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Abstract

Background: Acute myocardial infarction (AMI) remains a leading
cause of mortality in the African American population, warranting
an examination of regional and demographic trends to inform health
policies.

Methods: Utilizing the Centers for Disease Control and Prevention’s
WONDER death certificate database, we conducted a comprehensive
analysis of AMI mortality from 1999 to 2020 in African Americans
and overall adults aged 25 and older. Age-adjusted mortality rates
(AAMRs) per 100,000 persons were calculated and stratified by year,
sex, race, and geographic region. Joinpoint regression facilitated the
assessment of mortality trends, revealing average annual percentage
changes (AAPCs) with 95% confidence intervals (Cls).

Results: Over the study period (1999 - 2020), there were 3,015,339
total deaths due to AMI in adults aged 25 and older. African Ameri-
cans had the highest AAMR, at 71.5, followed by Whites, at 63.5,
and the lowest among Asians, at 32.6. Overall, AAMR decreased
in the African American population from 128.5 in 1999 to 48.5 in
2020, with an AAPC of -5.29 (95% CI: -5.69 to -4.9). AAMR de-
creased from 109 in 1999 to 37.6 in 2020 in African American fe-
males. African American males experienced a decline from 157.8
to 63.4 in AAMR. African American males had a higher overall
AAMR (88.6) than females (59.3). Regionally, AAMR was high-
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est in the South (77.6) and lowest in the Northeast (57.6) among
African Americans.

Conclusions: While AMI mortality has declined, persistent differ-
ences persist in the African American community. African American
males experience a higher mortality rate as compared to females. Re-
gional variations, notably the higher AAMR in the Southern region,
emphasize the need for targeted health policies to mitigate disparities
and enhance healthcare access. These measures may include expand-
ing insurance coverage and improving access to healthcare, educa-
tion, food, and employment for African Americans.

Keywords: Acute myocardial infarction; African Americans; Mortal-
ity trends

Introduction

Heart disease is the leading cause of death in the United States
[1], affecting men, women, and people of most ethnic and ra-
cial backgrounds. In 2021, heart disease contributed to 695,000
deaths in the United States, accounting for one in every five
deaths [2]. Among African Americans, heart disease remains
the leading cause of death, contributing to 22.6% of all deaths -
a higher proportion than all other ethnicities [1]. As the preva-
lence of risk factors for heart disease, including hypertension,
diabetes, and obesity, continues to increase, heart disease will
likely continue to remain a significant burden for morbidity
and mortality, especially in African Americans. With recent
advancements in management and prevention, acute myocar-
dial infarction (AMI) mortality continues to decrease. How-
ever, persistent socioeconomic and chronic health disparities
continue to exist within the African American population, such
as limited access to health insurance, both private and Medic-
aid, and higher rates of heart disease and stroke (20% and 40%
higher, respectively) [3].

In this study, we add to what is known about how African
Americans are disproportionately affected by chronic health
problems. However, this study uniquely evaluates AMI-related
mortality amongst African American subgroups and the social
determinants of health that contribute to their disposition, so
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that future policy measures may be enacted for health equality
to be achieved in the United States.

Materials and Methods

Centers for Disease Control and Prevention Wide-Ranging On-
line Data for Epidemiologic Research (CDC WONDER) was
used to identify AMI-related deaths occurring in the United
States. Data from the Underlying Cause of Death Public Use
Record and CDC WONDER death certificates were analyzed
to determine AMI as the underlying cause of death among
African Americans. International Statistical Classification of
Diseases, 10th Revision, Clinical Modification codes for AMI
were utilized: 121.0, 121.1, 121.2, 121.3, 121.4, and 121.9.

Adults aged 25 and older were included in the analysis at
the time of death. AMI-related deaths were extracted from Jan-
uary 1999 to December 2020. Race and ethnicity groups were
defined as African American, White, American Indian or Alas-
ka Native, Asian, or Pacific Islander. These are self-identified.
Regions were classified into Northeast, West, Midwest, and
South according to the Census Bureau definition. Location of
death included medical facilities (outpatient, inpatient, emer-
gency department, dead on arrival or status unknown), dece-
dent’s home, hospice facility, and nursing or long-care homes.

The CDC WONDER database classifies “African Ameri-
cans” under the broader category of “Black or African Ameri-
can” and adheres to federal Office of Management and Budget
(OMB) standards, typically based on self-identification and a
bridged-race methodology that standardizes different reporting
categories for statistical purposes. Within the database, data
can be filtered by single or multiple race categories, including
“Black or African American only.”

The 2013 National Center for Health Statistics Urban-Ru-
ral Classification Scheme was utilized to divide the population
into metropolitan and non-metropolitan for urban-rural classi-
fications. Metropolitan included large central metro (counties
with a population of > 1 million), large fringe metro (counties
with > 1 million population not qualifying as large central met-
ro counties), medium metro (250,000 to 999,999), and small
metro (< 250,000). Non-metropolitan included micropolitan
(10,000 to 49,999) and noncore (< 10,000).

AMlI-related crude and age-adjusted mortality rates
(AAMRs) per 100,000 were determined. Crude mortality rates
were determined by dividing the number of AMI-related deaths
by the corresponding US population of that year. AAMRs were
calculated by standardizing the AMI-related deaths to the 2000
US population.

The Joinpoint Regression Program version 5.0.2 was used
to determine trends in AAMR using annual percentage change
(APC). This method identifies significant changes in AAMR
over time by fitting log-linear regression models where tem-
poral variation occurred. The Monte Carlo permutation test
calculated APCs with 95% confidence intervals (CIs) for the
AAMR at the identified line segments linking join points. The
weighted average of the APCs was calculated and reported as
AAPCs, and the corresponding 95% CIs were reported as a
summary of the reported mortality trend for the entire study

period. APCs and AAPCs were considered to increase or de-
crease if the slope describing the change in mortality signifi-
cantly differed from O using two-tailed #-tests. Significance
was set at P <0.05.

Ethical compliance and institutional review board (IRB)
approval were not applicable to this study.

Results

Over the study period (1999 - 2020), there were 3,015,339
total deaths due to AMI in adults aged 25 and older, with
317,504 occurring among African Americans, accounting for
10.5% of total deaths. Total deaths over the study period from
1999 to 2020 were highest among Whites (2,625,748, 87% of
total deaths).

Among African Americans, 36% of deaths occurred in the
inpatient setting, 23.9% in outpatient/emergency room (ER),
22.5% in the decedent’s home, 11.3% in a nursing home, and
2.2% were declared dead on arrival at a hospital.

African Americans had the highest overall AAMR at 71.5
deaths per 100,000 (95% CI: 71.2 to 71.7), followed by Whites
at 63.5 deaths per 100,000 (95% CI: 63.5 to 63.6) and Ameri-
can Indian or Alaskan Native at 42.2 deaths per 100,000 (95%
CI: 41.5 to 43.0). The lowest rates were observed in Asian or
Pacific Islanders, at 32.6 (95% CI: 32.3 to 32.9), as shown in
Figure 1.

Overall, AAMR decreased in the African American popula-
tion from 128.5 deaths/100,000 in 1999 to 48.5 deaths/100,000
in 2020, with an average annual percent change (AAPC) of
-5.29 (95 % CI: -5.69 to -4.9), as seen in Figure 2.

In Whites, the AAMR decreased from 113 deaths/100,000
(95% CI: 112.4 to 113.5) in 1999 to 40.7 deaths/100,000 (95%
CI: 40.4 to 40.9) in 2020. American Indians had an AAMR of
85.6 deaths/100,000 (95% CI: 78.7 to 92.5) in 1999, which
decreased to 29.0 deaths/100,000 (95% CI: 26.8 to 31.2). In
Asians, the AAMR decreased from 63.2 deaths/100,000 (95%
CI: 60.6 to 65.9) in 1999 to 24.7 deaths/100,000 (95% CI: 23.9
to 25.5).

African American males had a higher overall AAMR of
88.6 deaths/100,000 (95% CI: 88.1 to 89.0), a rate that was al-
most 1.5 times higher than that of females, who had an AAMR
or 59.3 deaths/100,000 (95% CI: 59.0 to 59.6).

In African American females, AAMR decreased from
109 deaths/100,000 (95% CI: 106.8 to 111.1) in 1999 to 37.6
deaths/100,000 (95% CI: 36.6 to 38.5) in 2020, with an AAPC
of -5.85% (95% CI: 6.23 to -5.83), as seen in Figure 3. The
AAPC was -3.45 (95% CI: -4.97 to -1.06) from 1999 to 2020,
which then increased to -7.97 (95% CI: -9.74 to -7.3), de-
creased to -5.17 (95% CI: -5.78 to -4.60 ), and finally further
reduced to 2.01 (95% CI: -2.02 to 4.21).

African American males experienced a decline from
157.8 deaths/100,000 (95% CI: 154.4 to 161.2) to 63.4
deaths/100,000 (95% CI: 61.9 to 64.9) in AAMR, with an
AAPC of -4.95 (95% CI: -5.37 to -4.51) as seen in Figure
3. The AAPC was -3.96 (95% CI: -5.64 to -1.12), which in-
creased to -7.06 (95% CI: -9.13 to -6.44), subsequently de-
creased to -3.74 (95% CI: -4.97 to -3.08), and then further
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Figure 1. Age-adjusted mortality rates (AAMRs) in the overall population and amongst races.

reduced to 2.24 (95% CI: -1.90 to 4.48).

Among African Americans, AAMR was highest in the
Southern United States at 77.6 deaths/100,000 (95% CI: 77.3
to 78.0), then Midwest 70.8 deaths/100,000 (95% CI: 70.2 to
71.4), West 64.3 deaths/100,000 (95% CI: 63.5 to 65.1), and
lowest in the Northeast 57.6 deaths/100,000 (95% CI: 57.1 to
58.1), as seen in Figure 4. The top five states with the highest
AAMR among its African Americans were Arkansas at 178.7
deaths/100,000 (95% CI: 174.9 to 182.4), followed by Mis-
sissippi with 122.9 deaths/100,000 (95% CI: 120.9 to 124.9),

Black or Afri

Kentucky with 104.3 deaths/100,000 (95% CI: 100.9 to 107.6),
Tennessee 102.2 deaths/100,000 (95% CI: 100.3 to 104.2), and
Missouri 100.2 deaths/100,000 (95% CI: 98.0 to 102.5). The
lowest AAMR was in Minnesota at 20.9 deaths/100,000 (95%
CI: 18.5 to 23.3); Alaska, 21.6 deaths/100,000 (95% CI: 14.9
to 30.3); and Hawaii at 21.8 deaths/100,000 (95% CI: 15.3 to
30.2). There were a few states with meager crude rates where
AAMR was unreliable.

In African Americans, AAMR was higher in non-metro-
politan counties, with 112.1 deaths/100,000 (95% CI: 110.8 to
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Figure 2. Age-adjusted mortality rates with annual percentage change in African Americans.
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Figure 3. Age-adjusted mortality rates (AAMRs) in African Americans.

113.4) in micropolitan and 116.4 in non-core (95% CI: 115.1
to 117.8). Among metropolitan populations, small metropoli-
tan communities had death rates among their African Ameri-
can communities of 92.0 deaths/100,000 (95% CI: 90.8 to
93.1), compared to medium metropolitan communities of 71.7
deaths/100,000 (95% CI: 71.1 to 72.3), with large central met-
ropolitan communities of 63.6 deaths/100,000 (95% CI: 63.2
to 64.0). Rates were lowest in large fringe metropolitan areas
at 60.0 deaths/100,000 (95% CI: 59.5 to 60.5), as seen in Fig-

ure 5. AAMR was almost twice as high in non-core counties as
in large fringe metropolitan areas.

Crude rates of death for each age group declined over the
two decades of the study for all groups. African Americans
older than 85 had the highest crude mortality rate, which de-
clined markedly from 1318.8 deaths/100,000 (95% CI: 1278.6
to 1358.9) to 424.5 deaths/100,000 (95% CI: 407.3 to 441.7),
at an AAPC of -6.14 (95 % CI: - 6.51 to - 5.81). All other
age groups experienced decreases in mortality. However, those
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Figure 4. Age-adjusted mortality rates among African Americans in different regions in the United States.
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Figure 5. Age-adjusted mortality rates (AAMRs) among African Americans in US counties.

aged 25-34 had the most minor reduction in mortality with an
AAPC of -1.34 (95 % CI: -2.06 to -0.47), followed by those
aged 35-44 with an AAPC of -2.29 (95 % -2.97 to -1.65).

Discussion

Over the past two decades, the mortality rate of AMIs has sig-
nificantly decreased across all epidemiological categories. Es-
sentially, this is attributable to an advancement in managing
and preventing ischemic heart disease, reduced time-to-inter-
vention, and the sophistication of how percutaneous coronary
intervention (PCI) is balanced with medical therapy. Using
the Nationwide Inpatient Sample, Ahuja et al demonstrated
that from 2002 to 2016, PCI utilization increased while ST-
segment elevation myocardial infarction (STEMI) admissions
decreased, resulting reduced mortality [4]. In the past two dec-
ades, goal-directed medical therapy (GDMT) has evolved to
include more medications, such as cardioselective beta-block-
ers, mineralocorticoid receptor antagonists, sodium-glucose
cotransporter-2 (SGLT-2) inhibitors, and gastrin-like protein-1
(GLP-1) agonists, preventing detrimental patient outcomes in
those with heart failure with reduced ejection fraction [5].
Our study reveals significant findings regarding AMI-re-
lated mortality among African Americans between the years
1999 and 2020. Consistent with national trends, AMI mortality
rates in the African American population declined. However,

despite the downward trend, African Americans had the high-
est AAMR, followed by Whites (71.5% to 63.5%) and then
American Indian or Alaskan Native, 42.2 (95% CI: 41.5 to
43.0). This may be caused by limited access to medical care,
which impacts this population. In healthcare settings, African
Americans are more likely to be treated at smaller, underfund-
ed hospitals compared to their White counterparts [6]. They
are more likely to be uninsured and have little money to afford
ongoing treatment or expensive interventions, such as GDMT
or outpatient PCI [7]. Limited access to transportation restricts
access to doctor appointments, and the quality of care is often
compromised. A high incarceration rate in African American
males (five to six times higher than Whites) also contributes
to less income within a household, an interruption in standard
medical care, and exacerbation of cardiovascular risk factors
leading to future detriment [8].

Our observations also revealed that African Americans
older than 85 showed the most substantial decrease in AAPC
in mortality; however, those aged 25 - 34 showed the least re-
duction (-6.14 vs. -1.34). Elderly patients are more likely to
experience several comorbidities that complicate disease pres-
entation and management. Furthermore, these patients may
present to the hospital after more extended periods, decreas-
ing the likelihood of receiving interventional treatment and
increasing mortality [9, 10]. Between African American males
and females, the AAPC was lower in males at -4.95% com-
pared to females at -5.85%. The AAMR of African American
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was nearly 1.5 times higher in men than in women, at 88.6 and
37.6, respectively. These findings may be plausible explana-
tions for the social determinants of health and systemic dif-
ferences within the African American population. It has been
demonstrated that economic and social conditions account for
36% of the variation in cardiovascular disease (CVD) between
population groups [11]. Several socioeconomic factors that
may impact the African American population include a higher
rate of poverty and food insecurity. African Americans are also
disproportionately affected by hypertension, diabetes mellitus,
and obesity, all significant risk factors for CVD, and nega-
tively influenced by food insecurity [12-14]. Further, African
Americans are more likely to live with chronic stress due to
social and environmental stressors such as pollution and gen-
trification [6, 15].

The results of this study indicate that geographical differ-
ences persisted for the entire population. African American
AAMR was higher in rural versus urban settings (112.1 vs.
63.6) and in the Southern United States (77.6 vs. 57.6 in the
Northeast), with variation between states. It has been shown
that income and cardiovascular mortality are inversely propor-
tional, revealing the disadvantage that African Americans have
even before CVD is present [16]. Mortality is higher in segre-
gated communities, which exist in both urban and rural settings
[17]. This finding is consistent with the study’s data, which
show consistently higher AAMRs among African Americans
across both rural and urban settings. Further, in both segregat-
ed rural and urban settings, African Americans will have less
access to food, education, reliable housing, and employment.
These factors promote poor health and predispose an individ-
ual to adverse outcomes and unhealthy lifestyles, which place
them at risk for CVD. Chang et al identified a strong corre-
lation between food insecurity and CVD, noting significantly
higher prevalence rates among CVD patients. The authors at-
tribute the disproportionate burden of CVD and its risk factors
in racial and ethnic minority populations to structural determi-
nants of health. These include socioeconomic and educational
disparities, discrimination within healthcare systems, and his-
torical racist policies like redlining, which entrenched housing
segregation and systemic inequality for African American and
other minority groups. Chang et al mentioned that food insecu-
rity is considerably higher in African Americans [18].

Consistent with this is the fact that African Americans
have higher rates of hypertension-related deaths than any other
race. An underrepresentation in hypertensive medication trials
may further explain this inequality [12].

Considering the implications of these issues for the data in
this study, healthcare workers, administrators, and the general
public should be encouraged to focus on policies that address
these concerns. Implementing new national or statewide poli-
cies may help address these current issues. Racial disparity in
medical providers is also a possible contributor to this prob-
lem. In US hospitals, 5.7% of physicians are Black or African
American, while 63.9% are White. With the disproportionate
number of Black or African American providers, the implicit
bias of those who are in the majority may influence both acute
and long-term treatment decisions for African American pa-
tients [19]. Although all physicians take a form of the Hippo-
cratic Oath, which states that one must care for all individuals,

implicit bias is possible. Cooper et al reported that providers
who were pro-White on the Implicit Association Test (IAT)
were positively correlated with Black patients, stating they felt
as if communication and quality of care were poor [20]. Simi-
larly, Green et al found that providers who had strong implicit
bias were less likely to provide treatment for acute coronary
syndrome [21]. Other studies have found that Black individu-
als are less likely to receive appropriate interventions com-
pared to other races [22]. Training providers and healthcare
workers on implicit bias may alleviate errors in how African
Americans are treated within the hospital. In the same light,
increasing African Americans’ access to healthcare, education,
and employment may alleviate various social determinants of
health that contribute to CVD and AMI mortality. Prospective
studies are needed to evaluate whether measures such as the
Affordable Care Act - which aims to increase access to afford-
able health insurance, improving the quality of care, and low-
ering overall healthcare costs in the United States - have actu-
ally decreased mortality. States should aim to increase funding
to enhance healthcare access to marginalized communities and
offer incentives to increase the number of primary care physi-
cians.

Limitations

This study is subject to several significant limitations inher-
ent to its data source, the CDC WONDER database. First, the
findings may be influenced by potential misclassification, as
the database is derived from death certificates, which can con-
tain inaccuracies. Second, the analysis is constrained by the
limited data on social determinants of health, which are criti-
cal factors known to influence mortality rates across different
demographic groups. The CDC database does not allow for
stratification based on socioeconomic status. A further limita-
tion is that the data depends upon self-identification of race,
which may introduce variability. Finally, a limitation exists
regarding geographic data, as the database records the state
where a death occurred rather than the patient’s residence.
Consequently, for individuals who migrated during the study
period, their original place of residence is not captured, which
could skew state-specific findings.

Learning points

From 1999 to 2020, AMI mortality decreased amongst all
racial groups; however, African Americans continue to have
higher mortality compared to other groups.

Among African Americans, AMI mortality is higher in
males and in the Southern region of the United States.

AMI mortality is higher in African Americans in non-met-
ropolitan counties compared with those in metropolitan areas.
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