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ABSTRACT
Objective: Asthma is a chronic disease affecting both children and adults, whereas chronic
obstructive pulmonary disease (COPD) is a respiratory disease most commonly related to
smoking and is usually seen in adults. When the airway disease shares features of both
asthma and COPD, the phenotype is referred to as asthma and COPD overlap syndrome
(ACOS). The objective of this cross-sectional study is to characterize ACOS in the Canadian
population. Methods: Data from the first three cycles of the Canadian Health Measures
Survey (CHMS) were used in this study. The study included 9059 subjects aged 30 years and
above. The CHMS included a detailed interviewer-administered questionnaire and spirom-
etry measurements. Based on the self-report, subjects were categorized into control, ACOS,
COPD only and asthma only groups. Results: The prevalence of ACOS, COPD and asthma
groups was 1.59%, 2.21% and 6.65%, respectively. The proportion of females was signifi-
cantly greater than males in the ACOS group. The proportion of wheeze was highest in the
ACOS group (64.93%) whereas the prevalence of shortness of breath was the highest in the
COPD group (46.25%). Heart disease, cancer, arthritis and liver disease were more prevalent
in the ACOS group than in COPD, asthma and control groups. Severity of airway obstruction
was the highest in the ACOS group and was followed by COPD, asthma and control groups,
respectively. Conclusions: Characteristics of ACOS in the Canadian population were similar to
those observed in the developed countries and longitudinal studies are required to deter-
mine the incidence and risk factors of ACOS.
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Introduction

Asthma is a chronic disease affecting both children
and adults whereas chronic obstructive pulmonary
disease (COPD) is primarily considered a respiratory
disease related to smoking and is characteristically
seen in subjects older than 40 years of age. Asthma is
characterized by a history of varying respiratory
symptoms, and reversible airway obstruction [1].
COPD, in contrast, is characterized by persistent
respiratory symptoms, and irreversible airway obstruc-
tion [2]. A joint committee of the Global Initiative for
Asthma (GINA) and the Global Initiative of Chronic
Obstructive Lung disease (GOLD) defined “asthma-
COPD overlap syndrome” (ACOS) as a syndrome
“characterized by persistent airflow limitation with
several features usually associated with asthma and
several features usually associated with COPD” [3]. In
comparison to subjects with asthma or COPD, sub-
jects with ACOS are reported to have frequent

exacerbations, poor quality of life, greater prevalent of
comorbidities, accelerated lung function decline and
increased health care utilization and mortality [4–7].

The prevalence of ACOS varies in epidemiological
studies depending on the criteria used to define
asthma and COPD [8]. In a population-based study
from the USA, the prevalence of ACOS based on self-
reported health professional diagnosed current asthma
and COPD was 3.2% which was almost similar to that
reported in a Swedish study (3.4%) and was greater
than that reported in studies from Central and South
America (1.8%) and Denmark (1.2%) [9–12]. In a study
from Italy, the prevalence of ACOS increased from 1.6%
in younger adults to 4.5% in older adults [13]. Age, sex,
obesity, smoking status, quality of life, healthcare utiliza-
tion and lung function parameters have been considered
as potential risk factors for ACOS [14].

This study examined the prevalence of ACOS and
factors associated with ACOS in the Canadian adult
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population and determined the association of respira-
tory symptoms, comorbidities and severity of airway
obstruction with ACOS, COPD and asthma groups.

Methods

Canadian health measures survey

Data from the Canadian Health Measures Survey
(CHMS) were used in this study. The CHMS is a
biennial survey conducted by Statistics Canada to col-
lect health information of Canadians through a house-
hold interview and direct physical measures taken at a
mobile examination center (MEC) [15]. The initial
survey (CHMS-Cycle 1) was conducted from March
2007 to February 2009 and approximately 5604 sub-
jects aged 6 to 79 years participated in the survey.
CHMS–Cycle 2 conducted from August 2009 to
November 2011, and CHMS-Cycle 3 conducted from
January 2012 to December 2013 included approxi-
mately 6395 subjects aged 3 to 79 years and 5785 sub-
jects aged 3 to 79 years, respectively. The sample in
each cycle was chosen to be representative of the
Canadian population. Details of the sampling design,
data collection and data description are available in
the Statistics Canada publications [15]. In the three
cycles of the CHMS, similar household and MEC
interview questionnaires were used and the same
protocol and equipment were used to obtain physical
measures. Data from the three CHMS cycles were
appended and design weights and bootstrap weights
for the three cycles provided by the Statistics Canada
were merged with the appended data. Information on
demographic and lifestyle factors including sex, cul-
tural/racial background, location of residence and
smoking habit were collected during the household
interview. Height, weight and spirometry measure-
ments were taken at the MEC. As the information on
COPD was collected only for subjects aged 30 years
and above, subjects below 30 years were excluded
from these analyses, resulting in a sample of 9059 sub-
jects for the study.

Chronic conditions

Information on chronic conditions was obtained using
the response to the interviewer-administered question
“Now I’d like to ask about certain chronic health con-
ditions which you may have. We are interested in
“long-term conditions” which are expected to last or
have already lasted 6months or more and that have
been diagnosed by a health professional.” The ques-
tions on chronic conditions included asthma, COPD,

chronic bronchitis, emphysema, heart disease, dia-
betes, cancer, arthritis or rheumatism, depression,
liver disease, cancer, kidney dysfunction or disease
and stroke. The responses to the questions on asthma
and COPD were later confirmed during the visit to
the MEC by including the following questions in the
clinic questionnaire: “During the interview in your
home, it was reported that you had asthma. Is this
correct?” and “During the interview in your home, it
was reported that you had chronic obstructive pul-
monary disease (COPD). Is this correct?”

Obstructive airway disease categories

Subjects who reported a healthcare professional had
diagnosed them with COPD, emphysema or chronic
bronchitis were assigned to a broader COPD group.
The subjects who reported a healthcare professional
had diagnosed them with asthma and COPD were
assigned to the asthma-COPD syndrome group
(ACOS). The subjects were categorized into four
mutually exclusive obstructive airway disease catego-
ries: control group (neither asthma nor COPD),
ACOS, COPD only (COPD, no asthma) and asthma
only (asthma, no COPD) [16]. These mutually exclu-
sive groups are referred in the remainder of the
manuscript as: as control group; ACOS group; COPD
group; and, asthma group. A categorical variable with
four categories was defined to represent the
four groups.

Respiratory symptoms and general health

The responses to the following questions in the clinic
questionnaire administered at the MEC were used to
determine chronic cough, chronic cough up phlegm,
shortness of breath and wheeze: “Do you cough regu-
larly?” “Do you cough up phlegm regularly?” “Do
even simple chores make you short of breath?” and
“Do you wheeze when you exert yourself, or at
night?”, respectively. The general health of the partici-
pant was determined from the question “In general,
would you say that your health is: excellent? very
good?, good? fair or poor?.”

Spirometry measurements

The details of the methods used for the spirometry
measurements are reported in detail elsewhere [17].
Briefly, 337 subjects who were not eligible to partici-
pate in spirometry measurements were excluded and
trained technicians performed the spirometry using
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the American Thoracic Society/European Respiratory
Society guidelines [18]. A Koko Pneumotach spirom-
eter (Koko; nSpire Health, Longmont, CO) was used
for the spirometry. An expert reviewed the spirograms
to determine the quality of the measurements and
only those measurements with at least one acceptable
spirometer test (quality A or B or C) were considered
in this study. The spirometric measures of lung func-
tion included forced vital capacity (FVC), forced
expiratory volume in one second (FEV1), forced
expiratory flow between 25% and 75% of FVC
(FEF25%–75%) and FEV1/FVC ratio. Median percent-
predicted lung function values and lower limit of nor-
mal (LLN) values were obtained using the reference
equations for the Canadian population [17]. These
equations were derived using the data from the three
cycles of CHMS which were also used in this study.
As post-bronchodilator spirometry measurements
were not obtained in CHMS, a modification of the
Global Initiative for Chronic Obstructive Lung
Disease (GOLD) for COPD, based on pre-broncho-
dilator spirometry, was used to classify subjects into
varying COPD severity categories: severe COPD
(GOLD Stage III or IV; FEV1/FVC <0.70 and
FEV1< 50% predicted), moderate COPD (GOLD
Stage II; FEV1/FVC <0.70 and 50% � FEV1< 80%
predicted), mild COPD (GOLD Stage I; FEV1/FVC
<0.70 and FEV1 � 80% predicted) and no airflow
limitation (FEV1/FVC �0.70) [19]. This modification
has been used previously in population-based studies
[16,20,21]. The severity of airflow obstruction was also
classified using the two criteria: (i) FEV1/FVC< LLN
and (ii) FEV1/FVC< LLN and FEV1< LLN, hereafter
referred to as non-GOLD criteria [22,23].

Variable definitions

Age was calculated by the difference between the date
of visit to the MEC and the date of birth and was
categorized into 30 to 40 years, 41 to 64 years and 65
to 79 years. After excluding pregnant women, body
mass index (BMI) was determined by dividing weight
(kg) by height (cm) squared and obesity was classified,
based on BMI, into underweight (BMI <18.5 kg/m2),
normal weight (18.5–24.9 kg/m2), overweight
(25.9–29.9 kg/m2), obese (�30.0 kg/m2). Because of
the small number of participants in the underweight
category in the outcome groups, the data were
-grouped with the underweight and normal weight
categories combined. Based on a variable derived by
Statistics Canada to describe smoking habits, a cat-
egorical variable was defined to indicate never smoker,

former smoker and current smoker. A binary variable
was defined to indicate any comorbidity if subjects
reported a health professional diagnosis of heart dis-
ease, diabetes, cancer, arthritis or rheumatism, depres-
sion, liver disease, cancer, kidney dysfunction or
disease or stroke. This study was approved by the
University of Alberta Health Research Ethics Board.

Statistical methods

Design weights provided by Statistics Canada were
incorporated in all the statistical analyses. Standard
error, level of significance and 95% confidence inter-
val of the regression coefficients were obtained using
the 500 bootstrap weights provided by the Statistics
Canada. The prevalence of ACOS, COPD and asthma
for the age groups were obtained using weighted pro-
portions. Chi-squared statistics were used to test over-
all significant differences in general characteristics
between control, ACOS, COPD and asthma groups.
For pairwise comparisons, p values from chi-squared
tests were adjusted for multiple comparisons using
Bonferroni’s correction. Multinomial logistic regres-
sion was used to determine the personal, demographic
and lifestyle factors that were associated with ACOS,
COPD and asthma. In the model building, initially,
each factor was considered one at a time in the multi-
nomial logistic regression, secondly the factors that
were significant at p< 0.20 were considered in a mul-
tivariable multinomial logistic regression and finally
the variables that were significant at p< 0.05 were
retained in the final model. Logistics regression analy-
ses were used to determine the overall association
between respiratory symptoms and ACOS, COPD and
asthma groups after controlling for age, sex and
smoking and for pairwise comparison, p values were
adjusted for multiple comparisons. Chi-squared tests
were used to determine the overall association
between nominal outcomes (general health, comorbid-
ities and severity of airway obstruction based on
GOLD and non-GOLD criteria) and ACOS, COPD
and asthma groups and for pairwise comparison, p
values were adjusted for multiple comparisons.
Stratified analyses were conducted in the control,
ACOS, COPD and asthma groups to examine the
effect severity of airway obstruction determined using
non-GOLD criteria (FEV1/FVC< LLN and
FEV1< LLN) on wheeze and shortness of breath.
Non-GOLD criteria were considered instead of the
GOLD criteria to obtain adequate cell frequencies for
statistical analyses in the ACOS, COPD and asthma
groups. Chi-squared tests were used to test the
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association between severe airway obstruction and
wheeze and shortness of breath. All statistical analyses
were performed using the procedures for the analysis
of complex survey data in STATA (StataCorp. 2015.
Stata Statistical Software: Release 14. College Station,
TX: StataCorp LP).

Results

The prevalence of ACOS, COPD and asthma was
1.59%, 2.21% and 6.65%, respectively. The mean age
(±SE) of the COPD group (60.58 ± 0.97 years) was
greater than that of the ACOS (57.09 ± 1.64 years),
asthma (48.67 ± 0.82 years) or control (50.84 ± 0.19
years) groups with the overall differences in the mean
age being statistically significant (p< 0.001). As shown
in Figure 1, the prevalence of ACOS and COPD
increased with age whereas the prevalence of asthma
decreased with age.

The distribution of characteristics of the control,
ACOS, COPD and asthma groups are shown in Table
1. The highest proportion of subjects in the age cat-
egory 30 to 40 years was in the asthma group. The
distribution of age categories in the ACOS and COPD
groups was significantly different from the control
group. There were more females than males in ACOS,
COPD and asthma groups with only the proportion
of females in the ACOS group being significantly dif-
ferent from that in the control group. There was a sig-
nificant difference in the distribution of educational
level completed between the control group, and the
ACOS and COPD groups, with a greater proportion
of subjects with less than secondary education in the
latter groups. There was no significant difference in
the educational level completed between the asthma
and controls groups. The proportion of current and
former smokers was significantly greater in the ACOS

and COPD groups than in the control group. The
proportion of obese subjects was highest in the ACOS
group, with the overall difference in BMI categories
between ACOS and control groups being statistically
significant (Table 1).

Adjusted odds ratios from the final multinomial
logistic regression for the factors associated with being
included in the ACOS, COPD and asthma groups are
shown in Table 2 with the control group as the refer-
ence category. Subjects in the age category 65 to
79 years were more likely to be in the ACOS and
COPD groups than those in the age category 30 to
40 years whereas subjects in the older age categories
were less likely to be in asthma group. Subjects who
had completed secondary and post-secondary educa-
tion groups were less likely to be in the ACOS and
COPD groups than those who had completed less
than secondary education. Similar results were seen in
the asthma group, but the association was not statis-
tically significant. Current and former smokers were
more likely to be in the ACOS and COPD groups
than nonsmokers. In contrast, there was no significant
association between smoking and asthma. Obese sub-
jects were significantly more likely to be in the ACOS
group in comparison to those in the underweight or
normal weight category. No significant association
with BMI categories was seen for the COPD or
asthma groups.

The distribution of respiratory symptoms and self-
reported general health for control, ACOS, COPD and
asthma groups are shown in Table 3. The proportions
of regular cough, regular cough with phlegm and
wheeze were significantly greater in the ACOS group
than in other three groups. In addition, the propor-
tion of subjects reporting wheeze was highest in the
ACOS group (64.93%) with the differences between
the ACOS group, and the COPD, asthma and control

Figure 1. Prevalence of ACOS, COPD only and asthma only groups across age categories.
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groups being statistically significant after adjusting for
age, sex and smoking. The proportion of subjects
reporting shortness of breath was highest in the
COPD group (46.25%) with the difference between
the COPD group, and the asthma and control groups

being statistically significant. However, there was no
significant difference in the proportion of subjects
reporting shortness of breath between the ACOS and
COPD groups. The proportion of subjects reporting
respiratory symptoms was significantly lower in the

Table 1. Distribution of characteristics of control, ACOS, COPD only and asthma only groups.

Characteristic
Control group (n¼ 8113) ACOS group (n¼ 144) COPD group (n¼ 200) Asthma group (n¼ 602)

p Value�(%) (%) (%) (%)

Age group (years) <0.001
30 to 40 25.15 11.75a 04.90c 32.79
41 to 64 58.34 58.63 60.76 54.95
65 to 79 16.51 29.62 34.35 12.26

Sex 0.04
Female 50.12 66.62a 56.42 57.21
Male 49.88 33.38 43.58 42.79

Ethnicity 0.16
Caucasians 73.68 91.36 78.87 81.28
Others 21.32 8.64 21.13 18.72

Education 0.009
Less than secondary 13.14 31.00b 30.25b 15.96
Secondary 18.60 17.02 13.34 16.16
Post-secondary 68.25 51.98 56.40 67.88

Marital status <0.001
Married 74.99 51.79b 64.45c 69.87
Single 11.07 15.50 06.06 17.11
Widowed 13.94 32.71 29.48 13.02

Province 0.51
Atlantic 06.99 06.52 09.96 07.39
Ontario 23.53 30.87 19.88 26.96
Quebec 39.04 40.25 45.27 33.28
Prairies 16.81 14.39 16.30 15.85
British Columbia 13.63 07.98 08.58 16.52

Smoking status <0.001
Never smoker 48.43 20.18c 16.19c 40.51
Current smoker 19.62 44.83 40.96 23.05
Former smoker 31.95 34.99 42.85 36.44

Obesity 0.04
Underweight or Normal weight 34.23 23.55a 28.88 32.19
Overweight 38.67 31.71 32.86 35.75
Obese 27.10 44.74 38.26 32.06

�p values from chi-squared statistics for overall comparison between control, ACOS, COPD and asthma groups.
ap< 0.05, bp< 0.01, cp< 0.001 from chi-squared statistics for comparison with controls after adjusting for multiple comparison using
Bonferroni’s correction.

Table 2. Adjusted odds ratios for the factors associated with ACOS, COPD and asthma in the final model: results from the multi-
nomial logistic regression analysis.�
Characteristic ACOS group OR (95% CI) COPD group OR (95% CI) Asthma group OR (95% CI)

Age group (years)
30 to 40 1.00 1.00 1.00
41 to 64 1.99 (0.68, 5.60) 4.78b (2.03, 11.27) 0.66 (0.43, 1.02)
65 to 79 3.32a (1.25, 8.80) 9.00c (3.31, 24.51) 0.49a (0.29, 0.83)

Sex
Female 1.00 1.00 1.00
Male 0.43b (0.25, 0.73) 0.65 (0.40, 1.03) 0.67a (0.46, 0.98)

Education
Less than secondary 1.00 1.00 1.00
Secondary 0.45a (0.21, 0.97) 0.40a (0.17, 0.93) 0.63 (0.31, 1.29)
Post-secondary 0.52a (0.29, 0.92) 0.61 (0.30, 1.23) 0.77 (0.41, 1.43)

Smoking status
Never smoker 1.00 1.00 1.00
Current smoker 6.21c (3.25, 11.86) 6.98c (3.37, 14.50) 1.40 (0.86, 2.28)
Former smoker 2.32b (1.30, 4.14) 3.35b (1.49, 7.52) 1.49a (1.04, 2.14)

BMI (kg/m2)
Underweight (< 18.5) or Normal weight (18.5–24.9) 1.00 1.00 1.00
Overweight (25.9–29.9) 1.28 (0.59, 2.78) 0.95 (0.52, 1.71) 1.17 (0.77, 1.79)
Obese (� 30.0) 2.52b (1.27, 4.99) 1.61 (0.98, 2.64) 1.42 (0.94, 2.13)

�In the multinomial logistic regression, ACOS, COPD and asthma groups were compared with the control group.
ap< 0.05, bp< 0.01, cp< 0.001 from multinomial logistic regression.
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control group than in the other three groups. The
proportion of subjects reporting poor health was high-
est in the ACOS group, followed by the COPD,
asthma and control groups, with the overall difference
in general health between the control group and the
other three groups being significantly different after
controlling for age, sex and smoking.

As shown in Table 4, the proportion reporting
comorbidities was highest in the ACOS group and
was followed by the COPD, asthma and control
groups. Except for heart disease, the proportion of
comorbidities in the control group was significantly
lower than the proportion in the ACOS, COPD and
asthma. Significant differences were observed between
the ACOS and asthma groups in the proportion
reporting liver disease and arthritis, and between the
COPD and asthma groups in the proportion reporting
arthritis. The proportion of any reported comorbidity
was the highest in the ACOS group and was followed
by the COPD, asthma and control groups.

The distribution of severity of airway obstruction
defined by GOLD and non-GOLD criteria for control,
ACOS, COPD and asthma groups are shown in Table 5.
The severity of airway obstruction was highest in the
ACOS group, was followed by the COPD, asthma and
control groups, respectively. However, only the differ-
ences between the control group and the other three
groups were statistically significant. Not all those who
self-reported COPD had COPD confirmed by spirom-
etry at the time of this assessment, including approxi-
mately 49.91% of the ACOS group and 54.40% of the
COPD group.

The difference in the proportion of severe airway
obstruction between subjects with and without wheeze
was significant in the control group (19.75% vs.
4.52%; p< 0.001) and non-significant in the ACOS
(40.95% vs. 23.77%; p¼ 0.10), COPD (40.16% vs.

20.30%; p¼ 0.08) and asthma (28.87% vs. 17.99%;
p¼ 0.08) groups. Similar results was observed for
shortness of breath with the difference in the propor-
tion of severe airway obstruction between subjects
with and without shortness of breath being statistically
significant in the control group (9.89% vs. 5.05%;
p¼ 0.002) but non-significant in the ACOS (37.61%
vs. 33.85%; p¼ 0.76), COPD (34.43% vs. 22.74%;
p¼ 0.30) and asthma (22.63% vs. 20.36%);
p¼ 0.76) groups.

Discussion

In this study, the prevalence of ACOS was 1.59%
which was very similar to that reported in a prior
cross-sectional study conducted in Central and South
America (1.8%) and in a cohort study conducted in
Denmark (1.2%) [11,12]. However, it was lower than
that reported in the cross-sectional studies conducted
in the USA (3.2%) and Sweden (3.4%) and greater
than that reported in a cross-sectional study from
Spain (0.56%) [7,9,10]. Similar to this study, self-
reported heath professional diagnosed asthma and
COPD were used to define ACOS in studies con-
ducted in Spain, USA and Italy whereas post-broncho-
dilator FVC and FEV1 measurements were used to
define asthma and COPD in the studies conducted in
Sweden and from Central and South America
[7,9–11,13]. The study from Denmark included both
prevalent and incident ACOS cases [12]. Similar to
the finding in this study, the prevalence ACOS and
COPD increased with age and the prevalence of
asthma decreased with age in studies conducted in the
USA, Spain and Italy [7,9,13].

The proportion of females in the ACOS group was
significantly greater than the proportion in the control
group in these data. Although there was also a greater

Table 3. Distribution of respiratory symptoms and general health among control, ACOS, COPD only and
asthma only groups.�
Characteristic Control group (%) ACOS group (%) COPD group (%) Asthma group (%) p Value��
Regular cough 12.80 64.86b,d 45.86b 22.88b <0.001
Regular cough with phlegm 09.53 49.21b,d 37.29b,c 13.43 <0.001
Shortness of breath 08.75 33.15b 46.25b,c 19.79a <0.001
Wheeze 06.28 64.93b,d 39.81b,e 26.14a <0.001
General health <0.001

Poor 02.44 21.30b 11.41b 05.37a

Fair 08.44 29.76 21.85 13.72
Good 36.11 37.18 39.76 36.41
Very good/Excellent 53.01 11.76 26.98 51.38

�p values reported in the table were obtained after adjusting for age group, sex and smoking using multinomial or mul-
tiple logistic regression analysis. The distribution of general health was compared only between controls and other three
disease groups.��p values for overall comparison between ACOS, COPD and Asthma group and control subjects.

ap< 0.05, bp< 0.001 for comparison with controls after adjusting for multiple comparisons using Bonferroni’s correction.
cp< 0.01, dp< 0.001 for comparison with asthma after adjusting for multiple comparisons using Bonferroni’s correction.
ep< 0.05 for comparison with ACOS after adjusting for multiple comparisons using Bonferroni’s correction.
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proportion of females in the COPD and asthma
groups, the sex distribution of these groups was not
significantly different from the control group. The
highest proportion of females was in the ACOS group
that was similar to studies conducted in Finland, the
USA, Spain and Italy [6,7,9,13,16]. The protective
effect for participants of having completed secondary
or post-secondary education in terms of their risk for
ACOS that was observed in this study was also
reported in other studies [9,10,12]. This may be
related to a healthier lifestyle, or possibly a less haz-
ardous workplace, among subjects who completed sec-
ondary or higher education in comparison to those
who completed less than secondary education [24].

In this study, the proportion of current and former
smokers was greater in the ACOS and COPD groups
than in asthma and control groups. These findings are
similar to reports from other studies including those
from Spain and USA [7,9]. However, the proportion
of never smokers was greater in the ACOS group than
in the COPD group in this study (20.18% vs. 16.19%),
and this, coupled with the findings on the proportion
with obesity in the different groups, provides some
support to the observation that ACOS is more preva-
lent in individuals whose main risk factor for airways
obstruction is body weight rather than exposure to

tobacco smoke [25]. In this study, the likelihood of
being obese for those in the ACOS group was more
than twice that for the control group. Similar trends
were observed in the COPD and asthma groups, but
these were not statistically significant. This finding
was also observed in the study from USA and accord-
ing to the authors, the association between obesity
and ACOS was the most important finding of their
study [9].

The clinical feature which best distinguished
between the ACOS and COPD groups was the differ-
ences in the proportion reporting wheeze or shortness
of breath. The proportion of subjects reporting wheeze
was the highest in the ACOS group (64.93%) whereas
the proportion of subjects reporting shortness of
breaths was the highest in the COPD group (46.25%).
The proportion of both these symptoms was lower in
the asthma group. The proportion reporting “regular
cough” and “regular cough with phlegm” was greater
in the ACOS group than in the COPD group. In the
stratified analyses, the severity of airway obstruction
based on non-GOLD criteria (FEV1/FVC< LLN and
FEV1< LLN) was not associated with wheezing or
shortness breath in the ACOS, COPD and asthma
groups. The reasons for the increased proportion of
shortness of breath in the COPD group and increased

Table 4. Distribution of comorbidity characteristics among control, ACOS, COPD only and
asthma only groups.
Comorbidity Control group (%) ACOS group (%) COPD group (%) Asthma group (%) p Value�
Heart disease 04.86 20.1c 14.48a,f 03.61f <0.001
Diabetes 06.77 14.2a 15.74a 08.69 0.002
Cancer 07.50 19.45a 15.64a 09.28 <0.001
Arthritis 18.56 53.48c 49.36c,g 23.57e <0.001
Depression 09.74 35.44c 21.79b 21.90c <0.001
Liver disease 02.98 08.32a 06.95 02.71d 0.005
Any comorbidity 36.01 84.43c 73.48c,f 52.06c,e <0.001
�p values from chi-squared test for overall comparison between ACOS, COPD and asthma group and control.
ap< 0.05, bp< 0.01, cp< 0.001 from chi-squared test for comparison with controls after adjusting for multiple
comparisons using Bonferroni’s correction.

dp< 0.05, ep< 0.001 from chi-squared test for comparison with ACOS after adjusting for multiple comparisons
using Bonferroni’s correction.

fp< 0.05, gp< 0.001 from chi-squared test for comparison with asthma after adjusting for multiple compari-
sons using Bonferroni’s correction.

Table 5. Distribution of airway obstruction using modified GOLD and non-GOLD criteria among
control, ACOS, COPD only and asthma only groups.
Characteristic Controls (%) ACOS (%) COPD group (%) Asthma group (%) p Value��
Modified GOLD criteria� <0.001
No airflow limitation 88.65 49.91a 54.40a 67.04a

Stage I 06.99 12.56 14.28 11.77
Stage II 04.12 26.33 19.88 18.88
Stages III and IV 00.24 11.20 11.44 02.31

Non-GOLD staging criteria
FEV1/FVC< LLN 7.40 36.87a 31.73a 26.00a <0.001
FEV1/FVC< LLN and FEV1< LLN 5.45 35.04a 28.07a 20.81a <0.001

�Because of the small sample sizes in Stage III and IV, the p values were obtained after collapsing Stages II and III
and IV in to a single category.��p values for overall comparison between ACOS, COPD and asthma group and control subjects.

ap< 0.001 for comparison with controls after adjusting for multiple comparison using Bonferroni’s correction.
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proportion of wheeze in the ACOS group cannot be
explained from these data but may be related to clin-
ical factors that were not considered in this study.
Similar to the findings in this study, the proportion
reporting wheeze, cough and cough with phlegm was
greater in the ACOS group than in the COPD and
asthma groups in the studies from Sweden and Italy
[10,13]. However, the proportion reporting dyspnea
determined by dyspnea scale of the Medical Research
Council scale (grade �3) was the highest in the ACOS
group in the Italian study [13].

The association between comorbidities and ACOS
has been investigated in several studies [5–7,9–11].
Although several comorbidities were more prevalent
in the ACOS group in comparison to the COPD and
asthma groups, no single comorbidity was consistently
more prevalent across the studies. In this study, the
proportion of subjects with heart disease, cancer, arth-
ritis and liver disease was the highest in the ACOS
group than those in the control, COPD and asthma
groups with the differences in these proportions
between ACOS and control groups being statistically
significant.

In this study, modified GOLD criteria and LLN were
used to determine the severity of airway obstruction in
the ACOS, COPD, asthma and control groups.
Although the severity of airway of airway obstruction in
the ACOS group was significantly different from the
control group and greater than other three groups,
there was no significant difference between ACOS,
COPD and asthma groups. Pre-bronchodilator lung
function measurements in this study may not be
adequate to differentiate the airway obstruction between
three disease groups. This finding is not surprising
given that diagnosis of ACOS remains a challenge for
the clinicians [3,8]. What was somewhat surprising was
the proportion in the COPD and ACOS groups who
did not have evidence of airway obstruction at the time
of testing. Airway obstruction in these groups is usually
considered largely irreversible, but less than 50% of the
COPD group had COPD as defined by modified
GOLD criteria, similar to the results reported in a study
using the data from the CHMS-Cycle 1 [21]. This sug-
gests possibly a reporting error by the participants,
diagnostic error by the healthcare professionals or per-
haps greater potential for reversibility in these condi-
tions than is often anticipated.

Although patients of ages 40 years and above are
considered in the definition of COPD by the GOLD
Science Committee [19], this study included younger
adults in the age group 30 to 40 years so that the results
from this study are comparable to those from other

population-based studies. Adolescents and younger
adults were included in the majority of the population-
based studies examining ACOS [5–7,9,10,13,16].

This study has strengths and limitations. This study
used the data from the two CHMS cycles, which
allowed the results from the study to be generalized to
the Canadian population. Lung function parameters
were measured in this large population-based study
according to the American Thoracic Society/European
Respiratory Society guidelines. One of the limitations
in the study was that the history of asthma and
COPD was determined from the self-report of a diag-
nosis by health professional. The self-report of asthma
has been shown to have acceptable validity [26,27],
whereas self-report of COPD has been shown to have
low sensitivity and high specificity [28]. In addition, a
number of biomarkers which might have helped in
distinguishing ACOS from pure asthma and pure
COPD, including serum eosinophilia and serum IgE,
were not collected in this study.

In conclusion, characteristics of ACOS in the
Canadian population were similar to those reported in
the studies conducted in the developed countries.
There is no suggestion that ACOS is a less severe vari-
ant of COPD in terms of either symptoms or spirom-
etry. An important finding in the study was an
association between body weight and being in the
ACOS group, which was not observed so clearly, or
possibly at all, in the COPD or asthma groups.
Wheeze was more prevalent in the ACOS group
whereas shortness of breath was more prevalent in the
COPD group. Longitudinal studies would provide
additional information about the incidence and risk
factors of ACOS.
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