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Background: This study seeks to investigate mortality trends associated with the
simultaneous occurrence of asthma and pneumonia among U.S over the period
from 1999 to 2023.

Methods: CDC WONDER was used to identify asthma and pneumonia related
deaths that occurred within the United States from 1999 to 2023. Crude and
age-adjusted mortality rates (AAMR) were calculated, as well as annual percent
change and weighted average annual percent change with 95% confidence
intervals for the AAMRs. The Joinpoint Regression Program was used to
determine trends in mortality within the study period. Joinpoint regression
analysis was employed to determine annual percentage changes (APCs) and
assess statistical significance (P < 0.05).

Results: From 1999 to 2023, male patients demonstrated greater mortality rates
from pneumonia and asthma compared to females. When stratified by race and
ethnicity, Black patients had the highest AAMR over the study period at 29.21
per 100,000 people in 1999, as well as the most significant reduction in AAMR to
13.91 per 100,000 people in 2023. Additionally, AAMRs were consistently higher
in rural areas compared to urban locations. By age group, patients aged 85+ had
the highest overall crude mortality rate at 747.90 per 100,000 people in 1999,
with the lowest rate in ages 5-14 at 0.51 per 100,000 people in 1999.
Conclusions: This study highlight epidemiological differences in asthma- and
pneumonia-related death. Significant disparities in mortality rates were noted in
older-aged, male, Black, and rural patients.
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1 Introduction

Respiratory diseases remain a leading cause of morbidity and mortality globally,
imposing substantial burdens on healthcare systems and public health resources (1).
Among these, asthma and pneumonia stand out as two interconnected yet distinct
conditions: asthma is a chronic inflammatory disorder of the airways characterized by
recurrent episodes of wheezing, dyspnea, and airflow limitation, while pneumonia is
an acute lower respiratory tract infection caused by bacteria, viruses, or fungi (2, 3).
This interconnection is clinically evident: for instance, asthmatic patients with chronic
airway inflammation and impaired mucus clearance are 2-3 times more likely to
develop community-acquired pneumonia than non-asthmatic individuals (4), particularly
when asthma is poorly controlled. Conversely, viral pneumonia (e.g., influenza-induced
pneumonia) can directly irritate airway epithelial cells, triggering immune responses
that exacerbate asthma symptoms—with up to 40% of severe asthma exacerbations
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in adults linked to preceding respiratory infections (5). These
examples highlight their bidirectional influence while preserving
their distinct pathological features: asthma is a chronic, non-
infectious condition, whereas pneumonia is an acute infectious
process. Together, these conditions contribute to a significant share
of respiratory-related deaths worldwide, with preventable cases
accounting for a notable proportion of this burden (6).

In the United States, asthma and pneumonia continue to
pose persistent public health challenges (7). For asthma, despite
decades of advances in diagnosis and management, the disease
remains highly prevalent: in 2022, approximately 8.2% of the
U.S. population reported a lifetime asthma diagnosis, with
42.4% of these individuals experiencing at least one asthma
attack in the past year (8). Asthma mortality has shown a
downward trend since the late 1990s—declining from 1.7 per
100,000 individuals in 1999 to 1.0 per 100,000 by 2010, and
stabilizing through 2022—though disparities persist among older
adults (aged >65 years), racial/ethnic minorities, and rural
residents (8, 9). In 2021 alone, 3,517 Americans died from
asthma, translating to a mortality rate of 10.6 per million
individuals (8); these deaths are often linked to undertreatment,
coexisting chronic conditions, or delayed intervention during acute
exacerbations (9).

In contrast, pneumonia remains a leading cause of acute
respiratory death in the U.S., with high-risk groups (older adults,
young children, individuals with chronic comorbidities, and those
with weakened immune systems) bearing the brunt of mortality
(10, 11). The COVID-19 pandemic (2020-2022) further amplified
pneumonia-related mortality, as severe acute respiratory syndrome
coronavirus 2 frequently leads to secondary bacterial or viral
pneumonia, and pandemic-related disruptions to healthcare access
may have delayed treatment for non-COVID pneumonia cases
(12, 13). Even beyond the pandemic, pneumonia mortality trends
have been shaped by factors such as vaccine uptake, antimicrobial
resistance, and socioeconomic barriers to care—highlighting the
need for updated analyses to capture post-pandemic recovery
patterns (14).

Notably, the relationship between asthma and pneumonia adds
complexity to their mortality burdens. Asthma patients, especially
those with poorly controlled disease or frequent exacerbations,
have impaired airway clearance and chronic inflammation,
increasing their risk of developing pneumonia (15). Conversely,
pneumonia can trigger severe asthma exacerbations, leading to
acute respiratory failure and death—creating a “bidirectional” risk
loop. For example, older adults with uncontrolled asthma are
not only more likely to develop pneumonia but also have a 30%
higher risk of mortality from pneumonia-related exacerbations
compared to their non-asthmatic peers (16); similarly, individuals
with low socioeconomic status, who often face barriers to
timely care, experience a compounded risk of both conditions
progressing to severe outcomes. Despite this interdependence,
most prior U.S. studies have analyzed asthma and pneumonia
mortality in isolation, focusing on single conditions or limited
timeframes (5, 10, 17). This gap limits understanding of how
these two conditions interact to drive respiratory mortality trends,
particularly in the context of recent public health crises and
evolving healthcare practices.
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To address these limitations, we conducted a population-based
analysis using data from the CDC WONDER database. Our study
aims to: (1) describe trends in asthma-related and pneumonia-
related mortality in the U.S. from 1999 to 2023, encompassing
the pre-pandemic, pandemic, and early post-pandemic periods;
(2) examine disparities in mortality rates by demographic factors
(age, sex, race) and geographic regions (census regions, urban/rural
status). By integrating both asthma and pneumonia, our findings
will provide a critical update on respiratory health outcomes,
inform targeted public health interventions, and guide strategies to
reduce preventable respiratory deaths.

2 Methods
2.1 Study design and period

A retrospective epidemiological analysis was performed to
characterize trends in asthma and pneumonia-related mortality
in the United States over a 24-year period (1999-2023). Our
study was exempt from institutional review board approval, as
we utilized a de-identified government-provided public-use dataset
in accordance with Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.

2.2 Data source and case definition

2.2.1 Database selection

Mortality data were retrieved from the CDC WONDER
database. This database aggregates cause-of-death information
from death certificates for all 50 U.S. states and the District of
Columbia, with established utility in prior analyses of asthma
and pneumonia mortality trends due to its long-term coverage,
population-level scope, and adherence to standardized data
collection protocols (18-21).

2.2.2 Case identification

Asthma and pneumonia-related deaths were defined using
the ICD-10 J45, J46 and J12-18. Only deaths where asthma and
pneumonia was documented as the underlying cause of death
were included.

3 Data abstraction

Data were extracted from the CDC WONDER database
using predefined criteria to capture key variables associated
with asthma and pneumonia -related mortality: year of death,
annual population size, state and U.S. Census region of residence,
place of death, urban-rural classification, age at death, sex,
and race/ethnicity.

Place of death was categorized as medical facilities (including
inpatient units, outpatient clinics, emergency rooms, death
on arrival, and cases with unknown medical facility status),
hospice facility,
other unclassified locations. Age at death was stratified into

home, nursing home/long-term care, or
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four groups —1-14, 15-44, 45-64, 65-74, 75-84 and >85
years—consistent with age group cutoffs used in prior asthma
mortality trend analyses (18). Sex was dichotomized as male or
female, while race/ethnicity was classified into four mutually
exclusive groups: Non-Hispanic (NH) White, NH Black or
African American, NH Asian or Pacific Islander, and Hispanic
or Latino.

Urban-rural classification was determined using the
2013 National Center for Health Statistics (NCHS) scheme,
which 2010 U.S. data to
counties into three tiers: urban (large metropolitan areas

relies on Census categorize

with population >1 million), suburban (medium/small
metropolitan areas with population 50,000-999,999), and
rural (nonmetropolitan areas with population <50,000)

(22). U.S. Census regions were defined per the U.S. Census
Bureau’s standard classifications: Northeast, Midwest, South,
and West.

4 Statistical analysis

To evaluate trends in asthma and pneumonia-related mortality,
two core mortality metrics were computed per 100,000 population
for the 1999-2020 period, stratified by year, race/ethnicity,
sex, age group, U.S. Census region, state, and geographical
density (urban/suburban/rural).

Age-adjusted mortality rates (AAMRs) were calculated with
95% confidence intervals (CIs) by standardizing asthma and
pneumonia-related death counts to the age distribution of the
2,000 U.S. Standard Population (23)—a critical step to eliminate
confounding by age structure differences across subgroups and
time points. Crude mortality rates (CMRs) were also computed
annually, defined as the total number of asthma and pneumonia-
related deaths divided by the corresponding annual U.S. population
size for each stratum.

The Joinpoint Regression Program was used to identify trends
in mortality by fitting log-linear regression models based on
the Poisson distribution assumption—appropriate for count-based
mortality data. This approach captures variations in mortality over
time by modeling the natural logarithm of death counts as a
linear function of time, with the Poisson distribution accounting
for the discrete and rare nature of the outcome variable. The
Monte Carlo permutation test (1,000 permutations) was applied
to establish 95% ClIs for the line segments connecting statistically
significant trend changes. It is a non-parametric statistical test that
assesses the significance of trend changes by randomly permuting
the observed mortality data to generate a distribution of expected
outcomes. By comparing the observed APCs to this distribution,
we can determine whether the detected trend shifts are unlikely to
occur by chance. This approach is particularly robust for analyzing
time-series mortality data with potential non-linear trends, as it
avoids assumptions about the underlying data distribution. This
method detected meaningful temporal shifts in AAMRs by fitting
log-linear regression models to capture variations in mortality over
time. APCs were categorized as increasing or decreasing based on
whether the slope of mortality change differed significantly from
zero, assessed via two-tailed ¢-tests. Statistical significance was set
at a P-value < 0.05.
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5 Result
5.1 Overall mortality trends (1999-2023)

From 1999 to 2023, the total number of asthma- and
pneumonia-related deaths in the United States decreased
significantly, with 66,720 deaths recorded in 1999 and 44,835
deaths in 2023, representing a 32.80% reduction over the 24-year
period (Table 1). Consistent with the declining death count,
the AAMR also dropped substantially, from 24.58 per 100,000
population (95% CI: 24.40-24.77) in 1999 to 10.82 per 100,000
population (95% CI: 10.72-10.92) in 2023. The average annual
percent change (AAPC) in AAMR was —3.57% (95% CI: —3.80 to
—3.33, P < 0.05), indicating a steady and statistically significant
downward trend in overall mortality due to these conditions
during the study period (Figure 1).

5.2 Mortality trends by sex

Marked differences in mortality trends were observed between
males and females. In 1999, males had a higher AAMR (29.24 per
100,000; 95% CI: 28.89-29.59) than females (21.93 per 100,000; 95%
CI: 21.71-22.15), and this disparity persisted in 2023, with males
still exhibiting a higher AAMR (12.68 per 100,000; 95% CI: 12.51-
12.85) compared to females (9.38 per 100,000; 95% CI: 9.26-9.51;
Table 1).

Over the study period, females experienced a more substantial
reduction in both death counts and AAMR: female deaths
decreased by 42.20% (from 37,985 in 1999 to 21,954 in 2023),
with an AAPC of —3.67% (95% CI: —3.92 to —3.42, P < 0.05).
In contrast, males had a smaller 20.38% reduction in deaths (from
28,735 in 1999 to 22,880 in 2023) and a slightly lower AAPC of
—3.41% (95% CI: —4.28 to —2.52, *P* < 0.05; Figure 2).

5.3 Mortality trends by census region

All four US. Census Regions (Northeast, Midwest, South,
West) exhibited significant declines in asthma- and pneumonia-
related mortality, though the magnitude of reduction varied by
region (Table 1; Figure 3). The Midwest region had the largest
percentage decrease in death counts (—45.51%), falling from 16,791
deaths in 1999 to 9,150 in 2023, accompanied by an AAPC of
—3.38% (95% CI: —3.63 to —3.14, P < 0.05). The Northeast
followed with a 38.50% reduction in deaths (from 14,985 to 9,216)
and an AAPC of —3.21% (95% CI: —3.51 to —2.92, P < 0.05). The
South region, which had the highest number of deaths in both 1999
(23,560) and 2023 (16,863), showed a 28.43% decrease in deaths and
the steepest AAPC (—3.53%; 95% CI: —3.75 to —3.31, P < 0.05)
among all regions. The West region had the smallest percentage
reduction in deaths (—15.63%, from 11,384 in 1999 to 9,605 in
2023) and exhibited the most pronounced phase-specific trend: an
initial increase in mortality from 1999 to 2001 (APC: 10.96%; 95%
CIL: —0.79 to 24.10, P > 0.05), followed by a sharp decline (APC:
—6.13%; 95% CI: —7.49 to —4.74, P < 0.05) between 2001 and 2009,
and a subsequent steady decrease (APC: —3.10%; 95% CI: —4.18 to
—3.04, P < 0.05) from 2009 to 2023. In 2023, the West had the
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TABLE 1 Asthma and pneumonia deaths and AAMR in the United States from 1999 to 2023 and their changing trends.

AAMR
2023 (95% Cl)

Deaths
1999 2023

Characteristic

Percent 1999 (95% Cl) AAPC (95% ClI)

change

Total ‘ 66,720 44,835 —32.80 24.58 (24.40-24.77) 10.82 (10.72-10.92) —3.57 (—3.80 to —3.33) 0.001
Sex

Female 37,985 21,954 —42.20 21.93 (21.71-22.15) 9.38 (9.26-9.51) —3.67 (—3.92 to —3.42) 0.001
Male 28,735 22,880 —20.38 29.24 (28.89-29.59) 12.68 (12.51-12.85) —3.41 (—4.28 to —2.52) 0.001
Census region

Northeast 14,985 9,216 —38.50 25.78 (25.36-26.19) 11.95 (11.70-12.20) —3.21 (=351 to —2.92) 0.001
Midwest 16,791 9,150 —45.51 25.41 (25.03-25.79) 10.54 (10.32-10.76) —3.38 (—3.63 to —3.14) 0.012
South 23,560 16,863 —28.43 25.05 (24.73-25.37) 10.71 (10.54-10.87) —3.53 (—3.75 to —3.31) 0.008
West 11,384 9,605 —15.63 21.43 (21.03-21.82) 10.24 (10.04-10.45) —3.33 (—4.32 to —2.33) 0.001
Race

Hispanic 2,521 4,045 60.45 20.28 (19.43-21.12) 9.35 (9.06-9.65) —3.84 (—4.19 to —3.48) 0.001
NH Black 6,863 5,783 —15.74 29.21 (28.50-29.92) 13.91 (13.55-14.28) —3.10 (—3.42 to —2.78) 0.001
NH White 55,768 32,248 —42.17 24.13 (23.93-24.33) 10.67 (10.55-10.79) —3.33 (—4.24 to —2.40) 0.001
NH Other 1,298 2,586 99.23 20.34 (19.18-21.51) 8.87 (8.52-9.21) —4.06 (—4.72 to —3.39) 0.001
Urbanization?

Metropolitan 52,873 35215 —33.40 24.11 (23.90-24.32) 1230 (12.18-12.42) —3.65 (—3.96 to —3.35) 0.018
Nonmetropolitan 13,847 9,620 —30.53 26.48 (26.04-26.93) 14.75 (14.45-15.06) —2.96 (—3.24 to —2.67) 0.026
Age groupsb

< 1year 312 132 —57.69 8.22(7.31-9.13) 3.62 (3.00-4.23) —3.56 (—4.40 to —2.71) 0.001
1-4 years 145 127 —12.41 0.95 (0.79-1.10) 0.85 (0.71-1.00) —0.60 (—3.61 to 2.49) 0.654
5-14 years 208 156 —25.00 0.51 (0.44-0.58) 0.38 (0.32-0.44) —0.65 (—1.29 to —0.01) 0.001
15-24 years 350 322 —8.00 0.90 (0.81-1.00) 0.73 (0.65-0.81) —0.93 (—1.49 to —0.36) 0.001
25-34 years 592 649 9.63 1.47 (1.35-1.59) 1.43 (1.32-1.53) 0.11 (—0.33 to 0.56) 0.563
35-44 years 1,494 1,150 —23.03 3.31(3.15-3.48) 2.59 (2.44-2.74) —0.86 (—1.59 to —0.13) 0.001
45-54 years 2,278 1,947 —14.53 6.23 (5.97-6.48) 4.81 (4.59-5.02) —0.80 (—1.18 to —0.42) 0.001
55-64 years 3,137 4,647 48.14 13.19 (12.73-13.65) 11.10 (10.78-11.42) —0.40 (—1.17 to 0.37) 0.754
65-74 years 7,470 8,786 17.62 40.56 (39.64-41.48) 25.33 (24.80-25.86) —2.02 (—2.57 to —1.47) 0.001
75-84 years 19,666 12,206 —37.93 160.87 (158.62-163.12) 66.45 (65.27-67.63) —3.84 (—4.07 to —3.62) 0.001
85+ years 31,068 14,712 —52.65 747.90 (739.59-756.22) 237.48 (233.65-241.32) —4.95 (—6.20 to —3.69) 0.001

#In the context of urbanization, the 2023 AAMR data was substituted with that from 2020, and the AAPC was calculated based on the period from 1999 to 2020.
bFor the age groups, the crude mortality rate was used as a substitute for AAMR, and the AAPC was computed based on the crude mortality rate.
AAMR, age-adjusted mortality rate; CI, confidence interval; AAPC, average annual percent change; NH, non-Hispanic.

lowest AAMR (10.24 per 100,000; 95% CI: 10.04-10.45) across all
four regions, with an AAPC of —3.33% (95% CI: —4.32 to —2.33,
P < 0.05; Figure 3).

5.4 Mortality trends by race/ethnicity

Substantial disparities in mortality trends were observed across
racial and ethnic groups, with both increases and decreases in death
counts and consistent declines in AAMR (Table 1; Figure 4).

Hispanic population: Despite a 60.45% increase in death counts
(from 2,521 in 1999 to 4,045 in 2023), the AAMR decreased from
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20.28 per 100,000 (95% CI: 19.43-21.12) to 9.35 per 100,000 (95%
CI: 9.06-9.65), with the steepest AAPC (—3.84%; 95% CI: —4.19 to
—3.48, P < 0.05) among all racial/ethnic groups.

Non-Hispanic (NH) Black population: NH Black individuals
had the highest AAMR in 1999 (29.21 per 100,000; 95% CI: 28.50-
29.92) and 2023 (13.91 per 100,000; 95% CI: 13.55-14.28). Deaths
decreased by 15.74% (from 6,863 to 5,783), and the AAPC was
—3.10% (95% CI: —3.42 to —2.78, P < 0.05).

NH White population: This group accounted for the largest
share of deaths in both 1999 (55,768) and 2023 (32,248), with
a 42.17% reduction in deaths. The AAMR declined from 24.13
per 100,000 (95% CI: 23.93-24.33) to 10.67 per 100,000 (95% CI:
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A B
Deaths AAMR (/100,000)
55 to 103 5.60 to 6.95
103 to 156 6.9510 8.23
156 to 312 8.23t09.28
3120 439 9.2810 9.84
439 to 594 9.84t0 10.24
594 to 717 10.24 t0 10.77
717 to 947 10.77 to 11.71
947 to 1234 11.71 t0 12.35
1234 to 1853 12.35t0 14.59
1853 to 5447 14.59 to 17.95
.
Cc D
Percent change (%) AAPC

-70 to -60 6.0t0-55

-60 to -50 -5.5t0-5.0

-50 to -40 -5.0t0-4.5

-40 to -30 -4.5t0-4.0

-30to -20 -4.0t0-3.5

-20to -10 -3.5t0-3.0

-10to 0 -3.0to0-2.5

0to 10 -2.5t0-2.0

40 to 50 -20to-1.5

FIGURE 1

U.S. asthma and pneumonia-related mortality trends (1999-2023): (A) Total annual deaths; (B) Age-adjusted mortality rate (AAMR) per 100,000
population; (C) Percent change in deaths; (D) Average annual percent change (AAPC) in AAMR.

30

25

20

AAMR per 100,000 population

2000 2005 2010 2015 2020
Year

Sex

~o- Both: 1999 to 2023 APC: -3.57 (-3.80 to -3.33)*

-e- Female: 1999 to 2023 APC: -3.67 (-3.92 to -3.42)*

~o- Male: 1999 to 2003 APC: -1.50 (-4.37 to 1.46); 2003 to 2007 APC: -6.33 (-10.76 to -1.69); 2007 to 2023 APC: -3.13 (-3.51 to -2.75)

FIGURE 2
Sex-specific age-adjusted mortality rates (AAMR) for asthma and pneumonia in the U.S. (1999-2023), with annual percent changes (APCs) for
females, males, and the overall population.

10.55-10.79), and the AAPC was —3.33% (95% CI: —4.24 to —2.40, NH Other population: This group had the largest percentage
P < 0.05). increase in death counts (99.23%, from 1,298 to 2,586) but also
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25

20

AAMR per 100,000 population

2000 2005 2010 2015 2020
Year

Census Region
o~ Northeast: 1999 to 2023 APC: -3.21 (-3.51 to -2.92)

Midwest: 1999 to 2023 APC: -3.38 (-3.63 to -3.14)*
South: 1999 to 2023 APC: -3.53 (-3.75 to -3.31)*
West: 1999 to 2001 APC: 10.96 (-0.79 to 24.10); 2001 to 2009 APC: -6.13 (-7.49 to -4.74); 2009 to 2023 APC: -3.61 (-4.18 to -3.04)

4

FIGURE 3
Age-adjusted mortality rates (AAMR) for asthma and pneumonia by U.S. Census Region (Northeast, Midwest, South, West) from 1999 to 2023,

including region-specific average annual percent changes (AAPCs).

30

25

20

AAMR per 100,000 population

2000 2005 2010 2015 2020
Year

Race

~o- Hispanic: 1999 to 2023 APC: -3.84 (-4.19 to -3.48)*

NH Black: 1999 to 2023 APC: -3.10 (-3.42 to -2.78)*

NH White: 1999 to 2003 APC: -1.19 (-4.10 to 1.80); 2003 to 2007 APC: -6.01 (-10.66 to -1.13); 2007 to 2023 APC: -3.17 (-3.60 to -2.74)
NH Other: 1999 to 2016 APC: -2.82 (-3.42 to -2.21),; 2016 to 2023 APC: -7.00 (-8.85 to -5.11)

LI

FIGURE 4
Racial/ethnic disparities in asthma and pneumonia-related age-adjusted mortality rates (AAMR) in the U.S. (1999-2023), with average annual percent

changes (AAPCs) for Hispanic, Non-Hispanic (NH) Black, NH White, and NH Other populations.

a significant decline in AAMR (from 20.34 per 100,000; 95% 5.5 Mortality trends by urbanization level
CL: 19.18-21.51 to 8.87 per 100,000; 95% CI: 8.52-9.21) and

an AAPC of —4.06% (95% CI: —4.72 to —3.39, P < 0.05]; Mortality rates were consistently higher in nonmetropolitan
Figure 4). (rural) areas compared to metropolitan (urban) areas throughout
Frontiersin Medicine 06 frontiersin.org
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FIGURE 5

Urban-rural differences in age-adjusted mortality rates (AAMR) for asthma and pneumonia in the U.S. (1999-2020), comparing metropolitan and

nonmetropolitan areas with corresponding average percent changes (APCs).

the study period (Table 1; Figure5). In 1999, the AAMR in
nonmetropolitan areas was 26.48 per 100,000 (95% CI: 26.04-
26.93), vs. 24.11 per 100,000 (95% CI: 23.90-24.32) in metropolitan
areas. By 2020 (the latest year with available urbanization-
specific AAMR data), the AAMR in nonmetropolitan areas
remained higher (14.75 per 100,000; 95% CI: 14.45-15.06) than in
metropolitan areas (12.30 per 100,000; 95% CI: 12.18-12.42).

Both urbanization levels showed significant declines in
mortality, but metropolitan areas had a steeper reduction: deaths
in metropolitan areas decreased by 33.40% (from 52,873 in 1999
to 35,215 in 2023) with an AAPC of—3.65% (95% CIL: —3.96 to
—3.35, P < 0.05). In contrast, nonmetropolitan areas had a 30.53%
reduction in deaths (from 13,847 to 9,620) and a lower AAPC of
—2.96% (95% CI: —3.24 to —2.67, *P* < 0.05; Figure 5).

5.6 Mortality trends by age group

Age was the most key factor influencing asthma-and
pneumonia-related mortality, with extreme disparities between
younger and older age groups (Table 1; Figure 6).

In 1999, the 85+ years age group had the highest crude
mortality rate (747.90 per 100,000 population), while the 5-14
years group had the lowest (0.51 per 100,000). By 2023, the 85+
group still had the highest rate (237.48 per 100,000), though it
experienced the largest percentage reduction (—52.65%) in deaths
(from 31,068 to 14,712). The 85+ group also showed a dramatic
AAPC of —4.95% (95% CI: —6.20 to —3.69, P < 0.05), (Figure 6).
The <1 year age group had the second-largest percentage reduction
in deaths (—57.69%, from 312 to 132) and an AAPC of —3.56%
(95% CI: —4.40 to —2.71, P < 0.05). However, infant mortality
trends slowed after 2013, with a non-significant APC of —1.54%
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(95% CI: —3.35 to 0.31) compared to a steeper decline (APC:
—4.98%; 95% CI: —5.82 to —4.13, P < 0.05) from 1999 to 2013
(Figure 6).

In contrast to older age groups, several younger and middle-age
groups showed minimal declines or even increases in mortality: 1-
4 years: Deaths decreased by only 12.41% (from 145 to 127), with a
non-significant AAPC of —0.60% (95% CI: —3.61 to 2.49).

25-34 years: This was the only age group with an increase in
deaths (49.63%, from 592 to 649) and a non-significant AAPC of
0.11% (95% CI: —0.33 to 0.56), indicating stable mortality over the
study period.

55-64 years: Deaths increased by 48.14% (from 3,137 to 4,647),
and the AAPC was non-significant (—0.40%; 95% CI: —1.17 to
0.37), reflecting a plateau in mortality after 2007 (Figure 6).

5-14 and 15-24 years: Both groups had small but significant
declines in AAMR, with AAPCs of —0.65% (95% CI: —1.29 to
—0.01, P < 0.05) and —0.93% (95% CIL: —1.49 to —0.36, *P*
< 0.05), respectively. 35-44 and 45-54 years: These middle-age
groups showed moderate declines, with AAPCs of —0.86% (95% CI:
—1.59 to —0.13, P < 0.05) and —0.80% (95% CI: —1.18 to —0.42, P
< 0.05), respectively (Figure 6).

6 Discussion

This study analyzed 24 years of asthma and pneumonia-related
mortality data from the CDC WONDER database, revealing a
32.80% reduction in total deaths and a steady annual decline
in AAMR across the United States.
aligns with two decades of U.S. public health advancements,

This downward trend

including widespread inhaled corticosteroid use for asthma,
pneumococcal/influenza vaccination campaigns, and improved
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acute care access for severe pneumonia (24, 25). Critically,
this decline was consistent across most demographic and
geographic subgroups, indicating that national interventions have
delivered population-wide benefits (26). However, subgroup-
specific differences in the magnitude of reduction highlight unmet
needs. However, the magnitude of mortality reduction varied
substantially among subgroups—such as by age, race, and region—
highlighting persistent disparities that warrant targeted attention.
These differences reflect underlying inequities in healthcare
access, socioeconomic status, and environmental exposures, which
continue to shape respiratory disease outcomes in the U.S. All
associations between mortality trends and potential contributing
factors discussed below are speculative. As this is a retrospective
observational study, our interpretations are hypothesis-generating
and do not imply definitive causal relationships.

Males consistently exhibited higher AAMRs than females
(1999: 29.24 vs. 21.93 per 100,000; 2023: 12.68 vs. 9.38 per 100,000)
and experienced a smaller percentage reduction in deaths (20.38 vs.
42.20% for females) over the study period. This pattern is consistent
with prior research linking male sex to increased respiratory disease
mortality, which may stem from biological and behavioral factors:
males often have reduced lung function compared to females (27),
higher rates of smoking and occupational exposure to respiratory
irritants (28), and lower likelihood of seeking timely medical care
for asthma or pneumonia symptoms (29). The slightly lower AAPC
for males further suggests that existing interventions have not
fully addressed male-specific risk factors. For example, smoking
cessation programs and occupational safety regulations may need
to be tailored to male-dominated industries, while public health
campaigns could emphasize the importance of early care-seeking
for respiratory symptoms among men.
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All four U.S. Census Regions showed significant reductions
in mortality, but the Midwest and Northeast outperformed the
South and West. The Midwest’s greater mortality reduction might
be related to factors such as robust public health systems in states
like Minnesota and Wisconsin—where pneumococcal vaccination
rates among older adults are high and primary care networks
for chronic asthma management are strong (30)—but our study
cannot definitively establish this causal link. In contrast, the West
experienced a smaller decline with phase-specific trends that merit
closer scrutiny, including an initial non-significant increase in
mortality during the early period followed by sharp declines. The
West’s early-period increase could potentially be associated with
regional events such as wildfires—known to release particulate
matter and ozone that exacerbate asthma and pneumonia (31)—
though this remains a speculative association given the lack of
direct wildfire exposure data in our dataset. The subsequent decline
likely reflects improved wildfire smoke mitigation strategies and
expanded coverage of relevant vaccines, such as pneumococcal and
influenza vaccines (32). Notably, the West's 2023 AAMR was the
lowest among all regions, indicating that targeted interventions
can reverse regional disparities. However, the persistently small
overall reduction in deaths suggests ongoing challenges. The South,
despite having the highest number of deaths in both 1999 and 2023,
showed a moderate decline. This may be driven by the region’s high
burden of poverty and chronic conditions, both of which increase
susceptibility to severe asthma and pneumonia (33). Addressing
these social determinants of health will be critical to accelerating
reductions in mortality in the South.

Racial/ethnic subgroups exhibited striking differences in
mortality trends. While all groups saw AAMR declines, NH Black
individuals maintained the highest AAMRs in 1999 and 2023—a
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disparity rooted in systemic racism, including historical redlining
and implicit bias in clinical care (34, 35). The 15.74% reduction
in NH Black deaths, though significant, was smaller than that of
NH White individuals, highlighting the need for anti-racist public
health policies. In contrast, Hispanic and NH Other populations
showed large increases in death counts but steep AAMR declines.
The rising death counts likely reflect the rapid growth of these
populations in the U.S. (36), while the AAMR declines suggest that
existing interventions are improving outcomes. For the NH Other
group (which includes Asian, Native Hawaiian, and Pacific Islander
populations), the steep AAMR decline may also reflect cultural
factors (37), though small sample sizes in this group warrant
caution in interpretation. NH White individuals, who accounted
for the majority of deaths, showed a substantial 42.17% reduction
in deaths—consistent with their higher rates of healthcare access
and vaccine uptake (38). However, the group’s AAPC was lower
than that of Hispanic and NH Other populations, suggesting
that interventions for NH White individuals may be reaching
a plateau.

Non-metropolitan (rural) areas consistently had higher
AAMRs than metropolitan (urban) areas—with 2020 AAMRs of
14.75 vs. 12.30 per 100,000—and a smaller percentage reduction
in deaths. This gap reflects rural America’s unique challenges:
shortages of primary care providers and specialists, longer travel
times to hospitals, and higher rates of smoking and poverty
(39, 40). The lower AAPC for rural areas indicates that urban-rural
disparities are widening—a trend exacerbated by the COVID-19
pandemic, which strained rural healthcare systems (41). To
address this, policymakers could invest in telehealth for asthma
and pneumonia management and expand rural hospital funding
to maintain acute care services. Community health workers, who
bridge gaps between rural residents and healthcare systems, could
also play a key role in increasing vaccine uptake and chronic
disease management (42).

Age was the strongest predictor of mortality, with the 85+ years
group showing the highest crude mortality rates in 1999 and 2023.
Despite this, the 85+ group had the largest percentage reduction
in deaths and the steepest AAPC—a testament to improvements
in geriatric care, such as better management of comorbidities
and expanded pneumococcal/influenza vaccination among nursing
home residents (43, 44). In contrast, younger and middle-age
groups showed minimal progress or worsening trends: The 25-
34 years group was the only one with an increase in deaths,
with a non-significant AAPC. This may reflect rising rates of
risk factors like vaping (which exacerbates asthma) and mental
health conditions (e.g., depression, which reduces adherence to
asthma medications) (45, 46). The 55-64 years group had a 48.14%
increase in deaths and a non-significant AAPC, likely driven by
the growing prevalence of obesity and diabetes in this cohort—
both of which increase pneumonia severity (47). The 1-4 years
group had a small death reduction and non-significant AAPC,
highlighting unmet needs in pediatric asthma care (48). These
trends suggest that public health efforts have disproportionately
focused on older adults—while younger and middle-age groups
require more targeted interventions, such as youth vaping
prevention programs and chronic disease management for
middle-aged adults.
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7 Strengths and limitations

This research utilizes a dataset that is nationally representative
and covers a period of 24 years, providing an in-depth examination
of trends related to mortality caused by asthma and pneumonia.
One of the principal advantages of the study is its stratification
of data based on demographic and geographic parameters,
such as race, age, gender, and distinctions between urban and
rural environments. This stratified methodology improves the
significance and precision of the results by considering risk factors
specific to populations and regional differences, consequently
reducing the influence of discrepancies in patient demographics
and access to healthcare services.

Our study has several limitations. First, a major limitation
of this study is the lack of ACS-level data on SES, insurance
coverage, HPSA status, and MUA/P designations—factors known
to influence healthcare access and respiratory disease outcomes.
It has the potential for ecological fallacy. Second, 2023 AAMR
data for urban/rural areas was replaced with 2020 data, which
may not reflect recent trends. Third, unmeasured variables may
confound observed disparities. While age-adjustment mitigated
some confounding, residual bias from unmeasured factors cannot
be fully excluded. Besides, de-identified public use data excludes
individual-level clinical details (e.g., asthma control status,
pneumonia etiologic agents), limiting analysis of disease-specific
risk factors. Additionally, AAMRs were not available for age
stratification, which may introduce bias due to differences in
population age structure across subgroups.

8 Conclusion

From 1999 to 2023, the U.S. achieved significant progress
in reducing asthma- and pneumonia-related mortality, driven by
advancements in vaccination, chronic disease management, and
public health policy. However, persistent disparities across sex, race,
geography, and age underscore the need for equitable, targeted
interventions—particularly those addressing social determinants
of health.

To address these disparities, specific policy and intervention
examples include: (1) Healthcare access: Expand telehealth
services for rural and underserved populations to improve
asthma monitoring and pneumonia follow-up care; increase
funding for community health centers in low-income areas to
reduce care delays. (2) Vaccination equity: Implement targeted
outreach programs in rural and minority communities to improve
pneumococcal and influenza vaccine uptake, which remains
10%—15% lower in these groups compared to the general
population. (3) Behavioral and environmental interventions:
Launch youth vaping prevention campaigns in schools to address
rising asthma exacerbation risks in 25-34-year-olds; enforce stricter
air quality standards in areas with high wildfire or industrial
pollution to reduce respiratory irritant exposure. (4) Anti-racist
policies: Train healthcare providers on implicit bias to reduce
disparities in asthma/pneumonia treatment for Non-Hispanic
Black individuals; address historical redlining’s legacy by investing
in healthcare infrastructure in segregated neighborhoods.
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Future research should: (1) Link mortality data to clinical
records to analyze disease-specific factors (e.g., asthma control
status, antibiotic resistance in pneumonia); (2) Evaluate the
long-term impact of COVID-19 on asthma/pneumonia mortality,
particularly in rural areas; (3) Explore racial/ethnic disparities
in treatment adherence and healthcare utilization to inform
culturally competent interventions. By centering equity and
addressing social determinants of health, policymakers and
public health practitioners can accelerate progress toward
eliminating
the U.S.

respiratory  disease mortality disparities in
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