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A B S T R A C T

Background: Cardiogenic shock (CS) complicated by sepsis is a life-threatening condition marked
by circulatory collapse and systemic inflammation, with persistently high mortality despite critical
care advances. National trends and disparities remain unclear. This study aimed to evaluate temporal
mortality trends from 1999 to 2025 and project rates through 2040.
Methods: We conducted a population-based study using U.S. mortality data (1999–2025) from the CDC
WONDER database. Deaths among adults aged ≥25 years with CS and sepsis were identified using
ICD-10 codes. Age-adjusted mortality rates (AAMRs) per 100,000 were calculated. Joinpoint regression
estimated annual percent change (APC) and average annual percent change (AAPC). Forecasting models
projected mortality trends through 2040.
Results: From 1999 to 2025, 71,726 deaths occurred; 97.09% in medical facilities. Overall, AAMR
rose from 0.65 to 2.16 (AAPC 5.01%, p < 0.001) and is projected to reach 3.62 by 2040. Men had
higher mortality than women (2025: 2.78 vs 1.65; AAPC 5.06% vs 4.91%). In 2025, AAMR was 3.75
among NH Black individuals, 1.98 among NH White individuals, and 2.01 among Hispanic individuals.
Adults ≥65 years had the highest CMR (7.50 in 2025; AAPC 4.63%), with the largest relative increase
in ages 25–44 (AAPC 7.19%).
Conclusion: CS with sepsis mortality increased significantly from 1999 to 2025, particularly among
men, NH Black individuals, and adults ≥65 years. Although recent trends have stabilized, projections
indicate continued increases through 2040, highlighting persistent and widening demographic disparities
in the mortality burden.

1. Introduction
Cardiogenic shock (CS) is a severe and life-threatening syndrome
that arises from a primary cardiovascular disorder. It leads to tissue
hypoperfusion with potential progression to multi-organ failure and
death. CS has an early mortality rate of more than 50% [1, 2]. Sepsis,

∗Corresponding author: Amro Ali, Department of Medicine, Community Regional
Medical Center, Fresno, CA, USA. Email: amro.ali.md@gmail.com
Published and owned by PubPorta Publishing LLC. Academic oversight and scholarly
guidance are provided by the American Society for Inclusion, Diversity, and Equity in
Healthcare (ASIDE). ISSN (Print) 3069-9851, ISSN (Online) 3069-9843. ©2026 The
Author(s). This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY 4.0). Hosting by ASIDE
Journals.
Citation: Abdelnaim KO, Eldeeb A, Ibrahim AA, et al. Cardiogenic Shock
and Sepsis-Related Mortality in the United States, 1999-2025: National
Trends, Disparities, and Forecasts to 2040. ASIDE Cardiovasc. 2026;1(2):1-8,
doi:10.71079/ASIDE.CV.042826319

as defined by the Third International Consensus (Sepsis-3), is a
life-threatening organ dysfunction that arises from a dysregulated
immune response to an infection [3]. It affects nearly 1.7 million
adults in the United States, making it one of the leading causes of
death [4].
The relationship between CS and sepsis is bidirectional. CS can
precipitate sepsis through impaired immune function and intestinal
ischemia, leading to bacterial translocation [5]. Sepsis can frequently
be found in patients with cardiogenic shock, with 15-20% of CS
patients having it. This was found to significantly increase mortality
[2]. One study from the Mayo Clinic has reported that 15% of all
shock patients in the Cardiac Intensive Care Unit (CICU) from 2007
to 2018 had concurrent CS and sepsis, with this group of patients
exhibiting higher severity, more advanced shock, and poorer survival
[6].
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Sepsis can contribute to CS and myocardial dysfunction through
various mechanisms, including acute changes in loading conditions,
myocardial ischemia, and the toxic effects of proinflammatory
cytokines on the myocardium, coronary microcirculation, and en-
dothelium [5, 7]. An analysis of the National Inpatient Sample (NIS),
which is a nationwide repository of hospital inpatient discharge data
in the U.S., reported an estimated 5 million sepsis hospitalizations in
the period between 2017 and 2019. Of those, one million had septic
shock. Within these patients, cardiogenic shock was identified in
0.3% of patients with sepsis and 4.6% of those with septic shock.
The presence of CS was associated with an increase in in-hospital
mortality [8].
Despite the clinical significance of this interaction, national data
describing trends and demographic disparities remain limited. Given
the constraints of available datasets, we focused our analysis on
mortality trends and disparities in CS and sepsis across demographic
factors in the United States from 1999 to 2025. Specifically, we
examined deaths in which both CS and sepsis were listed, as these
provide a population-level proxy for the co-occurrence of these
critical conditions.

2. Methods

2.1. Study Design and Population
We conducted a retrospective analysis using death certificate data
retrieved from the Centers for Disease Control and Prevention
Wide-Ranging Online Data for Epidemiologic Research (CDC
WONDER) database. Data for adults aged 25 and older from 1999
to 2025 were analyzed to assess mortality from CS and sepsis
in the U.S. This age cutoff has been used to define adults in a
previous study [9]. Restricting to ≥25 improves robustness and
reliability of estimates. The International Statistical Classification
of Diseases and Related Health Problems-10th Revision (ICD-10)
was used as follows: R57.0 for CS and A40-41 for sepsis. Deaths
were included if CS and sepsis were listed anywhere on the death
certificate, either as underlying causes or contributing causes of
death. This comprehensive approach ensures the capture of all
deaths where both conditions played documented roles, regardless
of their position on the death certificate. Institutional review board
approval was not required for this study because it used de-identified
public-use data provided by the government and adhered to the
STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines for reporting [10].
2.2. Data Abstraction
Data on population size and demographics, including sex, age, and
race, were extracted. The place of death was categorized into medical
facilities, hospice, home, and nursing home/long-term care facilities.
Racial and ethnic categories were classified as non-Hispanic (NH)
Black or African American, NH White, and Hispanic or Latino.
NH American Indian or Alaska Native and NH Asian or Pacific
Islander were excluded from the trend analysis due to small numbers
and data suppression. In accordance with CDC-WONDER database
policies, death counts <10 are suppressed to protect confidentiality.
Consequently, suppressed data were treated as missing and excluded
from analysis. Age groups were divided into 3 groups: (25 – 44, 45 –
64, and ≥65 years).
Data suppression due to counts <10 did not affect any of the
final analytical strata (sex, including racial/ethnic groups, and age
groups) presented in this study; suppression exclusively applied to
the NH American Indian or Alaskan Native and NH Asian or Pacific
Islander categories, which were consequently excluded from the
trend analysis.

2.3. Statistical Analysis
Crude mortality rates (CMRs) and age-adjusted mortality rates
(AAMRs) per 100,000 population from 1999 to 2025 by year,
sex, and race. Population denominators were derived from U.S.
Census Bureau estimates (bridged-race population estimates for
1999 – 2020 and single-race estimates for 2021 – 2025, as dictated
by the respective CDC WONDER archives). Age adjustment was
performed using the direct standardization method, weighted to
the year 2000 U.S. standard population [11]. Furthermore, 95%
confidence intervals (CIs) for mortality rates were automatically
generated by the CDC WONDER system; this system calculates
CIs using a standard normal distribution for death counts of 100
or more, and the Tiwari modification of the gamma distribution
for death counts fewer than 100. This standard was used in a
previously published paper with the same study design [12]. CMRs
were determined by dividing the number of CS and sepsis-related
mortalities by the corresponding U.S. population of that year. It’s
worth mentioning that CMRs were used exclusively for age-specific
analyses, as age adjustment would mask true differences between
age groups. For all other variables, AAMRs were calculated to
ensure comparability across populations with differing age structures.
The Joinpoint Regression Program (Joinpoint V 5.4.0.0, National
Cancer Institute) was used to determine the average annual percent
change (AAPC) and the annual percent change (APC) with 95% CI
in AAMR to quantify national annual trends in CS and sepsis-related
mortality. Joinpoint regression, a segmented regression technique,
was used to identify points of trend change (join points) by fitting
log-linear models and using permutation tests to select the optimal
number of join points, thereby ensuring model fit [13]. This method
assumes independent observations; we acknowledge that mortality
rates across consecutive years may be temporally autocorrelated,
which could affect standard errors and the detection of joinpoints.
This method allows identification of significant changes in AAMR
over time by fitting log-linear regression models where temporal
variation occurred. APCs were considered increasing or decreasing
if the slope describing the change in mortality differed significantly
from zero using two-tailed t-tests. A value of p < 0.05 was considered
statistically significant.

2.4. Time Series Forecasting and Mortality Projections
Time series models were used to forecast the projected values of
AAMRs for CS and mortality rates for sepsis in the United States,
using data from 1999 to 2025, and projections for 2026 to 2040.
The performance of the models was compared and evaluated for the
autoregressive integrated moving average (ARIMA) and exponential
smoothing state space (ETS) models. The performance was evaluated
based on root mean squared error (RMSE), mean error (ME), and
the autocorrelation of residuals at lag 1 (ACF1). In addition, residual
diagnostics were performed to evaluate model performance and
determine whether the residuals were randomly distributed and
normally distributed around zero.
For sex-specific data, the ARIMA model performed better than the
ETS model, with lower prediction error and minimal residual auto-
correlation. The residuals of the ARIMA model were also randomly
distributed and normally distributed around zero. On the other hand,
for race- and age-specific data, the ETS models performed better on
residual diagnostics, with residuals that were randomly distributed
and normally distributed around zero, compared to the ARIMA
models.
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Figure 1: Cardiogenic Shock and Sepsis Comparative Longitudinal Analysis of Age-Adjusted Mortality Rates by Sex: Historical Trends and ARIMA Forecasts
(1999–2040).

3. Results
From 1999 to 2025, 71,726 deaths were reported among adults aged
25 years and older in the United States with CS and sepsis. A minor
limitation of our aggregate dataset is a single-death discrepancy
between the total overall mortality count (71,726) and the place-of-
death sub-stratification (71,725), which is likely due to incomplete
categorization on the original death certificate. The majority of
deaths occurred in medical facilities (97.09%), followed by nursing
homes or long-term care facilities (0.95%), hospice facilities (0.83%),
the decedent’s home (0.61%), and other locations (0.34%). For 0.18%,
the place of death was unknown (Supplementary Table 1).

3.1. Overall Trends
Over the study period, the overall AAMR increased from 0.65 (95%
CI: 0.61 to 0.69) in 1999 to 2.16 (95% CI: 2.11 to 2.22) in 2025,
with an AAPC of 5.01 (95% CI: 4.64 to 5.43; p < 0.001). The mean
AAMR was 1.08 (95% CI: 1.04 to 1.12). The projected mean AAMR
is expected to increase to 3.02 (95% CI: 1.74 to 4.30) by 2040.
The AAMR trend demonstrated an initial period of stability from
1999 to 2008 (APC: -0.62; 95% CI: -2.58 to 1.09; pΨ0.470). This was
followed by a significant rise from 2008 to 2021 (APC: 10.23; 95%
CI: 9.55 to 11.24; p < 0.001). From 2021 to 2025, the rate showed a
slight non-significant increase (APC: 1.52; 95% CI: -1.74 to 3.79; p
Ψ0.209). Forecasts suggest that the overall AAMR for cardiogenic
shock with sepsis will rise to 3.62 (95% CI: 1.27 to 5.97) by 2040
(Figure 1) and (Supplementary Tables 2 and 5).

3.2. Sex-Stratified Trends
During the study period, 41,020 deaths were reported among men
and 30,706 among women. Mortality was consistently higher in men
than in women. Among men, the AAMR increased from 0.81 (95%
CI: 0.74 to 0.87) in 1999 to 2.78 (95% CI: 2.68 to 2.87) in 2025, with
a mean AAMR of 1.39 (95% CI: 1.31 to 1.46). Among women, the
AAMR rose from 0.52 (95% CI: 0.47 to 0.56) in 1999 to 1.65 (95%
CI: 1.59 to 1.72) in 2025, with a mean AAMR of 0.84 (95% CI: 0.79

to 0.89) in females. The trend for both men and women increased
from 1999 to 2025 [AAPC: Men: 5.06 (95% CI: 4.70 to 5.48; p <
0.001); AAPC: Women: 4.91 (95% CI: 4.51 to 5.37; p < 0.001)].
Among men, the AAMR showed a non-significant decline from 1999
to 2006 (APC: -1.66; 95% CI: -7.41 to 0.61; p = 0.102), followed by
a significant increase from 2006 to 2012 (APC: 6.17; 95% CI: 1.04 to
9.72; p = 0.032). A significant steep rise was observed between 2012
and 2016 (APC: 14.93; 95% CI: 11.63 to 19.15; p < 0.001). Mortality
continued to rise significantly from 2016 to 2021 (APC: 8.71; 95%
CI: 6.24 to 10.70; p = 0.002), followed by a non-significant increase
from 2021 to 2025 (APC: 1.67; 95% CI: -0.93 to 3.23; p =) 0.125).
Among women, the AAMR remained relatively stable from 1999
to 2009 (APC: 0.37; 95% CI: -1.70 to 2.02; p = 0.679). A marked
increase occurred between 2009 and 2021 (APC: 9.78; 95% CI:
8.93 to 11.36; p < 0.001). From 2021 to 2025, mortality increased
modestly but not significantly (APC: 2.30; 95% CI: -1.53 to 4.92; p =
0.169). Projections suggest that the AAMR is expected to reach 2.77
(95% CI: 1.06 to 4.48) among women, and 4.56 (95% CI: 1.41 to
7.71) among men by 2040 (Figure 1) and (Supplementary Tables
2 and 5).

3.3. Race/Ethnicity Trends
From 1999 to 2025, the AAMR increased across all racial/ethnic
groups, rising from 1.24 (95% CI: 1.06 to 1.41) to 3.75 (95% CI:
3.53 to 3.98) among NH Black, 0.57 (95% CI: 0.53 to 0.61) to 1.98
(95% CI: 1.92 to 2.04) among NH White, and 0.84 (95% CI: 0.65 to
1.06) to 2.01 (95% CI: 1.86 to 2.18) among Hispanic. The highest
mean AAMR was observed among NH Black (AAMR: 1.84; 95%
CI: 1.67 to 2.01), followed by Hispanic (AAMR: 1.05; 95% CI: 0.91
to 1.21) and NH White (AAMR: 1.00; 95% CI: 0.95 to 1.04).
Distinct trends were observed among these groups, with NH White
population experiencing the greatest increment, followed by NH
Black and Hispanics [NH White: AAPC: 4.96 (95% CI: 4.42 to 5.63;
p < 0.001); NH Black: AAPC: 4.53 (95% CI: 4.16 to 4.92; p <
0.001); Hispanic: AAPC: 3.77 (95% CI: 3.09 to 4.64; p < 0.001)].
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Figure 2: Cardiogenic shock and Sepsis Comparative Longitudinal Analysis of Age-Adjusted Mortality Rates by Race and Ethnicity: Historical Trends and
ETS Forecasts (1999–2040).

Among NH Black individuals, the trend showed a significant decline
from 1999 to 2003 (APC: -8.44; 95% CI: -13.70 to -4.84; p < 0.001),
followed by a significant increase from 2003 to 2010 (APC: 3.63;
95% CI: 0.95 to 6.31; p = 0.014), a sharp rise from 2010 to 2021
(APC: 10.79; 95% CI: 10.13 to 11.85; p < 0.001), and a further
significant increase from 2021 to 2025 (APC: 3.25; 95% CI: 0.96 to
4.99; p = 0.012). Among NH White individuals, the AAMR trend
remained stable between 1999 and 2008 (APC: -0.46; 95% CI: -4.37
to 2.06; p = 0.657). A significant rise was observed from 2008 to
2021 (APC: 10.16; 95% CI: 9.31 to 12.14; p < 0.001). From 2021 to
2025, mortality increased slightly but not significantly (APC: 1.06;
95% CI: -3.63 to 4.07; p = 0.410). Among Hispanic individuals,
the trend showed a slight non-significant decline from 1999 to 2010
(APC: -2.30; 95% CI: -5.59 to 0.41; p = 0.092). Mortality then
increased sharply between 2010 and 2021 (APC: 12.17; 95% CI:
10.57 to 15.24; p < 0.001), and remained relatively stable from
2021 to 2025 (APC: -1.13; 95% CI: -6.11 to 2.51; pΨ0.514). The
projected AAMR is expected to reach 2.01 (95% CI: -0.62 to 4.65)
among Hispanics, 5.16 (95% CI: 0.33 to 10.00) among NH Black
individuals, and 2.04 (95% CI: -2.84 to 6.93) among NH Whites
(Figure 2) and (Supplementary Tables 3 and 6).
3.4. Age-Specific Trends
The CMR increased across all age groups between 1999 to 2025,
from 0.04 (95% CI: 0.03 to 0.05) to 0.24 (95% CI: 0.21 to 0.27)
among adults aged 25-44 years, from 0.37 (95% CI: 0.32 to 0.42) to
1.63 (95% CI: 1.54 to 1.72) among those aged 45-64 years and from
2.52 (95% CI: 2.35 to 2.68) to 7.50 (95% CI: 7.28 to 7.72) among
adults aged 65+ years. Adults aged 65+ years had the highest CMR
(3.78; 95% CI: 3.61 to 3.95), followed by those aged 45-64 years
(0.83; 95% CI: 0.77 to 0.89) and those aged 25-44 years (0.13; 95%
CI: 0.11 to 0.15).
Notable trends were observed among all age groups, with adults
aged 25-44 years experiencing the largest relative increase, followed
by those aged 45-64 years, and 65+ years [25-44 years: AAPC: 7.19
(95% CI: 6.28 to 8.29; p < 0.001); 45-64 years: AAPC: 5.93 (95%

CI: 5.41 to 6.65; p < 0.001); 65+ years: AAPC: 4.63 (95% CI: 4.21
to 5.18; p < 0.001)].
Among adults aged 25-44 years, the CMR increased from 1999 to
2007 with a non-significant trend (APC: 3.84; 95% CI: -9.68 to
8.63; pΨ0.327). A significant rise occurred between 2007 and 2021
(APC: 12.68; 95% CI: 11.45 to 15.99; p < 0.001), followed by a non-
significant decline from 2021 to 2025 (APC: -4.10; 95% CI: -10.03
to 0.20; pΨ0.067). For adults aged 45-64 years, mortality remained
stable from 1999 to 2007 (APC: -0.43; 95% CI: -4.81 to 2.58; pΨ
0.737). A substantial increase occurred from 2007 to 2021 (APC:
12.09; 95% CI: 11.33 to 13.35; p < 0.001). A slight non-significant
decline occurred between 2021 and 2025 (APC: -1.61; 95% CI: -4.91
to 1.47; pΨ0.204). Among adults aged 65+ years, the trend remained
stable from 1999 to 2009 (APC: -0.12; 95% CI: -2.74 to 1.69; pΨ
0.869). A marked significant increase was observed between 2009
and 2021 (APC: 9.38; 95% CI: 8.59 to 11.67; p < 0.001). From 2021
to 2025, rates continued to increase but not significantly (APC: 2.88;
95% CI: -1.65 to 5.49; pΨ0.090). Projections indicate that by 2040,
the CMR is anticipated to reach -0.02 (95% CI: -0.77 to 0.72) among
adults aged 25-44 years, 0.36 (95% CI: -4.16 to 4.89) among adults
aged 45-64 years, and 12.46 (95% CI: -8.04 to 32.97) among adults
aged 65+ years (Figure 3) and (Supplementary Tables 4 and 7).

4. Discussion
This study provides a comprehensive national analysis of mortality
trends associated with CS and sepsis in the United States from
1999 to 2025. Overall mortality increased substantially over the
study period, with a marked acceleration after 2008 and a projected
continued rise through 2040. Mortality was consistently higher
among men compared to women. Racial disparities were evident,
with NH Black individuals experiencing the highest mortality rates,
while all racial/ethnic groups demonstrated increasing trends. Age-
stratified analyses revealed the greatest relative increase among
younger adults, although absolute mortality remained highest among
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Figure 3: Cardiogenic Shock and Sepsis Comparative Longitudinal Analysis of Crude Mortality Rates by Age Group: Historical Trends and ETS Forecasts
(1999–2040).

individuals aged 65 years and older. Most deaths occurred in medical
facilities.
The coexistence of CS and sepsis represents a severe and increas-
ingly recognized clinical entity associated with markedly elevated
mortality. Prior studies have shown that CS complicating sepsis
significantly worsens outcomes, with mortality rates exceeding 40%
in contemporary cohorts [5, 6]. Mechanistically, sepsis-induced
myocardial dysfunction is mediated by inflammatory cytokines,
nitric oxide dysregulation, and mitochondrial impairment, leading
to reversible but profound cardiac depression [14–16]. In parallel,
patients with CS are highly susceptible to secondary infections due
to invasive interventions and prolonged intensive care exposure,
creating a bidirectional relationship that amplifies mortality risk
[5, 17].
The marked increase in mortality after 2008 observed in this
study is consistent with evolving epidemiological trends in both
sepsis and CS. Large population-based analyses suggest that the
apparent rise in sepsis incidence is partly attributable to improved
recognition and coding practices, particularly following updated
sepsis definitions [3, 18]. However, true increases in disease burden,
driven by aging populations, multimorbidity, and improved survival
following acute cardiovascular events, also play a substantial role
[19, 20]. Furthermore, increasing clinical complexity, including
mixed shock states and multi-organ failure, has been associated with
worse outcomes despite advances in critical care [21, 22].
Sex disparities in CS and sepsis outcomes are increasingly reported.
Meta-analyses indicate that women with CS may experience higher
adjusted mortality and are less likely to receive mechanical circula-
tory support compared to men, potentially due to biological differ-
ences, later presentation, and differential treatment patterns [23, 24].
Similar disparities have been observed in acute myocardial infarction
complicated by CS, where women had less revascularization and
higher in-hospital mortality than men [25]. In sepsis populations,
sex-based differences in clinical outcomes have been documented,

with some studies showing higher in-hospital mortality among males,
greater severity of organ dysfunction, and higher rates of invasive
support among men [26].
Racial and ethnic disparities in critical illness outcomes are well
documented. National analyses have shown that mortality associated
with combined CS and sepsis is consistently higher among NH Black
individuals compared with other groups [27]. Similar patterns have
been observed in stand-alone CS cohorts, where NH Black and
Hispanic patients with STEMI and CS had higher adjusted odds
of mortality and were less likely to receive invasive procedures
compared with NH White men [25].
Sepsis mortality also exhibits racial disparities. Historical sepsis
data indicate higher age-adjusted mortality among Black and
American Indian populations compared with NH White and Asian
groups. However, some trend analyses suggest that racial mortality
trajectories may vary by state and over time [28, 29].
Age is a strong determinant of mortality in both CS and sepsis.
Older adults (≥65 years) have the highest absolute mortality rates,
reflecting cumulative comorbidity burden, immunosenescence, and
increased vulnerability to both myocardial and infectious insults.
Epidemiologic studies have consistently shown that age is among
the strongest predictors of mortality in shock states and sepsis, with
worse outcomes among elderly, multimorbid patients [30].
The COVID-19 pandemic profoundly affected U.S. mortality pat-
terns, with marked increases in sepsis and cardiovascular mortality
during 2020 – 2021. Pandemic-related disruptions likely delayed
care for acute cardiac conditions, increased infection risks, and
strained critical care resources, all of which may have contributed
to elevated cardiogenic shock and sepsis-related mortality rates.
National sepsis mortality data show significant increases in AAMR
during this period, supporting the pandemic’s impact on broader
mortality trends [30].
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5. Clinical and Policy Implications
Building on our findings, the observed mortality trends underscore
the need to evaluate targeted strategies for the early recognition and
management of CS complicated by sepsis. For instance, future clini-
cal studies should investigate whether targeted echocardiographic
assessment might improve outcomes in high-risk demographic
groups, such as adults ≥65 years, men, and NH Black patients
presenting with sepsis and hypotension. Furthermore, the rising
mortality burden highlights the potential value of evaluating bundled
care approaches that integrate early fluid resuscitation, vasopressor
titration, and timely mechanical support initiation. Additionally,
future research could explore whether machine learning models
that use vital signs, lab trends, and comorbidity profiles are useful
for predicting high-risk patients and guiding escalation of care.
Prospective studies are required to determine if evaluating and
implementing these measures can effectively improve outcomes
and mitigate the observed demographic disparities.

6. Strengths
This study leverages a comprehensive, nationally representative
dataset spanning multiple decades, enabling robust analysis of
long-term mortality trends across demographic groups. The use of
AAMRs enhances comparability over time and between subgroups.
Stratification by sex, race/ethnicity, and age provides valuable
insights into disparities that are essential for targeted public health
interventions. Furthermore, forecasting extends the utility of findings
by projecting future mortality trajectories, which is critical for policy
planning and resource allocation.

7. Limitations
Our analysis is limited by reliance on death certificate data, which
may be subject to misclassification or inaccuracies in cause-of-death
coding. Changes in sepsis definitions and coding practices over the
study period can introduce bias in trend estimations. The lack of
individual clinical data prevents adjustment for severity, comorbidi-
ties, and in-hospital management strategies (e.g., revascularization,
vasopressors, mechanical support). We could not differentiate pri-
mary CS complicated by sepsis from primary sepsis with secondary
cardiogenic dysfunction. Similarly, unmeasured confounders such
as socioeconomic status, insurance, and healthcare delivery factors
may contribute to the observed disparities but are not captured in this
dataset. Our study includes multiple subgroup analyses by sex, age
group, and race/ethnicity. We did not apply formal adjustments for
multiple comparisons, as the analyses were primarily descriptive and
hypothesis-generating. Consequently, the potential for inflated Type
I error should be considered when interpreting differences across
subgroups. Observed increases in mortality from CS and sepsis may
reflect improved recognition and documentation rather than true
increases in incidence. Changes in coding practices, the introduction
of Sepsis-3 definitions (2016), Medicare SEP-1 quality measures
(2015), broader adoption of electronic health records, and heightened
attention during the COVID-19 era may have increased the likelihood
that both conditions were recorded on death certificates. Our study
cannot distinguish true changes in incidence from documentation
effects.
Moreover, a methodological limitation of our forecasting analysis is
the presence of negative lower confidence bounds in certain long-
term projections, notably for the 25 – 44 age group by 2040. The
standard ARIMA and ETS models used in this study do not inherently
constrain predictions to be strictly positive. Because mortality rates
cannot mathematically fall below zero, these specific lower bounds

represent a statistical artifact caused by the expanding variance over a
15-year forecast horizon, rather than a biologically plausible scenario.
Despite this limitation regarding the uncertainty intervals, the point
estimates and the overall projected upward trajectories remain robust
and provide a valuable assessment of future demographic trends.
Furthermore, our analysis relied on the inclusion of CS and sepsis
as either an underlying or contributing cause of death (any mention)
to capture the broadest population-level burden. We did not perform
a sensitivity analysis restricting the data strictly to the underlying
cause of death (UCD), nor did we mandate the presence of specific
ICD-10 codes for severe sepsis (e.g., R65.2). We acknowledge that
lacking a UCD restriction or a severe sepsis code requirement limits
the clinical specificity of our cohort. Consequently, our mortality
estimates reflect the overall epidemiological burden of these co-
occurring critical conditions, which may include patients for whom
they were present but not the primary driver of mortality.
Additionally, a minor limitation of our aggregate dataset is a single-
death discrepancy between the total overall mortality count (71,726)
and the place-of-death sub-stratification (71,725), which is likely
due to incomplete categorization on the original death certificate.

8. Conclusion
This national analysis demonstrates a marked and sustained increase
in mortality related to CS complicated by sepsis among U.S. adults
between 1999 and 2025. Age-adjusted mortality rates more than
tripled during the study period, with the steepest rise occurring be-
tween 2008 and 2021. Mortality remained consistently higher among
men compared with women and was disproportionately elevated
among NH Black individuals. Although older adults (≥65 years) bore
the highest absolute mortality burden, younger adults experienced
the greatest relative increases over time. Forecasting models project
continued growth in mortality rates through 2040, particularly among
men and the NH Black populations. These findings highlight a
worsening national mortality trajectory with persistent demographic
disparities, underscoring the need for targeted surveillance and
intervention strategies.
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