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Background: The administration of inhaled corticosteroids and worldwide usage of several
asthma guidelines have improved asthma mortality. Elderly patients with asthma show high
mortality rates, and may have several comorbidities, including overlap with chronic obstruc-
tive pulmonary disease (COPD). Among patients showing asthma overlapped with COPD
(asthma—COPD overlap syndrome; ACOS), mortality is worse than for asthma alone. Therefore,
we investigated comorbidities, malignancies, and causes of death in patients with asthma and
ACOS.

Methods: This was a retrospective study. From January 2000 to March 2012, 650 patients
were followed up at Tottori University Hospital. Medical records were reviewed to collect
data regarding patient characteristics and comorbidities, and causes of death were recorded for
patients who died during the study period.

Results: Eighty-seven patients died during the study period. The most frequent cause of death
was malignancy. The proportion of malignant disease was 21.7% in all patients, 19.4% in
patients with asthma alone, and 32.4% in patients with ACOS. One patient died from an asthma
attack during this period.

Conclusion: The most frequent cause of death in patients with asthma and ACOS was malig-
nant disease. It is necessary to control not only asthma but also comorbidities in patients with
asthma, especially in those with ACOS.

Keywords: asthma, chronic obstructive pulmonary disease, asthma-COPD overlap syndrome,
mortality

Introduction

Asthma is a common disease, and its prevalence is increasing worldwide.' The esti-
mated prevalence was 7.9% among Japanese men and 7.55% among Japanese women.
Preventing death from an asthma attack is the main goal when treating patients with
asthma.’ The widespread use of inhaled corticosteroids over the past three decades has
decreased asthma mortality.* In 2012, 1,874 patients died of an asthma attack, while
over 7,000 patients died every year in the 1970s when inhaled corticosteroids were
not a standard asthma medication in Japan.>¢ Since elderly adults have shown a high
mortality rate, the prevention of asthma deaths in elderly patients is a major component
in decreasing the total number of asthma deaths.”” However, elderly asthma patients
may die of other causes besides an asthma attack.

Chronic obstructive pulmonary disease (COPD) is one of the diseases that must
be distinguished from asthma, and the two diseases sometimes overlap. COPD
was the third leading cause of death worldwide in 2010.!° Causes of death in patients
with COPD have been investigated in several studies.!'"'* The most frequent causes
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of death were malignancies, acute respiratory failure, and
cardiovascular diseases.!! Further, emphysema was reported
as an independent risk factor for lung cancer apart from
smoking history."

Patients with both asthma and COPD have high mortality
rates,'® frequent exacerbations,'” and poor quality of life'®
compared with those with asthma or COPD alone. Patients
who have features of both asthma and COPD are defined
as having asthma—COPD overlap syndrome (ACOS)."”
However, causes of death in ACOS patients have not been
well studied.

In this study, we surveyed malignant disease as a comor-
bidity and investigated causes of death in patients with
asthma and ACOS. We also surveyed the histology of lung
cancers in these patients.

Patients and methods

Patients and data collection

This study was retrospective in design. Patients who visited
Tottori University Hospital and had been treated for asthma
from January 2000 to March 2012 were surveyed. During
the study period, 2,214 patients were treated for asthma,
and 650 patients were diagnosed with asthma according to
American Thoracic Society criteria® and followed through
to the end of March 2012. Medical records were reviewed
to collect data on age, sex, smoking status, comorbidities,
past history, whether the patient was alive or dead at the
end of March 2012, and the cause of death (if applicable).
The study was approved by the institutional ethics board of
Tottori University.

Measurement of pulmonary function
Pulmonary function tests were performed using a Chestac
33 spirometer (Chest Co, Tokyo, Japan). The highest forced
vital capacity (FVC) and forced expiratory volume in one
second (FEV ) values from a minimum of three pulmonary
function tests were recorded.

Diagnosis of ACOS

A clinical diagnosis of ACOS was made based on the
guidelines published by GINA (Global Strategy for Asthma
Management and Prevention).'” Briefly, an ACOS diagnosis
was made in cases with a previous diagnosis of asthma, a
smoking history of at least 10 pack-years, persistent airflow
limitation (a post-bronchodilator FEV, to FVC ratio <0.7),
and respiratory symptoms, such as dyspnea on effort, cough,
and sputum.

Severity of airflow limitation

Because classifications of airflow limitation severity differ
between asthma and COPD,? we classified patients with
asthma and ACOS according to GOLD (Global Initiative for
Chronic Obstructive Lung Diseases) criteria, as follows:?!
stage I, mild airflow limitation (FEV, =80% predicted);
stage II, moderate airflow limitation (50%= FEV, <90%
predicted); stage 111, severe airflow limitation (30%= FEV,
<50% predicted); and stage IV, very severe airflow limita-
tion (FEV, <30% predicted). Because no patient with asthma
showed very severe airflow limitation, we combined stage I11
and stage IV patients, and compared causes of death accord-
ing to severity of airflow limitation, asthma, and ACOS.

Statistical analysis

All data are expressed as the mean * standard deviation. The
Mann—Whitney U-test and the chi-squared test were used
to analyze the two groups. Graph Pad Prism 4.0 software
(GraphPad Software Inc, San Diego, CA, USA) was used to
perform all statistical analyses. Differences were considered
to be statistically significant at P<<0.05.

Results

Patient characteristics

A total of 650 patients were analyzed. The average age,
sex, smoking status, and number of patients with ACOS
are shown in Table 1. Among the total group of patients,
176 (27.1%) presented ACOS. Eighty-seven patients died
during the survey period. The average age, percentage of
males, percentage of current or ex-smokers, and percentage
of ACOS diagnoses were significantly higher among patients
who died (P<<0.01, Table 1).

Comparison of characteristic features
of patients with asthma and ACOS

We compared the characteristic features of patients with
asthma and ACOS (Table 2). Patients with ACOS were sig-
nificantly older (P<<0.01), more likely to be male (P<<0.01),
had high percentages of current and past smoking histories
(P<0.01),lowFEV /FVC % values (P<<0.01),andlow FEV, %
predicted values (P<<0.01). The average immunoglobulin
E level was higher in ACOS patients, but the difference was
not statistically significant. The percentage of patients with
malignant disease was significantly higher among ACOS
patients (P<<0.01); the percentage of patients who died
among all patients was higher in patients with ACOS than
those with asthma (P=0.0192, Table 2).
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Table | Characteristics of the patients

All Living Deceased P-value
Number of patients, n (%) 650 563 (86.6%) 87 (13.4%)
Age, years, mean £ SD 64.4+16.4 62.8t16.4 74.5£11.5 <0.0001
Sex, n (%)
Male 328 (50.5%) 265 (47.1%) 63 (72.4%) <0.0001
Female 322 (49.5%) 298 (52.9%) 24 (27.6%)
Smoking status, n (%)
Current smoker 66 (10.2%) 57 (10.1%) 9 (10.3%)
Ex-smoker 259 (39.8%) 213 (37.8%) 46 (52.9%) 0.0203
Non-smoker 325 (50.0%) 293 (52.1%) 32 (36.8%)
ACOS, n (%) 176 (27.1%) 143 (25.4%) 33 (37.9%) 0.0192

Abbreviations: ACOS, asthma—COPD overlap syndrome; COPD, chronic obstructive pulmonary disease; SD, standard deviation.

Causes of death in all patients

Among the 87 patients who died, 49 (56.3%) died of malignant
disease. Among patients with malignancy, the percentage who
died from lung cancer was highest (13 cases, 14.9%), hepa-
tobiliary cancer was second highest (12 cases, 13.8%), and
gastrointestinal cancer was third highest (eight cases, 9.2%).
In addition, 15 patients died of pneumonia, ten of cardiovascu-
lar disease, and eight died a sudden death (two of whom died in
a bathroom). One patient died of an asthma attack (Table 3).

Causes of death in 87 patients according
to diagnosis of asthma or ACOS

We then compared the causes of death between patients
with asthma and those with ACOS. The proportion with
malignant disease was 57.4% in patients with asthma and
54.5% in patients with ACOS. Among the malignant dis-
eases, lung cancer and hepatobiliary cancer were the highest
and second highest causes of death in asthma patients, while
gastrointestinal cancer and urological cancer were the most
frequent causes of death in ACOS patients. In both groups,

the percentage of pneumonia-related deaths was the highest
among deaths caused by benign disease. The second highest
cause of death among the benign diseases was cardiovascular
disease in patients with asthma and sudden death of unknown
cause in patients with ACOS (Table 4).

Causes of death in 54 asthma patients
classified by degree of airflow limitation
We analyzed the causes of death in 54 asthma patients classi-
fied by airflow limitation. In the group with mild or moderate
airflow limitation (FEV, % predicted =50%), the number of
patients with malignant disease was high. In the group with
severe airflow limitation (FEV % predicted <<50%), the num-
bers of patients with malignant disease and pneumonia were
equivalent (Figure 1A).

Causes of death of 33 ACOS patients

classified by degree of airflow limitation
We next analyzed the causes of death in 33 ACOS patients
classified by airflow limitation. In the group with mild or

Table 2 Comparisons of characteristic features of patients with asthma and ACOS

All Asthma ACOS P-value
(n=650) (n=474) (n=176)
Age, years, mean * SD 64.4+16.4 61.7x17.1 71.6x11.0 <0.0001
Sex, n (%)
Male 328 (50.5%) 169 (35.7%) 159 (90.3%) <0.0001
Female 322 (49.5%) 305 (64.3%) 17 (9.7%)
Smoking status, n (%)
Current/ex-smoker 324 (49.8%) 148 (31.2%) 176 (100.0%) <0.0001
Non-smoker 326 (50.2%) 326 (68.8%) 0 (0.0%)
FEV /FVC, %, mean + SD 69.1+13.7 74.0+10.9 55.9+11.6 <0.0001
%FEV, predicted, %, mean + SD 89.1+26.2 93.4124.7 77.9+26.8 <0.0001
IgE, IU/L, mean + SD 532.6+1,576.3 469.3%1,557.2 711.1£1,620.9 0.0870
Malignancies, n (%) 149 (22.9%) 92 (19.4%) 57 (32.4%) 0.0017
Living, n (%) 563 (86.6%) 420 (88.6%) 143 (81.3%) 0.0192
Deceased, n (%) 87 (13.4%) 54 (11.4%) 33 (18.7%)

Abbreviations: ACOS, asthma—COPD overlap syndrome; COPD, chronic obstructive pulmonary disease; FEVI, forced expiratory volume in one second; FVC, forced vital

capacity; IgE, immunoglobulin E; SD, standard deviation; IU/L, international unit per liter.
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Table 3 Causes of death of the deceased subjects

Malignant diseases, n (%) 49 (56.3%)

Lung cancer, n (%) 13 (14.9%)
Hepatobiliary cancer, n (%) 12 (13.8%)
Gastrointestinal cancer, n (%) 8 (9.2%)
Urological cancer, n (%) 7 (8.0%)
Gynecological cancer, n (%) 3 (3.4%)
Head and neck cancer, n (%) 2 (2.3%)
Breast cancer, n (%) 2 (2.3%)
Hematological malignancies, n (%) 2 (2.3%)
Benign diseases, n (%) 38 (43.7%)
Pneumonia, n (%) 15 (17.2%)
Cardiovascular disease, n (%) 10 (11.5%)
Sudden death/unknown death, n (%) 8 (9.2%)
Liver cirrhosis, n (%) 2 (2.3%)
Interstitial pneumonia, n (%) 1 (1.1%)
Asthma attack, n (%) 1 (1.1%)
Infectious endocarditis, n (%) 1 (1.1%)
Total, n (%) 87 (100%)

moderate airflow limitation (FEV, % predicted =50%),
the number of patients with malignant disease was high.
In the group with severe airflow limitation (FEV, %
predicted <50%), three patients had malignant disease; the
percentage of malignant disease among all causes of death
was 33.3% (Figure 1B).

Prevalence of malignancy in patients

with asthma and ACOS

In this study, we also surveyed all malignancies during
the period from January 2000 to March 2012. Among

Table 4 Causes of death of 87 patients classified by asthma or
ACOS diagnosis

Asthma ACOS
Malignant diseases, n (%) 31 (57.4%) 18 (54.5%)
Lung cancer, n (%) 10 (18.6%) 3(9.1%)
Hepatobiliary cancer, n (%) 8 (14.8%) 4 (12.1%)
Gastrointestinal cancer, n (%) 3 (5.6%) 5 (15.2%)
Urological cancer, n (%) 2 (3.7%) 5 (15.2%)
Gynecological cancer, n (%) 3 (5.6%) 0 (0.0%)
Head and neck cancer, n (%) 2 (3.7%) 0 (0.0%)
Breast cancer, n (%) 2 (3.7%) 0 (0.0%)
Hematological malignancies, n (%) 1 (1.9%) 1 (3.0%)
Benign diseases, n (%) 23 (42.6%) 15 (45.5%)
Pneumonia, n (%) 7 (13.0%) 8 (24.2%)
Cardiovascular disease, n (%) 5(9.3%) 5 (15.2%)
Sudden death/unknown death, n (%) 6 (11.1%) 2 (6.1%)
Liver cirrhosis, n (%) 2 (3.7%) 0 (0.0%)
Interstitial pneumonia, n (%) 1 (1.9%) 0 (0.0%)
Asthma attack, n (%) 1 (1.9%) 0 (0.0%)
Infectious endocarditis, n (%) 1 (1.9%) 0 (0.0%)
Total, n (%) 54 (100%) 33 (100%)

Abbreviations: ACOS, asthma-COPD overlap syndrome; COPD, chronic
obstructive pulmonary disease.

149 patients with malignancy, 92 and 57 had asthma alone
and ACOS, respectively. Lung and mediastinal malignan-
cies were most frequently observed in asthma patients and
second most frequently observed in ACOS patients. In ACOS
patients, gastrointestinal cancer was the most commonly
observed malignant disease and urological cancer was the
third; in asthma patients, gastrointestinal cancer was the
second and urological cancer was the third. Therefore, these
three malignancies were most frequently observed in patients
with asthma and ACOS (Table 5).

Histology of lung cancer in patients
with asthma and ACOS

Since lung cancer was frequently observed in this study,
the histology of lung cancer was surveyed (Table 6). In the
asthma group, the proportion of adenocarcinoma was high
(78.3%). On the other hand, the proportion of squamous cell
carcinoma was slightly higher in the ACOS group (46.7%),
while proportion of adenocarcinoma was 40.0%.

Discussion
In this study, we surveyed causes of death in patients with
asthma and ACOS. The increased mortality in ACOS may be
caused by older age and more smoking consumption compared
with asthma. Among patients with asthma, malignant disease
was the leading cause of death, pneumonia was the second
highest, and cardiovascular disease was the third highest.
When patients were divided into asthma and ACOS groups,
similar results were obtained. In the general Japanese popula-
tion, malignant disease is the leading cause of death, cardio-
vascular disease is the second, and pneumonia is the third.’
There are several reports about causes of death in patients
with asthma.?>>* Soto-Campos et al reported that the most
common causes of death were cardiovascular disease,
malignancy, and infection in asthmatic patients.!! In elderly
asthmatic patients, cardiovascular diseases, non-neoplastic
lung diseases, and neoplastic diseases were the most common
causes of death.?>* Causes of death in COPD patients have
been investigated in several studies, and the main causes were
respiratory failure, cardiovascular disease, and lung cancer.'
In this study, lung cancer was the fifth leading cause of death,
while the most frequent cause of death in ACOS patients was
pneumonia. We did not find any death from respiratory insuf-
ficiency. Rodriguez-Roisin et al reported that the degree of
airflow limitation was related to the cause of death in COPD
patients. As a cause of death, the lower the FEV, the more
frequent is respiratory failure. However, in patients with
mild airflow limitation, lung cancer was the most frequent
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Figure | (A) Causes of death in 54 asthma patients classified by degree of airflow limitation. (B) Causes of death in 33 ACOS patients classified by degree of airflow limitation.
Abbreviations: ACOS, asthma—COPD overlap syndrome; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; FEV , forced expiratory volume

in one second.

cause of death.?® In our study, causes of death were classified
according to the degree of airflow limitation. In patients with
asthma or ACOS with mild or moderate airflow limitation,
malignant disease was the most frequent cause of death. In

patients with asthma or ACOS with severe or very severe
airflow limitation, the same numbers of patients died from
infectious and malignant diseases. Therefore, malignant
disease, including lung cancer, was the most frequent cause
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Table 5 Prevalence of malignancy in patients with asthma and
ACOS

Asthma ACOS
(n=474) (n=176)
Malignant diseases, n (%) 92 (19.4%) 57 (29.5%)
Lung and mediastinal malignancy, n (%) 25 (27.2%) 15 (26.3%)
Hepatobiliary cancer, n (%) Il (12.0%) 5 (8.8%)
Gastrointestinal cancer, n (%) 16 (17.4%) 22 (38.6%)
Urological cancer, n (%) 13 (14.1%) 15 (26.3%)
Gynecological cancer, n (%) 12 (13.0%) 0 (0.0%)
Head and neck cancer, n (%) 7 (7.6%) 3 (5.3%)
Breast cancer, n (%) 12 (13.0%) 0 (0.0%)
Hematological malignancies, n (%) 3 (3.3%) 3 (5.3%)
Femoral liposarcoma, n (%) 0 (0.0%) 1 (1.8%)
Unknown primary cancer, n (%) 0 (0.0%) 1 (1.8%)

Note: Double cancers are included.
Abbreviations: ACOS, asthma-COPD overlap syndrome; COPD, chronic
obstructive pulmonary disease.

of death in patients with milder airflow limitation, although
the present study population was small.

In this study, we observed 149 patients with malignant
disease, including 38 with lung cancer; the most frequent
histological type was adenocarcinoma in asthma patients and
squamous cell carcinoma in ACOS patients. Asthma has been
hypothesized to be associated with an increased or decreased
risk of lung cancer; however, a pooled analysis showed that
the relative risk of lung cancer associated with asthma was
1.28, with large heterogeneity.”” A recent large pooled study
showed that asthma had an inverse association with lung can-
cer.? Further, a history of atopic disease has been reported to be
associated with a reduced risk of cancer.”” Immunoglobulin E
levels were higher in patients with malignancy than in
those without malignancy (399.0 IU/L and 567.4 IU/L,
respectively). Although the protective effects of asthma and
atopic disease against cancer are not clear, it is interesting
that immunoglobulin E levels were higher in patients with
asthma and malignant disease. Further study is warranted
to clarify the relationship between atopy and lung cancer in
patients with asthma and ACOS.

Table 6 Lung cancer histology in patients with asthma and ACOS

Asthma ACOS
Lung cancer, n 23 15
Adenocarcinoma, n (%) 18 (78.3%) 6 (40.0%)
Squamous cell carcinoma, n (%) 3 (13.0%) 7 (46.7%)
Small cell carcinoma, n (%) 2 (8.7%) | (6.7%)
Unknown, n (%) 0 (0.0%) | (6.7%)

Abbreviations: ACOS, asthma-COPD overlap syndrome; COPD, chronic
obstructive pulmonary disease.

Lung cancer was the major comorbidity and cause of
death in COPD patients,'** and emphysema was an indepen-
dent risk factor for lung cancer apart from smoking history
and degree of airflow limitation.'3*!3? Recent studies have
shown that COPD, emphysema, and chronic bronchitis were
associated with an increased risk of lung cancer, while asthma
was associated with a decreased risk.””*® In this study, we
found that the prevalence of lung cancer was similar between
patients with asthma and those with ACOS.

We diagnosed ACOS referring to the ACOS statement. "’
We enrolled patients with persistent airflow limitation and
a smoking history of at least 10 pack-years. The prevalence
of COPD increased with increasing smoking history.*
However, some COPD patients have no smoking history,>
and asthma itself'is a risk factor for COPD.*-*¢ However, it is
difficult to distinguish patients with asthma who have airway
remodeling and persistent airflow limitation from patients
with ACOS among those with a light or no smoking history
and without emphysema or low attenuation areas observed
on chest computed tomography. Therefore, we set the cut-
off value for smoking history to 10 pack-years according to
previous clinical studies on COPD.?"3#

In this study, the prevalence of ACOS in all asthma
patients was 27.1%. When the analysis was restricted to
patients over 65 years of age, the prevalence of ACOS was
35.3% (133 ACOS patients among 377 patients with asthma).
Soriano et al reported that the rate of COPD overlap increased
with age, and more than half of patients with asthma aged
80 years or older presented with COPD overlap.’* de Marco
et al reported on the prevalence of asthma and COPD
coexisting in the young, middle-aged, and elderly general
population.* They found that the frequency of ACOS was
1.6%, 2.1%, and 4.5% in the groups aged 2044, 45-64, and
65-84 years, respectively; while the frequency of asthma was
8.2%,4.9%, and 2.9% in the groups aged 20—44, 45—64, and
65-84 years, respectively. Although they did not mention the
prevalence, about 23% of patients were estimated to have
ACOS.* Therefore, the prevalence of ACOS in patients
with asthma in this study was consistent with the findings
of previous studies.

Eight patients died suddenly; two patients died in a bath-
room and two died after drinking alcohol. All these patients
were seen by their family or friends without any symptoms
of asthma within 12 hours of death. Although we could not
completely exclude an asthma attack as the cause of death,
they probably died of cardiovascular events, and we defined
their deaths as sudden death/unknown death.
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A limitation of this study was that we could not survey
all patients with asthma and ACOS. Some asthmatic patients
with no or few respiratory symptoms stopped visiting our
hospital or changed to another hospital when their respiratory
symptoms disappeared. A further limitation of this study was
that the sample size was too small to compare causes of deaths
between asthma and ACOS. The study was also retrospec-
tive in nature, and did not include patients with COPD alone.
Prospective studies are necessary to study mortality risk fac-
tors in asthma, COPD, and ACOS patients in larger cohorts.

In conclusion, the most frequent cause of death in patients
with asthma and ACOS was malignant disease. It is necessary
to control both asthma and comorbidities in patients with
asthma, and especially in those with ACOS.
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