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Trends in sepsis-associated
cardiovascular disease mortality
in the United States, 1999 to 2022
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Mohsin Mirza1 and Ahmed Aboeata2

1School of Medicine, Creighton University, Omaha, NE, United States, 2Department of Cardiology,
Creighton University Medical Center, Omaha, NE, United States
Purpose: Cardiovascular disease (CVD) is the leading cause of death in the
United States, and sepsis significantly contributes to hospitalization and
mortality. This study aims to assess the trends of sepsis-associated CVD
mortality rates and variations in mortality based on demographics and regions
in the US.
Methods: The Centers for Disease Control and Prevention Wide-ranging Online
Data for Epidemiologic Research (CDC WONDER) database was used to identify
CVD and sepsis-related deaths from 1999 to 2022. Data on gender, race and
ethnicity, age groups, region, and state classification were statistically analyzed
to obtain crude and age-adjusted mortality rates (AAMR). The Joinpoint
Regression Program was used to determine trends in mortality within the
study period.
Results: During the study period, there were a total of 1,842,641 deaths with
both CVD and sepsis listed as a cause of death. Sepsis-associated CVD
mortality decreased between 1999 and 2013, from AAMR of 65.7 in 1999 to
58.8 in 2013 (APC −1.06*%, 95% CI: −2.12% to −0.26%), then rose to 74.3 in
2022 (APC 3.23*%, 95% CI: 2.18%–5.40%). Throughout the study period,
mortality rates were highest in men, NH Black adults, and elderly adults
(65+ years old). The Northeast region, which had the highest mortality rate in
the initial part of the study period, was the only region to see a decline in
mortality, while the Northwest, Midwest, and Southern regions experienced
significant increases in mortality rates.
Conclusion: Sepsis-associated CVD mortality has increased in the US over the
past decade, and both this general trend and the demographic disparities have
worsened since the onset of the COVID-19 pandemic.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death in the United States,

comprising 26.9% of annual mortality across all age groups (1). Sepsis contributes to at

least 1.7 million hospitalizations of US adults each year, and conservative estimates

place the cost of sepsis to the US healthcare system at $62 billion annually (2, 3).

Concerningly, despite heightened attention to the mortality burden of sepsis, mortality

rates in people aged 65 and over crept upwards from 277 per 100,000 in 2019 to 331

per 100,000 in 2021 (4, 5). Septic patients with cardiovascular dysfunction have been
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shown to have an increased mortality rate of 70%–90%, as opposed

to 20% in those without cardiovascular impairment (6). Sepsis has

also been shown to increase the likelihood of atherosclerotic and

nonatherosclerotic cardiovascular events—both in-hospital and

after hospital discharge—increasing the risk of mortality of sepsis

patients (7–9). Though the precise pathophysiology of

myocardial dysfunction in sepsis remains unclear, hemodynamic

compromise and cytokine release are known to play a role in

myocardial depression and ischemia (10–12).

With the COVID-19 pandemic came an acute rise in

cardiovascular disease-related deaths, from 874,613 in 2019 to

928,741 in 2020 (13). The pandemic is thought to have increased

CVD mortality due to the implications of viral infection and its

effect on healthcare delivery as a whole. At the same time,

sepsis-related deaths increased by nearly 36,000 beyond the

expected rise in 2020 (14). Given the pathophysiological interplay

between CVD and sepsis, it is crucial to determine the difference

in the mortality rates for various demographic (i.e., racial and

ethnic groups, gender, and age groups) and regional groups,

long-term mortality trends, and how the recent COVID-19

pandemic has impacted these trends. Hence, to further

understand these differences, we utilized the Centers for Disease

Control and Prevention Wide-Ranging Online Data for

Epidemiologic Research (CDC WONDER) national database to

analyze the death records of patients with both CVD and sepsis-

related mortality in the United States from 1999 to 2022.
Methods

Study design and database

Centers for Disease Control and Prevention Wide-ranging

Online Data for Epidemiologic Research (CDC WONDER) was

used to identify CVD and septicemia-related deaths in the

United States. The Multiple Cause of Death public use record

and the CDC WONDER database death certificate records were

analyzed to determine the CVD and septicemia-related cause of

death as an underlying or contributing cause on nationwide

death certificate records. The study was exempt from institutional

review board approval because the CDC WONDER database

contains anonymized, publicly available data. We extracted data

regarding CVD and septicemia-related deaths and population

sizes from 1999 to 2022. The following International

Classification of Diseases (co), 10th Revision, Clinical

Modification codes were used to identify deaths from CVD and

Septicemia- I00-I78 for Major cardiovascular diseases; A40-A41

for Septicemia.
Demographic and geographical
study groups

Specifically, data extracted for analysis included gender, race

and ethnicity, age groups, region, and state. Genders included

males and females. Race and ethnicity groups were divided into
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non-Hispanic (NH) white, NH Black persons or African

American, NH American Indian or Alaska Native, and Hispanic

or Latino. Age groups included adults aged 45–64 (middle-aged

group) and those aged over 65 (elderly group). We only included

middle-aged and elderly populations in our analysis because the

majority of deaths due to CVD and sepsis happen in these age

groups. We extracted data for four Census Regions (Northeast,

Midwest, South, and West) as classified by the Census Bureau

definitions. Statistical analysis of CVD and septicemia-related

crude mortality rate (CMR) and age-adjusted mortality rates

(AAMR) was performed. Crude mortality rates were calculated

by dividing the number of CVD and sepsis-related deaths by the

corresponding United States population. The age-adjusted

mortality rate (AAMR) accounts for variations in age

distribution, enabling comparison of data. The United States

population as of the year 2000 was used as the standard

population for determining AAMR. The Joinpoint Regression

Program (Joinpoint version 4.9.0.0, available from the National

Cancer Institute in Bethesda, Maryland) was used to analyze

trends in mortality over the study period. This program identifies

significant changes in annual mortality trends over time through

Joinpoint regression, fitting models of linear segments where

significant temporal variation occurred. Annual percentage

change (APC) and 95% confidence intervals (CIs) for the

AAMRs were calculated for the line segments linking Joinpoints

using the Monte Carlo permutation test. The weighted average of

the APCs was calculated and reported as average annual percent

change (AAPC), along with corresponding 95% CIs to

summarize the reported mortality trend for the entire study

period. A 2-tailed t-test was used to determine if the APC and

AAPCs indicated an increase or decrease in mortality over the

time interval. Statistical significance was evaluated at p≤ 0.05 and

is represented in our results, figures, and Supplementary Material.
Results

From 1999 to 2022, there were a total of 33,836,679 deaths

related to CVD, 4,019,524 deaths related to sepsis, and 1,842,641

deaths with both cardiovascular disease and sepsis listed as a

cause of death. Of these, 935,073 (50.74%) were men and

907,568 (49.25%) were women. 1,328,867 deaths (72.12%) were

in Non-Hispanic (NH) White adults, 289,271 (15.70%) were NH

Black adults, 151,793(8.24%) were Hispanic adults, and 11,873

(0.64%) were NH American Indian or Alaskan Native adults.

346,165 (18.79%) of the deaths were in middle-aged adults

(45–64 years old) and 1,496,476 (81.21%) were in elderly

adults (65+ years old).

Overall, there was a significant decline in mortality due to CVD

from AAMR of 1,432.56 in 1999 to 1191.99 in 2022 (AAPC −0.58%,
95% CI: −0.87% to −0.34%). During this time, AAMR for CVD

initially declined between 1999 and 2011 (APC −2.46*% 95% CI:

−4.19% to −1.94%), then stayed stable from 2011 to 2019 (APC

−0.09%, 95% CI: −1.97% to 1.57%) and finally increased from

2019 to 2022 (APC 4.36*%, 95% CI: 2.15%–8.32%) (Figure 1).

Compared to that, the AAMR of Sepsis stayed stable from 136.54
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FIGURE 1

Trends in mortality rates associated with separate sepsis and cardiovascular disease related mortality in the United States between 1999 and 2020.
*Indicates the APC is significantly different from 0.
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in 1999 to 134.04 in 2019 and then significantly increased to 172.15

by 2021 (APC 4.85*%, 95% CI: 1.44% to 9.55%) (Figure 1).

Sepsis-related CVD mortality decreased between 1999 and 2013,

from an AAMR of 65.71 in 1999 to 58.79 in 2013 (APC −1.02*%,
95% CI: −2.13% to −0.33%) (Figure 2). AAMR then rose to 74.33

in 2022 (APC 3.14*%, 95% CI: 2.01%–5.40%) (Figure 2).
Gender stratified

In males, sepsis-associated CVD mortality dropped from an

AAMR of 76.64 in 1999 to 68.72 in 2013 (APC −0.96*% 95%

CI: −2.05% to −0.22%) (Figure 2). Male mortality then rose in

the following years, climbing to 89.59 by 2022 (APC 3.56*%,

95% CI: 2.45% to 5.75%) (Figure 2). In females, mortality

declined from an AAMR of 58.43 in 1999 to 50.00 in 2012 (APC

−1.11%, 95% CI: −3.57% to 0.14%) (Figure 2). Mortality then

began to rise, reaching 52.10 in 2019 (APC of 1.25%, 95% CI:

−1.93% to 2.88%) and then 62.87 in 2022 (APC of 6.13*%,

95% CI: 2.59%–10.82%) (Figure 2).
Race stratified

In White adults, AAMR decreased from 57.62 in 1999 to 52.50

in 2012 (APC −0.62%, 95% CI: −2.67% to 0.79%), increased to

58.31 in 2019 (APC 2.17% 95% CI: −1.85% to 3.40%), and
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finally increased to 70.19 in 2022 (APC 6.22*%, 95% CI: 3.09%–

10.54%) (Figure 3). In Hispanic adults, AAMR decreased from

77.72 in 1999 to 66.47 in 2017 (APC −1.11*%, 95% CI: −2.47%
to −0.29%) and increased to 75.00 in 2022 (APC 5.96*%, 95%

CI: 2.30% to 14.95%) (Figure 3). In American Indian or Alaskan

Native adults, AAMR increased from 68.45 in 1999 to 74.45 in

2019 (APC 1.35%, 95% CI: −4.46% to 18.90%), and again

increased to 95.56 in 2022 (APC 7.15*%, 95% CI: 1.18%–14.72%)

(Figure 3). In Black Adults, AAMR decreased from 139.54 in

1999 to 96.38 in 2017 (APC −2.39*%, 95% CI: −3.00% to

−1.88%), followed by an increase to 115.89 in 2022 (APC 6.09*

%, 95% CI: 3.21% to 11.50%) (Figure 3).
Age group stratified

In middle-aged adults (45 to 64 years old) AAMR remained

relatively stable, from 15.62 in 1999 to 15.27 in 2011 (APC

−0.39%, 95% CI, −6.31% to 6.42%), and increased to 18.57 in

2018 (APC 3.13%, 95% CI, −3.14% to 6.69%), followed finally by

a significant increase to 24.03 in 2022 (APC 9.46*%, 95% CI,

4.91% to 17.46%) (Figure 4). In elderly adults (65+ years old),

AAMR decreased from 153.73 in 1999 to 131.59 in 2012 (APC

−1.13%, 95% CI, −3.60% to 0.97%) (Figure 4). From 2012,

elderly adult AAMR increased to 137.33 in 2019 (APC 1.34%,

95% CI, −2.52% to 2.72%), followed by a significant jump to

162.73 in 2022 (APC 5.37*%, 95% CI, 2.21%–9.56%) (Figure 4).
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FIGURE 2

Trends in sepsis-associated cardiovascular disease mortality, overall and stratified by gender, in the United States between 1999 and 2020. *Indicates
the APC is significantly different from 0.
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Region stratified

In the Northeast, AAMR decreased from 79.44 in 1999 to 61.72

in 2018 (APC −1.39*%, 95% CI: −1.81% to −1.09%), and increased

to 68.91 in 2022 (APC 3.54*%, 95% CI: 0.81% to 9.13%) (Figure 5).

In the Midwest, AAMR decreased from 53.70 in 1999 to 47.48 in

2013 (APC −0.90*%, 95% CI: −1.56% to −0.37%), and increased

to 62.34 in 2022 (APC 3.63*%, 95% CI: 2.75%–4.93%) (Figure 5).

In the South, AAMR decreased from 70.61 in 1999 to 61.65 in

2013 (APC −1.22*%, 95% CI: −2.37% to −0.43%), and increased

to 82.18 in 2022 (APC 3.98*%, 95% CI: 2.77%–6.15%) (Figure 5).

In the West, AAMR rose from 56.94 in 1999 to 61.44 in 2019

(APC 0.78*%, 95% CI: 0.29%–1.16%) and again increased to

76.67 in 2022 (APC 8.60*%, 95% CI: 4.06%–15.20%) (Figure 5).
State-level stratified

An inspection of state-level change in sepsis-associated CVD

age-adjusted mortality reveals the drastic AAMR increases that

impacted most US states between 2019 and 2021. Between 1999

and 2019, AAMR declined in twenty-five states and the District

of Columbia, while AAMR increased in the other twenty-five

states. The greatest AAMR decreases during this period occurred
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in the District of Columbia (AAMR change of −84.61),
Maryland (−41.37), Delaware (−35.96), New York (−33.73), and
Hawaii (−31.22) (Figure 6a). Conversely, the greatest increases

occurred in Oklahoma (AAMR change of 57.56), South Dakota

(40.85), Kentucky (31.41), North Dakota (26.66), and Nebraska

(24.71) (Figure 6a). Between 2019 and 2021, sepsis-associated

CVD mortality rose in all but three states: Connecticut (−6.86),
Rhode Island (−5.48), and Maine (−3.58) (Figure 6b). Of the

remaining forty-seven states and the District of Columbia where

AAMR increased, the greatest increases occurred in Mississippi

(45.24), Wyoming (39.99), Oklahoma (37.24), Alabama (33.87),

and Kentucky (32.92) (Figure 6b).
Discussion

Our analysis of 23 years of mortality data collected from the

CDC demonstrates the increased AAMR from sepsis-associated

cardiovascular disease following the COVID-19 pandemic. The

study of mortality data concluded that males had a higher sepsis-

associated CVD mortality than females. NH Black adults had the

highest mortality rates throughout the study period as compared

to all other races, and elderly adults over the age of 65 years had

the highest mortality amongst all age groups. Out of the

geographical regions, the Northeast was the only region to see a
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FIGURE 3

Trends in sepsis-associated cardiovascular disease mortality, stratified by race, in the United States between 1999 and 2020. *Indicates the APC is
significantly different from 0.
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decline in mortality over the study period. Oklahoma was the state

with the greatest increase in AAMR from 1999 to 2019, while

Mississippi had the greatest increase in AAMR from 2019 to 2021.

From 1999 to 2013, AAMR declined at a relatively stable rate

for both men and women, after which it began to rise slowly

before drastically increasing in 2019 with the onset of the

pandemic. The massive jump in AAMR at the onset of the

pandemic can be attributed to the burden of the pandemic on

CVD, sepsis, and limited healthcare system accessibility, which

led to delays in diagnosis and treatment. Infection with SARS-

CoV2 leads to an increase in myocardial injury, both in patients

with and without pre-existing cardiovascular disease (15, 16).

The SARS-CoV2 virus also increases proinflammatory cytokines

and chemokines, unleashing a cytokine storm in the infected

individual that can lead to multiple organ dysfunction (17, 18).

Additionally, immunosuppression in the form of lymphopenia is

implicated in severe COVID-19 and contributes to a dysregulated

immune response and, ultimately, sepsis (19). Pathophysiology

aside, the pandemic led to delays in outpatient healthcare

access for patients with cardiovascular disease, increased rates

of hospital avoidance, and fewer hospital admissions for

those patients as resources were directed toward patients with

acute infection (20–22).

With respect to gender, a similar pattern to overall mortality—

a gentle decline in AAMR followed by a subsequent increase with
Frontiers in Cardiovascular Medicine 05
the onset of the COVID-19 pandemic—is evident in both men and

women during this period. Pandemic-era spikes are clearly present

for both men and women, just as in the overall dataset. Male

mortality remained consistently higher than female mortality

throughout all the years encompassed in our analysis. Prior

research indicates higher male sepsis-associated CVD mortality

may be attributed to the higher risk of bloodstream infections in

men, and to the higher rate of cardiovascular disease in men

(23–25). In fact, it has been demonstrated that elevated mortality

in men from bloodstream infections is at least partly mediated by

cardiovascular risk factors (24).

We also identified racial disparities in AAMR, with non-

Hispanic Black adults having the highest AAMR before and

during the pandemic, as compared to NH White, Hispanic, and

NH American Indian or Alaskan Native adults. In 1999, NH

Black adults had an AAMR nearly twice as high as Hispanics

and nearly triple that of White and American Indians or Alaskan

Natives. In subsequent years, NH Black adults’ AAMR trended

consistently downward until the beginning of the pandemic.

These data trends align with those from prior studies of sepsis

AAMR, which noted elevated mortality rates among Black adults

but declining mortality in Black and Hispanic adults in the years

before the COVID-19 pandemic (26). With the onset of the

pandemic, AAMR in NH Black adults increased to a level such

that the progress of decreasing AAMR over the previous 15 years
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FIGURE 4

Trends in sepsis-associated cardiovascular disease mortality, stratified by age group, in the United States between 1999 and 2020. *Indicates the APC
is significantly different from 0.
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was lost. The tangible impacts of the social determinants of health

are evident in these disparities among Black adults. Higher

incidence of comorbidities such as hypertension, diabetes, and

asthma, and disparities in care access and outcomes, increase

mortality related to CVD and sepsis in Black adults. Black adults

were also found to be more likely to work high-risk frontline

jobs during the pandemic that cannot be done remotely, and

they are more likely to have limited access to healthcare

and insurance (27).

The elderly population had a decreasing mortality trend

compared to a stable trend for the middle-aged population

before the COVID-19 pandemic. We found that the pandemic

had a greater impact on the long-term trend for the elderly, with

AAMR rising at double the rate of the middle-aged population

during the pandemic years. Elderly adults have a greater

susceptibility to infection by SARS-CoV2 due to their weaker

immune defenses (28, 29). Elderly adults are also more likely to

develop tissue damage from infection because of increased

cytokine release due to COVID-19. When compared to

middle-aged adults, elderly adults generally have more existing

health conditions that increase the risk of CVD and sepsis-

related mortality (29, 30).

Our investigation of state-level change in sepsis-associated

CVD AAMR unearths the undeniable impact of the COVID-19

pandemic on mortality nationwide for patients with sepsis-

associated cardiovascular disease. A moment’s glance at the maps

of AAMR from 1999 to 2019 and from 2019 to 2021 reveals the
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dramatic jump in mortality in all but three Northeastern states

(Figures 6a,b). The near-even split from 1999 to 2019—with

AAMR dropping in half of the states while rising in the other

half—is disrupted during the three-year period encompassing the

COVID-19 pandemic. Mapping and color-coding the AAMR

data, as we have done, allows for further inspection of regional

variation in AAMR change. Between 1999 and 2019, it appears

that states with declining AAMRs are in the Northeast, Mid-

Atlantic, and Southeast; all but five of these twenty-five states, as

well as the District of Columbia (AAMR change of −84.61), are
situated east of the Mississippi River. On this same map, the

states with the most drastic sepsis-associated CVD AAMR

increases are primarily clustered in the Midwest and Northwest.

These geographic trends are upended in the map of AAMR

change from 2019 to 2021, where all but three Northeastern

states experienced a jump in AAMR. Seven of the ten states with

the largest AAMR increases during this period—all but

Wyoming (AAMR change of 39.99), California (27.42), and

Delaware (24.57)—are located in the South Census Region (as

classified by the CDC Wonder Multiple Cause of Death 1999–

2020 dataset) (31). These findings align with prior research,

which found that in the first full year of the pandemic, non-

COVID-19 mortality in the Northeast increased less than would

be expected given the concurrent COVID-19 mortality in those

states (32). That same research, which also utilized the CDC

WONDER database, found a greater-than-expected increase in

non-COVID-19 mortality in the South census region.
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FIGURE 5

Trends in sepsis-associated cardiovascular disease mortality, stratified by geographic region, in the United States between 1999 and 2020. *Indicates
the APC is significantly different from 0.
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Pandemic-era sepsis-associated CVD mortality varies clearly

from state to state, likely due to varying levels of change in

COVID-19 and non-COVID-19 mortality between states. Much

media attention and scientific inquiry have been directed at state-

level discrepancies in mortality during the pandemic. Research

has linked statewide COVID-19 mortality rates with mean years

of education, poverty rates, and healthcare access, factors which

vary widely between US states (33). Links have also been drawn

between COVID-19 mortality and levels of interpersonal trust,

vaccination rates, vaccine allocation, and state-mandated

lockdowns (33–36). Political partisanship (gauged by votes cast

in the 2020 presidential election) and the urban-rural vaccination

divide (although perhaps more applicable on a county level

rather than a state level) are two additional factors which have

been floated as underlying drivers of mortality discrepancies

between states (33, 37, 38). Definitive conclusions will be

challenging to draw. What appears certain is that the COVID-19

pandemic was accompanied by a substantial elevation in sepsis-

associated CVD mortality in most states, even states that had

seen declining mortality in the previous two decades.

This study provides valuable insight that can assist policy

makers in improving healthcare interventions and shaping public

health strategies. Identifying demographic disparities, such as the

impact of race on sepsis-associated CVD mortality, highlights the

importance of targeted interventions for vulnerable populations.
Frontiers in Cardiovascular Medicine 07
Community health centers in underserved neighborhoods have

been shown to increase access to healthcare and decrease poor

heatlh outcomes (39, 40). By increasing funding for these centers,

disadvantaged populations can have improved access to

preventative healthcare, such as vaccinations, and more

convienient access to treatment. Additionally, this disparities data

can be used by policy makers to targeted regional improvements

in healthcare equity. Expanding government insurance, such as

Medicaid, as well as community-based efforts such as door-to-

door vaccination education campaigns have the ability to

increase coverage and health literacy across states with high

mortality figures (33, 41). By integrating these findings into

public health initiatives, policymakers can work to reduce health

inequities, improve outcomes for patients with cardiovascular

disease and sepsis, and build more resilient healthcare systems

that are better equipped to manage future public health crises.
Limitations

As our mortality data is based on information from death

certificates, we are unable to rule out errors resulting from death

certificate inaccuracies, which have been shown to impact

national mortality databases (42). Interestingly, such inaccuracies

may stem from pandemic-related changes in death reporting;
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FIGURE 6

(a) Map showing trends in sepsis-associated cardiovascular disease mortality, stratified by state, in the United States between 1999 and 2019. (b) Map
showing trends in sepsis-associated cardiovascular disease mortality, stratified by state, in the United States between 2019 and 2021.
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a prior analysis utilizing the WONDER database suggested that the

sepsis-related death toll in the first year of the pandemic may have

been substantially underestimated (14). The nature of our study

leaves us unable to determine the temporal association of

septicemia and CVD—by counting records mentioning both

causes of death, we are unable to know whether CVD resulted

from preexisting septicemia or whether individuals with existing

CVD developed septicemia. Though we note a marked elevation

in mortality from 2020 to 2022, suggesting a pandemic-related

cause, we cannot identify such a cause with certainty.
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Unfortunately, we were unable to include Asian or Pacific

Islander adults in our analysis because of a sampling change in

the CDC WONDER database in 2021. This change complicates

temporal analysis of mortality in these individuals.
Conclusion

Sepsis-associated CVD mortality has seen an increase across

the US over the past decade, with the COVID-19 pandemic
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further exacerbating this trend. Significant disparities in trends

have persisted throughout, with the elderly, men, NH Black

adults, and the Southern region being disproportionately affected

by the pandemic. This increase in mortality rates from sepsis and

cardiovascular diseases and the worsening of disparities highlight

the gaps in the healthcare system and the demographic and

regional differences in healthcare accessibility during periods of

strain. These findings also demonstrate the interconnected nature

of chronic health conditions, infectious diseases, and the social

determinants of health. To improve outcomes in all population

groups, healthcare strategies must be developed that increase

health equity throughout the patient population, especially in the

context of public health crises like the COVID-19 pandemic.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

Ethical approval was not required for the study involving

humans in accordance with the local legislation and institutional

requirements. Written informed consent to participate in this

study was not required from the participants or the participants’

legal guardians/next of kin in accordance with the national

legislation and the institutional requirements.
Author contributions

MS: Conceptualization, Data curation, Formal Analysis,

Funding acquisition, Investigation, Methodology, Project

administration, Resources, Software, Supervision, Validation,

Visualization, Writing – original draft, Writing – review &

editing. JC: Conceptualization, Data curation, Formal Analysis,

Funding acquisition, Investigation, Methodology, Project

administration, Resources, Software, Supervision, Validation,

Visualization, Writing – original draft, Writing – review &

editing. AA: Conceptualization, Data curation, Formal Analysis,

Funding acquisition, Investigation, Methodology, Project

administration, Resources, Software, Supervision, Validation,

Visualization, Writing – original draft, Writing – review &

editing. AE-s: Conceptualization, Data curation, Formal Analysis,

Funding acquisition, Investigation, Methodology, Project

administration, Resources, Software, Supervision, Validation,

Visualization, Writing – review & editing. AT: Conceptualization,
Frontiers in Cardiovascular Medicine 09
Data curation, Formal Analysis, Funding acquisition,

Investigation, Methodology, Project administration, Resources,

Software, Supervision, Validation, Visualization, Writing – review

& editing. NA: Conceptualization, Data curation, Formal

Analysis, Funding acquisition, Investigation, Methodology,

Project administration, Resources, Software, Supervision,

Validation, Visualization, Writing – review & editing. MM:

Conceptualization, Data curation, Formal Analysis, Funding

acquisition, Investigation, Methodology, Project administration,

Resources, Software, Supervision, Validation, Visualization,

Writing – review & editing. AA: Conceptualization, Data

curation, Formal Analysis, Funding acquisition, Investigation,

Methodology, Project administration, Resources, Software,

Supervision, Validation, Visualization, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.

1505905/full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2024.1505905/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1505905/full#supplementary-material
https://doi.org/10.3389/fcvm.2024.1505905
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Salman et al. 10.3389/fcvm.2024.1505905
References
1. Centers for Disease Control and Prevention, National Center for Injury
Prevention and Control. Web-based injury statistics query and reporting system
(WISQARS). (2024). Available online at: https://wisqars.cdc.gov/lcd/ (accessed July
4, 2024).

2. Rhee C, Dantes R, Epstein L, Murphy DJ, Seymour CW, Iwashyna TJ, et al.
Incidence and trends of sepsis in US hospitals using clinical vs claims data, 2009–
2014. JAMA. (2017) 318(13):1241–9. doi: 10.1001/jama.2017.13836

3. Buchman TG, Simpson SQ, Sciarretta KL, Finne KP, Sowers N, Collier M, et al.
Sepsis among medicare beneficiaries: 3. The methods, models, and forecasts of sepsis,
2012–2018*. Crit Care Med. (2020) 48(3):302. doi: 10.1097/CCM.0000000000004225

4. Kramarow EA. Sepsis-related mortality among adults aged 65 and over: United
States, 2019. NCHS Data Brief. (2021) (422):1–8. doi: 10.15620/cdc:110542

5. CDCMMWR. Quickstats: sepsis-related death rates among persons aged ≥65
years, by age group and sex — national vital statistics system, United States, 2021.
MMWR Morb Mortal Wkly Rep. (2023) 72:1043. doi: 10.15585/mmwr.mm7238a5

6. Parrillo JE, Parker MM, Natanson C, Suffredini AF, Danner RL, Cunnion RE,
et al. Septic shock in humans. Advances in the understanding of pathogenesis,
cardiovascular dysfunction, and therapy. Ann Intern Med. (1990) 113(3):227–42.
doi: 10.7326/0003-4819-113-3-227

7. Jentzer JC, Lawler PR, Van Houten HK, Yao X, Kashani KB, Dunlay SM.
Cardiovascular events among survivors of sepsis hospitalization: a retrospective
cohort analysis. J Am Heart Assoc. (2023) 12(3):e027813. doi: 10.1161/JAHA.122.
027813

8. Falk GE, Rogers J, Lu L, Ablah E, Okut H, Sepsis VM, et al. Sepsis, septic shock,
and differences in cardiovascular event occurrence. J Intensive Care Med. (2022) 37
(11):1528–34. doi: 10.1177/08850666221083644

9. Ho S, Mahalingam N, Tan CGH, Puah SH, Lew SJW. Delayed cardiovascular
events and one-year mortality among intensive care unit (ICU) sepsis survivors.
Respirology. (2021) 26(S3):409. doi: 10.1111/resp.14150_816

10. Merx MW, Weber C. Sepsis and the heart. Circulation. (2007) 116(7):793–802.
doi: 10.1161/CIRCULATIONAHA.106.678359

11. Ridker PM, Rifai N, Stampfer MJ, Hennekens CH. Plasma concentration of
interleukin-6 and the risk of future myocardial infarction among apparently healthy
men. Circulation. (2000) 101(15):1767–72. doi: 10.1161/01.CIR.101.15.1767

12. Yende S, D’Angelo G, Kellum JA, Weissfeld L, Fine J, Welch RD, et al.
Inflammatory markers at hospital discharge predict subsequent mortality after
pneumonia and sepsis. Am J Respir Crit Care Med. (2008) 177(11):1242–7. doi: 10.
1164/rccm.200712-1777OC

13. Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al.
Heart disease and stroke statistics—2023 update: a report from the American Heart
Association. Circulation. (2023) 147(8):e93–621. doi: 10.1161/CIR.0000000000001123

14. Oud L, Garza J. The impact of COVID-19 on sepsis-related mortality in the
United States. J Clin Med Res. (2023) 15(6):328–31. doi: 10.14740/jocmr4937

15. Siddiqi HK, Weber B, Zhou G, Regan J, Fajnzylber J, Coxen K, et al. Increased
prevalence of myocardial injury in patients with SARS-CoV-2 viremia. Am J Med.
(2021) 134(4):542–6. doi: 10.1016/j.amjmed.2020.09.046

16. Coromilas EJ, Kochav S, Goldenthal I, Biviano A, Garan H, Goldbarg S, et al.
Worldwide survey of COVID-19–associated arrhythmias. Circ Arrhythm
Electrophysiol. (2021) 14(3):e009458. doi: 10.1161/CIRCEP.120.009458

17. Coperchini F, Chiovato L, Croce L, Magri F, Rotondi M. The cytokine storm in
COVID-19: an overview of the involvement of the chemokine/chemokine-receptor
system. Cytokine Growth Factor Rev. (2020) 53:25–32. doi: 10.1016/j.cytogfr.2020.05.003

18. Pons S, Fodil S, Azoulay E, Zafrani L. The vascular endothelium: the cornerstone
of organ dysfunction in severe SARS-CoV-2 infection. Crit Care. (2020) 24(1):353.
doi: 10.1186/s13054-020-03062-7

19. Li H, Liu L, Zhang D, Xu J, Dai H, Tang N, et al. SARS-CoV-2 and viral sepsis:
observations and hypotheses. Lancet. (2020) 395(10235):1517–20. doi: 10.1016/S0140-
6736(20)30920-X

20. Song S, Guo C, Wu R, Zhao H, Li Q, Dou Jh, et al. Impact of the COVID-19
pandemic on cardiovascular mortality and contrast analysis within subgroups. Front
Cardiovasc Med. (2024) 11:1279890. doi: 10.3389/fcvm.2024.1279890

21. Friedman AB, Barfield D, David G, Diller T, Gunnarson C, Liu M, et al. Delayed
emergencies: the composition and magnitude of non-respiratory emergency
department visits during the COVID-19 pandemic. J Am Coll Emerg Physicians
Open. (2021) 2(1):e12349. doi: 10.1002/emp2.12349
Frontiers in Cardiovascular Medicine 10
22. Solomon MD, McNulty EJ, Rana JS, Leong TK, Lee C, Sung SH, et al. The
COVID-19 pandemic and the incidence of acute myocardial infarction. N Engl J
Med. (2020) 383(7):691–3. doi: 10.1056/NEJMc2015630

23. Zhang MQ, Macala KF, Fox-Robichaud A, Mendelson AA, Lalu MM. Sex- and
gender-dependent differences in clinical and preclinical sepsis. Shock. (2021) 56
(2):178. doi: 10.1097/SHK.0000000000001717

24. Mohus RM, Gustad LT, Furberg AS, Moen MK, Liyanarachi KV, Askim Å, et al.
Explaining sex differences in risk of bloodstream infections using mediation analysis
in the population-based HUNT study in Norway. Sci Rep. (2022) 12:8436. doi: 10.
1038/s41598-022-12569-8

25. Gao Z, Chen Z, Sun A, Deng X. Gender differences in cardiovascular disease.
Med Novel Technol Devices. (2019) 4:100025. doi: 10.1016/j.medntd.2019.100025

26. Prest J, Sathananthan M, Jeganathan N. Current trends in sepsis-related
mortality in the United States. Crit Care Med. (2021) 49(8):1276. doi: 10.1097/
CCM.0000000000005017

27. Ferdinand KC, Nasser SA. African-American COVID-19 mortality. J Am Coll
Cardiol. (2020) 75(21):2746–8. doi: 10.1016/j.jacc.2020.04.040

28. Berg RL, Cassells JS; Institute of Medicine. The Second Fifty Years: Promoting
Health and Preventing Disability. Washington, DC: The National Academies Press
(1992). p. 65–75. Available online at: https://nap.nationalacademies.org/catalog/
1578/the-second-fifty-years-promoting-health-and-preventing-disability (accessed
July 4, 2024).

29. Mueller AL, McNamara MS, Sinclair DA. Why does COVID-19
disproportionately affect older people? Aging (Albany NY). (2020) 12(10):9959–81.
doi: 10.18632/aging.103344

30. Zhang J-J, Dong X, Liu G-H, Gao Y-D. Risk and protective factors for COVID-
19 morbidity, severity, and mortality. Clin Rev Allergy Immunol. (2023) 64(1):90–107.
doi: 10.1007/s12016-022-08921-5

31. Multiple Cause of Death 1999–2020. CDC (2023). Available online at: https://
wonder.cdc.gov/wonder/help/mcd.html (cited July 4, 2024).

32. Luck AN, Stokes AC, Hempstead K, Paglino E, Preston SH. Associations
between mortality from COVID-19 and other causes: a state-level analysis. PLoS
One. (2023) 18(3):e0281683. doi: 10.1371/journal.pone.0281683

33. Bollyky TJ, Castro E, Aravkin AY, Bhangdia K, Dalos J, Hulland EN, et al.
Assessing COVID-19 pandemic policies and behaviours and their economic and
educational trade-offs across US states from Jan 1, 2020, to July 31, 2022: an
observational analysis. Lancet. (2023) 401(10385):1341–60. doi: 10.1016/S0140-6736
(23)00461-0

34. Oksanen A, Kaakinen M, Latikka R, Savolainen I, Savela N, Koivula A.
Regulation and trust: 3-month follow-up study on COVID-19 mortality in 25
European countries. JMIR Public Health Surveill. (2020) 6(2):e19218. doi: 10.2196/
19218

35. Yuan H, Long Q, Huang G, Huang L, Luo S. Different roles of interpersonal
trust and institutional trust in COVID-19 pandemic control. Soc Sci Med. (2022)
293:114677. doi: 10.1016/j.socscimed.2021.114677

36. Barro RJ. Vaccination rates and COVID outcomes across U.S. states. Econ Hum
Biol. (2022) 47:101201. doi: 10.1016/j.ehb.2022.101201

37. Hill T, Gonzalez KE, Davis A. The nastiest question: does population mobility
vary by state political ideology during the novel coronavirus (COVID-19)
pandemic? Sociol Perspect. (2021) 64(5):786–803. doi: 10.1177/0731121420979700

38. Paglino E, Lundberg DJ, Zhou Z, Wasserman JA, Raquib R, Luck AN, et al.
Monthly excess mortality across counties in the United States during the COVID-
19 pandemic, March 2020 to February 2022. Sci Adv. (2023) 9(25):eadf9742.
doi: 10.1126/sciadv.adf9742

39. Muncan B. Cardiovascular disease in racial/ethnic minority populations: illness
burden and overview of community-based interventions. Public Health Rev. (2018) 39
(1):32. doi: 10.1186/s40985-018-0109-4

40. Record NB, Onion DK, Prior RE, Dixon DC, Record SS, Fowler FL, et al.
Communitywide cardiovascular disease prevention programs and health outcomes in a
rural county, 1970–2010. JAMA. (2015) 313(2):147–55. doi: 10.1001/jama.2014.16969

41. Mendenhall E, Kohrt BA, Logie CH, Tsai AC. Syndemics and clinical science.
Nat Med. (2022) 28(7):1359–62. doi: 10.1038/s41591-022-01888-y

42. McGivern L, Shulman L, Carney JK, Shapiro S, Bundock E. Death certification
errors and the effect on mortality statistics. Public Health Rep. (2017) 132(6):669–75.
doi: 10.1177/0033354917736514
frontiersin.org

https://wisqars.cdc.gov/lcd/
https://doi.org/10.1001/jama.2017.13836
https://doi.org/10.1097/CCM.0000000000004225
https://doi.org/10.15620/cdc:110542
https://doi.org/10.15585/mmwr.mm7238a5
https://doi.org/10.7326/0003-4819-113-3-227
https://doi.org/10.1161/JAHA.122.027813
https://doi.org/10.1161/JAHA.122.027813
https://doi.org/10.1177/08850666221083644
https://doi.org/10.1111/resp.14150_816
https://doi.org/10.1161/CIRCULATIONAHA.106.678359
https://doi.org/10.1161/01.CIR.101.15.1767
https://doi.org/10.1164/rccm.200712-1777OC
https://doi.org/10.1164/rccm.200712-1777OC
https://doi.org/10.1161/CIR.0000000000001123
https://doi.org/10.14740/jocmr4937
https://doi.org/10.1016/j.amjmed.2020.09.046
https://doi.org/10.1161/CIRCEP.120.009458
https://doi.org/10.1016/j.cytogfr.2020.05.003
https://doi.org/10.1186/s13054-020-03062-7
https://doi.org/10.1016/S0140-6736(20)30920-X
https://doi.org/10.1016/S0140-6736(20)30920-X
https://doi.org/10.3389/fcvm.2024.1279890
https://doi.org/10.1002/emp2.12349
https://doi.org/10.1056/NEJMc2015630
https://doi.org/10.1097/SHK.0000000000001717
https://doi.org/10.1038/s41598-022-12569-8
https://doi.org/10.1038/s41598-022-12569-8
https://doi.org/10.1016/j.medntd.2019.100025
https://doi.org/10.1097/CCM.0000000000005017
https://doi.org/10.1097/CCM.0000000000005017
https://doi.org/10.1016/j.jacc.2020.04.040
https://nap.nationalacademies.org/catalog/1578/the-second-fifty-years-promoting-health-and-preventing-disability
https://nap.nationalacademies.org/catalog/1578/the-second-fifty-years-promoting-health-and-preventing-disability
https://doi.org/10.18632/aging.103344
https://doi.org/10.1007/s12016-022-08921-5
https://wonder.cdc.gov/wonder/help/mcd.html
https://wonder.cdc.gov/wonder/help/mcd.html
https://doi.org/10.1371/journal.pone.0281683
https://doi.org/10.1016/S0140-6736(23)00461-0
https://doi.org/10.1016/S0140-6736(23)00461-0
https://doi.org/10.2196/19218
https://doi.org/10.2196/19218
https://doi.org/10.1016/j.socscimed.2021.114677
https://doi.org/10.1016/j.ehb.2022.101201
https://doi.org/10.1177/0731121420979700
https://doi.org/10.1126/sciadv.adf9742
https://doi.org/10.1186/s40985-018-0109-4
https://doi.org/10.1001/jama.2014.16969
https://doi.org/10.1038/s41591-022-01888-y
https://doi.org/10.1177/0033354917736514
https://doi.org/10.3389/fcvm.2024.1505905
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Trends in sepsis-associated cardiovascular disease mortality in the United States, 1999 to 2022
	Introduction
	Methods
	Study design and database
	Demographic and geographical study groups

	Results
	Gender stratified
	Race stratified
	Age group stratified
	Region stratified
	State-level stratified

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


