we used the MPR, a metric developed within

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914
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the GBD framework to assess the quality of care for
noncommunicable diseases, including IHD." The MPR
contextualizes death by evaluating whether the num-
ber of deaths is proportionate to the number of individ-
uals living with the disease. This approach is relevant
for sex-based comparisons, as IHD prevalence is typi-
cally higher in men. Similarly, geographic disparities in
IHD death may be driven in part by differences in dis-
ease prevalence, which can obscure deeper inequities
in health care access, quality of disease management,
and clinical severity of the disease. By jointly consider-
ing both death and prevalence, the MPR provides a
more meaningful measure of outcome disparities and
health care system performance across populations.

Main Findings
Two key findings emerged from our analysis. First, sex
disparities in IHD outcomes have narrowed since 2011
but remain significant in several US states. In 2011, 33
states exhibited highly significant differences between
women and men in MPRs (£>2.58, 99% confidence
level). By 2021, this gap had dropped sharply: Only
2 southern states, Arkansas and Mississippi, still ex-
hibited highly significant sex disparities, while 11 other
states, mostly in the South, continued to show moder-
ate but statistically significant differences (£>1.96, 95%
confidence level), again unfavorable to women.
Second, we identified metabolic and dietary risk
factors as primary contributors to persistent excess
death in women. High BMI and poor diet, particularly
high intake of processed meat and low consumption of
fiber and vegetables, were the most influential risk fac-
tors for women in states where disparities were great-
est. These patterns were most evident in Arkansas and
Mississippi but extended across other southern states
as well as parts of the Midwest and Mountain West.

Persisting High IHD Mortality Rate Among
Women in the Southern United States

The 2010 landmark Institute of Medicine report,
“Women’s Health Research—Progress, Pitfalls and
Promise,” highlighted that despite overall declines in
cardiovascular death, significant disparities persisted
among subgroups of women, particularly those facing
socioeconomic disadvantage.'> Our findings reinforce
this concern more than a decade later, showing that
in 2021, women in many US states, especially in the
South, continue to experience a disproportionately high
mortality rate following a diagnosis of IHD. Disparities
were most pronounced in states designated by the
US Census Bureau as southern, such as Alabama,
Arkansas, Georgia, Mississippi, South Carolina, and
Tennessee, as well as Midwestern states, such as
Ohio, Missouri, lowa, and Wisconsin. These persistent
gaps are not simply statistical fluctuations but reflect
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Figure Legend
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Figure 6. Z scores for IHD attributable to metabolic (A), behavioral (B), and environmental (C) risk factors, by state and sex
(2021).
States exceeding the 95% Z score threshold are highlighted. IHD indicates ischemic heart disease.

a combination of structural and individual-level de-  in cardiovascular outcomes. In these settings, women
terminants. Our analysis showed that MPRs in both may face heightened vulnerability not only due to sys-
sexes were strongly correlated with state income lev-  temic barriers, such as limited access to health care or
els, suggesting that regions with lower economic re-  preventive services, but also because of greater biolog-
sources tend to exhibit greater sex-based inequities  ical susceptibility to key IHD risk factors.'®='® As a resullt,
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Figure 7. Z scores for IHD attributable to dietary risk factors, by state, for women, 2021.
States exceeding the 95% Z score threshold are highlighted. IHD indicates ischemic heart disease.

even when risk exposures are similar to those of men,
the health consequences for women may be more se-
vere, compounding the impact of structural inequities.

Metabolic Risk Factors: Shared Burden,
Unequal Impact

A persisting high IHD mortality rate in women across
the South largely reflects the widespread epidemic
of metabolic risk factors in these regions. Death at-
tributable to high LDL-C, elevated fasting plasma glu-
cose, and high SBP was significantly higher in states
such as Arkansas, Mississippi, Louisiana, Oklahoma,
Tennessee, and West Virginia (Z>2.58), compared with
Hawaii, the state with the lowest cardiovascular mor-
tality rate and our benchmark for optimal outcomes.
However, these metabolic risk factors contributed sim-
ilarly to death in both sexes, suggesting that they do
not fully explain the persistent sex disparities observed
in IHD outcomes.

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914

In contrast, high BMI emerged as a consistent and
disproportionately female-specific driver of excess
IHD death. Significant associations (£>1.96) were ob-
served for women but not for men, particularly in the
southern states. These findings echo earlier studies,
including data from the Framingham Heart Study,
showing that obesity increases the risk of coronary
artery disease more in women (64%) than in men
(46%). Additionally, sex differences in fat distribution,
such as higher visceral adiposity in women, may fur-
ther exacerbate risk.'®

This biological vulnerability may be further in-
tensified by structural inequities. The 2019 Lancet
Commission on Obesity emphasized that excess
body weight often reflects broader forces, including
poverty, food insecurity, limited access to healthy
foods, and educational disadvantage.'” These con-
ditions are prevalent in the South, contributing to
enhancement of the adverse impact of obesity on
women’s cardiovascular health.
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Dietary Patterns and Regional Inequities
The quality of diet plays a crucial role in shaping the oc-
currence of overweight/obesity and cardiovascular out-
comes. Sex-stratified analyses showed that in states like
Arkansas and Mississippi, poor diet, characterized by
low intake of vegetables and fiber and high consump-
tion of processed meat, was particularly harmful to
women. These findings align with broader epidemiologic
research describing the so-called “Southern dietary pat-
tern,” which is characterized by high intake of fried foods
and processed meats. This pattern has been associated
with increased cardiovascular morbidity and death in
previous large cohort studies, including the REGARDS
(Reasons for Geographic and Racial Differences in
Stroke) study and others.'®'9 Long-standing dietary hab-
its make the southern United States an epicenter of diet-
related risk, with women disproportionately affected.

Sex-Specific Interactions Between Diet,
Behavior, and Cardiovascular Risk

While poor diet is a critical contributor to IHD risk, its
impact is amplified in women by intersecting behavio-
ral and environmental vulnerabilities. Beyond economic
constraints, psychosocial stressors, such as chronic
stress, depression, and caregiving responsibilities, are
more prevalent among women and contribute to emo-
tional eating and reduced time or energy for preparing
nutritious meals. These behavioral pressures exacer-
bate dietary risks and deepen existing health inequities.
Physical inactivity is another key contributor. Prior stud-
ies have shown a consistently higher mortality burden
from physical inactivity in women compared with men.2°
Our analysis supports this pattern: Southern states such
as Arkansas, Mississippi, Tennessee, and West Virginia
had the highest IHD mortality rates attributable to physi-
cal inactivity among women, each exceeding 2.74 attrib-
utable deaths per 100000 inhabitants. These states also
exhibited the largest sex gaps in inactivity-related IHD
death. The convergence of poor diet, low physical activ-
ity, and psychosocial stress creates a compounding risk
profile that increases IHD vulnerability among women
in underserved regions. This is supported by a recent
National Health and Nutrition Examination Survey analy-
sis of 22761 US adults, which found that women scored
lower than men on behavioral metrics of the American
Heart Association’s “Life’s Essential 8,” despite outper-
forming men on health factors.?! These findings highlight
the need for integrated, multidimensional prevention
strategies tailored to women'’s risk profiles.

Tobacco Use and Synergistic Risk in
Women

Tobacco use, another key behavioral risk factor, fur-
ther compounds this vulnerability. Although sex
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disparities in tobacco-attributable IHD death were not
consistently observed across southern states, the ab-
solute burden among women was the highest in the
United States with age-standardized mortality rates
exceeding 12 per 100000 inhabitants in Arkansas,
Mississippi, Tennessee, and West Virginia. These high
rates suggest a synergistic effect, where tobacco use
interacts with other prevalent risks, such as poor diet
and high BMI, to amplify women’s vulnerability to IHD.
Even in the absence of large sex gaps, the clustering of
multiple modifiable risk factors may disproportionately
impact female populations in these high-risk regions.

Addressing the Challenge of Healthy Diet
in the Southern United States

The American Heart Association recommends a diet
rich in vegetables, fruits, whole grains, lean proteins,
and healthy oils, while limiting saturated fats, sodium,
added sugars, and processed meats.?? However, ad-
herence to these guidelines remains low in the south-
ern United States not merely due to personal choice
but because of long-standing structural barriers. Nearly
half of all rural Americans live in the South, where health
resources are often sparse and dietary risk is com-
pounded by socioeconomic disadvantage. Effective
interventions must go beyond education and include
systemic changes, such as subsidies for healthy food,
taxes on processed meats, and local initiatives like the
Arkansas High Obesity Program and the Mississippi
Obesity Alliance. Urban and regional planning and
regulatory efforts, such as promoting walkable neigh-
borhoods and limiting unhealthy food marketing near
schools, are also essential.

Limitations

As with any study of this scope, there are several impor-
tant limitations to consider. First, the GBD study lacked
individual-level data on reporting practices, which may
influence the accuracy of cause-of-death determinations.
Second, accuracy of cause-of-death estimates can be
impacted by errors or biases in data collection. Third, in
locations for which GBD has limited data, estimates are
interpolated from neighboring regional patterns by relying
on predictive covariates. Fourth, the bounding method
used for estimating uncertainty in sex ratios is conserva-
tive and assumes independence between estimates.
Furthermore, deaths attributed to specific dietary risk fac-
tors may not be mutually exclusive, potentially leading to
overestimation of diet-related disease burden. Fifth, our
analysis did not include all known maodifiable or nonmodi-
fiable risk factors for IHD, such as medication adherence,
access to care, or genetic predisposition, due to the con-
straints of the GBD comparative risk assessment frame-
work. We acknowledge that including a broader array of
factors, or alternatively modeling trends in IHD death in
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relation to changes in risk exposures over time via re-
gression analysis, could offer complementary insights for
prevention and treatment strategies. Our focus, however,
was on characterizing the most current sex- and location-
specific burden of death attributable to a standardized
set of modifiable risk factors using 2021 data. Sixth, our
analysis does not account for race, ethnicity, or inter-
sectionality, all of which play a significant role in health
disparities. People of color, particularly women, are more
likely to experience unequal social conditions that con-
tribute to poorer health outcomes. These effects are likely
compounded by differences in rurality and geographic
isolation, which may further limit health care access or
healthy food availability. The omission of these variables
reflects data limitations, and thus, we caution that sex
differences reported here represent only 1 dimension of
a multifactorial disparity landscape, which also includes
sociocultural, racial, and structural determinants. Finally,
we were unable to distinguish between different clinical
subtypes of IHD, such as ST-segment—elevation myo-
cardial infarction, non—-ST-segment—elevation myocardial
infarction, and unstable or stable angina. This limitation is
important, as sex disparities in outcomes are more pro-
nounced in ST-segment—elevation myocardial infarction,
with women experiencing worse outcomes compared
with men, whereas differences in other IHD presenta-
tions may be less significant.?

CONCLUSIONS

In summary, sex disparities in IHD death remain
deeply entrenched across the United States, with
striking regional inequalities. Despite overall declines
in IHD death among women from 2011 to 2021, the
southern states, particularly Mississippi and Arkansas,
continue to experience the highest burden. These
patterns suggest structural inequities in the distribution
of sex- and region-specific risk factors, although our
ecological design precludes casual attribution.

Our analysis identifies strong associations between
poor diet, overweight, and a higher IHD mortality rate
in women. While glucagon-like peptide-1 agonists may
offer pharmacological benefits for obesity-related risks,
broader prevention strategies, such as policies target-
ing dietary quality and metabolic health, could help mit-
igate disparities. Prioritizing public health interventions
in high-burden southern states may reduce sex-based
gaps and improve cardiovascular outcomes nationally.

ARTICLE INFORMATION
Received May 23, 2025; accepted October 15, 2025.

Affiliations

Department of Medical and Surgical Sciences, University of Bologna, Italy
(T.R., EC., O.M., M.B., R.B.); IRCCS Azienda Ospedaliero-Universitaria di
Bologna Sant’Orsola Hospital, Bologna, Italy (O.M.); Department of Women'’s

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914

Regional Sex Inequalities in the United States

Cardiac Health, Radboud University Medical Center, Nijmegen, Netherlands
(A.M.); Leeds Institute of Cardiovascular and Metabolic Medicine, University
of Leeds, Leeds, United Kingdom (C.P.G.); and Barbra Streisand Women’s
Heart Center Smidt Heart Institute, Cedars-Sinai Medical Center, Los
Angeles, CA (M.G.).

Acknowledgments
This research was conducted as part of the broader work of the Lancet
Regional Health-Europe Commission on Inequities and Disparities in
Cardiovascular Health. The views expressed in this article are solely those
of the authors and do not necessarily reflect the positions of the Lancet
Regional Health—Europe.

Sources of Funding

This research did not receive funding beyond the authors’ academic
institutions. Therefore, no funders had any role in the study design, data
collection, data analyses, data interpretation, or writing of the report.

Disclosures

Dr Cenko is chairperson of the European Society of Cardiology Working
Group on Coronary Pathophysiology and Microcirculation (unpaid posi-
tion). Dr Gale received grants from the Alan Turing Institut, British Heart
Foundation, National Institute for Health Research, Horizin 2020, Abbott
Diabetes, Bristol Myers Squibb, and European Society of Cardiology;
consulting fees from Al Nexus, AstraZeneca, Amgen, Bayer, Bristol Myers
Squibb, Boehringher—Ingleheim, CardioMatics, Chiesi, Daiichi Sankyo, GPRI
Research BV, Menarini, Novartis, iRhythm, Organon, and the Phoenix Group;
and honoraria by AstraZeneca, Boston Scientific, Menarini, Novartis, Raisio
Group, Wondr Medical, and Zydus. Dr Gale also participated on the data
safety monitoring boards of the DANBLOCK (Danish Trial of Beta Blocker
Treatment After Myocardial Infarction Without Reduced Ejection Fraction)
trial and TARGET CTCA (Troponin in Acute Chest Pain to Risk Stratify and
Guide Effective Use of Computed Tomography Coronary Angiography) trial,
is chair of the European Society of Cardiology Quality Indicator Committee
and was part of the National Institute for Health and Care Excellence indica-
tor advisory committee; Dr Gulati participated on a data safety monitoring
board for Merck and is past president of the American Society for Preventive
Cardiology. The other authors have nothing to disclose.

Supplemental Material
Data S1. Supplemental Material
Tables S1-S64

Figures S1-S5

References 23-34

REFERENCES

1. Cenko E, Yoon J, Kedev S, Stankovic G, Vasiljevic Z, Krljanac G, Kalpak
O, Ricci B, Milicic D, Manfrini O, et al. Sex differences in outcomes after
STEMI: effect modification by treatment strategy and age. JAMA Intern
Med. 2018;178:632—-639. doi: 10.1001/jamainternmed.2018.0514

2. Smilowitz NR, Mahajan AM, Roe MT, Hellkamp AS, Chiswell K, Gulati
M, Reynolds HR. Mortality of myocardial infarction by sex, age, and ob-
structive coronary artery disease status in the ACTION registry-GWTG.
Circ Cardiovasc Qual Outcomes. 2017;10:e003443. doi: 10.1161/
CIRCOUTCOMES.116.003443

3. Arora S, Stouffer GA, Kucharska-Newton AM, Qamar A, Vaduganathan
M, Pandey A, Porterfield D, Blankstein R, Rosamond WD, Bhatt DL,
et al. Twenty-year trends and sex differences in young adults hospi-
talized with acute myocardial infarction the ARIC community sur-
veillance study. Circulation. 2019;139:1047-1056. doi: 10.1161/
CIRCULATIONAHA.118.037137

4. Gaffney A, McCormick D. The affordable care act: implications
for health-care equity. Lancet. 2017;389:1442-1452. doi: 10.1016/
S0140-6736(17)30786-9

5. GBD 2021 US Burden of Disease Collaborators. The burden of dis-
eases, injuries, and risk factors by state in the USA, 1990-2021: a sys-
tematic analysis for the Global Burden of Disease Study 2021. Lancet.
2024;404:2314-2340. doi: 10.1016/S0140-6736(24)01446-6

6. Romeo B, Bergami M, Cenko E, Manfrini O, Bugiardini R. Sex dis-
parities in ischemic heart disease mortality in Europe. JACC Adv.
2024;3:101252. doi: 10.1016/j.jacadv.2024.101252

17


https://doi.org//10.1001/jamainternmed.2018.0514
https://doi.org//10.1161/CIRCOUTCOMES.116.003443
https://doi.org//10.1161/CIRCOUTCOMES.116.003443
https://doi.org//10.1161/CIRCULATIONAHA.118.037137
https://doi.org//10.1161/CIRCULATIONAHA.118.037137
https://doi.org//10.1016/S0140-6736(17)30786-9
https://doi.org//10.1016/S0140-6736(17)30786-9
https://doi.org//10.1016/S0140-6736(24)01446-6
https://doi.org//10.1016/j.jacadv.2024.101252

9202 ‘gz Afenige4 uo Aq Bio'sfeuinofeye/:diy wouy papeojumoq

Rahaman et al

20.

J Am Heart Assoc. 2026;15:e043914. DOI: 10.1161/JAHA.125.043914

Murray CJL; GBD 2021 Collaborators. Findings from the global bur-
den of disease study 2021. Lancet. 2024;403:2259-2262. doi: 10.1016/
S0140-6736(24)00769-4

Institute for Health Metrics and Evaluation. GBD results. Accessed
January 2025. https://vizhub.healthdata.org/gbd-results/.

GBD 2021 Risk Factors Collaborators. Global burden and strength
of evidence for 88 risk factors in 204 countries and 811 subnational
locations, 1990-2021: a systematic analysis for the global burden
of disease study 2021. Lancet. 2024;403:2162-2203. doi: 10.1016/
S0140-6736(24)00933-4

Zheng P, Afshin A, Biryukov S, Bisignano C, Brauer M, Bryazka D,
Burkart K, Cercy KM, Cornaby L, Dai X, et al. The burden of proof stud-
ies: assessing the evidence of risk. Nat Med. 2024,28:2038-2044. doi:
10.1038/s41591-022-01973-2

Bill & Melinda Gates Foundation. Goalkeepers Report 2022: Data
Sources. Accessed January 2025. https:/www.gatesfoundation.org/
goalkeepers/report/2022-report/data-sources/.

Institute of Medicine. Women’s Health Research: Progress, Pitfalls, and
Promise. National Academies Press; 2010.

Manfrini O, Yoon J, van der Schaar M, Kedev S, Vavlukis M, Stankovic
G, Scarpone M, Mili¢i¢ D, Vasiljevic Z, Badimon L, et al. Sex differences
in modifiable Risk Factors and severity of coronary artery disease. J Am
Heart Assoc. 2020;9:e017235. doi: 10.1161/JAHA.120.017235

Huxley RR, Woodward M. Cigarette smoking as a risk factor for cor-
onary heart disease in women compared with men: a systematic re-
view and meta-analysis. Lancet. 2011;378:1297-1305. doi: 10.1016/
S0140-6736(11)60781-2

Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart
disease associated with diabetes in men and women: meta-analysis
of 37 prospective cohort studies. BMJ. 2006;332:73-78. doi: 10.1136/
bmj.38678.389583.7C

Kammerlander AA, Lyass A, Mahoney TF, Massaro JM, Long MT, Vasan
RS, Hoffmann U. Sex differences in the associations of visceral adi-
pose tissue and cardiometabolic and cardiovascular disease risk: the
Framingham heart study. J Am Heart Assoc. 2021;10:e019968. doi:
10.1161/JAHA.120.019968

Swinburn BA, Kraak VI, Allender S, Atkins VJ, Baker PI, Bogard JR,
Brinsden H, Calvillo A, De Schutter O, Devarajan R, et al. The global
syndemic of obesity, undernutrition, and climate change: the lan-
cet commission report. Lancet. 2019;393:791-846. doi: 10.1016/
S0140-6736(18)32822-8

Safford MM, Brown TM, Muntner PM, Durant RW, Glasser S, Halanych
JH, Shikany JM, Prineas RJ, Samdarshi T, Bittner VA, et al. Association
of race and sex with risk of incident acute coronary heart disease
events. JAMA. 2012;308:1768-1774. doi: 10.1001/jama.2012.14306
Shikany JM, Safford MM, Newby PK, Durant RW, Brown TM, Judd SE.
Southern dietary pattern is associated with hazard of acute coronary
heart disease in the REGARDS study. Circulation. 2015;132:804-814.
doi: 10.1161/CIRCULATIONAHA.114.014421

JiH, Gulati M, Huang TY, Kwan AC, Ouyang D, Ebinger JE, Casaletto K,
Moreau KL, Skali H, Cheng S. Sex differences in Association of Physical
Activity with all-Cause and Cardiovascular Mortality. J Am Coll Cardiol.
2024,83:783-793. doi: 10.1016/j.jacc.2023.12.019

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Regional Sex Inequalities in the United States

Kaur G, Kobo O, Parwani P, Chieffo A, Gulati M, Mamas MA. Sex differ-
ences in Life’s essential eight and its association with mortality among
US adults without known cardiovascular disease. Am J Prev Cardiol.
2024;18:100685. doi: 10.1016/j.ajpc.2024.100685

Lichtenstein AH, Appel LJ, Brands M, Carnethon M, Daniels S, Franch
HA, Franklin B, Kris-Etherton P, Harris WS, Howard B, et al. Diet and
lifestyle recommendations revision 2006: a scientific statement from
the American Heart Association nutrition committee. Circulation.
2006;114:82-96. doi: 10.1161/CIRCULATIONAHA.106.176158

Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS, Ezzati M,
Grove JT, Hogan DR, Hogan MC, Horton R, et al. Guidelines for accu-
rate and transparent health estimates reporting: the GATHER statement.
Lancet. 2016;388:e19-e23. doi: 10.1016/S0140-6736(16)30388-9

GBD 2021 Diseases and Injuries Collaborators. Global incidence, prev-
alence, years lived with disability (YLDs), disability-adjusted life-years
(DALYs), and healthy life expectancy (HALE) for 371 diseases and injuries
in 204 countries and territories and 811 subnational locations, 1990—
2021: a systematic analysis for the global burden of disease study 2021.
Lancet. 2024;403:2133-2161. doi: 10.1016/S0140-6736(24)00757-8
GBD 2019 Peripheral Artery Disease Collaborators. Global burden of
peripheral artery disease and its risk factors, 1990-2019: a systematic
analysis for the Global Burden of Disease Study 2019. Lancet Glob
Health. 2023;11:¢1553-e1565. doi: 10.1016/S2214-109X(23)00355-8
Murray CJ, Lopez AD. On the comparable quantification of health
risks: lessons from the global burden of disease study. Epidemiology.
1999;10:594-605. doi: 10.1097/00001648-199909000-00029

Li Q, Xia C, Li H, Yan X, Yang F, Cao M, Zhang S, Teng Y, He S, Cao
M, et al. Disparities in 36 cancers across 185 countries: secondary
analysis of global cancer statistics. Front Med. 2024;18:911-920. doi:
10.1007/s11684-024-1058-6

Waszczuk-Gajda A, Szafraniec-Buryto S, Kraj L, Skwierawska K,
Aleksandrowicz K, Basak GW, Brzozowska M, Wierzba W, Jedrzejczak
WW, Sliwczynski A. Epidemiology of multiple myeloma in Poland in
the years 2008-2017. Arch Med Sci. 2023;19:645-650. doi: 10.5114/
aoms.2020.92908

Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S, Murray CJL. Selected
major risk factors and global and regional burden of disease. Lancet.
2002;360:1347-1360. doi: 10.1016/S0140-6736(02)11403-6

Flaxman AD, Vos T, Murray CJL. An Integrative Metaregression
Framework for Descriptive Epidemiology. University of Washington
Press; 2015.

Knol MJ, VanderWeele TJ. Recommendations for presenting effect
modification analyses. Int J Epidemiol. 2012;41:514-520. doi: 10.1093/
ije/dyr218

Schenker N, Gentleman JF. On judging the significance of differences
by examining the overlap between confidence intervals. Am Stat.
2001;55:182-186. doi: 10.1198/000313001317097960

Institute for Health Metrics and Evaluation (IHME). Global Burden
of Disease Study 2021: definitions, data, and methods. Accessed
November 18, 2024. https://www.healthdata.org.

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA,
White HD. Fourth universal definition of myocardial infarction (2018). J
Am Coll Cardiol. 2018;72:2231-2264. doi: 10.1016/j.jacc.2018.08.1038

18


https://doi.org//10.1016/S0140-6736(24)00769-4
https://doi.org//10.1016/S0140-6736(24)00769-4
https://vizhub.healthdata.org/gbd-results/
https://doi.org//10.1016/S0140-6736(24)00933-4
https://doi.org//10.1016/S0140-6736(24)00933-4
https://doi.org//10.1038/s41591-022-01973-2
https://www.gatesfoundation.org/goalkeepers/report/2022-report/data-sources/
https://www.gatesfoundation.org/goalkeepers/report/2022-report/data-sources/
https://doi.org//10.1161/JAHA.120.017235
https://doi.org//10.1016/S0140-6736(11)60781-2
https://doi.org//10.1016/S0140-6736(11)60781-2
https://doi.org//10.1136/bmj.38678.389583.7C
https://doi.org//10.1136/bmj.38678.389583.7C
https://doi.org//10.1161/JAHA.120.019968
https://doi.org//10.1016/S0140-6736(18)32822-8
https://doi.org//10.1016/S0140-6736(18)32822-8
https://doi.org//10.1001/jama.2012.14306
https://doi.org//10.1161/CIRCULATIONAHA.114.014421
https://doi.org//10.1016/j.jacc.2023.12.019
https://doi.org//10.1016/j.ajpc.2024.100685
https://doi.org//10.1161/CIRCULATIONAHA.106.176158
https://doi.org//10.1016/S0140-6736(16)30388-9
https://doi.org//10.1016/S0140-6736(24)00757-8
https://doi.org//10.1016/S2214-109X(23)00355-8
https://doi.org//10.1097/00001648-199909000-00029
https://doi.org//10.1007/s11684-024-1058-6
https://doi.org//10.5114/aoms.2020.92908
https://doi.org//10.5114/aoms.2020.92908
https://doi.org//10.1016/S0140-6736(02)11403-6
https://doi.org//10.1093/ije/dyr218
https://doi.org//10.1093/ije/dyr218
https://doi.org//10.1198/000313001317097960
https://www.healthdata.org
https://doi.org//10.1016/j.jacc.2018.08.1038

	Sex Disparities in Ischemic Heart Disease Death Across the United States: The Southern Burden of Excess Body Weight and Diet
	METHODS
	Data Sources
	Transparency and Openness Statement
	Sex Definition and Ascertainment
	Time Frame and Trends
	Risk Factor Estimation
	Health Effects of Dietary Risks
	Statistical Analysis

	RESULTS
	IHD Mortality Rates
	IHD Prevalence Rates
	Death Normalized for the Prevalence of IHD
	Z Score Analysis for Death Normalized for the Prevalence of IHD
	MPR and Nominal Gross Domestic Product Scores
	Death Attributable to Metabolic Risk Factors
	Death Attributable to Behavioral and Environmental Risk Factors
	Death Attributable to Dietary Risk Factors
	Z Score Analysis for IHD Risk Factors
	Z Score Analysis for Metabolic Risk Factors
	Z Score Analysis for Behavioral Risk Factors
	Z Score Analysis for Environmental Risk Factors
	Z Score Analysis for Diet-Driven Death
	Variability in Trends

	DISCUSSION
	Interpretation of the MPR
	Main Findings
	Persisting High IHD Mortality Rate Among Women in the Southern United States
	Metabolic Risk Factors: Shared Burden, Unequal Impact
	Dietary Patterns and Regional Inequities
	Sex-Specific Interactions Between Diet, Behavior, and Cardiovascular Risk
	Tobacco Use and Synergistic Risk in Women
	Addressing the Challenge of Healthy Diet in the Southern United States
	Limitations

	CONCLUSIONS
	Acknowledgments
	Sources of Funding
	Disclosures
	References


