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Abstract
Introduction

COPD and ASCVD synergistically increase cardiovascular mortality through systemic inflammation,
imposing major clinical and economic burdens. However, national long-term trends in mortality
specifically among patients with coexisting ASCVD and COPD remain poorly characterized. This study
evaluates U.S. mortality trends from 1999–2025.

Methods

We conducted a retrospective analysis using the CDC WONDER Multiple Cause-of-Death database for
U.S. adults aged ≥ 25 years (1999–2025). Mortality rates were stratified by demographic and geographic
factors. Age-adjusted mortality rates (AAMRs) per 100,000 were calculated using the 2000 U.S. standard
population. Temporal trends were assessed using Joinpoint regression with Annual Percentage Changes
and 95% Confidence Interval.

Results

Between 1999–2025, a total of 1,763,255 deaths were recorded among U.S. adults aged ≥ 25 years, with
39.5% occurring in medical facilities. Overall AAMR declined from 23.1 to 15.64 (AAPC: −1.59; 95% CI:
−2.16 to − 1.02; p < 0.001). Mortality was higher in males than females (26.43 vs. 13.48). White
individuals had the highest AAMR (20.86), while Asian/Pacific Islanders had the lowest (5.63). Adults
aged ≥ 65 years experienced the greatest burden (130.84). Higher mortality was observed in non-
metropolitan areas (25.68), the Midwest (20.83), and states such as West Virginia (39.12).

Conclusion

Although COPD-ASCVD mortality declined from 1999–2025, significant demographic and geographic
disparities persist, highlighting the need for targeted prevention strategies.

Introduction
Chronic obstructive pulmonary disease (COPD) is heterogeneous lung condition characterized by
chronic respiratory symptoms such as dyspnea, cough, and sputum production due to abnormalities of
the airways (bronchitis) and alveoli (emphysema) that cause persistent and progressive airflow
obstruction (1). Atherosclerotic cardiovascular disease (ASCVD) is a group of disorders involving plaque
buildup in the arterial walls, which can lead to ischemic heart disease, stroke and peripheral vascular
diseases (2). As COPD functions as a systemic inflammatory driver that increases the risk of
cardiovascular mortality, the co-occurrence of COPD and ASCVD represents a synergistic global health
burden that necessitates early, multi-organ preventative measures (3).
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About 1 in 4 hospitalized COPD patients in the United States have a history of ASCVD, which confirms
that COPD independently increases the risk of cardiovascular diseases and serves as a significant
contributor of premature death from 2019 onwards (4). COPD and ASCVD place a significant financial
burden on society, as healthcare expenses range from $49 to $400 billion (5, 6). Systemic inflammation
and oxidative stress, driven by chronic airflow limitation, serve as primary mediators for vascular
endothelial damage, which accelerates the process of atherogenesis in patients with COPD (7). Since
the pathophysiological changes of both conditions begin mostly before clinical diagnosis, early
screening for cardiovascular comorbidities in respiratory patients and management of risk factors are
crucial to reduce the mortality burden.

Despite the known clinical link between COPD and ASCVD, long term mortality has not been fully
analyzed over the last quarter century because previous research has often looked at these conditions in
isolation or within limited demographic cohorts. Planning for public health, allocating resources, and
creating plans to lessen the clinical and financial burden of ASCVD all depend on an understanding of
mortality trends from 1999 to 2025. The current analysis fills this gap by analyzing nationally
representative U.S. data spanning 27 years, offering a thorough and up to date evaluation of the
changing mortality burden linked to COPD and ASCVD.

Methods

Study Design and Data Source:
This retrospective study extracted mortality data obtained from Centers for Disease Control and
Prevention Wide Ranging Online Data for Epidemiological Research (CDC WONDER) database (8).
Specifically, the data was retrieved from the Multiple Cause-of-Death (MCD) database, which compiles
information from death certificates across all 50 U.S. states and the District of Columbia. By using this
data, mortality trends were analyzed for individuals aged ≥ 25 years from 1999 to 2025. Data for 1999–
2024 were obtained from the final Multiple Cause of Death database, whereas 2025 mortality data were
obtained from the provisional Multiple Cause of Death database. The provisional dataset was accessed
on [extraction date] and reflects deaths available through that date.

Study Population:
Mortality records were identified using the International Classification of Diseases, Tenth Revision (ICD-
10) codes published by the World Health Organization (WHO). Chronic obstructive pulmonary disease
(COPD) was identified using ICD-10 codes J44.0, J44.1, J44.8, and J44.9. Atherosclerotic cardiovascular
and cerebrovascular disease (ASCVD)-related conditions were identified using ICD-10 codes for
ischemic heart disease (I20–I25), cerebral infarction (I63.0–I63.6 and I63.8–I63.9), stroke not specified
as hemorrhage or infarction (I64), and atherosclerosis (I70.0–I70.2 and I70.8–I70.9). These ICD-10
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codes have been validated for identifying COPD- and ASCVD-related mortality in previous
epidemiological studies (10). Only mortality records meeting both criteria were included in the analysis.

Mortality data were categorized into ten-year age intervals (25–34, 35–44, 45–54, 55–64, 65–74, 75–84,
and ≥ 85 years) to assess age-specific trends.

Data Abstraction:
A comprehensive set of data was extracted for analysis, encompassing population totals, year of death,
demographic and geographic variables such as age group, sex, race/ethnicity, state, census region,
metropolitan status, and place of death. Place of death was grouped into medical facilities (outpatient
department, emergency department, inpatient, dead on arrival or unknown status), decedent’s home,
hospice facility, nursing home and long-term care settings. Race and ethnicity were classified as
Hispanic or non-Hispanic, with non-Hispanic individuals further grouped into non-Hispanic White, non-
Hispanic Black or African American, non-Hispanic Asian or Pacific Islander, and non-Hispanic American
Indian or Alaska Native. Geographic stratification was performed using U.S. Census regions (Northeast,
Midwest, South, and West), along with state-level analyses. Urban-rural status was determined using the
National Center for Health Statistics Urban-Rural Classification Scheme based on 2013 U.S. Census data
(10), categorizing counties into metropolitan and non-metropolitan areas.

Ethical Considerations:
This analysis used publicly available, de-identified data; therefore Institutional Review Board (IRB)
approval was not required. Moreover, the study strictly adheres to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines. (13)

Statistical Analysis:
To examine COPD and ASCVD related mortality, Age-adjusted mortality rates (AAMRs) per 100,000
population were calculated for each year using the direct method, standardized to the 2000 U.S.
standard population (11), to allow for comparisons across populations with varying age structures.
Mean AAMRs were calculated as the arithmetic mean of the annual AAMRs over the study period for the
overall population and each subgroup analyzed. Temporal trends in AAMRs were evaluated from 1999 to
2025 using the Joinpoint Regression Program version (5.4.0), National Cancer Institute (12), which
employs log-linear regression models to detect statistically significant changes in trends across time.
For each identified section, annual percentage changes (APC) and 95% confidence intervals (CIs) were
calculated. Trends were viewed as rising, decreasing, or stable based on statistical significance. A two-
tailed p-value < 0.05 was considered statistically significant.

Results
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Between 1999 and 2025, a total of 1,763,255 deaths were recorded in the United States in association
with chronic obstructive pulmonary disease (COPD) and atherosclerotic cardiovascular disease (ASCVD)
(Supplementary Table S1). Deaths occurred across multiple settings, with the largest proportion taking
place in medical facilities (695,517), followed by decedents’ homes (578,360) and nursing homes or
long-term care facilities (348,313). A smaller number of deaths were reported in hospice facilities
(72,183), while 65,939 deaths occurred in other locations (Supplementary Table S2).

Annual Trends for COPD and ASCVD–Related AAMR:
The age-adjusted mortality rate (AAMR) for deaths associated with COPD and ASCVD demonstrated an
overall decline during the study period from 1999 to 2025. The AAMR decreased from 23.1 in 1999 to
15.64 in 2025, with an average annual percent change (AAPC) of -1.59 (95% CI: -2.16 to -1.02; p < 0.001).
The overall mean AAMR across the study period was 18.78 (95% CI: 18.63–18.92).

Segmented trend analysis revealed distinct temporal variations over time. From 1999 to 2018, a
significant decline in AAMR was observed (APC = -1.76; 95% CI: -1.92 to -1.61; p < 0.001). This was
followed by a non-significant increase between 2018 and 2021 (APC = 3.54; 95% CI: -1.39 to 8.72; p = 
0.152). Subsequently, a significant decrease was noted from 2021 to 2025 (APC = -4.47; 95% CI: -5.90 to
-3.03; p < 0.001) (Fig. 1, Table 1 and Supplementary Table S3 and S9).

Stratified by Sex:
The AAMR for the study condition showed a declining trend among both males and females between
1999 and 2025. Among males, the AAMR decreased from 34.4 (95% CI: 34.04–34.76) in 1999 to 20.88
(95% CI: 20.68–21.09) in 2025, whereas among females it declined from 16.07 (95% CI: 15.88–16.27) to
11.57 (95% CI: 11.44–11.70) over the same period. The mean AAMR was higher among males (26.43,
95% CI: 26.16–26.71) compared with females (13.48, 95% CI: 13.32–13.64).

Overall, the trend showed a significant decline in mortality for both sexes, with a greater reduction
observed among males (AAPC: -1.95, 95% CI: -2.62 to -1.28; p < 0.001) than females (AAPC: -1.42, 95%
CI: -2.00 to -0.84; p < 0.001). Among females, the AAMR showed a significant decline from 1999 to 2018
(APC = -1.69; 95% CI: -1.84 to -1.53; p < 0.001), followed by a non-significant increase between 2018 and
2021 (APC = 3.42; 95% CI: -1.53 to 8.62; p = 0.167), and then a significant decline from 2021 to 2025
(APC = -3.68; 95% CI: -5.19 to -2.15; p < 0.001). Among males, a significant decline was observed from
1999 to 2018 (APC = -2.10; 95% CI: -2.28 to -1.92; p < 0.001), followed by a non-significant increase
between 2018 and 2021 (APC = 3.74; 95% CI: -2.04 to 9.85; p = 0.196), and a significant decline from
2021 to 2025 (APC = -5.33; 95% CI: -7.00 to -3.63; p < 0.001) (Fig. 1, Table 1 and Supplementary Table S3
and S9).

.
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Stratified by Race/Ethnicity:
The AAMR showed heterogeneous trends across racial and ethnic groups between 1999 and 2025. A
declining pattern was observed among all groups; however, the magnitude of reduction varied. The
AAMR decreased from 14.04 to 6.39 among Hispanics, from 17.01 to 14.75 among American Indian or
Alaska Native individuals, from 8.75 to 3.52 among Asian or Pacific Islander populations, from 16.17 to
12.97 among Black individuals, and from 24.61 to 18.23 among White individuals during the study
period. The highest mean AAMR was observed among White individuals, followed by American Indian or
Alaska Native, Black, Hispanic, and Asian or Pacific Islander populations (mean AAMR: White 20.86, 95%
CI: 20.69–21.04; American Indian or Alaska Native 18.56, 95% CI: 16.45–20.69; Black 13.51, 95% CI:
13.09–13.93; Hispanic 9.57, 95% CI: 9.15–9.99; Asian or Pacific Islander 5.63, 95% CI: 5.17–6.08).

Overall temporal trends demonstrated significant decline among Hispanics (AAPC: -3.17, 95% CI: -4.28 to
-2.04; p < 0.001), American Indian or Alaska Native individuals (AAPC: -0.88, 95% CI: -1.65 to -0.10; p = 
0.028), Asian or Pacific Islander populations (AAPC: -3.34, 95% CI: -3.69 to -2.99; p < 0.001), and White
individuals (AAPC: -1.24, 95% CI: -1.81 to -0.67; p < 0.001), however, the reduction among Black
individuals was not statistically significant (AAPC: -0.76, 95% CI: -1.76 to 0.25; p = 0.140).

Segmented trend analysis demonstrated varying temporal patterns across groups. Among Hispanics,
AAMR significantly declined from 1999 to 2017 (APC = -3.56; 95% CI: -3.92 to -3.20; p < 0.001), followed
by a non-significant increase between 2017 and 2020 (APC = 5.59; 95% CI: 4.31–16.51; p = 0.262) and a
subsequent significant decline from 2020 to 2025 (APC = -6.72; 95% CI: -8.65 to -4.74; p < 0.001). Among
American Indian or Alaska Native individuals, a stable trend was observed from 1999 to 2020 (APC =
-0.05; 95% CI: -0.57 to 0.48; p = 0.854), followed by a significant increase from 2020 to 2025 (APC = 4.30;
95% CI: -7.79 to -0.67; p = 0.023). Among Asian or Pacific Islander individuals, a continuous decline was
observed across the study period (APC = -3.34; 95% CI: -3.69 to -2.99; p < 0.001). Among Black
individuals, AAMR declined from 1999 to 2017 (APC = -1.44; 95% CI: -1.74 to -1.14; p < 0.001), followed
by a non-significant increase from 2017 to 2020 (APC = 6.79; 95% CI: -2.12 to 16.52; p = 0.131) and a
significant decline from 2020 to 2025 (APC = -2.66; 95% CI: -4.39 to -0.89; p = 0.005). Among White
individuals, a declining trend was observed from 1999 to 2018 (APC = -1.44; 95% CI: -1.59 to -1.29; p < 
0.001), followed by a non-significant increase between 2018 and 2021 (APC = 4.03; 95% CI: -0.92 to 9.23;
p = 0.106) and a significant decline from 2021 to 2025 (APC = -4.11; 95% CI: -5.52 to -2.68; p < 0.001)
(Fig. 2, Table 1 and Supplementary Table S4 and S9).

.

Stratified by Age:
The AAMR varied considerably across age groups between 1999 and 2025. Among young adults (25–44
years), the AAMR remained unchanged at 0.16 in both 1999 and 2025. Among middle-aged adults (45–
64 years), the AAMR slightly declined from 9.80 in 1999 to 8.85 in 2025. In contrast, older adults (≥ 65
years) experienced the highest mortality rates, with the AAMR decreasing from 165.15 in 1999 to 107.80
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in 2025. The highest mean AAMR was observed among older adults, followed by middle-aged adults and
young adults (mean AAMR: older adults 130.84, 95% CI: 129.75–131.92; middle-aged adults 9.80, 95%
CI: 9.59–10.01; young adults 0.22, 95% CI: 0.19–0.25).

Overall trends showed a non-significant change among young adults (AAPC: 0.63, 95% CI: -0.54 to 1.82;
p = 0.292), while significant declines were observed among middle-aged adults (AAPC: -0.50, 95% CI:
-0.97 to -0.02; p = 0.040) and older adults (AAPC: -1.76, 95% CI: -2.35 to -1.16; p < 0.001). Among young
adults, AAMR rose significantly from 1999 to 2012 (APC = 4.61; 95% CI: 2.85–6.41; p < 0.001) followed by
a significant decline from 2012 to 2025 (APC = -3.20; 95% CI: -4.93 to -1.44; p = 0.001). Among middle-
aged adults, the AAMR declined from 1999 to 2007 (APC = -0.89; 95% CI: -1.40 to -0.38; p = 0.002),
increased between 2007 and 2018 (APC = 0.97; 95% CI: 0.66–1.28; p < 0.001), showed a non-significant
rise from 2018 to 2021 (APC = 3.50; 95% CI: -0.29 to 7.44; p = 0.068), and then declined significantly from
2021 to 2025 (APC = -6.48; 95% CI: -7.69 to -5.26; p < 0.001). Among older adults, a significant decline
was observed from 1999 to 2018 (APC = -2.03; 95% CI: -2.19 to -1.88; p < 0.001), followed by a non-
significant increase between 2018 and 2021 (APC = 3.39; 95% CI: -1.76 to 8.82; p = 0.188), and a
subsequent significant decline from 2021 to 2025 (APC = -4.18; 95% CI: -5.69 to -2.64; p < 0.001) (Fig. 3,
Table 1 and Supplementary Table S5 and S9).

.

Stratified by U.S. Census Region:
Marked geographic variation in AAMR was observed across U.S. census regions. In the Northeast, the
AAMR declined from 21.82 in 1999 to 11.27 in 2025. Similar declines were observed in the Midwest
(24.28 to 18.17), the South (23.16 to 18.03), and the West (22.89 to 12.82). Over the study period, the
highest mean AAMR was recorded in the Midwest (20.83, 95% CI: 20.51–21.16), followed by the South
(20.01, 95% CI: 19.76–20.26), West (16.96, 95% CI: 16.66–17.26), and Northeast (16.01, 95% CI: 15.71–
16.31).

Overall trends indicated significant declines across all regions, with the largest reduction observed in the
Northeast (AAPC: -2.71, 95% CI: -3.41 to -2.01; p < 0.001), followed by the West (AAPC: -2.33, 95% CI:
-2.99 to -1.67; p < 0.001), Midwest (AAPC: -1.25, 95% CI: -2.02 to -0.46; p = 0.002), and South (AAPC:
-1.05, 95% CI: -1.64 to -0.45; p = 0.001).

Temporal patterns varied across regions. In the Northeast, AAMR declined from 1999 to 2018 (APC =
-2.78; 95% CI: -2.94 to -2.61; p < 0.001), followed by a non-significant increase between 2018 and 2021
(APC = 1.62; 95% CI: -4.29 to 7.90; p = 0.581), and then a further significant decline from 2021 to 2025
(APC = -5.54; 95% CI: -7.39 to -3.65; p < 0.001). In the Midwest, AAMR decreased from 1999 to 2018 (APC
= -1.24; 95% CI: -1.45 to -1.04; p < 0.001), followed by a non-significant increase from 2018 to 2021 (APC 
= 2.48; 95% CI: -4.10 to 9.52; p = 0.449), and a subsequent significant decline between 2021 and 2025
(APC = -3.96; 95% CI: -5.97 to -1.91; p < 0.001). In the South, AAMR declined from 1999 to 2018 (APC =
-1.33; 95% CI: -1.50 to -1.16; p < 0.001), showed a borderline increase from 2018 to 2021 (APC = 5.11;

Page 8/26



95% CI: -0.07 to 10.56; p = 0.053), and then declined significantly from 2021 to 2025 (APC = -4.15; 95%
CI: -5.63 to -2.65; p < 0.001). In the West, AAMR decreased from 1999 to 2008 (APC = -3.12; 95% CI: -3.63
to -2.61; p < 0.001), continued to decline from 2008 to 2018 (APC = -1.71; 95% CI: -2.22 to -1.20; p < 
0.001), showed a non-significant increase between 2018 and 2021 (APC = 2.12; 95% CI: -3.33 to 7.87; p = 
0.429), and declined again from 2021 to 2025 (APC = -5.33; 95% CI: -6.87 to -3.76; p < 0.001) (Fig. 4,
Table 1 and Supplementary Table S6 and S9).

.

Stratified by Urbanization:
AAMR patterns varied according to urbanization status. In metropolitan areas, the AAMR declined from
22.08 in 1999 to 16.58 in 2020, whereas in non-metropolitan areas the AAMR showed a slight decrease
from 27.47 to 26.87 during the same period. The mean AAMR remained higher in non-metropolitan areas
(25.68, 95% CI: 25.27–26.09) compared with metropolitan areas (17.91, 95% CI: 17.74–18.07).

Overall trends demonstrated a significant decline in metropolitan regions (AAPC: -1.38, 95% CI: -1.80 to
-0.96; p < 0.001), whereas the change in non-metropolitan regions was not statistically significant (AAPC:
-0.25, 95% CI: -0.68 to 0.19; p = 0.264). In metropolitan areas, the AAMR declined from 1999 to 2018
(APC = -2.01; 95% CI: -2.15 to -1.87; p < 0.001), followed by an increase between 2018 and 2020 (APC = 
4.79; 95% CI: 0.04 to 9.77; p = 0.048). Similarly, in non-metropolitan areas, the AAMR decreased from
1999 to 2018 (APC = -0.83; 95% CI: -0.97 to -0.68; p < 0.001), followed by an increase from 2018 to 2020
(APC = 5.43; 95% CI: 0.59 to 10.50; p = 0.030) (Fig. 5, Table 1 and Supplementary Table S7 and S9).

.

Stratified by U.S. State:
From 1999–2025, marked variation in AAMRs was observed across U.S. states. The lowest AAMR was
recorded in Hawaii (7.77), whereas the highest rate was observed in West Virginia (39.12), indicating
substantial geographic disparities in mortality burden across states

Several states in the higher range, including Oklahoma (31.62), Ohio (27.33), Tennessee (27.29), Rhode
Island (26.82), North Dakota (25.46), Indiana (24.48), and Iowa (23.56), also demonstrated elevated
AAMRs compared with lower-burden states such as Arizona (13.97), Georgia (12.64), District of
Columbia (12.31), Connecticut (14.40), and Virginia (14.71), highlighting pronounced geographic
disparities across the United States (Fig. 6, and Supplementary Table S8).

.

Discussion
In this large, population-based analysis spanning more than two decades, we observed a significant
overall decline in mortality associated with coexisting COPD and ASCVD, although important inflections
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and persistent disparities remain. First, mortality has overall decreased, particularly from 1999 to 2018.
Second, men experienced higher mortality rates than women; however, they exhibited a sharper decline
in mortality throughout the study period. Third, NH White individuals had the highest AAMR, with
Hispanics showing the steepest decrease in mortality. Moreover, older adults had the highest AAMRs,
indicating a substantial mortality burden. Lastly, the rural Midwest was most disproportionately
impacted.

The overall reduction in AAMR over the study timeframe may reflect broader improvements in
cardiovascular and pulmonary care nationally, including advances in ASCVD pharmacotherapy, including
widespread use of statins, antihypertensives, and antiplatelet therapy (14–16)14–16 Advances in
cardiovascular diagnosis and guideline-directed medical therapy may have contributed to improved
mortality outcomes during this period (17). Similarly, improvements in COPD management, such as use
of fixed dose triple inhaled therapy (LABA, LAMA, and ICS), instead of dual therapy, have drastically
decreased mortality rates among COPD patients (18). Moreover, broader supportive strategies such as
pulmonary rehabilitation i.e. a multidisciplinary, longitudinal approach combining exercise training,
strength conditioning, and patient education, may also have contributed to improved long-term
outcomes reported in previous studies (19).

Recently, biological therapies targeting inflammatory pathways, such as dupilumab, have emerged as
potential treatment options for selected patients with COPD (20, 21, 22, 23). Although these therapies
were not evaluated in the present study, future investigations may help determine whether their
increasing clinical use influences long-term population-level mortality. The plateau and temporary rise in
mortality seen in the late 2010s suggest that earlier improvements may be slowing. Similar patterns
have been reported in cardiovascular epidemiology and may be associated with increasing rates of
obesity, diabetes, and multimorbidity 15,24. In patients with COPD, an aging population and greater
disease severity may further sustain residual mortality risk (25).

The higher mortality rates in men, which are consistent with previous literature, may reflect historically
greater exposure to tobacco (26), and genetically a higher cardiovascular and obesity risk (27); however,
emerging evidence suggests that disease expression and outcomes in females are distinct rather than
simply attenuated. Women with COPD often exhibit greater symptom burden, including more severe
dyspnea and higher exacerbation frequency despite lower cumulative smoking exposure, likely due to
smaller airway caliber, heightened inflammatory responses, and sex-specific differences in lung structure
and physiology (28, 29). From a cardiovascular standpoint, differences between men and women in
plaque characteristics, vascular function, and symptom presentation play an important role in shaping
disparities in ASCVD outcomes. Women are more likely to present with non-classical symptoms, which
may contribute to delays in diagnosis and treatment, and has been associated with worse outcomes
following cardiovascular events despite a generally lower incidence of disease. While men continue to
show higher absolute mortality rates, women often experience greater functional impairment and
symptom burden, reflecting a broader sex-related paradox in cardiopulmonary disease. In addition,
inequities in access to care, under-recognition of cardiovascular disease in women, and potential
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differences in treatment intensity could contribute to the slower improvements in mortality observed in
recent years among females. Overall, these findings underscore the importance of considering sex-
specific differences in risk stratification, diagnosis, and management while recognizing that the present
study was not designed to identify the underlying mechanisms responsible for these disparities (15, 27,
30).

Marked racial and ethnic disparities in COPD–ASCVD mortality observed in this study are consistent
with prior epidemiological evidence demonstrating persistent heterogeneity in cardiopulmonary
outcomes across populations in the United States (31, 32). NH White individuals exhibited the highest
overall mortality burden, which may reflect both a higher baseline prevalence of COPD and an older
population structure, whereas lower rates among Asian and Hispanic populations may be partially
explained by differences in smoking prevalence and cardiovascular risk profiles (33, 34). However, these
overall patterns likely mask important within-group heterogeneity and may reflect the influence of
broader structural determinants of health described in previous studies. Prior national studies have
consistently shown that racial disparities in COPD and cardiovascular disease are driven less by
biological differences and more by socioeconomic status, healthcare access, environmental exposures,
and cumulative life-course risk factor burden (32, 35, 36). Prior studies have suggested that differences
in hypertension control, comorbidity burden, and healthcare access may contribute to these disparities
(37). Geographic and socioeconomic factors further contribute to these inequities, as high-burden states
and underserved communities demonstrate persistently elevated age-adjusted mortality rates despite
overall national declines (31, 32). Together, these findings highlight that racial disparities in COPD–
ASCVD mortality are primarily rooted in structural and environmental determinants rather than intrinsic
biological susceptibility, underscoring the need for targeted prevention strategies, equitable access to
cardiopulmonary care, and interventions addressing upstream social determinants of health to reduce
persistent inequities in outcomes.

Age-stratified analyses in this study demonstrate that mortality from coexisting COPD and ASCVD is
overwhelmingly concentrated among older adults, a finding that aligns with established epidemiologic
patterns of multimorbidity. Advancing age is associated with progressive vascular dysfunction,
increased arterial stiffness, and a heightened systemic inflammatory state, all of which accelerate
atherosclerosis and worsen pulmonary decline (38, 39). In COPD populations, aging is further linked to
reduced pulmonary reserve, impaired mucociliary clearance, and increased susceptibility to
exacerbations, which together contribute to higher mortality risk (40). The substantial decline in
mortality observed among older adults over time likely reflects improvements in both chronic disease
management and acute cardiovascular care, including better control of hypertension and dyslipidemia,
as well as advances in revascularization and heart failure therapies (41, 42). However, the persistently
high burden in this group underscores the impact of multimorbidity, as older individuals frequently
present with overlapping cardiopulmonary, metabolic, and renal conditions that complicate management
and increase vulnerability to adverse outcomes (43). In contrast, the relatively stable mortality rates
among younger adults suggest a lower absolute burden of disease but may also indicate the presence of
residual risk driven by early-life exposures, including smoking and environmental pollutants, as well as
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genetic susceptibility (44). These findings highlight the importance of early prevention strategies while
reinforcing the need for integrated, multimorbidity-focused care models in aging populations.

The substantial geographic variation in COPD–ASCVD mortality observed across U.S. census regions
and states reflects well-established regional disparities in cardiopulmonary health outcomes. Higher
mortality in the Midwest and Southern regions is consistent with prior national analyses demonstrating a
disproportionate burden of cardiovascular disease and chronic respiratory illness in these areas, which
may often be attributed to higher prevalence of smoking, obesity, and socioeconomic disadvantage.
County-level analyses further suggest that these regions have persistently elevated cardiometabolic risk
profiles and slower improvements in mortality compared with other parts of the country (45–47). State-
level disparities, particularly in Appalachian regions such as West Virginia and Kentucky, have been
linked to a combination of occupational exposures, including mining-related particulate inhalation, and
limited access to healthcare services (48–50). In contrast, lower mortality rates observed in Western
states and Hawaii have been associated with more favourable behavioural risk patterns, including lower
smoking prevalence and better cardiovascular health indices (51). Differences in place of death also
provide insight into healthcare access and utilization, as national data show that deaths occurring at
home versus medical facilities may mostly be influenced by availability of healthcare resources, end-of-
life care planning, and regional practice patterns (52). Additionally, the persistently higher mortality in
non-metropolitan areas aligns with extensive evidence demonstrating that rural populations may
experience reduced access to specialty care, delayed diagnosis, and lower uptake of preventive and
rehabilitative services, all of which contribute to worse cardiopulmonary outcomes (46, 53). Together,
these findings suggest that geographic disparities in COPD–ASCVD mortality are strongly shaped by
regional differences in healthcare infrastructure, environmental exposures, and social determinants of
health rather than individual-level factors alone.

Limitations and Future Implications
This study has several limitations that should be considered when interpreting the findings. First, the use
of ICD-10–based death certificate data introduces the possibility of misclassification, particularly in the
setting of overlapping cardiopulmonary conditions such as COPD and ASCVD, where the primary cause
of death may be difficult to ascertain. In addition, the CDC WONDER database does not capture clinical
context, including whether deaths were preceded by acute exacerbations, cardiovascular events, or
chronic disease progression, which may lead to under- or overestimation of disease-specific mortality.
Second, the dataset lacks information on temporal changes in diagnostic practices, such as increased
use of advanced imaging modalities or evolving screening strategies, as well as shifts in coding
behaviour over time; these factors may partly account for observed fluctuations in mortality trends,
particularly during periods of plateau or transient increase. Third, the absence of individual-level clinical
data—including smoking history, lung function parameters, lipid profiles, blood pressure control, obesity,
diabetes, and medication use—limits the ability to explore underlying mechanisms driving the observed
disparities across sex, race, age, and geographic subgroups. Fourth, important social and healthcare-
related variables, such as socioeconomic status, insurance coverage, access to specialized
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cardiopulmonary care, and regional differences in healthcare infrastructure, are not captured in the
dataset, restricting adjustment for key confounders and limiting insight into care delivery patterns.
Furthermore, suppression of mortality data for certain racial and ethnic groups due to small cell counts
may have constrained more granular subgroup analyses. Finally, as an ecological, population-level study,
these findings cannot establish causal relationships or account for individual-level variability, highlighting
the need for cautious interpretation of associations observed at the population scale.

Future work should focus on integrating mortality data with clinical and administrative datasets to allow
more detailed characterization of patient-level risk factors and treatment patterns. Greater emphasis on
adherence to contemporary cardiovascular and pulmonary management guidelines may help sustain the
downward trend in mortality, particularly through improved risk factor control and earlier identification of
high-risk individuals. Expanding access to preventive strategies, including smoking cessation programs,
pulmonary rehabilitation, and routine cardiovascular screening in patients with COPD, is likely to play an
important role in reducing long-term mortality. In addition, further research into biomarkers reflecting
systemic inflammation and cardiopulmonary interaction may improve risk stratification and early
detection of disease progression. Advances in targeted therapies, including biologic agents that
modulate inflammatory pathways, may offer additional benefit in selected populations, although their
long-term impact on cardiovascular outcomes remains to be fully established. Finally, addressing
persistent disparities will require focused efforts to improve healthcare access, strengthen regional care
systems, and develop tailored interventions for high-risk populations, particularly those in rural and
underserved communities.

Conclusion
COPD–ASCVD–related mortality continues to represent a substantial public health burden in the United
States, with a mortality burden particularly on older adults, males, certain racial and ethnic groups, and
residents of high-burden regions such as the Midwest and South as well as non-metropolitan areas.
Although overall mortality has declined since 1999, the pace of improvement has been uneven, and
recent fluctuations suggest that earlier gains may be slowing. Persistent disparities among Black
individuals, rural populations, and specific high-risk states highlight ongoing gaps in prevention,
diagnosis, and access to care. Addressing these inequities will require targeted, population-level
strategies, including risk factor modification, early identification of cardiopulmonary comorbidity, and
improved access to integrated cardiovascular and pulmonary services. Strengthening primary care
infrastructure, expanding pulmonary rehabilitation and cardiovascular screening in underserved areas,
and aligning management with contemporary guideline-directed therapy will be essential to further
reduce mortality and narrow existing disparities across demographic and geographic groups.
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Table 1
AAMR and AAPC for ASCVD with COPD among U.S. adults aged ≥ 25 years, 1999 to 2025

Demographics Deaths Population Mean Age-Adjusted
Mortality Rate per 100,000
(95% CI)

AAPC (95%
CI)

Overall 1,763,255 8426674820 18.77 (18.63–18.92) -1.59*
(-2.15 to − 
1.01)

Sex        

Male 1,024,852 4149446302 26.43 26.16–26.70) -1.95*
(-2.61 to − 
1.28)

Female 738,403 4277228518 13.47 (13.31–13.64) -1.42*
(-2.00 to − 
0.84)

Race        

NH American Indian or
Alaska Native

9,353 68400705 18.55 (16.45–20.68) -0.87*
(-1.65 to − 
0.09)

NH Black 115,515 1076077095 13.51 (13.09–13.93) -0.76 (-1.76
to 0.25)

NH White 1,553,536 5373539687 20.86 (20.69–21.03) -1.24*
(-1.80 to − 
0.67)

Hispanic 60,189 1404983179 9.56 (9.14–9.99) -3.16*
(-4.27 to − 
2.04)

NH Asian or Pacific
Islander

18,114 462823040 5.62 (5.17–6.08) -3.33*
(-3.68 to − 
2.98)

Age Group        

Younger adults (25–
44)

4,981 2303391766 0.21 (0.18–0.25) 0.63 (-0.53
to 1.81)

Middle Aged adults
(45–64)

230,271 2107242003 9.8 (9.58–10.01) -0.49*
(-0.97 to
-0.02)

Older Adults (65+) 1,527,913 1223727667 130.83 (129.75–131.92) -1.75*
(-2.35 to − 
1.15)

Census Region        

South 694,288 3149216278 20.01 (19.76–20.26) -1.04*
(-1.64 to − 
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Demographics Deaths Population Mean Age-Adjusted
Mortality Rate per 100,000
(95% CI)

AAPC (95%
CI)

0.45)

West 337,001 1965761285 16.96 (16.66–17.26) -2.33*
(-2.99 to − 
1.67)

Midwest 439,006 1811852704 20.83 (20.50–21.15) -1.24*
(-2.02 to − 
0.46)

Northeast 292,960 1499844553 16.01 (15.71–16.31) -2.71*
(-3.40 to − 
2.01)

Urbanization        

Rural 335,107 1006871652 25.68 (25.27–26.09) -0.24 (-0.67
to − 0.18)

Urban 1,066,531 5739475649 17.90 (17.374–18.06) -1.38*
(-1.80 to − 
0.95)
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Figure 1

AAMR per 100,000 for ASCVD with COPD among U.S. adults aged ≥ 25 years, stratified by Sex, 1999 to
2025
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Figure 2

AAMR per 100,000 for ASCVD with COPD among U.S. adults aged ≥ 25 years, stratified by Race, 1999
to 2025
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Figure 3

AAMR per 100,000 for ASCVD with COPD among U.S. adults aged ≥ 25 years, stratified by Age, 1999 to
2025
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Figure 4

AAMR per 100,000 for ASCVD with COPD among U.S. adults aged ≥ 25 years, stratified by Census,
1999 to 2025
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Figure 5

AAMR per 100,000 for ASCVD with COPD among U.S. adults aged ≥ 25 years, stratified by
Urbanization, 1999 to 2025
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Figure 6

AAMR per 100,000 for ASCVD with COPD among U.S. adults aged ≥ 25 years, stratified by State, 1999
to 2025
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