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ABSTRACT

Background: Almost half of the US adult population has obesity, which predisposes to atherosclerosis and can lead to poor
prognosis in coronary artery disease (CAD). We aim to identify CAD and obesity-related mortality trends among adults in the
United States stratified by age, sex, race and geographical location.

Methods: The CDC-WONDER database was used to extract death certificate data for adults aged >25years. Crude mortality
rates (CMR) and age-adjusted mortality rates (AAMRSs) per 100,000 persons were calculated, and temporal trends were described
by calculating annual percent change (APC) and the average APC (AAPC) in the rates using Joinpoint regression analysis.
Results: From 1999 to 2022, a total of 273,761 CAD and obesity-related deaths were recorded in the United States. The AAMR
increased consistently from 1999 to 2018 (APC: 4.3, 95% confidence interval (CI): 3.4-4.9) and surged thereafter till 2022 (APC:
11.4; 95% CI: 7.7-19.1). During the COVID-19 pandemic (2020-2022), AAMR almost doubled that of the rest of the study period.
Additionally, the AAMR for males was nearly twice that of females. Non-Hispanic (NH) Blacks or African Americans displayed
the highest AAMR, followed by NH Whites, Hispanic or Latino, and other NH populations. AAMRs showed minimal variation
by census regions. Rural areas exhibited a higher AAMR (AAMR: 5.9, 95% CI: 5.8-5.9) than urban areas (AAMR: 4.4, 95% CI:
4.4-4.5).

Conclusions: We observed increasing trends in CAD and obesity-related deaths throughout the study period reaching a peak
during the COVID-19 pandemic.

The last two authors contributed equally to this article.

All authors take responsibility for all aspects of the reliability and freedom from bias of the data presented and their discussed interpretation.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
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Endocrinology, Diabetes & Metabolism, 2024; 7:¢70010 1of 7
https://doi.org/10.1002/edm?2.70010


https://doi.org/10.1002/edm2.70010
https://doi.org/10.1002/edm2.70010
https://orcid.org/0000-0001-9872-8224
https://orcid.org/0009-0008-5968-4538
https://orcid.org/0009-0000-6919-2803
mailto:
mailto:r.ahmed21@imperial.ac.uk
http://creativecommons.org/licenses/by/4.0/

1 | Introduction

Coronary artery disease (CAD) and its associated complications
remain among the primary causes of morbidity and mortality
[1]. For individuals over 35, CAD ranks as the third most com-
mon cause of mortality in the United States [2]. Obesity is a key
risk factor for CAD. It increases the risk of atherosclerosis and
worsens the prognosis of CAD [3]. Several cardiovascular risk
factors, such as insulin resistance, dyslipidaemia and hyperten-
sion, are exacerbated by obesity and enhance the likelihood of
developing CAD [4].

According to estimates, approximately 49% of people are over-
weight or obese [3]. Although the relationship between obesity
and CAD is well-established, there is a notable variation in mor-
tality rates from CAD among obese people in the United States
across various demographic and geographical locations [5, 6].
Comprehending these disparities is crucial in discerning high-
risk cohorts and formulating focused therapies to alleviate the
influence of obesity on mortality associated with CAD. In this
study, the CDC WONDER database was analysed from 1999 to
2022 to evaluate CAD-related mortality trends in adults with
obesity in the United States stratified by age, sex, race and geo-
graphical location differences to identify populations at height-
ened risk.

2 | Methods
2.1 | Study Setting

We utilized data provided by the National Center for Health
Statistics (NCHS) available through the Centers for Disease
Control and Prevention Wide-Ranging Online Data for
Epidemiologic Research (CDC-WONDER) Database to ana-
lyze annual mortality trends for individuals over 25 years of
age from 1999 to 2022. The data are annually updated using
death certificates of US residents, which contain both the un-
derlying cause of death and demographic information. Using
the final Multiple Cause of Death Public Use Record and
International Classification of Diseases, 10th Revision (ICD-
10) codes: 120-125 for CAD and E66.0-E66.9 for obesity, we
identified death certificates listing these conditions as un-
derlying or contributing causes of death. These ICD-10 codes
have been used in prior studies [7, 8]. Notably, our study did
not necessitate approval from an Institutional Review Board
(IRB) as it relied on anonymised and publicly available data.
Furthermore, the research strictly adhered to the STROBE
guidelines [9].

2.2 | Data Extraction

The comprehensive dataset used for analysis included a wide
array of demographic variables, that is, sex, race/ethnicity, age
groups, region, state and urban-rural classification. Sex cat-
egories included males and females. Race/ethnicity groups
were delineated as non-Hispanic (NH) white, NH Black or
African American, NH others (NH Asian or Pacific Islander,
NH American Indian or Alaska Native, etc.) and Hispanics
or Latinos. For age stratification, age was divided into the

following categories: 25-34, 35-44, 45-54, 55-64, 65-74, 75-84
and 85years and older. Furthermore, trends in mortality from
CAD and obesity were evaluated based on state-specific varia-
tions, different census regions in the United States (Northeast,
Midwest, South and West), and specific county-level urbanisa-
tion classifications (rural: micropolitan and noncore regions;
urban: large central metro, large fringe metro, medium metro
and small metro regions) [10].

2.3 | Statistical Analysis

CAD and obesity-related crude mortality rates (CMRs) and
age-adjusted mortality rates (AAMRs) were obtained. AAMR
controls for the population's variation in age distribution, al-
lowing data comparison, and was computed using the direct
method of adjustment using the 2000 standard population
[11]. The Joinpoint Regression Program (Joinpoint version
5.1.0, National Cancer Institute) was employed to analyse age-
adjusted mortality trends from 1999 to 2022 [12]. This pro-
gram leverages serial permutation tests to examine repeated
time trends and identify up to a single inflection point where
the rate of change of mortality is statistically significantly
different. Subsequently, the program calculates the weighted
average annual percent change (APC) for each time segment
in the AAMR, along with corresponding 95% confidence in-
tervals (CIs). An APC estimate was calculated to indicate an
increase or decrease if the slope of the trend significantly dif-
fered from zero; otherwise, the trend was denoted as stable.
A pairwise comparison was performed to determine whether
the differences in APCs were significantly different across
various subgroups (sex, race, census regions and urbanisa-
tion). A statistically significant trend change was indicated by
a p value of <0.05.

3 | Results

3.1 | Annual Trends for CAD
and Obesity-Related AAMR

A total of 273,761 deaths (Table S1) were identified among
adults (>25years of age) between 1999 and 2022 attributed
to CAD and obesity. The AAMR for CAD and obesity-related
deaths in adults was 2.9 in 1999 and increased to 8.6 in
2022. The AAMR exhibited a steady rise from 1999 to 2018
(APC: 4.3; 95% CI: 3.4-4.9; p=0.001), followed by a substan-
tial increase from 2018 to 2022 (APC: 11.4; 95% CI: 7.7-19.1;
p<0.000001, Table S2, Figure 1). The AAMR peaked during
the COVID-19 pandemic, with mortality rates from 2020 to
2022 more than doubling compared to the rest of the study
period (Table S3, Figure 2).

3.2 | CAD and Obesity-Related AAMR Stratified
by Sex

The AAMR for men was consistently higher than that of women
over the study period. In 1999, the AAMR for adult men stood
at 3.3 (95% CI: 3.2-3.4), increasing to 8.2 in 2018 (APC: 5.2; 95%
CI: 3.9-5.8; p=0.01, Table S3), followed by a notable rise to 11.4
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14 === Male 1999-2018 APC = 5.19(95% CI = 3.89, 5.83); 2018-2022 APC = 10.97(95% CI = 7.16, 18.47)

e=g== Overall 1999-2018 APC = 4.30(95% CI = 3.44, 4.89); 2018-2022 APC = 11.42(95% CI = 7.72,19.11)
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==g==Female 1999-2018 APC = 3.01(95% CI = 2.33, 3.59); 2018-2022 APC = 12.09(95% CI = 8.22, 19.88)
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FIGURE1 | Overall and sex-stratified coronary artery disease and obesity-related age-adjusted mortality rates (AAMRs) per 100,000 individuals

in the United States, 1999-2022.
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FIGURE 2 | Comparison of age-adjusted mortality rates (AAMRs)

per 100,000 individuals before and during COVID-19 pandemic.

in 2022 (APC: 10.9; 95% CI: 7.2-18.5; p<0.00001). Similarly,
the AAMR for adult women in 1999 was 2.5 (95% CI: 2.5-2.7),
progressively rising to 4.1 in 2018 (APC: 3.0; 95% CI: 2.3-3.6;
p<0.00001), followed by a sudden increase to 6.1 in 2022 (APC:
12.1; 95% CI: 8.2-19.9; p<0.00001). The pairwise comparison
indicated a significant difference between the mortality of male
and female individuals.

3.3 | CAD and Obesity-Related AAMR Stratified by
Race/Ethnicity

Regarding race/ethnicity, the highest AAMRs were observed
among NH Black or African American, followed by NH White,
Hispanic or Latino, and other NH populations (NH American
Indian or Alaska Native and NH Asian or Pacific Islander).

The NH Black or African American group exhibited an AAMR
of 4.7 in 1999, which increased to 7.6 in 2018 (APC: 3.6; 95% CI:

2.6-4.5; p=0.0001), followed by a further increase to 11.9 in
2022 (APC: 13.8; 95% CI: 8.7-23.9; p<0.000001, Table S4).

The mortality rate for NH White also demonstrated a steadily
increasing trend from 2.9 to 6.5 from 1999 to 2018 (APC: 4.5;95%
CI: 3.8-5.1; p=0.001), with a rise to 9.2 in mortality rate from
2018 to 2022 (APC: 11.2; 95% CI: 7.7-18.3; p < 0.000001).

For Hispanics or Latinos, there was an increase in the AAMR
from 3.5 to 6.5 from 1999 to 2018 (APC: 4.8; 95% CI: —1.9 to 6.5;
p<0.06). From 2018, a sharp rise in the mortality rate was ob-
served, which continued until 2022 (APC: 14.7; 95% CI: 7.2-29.6;
p<0.000001, Figure 3). The AAMR for Hispanic or Latino at the
end of the study period was 5.6.

Among NH's other populations, the AAMR displayed a fluctu-
ating increase from 0.7 to 3.0 from 1999 to 2022 (APC: 6.0; 95%
CI: 5.3-7.1, p<0.000001).

3.4 | CAD and Obesity-Related AAMR Stratified by
Geographical Region

3.4.1 | State

Between 1999 and 2020, Vermont had the highest AAMR of
16.0. Oklahoma exhibited the second-highest AAMR of 8.9,
while Alabama reflected the lowest AAMR at 2.3 (Table S5).
Subsequently, a discernible increase in AAMR was documented
during the 2021-2022 period for several states. States that
ranked in the upper 90th percentile for CAD and obesity-related
mortalities in 2021-2022 included Vermont, South Carolina,
Oklahoma, Wisconsin and Wyoming. Conversely, states within
the lower 10th percentile in the same period included New
Jersey, Hawaii, Massachusetts, Alabama and Virginia.
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FIGURE 3 | Coronary artery disease and obesity-related age-adjusted mortality rates (AAMRs) per 100,000 individuals stratified by race in the
United States, 1999-2022.
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FIGURE4 | Coronary artery disease and obesity-related age-adjusted mortality rates (AAMRSs) per 100,000 individuals stratified by urbanisation
in the United States, 1999-2020. *Data for urbanisation AAMRs was unavailable for 2021-2022 based on CDC final multiple cause of death data.
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3.4.2 | Census Region

The AAMR exhibited minimal variation across census regions.
In 1999, the AAMR for the Midwest region was 2.9, experienc-
ing a steady increase to 8.9 by 2022 (APC: 5.5; 95% CI: 5.0-6.2;
p<0.000001). The Northeast region had an AAMR of 2.9 in
1999, which gradually climbed to 5.6 in 2017 (APC: 4.4; 95% CI:
2.8-4.9; p=0.017) and increased to 7.7 in 2022 (APC: 8.2;95% CI:
5.7-14.3; p<0.000001). The AAMR for the South region showed
a stable rise from 2.7 to 5.7 between 1999 and 2018 (APC: 4.0;
95% CI: 3.2-4.8; p<0.000001, Table S6 and Figure S1), followed
by a notable surge, resulting in an AAMR of 9.2 by 2022 (APC:
15.3; 95% CI: 10.9-23.4; p<0.000001). Similarly, the West re-
gion's AAMR was 3.3 in 1999, increased steadily to 5.9 in 2018
(APC: 3.5; 95% CI: 2.5-4.1; p=0.003), and rose significantly to
8.1 by 2022 (APC: 10.8; 95% CI: 6.7-19.3; p<0.000001). Overall,
during the period of study spanning from 1999 to 2020, it was
observed that the Midwest region exhibited the highest AAMR
at 5.6. Meanwhile, from 2021 to 2022, the South region recorded
the highest AAMR, at 9.7. Throughout both study periods, the
Northeast region consistently demonstrated the lowest AAMR,
registering values of 4.81 and 7.9 for 1999-2020 and 2021-2022
respectively.

3.4.3 | Urban-Rural

From 1999 to 2020, rural areas displayed consistently higher
CAD and obesity-related AAMRSs than urban areas, with over-
all AAMRs of 5.9 and 4.4 respectively. Specifically, the AAMR
in rural areas steadily increased from 2.8 in 1999 to 5.7 in 2018
(APC: 4.84; 95% CI: 3.9-5.4; p=0.0004, Table S7 and Figure 4),
followed by a steep incline to 7.8 in 2020 (APC=13.3; 95% CI:
5.9-16.9; p<0.000001). Similarly, the AAMR for urban areas
consistently increased from 3.2 in 1999 to 8.1 in 2018 (APC: 4.0;
95% CI: 3.2-4.5; p=0.002), and a significant rise to 10.8 was
observed in 2020 (APC=14.1; 95% CI: 5.7-17.8, p<0.000001).
Data for AAMR was unavailable for 2021-2022 based on CDC
data. The difference in mortality of urban-rural areas had a
significant difference as indicated by the pairwise comparison
(Table S8).

3.5 | CAD and Obesity-Related CMR Stratified by
10-Year Age Groups

In the analysis stratified by age groups, the highest CMRs were
observed in the 65-74 and 75-84 age categories, followed by the
45-54 and 85+ age groups. Conversely, the 25-34 and 35-44 age
groups displayed the lowest CMRs (Table S9 and Figure S2).

4 | Discussion

Our analysis of CAD and obesity-related mortality trends among
adults in the United States from 1999 to 2022 reveals several
significant disparities among different patient groups. A rise in
obesity is associated with a higher burden of linked disorders,
involving cardiovascular mortality. Thus, a rising public health
priority is discovering and treating the underlying causes of obe-
sity and associated inequities among various populations.

From 1999 to 2018, there was a gradual increase in the AAMR
for CAD and obesity. However, there was a substantial spike
from 2018 to 2022. This increase can be linked to several fac-
tors. In the United States, the incidence of obesity has been ris-
ing, which has increased the number of people at risk for CAD
[13]. Mortality rates may be impacted by differences in health-
care quality and availability in various places and periods, espe-
cially if healthcare advancements are not uniformly dispersed.
Importantly, our findings validate greater relative increases in
obesity-associated CVD mortality compared to overall CVD
mortality in the COVID era. The significant spike in mortality
rates from 2018 to 2022 can be largely attributed to the impact
of the COVID-19 pandemic. COVID-19 posed a higher risk to
individuals with pre-existing conditions, including CAD and
obesity, causing severe respiratory and cardiovascular complica-
tions and leading to higher mortality rates. Additionally, health-
care systems worldwide were overwhelmed, resulting in delays
in routine medical care, screenings and treatments for chronic
conditions. Behavioural changes induced by the pandemic, such
as increased stress, reduced physical activity and unhealthy eat-
ing habits due to lockdowns and social restrictions, further ex-
acerbated obesity and related health issues.

The AAMR for males was nearly twice as high as for females,
which might be explained by several factors: men and women
differ in the distribution of body fat and how their bodies
react to obesity, which can affect the progression of CAD [14].
Furthermore, males suffer from CAD-related deaths at a higher
rate than women, even in the absence of obesity. Men are often
less inclined than women to practice preventative health be-
haviours [15], and they may use healthcare services at lower
rates. Oestrogen is believed to have a protective effect against
heart disease [14], which may partially explain the lower mortal-
ity rates in women until they reach menopause [13, 15].

We report significant differences in AAMRs between vari-
ous racial and ethnic groups. NH Black or African Americans
showed the highest AAMR. This finding probably reflects the
disproportionate impact of obesity on Black people, who have
been found to have the greatest estimated prevalence of obesity
of any racial group in the United States [6]. This finding may
be explained by the increased incidence of diabetes and obesity
and restricted access to high-quality healthcare services in these
population groups [16]. Comorbid diseases including diabetes
and hypertension, healthcare availability and socioeconomic
variables also play an important role.

Regional differences in AAMRs were substantial. The Midwest
had the highest AAMR, which may have been driven by in-
creased obesity rates, food preferences and socioeconomic vari-
ables that affect health outcomes. Additionally, prior research
has repeatedly demonstrated that, in general, health outcomes
are worse in rural areas, mostly as a result of less access to
healthcare. Hence reduced healthcare access, a lower socioeco-
nomic standing, and limited opportunities for physical exercise
along with nutritious dietary choices are all potential causes of
higher death rates observed in non-metropolitan locations [17].

Among obese adults, those between the ages of 65-74 and
75-84 had the highest CMR for CAD and obesity. Age-related
risks may assist in clarifying this tendency [18]. The combined

50f7



impact of risk factors such as long-term obesity, diabetes, and
hypertension places elderly people at increased risk for CAD
[19]. The treatment of CAD is made more challenging in this age
group by the higher likelihood of several concomitant diseases.
Additionally, delays in diagnosis and treatment are among the
healthcare utilisation patterns observed in the elderly, and they
can affect mortality rates.

The rising trends observed in our pooled analysis of CAD-
related mortality in obese adults underscore the critical need
for focused public health initiatives. Important suggestions con-
sist of promoting a balanced diet, consistent exercise [20], and
weight control that can help lower the prevalence of obesity and
the CAD risk that follows. Improving access to high-quality
healthcare is essential for the early identification and treat-
ment of CAD, especially in the observed high-risk groups and
underserved rural locations. Interventions have to be custom-
ised to meet the unique requirements of high-risk populations,
such as men, NH Black or African Americans, people living in
the Midwest, people living in rural regions and senior citizens.
Understanding these unique disparities and the need to have a
tailored approach to them can help guide public health inter-
ventions and policies to mitigate the impact of obesity on CAD
mortality.

Some limitations must be acknowledged when interpreting our
findings. The study relied on data from death certificates, and
co-existing pathologies may have influenced our results. We do
not have data regarding patients' baseline characteristics, base-
line cardiovascular risk and previous history of cardiovascular
events which could have influenced our findings. As the CDC
WONDER does not contain information about the potential
confounders such as socioeconomic status, healthcare access or
comorbid conditions, we were not able to analyse their impact
on mortality rates. Additionally, changes in diagnostic methods,
coding practices and increased survival rates for patients with
co-existing obesity and CAD could contribute to higher prev-
alence rates, thereby resulting in an elevated observed mortal-
ity rate.

5 | Conclusion

An increasing trend of CAD and obesity-related deaths in adults
was observed throughout the study period. The highest mortal-
ity was exhibited by males and NH Black or African Americans,
residents of the Midwest, rural areas and individuals aged 65-74
and 75-84years. To lower the mortality rates from CAD and
obesity in the United States, better healthcare attitudes and
lifestyle changes should be encouraged in these high-risk pop-
ulations as well as in rural areas. This will help inform public
health interventions and policies that aim to lessen the impact
of obesity on CAD mortality.
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