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Trends in Asthma Mortality in the United States:
1999 to 2015

To the Editor:

Asthma is a chronic lung disease that is estimated to affect
26 million people in the United States as of 2016 (1). As the
U.S. population ages, there are more elderly patients older
than 65 years who have asthma. Aging has been associated

with changes in asthma pathophysiology, symptoms, and
response to therapy (2). Higher morbidity and mortality have
been associated with this population. The reasons for this are
multifaceted. These patients tend to underperceive their
symptoms, and they are underdiagnosed and undertreated.
Asthma in the elderly has been associated with more
severe and difficult-to-treat asthma, and it is associated with
higher inhaled corticosteroid and long-acting b-agonist use
compared with adult patients with asthma aged 45 years and
younger (3). Asthma mortality is highest in the population
older than 65 years, even after adjusting for other age-related
comorbidities (4).

Differences in asthma severity have also been observed
in women and black patients. Women have more severe
asthma, higher hospitalization rates, and higher mortality
rates (4, 5). Black patients with asthma have poorer asthma
control, more emergency room visits, and more treatment
failures (6, 7). In this letter, we investigate the trends in asthma
mortality in the United States from 1999 to 2015 and explore
the variation in different age groups, sex, and race. Some of
the results of this study have been previously reported in the
form of an abstract (8).

Methods and Results
We conducted a population-based study using data collected by
the CDC’s National Asthma Control Program on asthma
prevalence, and the CDC’s Wide-Ranging Online Data for
Epidemiologic Research (WONDER), based on death certificates
for US residents from 1999 to 2015. Results were adjusted for

Table 1. Overview of Numerical Results

T1 T2 T3 T4 P Value

VT, ml 5916 124 5926 132 5766 117 6316 159 n.s.
Crs, ml/cm H2O 546 24 586 29 546 27 586 28 n.s.
RR, min21 166 5 176 5 166 4 186 7 n.s.
SpO2, % 976 2 976 2 986 2 986 2 n.s.
FIO2

, % 406 11 406 11 406 11 396 10 n.s.
PaO2

, mm Hg 1156 26 n.a. n.a. 1136 27 n.s.
PaCO2

, mm Hg 456 10 n.a. n.a. 456 9 n.s.
Hb, mg/dl 8.66 1.4 n.a. n.a. 8.36 1.2 0.007
Na1, mmol/L 1416 5 n.a. n.a. 1416 6 n.s.
K1, mmol/L 4.46 0.4 n.a. n.a. 4.46 0.5 n.s.
Ca21, mmol/L 1.176 0.1 n.a. n.a. 1.166 0.1 n.s.
Cl2, mmol/L 1126 6 n.a. n.a. 1136 7 n.s.
HCO3

2, mmol/L 276 4 n.a. n.a. 276 5 n.s.
Lac, mmol/L 2.76 2.8 n.a. n.a. 2.76 3.6 n.s.
MAP, mm Hg 766 10 776 10 876 13* 786 10 ,0.001
CVP, mm Hg 11.96 5.0 11.86 5.1 14.96 6.3* 12.86 5.0 ,0.001
NE, mg/kg/min 0.19 (0.08–0.33) 0.19 (0.08–0.33) 0.18 (0.08–0.33) 0.17 (0.08–0.32) 0.007
HR, min21 936 16 936 17 916 18 936 18 n.s.
SVI, ml/m2 37.66 12.4 39.46 13.2 44.36 12.3* 39.46 12.1 ,0.0001
GEDI, ml/m2 628 (563–865) 651 (557–839) 684 (608–950)* 672 (563–847) ,0.0001
ELWI 8 (6–10.5) 8 (6–9.5) 8 (6–11) 8 (6–11.5) n.s.

Definition of abbreviations: Ca21 = calcium; Cl2 = chloride; Crs = respiratory system compliance; CVP = central venous pressure; ELWI = extravascular
lung water index; GEDI = global end-diastolic index; HCO3

2 = hydrogen carbonate; HR = heart rate; K1 = potassium; Lac = lactate; MAP =mean arterial
pressure; n.a. = not available; Na1 = sodium; NE = norepinephrine dose; n.s. = not significant; RR = respiratory rate; SpO2 = oxygen saturation via pulse
oximetry; SVI = stroke volume index; T1 = start of measurements, 15 min before T2; T2 = immediately before start of fluid challenge; T3 = immediately after
the end of fluid challenge; T4 = end of measurements (30 min after T3).
Normally distributed values are shown as mean6 SD, and nonnormally distributed results are shown as median (25th–75th percentile).
*P, 0.001 versus T1.
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changes in the age and population structure during the study
period from 1999 to 2015. Patients who died from asthma
(International Classification of Diseases, 10th Revision, codes:
J45 and J46) as the underlying cause of death were selected.
Mortality was calculated per 100,000 persons, based on 2000
U.S. Census data. We divided the population into four age groups:
1–14, 15–44, 45–64, and .65 years. The population was also
stratified on the basis of sex and race: non-Hispanic white men
and women, Hispanic men and women, and African American
men and women. Spearman correlation test was used to analyze
trends.

Between 1999 and 2015, a total of 61,815 asthma deaths
occurred. The overall mortality rate was 1.5 per 100,000 persons.
During the study period, women aged 15 years and older had higher
asthma prevalence compared with men (Figure 1A). African
American women had the highest age-adjusted asthma mortality
(3.4 per 100,000; Figure 1D) compared with the other sex and
race groups. Similarly, non-Hispanic white men had the
lowest age-adjusted asthma mortality rate (0.9 per 100,000;

Figure 1D). The overall incidence of asthma mortality decreased
from 2.1 in 1999 to 1.2 in 2015 per 100,000 (43%; P, 0.001).
Although this drop in mortality was seen in both sexes and
all race groups over the study period (Figures 1C and 1D),
mortality in women continued to exceed the mortality in
men by twofold (Figure 1C). Asthma mortality decreased over
this time across all age groups older than 15 years, but the
largest decrease was among patients older than 65 years
(Figure 1B). In the youngest age group (1–14 years), the mortality
rate is low and has not changed significantly during this
period. Mortality in patients aged 15–44 years decreased from
0.72 to 0.61 (15%; P = 0.025). Mortality in patients aged 45–64
years decreased from 1.97 to 1.30 (34%; P, 0.001). Mortality
in patients older than 65 years decreased from 7.0 to 3.2 (54%;
P, 0.001).

Discussion
This study clearly outlines the associations of age, sex, and
race on asthma mortality in the United States between 1999
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Figure 1. Trends in asthma prevalence and mortality between 1999 and 2015. (A) Asthma prevalence stratified by sex in youth and adults aged 15 years
and greater. (B) Asthma mortality stratified by age category. (C) Asthma mortality stratified by sex in patients aged 65 years and older. (D) Asthma mortality
stratified by sex and race in patients aged 65 years and older. AA = African American.
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and 2015. Significant racial and sex differences in asthma-related
mortality continue to exist, with mortality being highest among
African American women and lowest among non-Hispanic white
men. The decrease in asthma-related mortality was consistent in
both sexes and in all race groups, with the largest decrease in patients
older than 65 years.

This decline in asthma-related mortality may be
related to overall improvements in the diagnosis and
management of asthma. However, research specifically focused
on asthma in the elderly is still limited. Older adults, in general,
are more likely to have higher rates of severe asthma and
asthma-related hospitalization and mortality (3, 9). Yet the
prevalence of asthma in adults older than 65 years remains
relatively low compared with that of younger adults, which
is reported to be between 4.5% and 12.7% (10). Lower
prevalence in this age group is probably related to the
underdiagnosis or misdiagnosis, often as chronic obstructive
pulmonary disease, of asthma in older adults (11). There is
also evidence that asthma in this population is phenotypically
different than asthma in younger patients. Furthermore,
treatment failure risk increases with age (2), placing older
patients with asthma at higher risk for severe uncontrolled
asthma.

Although asthma mortality has dropped by 43% since
1999, older age, female sex, and African American race
continue to be associated with higher risk for asthma-related
mortality. This reflects the overall complexity of the disease
and the interaction of different factors that contribute to
disease control. With a greater risk for severe asthma, this
group of patients would benefit from targeted interventions
geared toward optimizing asthma therapy and improving
access to care. In general, with the world population aging,
it will become increasingly important to have research focused
on the pathophysiology, diagnosis, and management of asthma
in older populations.

In summary, asthma-related mortality has declined
in all age groups older than 15 years in the United States
from 1999 to 2015. Although this decline was seen in both
sexes and all races, asthma mortality continues to be higher
in women compared with men, African American women in
particular. Our findings suggest that improvements in the
diagnosis and management of asthma have led to declines
in asthma-related mortality. Following these trends in
asthma mortality can help to direct focus toward at-risk
populations who might benefit the most from targeted
interventions. n
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Peak Inspiratory Flow Rate: An Emerging Biomarker
in Chronic Obstructive Pulmonary Disease

To the Editor:

The research statement by Wu and colleagues (1) representing the
American Thoracic Society and NHLBI identifies fibrinogen, a
measure of inflammation, as the sole biomarker in chronic
obstructive pulmonary disease (COPD). I propose that peak
inspiratory flow rate (PIFR) measured against the simulated
resistance (r) (PIFRr) of a specific dry-powder inhaler (DPI) be

This article is open access and distributed under the terms of the Creative
Commons Attribution Non-Commercial No Derivatives License 4.0
(http://creativecommons.org/licenses/by-nc-nd/4.0/). For commercial usage
and reprints, please contact Diane Gern (dgern@thoracic.org).
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