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Abstract
Background:

Heart Failure (HF) is a major public health issue and a leading cause of morbidity and mortality in the United
States and worldwide. Pneumonia remains a significant contributor, accounting for over 53,000 deaths and
2.6 million emergency department visits annually in the U.S. This study analyzed mortality among U.S. adults
with coexisting HF and pneumonia.

Methods:

Mortality trends from 1999 to 2023 were examined using the CDC WONDER database, focusing on HF (150) and
pneumonia (J12-J18). Age-adjusted mortality rates per 100,000 were calculated and stratified by
demographics, geography, and metropolitan status. Joinpoint regression identified annual percentage change
(APC) and average annual percentage change (AAPC) with 95% confidence intervals.

Results:

From 1999-2023, 619,729 HF with pneumonia deaths occurred. AAMR declined from 18.55 to 8.65 (AAPC -
3.02;95% Cl - 4.31to-1.71; p< 0.001). Men had higher rates than women (13.96 vs. 9.97). Non-Hispanic Whites
(11.85) had the highest mean AAMR, followed by Non-Hispanic Blacks (10.74) and Hispanics (9.01). Older
adults bore the greatest burden (55.23) compared with middle-aged (1.87) and younger adults (0.21).
Regionally, the Midwest led (12.31), with rural areas (15.48) exceeding urban (10.83). State-level variation
ranged from West Virginia (18.44) to Florida (5.96).

Conclusion:

Mortality from coexisting HF and pneumonia has declined, but significant disparities persist. Men, non-Hispanic
Whites, older adults, and rural/Midwestern residents face the highest burden. Targeted public health
interventions are essential to reduce these inequities.

1. Introduction

Heart failure (HF), the terminal stage of many cardiovascular diseases, is a growing global cause of morbidity
and mortality. The 2021 Global Burden of Disease study estimated 56.5 million people living with HF—nearly
double the 1990 figure. Age-standardized prevalence rose from 647.9 to 682.7 per 100,000, driven mainly by
hypertension and ischemic heart disease (1). Although the absolute burden is highest in high-income regions,
the fastest growth is in low- and middle-income countries, especially South Asia (2).

Pneumonia, a major infectious cause of death globally accounts for 450 million cases and nearly 4 million
deaths annually (3). Its impact is particularly severe in children, older adults and individuals with cardiovascular
comorbidities (4,5). Patients with HF are especially vulnerable as infections can cause endothelial dysfunction
by decreasing Nitric oxide synthesis and can trigger systemic inflammatory cascade (6).
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In the United States (US), the epidemiological burden mirrors the global trends. HF affect approximately

6.7 million US adults, with nearly 452,573 deaths annually reported in 2023, accounting for 14.6% of all death
(7). Pneumonia continues to exert a parallel burden, responsible for 41,210 deaths and 1.2 million emergency
visits each year (8). Hospital discharge data consistently reported HF and pneumonia among the leading cause
of hospitalization, imposing a substantial clinical and economic burden on the healthcare system (9,10)

The coexistence of HF and pneumonia represents a convergence of chronic cardiovascular disease and acute
Respiratory infections, producing a high-risk clinical state marked by excess morbidity, mortality and healthcare
utilization. Centre of disease control (CDC) based epidemiological analysis are therefore essential to
characterize the magnitude of this overlap, identify predictors of poor outcomes, and generate evidence that
can drive both bedside management strategies and population-based prevention policies.

2. Methods
2.1 STUDY DESIGN AND DATA SOURCE:

This present study leveraged database of Centers for Disease Control and Prevention's Wide-ranging Online
Data for Epidemiologic Research (CDC WONDER) (11) database, covering the time period from 1999 to 2023.
The data were derived from U.S. death certificates as part of the Multiple Cause-of-Death Public Use data set,
which include information from all 50 states and the District of Columbia. The database has been extensively
used in prior epidemiologic studies for analyzing nationwide mortality trends.

2.2 STUDY POPULATION:

For heart failure (150) (12,13) and for pneumonia (J12-J18) (14) International Classification of Diseases, 10th
Revision (ICD-10) codes were used. Deaths were included only if the condition recorded on the death certificate,
either as the underlying cause or a contributing factor.

2.3 DATA ABSTRACTION:

In this study, data were abstracted for key variables including year of death, demographic details (age, sex,
race/ethnicity), and location of death. Deaths were categorized by location (medical facility, home, hospice,
long-term care). Race/ethnicity included NH White, NH Black or African American, and Hispanic. Age groups
were younger adults (25-44 years), middle-aged adults (45-64 years), and older adults (= 65 years). Urban-rural
status was assigned using the National Center for Health Statistics Urban-Rural Classification Scheme based
on 2013 U.S. Census data (15). Geographic regions were classified by U.S. Census Bureau designations:
Northeast, Midwest, South, and West. The study was exempt from institutional review board approval as it used
deidentified publicly available data and was conducted in accordance with STROBE guidelines (16).

2.4 STATISTICAL ANALYSIS

Age-adjusted mortality rates (AAMRs) per 100,000 were calculated by year, sex, race/ethnicity, age, state, and
urban-rural status. Age adjustment was performed using the direct method, standardized to the year 2000 U.S.
population. For analyzing national trends in AAMRs, the Joinpoint Regression Program (version 5.4.0) (17) from
the National Cancer Institute was employed, which detects statistically significant shifts in trends over time
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using log-linear models. Annual percent changes (APC) and 95% confidence intervals (Cls) were computed, and
statistical significance was determined using a two-tailed P-value of < 0.05.

3. Results

Between 1999 and 2023, HF with pneumonia accounted for a total of 619,729 deaths among adults aged 25
years and more in the US (Supplemental Table 1). These deaths were prevalent across various places, with the
leading most occurring in medical facilities (67.34%), (22.01%) in nursing home/long term care facilities,
(6.15%) in decedent’s home, (2.58%) in hospice facilities, and (1.69%) at other locations (Supplemental Table 2)
(Table 1).
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Table 1
Mean AAMR and AAPC for Heart Failure-related deaths among U.S. adults aged = 25 years with Pneumonia,

1999 to 2023.
Demographics Deaths Population Mean Age-Adjusted Mortality AAPC (95%
Rate per 100,000 (95% Cl) Cl)

Overall 619,729 5163131262 11.53(11.39to 11.67) -3.02* 9-3.65
to-2.53)

Sex

Male 287,458 2491041251 13.96 (13.70to 14.22) -2.87*(-3.52
to-2.31)

Female 332,271 2672090011 9.97 (9.80t0 10.13) -3.30* (-3.,89
to-2.88)

Race

NH White 519,705 3528912956 11.85(11.69 to 12.01) -2.95* (-3.52
to -2.53)

NH Black 50,013 602204655 10.74 (10.25t0 11.21) -2.52* (-3.60
to-1.76)

NH American Indian or 3,136 37910158 12.61 (10.31 to 15.02) -2.84* (-4.15

Alaska Native to-1.79)

NH Asian or Pacific 12,889 281715534 7.22 (6.5510 7.88) -3.23* (-4.07

Islander to-2.33)

Hispanic 32,395 702028728 9.00 (8.48 10 9.52) -3.00* (-3.98
to -2.06)

Age Group

Younger adults (25-44) 4,364 2119405590 0.20 (0.18 t0 0.24) 3.28; 92.67 to
4.06

Middle Aged adults (45- 39,237 1942357841  1.86 (1.77 t0 1.96) 0.38 (-0.52 to

64) 1.04)

Older Adults (65+) 576,128 1101367831  55.22 (54.52 to 55.93) -3.3189-3.88
to-2.87)

Census Region

South 224,654 1916380109 11.69(11.45t0 11.94) -2.66* (-3.30
to-2.12)

West 125434 1187526802 11.19(10.88 to 11.49) -3.20* (-3.74
t0-2.12)

Midwest 152,729 1110999093 12.31(12.00to0 12.62) -3.29* (-3.96
to-2.77)

Northeast 116,912 948225258 10.58 (9.61 t0 10.18) -3.29*% (-)3.82
to-2.77

* *Indicates that trend is statistically significanti.e. p value < 0.05
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Demographics Deaths Population Mean Age-Adjusted Mortality AAPC (95%
Rate per 100,000 (95% Cl) Cl)

Urbanization

Rural 128,508 678634169 15.48 (15.09 to 15.87) -2.63* (-3.26
to-2.20)

Urban 407,598 3795213822 10.82(10.67 to 10.98) -2.46* (-3.21
to-1.90)

* *Indicates that trend is statistically significanti.e. p value < 0.05

3.1 Annual Trends for Heart Failure with Pneumonia-Related
AAMR

The overall AAMR for HF with Pneumonia-related deaths among adults decreased from 18.55in 1999 t0 8.65 in
2023, with an AAPC of -3.02 (95% ClI: -4.31 to -1.71; p value < 0.001) (Fig. 1). AAMR demonstrated a marginal
decline in AAMR trend between 1999 and 2005 (APC: -2.59; 95% CI: -3.78 to -1.40; p value = 0.006), followed by
a remarkable decline from 2005 to 2009 (APC: -11.11; 95% Cl: -14.59 to -7.48; p value = 0.004). Subsequently,
there was a further minor decline in AAMR from 2009 to 2018 (APC: -3.02; 95% Cl: -4.04 to -1.98; p value =
0.005), after which AAMR experienced a sudden rise from 2018 to 2021 (APC: 19.46; 95% CI: 9.89 to 29.85; p
value = 0.006). Finally, a sharp declining trend was observed from 2021 to 2023 (APC: -16.68; 95% CI -23.26 to
-9.55; p value = 0.004) (Supplemental Table 3) (Fig. 1).

3.2 Heart Failure with Pneumonia-Related AAMR Stratified by
Sex

The AAMR for both men and women decreased from 1999 to 2023. Among men, the AAMR decreased from
22.33 (95% CI: 21.951t0 22.72) in 1999 to 10.81 (95% CI: 10.62 to 11.01) in 2023. Similarly, among women, the
AAMR decreased from 16.33 (95% Cl: 16.1 to 16.57) to 7.09 (95% CI: 6.96 to 7.23).

Adult men exhibited slightly higher AAMRs compared to adult women (mean AAMR for men: 13.96, 95% Cl:
13.71-14.22; for women: 9.97, 95% CI: 9.80-10.14). The AAMR of both, men and women decreased from 1999
till 2023. [Women: AAPC: -3.30, (95% Cl: -4.76 to -1.83; p value = 0.001); Men: AAPC: -2.87, (95% Cl: -4.20 to
-1.52; p value = 0.003)].

The AAMR trend for adult women decreases marginally from 1999 to 2005 (APC: -2.59; 95% Cl: -3.88 10 -1.28; p
value = 0.001), followed by a tremendous drop in AAMR trend between 2005 to 2009 (APC: -11.00; 95% CI:
-14.96 10 -6.85; p value = 0.001). The AAMR trend demonstrated a downward trend from 2009 to 2018 (APC:
-3.39;95% Cl: -4.47 to -2.29; p value = 0.003), after which it experienced a surge from 2018 to 2021 (APC: 16.00;
95% ClI: 5.49 to 27.56; p value = 0.005). Finally, enormous drop in AAMR trend occurred by 2024 (APC: -14.71;
95% Cl: -22.35 10 -6.31; p value = 0.003). The AAMR trend of the adult male initially reduced slightly from 1999 to
2005 (APC: -2.70; 95% Cl: -4.04 to -1.34; p value = 0.001), which is followed by a tremendous decline from 2005
to 2009 (APC: -11.43; 95%Cl: -15.39 to -7.27; p value = 0.001). Furthermore, it exhibited a minimal drop from
2009 to 2018 (APC: -2.72; 95% Cl: -3.77 to -1.66; p value = 0.001) which is subsequently followed by a sudden
hike from 2018 to 2021 (APC: 22.04; 95% Cl: 12.34 to 32.57; p value = 0.002). Finally, a marked fall in AAMR
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trend occurred from 2021 to 2023 (APC: -18.09; 95% Cl: -24.51 to -11.11; p value = 0.002) (Supplemental
Table 4) (Fig. 1).

3.3 Heart Failure with Pneumonia-Related AAMR Stratified by
Age

The AAMR increased across all age groups from 1999 to 2023 except older Adults. [younger Adults: (0.21 to
0.32); middle-aged adults: (2.02 to 2.28)]. Among older adults the AAMR decreased from 1999 to 2023 (90.86 to
39.52).

Older adults exhibited highest mean AAMRs throughout the study period, followed by middle-aged and younger
adults (25-44). (mean AAMR: older Adults: 55.23, 95% CI: 54.52-55.93; middle Aged Adults: 1.87,95% Cl:
1.77-1.96; younger Adults: 0.21,95% Cl: 0.18-0.24).

The AAMR of all the age groups increased profoundly from 1999 till 2023 [older Adults: AAPC: 8.23, (95% CI:
7.37 t0 9.36; p value < 0.001); middle Aged Adults: AAPC: 5.20, (95% ClI: 4.75 to 5.80; p value < 0.001); younger
Adults: AAPC: 3.81, (95% CI: 2.44 to 6.06; p value < 0.001).

Among younger adults, the AAMR trend remained stable from 1999 to 2018, rose sharply from 2018 to 2021,
and then dropped from 2021 to 2023. In middle-aged adults, the AAMR declined from 1999 to 2011, plateaued
between 2011 and 2018, surged from 2018 to 2021, and then decreased from 2021 to 2023. Among older
adults, the AAMR decreased from 1999 to 2005, declined further from 2005 to 2009, dropped slightly between
2009 and 2018, increased from 2018 to 2021, and then declined again from 2021 to 2023 (Supplemental
Table 5) (Fig. 2).

3.4 Heart Failure with Pneumonia-Related AAMR Stratified by
Race

The AAMR decreased across all racial/ethnic groups from 1999 to 2023: Hispanic (13.82 to 7.09); NH American
Indian or Alaskan Native (16.2 to 9.78); NH Asian or Pacific Islander (11.53 to 5.59); NH White (19 to 8.95); and
NH Black (16.39 to 9.08).

The highest mean AAMRs were recorded among NH American Indian or Alaskan Natives with only marginal
differences among remaining racial/ethnic groups (mean AAMR: NH American Indian or Alaskan Natives: 12.61,
95% CI: 10.31 to 15.02; NH Whites: 11.85; 95% CI: 11.69 to 12.01; NH Blacks: 10.74; 95% CI: 10.26 to 11.22;
Hispanics: 9.01; 95% ClI: 8.48 to 9.53; NH Asian or Pacific Islanders: 7.22, 95% Cl: 6.55 to 7.88).

The AAMR of all the races decreased profoundly from 1999 till 2023 [Hispanic: AAPC: -3.00, (95% Cl: -3.98 to
-2.06; p value < 0.001)); NH Whites: AAPC: -2.95, (95% CI: -3.52 to -2.53; p value < 0.001); NH Blacks: AAPC: -2.52,
(95% CI: -3.60 to -1.76; p value < 0.001); NH American Indian or Alaskan Native: AAPC =-2.84, (95% Cl:-4.15 to
-1.79; p value = 0.004); NH Asian or Pacific Islander: AAPC = -3.23, (95% Cl: -4.07 to -2.33; p value = 0.004)].

The AAMR trend for Hispanic individuals fell between 1999 and 2018, rose from 2018 to 2021, and dropped
from 2021 to 2023. For NH Black individuals, the AAMR trend decreased from 1999 to 2017, climbed between
2017 and 2021, and fell from 2021 to 2023. Among NH White individuals the AAMR trend reduced slightly from
1999 to 2005, declined from 2005 to 2009, dropped further from 2009 to 2018, rose between 2018 and 2021,
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and turned downward from 2021 to 2023. For NH American Indian or Alaskan Native individuals, the AAMR
trend decreased from 1999 to 2018, rose from 2018 to 2021, and fell from 2021 to 2023. Finally, the AAMR for
NH Asian or Pacific Islander individuals reduced between 1999 and 2018, increased from 2018 to 2021, and
dropped from 2021 to 2023 (Supplemental Table 6) (Fig. 3).

3.5 Heart Failure with Pneumonia-Related AAMR Stratified by
Geographical Regions

3.5.1 Stratified By Census:

The AAMR decreased across all US census regions from 1999 to 2023. In the Northeast, the AAMR dropped
from 17.21in 1999 to 7.56 in 2023; in the Midwest, from 20.45 to 8.73; in the South, from 18.14 t0 9.4; and in
the West, from 18.32 to 8.25.

Notably, over the study period, the highest mean AAMR was observed in the Midwest (AAMR: 12.31; 95% CI:
12.01 to 12.62), followed by the South (mean AAMR: 11.70; 95% Cl: 11.46 to 11.94), West (mean AAMR: 11.19;
95% CI: 10.89 to 11.50) and Northeast (mean AAMR: 10.59; 95% CI: 10.28 to 10.89). The AAMR of all the
regions manifested a prominent surge in trend between 1999 and 2023 [Midwest: AAPC: -3.29, (95% CI: -5.27 to
-1.27; p value = 0.001); Northeast: AAPC: -3.29, (95% CI: -4.92 to -1.63; p value = 0.001); West: AAPC: -3.20, (CI:
-5.16 t0 -1.20; p value = 0.001); South: AAPC: -2.66, (95% CI: - .3.97 to -1.32; p value = 0.001)].

The AAMR trend for the Northeast declined between 1999 and 2005, dropped more sharply from 2005 to 2009,
continued downward from 2009 to 2018, rose from 2018 to 2021, and decreased again between 2021 and 2023.
For the Midwest, the AAMR trend decreased from 1999 to 2005, declined further from 2005 to 2009, fell again
from 2009 to 2018, rose from 2018 to 2021, and dropped between 2021 and 2023. In the South, the AAMR trend
decreased from 1999 to 2005, declined further from 2005 to 2009, continued downward from 2009 to 2018,
rose between 2018 and 2021, and then fell from 2021 to 2023. For the West, the AAMR trend fell between 1999
and 2006, dropped steeply from 2006 to 2009, continued downward from 2009 to 2018, rose between 2018 and
2021, and turned downward again from 2021 to 2023 (Supplemental Table 7) (Fig. 4).

3.5.2 Stratified By Urbanization:

The AAMR decreased in both urban and rural areas from 1999 to 2020. In urban areas, the AAMR decreased
from 17.24 in 1999 to 10.56 in 2020, while in rural areas it decreased from 23.85 to 14.03.

Rural areas showed rather modestly higher AAMRs throughout the study period, with mean AAMR of 15.48 for
Rural (95% CI: 15.09 to 15.88) and 10.83 for Urban (95% CI: 10.67 to 10.98). The overall trend in AAMR of both
rural and urban areas decreased from 1999 to 2020 [(Rural: AAPC: -2.63, (95% ClI: -3.76 to -1.48; p value = 0.008);
(Urban: AAPC: -2.46, (95% CI: -3.83 to -1.08; p value < 0.005)].

For urban areas, the AAMR trend declined from 1999 to 2006, dropped more steeply between 2006 and 2009,
continued downward from 2009 to 2018, and then spiked from 2018 to 2020. For rural areas, the AAMR showed
a slight reduction between 1999 and 2005, fell more noticeably from 2005 to 2009, continued downward from
2009 to 2018, and then increased markedly from 2018 to 2020 (Supplemental Table 8) (Fig. 5).

3.5.3 Stratified By States:
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Disparities in AAMRs were noticeable among different states, with AAMRs ranging from as low as 5.96 (95% Cl:
5.88-6.03) in Florida to 18.44 (95% Cl: 17.97-18.9) in West Virginia. States falling within the top 90th percentile
included Kentucky, Mississippi, West Virginia, Oklahoma, and Rhode Island which had approximately twice
AAMRs compared to states in the lower 10th percentile which included Florida, Arizona, Nevada, Colorado, and
Hawaii (Supplemental Table 9) (Fig. 6).

4. Discussion

In this study, we examined nationwide mortality data on HF with pneumonia among U.S. adults aged 25 years
and older from 1999 to 2023. A total of 619,729 deaths were recorded, most frequently in medical facilities,
followed by nursing homes, private residences, hospices, and other locations. Men had higher mortality rates
than women. By race and ethnicity, NH White adults had the highest AAMRs, followed by NH Black, Hispanic,
NH American Indian or Alaskan Native, and NH Asian or Pacific Islander adults. Older adults showed the highest
burden. Midwest region recorded the highest mean AAMRs, followed by the South, West, and Northeast, while
rural areas consistently showed higher rates than urban areas (Fig. 7).

HF disrupts pulmonary circulation, causing alveolar fluid buildup that favors microbial growth (18). Pneumonia
then triggers decompensation via systemic inflammation, hypoxemia, and sympathetic overactivation (19,20).
Inflammatory mediators like IL-6, TNF-q, and C-reactive protein impair contractility, stiffen ventricles, and
promote arrhythmias (21,22). Hypoxemia, acidosis, and catecholamine excess further strain the heart (23,24),
while capillary leaks and fluid resuscitation increase preload and pulmonary congestion (25). Comorbidities—
diabetes, hypertension, obesity, and kidney disease—accelerate myocardial damage and weaken immunity (26).
Smoking, alcohol misuse, poor therapy adherence, and low vaccination uptake against influenza and
pneumococcus add to the mortality burden (27).

Sex-based disparities were consistent, with men showing higher age-adjusted mortality than women. Men with
HF more often have ischemic cardiomyopathy, adverse remodeling, and stronger sympathetic activation,
reducing resilience to pneumonia (28). Lack of estrogen’s cardioprotective and anti-inflammatory effects, along
with genetic immune and remodeling differences, may further raise male mortality (29). Women benefit from
estrogen, especially before menopause, and more often have preserved ejection fraction, less vulnerable to fluid
shifts (30,31). Behavioral factors add: men smoke and drink more, delay preventive care, and vaccinate less,
while women engage more in healthcare and disease management (32—-34). Mortality surged in both sexes
from 2018-2021 with COVID-19 (35), but men’s greater absolute burden highlights the need for tailored
prevention addressing both biological and modifiable risks.

Elevated mortality in NH White adults reflects greater HF burden and reporting, whereas persistently high rates
in NH Black adults stem from disproportionate risk factors, socioeconomic disadvantage, and structural
barriers (36,37). Hispanic adults showed lower rates but sharp relative declines, linked to younger age
structures and community support, though underinsurance and access remain concerns (38). NH American
Indian and Alaska Native adults carried an intermediate burden from cardiometabolic risk and healthcare
inequities (39). Consistently low AAMRs in Asian and Pacific Islander groups may reflect lower HF prevalence
and healthier practices, though not uniformly protective (40,41). These patterns underscore the role of biology,
comorbidity, culture, and systemic inequities, highlighting the need to address structural determinants of health.
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Age was the strongest determinant of mortality. Older adults bore most of the burden, with AAMRs many times
higher than younger groups, reflecting frailty, immunosenescence, and multimorbidity. Vulnerability was further
heightened by reduced cardiac reserve, impaired renal clearance, diastolic dysfunction, polypharmacy,
functional decline, and institutionalization (42,43). Middle-aged adults had intermediate mortality but a
substantial share of deaths from obesity, diabetes, and hypertension (44). Younger adults had low absolute
mortality, though relative rates rose with earlier cardiometabolic risks, substance use, and delayed care (45).
These findings highlight the need for age-tailored prevention, with vaccination, chronic disease management,
and early risk factor control key for older and middle-aged groups.

Geographic disparities were marked. Mortality was highest in the Midwest, lowest in the Northeast, and
intermediate in the South and West, reflecting socioeconomic conditions, risk factors, and healthcare
infrastructure (46). West Virginia, Kentucky, and Mississippi carried the greatest burden from poverty, obesity,
smoking, and limited care (47), while Colorado and New Jersey reported much lower rates with stronger public
health and tertiary access (48). Rural areas also had higher mortality than urban ones, driven by distance,
physician shortages, fewer preventive services, and economic hardship (49,50). Place of death patterns showed
further inequities: most patients died in medical facilities, but many in nursing homes, underscoring older
adults’ vulnerability and the need for earlier preventive and palliative strategies (51,52).

SARS-CoV-2 directly injured the myocardium through viral infiltration, systemic inflammation, and endothelial
dysfunction, precipitating decompensation (53). Viral pneumonia compounded pulmonary congestion,
hypoxemia, and fluid shifts, worsening outcomes (54). Indirectly, strained healthcare systems, delayed follow-
up, and reduced preventive care further amplified mortality (55). These swings highlight the fragility of HF
populations to infectious threats and the need for preparedness and resilient care pathways.

This study has several limitations. The analysis relied on CDC WONDER mortality data from death certificates,
which may be subject to misclassification and coding errors, particularly during the COVID-19 pandemic. The
lack of urbanization data from 2020 onwards limited out ability to conduct uniform analysis by 2024 for this
stratification. The ecological nature of the dataset precludes adjustment for individual-level factors such as
comorbidity severity, socioeconomic status, and access to care. It was also not possible to differentiate
between HF subtypes or between community- and hospital-acquired pneumonia, each with different prognostic
implications.

5. Conclusion

Between 1999 and 2023, HF with pneumonia caused significant morbidity and mortality in the US, with most
deaths occurring in medical facilities among older adults. Disparities persisted across sex, age, race/ethnicity,
geography, and urbanization, with men, NH whites, Midwestern populations, and rural areas showing higher
mortality. These heterogeneous trends highlight the need for multidimensional, targeted public measures to
reduce the nationwide mortality burden.
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Heart Failure with Pneumonia associated AAMR Stratified by
Sex and Overall per 100,000 Population
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Year

Male: 1999-2005: APC -2.70 (-4.41 to 1.18), 2005-2009: APC -11.43 (-15.99 to -7.57),
@ 2009-2018: APC -2.72 (-4.82 t0 0.77). 2018-2021: APC 22.04 (15.24 to 26.47), 2021-2023:
APC -18.09 (-25.28 to -11.54)

Female: 1999-2005: APC -2.59 (-4.06 to 0.00). 2005-2009: APC -11.00 (-14.70 to -7.82),
& 2009-2018: APC -3.39 (-5.14 to -0.96), 2018-2021: APC 16.00 (9.82 to 19.73), 2021-2023:
APC-14.71 (-21.62 to -7.85)

Overall:1999-2005: APC -2.59 (-4.13 to 0.53), 2005-2009: APC -11.11 (-15.21 to -7.57),
- 2009-2018: APC -3.02 (-5.02 to 0.16), 2018-2021: APC 19.46 (12.79 to 23.64), 2021-2023:
APC -16.68 (-23.98 to -9.59)

Figure 1
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Heart Failure with Pneumonia associated AAMR Stratified by

Age per 100,000 Population
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o, Younger Adults (25-44): 1999-2018: APC 0.23 (-0.55 t0 0.93), 2018-2021: APC 60.07

(41.28 to 68.22), 2021-2023: APC -28.79 (-34.96 to -20.73)

Middle-Aged Adults (45-64): 1999-2011: APC -3.93 (-9.64 to -2.48), 2011-2018: APC

& 2.32(-2.02 t0 9.39), 2018-2021: APC 41.69 (32.32 to 49.63), 2021-2023: APC -27.14
(-34.63 to -20.20)

Older Adults (65-85+): 1999-2005: APC -2.64 (-4.10 to 0.01), 2005-2009: APC -11.28
@ (-15.10 to -8.00), 2009-2018: APC -3.24 (-5.01 to -0.70), 2018-2021: APC 16.60 (10.61 to

20.34), 2021-2023: APC -15.35 (-21.93 to -9.05)

Figure 2
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Heart Failure with Pneumonia associated AAMR Stratified by
Race per 100,000 Population
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Hispanie: 1999-2018: APC -5.15 (-6.31 to -4.25), 2018-2021: APC 34.39 (20.84 to 43.20),
2021-2023: APC -26.38 (-36.04 to -15.14)

NH Black: 1999-2017: APC -5.14 (-6.31 to -4.25), 2017-2021: APC 25.27 (17.84 to 40.93),
2021-2023: APC -24.57 (-35.11 to -9.54)

NH White: 1999-2005: APC -2.40 (-3.81 to -0.04), 2005-2009: APC -11.35 (-15.12 to -8.05),
2009-2018: APC -2.73 (-4.54 to -0.44), 2018-2021: APC 16.80 (11.10 to 20.35), 2021-2023:
APC -14.22 (-21.01 to -7.82)

NH American Indian or Alaska Native: 1999-2018: APC -4.36 (-5.93 to -3.19), 2018-2021:
APC 28.59 (14.26 to 38.41), 2021-2023: APC -25.93 (-37.85to -11.15)

NH Asian or Pacific Islander: 1999-2018: APC -5.22 (-6.40 to -4.00). 2018-2021: APC 16.17
(-7.30 to 21.57). 2021-2023: APC -10.33 (-20.20 to 5.52)

Figure 3
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Heart Failure with Pneumonia associated AAMR Stratified by
the U.S Census Region per 100,000 Population
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Northeast: 1999-2005: APC -2.91 (-4.49 to 0.84), 2005-2009: APC -10.91 (-14.86 to -7.55).
2009-2018: APC -2.10 (-4.09 to -0.38), 2018-2021: APC 11.18 (5.51 to 15.13). 2021-2023:
APC -13.53 (-19.79 to -5.61)

Midwest: 1999-2005: APC -2.66 (-4.33 to 0.92), 2005-2009: APC -11.28 (-15.53 to -7.65),
2009-2018: APC -2.87 (-4.92 to -0.04), 2018-2021: APC 18.15 (10.93 to 22.66), 2021-2023:
APC -18.22 (-25.44 t0 -10.92)

West: 1999-2006: APC -2.59 (-3.75 to -0.62), 2006-2009: APC -14.59 (-16.92 to -9.38),
2009-2018: APC -3.88 (-5.33 to -1.70), 2018-2021: APC 20.85 (15.30 to 24.71), 2021-2023:
APC -15.48 (-21.70 to -9.87)

South: 1999-2005: APC -2.82 (-4.42 to 1.31), 2005-2009: APC -10.64 (-15.02 to -6.84),
2009-2018: APC -2.63 (-4.74 to 0.86). 2018-2021: APC 22.47 (16.05 to 26.65), 2021-2023:
APC -17.83 (-24.94 to -11.35)

See image above for figure legend
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Heart Failure with Pneumonia associated AAMR Stratified by
Urbanization per 100,000 Population

Rural: 1999-2005: APC -1.91 (-3.37 to 0.40), 2005-2009: APC -11.27 (-14.95 to -8.17).

2009-2018: APC -3.10 (-4.84 to -0.93), 2018-2020: APC 17.24 (7.15 to 22.76)

Urban: 1999-2006: APC -3.41 (-4.71 to -0.19), 2006-2009: APC -12.74 (-15.46 to -7.21),
2009-2018: APC -2.68 (-4.84 to 0.47), 2018-2020: APC 20.50 (8.13 to 27.02)

Figure 5
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Heart Failure with Pneumonia AAMR Stratified by State per 100,000 Population
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Temporal Trends in Heart Failure associated with Pneumonia in US Adults, from 1999 to 2023:
A CDC Wonder Database Analysis
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