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A B S T R A C T

Background: Ischemic heart disease (IHD) is a leading cause of death in the United States, and death
certificates may contain medical or surgical care-related codes among decedents with IHD. However,
these codes do not establish procedural exposure, postoperative status, timing, or causality. This study
assesses 25-year trends in mortality involving IHD and Y83–Y84 codes.
Methods: Nationwide multiple-cause-of-death (MCOD) death-certificate records were obtained from
the CDC WONDER database for U.S. adults aged ≥25 years from 1999–2023. Death records containing
IHD (ICD-10 codes I20–I25) and medical/surgical care-related codes (Y83–Y84) were identified. We
calculated age-adjusted mortality rates (AAMRs) per 100,000 people in the general U.S. population. We
used joinpoint regression to estimate annual percentage changes (APCs) and average annual percentage
changes (AAPCs).
Results: From 1999–2023, a total of 144,644 deaths were reported. The AAMR significantly decreased
from 4.19 in 1999 to 1.13 in 2023 (AAPC: −5.51; p = 0.000021). The overall AAMR was 3.78 (AAPC:
−5.26) among males and 1.71 (AAPC: −6.12) among females. By race, AAMRs declined substantially
among all groups from 1999 to 2023, with the highest 1999 AAMR observed among NH White
individuals (4.35). Regionally, the Midwest had the highest overall AAMR (2.75). Adults aged ≥65
years had the highest overall CMR (10.34). From 1999 to 2020, the population-level AAMR was 3.21
in nonmetropolitan areas and 2.45 in metropolitan areas.
Conclusions: Mortality involving IHD and medical/surgical procedure-related codes declined in recent
years, particularly during 2021–2023. Higher population-level mortality rates were observed among
males and in the Midwest region.

1. Introduction
Ischemic heart disease (IHD), commonly referred to as coronary
artery disease (CAD) or coronary heart disease, continues to
represent one of the most significant public health challenges in
the United States, remaining the leading cause of mortality and
morbidity among adults. Recent nationally representative survey
data indicate that CAD affects approximately 4.9% of U.S. adults,
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with slightly higher rates in men and markedly increasing prevalence
with age. This translates to millions of Americans living with
clinically diagnosed CAD, and the burden is disproportionately
greater among older individuals and male adults, underscoring
persistent demographic disparities [1, 2]. IHD accounts for more than
one in seven deaths in the United States, with coronary heart disease
specifically responsible for over 371,000 deaths annually [3]. Despite
advances in medical and interventional therapies, projections suggest
that the prevalence of IHD will continue to rise, with estimates
indicating a potential 31% increase by 2060, largely attributed
to population aging and persistent risk factors including diabetes,
hypertension, and dyslipidemia [4].
Patients with IHD represent a particularly vulnerable population in
the context of medical and surgical procedures, facing substantially
elevated risks compared to those without cardiac disease. Studies
demonstrate that patients with significant cardiac disease who
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undergo vascular or major surgery may face up to a 10% risk of
major morbidity and mortality. However, these findings from clinical
surgical cohorts should be distinguished from death-certificate data
containing medical/surgical procedure-related codes, which cannot
establish whether a procedure occurred, the timing of the procedure,
postoperative status, or a causal relationship between the procedure-
related condition and death [5, 6]. Postoperative myocardial injuries
and infarction occur in approximately 18–20% of patients undergoing
noncardiac surgery, with peak incidence within the first 48 hours post-
operatively [7, 8]. The pathophysiology underlying increased risk
associated with medical and surgical procedures involves multiple
mechanisms, including increased myocardial oxygen demand during
procedural stress, hemodynamic fluctuations, and prothrombotic
states [9, 10]. Advanced age, emergency surgery, and multiple
comorbidities further amplify the risk of adverse postoperative
outcomes in this population [11].
While substantial attention has been directed toward understand-
ing cardiac risk associated with medical and surgical procedures
in patients with IHD, comprehensive long-term population-level
analyses of mortality involving IHD and medical/surgical procedure-
related codes remain limited. Most existing studies have focused on
short-term outcomes or specific surgical procedures, leaving a gap
in understanding how mortality involving IHD and medical/surgical
procedure-related codes has evolved over extended periods. In the
U.S. Multiple Cause of Death (MCOD) database, procedure-related
conditions identify death records in which medical or surgical care
was documented; however, these records do not establish the timing
of the procedure relative to IHD or death or confirm a causal
relationship. The changing landscape of cardiac care suggests that
mortality trends may have shifted considerably. Yet, the magnitude
of these changes and potential disparities across demographic and
geographic subgroups have not been systematically characterized.
This study examines 25-year trends in mortality records involving
IHD and medical/surgical procedure-related codes among U.S. adults
aged ≥25 years.

2. Methods

2.1. Study setting and population
In this descriptive study, we analyzed national mortality trends
using MCOD records from the Centers for Disease Control and
Prevention Wide-Ranging Online Data for Epidemiologic Research
(CDC WONDER) database for U.S. adults aged ≥25 years from
1999 to 2023, as shown in a previous CDC study [12]. We identified
IHD using ICD-10 codes I20–I25, and medical/surgical procedure-
related events using Y83–Y84 [13, 14]. We identified both code
groups regardless of their position on the death certificate, and
included records containing both I20–I25 and Y83–Y84. Thus, the
analysis identified death certificates documenting both IHD and
medical/surgical procedure-related codes rather than a clinically
defined postoperative cohort. Deaths among individuals younger
than 25 years and records without both coding criteria were excluded.
Because MCOD data are based on death certificates, we could
not establish the timing of the procedure relative to IHD or death,
or any causal relationship. Institutional review board approval
was not required because the study used publicly available, de-
identified mortality data. The study was reported in accordance
with the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [15].

2.2. Outcome definition
The primary outcome was defined as mortality records documenting
both IHD and medical/surgical procedure-related conditions on the

death certificate. This outcome represents deaths in which IHD and
procedure-related conditions were concurrently documented and
should not be interpreted as confirmed postoperative deaths or as
evidence that a medical or surgical procedure caused the death.

2.3. Data abstraction
We extracted data on population size, year, and demographic
characteristics, including sex, age, race and ethnicity, and region. We
classified racial and ethnic categories 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. Mortality
estimates for NH American Indian or Alaska Native individuals
were suppressed when counts were too small to produce reliable
estimates and were therefore not interpreted. The National Center for
Health Statistics (NCHS) 2013 Urban-Rural Classification Scheme
classified counties as metropolitan or nonmetropolitan [16, 17].
Metropolitan counties included large central metropolitan, large
fringe metropolitan, medium metropolitan, and small metropolitan
counties, whereas nonmetropolitan counties included micropolitan
and noncore counties. Because CDC WONDER provided urban-
rural classification data through 2020, we restricted the urban-rural
analysis to 1999–2020. We stratified regions into Northeast, Midwest,
South, and West according to U.S. Census Bureau definitions. We
categorized age groups as 25–44 years, 45–64 years, and ≥65 years.

2.4. Statistical analysis
We calculated crude mortality rates (CMRs) and age-adjusted
mortality rates (AAMRs) per 100,000 population from 1999 to
2023. We stratified them by year, sex, and race/ethnicity, with
urban-rural analyses restricted to 1999–2020. We standardized
AAMRs to the 2000 U.S. standard population across all age
groups, with corresponding 95% confidence intervals (CIs) [18]. We
calculated CMRs by dividing the number of deaths involving IHD
and medical/surgical procedure-related codes by the corresponding
U.S. population for each year and expressed them per 100,000
population. We used age-specific CMRs for age-stratified analyses,
as age adjustment is unnecessary within defined age strata. To
quantify national annual trends in mortality involving IHD and
medical/surgical procedure-related codes, we used the Joinpoint
Regression Program (version 5.4.0.0, National Cancer Institute)
to estimate the Annual Percentage Change (APC) and Average
Annual Percentage Change (AAPC) with 95% CIs [19]. We fit log-
linear regression models (ln(y) transformation of rates) to model
temporal variation. We permitted a maximum of 4 joinpoints. Model
selection was conducted using the Permutation Test with a statistical
significance threshold of alpha = 0.05 and 4,499 permutations. We
specified standard errors using the standard errors provided in the
CDC WONDER rate estimates (heteroscedastic error specification).
We assumed errors were uncorrelated over time. Confidence intervals
for APCs and AAPCs were calculated using the Empirical Quantile
method with 5,001 resamples.
We conducted subgroup analyses across prespecified demographic
and geographic categories. We did not perform sensitivity analyses
for sparse strata; therefore, we interpreted estimates based on small
cell counts cautiously because of potential statistical instability. We
considered APCs increasing or decreasing if the slope describing the
change in mortality differed significantly from zero using a two-tailed
t-test (p < 0.05).
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Figure 1: Overall and sex-stratified age-adjusted mortality rates per 100,000 for deaths involving ischemic heart disease and
procedure-related conditions in U.S. adults, 1999–2023. In the figure legend, an asterisk denotes an APC significantly different
from zero (two-sided 𝑡-test, 𝑝 < 0.05).

3. Results

3.1. Overall trends
Between 1999 and 2023, a total of 144,644 deaths in the United
States were identified in mortality records documenting both IHD
and medical/surgical procedure-related conditions. Overall, AAMR
declined from 4.19 (95% CI: 4.1 to 4.29) in 1999 to 1.13 (95% CI:
1.09 to 1.17) in 2023, with an AAPC of -5.51 (95% CI: -7.94 to
-3.01) (p = 0.000021), thus reflecting a downward trend.
From 1999 to 2015, the AAMR declined from 4.19 (95% CI: 4.10–
4.29) to 1.31 (95% CI: 1.26–1.36), with an APC of -7.12 (95%
CI: -8.04 to -6.18; p < 0.000001). From 2015 to 2021, the AAMR
increased again, increasing from 1.31 (95% CI: 1.26–1.36) to 4.61
(95% CI: 4.53–4.70) in 2021, with an APC of 26.08 (95% CI: 19.33
to 33.22; p < 0.000001). From 2021 to 2023, the AAMR declined
from 4.61 (95% CI: 4.53–4.70) to 1.13 (95% CI: 1.09–1.17), with an
APC of -54.35 (95% CI: -65.58 to -39.46; p = 0.000019) (Figure 1;
Supplemental Tables 1, 2, 3).

3.2. Trends by sex
When stratified by sex, males accounted for more deaths than
females among records documenting both IHD and medical/surgical
procedure-related conditions. (90,561 deaths in males vs. 54,083
deaths in females). In males, the AAMR decreased from 5.7 (95%
CI: 5.53 to 5.88) in 1999 to 1.66 (95% CI: 1.59 to 1.74) in 2023,
yielding an AAPC of -5.26 (95% CI: -7.63 to -2.84; p = 0.000028).
The AAMR also exhibited an overall downward trend in females,
decreasing from 3.09 (95% CI: 2.98 to 3.19) in 1999 to 0.71 (95%
CI: 0.67 to 0.76) in 2023. The AAPC for this period was -6.12 (95%
CI: -8.81 to -3.35; p = 0.000021).

Among males, the AAMR declined from 5.7 (95% CI: 5.53 to 5.88)
in 1999 to 1.93 (95% CI: 1.85–2.02) in 2015; this reduction yielded
an APC of -6.84 (95% CI: -7.76 to -5.91; p < 0.000001). From 2015
to 2021, the AAMR increased from 1.93 (95% CI: 1.85–2.02) in 2015
to 7.13 (95% CI: 6.98–7.29) in 2021, with an APC of 27.60 (95%
CI: 21.58 to 33.92; p < 0.000001). From 2021 to 2023, the AAMR
trended downward, decreasing from 7.13 (95% CI: 6.98–7.29) in
2021 to 1.66 (95% CI: 1.59–1.74) in 2023, with an APC of -55.66
(95% CI: -66.55 to -41.23; p = 0.000012).
Among females, the AAMR also exhibited a similar downward trend
during a similar time frame, decreasing from 3.09 (95% CI: 2.98–
3.19) in 1999 to 0.85 (95% CI: 0.80–0.90) in 2015, with an APC of
-7.73 (95% CI: -8.73 to -6.73; p < 0.000001). From 2015 to 2021,
AAMR increased from 0.85 (95% CI: 0.80–0.90) in 2015 to 2.68
(95% CI: 2.60–2.77) in 2021, with an APC of 23.47 (95% CI: 16.04
to 31.36; p = 0.000002). From 2021 to 2023, the AAMR trended
downward, decreasing from 2.68 (95% CI: 2.60–2.77) in 2021 to
0.71 (95% CI: 0.67–0.76) in 2023, with an APC of -52.58 (95% CI:
-65.40 to -35.0; p = 0.000111) (Figure 1; Supplemental Tables 1, 2,
3).

3.3. Trends by race and ethnicity
Across the study period, NH White individuals accounted for
the highest number of deaths (116,083 deaths), followed by NH
Black/African American individuals (13,891 deaths), Hispanics
(9,623 deaths), NH Asian or Pacific Islander (4,120 deaths), and NH
American Indian or Alaska Native (927 deaths).
Among NH White individuals, the AAMR decreased from 4.35 (95%
CI: 4.24 to 4.45) in 1999 to 1.18 (95% CI: 1.13 to 1.23) in 2023.
Consequently, the AAPC was -5.50 (95% CI: -7.38 to -3.59; p <
0.000001). From 1999 to 2015, the AAMR decreased from 4.35
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(95% CI: 4.24 to 4.45) in 1999 to 1.36 (95% CI: 1.30–1.41) in 2015,
resulting in an APC of -7.08 (95% CI: -7.83 to -6.32; p < 0.000001).
Then, the AAMR increased from 1.36 (95% CI: 1.30–1.41) in 2015
to 4.52 (95% CI: 4.42–4.61) in 2021, yielding an APC of 24.70 (95%
CI: 19.17 to 30.49; p < 0.000001). This was followed by a downward
trend, with the AAMR decreasing from 4.52 (95% CI: 4.42–4.61) in
2021 to 1.18 (95% CI: 1.13–1.23) in 2023, resulting in an APC of
-52.93 (95% CI: -61.87 to -41.89; p = 0.000001).
Among NH Black/African American individuals, the AAMR de-
creased from 3.95 (95% CI: 3.63 to 4.27) in 1999 to 1.13 (95% CI:
1.00 to 1.26) in 2023, with an AAPC of -5.22 (95% CI: -7.42 to
-2.96; p = 0.000008). From 1999 to 2015, the AAMR demonstrated
a downward trend, decreasing from 3.95 (95% CI: 3.63 to 4.27) in
1999 to 1.35 (95% CI: 1.20–1.50) in 2015, and thus giving an APC of
-6.84 (95% CI: -7.7 to -5.97; p < 0.000001). Then, from 2015 to 2021,
the AAMR increased significantly, from 1.35 (95% CI: 1.20–1.50)
in 2015 to 4.9 (95% CI: 4.63–5.18) in 2021. An APC of 27.51 (95%
CI: 21.96 to 33.32; p < 0.000001) was recorded for that time frame.
However, from 2021 to 2023, the AAMR decreased from 4.9 (95%
CI: 4.63–5.18) in 2021 to 1.13 (95% CI: 1.00–1.26) in 2023, with
an APC of -55.3 (95% CI: -65.61 to -41.90; p = 0.000006).
Among Hispanics, the AAMR also decreased, as noted in other
demographics, decreasing from 2.61 (95% CI: 2.26 to 2.95) in 1999
to 0.95 (95% CI: 0.83 to 1.06) in 2023; the AAPC was -4.6 (95%
CI: -8.53 to -0.5; p = 0.028). From 1999 to 2015, the AAMR
decreased from 2.61 (95% CI: 2.26–2.95) in 1999 to 1.10 (95%
CI: 0.96–1.25) in 2015, with an APC of -6.12 (95% CI: -8.18 to
-4.01; p = 0.000014). Furthermore, from 2015 to 2021, the AAMR
demonstrated a significant increase, trending from 1.10 (95% CI:
0.96–1.25) in 2015 to 4.98 (95% CI: 4.70–5.26) in 2021, with an
APC of 32.94 (95% CI: 22.33 to 44.47; p = 0.000001). Then, from
2021 to 2023, the AAMR decreased significantly, from 4.98 (95% CI:
4.70–5.26) in 2021 to 0.95 (95% CI: 0.83–1.06) in 2023, recording
an APC of -59.90 (95% CI: -74.40 to -37.18; p = 0.000491) for that
time frame.
Among NH Asian/Pacific Islander individuals, the AAMR decreased
from 2.98 (95% CI: 2.44 to 3.53) in 1999 to 0.78 (95% CI: 0.64 to
0.92) in 2023, with an AAPC of -5.11 (95% CI: -9.84 to -0.14;
p = 0.000042). From 1999 to 2014, the AAMR demonstrated a
downward trend, decreasing from 2.98 (95% CI: 2.44 to 3.53) in
1999 to 0.99 (95% CI: 0.80–1.19) in 2014, and thus giving an APC
of -7.65 (95% CI: -10.44 to -4.76; p = 0.000042). Then, from 2014
to 2021, the AAMR increased significantly, reaching from 0.99 (95%
CI: 0.80–1.19) in 2014 to 4 (95% CI: 3.66–4.34) in 2021, with an
APC of 28.34 (95% CI: 17.86 to 39.75; p = 0.000010) recorded for
that time frame. However, from 2021 to 2023, the AAMR decreased
from 4 (95% CI: 3.66–4.34) in 2021 to 0.78 (95% CI: 0.64–0.92),
with an APC of -59.61 (95% CI: -76.50 to -30.58; p = 0.0026),
(Figure 2; Supplemental Tables 1, 2, 4).

3.4. Trends by age group
When stratified by age groups, individuals aged ≥65 years accounted
for more deaths than individuals aged 45–64 years and 25–44 years
(113,650 deaths, 28,870 deaths, and 2,124, respectively). Among
adults aged ≥65 years, the CMR decreased from 17.06 (95% CI:
16.63 to 17.5) in 1999 to 4.22 (95% CI: 4.05 to 4.39) in 2023, with
an AAPC of -5.65 (95% CI: -8.16 to -3.08; p = 0.000022). However,
the CMR showed an overall downward trend among adults aged
45–64 years, decreasing from 2.3 (95% CI: 2.18 to 2.42) in 1999 to
0.77 (95% CI: 0.71 to 0.83) in 2023. The AAPC for this period was
-5.07 (95% CI: -7.49 to -2.58; p = 0.00008). Furthermore, in adults
aged 25–44 years, the CMR decreased from 0.11 (95% CI: 0.09 to

0.14) in 1999 to 0.06 (95% CI: 0.04 to 0.08) in 2023, with an AAPC
of -2.24 (95% CI: -12.31 to 8.90; p = 0.68).
Among individuals aged ≥65 years, the CMR decreased from 17.06
(95% CI: 16.63 to 17.5) in 1999 to 5.1 (95% CI: 4.90–5.30) in 2015, at
an APC of -7.21 (95% CI: -8.18 to -6.22; p < 0.000001). In addition,
from 2015 to 2021, the CMR increased, trending from 5.1 (95%
CI: 4.90–5.30) in 2015 to 17.55 (95% CI: 17.20–17.90) in 2021,
with an APC of 26.37 (95% CI: 19.71 to 33.39; p < 0.000001). The
CMR then decreased between 2021 and 2023, from 17.55 (95% CI:
17.20–17.90) in 2021 to 4.22 (95% CI: 4.05 to 4.39) in 2023. The
APC between 2021 and 2023 was -55.16 (95% CI: -66.62 to -39.76;
p = 0.000024).
On the other hand, among adults aged 45 to 64 years, the CMR
initially decreased, from 2.3 (95% CI: 2.18–2.42) in 1999 to 0.84
(95% CI: 0.77–0.90) in 2015, at an APC of -6.90 (95% CI: -7.74 to
-6.04; p < 0.000001). However, the CMR demonstrated a significant
upward trend from 2015 to 2021, from 0.84 (95% CI: 0.77–0.90) in
2015 to 2.85 (95% CI: 2.74–2.97) in 2021. The APC for that time
frame was 25.84 (95% CI: 20.30 to 31.63; p < 0.000001). In addition,
from 2021 to 2023, the CMR decreased, trending from 2.85 (95%
CI: 2.74–2.97) in 2021 to 0.77 (95% CI: 0.71–0.83) in 2023. The
APC was -52.38 (95% CI: -64.60 to -35.95; p = 0.000061).
Among adults aged 25 to 44 years, the CMR decreased from 0.11
(95% CI: 0.09–0.14) in 1999 to 0.08 (95% CI: 0.06–0.10) in 2016, at
an APC of -7.16 (95% CI: -9.61 to -4.63; p = 0.00002). In addition,
from 2016 to 2019, the CMR increased, trending from 0.08 (95%
CI: 0.06–0.10) in 2016 to 0.17 (95% CI: 0.14–0.19) in 2019, with an
APC of 73.24 (95% CI: -26.78 to 309.94; p = 0.20). The CMR then
decreased between 2019 and 2023, from 0.17 (95% CI: 0.14–0.19)
in 2019 to 0.06 (95% CI: 0.04–0.08) in 2023; however, the APC
between 2019 and 2023 was -20.73 (95% CI: -38.35 to 1.93; p =
0.068) (Figure 3; Supplemental Tables 2, 5).

3.5. Trends by census region
Between 1999 and 2023, the Midwest accounted for the most deaths
involving IHD and medical/surgical procedure-related conditions.
The South, West, and Northeast followed in descending order.
The AAMR in the South showed an overall downward trend,
decreasing from 4.52 (95% CI: 4.35–4.68) in 1999 to 1.18 (95%
CI: 1.11 to 1.25) in 2023, for an AAPC of -5.86 (95% CI: -7.42 to
-4.27; p < 0.000001). From 1999 to 2015, the AAMR decreased
from 4.52 (95% CI: 4.35–4.68) in 1999 to 1.42 (95% CI: 1.34–1.50)
in 2015; the APC for that period was -7.33 (95% CI: -7.97 to -6.69; p
< 0.000001). An upward trend was then observed between 2015 and
2021, with the AAMR increasing from 1.42 (95% CI: 1.34–1.50) in
2015 to 4.48 (95% CI: 4.35–4.61) in 2021, with an APC for that time
frame of 23.67 (95% CI: 19.30 to 28.20; p < 0.000001). Then, the
AAMR decreased from 4.48 (95% CI: 4.35–4.61) in 2021 to 1.18
(95% CI: 1.11 to 1.25) in 2023, with APC of -52.89 (95% CI: -60.60
to -43.66; p < 0.000001).
Similarly, AAMR in the West decreased overall, from 3.19 (95% CI:
3.01 to 3.38) in 1999 to 1.06 (95% CI: 0.97 to 1.14) in 2023; the
AAPC was -4.57 (95% CI: -9.08 to 0.16; p = 0.058). Between 1999
and 2015, the AAMR decreased significantly from 3.19 (95% CI:
3.01 to 3.38) in 1999 to 1.16 (95% CI: 1.06–1.25) in 2015, with an
APC of -5.87 (95% CI: -7.90 to -3.81; p = 0.000018). The AAMR
then increased from 1.16 (95% CI: 1.06–1.25) in 2015 to 5.92 (95%
CI: 5.72–6.12) in 2021, with an APC of 34.44 (95% CI: 22.12 to
48.01; p = 0.000005). The AAMR then decreased from 5.92 (95%
CI: 5.72–6.12) in 2021 to 1.06 (95% CI: 0.97–1.14) in 2023, with
an APC of -61.89 (95% CI: -77.5 to -35.46; p = 0.0013).
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Figure 2: Race and ethnicity-stratified age-adjusted mortality rates per 100,000 for deaths involving ischemic heart disease and
procedure-related conditions in U.S. adults, 1999–2023. In the figure legend, an asterisk denotes an APC significantly different
from zero (two-sided 𝑡-test, 𝑝 < 0.05).

The AAMR in the Midwest decreased from 4.65 (95% CI: 4.44 to
4.85) in 1999 to 1.13 (95% CI: 1.04 to 1.22) in 2023, at an AAPC of
-6.08 (95% CI: -8.31 to -3.80; p < 0.000001). From 1999 to 2015, the
AAMR trended downward, from 4.65 (95% CI: 4.44 to 4.85) in 1999
to 1.37 (95% CI: 1.27–1.47) in 2015, with an APC of -7.74 (95% CI:
-8.49 to -6.99; p < 0.000001). The AAMR then increased from 1.37
(95% CI: 1.27–1.47) in 2015 to 4.08 (95% CI: 3.91–4.25) in 2021,
with an APC of 23.27 (95% CI: 17.72 to 29.09; p < 0.000001). From
2021 to 2023, the AAMR decreased from 4.08 (95% CI: 3.91–4.25)
in 2021 to 1.13 (95% CI: 1.04 to 1.22) in 2023, with an APC of
-52.10 (95% CI: -63.43 to -37.27; p = 0.000023).
In the Northeast, the AAMR decreased from 4.05 (95% CI: 3.84
to 4.25) in 1999 to 1.13 (95% CI: 1.03 to 1.22) in 2023, and the
AAPC was -5.04 (95% CI: -7.68 to -2.33; p = 0.00031). The AAMR
declined overall between 1999 and 2015, from 4.05 (95% CI: 3.84
to 4.25) in 1999 to 1.23 (95% CI: 1.13–1.33), with an APC of -6.89
(95% CI: -7.85 to -5.93; p < 0.000001). The AAMR increased from
1.23 (95% CI: 1.13–1.33) in 2015 to 3.97 (95% CI: 3.79–4.15) in
2021, with an APC of 23.65 (95% CI: 17.01 to 30.68; p < 0.000001).
The AAMR decreased from 3.97 (95% CI: 3.79–4.15) in 2021 to
1.13 (95% CI: 1.03–1.22) in 2023, with an APC of -49.67 (95% CI:
-63.19 to -31.19; p = 0.00024) (Figure 4; Supplemental Tables 2, 6).

3.6. Trends by urbanization
Between 1999 and 2020, metro areas accounted for more deaths than
nonmetropolitan areas (95,967 deaths vs. 26,963 deaths). Overall,
AAMR in metro areas in 1999 was 3.99 (95% CI: 3.89 to 4.09) and
increased to 4.17 (95% CI: 4.09 to 4.26) in 2020, with an AAPC of
0.39 (95% CI: -1.06 to 1.86; p = 0.6). In nonmetropolitan areas, the
AAMR in 1999 was 5.07 (95% CI: 4.83–5.31), increasing to 5.42

(95% CI: 5.19–5.64) in 2020, with an AAPC of 0.46 (95% CI: -0.68
to 1.6; p = 0.43).
Among people living in metro areas, the AAMR declined from 3.99
(95% CI: 3.89 to 4.09) in 1999 to 1.24 (95% CI: 1.19–1.29) in 2015,
with an APC of -7.58 (95% CI: -8.59 to -6.56; p < 0.000001). From
2015 to 2020, the AAMR increased from 1.24 (95% CI: 1.19–1.29)
in 2015 to 4.17 (95% CI: 4.09–4.26) in 2020, with an APC of 30.8
(95% CI: 23.72 to 38.29; p < 0.000001).
Among people living in nonmetropolitan areas, the AAMR declined
from 5.07 (95% CI: 4.83–5.31) in 1999 to 1.71 (95% CI: 1.58–1.84)
in 2015, with an APC of -6.85 (95% CI: -7.63 to -6.06; p < 0.000001).
From 2015 to 2020, the AAMR showed an increase from 1.71 (95%
CI: 1.58–1.84) in 2015 reaching 5.42 (95% CI: 5.19–5.64) in 2020,
with an APC of 27.93 (95% CI: 22.44 to 33.65; p < 0.000001)
(Figure 5; Supplemental Tables 2, 7).

4. Discussion
Our nationwide analysis of mortality involving IHD and medi-
cal/surgical procedure-related codes among U.S. adults aged ≥25
years over 25 years identified three overarching patterns. First,
mortality has declined substantially over the long term, with 2023
rates less than one-third of those in 1999. Second, this favorable
trend was disrupted by a sharp rebound from the mid-2010s through
2021, followed by an equally steep decline thereafter – a U-shaped
pattern mirrored across sex, race/ethnicity, age groups, and regions.
Third, the burden remains concentrated in older adults, males, NH
White and NH Black individuals, and residents of Midwest and
nonmetropolitan areas, underscoring persistent demographic and
geographic inequities despite overall progress.
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Figure 3: Age-stratified crude mortality rates per 100,000 for deaths involving ischemic heart disease and procedure-related
conditions in U.S. adults, 1999–2023. In the figure legend, an asterisk denotes an APC significantly different from zero
(two-sided 𝑡-test, 𝑝 < 0.05).

Mortality rates were consistently higher among male individuals
than female individuals, while both sexes experienced significant
declines in mortality rates over time. The mortality patterns observed
were similar to those reported for IHD and cardiovascular mortality
more broadly, where males have historically had a greater overall
burden of disease, supported by the earlier onset of atherosclerosis, a
higher prevalence of multiple clustered risk factors, and differences
in patterns of care for males versus females [20, 21]. In addition
to our earlier observation, the study supports the hypothesis that
this difference persists in mortality records documenting IHD and
medical/surgical procedure-related conditions and underscores the
need for sex-sensitive risk stratification and secondary prevention
efforts to address the differences noted above. Our analysis supports
the observations noted in the literature concerning race and ethnicity;
in particular, the majority of deaths in our analysis occurred
among NH White individuals, who had a higher mortality rate
than NH Black individuals, with AAMRs of 2.65 and 2.61 per
100,000, respectively [22, 23]. The lower rates of IHD deaths
documented among Hispanic and NH Asian/Pacific Islander groups
were also noted in our analysis. Consistent with findings reported
in the literature, previous studies have described differences in
cardiovascular mortality and outcomes associated with medical and
surgical care across racial and ethnic groups, including differences
reported between Black and White adults, potentially reflecting
variations in comorbidities, access to care, and broader social
and health-system factors [24, 25]. In our study, we found that
these inequities persisted even when we limited the analysis to
deaths coded for both IHD and medical/surgical procedure-related
conditions. The very rapid and symmetrical increase in mortality

from 2015 through 2021 across all racial and ethnic groups may
suggest the presence of a substantial system-wide stressor during this
period, potentially reflecting the possible convergence of worsening
cardiometabolic risk, rising obesity-related IHD mortality, and the
COVID-19 pandemic, alongside longstanding structural disparities
[26, 27].
Regionally, the Midwest consistently had the highest mortality rates,
followed by the South, while the West and Northeast reported
lower rates. These regional patterns are consistent with previously
described geographic variation in the prevalence of obesity, diabetes,
and hypertension, as well as differences in access to specialty and
medical care across regions [28–30]. Our findings indicate that these
regional patterns were also present in mortality records documenting
both IHD and procedure-related conditions, consistent with regional
differences reported for chronic IHD mortality [28–30].
As expected, patients aged ≥65 years accounted for the vast majority
of deaths involving IHD and medical/surgical procedure-related con-
ditions in our cohort. Younger patients, while contributing to a much
smaller proportion of deaths involving IHD, still accounted for a
significant share of the overall deaths documenting medical/surgical
procedure-related conditions. This finding is consistent with the age
gradient associated with CVD and IHD incidence [31, 32]. Older
patients may have a higher prevalence of underlying atherosclerotic
disease and a greater accumulated atherosclerotic burden, as well
as multiple comorbidities and frailty, which may increase their
susceptibility to hemodynamic (blood flow) stress and other physi-
ological stressors associated with medical and surgical procedures
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Figure 4: Census region-stratified age-adjusted mortality rates per 100,000 for deaths involving ischemic heart disease and
procedure-related conditions in U.S. adults, 1999–2023. In the figure legend, an asterisk denotes an APC significantly different
from zero (two-sided 𝑡-test, 𝑝 < 0.05).

[33, 34]. In addition, recent studies have shown that postoperative
acute heart failure and Myocardial Injury after Noncardiac Surgery
(MINS) are particularly lethal among older patients, with one-year
mortality rates for these events often exceeding those observed in
comparable non-surgical patient cohorts [35–37]. These findings
suggest prioritizing cardiovascular care optimization among older
patients, with particular attention to comprehensive risk assessment,
management of cardiovascular risk factors, and appropriate follow-
up.
Although metropolitan areas had higher crude death counts, AAMRs
declined in both metropolitan and nonmetropolitan areas through
2020, with mortality rates remaining relatively similar between the
two groups toward the end of the study period [23]. Our findings
suggest that the mid-2010s reversal and COVID-19-era changes
in mortality involving IHD and procedure-related conditions may
have affected metropolitan and nonmetropolitan settings in parallel,
potentially reflecting shared factors such as changes in case mix,
delayed elective surgical care, and health-system strain [38].
Temporal changes in mortality may partly reflect differences in
death-certificate documentation and coding practices, which can
influence observed IHD mortality trends [39]. Because MCOD data
lack detailed patient-level clinical information, the observed patterns
cannot establish underlying mechanisms or causal pathways.

4.1. Clinical implications
Cardiovascular risk assessment and optimization are important
components of managing adults with IHD. Previous clinical research
suggests that systematic risk assessment, including risk scoring and
targeted troponin surveillance among patients considered at high
risk, may help inform cardiovascular management in the context of
medical and surgical procedures [40–42]. Further research is needed

to determine whether these approaches improve population-level
mortality outcomes.
Accordingly, the observed decline in mortality over the past several
decades may reflect, in part, advances in IHD management and the
broader evolution of medical and surgical care. Nevertheless, the
observed patterns also suggest that these improvements may remain
vulnerable to broader system-wide stressors.
Therefore, we hypothesize that future research should evaluate
whether tailored cardiovascular care pathways for older adults, Black
patients, rural populations, and populations residing in regions
with a high burden of morbidity and mortality, particularly the
Midwest, may improve cardiovascular outcomes compared with
generalized approaches to cardiovascular care. At the health-system
level, the observed mortality patterns were broadly consistent with
existing disparities in cardiometabolic health across demographic
and geographic groups, suggesting that cardiovascular care should
be considered within the broader continuum of population-level
cardiovascular prevention and care [43–45].

4.2. Strengths, limitations, and future directions
The study’s main strengths are its national scope, 25-year duration,
and large sample size, as well as its consistent use of CDC
WONDER data and joinpoint regression across sex, race/ethnicity,
age, region, and urbanization. By explicitly using both IHD (I20–
I25) and medical/surgical procedure-related codes (Y83–Y84), we
identify mortality records documenting IHD and procedure-related
conditions, providing a focused analysis not performed in earlier
national studies of IHD mortality or perioperative MI/MINS.
However, the following limitations should be noted. First, death
certificate data are vulnerable to errors in identifying both the
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Figure 5: Urban–rural stratified age-adjusted mortality rates per 100,000 for deaths involving ischemic heart disease and
procedure-related conditions in U.S. adults, 1999–2020. In the figure legend, an asterisk denotes an APC significantly different
from zero (two-sided 𝑡-test, 𝑝 < 0.05).

underlying cause of death and contributing conditions. Furthermore,
Y83–Y84 coding may not capture all mortality records involving
medical or surgical procedures and does not provide information
on the timing, type of procedure performed, or clinical course
surrounding the procedure. Second, CDC WONDER is not designed
to include clinical variables such as coronary anatomy, revasculariza-
tion strategy, prescribed medications, or hemodynamic parameters,
which limits our ability to compare risk-adjusted outcomes or infer
mechanisms underlying the observed mortality patterns. Third,
urbanization data are available only through 2020, which prevents a
complete understanding of urban–rural patterns during the height
and immediate post-COVID-19 era. Lastly, as with all ecological
studies, we cannot determine the causal impact of policies, clinical
processes, or pandemic patterns on observed trends.
Researchers should integrate vital statistics with surgical registries
and electronic health record databases to evaluate risks associated
with specific types of procedures, identify variation in outcomes
across hospitals, and better understand how guideline-based car-
diovascular interventions may affect overall mortality rates. In
addition, future studies should evaluate how the adoption of newer
techniques for the management of IHD in vulnerable populations,
including routine troponin monitoring, structured cardiovascular care
pathways, telehealth-enabled prehabilitation, and other approaches,
may impact mortality involving IHD and medical/surgical procedure-
related conditions [46, 47].

5. Conclusion
In this nationwide analysis of U.S. adults aged ≥25 years, mortality
involving IHD and medical/surgical procedure-related conditions
declined substantially from 1999 to 2023, with 2023 rates less

than one-third of those observed in 1999. However, this long-
term improvement was interrupted by a marked increase from the
mid-2010s through 2021, followed by a steep decline thereafter,
producing a consistent U-shaped temporal pattern across demo-
graphic and geographic subgroups. Mortality was concentrated
among older adults and males, with substantial mortality among
NH White and NH Black individuals and across Midwestern and
nonmetropolitan populations. These findings highlight substantial
and persistent demographic and geographic disparities despite
overall improvements in mortality. Continued efforts to strengthen
perioperative cardiovascular risk assessment, prevention, and care,
particularly among the highest-risk populations, are warranted.
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