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A B S T R A C T
Introduction: Angina is one of the ischemic heart diseases (IHD) that contributes to major cardiovas-
cular complications up to death. It has many subtypes, including angina pectoris and unstable angina.
We aim in this study to assess angina-related mortality among elderly adults aged ≥ 65 years in the
U.S.
Methods: Nationwide mortality records were obtained from the CDC-WONDER database from 1999
to 2023 among U.S. elderly adults aged ≥ 65 with angina. Age-adjusted mortality rates (AAMRs)
were calculated per 100,000 population. Joinpoint regression analysis was utilized to evaluate average
annual percent changes (AAPCs).
Results: From 1999 to 2023, a total of 36,544 deaths occurred among the elderly with angina in the
U.S. The overall AAMR per 100,000 decreased from 7.52 in 1999 to 3.73 in 2023 (AAPC of -3.18;
95%CI: -3.79 to -2.75; 𝑝 < 0.001). The AAMR for men decreased from 8.22 in 1999 to 4.75 in 2023
(AAPC of -2.53%; 95%CI: -3.02 to -2.09), and for women decreased from 6.95 in 1999 to 3.02 in
2023 (AAPC: -3.55%; 95%CI: -4.12 to -3.09). Across racial/ethnic groups, the highest overall rates
were observed among NH-White individuals, 3.56. Overall, AAMRs were highest in the West, 4.00.
The majority of deaths occurred in medical facilities (40.19%). Between 1999 and 2020, rural areas
had a higher overall AAMR of 4.37 compared to urban areas, which had a rate of 3.02.
Conclusion: Trends in angina-related mortality declined from 1999 to 2023. Higher mortality rates
were observed in men, rural areas, the West region, and among NH White individuals. Our findings
indicated that these categories require targeted interventions to reduce mortality.

1. Introduction
Angina is a clinical manifestation of chest discomfort that occurs
when myocardial oxygen supply does not meet myocardial demand,
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resulting in ischemia [1]. Angina occurs in about 10 million adults
in the United States and has over 500,000 new cases per year
diagnosed [2]. Recent estimates of the National Health Interview
Survey (NHIS) describe an overall prevalence of 1.5–1.7% (2019–
2023), increasing to 4.5% among adults ≥75 years old [3].
In the elderly population, the symptomatic and prognostic burden
of angina pectoris is considerable. In a study of an outpatient cohort
with coronary artery disease, approximately 21% reported angina
at least monthly, and 12.5% experienced symptoms on a weekly
or daily basis [4]. Despite this high prevalence, angina is often
under-recognized by health care providers, a gap that is associated
with greater morbidity and mortality in clinical settings [5]. Beyond
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obstructive CAD, many females, particularly in late life, experience
ischemia with non-obstructive coronary arteries (INOCA) due to
microvascular dysfunction or vasospasm, contributing to recurrent
angina and adverse outcomes [6, 7]. These features illustrate why
it’s essential to examine angina-related mortality rather than relying
solely on aggregated ischemic categories [8].
National trends in cardiovascular mortality have demonstrated
variations over the years. While overall cardiovascular deaths had
steadily declined for decades, recent evidence shows that these
gains have plateaued in the past decade [9, 10]. Additionally, the
COVID-19 pandemic was linked to an alarming reversal of the
trends for the country as excess cardiovascular deaths were wit-
nessed nationwide [11]. Despite the changes observed above, little
insight has been available on the evolution of mortality associated
with angina over time at the population level.
In this study, we aimed to investigate the temporal, geographical,
and demographic trends in angina-related mortality among adults
aged 65 years and older in the United States from 1999 to 2023.
Tracking anginal mortality trends identifies populations at the high-
est risk and guides evidence-based approaches to reduce disparities
in cardiovascular outcomes.

2. Methods

2.1. Study Setting and Population
In this retrospective cohort study, we analyzed temporal trends in
mortality using death certificate data retrieved from the Centers for
Disease Control and Prevention’s Wide-ranging Online Data for
Epidemiologic Research (CDC WONDER) database. We analyzed
data for adults aged 65 and older between 1999 and 2023 to assess
outcomes related to angina mortality. Diagnostic coding was em-
ployed using the International Statistical Classification of Diseases
and Related Health Problems-10th Revision (ICD-10) to identify
Angina on death certificates by using the codes [I20.0, I20.1, I20.8,
I20.9]. The primary outcome of this study was Angina-related
mortality. This was identified using publicly available Multiple
Cause-of-Death mortality data from the CDC WONDER database.
Deaths were included if Angina was listed anywhere on the death
certificate, either as the underlying cause of death or as one of the
contributing causes of death. This comprehensive approach ensures
the capture of all deaths where Angina played a documented
role, regardless of its position on the death certificate [12]. Those
aged 65 or older have been identified in similar studies related
to cardiovascular diseases [13]. Furthermore, data of Institutional
review board approval was not required for this study as it used de-
identified public use data provided by the government and adhered
to the STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) guidelines for reporting [14].
2.2. Data Abstraction
Data on population size, year, and demographics, including sex,
age, race, region, and state, were extracted. 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 Amer-
ican, and Hispanic or Latino. As we ensured data availability and
reliability, racial/ethnic groups (NH American Indian or Alaska
Native, and NH Asian or Pacific Islander) were excluded from
trend analysis due to small numbers and data suppression. In-
cluding these suppressed data points would have led to unreliable
estimates and incomplete trend analyses, particularly for assessing
disparities. The National Center for Health Statistics Urban-Rural
Classification Scheme was used to assess the population by urban

(large metropolitan area [population ≥1 million], medium/small
metropolitan area [population 50,000–999,999]) and rural (popula-
tion <50,000) counties per the 2013 U.S. census classification. It is
important to note that urban-rural data were consistently available
and analyzed only for the period 1999–2020 due to historical
limitations in CDC WONDER stratifications [15]. Regions were
stratified into Northeast, Midwest, South, and West according to
the U.S. Census Bureau definitions [16].

2.3. Statistical Analysis
Crude and age-adjusted mortality rates (CMRs and AAMRs) per
100,000 population from 1999 to 2023, by year, sex, race/ethnicity,
state, and urban-rural status, were calculated for the years 1999-
2020, with 95% CIs, using the 2000 U.S. population as the standard
[17]. Age standardization was performed using this standard to
ensure comparability across years and demographic subgroups.
These comprised sex, race/ethnicity, age based on predefined clas-
sification, spatial region, and rural–urban residence. Furthermore,
the use of CDC WONDER provided standardized definitions,
authenticated data collection, and nationwide representation, which
strengthened the applicability and credibility of our results, as
demonstrated in prior studies [18, 19]. CMRs were determined by
dividing the number of Angina deaths by the corresponding U.S.
population of that year. The Joinpoint Regression Program (Version
5.4.0.0, National Cancer Institute) was employed to analyze trends
in AAMR over time [20]. This method identifies points where the
rate of change of the trend is statistically significant (joinpoints)
and estimates the Annual Percent Change (APC) for each seg-
ment. The model selection procedure utilized permutation tests
to determine the optimal number of joinpoints, with a maximum
of three joinpoints allowed. Once the final model was selected,
t-tests were applied to assess whether the APC for each segment
was significantly different from zero. The Average Annual Percent
Change (AAPC) was calculated to summarize the overall trend
across the entire study period. Results are presented with 95%
Confidence Intervals.

3. Results

3.1. Overall Trends
Over the period from 1999 to 2023, a cumulative total of 36,544
deaths attributed to Angina were documented in the United States
among adults aged 65 years and older. Data on the location of death
were available for 34,986 cases, indicating that 40.19% occurred in
medical facilities, 32.21% at the decedent’s residence, 25.27% in
nursing homes or long-term care facilities, and 2.31% in hospice
settings (Supplemental Tables 1, 2).
Across the 25-year study period, the AAMR for Angina showed
a gradual overall decline from 7.5 per 100,000 in 1999 to 3.7
per 100,000 in 2023, corresponding to an AAPC of −3.2% (95%
CI: −3.8 to −2.8). Joinpoint regression identified distinct tempo-
ral phases. From 1999 to 2009, AAMR declined sharply (APC:
−13.5%; 95% CI: −16.1 to −12.3), followed by a period of relative
stabilization between 2009 and 2014 (APC: −0.4%; 95% CI: −10.9
to 7.8). Mortality rates then increased between 2014 and 2021
(APC: 13.1%; 95% CI: 11.1 to 20.9), before decreasing again from
2021 to 2023 (APC: −8.2%; 95% CI: −15.3 to 0.2) (Supplemental
Tables 3, 4; Figure 1).

3.2. Gender Trends
Sex-related mortality patterns demonstrated distinct variations in
magnitude and temporal change throughout the study period. Be-
tween 1999 and 2023, women experienced a higher cumulative
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Figure 1: Overall and Sex-Stratified AAMRs related to Angina per 100,000 U.S. population, 1999–2023.

mortality than men (19,991 vs. 16,553 deaths). Overall, AAMR de-
clined in both sexes, with a steeper reduction among females—from
7.0 per 100,000 in 1999 to 3.0 per 100,000 in 2023 (AAPC: −3.6%;
95% CI: −4.1 to −3.1)—compared to males, whose rates decreased
from 8.2 to 4.8 per 100,000 during the same period (AAPC:−2.5%;
95% CI: −3.0 to −2.1).
Among males, AAMR decreased from 8.2 in 1999 to 2.3 in 2009
(APC: −13.1%; 95% CI: −14.9 to −12.0), followed by a period of
stability until 2014 (APC: 0.8%; 95% CI: −7.9 to 7.4). Rates then
rose between 2014 and 2021 (APC: 13.7%; 95% CI: 11.7 to 19.4)
before declining again to 4.8 in 2023 (APC: −7.3%; 95% CI: −13.2
to 1.0).
Among females, AAMR initially declined from 7.0 in 1999 to 5.8 in
2001 (APC: −7.7%; 95% CI: −14.5 to −1.6), followed by a further
decrease to 2.5 in 2006 (APC: −16.8%; 95% CI: −21.6 to −7.3).
The rate then continued a gradual decline to 1.6 in 2013 (APC:
−7.0%; 95% CI: −10.2 to 7.5), increased between 2013 and 2021
(APC: 11.8%; 95% CI: 10.2 to 15.7), and finally declined again to
3.0 in 2023 (APC: −8.5%; 95% CI: −14.7 to −0.6) (Supplemental
Tables 1, 3, 4; Figure 1).
3.3. Racial Trends
Across all racial demographic groups, the highest number of deaths
occurred in NH-White individuals (32,960), followed by NH-Black
or African American (2,582), while Hispanic or Latino had the
lowest number of deaths (2,209). In terms of AAMR, highest
overall rates were observed among NH-White individuals (3.6 per
100,000), followed by Hispanic or Latino (3.0), while NH- Black or
African American individuals recorded the lowest overall AAMR
(2.9). NH-White individuals showed an AAPC of -3.2% (95% CI:
-3.8 to -2.8), Hispanic or Latino individuals exhibited an AAPC of
-0.90% (95% CI: -1.9 to 0.2), and NH-Black or African American
individuals demonstrated an AAPC of -3.1% (95% CI: -4.0 to -2.1).
Among NH-White individuals AAMR exhibited distinct phases,
declining substantially from 1999-2008 with an APC of -13.7%
(95% CI: -17.0 to -12.5), followed by a period of relative stability

from 2008-2013 with APC of -4.4% (95% CI: -10.9 to 6.9). Subse-
quently, mortality rates showed an upward trend from 2013-2021
with APC of 12.5% (95% CI: 10.9 to 18.2), followed by a final
decline from 2021-2023 with APC of -7.7% (95% CI: -14.7 to 0.8).
Among Hispanic or Latino individuals, AAMR revealed multiple
phase transitions. Starting from an initial decline from 1999-2006,
followed by frequent fluctuations through 2011, with an overall
APC of -9.0% (95% CI: -12.5 to -6.4). Rates continued to decline
from 2011-2013, then experienced renewed fluctuations through
2021 with APC of 12.8% (95% CI: 10.5 to 19.7). The final period
from 2021-2023 showed a notable decline with APC of -13.5%
(95% CI: -24.3 to 1.4).
Finally, for NH-Black or African American individuals, the AAMR
demonstrated a complex pattern of changes starting from continu-
ous fluctuation from 1999-2002 with APC of -5.2% (95% CI: -11.3
to 6.9) followed by a sudden significant decline from 2002-2006
with APC of -22.0% (95% CI: -29.5 to -16.6). Then a period of
ongoing fluctuation occurred from 2006-2013 with APC of -4.0%
(95% CI: -11.1 to 5.4), succeeded by an increasing trend from 2013-
2021 with APC of 11.3% (95% CI: 8.9 to 23.9). A final period from
2021-2023 showed continued variability with APC of -8.1% (95%
CI: -18.7 to 3.8) (Supplemental Tables 1, 3, 5; Figure 2).
3.4. Age-specific Trends
Throughout the study period, the CMR varied across age groups,
with adults aged 85 years and older consistently exhibiting the
highest rates compared with those aged 75- 84 and 65- 74 years.
The overall CMR and average annual percent change (AAPC) were
as follows: [≥85 years: CMR 13.4; AAPC −3.0% (95% CI: −3.4
to −2.5), 75–84 years: CMR 3.4; AAPC −3.2% (95% CI: −3.7
to −2.6), 65–74 years: CMR 1.2; AAPC −3.2% (95% CI: −3.5 to
−2.8)].
Among adults aged 65–74 years, the CMR declined from 2.5
in 1999 to 2.2 in 2001 (APC: −5.2%; 95% CI: −10.4 to −0.7),
followed by a steeper decrease to 0.9 in 2006 (APC: −17.2%; 95%
CI: −20.7 to −15.7). Rates continued to decrease modestly until
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Figure 2: Angina-related AAMRs in patients per 100,000 U.S. population, stratified by Race.

2013 (0.7 per 100,000; APC: −5.0%; 95% CI: −7.4 to −2.4), then
increased between 2013 and 2021 (1.49 per 100,000; APC: 11.5%;
95% CI: 10.4 to 13.2), before a final decline to 1.9 in 2023 (APC:
−11.0%; 95% CI: −14.8 to −4.1).
For those aged 75–84 years, the CMR decreased from 7.3 in 1999 to
6.3 in 2001 (APC: −6.5%; 95% CI: −13.4 to 0.6), then fell sharply
to 2.5 in 2006 (APC: −17.7%; 95% CI: −23.2 to −14.7). This was
followed by a gradual decline to 1.8 in 2013 (APC: −5.3%; 95%
CI: −9.0 to 2.4). Between 2013 and 2021, the rate rose to 4.3 per
100,000 (APC: 12.4%; 95% CI: 10.7 to 16.5), then declined slightly
to 3.5 in 2023 (APC: −9.9%; 95% CI: −16.5 to −1.8).
Adults aged 85 years and older showed the greatest temporal
variability, with CMR decreasing markedly from 29.5 in 1999
to 7.4 in 2009 (APC: −13.4%; 95% CI: −15.0 to −12.5), then
continuing a slower decline to 6.5 in 2014 (APC: −1.3%; 95% CI:
−8.0 to 5.6). This was followed by a rise to 16.9 in 2021 (APC:
13.9%; 95% CI: 12.0 to 20.0) and a modest decline to 15.2 in 2023
(APC: −6.1%; 95% CI: −11.8 to 3.2) (Supplemental Tables 3, 6;
Figure 3).

3.5. Regional Trends
Regional analysis revealed notable geographic variation in mor-
tality rates across the United States between 1999 and 2023. The
Southern region recorded the highest number of deaths (13,600),
followed by the Western (9,281), Northeastern (6,258), and Mid-
western (4,705) regions. Despite regional differences in magnitude,
all areas demonstrated an overall decline in AAMR over the study
period. Across 1999–2023, the Western region exhibited the high-
est overall AAMR (4.0 per 100,000) with an average annual percent
change (AAPC) of −0.5% (95% CI: −1.3 to 0.4), followed by the
South (3.6 per 100,000; AAPC: −3.1%; 95% CI: −3.8 to −2.5), the
Midwest (3.1 per 100,000; AAPC: −4.3%; 95% CI: −5.0 to −3.8),
and the Northeast (3.0 per 100,000; AAPC: −5.2%; 95% CI: −6.2
to −4.8), which had the lowest overall rate.
In the West, AAMR declined from 5.8 in 1999 to 2.6 in 2011 (APC:
−7.3%; 95% CI: −9.6 to −5.4), followed by fluctuating increases
that peaked at 6.3 in 2021 (APC: 10.4%; 95% CI: 8.4 to 17.3), and

a subsequent decline to 5.0 in 2023 (APC: −9.5%; 95% CI: −19.0
to 4.5).
In the South, AAMR decreased from 7.8 in 1999 to 2.0 in 2009
(APC: −14.1%; 95% CI: −17.9 to −12.5), followed by a period of
stabilization through 2014 (APC: −1.0%; 95% CI: −13.1 to 8.3).
Rates then rose to 4.5 in 2021 (APC: 13.9%; 95% CI: 11.0 to 24.6)
and declined slightly thereafter to 4.1 in 2023 (APC: −4.3%; 95%
CI: −13.4 to 6.6).
The Midwest demonstrated an early decline in AAMR from 7.8
in 1999 to 6.6 in 2001 (APC: −9.5%; 95% CI: −15.0 to −3.4),
followed by a steeper reduction to 1.6 in 2009 (APC: −16.0%; 95%
CI: −22.4 to −4.5). Rates then fluctuated modestly, reaching 1.4 in
2014 (APC: −2.4%; 95% CI: −11.3 to 9.4), increased to 3.4 in 2021
(APC: 13.1%; 95% CI: 10.8 to 20.9), and declined again to 2.9 in
2023 (APC: −9.0%; 95% CI: −16.7 to 0.1).
In the Northeast, AAMR decreased markedly from 8.4 in 1999 to
1.7 in 2009 (APC: −15.5%; 95% CI: −19.9 to −14.1), continued to
decline gradually to 1.1 in 2014 (APC: −6.3%; 95% CI: −14.4 to
9.2), then increased to 2.9 in 2020 (APC: 16.7%; 95% CI: 12.1 to
30.2), and finally decreased to 2.4 in 2023 (APC: −6.9%; 95% CI:
−16.4 to 0.02) (Supplemental Tables 3, 7; Figure 4).

3.6. Urbanization Trends
Geographic disparities in AAMR persisted between 1999 and
2020, with metropolitan areas demonstrating higher mortality
rates, 22,983, than their nonmetropolitan counterparts, 7,287.
Although both regions experienced a decline in mortality, the
reduction was more prominent in the Nonmetropolitan region,
where the AAMR declined from 9.8 in 1999 to 4.6 in 2020,
compared to a decline in the Metropolitan region from 7.0 in 1999
to 3.7 in 2020. The overall AAMR in the nonmetropolitan area
was 4.4 with a corresponding AAPC of -3.7 (95% CI: -4.2 to -3.2),
whereas in the metropolitan area, the overall AAMR was 3.0 with
an AAPC of -3.1 (95% CI: -3.7 to -2.6).
Nonmetropolitan mortality patterns showed considerable variabil-
ity across distinct phases. The AAMR initially declined modestly
from 9.8 in 1999 to 9.5 in 2001, with an APC of -1.5 (95% CI: -7.8
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Figure 3: Angina-related AAMRs in patients per 100,000 U.S. population, stratified by Age.

Figure 4: Angina-Related AAMRs in patients per 100,000 population, stratified by Census Region in the U.S., 1999–2023.

to 3.4). Followed by a sharp decline through 2007, reaching 3.1
with an APC of -16.7 (95% CI: -20.8 to -15.2). The declining trend
persisted but decelerated through 2014, showing 2.2 with an APC
of -5.8 (95% CI: -8.5 to -2.6). From 2014 onward, mortality rates
significantly increased to 4.6 by 2020 with an APC of 13.5 (95%
CI: 10.8 to 17.3).
Metropolitan areas demonstrated a substantial AAMR decline from
1999 (6.98) to -2008 (2.04) in a curvilinear pattern with APC of
-13.8 (95% CI: -17.5 to -12.4), followed by a period of relatively

stable decline between 2008 (2.0*) and -2013 (1.8*) with APC of
-3.0 (95% CI: -11.0 to 6.9). Lastly, until 2020, metropolitan areas
experienced an upward trend in AAMR (3.7) with an APC of 12.4
(95% CI: 9.8 to 18.8) (Supplemental Tables 3, 8; Figure 5).
(*): Indicating potential instability for small strata.
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Figure 5: Angina-Related AAMRs in patients per 100,000 population, stratified by Urban-Rural Status in the U.S., 1999–2020.

4. Discussion
The current national study identified key trends in angina pectoris
mortality among older adults in the United States over a 25-year
period. In aggregate, mortality rates decreased over time, albeit
with substantial interruptions and shifts in phase characterized
by periods of decrease and increase. This decline corresponds to
an absolute reduction of approximately 3.8 deaths per 100,000
older adults from 7.5 in 1999 to 3.7 in 2023, representing a
meaningful reduction in population-level cardiovascular burden.
When translated to the national scale, this equates to thousands
of potentially avoided deaths over two decades, underscoring the
clinical importance of even modest statistical trends.
Differences based on sex were apparent, with female adults hav-
ing a greater proportional decrease in mortality, but cumulatively
experiencing a larger number of deaths. Racial and ethnic group
differences remain, with non-Hispanic White adults contributing
the highest death counts to angina deaths. In contrast, the ma-
jority of deaths among Hispanic and Black populations varied
more widely across time. Geographic variation was evident at
the regional, state, and urbanization levels, with rural areas and
certain western states bearing a greater burden compared to their
metropolitan and northeastern counterparts. We found changes to
the place of death, notably with medical institutions still being the
most prevalent place of death. In contrast, a considerable number of
deaths occurred in the home or long-term care facility, and trends
in deaths in home and long-term care settings are indicative of a
changing environment of care. These observations are consistent
with well-documented declines in overall ischemic heart disease
mortality since the end of the 20th century, which can be primarily
attributed to improved primary prevention, better medications, and
interventional cardiology [21–23]. These patterns likely mirror
the broader uptake of evidence-based secondary prevention, in-
cluding expanded statin use, antiplatelet therapy, cardiac reha-
bilitation participation, and improved access to revascularization
procedures—collectively contributing to the observed mortality
reduction. However, recent trends identified in this study represent
a more general epidemiological shift: cardiovascular mortality in
the United States plateaued, and in some sub-groups increased,

after the early 2010s. These changes have been related to increased
prevalence of obesity, diabetes (especially among older adults),
and metabolic syndrome. As a chronic manifestation of coronary
disease, angina therefore reflects this change, showing that while
early benefits were substantial, two decades later, there are clear
cracks in the ability to reduce risk in the long term [24, 25].
The sex-related differences reported here support previous knowl-
edge that women often experience angina differently than men,
experience greater rates of ischemia with non-obstructive coronary
arteries (INOCA), and microvascular dysfunction [26]. Epidemiol-
ogy studies reflect that older women frequently report angina symp-
toms more, but are also much more likely to be underdiagnosed
and undertreated. The larger declines in mortality among women as
presented in this study may be suggestive of improved recognition
of sex-specific symptoms and an increase or focus on secondary
prevention [27–29].
Previous studies consistently showed that Black adults experience
higher rates of cardiovascular mortality overall, driven by structural
inequities in access to care, socioeconomic stressors, and a greater
prevalence of uncontrolled hypertension and diabetes [30–32]. Yet
in this study, non-Hispanic White adults accounted for the most
significant proportion of angina deaths, aligning with their larger
population denominator but also underscoring that angina as a
diagnostic entity may be more consistently coded in this group.
Hispanic and Black populations have substantially more fluctuation
in the temporal patterns, which can be a function of exogenous
variables, including sample size, health-seeking behavior, differ-
ences in treatment, and community-level determinants of health. As
noted, this may be confounded by COVID-19 negatively affecting
cardiovascular health in a profound way for a multitude of racial
and ethnic minorities, inducing tremendous excess cardiovascular
deaths during 2020–2021, which is highly congruent with the in-
creases mid-decade and is apparent in multiple subgroups [33, 34].
Regional disparities observed in this analysis align with prior
evidence describing a persistent cardiovascular mortality gradient
across the United States, particularly among rural populations in
the South. Rural residents experience limited access to cardiology
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services, fewer preventive care resources, and greater socioeco-
nomic disadvantage, all of which contribute to excess cardiovascu-
lar mortality [35, 36]. Additional factors such as delayed presenta-
tion, longer emergency transport times, and fewer cardiac catheter-
ization laboratories per capita further exacerbate these outcomes.
Variations in state-level healthcare infrastructure, including Med-
icaid expansion status, hospital system performance, and provider
workforce density, may also compound regional differences [37].
Interestingly, the Western region also exhibited higher mortality
despite traditionally lower ischemic heart disease rates. Plausible
hypotheses include the uneven distribution of healthcare resources
across sparsely populated states, underdiagnosis of atypical angina
or INOCA due to limited access to advanced diagnostics, and
differences in death certification or documentation culture [38, 39].
These explanations are presented as hypotheses rather than estab-
lished causal mechanisms, and thus warrant further investigation.
The study of the place of death is clinically significant. The pre-
dominance of deaths in a hospital setting aligns with previous
reports of cardiovascular mortality; however, the second-highest
number of deaths occurs at home or in a long-term care facility,
indicating a shift in end-of-life care processes [40, 41]. However,
interpretation of the rise in home and long-term care facility
deaths during 2020–2021 should be made with caution. These
patterns may also reflect COVID-19-related disruptions to access
to acute care, hospital avoidance behavior, and potential shifts or
reclassification in how the place of death was recorded during the
pandemic. The increase in home deaths has been described across
a variety of different causes of death, indicating patient preference
to die outside of institutionalized medical care and perhaps system
failure when patients do not receive timely acute care [42]. For
things like angina, which can represent both chronic stable disease
and acute instability, a large proportion of deaths indicated as
non-hospital deaths suggest further developmental opportunities
to bolster community-driven management, early recognition of
decompensation, and advances in palliative cardiology [43–45].
The resurgence in angina mortality during the late 2010s, partic-
ularly during the 2020–2021 period, is likely multifactorial and
should be interpreted with caution. In addition to broader epi-
demiologic trends, this increase may reflect delayed care-seeking
behavior during the pandemic, direct cardiovascular complications
of SARS-CoV-2 infection, e.g., microvascular dysfunction, my-
ocarditis, and shifts in death certification practices that altered
cause-of-death attribution. There have been multiple reports show-
ing a bifurcation of downward ischemic trends emerging along-
side several highly correlated factors, including obesity epidemics,
rising rates of uncontrolled hypertension, and increased socio-
economic stress [46, 47]. However, the surge in 2020–2021 must
also be interpreted in light of the COVID-19 pandemic. Potential
explanations include delayed care-seeking behaviours, healthcare
system strain, disruptions to routine cardiovascular management,
and direct cardiovascular complications from SARS-CoV-2 infec-
tion. These multifactorial drivers make the attribution of mortality
trends during this period inherently complex. Future sensitivity
analyses excluding 2020–2022 could help clarify whether these
years represent a sustained reversal in trend or a pandemic-driven
artifact. This study also adds to the literature in differentiating
angina pectoris mortality from other types of ischemic heart dis-
ease, as many national surveillance reports have included it solely
as an acute myocardial infarction or ischemic endpoints.

4.1. Strengths and Limitations
The study’s core strength lies in the use of a detailed national
mortality database spanning two decades, which enables in-depth

temporal, demographic, and geographic analyses. Including strat-
ification by sex, race/ethnicity, region, urbanization, and place of
death allows for any nuanced interpretation. Another strength of
this study is the use of joinpoint regression to identify nonlinear
changes in trends, allowing for additional granularity and reliability
compared to the less detailed and imprecise simple linear estimates
that might have been used.
It is important to acknowledge several limitations. First, the anal-
ysis relied on the underlying cause of death coding, which may
underestimate the total burden of angina pectoris when listed as a
contributing cause, which limits sensitivity to accurately capturing
multi-causal cardiovascular deaths. Second, there may also be
suppression of small numbers in the dataset, which is particularly
relevant for subgroup analyses, potentially leading to instability or
imprecision in rare strata. Third, ICD-10 coding drift and misclas-
sification over a 25-year time frame may introduce inconsistencies
in how angina is reported over time and between jurisdictions,
which is especially true if diagnostic practices change over time,
as the analysis spans 25 years. There was a range of changes to
death certificate phrasing and documentation standards over the
25-year time frame, which may have introduced apparent spikes
or dips in trends over time, particularly during the 2014–2021
period, that could be indicative of changes in classification rather
than actual variation from an epidemiological perspective. Fourth,
while race and ethnicity were analyzed in the study, we know
that misclassification on cause of death certificates has been and
remains a concern.
Fifth, decreases in older adult angina deaths may more simply re-
flect cause-of-death substitution, whereby deaths originally coded
as angina before 2000 are now coded as one of several acute cardio-
vascular causes (e.g., acute myocardial infarction, heart failure, or
arrhythmia). If the competing risk of dying from these conditions
increases, it signals that the actual burden of chronic angina sup-
portive deaths is being underestimated. Sixth, while using the 2000
U.S. standard population offered a means for comparability with
prior studies, variances in demographic aging and population com-
position within older adult sub-people populations since 2000 may
only slightly affect absolute rates but not overall directional trends.
Seventh, two racial categories—non-Hispanic American Indian or
Alaskan Native, and non-Hispanic Asian or Pacific Islander were
excluded from the results due to small numbers and suppression
within the dataset, which enhances the statistical robustness and
completeness of the dataset. Eighth, the urbanization variable was
only analyzed up to 2020, as the CDC WONDER database does not
provide stratifications beyond 2020. Thus, rural-urban differences
that may have arisen during the pandemic and in subsequent peri-
ods, from 2021 to 2023, cannot be adequately described, potentially
resulting in an underestimation of inequities in geography during
the pandemic.
The ability to make causal statements and adjust for confounding
factors is hampered by the unavailability of clinical data at the
individual level. This study did not account for significant changes
in the healthcare system during the study period (for example,
the Affordable Care Act, Medicare changes, or the introduction
of additional telehealth care). These healthcare system changes
may have acted as temporal confounders or moderators of the
mortality patterns we observed. The study also did not involve
an external validation or triangulation using independent data
sources, such as Medicare claims or HCUP-NIS hospitalizations
for angina/unstable angina. Multiple stratified comparisons were
performed without adjustment for multiplicity; therefore, findings
should be interpreted as exploratory. Future studies that utilize
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datasets of this nature may provide some degree of external valida-
tion or proximal causation to the mortality trends observed in the
present study. Finally, mortality rates over time may be influenced
by shifts in the denominators of very old age bands, mainly due to
demographic aging of the population and survival bias. Mortality
rates in very old age bands may also be challenging to interpret in
the previous years assessed.

4.2. Clinical Implications and Future Research Directions
While statistically significant declines were observed over two
decades, it is essential to consider the clinical meaningfulness of
these changes. Even modest annual reductions in AAMRs, when
aggregated across a high-risk older population, represent substan-
tial reductions in population-level mortality. However, these gains
may not uniformly reflect improvements in angina prevalence or
access to timely diagnosis and treatment, especially in disadvan-
taged or underserved populations. Clinically, the decline in angina-
related mortality likely corresponds to expanded use of guideline-
recommended therapies such as beta-blockers, antiplatelets, statins,
nitrates, and the selective adoption of newer agents like ranolazine.
Improved access to percutaneous coronary interventions and sec-
ondary prevention measures may also have contributed to this im-
provement. However, variations in treatment utilization, especially
underuse in women, minorities, and rural populations, highlight
persistent gaps in detection and equitable care delivery.
These results have significant implications for clinical care and
policy. First, the resurgence in mortality indicates angina is an
often-ignored mechanism for adding to cardiovascular death in the
elderly [48]. Clinicians must maintain clinical vigilance regarding
angina and cardiovascular disease, particularly in women and racial
and ethnic minority groups, where atypical presentations and in-
tractable non-obstructive coronary artery disease (INOCA) or other
forms of heart disease can be a significant contributor to mortality
[49, 50].
Targeted policy interventions should prioritize the expansion of ru-
ral tele-cardiology services, increased access to same-day or rapid-
access chest pain evaluation clinics, and culturally tailored cardio-
vascular education programs. Structured post-discharge follow-up
programs in high-burden regions can improve treatment adherence
and reduce readmissions. Additionally, standardized training for
certifying physicians on the accurate documentation of ischemic
heart disease subtypes, including angina, could improve death
certificate validity and surveillance accuracy. It may be benefi-
cial for public health to focus on identifying ways to prevent
risk factors, enhance access to specialty cardiology services, and
consider culturally relevant interventions for communities affected
by cardiovascular disease. The geographic inequities observed
also underscore the need to improve the dissemination of rural
cardiovascular infrastructure, assess existing telehealth services,
and implement policy for areas experiencing chronic high mortality
rates [51, 52].
These trends also unfolded alongside major shifts in the U.S.
healthcare system. The implementation of Medicare Part D, the
Affordable Care Act (ACA), and various state Medicaid expan-
sions may have enhanced access to cardiovascular medications and
specialty care in some populations while exacerbating disparities
in others. Expanded prescription coverage through Medicare Part
D likely improved long-term angina control for insured older
adults, reducing mortality in more advantaged groups. The ACA’s
insurance expansion may have increased detection and outpatient
management of stable angina, but its benefits may have been
unequally distributed across states and socioeconomic strata. The

adoption of telemedicine and remote cardiac monitoring, which
accelerated during the COVID-19 pandemic, could have improved
continuity of care for angina in well-connected regions, but may
have had limited reach in rural or digitally underserved areas.
Telemedicine’s rise may have helped sustain outpatient angina care
during lockdowns, though diagnostic limitations and access dispar-
ities could have widened mortality gaps. Changes in reimbursement
models and evolving clinical guidelines for stable ischemic heart
disease may also have influenced care patterns and outcomes.

5. Conclusions
To sum up, angina pectoris-related mortality in older adults in the
United States has dropped significantly over the last two decades,
with some interruptions, for instance, increases seen in the 2010s
and during the COVID-19 pandemic. Continued disparities by sex,
race/ethnicity, geography, and place of death demonstrate vulner-
able populations in need of interventions. The epidemiological
analysis of angina, apart from other ischemic categories, highlights
ongoing considerations of chronic ischemic syndromes in shaping
cardiovascular events among older adults. These trends reflect
mortality where ICD-10 I20 (angina) was recorded on the death
certificate among adults aged ≥65; patterns may differ for other
ischemic heart disease subtypes or younger age groups.
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