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A B S T R A C T

Background: Cardiac arrest and cardiomyopathy are major contributors to cardiovascular mortality
and sudden death. However, long-term national mortality trends and demographic disparities remain
unclear. This study aimed to evaluate U.S. mortality trends from 1999 to 2025 and assess differences by
sex, race/ethnicity, and age.
Methods: We conducted a cross-sectional analysis of U.S. mortality data from 1999–2025 using
the CDC WONDER Multiple Cause-of-Death database. Deaths among adults aged ≥ 25years were
identified using ICD-10 codes I42 (cardiomyopathy) and I46 (cardiac arrest), including cases where
these codes appeared as underlying or contributing causes of death. Age-adjusted mortality rates
(AAMRs) per 100,000 population were calculated. Temporal trends were assessed using Joinpoint
regression and expressed as average annual percent change (AAPC), stratified by sex, race/ethnicity,
and three age groups (25–44, 45–64, and ≥ 65years).
Results: Between 1999 and 2025, 237,958 deaths from cardiac arrest and cardiomyopathy occurred
among U.S. adults ≥ 25 years. Overall, AAMR declined from 6.33 to 2.41 (AAPC −3.83; 95% CI:
−4.18 to −3.57). Males had higher mortality than females (AAMR 5.82 vs 2.71) with declines from
9.13 to 3.28 and 4.36 to 1.62, respectively. Non-Hispanic (NH) Black individuals had the highest
AAMR (7.42), followed by Hispanics (4.62). Mortality was highest among those aged ≥ 65 years
(CMR 14.74), declining from 23.88 to 7.88 between 1999 and 2025.
Conclusion: Mortality from cardiac arrest and cardiomyopathy declined significantly from 1999–2025.
However, substantial disparities persisted, with higher mortality among males, NH Black individuals,
and adults ≥ 65 years, highlighting ongoing inequities in cardiovascular outcomes.

1. Introduction
Cardiac arrest and cardiomyopathy represent major contributors to
cardiovascular morbidity and mortality worldwide and remain a
significant public health concern in the United States [1]. Sudden
cardiac arrest alone affects more than 350,000 individuals annually in
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the United States, with survival rates remaining low despite advances
in resuscitation and emergency care. Approximately 90% of out-of-
hospital cardiac arrest events are fatal, underscoring the persistent
burden of this condition on the healthcare system and population
health [1–3]. Cardiomyopathies, including hypertrophic, dilated,
restrictive, and arrhythmogenic forms, are important underlying
causes of heart failure, malignant arrhythmias, and sudden cardiac
death. Hypertrophic cardiomyopathy, one of the most common
inherited cardiac disorders, affects roughly 1 in 500 individuals,
while dilated cardiomyopathy remains a leading cause of heart
transplantation and advanced heart failure [4–6].
Cardiomyopathies contribute substantially to cardiac arrest and
cardiovascular mortality through structural and electrical remodeling
of the myocardium, which predisposes patients to ventricular
arrhythmias and progressive cardiac dysfunction. Epidemiological
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studies have demonstrated that cardiomyopathy-related deaths con-
tinue to impose a considerable burden in the United States, with
thousands of deaths reported annually. For instance, analyses of
national mortality data identified over 168,000 deaths attributed to
dilated cardiomyopathy between 1999 and 2020 [7]. Furthermore,
cardiomyopathy-related mortality frequently exhibits demographic
and geographic disparities, with higher mortality rates reported
among males, older adults, and certain racial and ethnic populations
[7].
Temporal analyses of cardiac arrest mortality in the United States
suggest complex patterns over the past two decades. While some
studies report an initial decline in age-adjusted mortality rates
during the early 2000s, more recent years have shown stagnation
or even reversal of these improvements, potentially related to the
growing burden of cardiovascular risk factors, aging populations,
and disparities in access to advanced cardiovascular care [8, 9].
Additionally, cardiac arrest associated with conditions such as heart
failure and metabolic disturbances has demonstrated increasing
mortality trends since approximately 2011 in national datasets
[8]. The recent Lancet Commission to Reduce the Global Burden
of Sudden Cardiac Death emphasized that sudden cardiac death
remains a major global health challenge with survival rates from
sudden cardiac arrest below 10% in most regions worldwide, calling
for urgent multidisciplinary strategies to improve prevention, risk
stratification, and systems of care [10].
Despite the clinical significance of these conditions, limited studies
have comprehensively examined the combined national mortality
trends and demographic disparities associated with both cardiac ar-
rest and cardiomyopathy over extended time periods. Understanding
these patterns is essential for identifying vulnerable populations,
informing prevention strategies, and guiding healthcare policy.
Therefore, the present study aims to evaluate long-term trends and
disparities in mortality from cardiac arrest and cardiomyopathy in
the United States from 1999 to 2025 using national mortality data.

2. Methods

2.1. Study Design and Population
We conducted a retrospective population-based study using the
Centers for Disease Control and Prevention Wide-Ranging Online
Data for Epidemiologic Research (CDC WONDER) Multiple Cause-
of-Death database. We analyzed national death certificate data
for adults aged ≥25 years from 1999 through 2025 to evaluate
mortality associated with cardiomyopathy and cardiac arrest in the
United States. This age cutoff has been used to define adults in
prior cardiovascular research [11, 12], and restricting the analysis
to ≥25 years improves the robustness and stability of mortality
estimates. Deaths were identified using the International Statistical
Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10) codes I42 (cardiomyopathy) and I46 (cardiac
arrest). The CDC WONDER query was structured to extract
record-level mortality data from the Multiple Cause-of-Death files,
including deaths in which I42 and/or I46 appeared anywhere on
the death certificate, whether as the underlying cause of death or as
contributing causes. Each decedent was counted once in the analysis,
consistent with CDC WONDER’s person-level mortality reporting
structure. The query parameters included: years 1999 – 2025; age
≥25 years; stratification by sex, race/ethnicity, age group, and place
of death; and grouping by ICD-10 codes I42 and I46. Age-adjusted
mortality rates were calculated using the standard CDC WONDER
methodology. Institutional review board approval was not required
because this study used publicly available, de-identified government

data. The study was conducted and reported in accordance with the
STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines [13].

2.2. Data Abstraction
Data for population size and demographics, such as sex and race,
were extracted. The place of death was categorized into medical
facilities, hospice, home, and nursing home/long-term care facilities.
Racial and ethnic categories were classified as non-Hispanic (NH)
white, NH Black or African American, Hispanic or Latino, NH
American Indian or Alaska Native, and NH Asian or Pacific Islander.
Age groups were divided into 3 groups: (25 – 44, 45 – 64, and ≥
65 years). In accordance with CDC WONDER data-use policies,
cells with fewer than 10 deaths are suppressed by the database.
Suppressed cells were excluded from subgroup-specific analyses,
and no imputation was performed.

2.3. Statistical Analysis
Age-adjusted mortality rates (AAMRs) and crude mortality rates
(CMRs) per 100,000 population from 1999–2025, by year, sex, and
race, with 95% CIs, were calculated, using the 2000 U.S. population
as the standard [14]. CMRs were determined by dividing the number
of cardiac arrest and cardiomyopathy-related mortalities among
adults by the corresponding U.S. population of that year. The
Joinpoint Regression Program (Joinpoint V 5.4.0.0, National Cancer
Institute) was used to determine the average annual percent change
(AAPC) and the annual percent change (APC). Joinpoint regression,
a segmented regression technique, was used to identify points of
trend change (join points) by fitting log-linear models and using
permutation tests to select the optimal number of join points, thereby
ensuring model fit. This method allows identification of significant
changes in AAMR over time by fitting log-linear regression models
where temporal variation occurred. APCs were considered increasing
or decreasing if the slope describing the change in mortality was
significantly different from zero using a two-tailed t-test. A value of
p< 0.05 was considered statistically significant.

3. Results

3.1. Overall Trends
Between 1999 and 2025, cardiac arrest and cardiomyopathy ac-
counted for a total of 237,958 deaths among adults aged 25 years
and older in the United States. Most of the deaths occurred in medical
facilities as inpatients (47.10%), followed by decedent’s home
(24.10%) and nursing home or long-term care settings (10.85%),
outpatient or emergency room settings (12.73%), hospice facilities
(1.05%), medical facilities – dead on arrival (0.85%), other locations
(2.83%), medical facilities – status unknown (0.11%), and for 0.38%
of cases, the place of death was not specified (Supplementary Table
1).
The overall AAMR declined substantially from 6.33 per 100,000
in 1999 to 2.41 in 2025, with an AAPC of -3.83 (95% CI: -4.18 to
-3.57; p < 0.001). The mean AAMR was 4.04 (95% CI: 3.96 to 4.13).
From 1999 to 2006, mortality decreased sharply from 6.33 to 4.53
(-4.87; 95% CI: -7.26 to -3.87, p < 0.001), followed by a continued
but more gradual decline from 4.53 in 2006 to 2.95 in 2022 (-2.69;
95% CI: -2.98 to -1.19; p < 0.022). A further significant decline was
observed from 2.95 in 2022 to 2.41 in 2025 (-7.37; 95% CI: -12.55
to -4.15; p < 0.001) (Figure 1) and (Supplementary Table 2).

3.2. Sex-Stratified Trends
Throughout the study period, a total of 146,218 deaths were recorded
among males and 91,740 among females. Males exhibited higher
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Figure 1: Trends in age-adjusted mortality rates (AAMR) for cardiac arrest and cardiomyopathy in U.S. adults aged ≥25 years from 1999 to 2025, overall and
stratified by sex.

Figure 2: Race- and ethnicity-specific trends in age-adjusted mortality rates (AAMR) for cardiac arrest and cardiomyopathy among U.S. adults aged ≥25
years from 1999 to 2025.

mortality, with an AAMR of 5.82 (95% CI: 5.67 to 5.98) compared
with 2.71 (95% CI: 2.62 to 2.81) in females. On average, males
experienced a greater decline in mortality than females [Males:
AAPC: -4.04 (95% CI: -4.23 to -3.89; p < 0.001); Females: AAPC:
-3.93 (95% CI: -4.24 to -3.74; p < 0.001)].

Among males, the AAMR declined from 9.13 in 1999 to 3.28 in 2025.
Joinpoint regression revealed four segments: a marked decrease from
9.13 in 1999 to 6.53 in 2006 (-4.83; 95% CI: -6.40 to -4.09; p <
0.001), continued decline from 6.53 in 2006 to 5.25 in 2015 (-2.64;
95% CI: -3.18 to -0.47; p < 0.019), a further reduction from 5.25
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Figure 3: Age-specific trends in crude mortality rates (CMR) for cardiac arrest and cardiomyopathy among U.S. adults aged ≥25 years from 1999 to 2025.

in 2015 to 4.53 in 2018 (-5.07; 95% CI: -6.52 to -3.35; p < 0.001),
a slight non-significant increase from 4.53 in 2018 to 4.56 in 2021
(0.62; 95% CI: -1.69 to 2.13; p < 0.547), and again a significant
decline from 4.56 in 2021 to 3.28 in 2025 (-8.31; 95% CI: -10.11 to
-7.27; p < 0.001).
Among females, mortality decreased from 4.36 in 1999 to 1.62 in
2025. Significant decline was observed from 4.36 in 1999 to 3.24
in 2005 (-5.37; 95% CI: -8.18 to -4.30; p < 0.001) and from 3.24 in
2005 to 2.07 in 2018 (-3.30; 95% CI: -4.34 to -2.76; p < 0.001). A
slight non-significant rise was noticed from 2.07 in 2018 and 2.10
in 2021 (0.19; 95% CI: -2.70 to 1.65; p < 0.786), followed by a
significant decline from 2.10 in 2021 to 1.62 in 2025 (-6.79; 95% CI:
-10.33 to -5.15; p < 0.001) (Figure 1) and (Supplementary Table
2).

3.3. Race/Ethnicity Trends
Across racial/ethnic groups, the highest overall AAMR was observed
among NH Black or African Americans (7.42; 95% CI: 7.05 to 7.79),
followed by Hispanics (4.62; 95% CI: 4.27 to 4.97), NH Asian or
Pacific Islanders (3.94; 95% CI: 3.50 to 4.39), NH Whites (3.64; 95%
CI: 3.56 to 3.73), and NH American Indian or Alaska Natives (3.54;
95% CI: 2.63 to 4.67). Distinct trends were observed among these
groups [NH American Indian or Alaska Natives: AAPC: -2.92 (95%
CI: -3.92 to -1.59; p < 0.001); NH Asian or Pacific Islanders: AAPC:
-5.74 (95% CI: -6.14 to -5.35; p < 0.001); NH Blacks: AAPC: -3.90
(95% CI: -4.31 to -3.67; p < 0.001); NH Whites: AAPC: -3.83 (95%
CI: -4.18 to -3.54; p < 0.001); Hispanics: AAPC: -5.22( 95% CI:
-5.76 to -4.78; p < 0.001)].
Among NH American Indian or Alaska Natives, mortality declined
steeply from 6.68 in 1999 to 2.58 in 2006 (-7.26; 95% CI: -22.68 to
-2.27; p < 0.011), with a non-significant change from 2.58 in 2006
to 2.79 in 2025 (-1.27; 95% CI: -2.69 to 5.69; p < 0.352). NH Asian
or Pacific Islanders experienced a consistent and significant decline

from 8.60 in 1999 to 1.52 in 2025 (-5.74; 95% CI: -6.14 to -5.35; p <
0.001). For NH Blacks, mortality decreased significantly from 11.45
in 1999 to 5.77 in 2018 (-3.49; 95% CI: -4.90 to -3.18; p < 0.024),
showed a non-significant plateau with an AAMR of 5.77 in 2018
and 5.84 in 2021 (0.24; 95% CI: -3.17 to 1.97; p < 0.7), and declined
markedly from 5.84 in 2021 to 4.07 in 2025 (-8.72; 95% CI: -13.88
to -6.62; p < 0.001). Among NH Whites, significant decreases were
observed from 5.71 in 1999 to 4.00 in 2006 (-5.10; 95% CI: -7.15 to
-4.08; p < 0.001), from 4.00 in 2006 to 2.68 in 2022 (-2.63; 95% CI:
-2.94 to -0.97; p < 0.025), and from 2.68 in 2022 to 2.20 in 2025
(-7.15; 95% CI: -12.48 to -3.66; p < 0.001). Hispanics experienced
a significant decline from 7.95 in 1999 to 3.16 in 2020 (-4.47; 95%
CI: -4.79 to -3.81; p < 0.015), followed by a continued significant
reduction from 3.16 in 2020 to 2.13 in 2025 (-8.30; 95% CI: -15.31
to -5.69; p < 0.001) (Figure 2) and (Supplementary Table 3).

3.4. Age-Specific Trends
Age-specific CMRs demonstrated marked disparities across the study
period. Adults aged 65+ years had the highest mortality (14.74; 95%
CI: 14.38 to 15.10), followed by those aged 45-64 years (2.72; 95%
CI: 2.61 to 2.84) and 25-44 years (0.52; 95% CI: 0.47 to 0.57).
On average, 65+ years age group experienced greater decline in
mortality over the study period, followed by 45-64 years age group
and 25-44 years age group [65+ years: AAPC: -4.21 (95% CI: -4.39
to -4.03; p < 0.001); 45-64 years: AAPC: -2.86 (95% CI: -3.06 to
-2.69; p < 0.001); 25-44 years: AAPC: -1.64 (95% CI: -2.20 to -1.28;
p < 0.001)].
Among adults aged 25-44 years, CMR decreased from 0.67 in 1999
to 0.39 in 2025. Joinpoint analysis showed a modest decline from
0.67 in 1999 to 0.47 in 2018 (-1.30; 95% CI: -2.08 to -0.86; p <
0.001), a significant slight increase from 0.47 in 2018 to 0.57 in 2021
(8.49; 95% CI: 1.52 to 11.83; p < 0.006), and a significant decrease
from 0.57 in 2021 to 0.39 in 2025 (-10.12; 95% CI: -16.29 to -6.65;
p < 0.001).
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Among adults aged 45-64 years, mortality decreased from 3.85 in
1999 to 1.84 in 2025. Significant reductions were observed from
3.85 in 1999 to 2.93 in 2004 (-5.63; 95% CI: -7.91 to -4.56; p <
0.001) and from 2.93 in 2004 to 2.52 in 2010 (-2.21; 95% CI: -3.65
to -0.62; p < 0.011). Mortality rates remained relatively stable from
2.52 in 2010 to 2.65 in 2021 (0.34; 95% CI: -0.04 to 1.22; p < 0.066),
followed by a significant decline from 2.65 in 2021 to 1.84 in 2025
(-8.81; 95% CI: -10.25 to -7.10; p < 0.001).
Among adults aged ≥65 years, CMR declined markedly from 23.88
in 1999 to 7.88 in 2025, with a sustained, statistically significant
reduction of -4.21 (95% CI: -4.39 to -4.03; p < 0.001), with no
joinpoints identified (Figure 3) and (Supplementary Table 4).

4. Discussion
In this nationwide analysis of mortality trends from cardiac arrest and
cardiomyopathy among U.S. adults aged ≥25 years between 1999
and 2025, several important findings emerged. Overall mortality
declined substantially during the study period, with age-adjusted mor-
tality decreasing from 6.33 to 2.41 per 100,000. Males consistently
demonstrated higher mortality rates than females, although both
sexes experienced significant reductions over time. Significant racial
disparities were observed, with NH Black individuals experiencing
the highest mortality rates despite overall improvements across all
racial and ethnic groups. Mortality increased markedly with age, with
adults aged ≥65 years having the greatest burden of death. While
mortality declined across most subgroups, temporary plateaus or
slight increases occurred in some populations during the late 2010s
and early 2020s.
The substantial decline in mortality observed in this study parallels
improvements in cardiovascular care, emergency response systems,
and resuscitation science over the past 27 years. Several population-
based studies have reported improved survival following cardiac
arrest due to enhanced emergency medical services (EMS), increased
public awareness of cardiopulmonary resuscitation (CPR), and ex-
panded availability of automated external defibrillators (AEDs). For
example, analysis from the CARES registry demonstrated significant
improvements in survival following out-of-hospital cardiac arrest in
the United States between 2005 and 2012 [15]. Similarly, national
analyses have documented improvements in survival from cardiac
arrest in recent years, reflecting advances in resuscitation protocols
and post-resuscitation care [16]. Improvements in in-hospital cardiac
arrest outcomes have also been reported, with increasing survival
rates observed over time in national registries [17].
Cardiomyopathies are important underlying causes of ventricular
arrhythmias and sudden cardiac death. Inherited and acquired
cardiomyopathies, including hypertrophic cardiomyopathy, dilated
cardiomyopathy, and arrhythmogenic cardiomyopathy, are frequently
implicated in cardiac arrest events [18]. Hypertrophic cardiomy-
opathy affects approximately 1 in 500 individuals and represents
one of the most common genetic cardiovascular diseases associated
with sudden cardiac death [19]. Dilated cardiomyopathy is another
major cause of sudden cardiac death and advanced heart failure
worldwide [20]. Risk stratification strategies, including the use of
implantable cardioverter-defibrillators (ICDs), have significantly
reduced sudden death risk in patients with cardiomyopathies [21].
Genetic screening and improved diagnostic imaging have also
enhanced early identification of high-risk individuals with inherited
cardiomyopathies [22].
Our findings demonstrate consistently higher mortality among males
compared with females. This observation is consistent with prior
studies showing that sudden cardiac death occurs more frequently

in men [23]. Biological factors such as hormonal influences, elec-
trophysiological differences, and variations in cardiac ion channel
expression may contribute to sex-specific susceptibility to malignant
arrhythmias [24]. Additionally, men generally have a higher preva-
lence of structural heart disease and ischemic heart disease, which
increases the risk of ventricular arrhythmias and sudden cardiac
death [25]. Nevertheless, improvements in cardiovascular care have
led to declining mortality rates among both sexes over time.
Our study identified substantial racial disparities in cardiac arrest
and cardiomyopathy-related mortality, with NH Black individuals
experiencing the highest mortality rates. Previous research has
demonstrated that Black populations in the United States experience
higher rates of sudden cardiac death and cardiovascular mortality
[26]. Multiple factors likely contribute to these disparities, including
higher prevalence of hypertension, heart failure, and cardiomyopa-
thy in Black populations [26, 27]. Differences in socioeconomic
status, healthcare access, and structural determinants of health
also contribute to disparities in cardiovascular outcomes [27, 28].
Importantly, several studies have demonstrated that Black individuals
experiencing out-of-hospital cardiac arrest are less likely to receive
bystander CPR, which significantly influences survival outcomes
[29].
Age was strongly associated with mortality in our analysis, with
adults aged ≥65 years demonstrating the highest death rates. Aging
is associated with structural and electrophysiological changes in the
myocardium that increase susceptibility to arrhythmias and sudden
cardiac death [30]. Older adults also have a higher prevalence of
heart failure and cardiomyopathy, which further increases the risk of
cardiac arrest [31]. Comorbidities and frailty may also contribute to
poorer outcomes following cardiac arrest among elderly individuals
[31, 32]. Despite these challenges, improvements in cardiovascular
care have led to declining mortality rates, even among older adults.
Furthermore, analysis of place-of-death data revealed that a sub-
stantial proportion of deaths occurred at home or in out-of-hospital
settings. This pattern may reflect gaps in early recognition of cardiac
events, delays in emergency response, limited access to timely
medical care, or missed opportunities for bystander intervention.
Higher home-based mortality underscores the importance of tar-
geted community education, widespread CPR training, rapid EMS
dispatch, and improved access to preventive care for high-risk
populations.

4.1. Future Directions
Future directions for research on cardiac arrest and cardiomyopathy-
related mortality in the United States should focus on integrating
granular clinical data, including comorbidities, treatment modalities,
and genetic profiles, to better elucidate mechanisms underlying ob-
served disparities. Prospective studies evaluating the impact of early
detection strategies, personalized risk stratification, and targeted
interventions such as widespread use of implantable cardioverter-
defibrillators and community-based CPR training are warranted.
Additionally, research should examine the influence of socioeco-
nomic factors, healthcare access, and regional variations to develop
equitable prevention and management strategies that further reduce
mortality across high-risk populations.

4.2. Strengths
This study has several notable strengths. First, it utilized a large
nationwide mortality database spanning more than two decades,
enabling comprehensive evaluation of long-term epidemiological
trends. Second, the use of age-adjusted mortality rates allowed
accurate comparisons across demographic groups and time periods.
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Third, detailed stratification by sex, race/ethnicity, and age provided
important insights into demographic disparities in cardiac arrest
and cardiomyopathy-related mortality. Finally, the application of
joinpoint regression allowed identification of temporal changes in
mortality patterns and potential shifts in epidemiologic trends.

4.3. Limitations
Several limitations should be considered when interpreting these
findings. First, this analysis relied on death certificate data from the
CDC WONDER database, which may be subject to misclassification
or inaccuracies in cause-of-death reporting. Variability in death-
certificate completion and differences by certifier type (e.g., physi-
cian vs. medical examiner/coroner) could further affect accuracy.
Second, the database lacks detailed clinical information, including
comorbidities, disease severity, and treatment modalities, which lim-
its the ability to explore mechanisms underlying observed mortality
trends. Third, the data do not distinguish between out-of-hospital
and in-hospital cardiac arrest events and may reflect differences
in access to care, emergency response, and missed opportunities
for intervention. Fourth, socioeconomic variables and healthcare
access indicators were unavailable, preventing further investigation
into factors contributing to the observed disparities. Additionally, in
accordance with CDC WONDER data-use policies, cells with fewer
than 10 deaths are suppressed and were excluded from subgroup
analyses; this suppression may introduce bias in smaller demographic
strata and could slightly underestimate mortality rates in certain
subgroups, as well as affect trend estimates in less populous groups.
Finally, as an observational analysis of ecological mortality data,
causal or individual-level inferences cannot be drawn, and temporal
or coding changes over the study period may have influenced trends.

5. Conclusion
Mortality related to cardiac arrest and cardiomyopathy in the United
States declined substantially between 1999 and 2025. Despite these
improvements, significant disparities persist across sex, race, and
age groups. Males and NH Black individuals continue to experience
disproportionately higher mortality rates, and older adults remain
the most affected population. Continued efforts to improve early
identification and management of cardiomyopathies, expand access
to high-quality emergency cardiovascular care, and address structural
health disparities are essential to further reduce mortality and
improve outcomes.
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