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Abstract

Objective

We conducted a population-based cohort study to estimate trends in prevalence, incidence,

and mortality of concurrent physician-diagnosed asthma and chronic obstructive pulmonary

disease (COPD).

Study design and setting

Two validated health administrative case definitions were used to identify asthma and

COPD among all individuals aged 35 years and older living in Ontario, Canada. Annual

asthma, COPD, and concurrent asthma and COPD prevalence, incidence, and mortality,

standardized for age and sex, were estimated, and compared from 2002 to 2012, using gen-

eralized linear models.

Results

Standardized prevalence of concurrent asthma and COPD increased by 10.5%, from 2.9% in

2002 to 3.2% in 2012 overall, but more prominently in women compared to men. Overall,

standardized incidence decreased by16%, from 2.5 to 2.1 per 1000 individuals, but increased

significantly in young adults. All-cause mortality among patients with concurrent asthma and

COPD decreased by 11.2%, from 2.6% to 2.2%. Being diagnosed with both diseases was

significantly associated with higher all-cause mortality compared to asthma (OR = 1.56, 95%

CI: 1.50–1.58), but not compared to COPD (OR = 0.97, 0.96–0.98), except in young adults

aged 35 to 49 years where people with asthma and COPD had higher mortality (OR = 1.21,

1.15–1.27).
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Conclusions

In a large North American population, the burden of concurrent physician-diagnosed asthma

and COPD is increasing, particularly in women and young adults.

Introduction

In 2014, the Global Initiative for Asthma and the Global Initiative for Chronic Obstructive

Lung Disease jointly published a consensus description of Asthma Chronic Obstructive Pul-

monary Disease (COPD) Overlap Syndrome (ACOS) for clinical use [1]. ACOS was defined as

a condition “characterized by persistent airflow limitation with several features usually associated
with asthma and several features usually associated with COPD” [1, 2]. Patients with ACOS

experience more frequent exacerbations [3–5], have a worse health-related quality of life [6],

have a more rapid decline in lung function [5, 7, 8] and use more health services [9] than

patients with asthma or COPD alone. Recognizing ACOS as an entity beyond the sum of its

parts is important because strategies for its management are not simply those of asthma and

COPD combined.

Despite the importance, many conflicting aspects in the definition and clinical significance

of ACOS remain [10–13]. Some recent reviews have noted that ACOS is not a single disease

entity, but rather a spectrum of diseases with many different clinical phenotypes and underly-

ing endotypes, which might require different therapeutic target strategies [11, 12, 14]. How-

ever, before major changes in the nomenclature of disease entities will occur, it is important to

generate high-quality data to pursue a better understanding of ACOS [13]. Increasing aware-

ness of the epidemiology of ACOS within the medical community, especially over time and by

sex and age, holds potential significance because the term ACOS, regardless of definition, rec-

ognizes the multitude of patients without a pure form of asthma or COPD.

The epidemiology of ACOS has not been well studied. ACOS prevalences of between 1.6%

and 4.5% have been reported in the general population [5, 15–18]; however, the limited num-

ber of studies that have provided these estimates had relatively small sample sizes, did not

examine ACOS epidemiology over time, and did not explore age or sex differences. There is

also limited knowledge about ACOS mortality. While one might hypothesize that ACOS

would have higher mortality than asthma or COPD alone because it represents a convergence

of two pathological processes [5, 19], this has not been confirmed by some studies [20–23].

While the exact criteria that physicians should use to diagnose ACOS in clinical practice

remain to be defined and validated, a real world, pragmatic approach to identifying individuals

with ACOS is to simply recognize those who have been diagnosed with both asthma and

COPD. While concurrent physician-diagnosed asthma and COPD may not reflect all pheno-

types of ACOS, it can provide valuable insight into how the interaction between the two condi-

tions affects epidemiological outcomes, such as incidence, prevalence, and mortality.

To fill some of the aforementioned gaps in ACOS epidemiology, we examined and com-

pared prevalence trends of concurrent physician-diagnosed asthma and COPD, using the data

of the entire population of a well-defined and large geographical location in North America.

As secondary objectives, we also evaluated and compared incidence and mortality trends, and

examined the effect of sex and age.

Some of the results of these studies have been previously reported in the form of an abstract

[24].
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Materials and methods

A population-based retrospective cohort study, using universal population health administra-

tive data housed at the Institute for Clinical Evaluative Sciences (ICES), was conducted. All

individuals aged 35 years and older living in Ontario, the most populous province of Canada

with a population of approximately 13 million in 2010, were considered. An age cutoff of 35

was used because COPD is uncommon below this age [25]. People with physician-diagnosed

asthma, COPD, and concurrent asthma and COPD were identified in health administrative

databases, using validated health administrative case definitions [26, 27]. Annual prevalence,

incidence, and all-cause, respiratory- and cardiovascular-related mortality trends were esti-

mated and compared from 2002 to 2012.

ICES has a special designation under Ontario’s Personal Health Information Protection Act

(PHIPA). This means that health information custodians—like physicians, hospitals, or long-

term care homes—are permitted to disclose personal health information about their patients

to ICES without consent. ICES may use personal health information under the authority of

PHIPA for approved research projects. A data sharing agreement with each data partner gov-

erns the privacy and security of the information in the ICES data inventory. ICES’ policies,

practices, and procedures for using data are reviewed and approved on a regular basis by the

Office of the Information Privacy Commissioner/Ontario. More details are available at: http://

www.ices.on.ca/Data-and-Privacy/. This study was approved by the institutional review board

at Sunnybrook Health Sciences Centre, Toronto, Canada. A waiver of informed consent was

granted [28, 29].

Data sources

In Ontario, details on virtually all physician and hospital services are captured in health admin-

istrative databases including: (i) the Ontario Health Insurance Plan physician services claims

database; (ii) the Canadian Institute for Health Information Discharge Abstract Database; (iii)

the Ontario Registered Persons Database; (iv) the Ontario Vital Stats database; (v) the Ontario

Asthma Surveillance Information System [26]; and (vi) the Ontario COPD Database [27].

Details of these databases can be found on the ICES website [30]. These datasets were linked

on an individual level using unique encoded identifiers. The resulting dataset used in this

study is held securely in coded form at the ICES. While data sharing agreements prohibit ICES

from making the dataset publicly available, access may be granted to those who meet pre-speci-

fied criteria (available at www.ices.on.ca/DAS) for confidential access. The full dataset creation

plan is available from the authors upon request.

Definition of physician-diagnosed asthma. Details of a previously validated case defini-

tion to identify people with physician-diagnosed asthma have been described elsewhere [26,

31–33]. In brief, it consists of one asthma hospitalization or two outpatient asthma visits within

two years (84% sensitivity and 76% specificity in adults when compared to a clinical reference

standard which, as seen in real world practice, may or may not have included spirometry) [26,

31]. The date of the earliest asthma hospitalization or outpatient visit was used to determine

the asthma diagnosis date. Individuals were considered to have incident asthma if they had no

outpatient or inpatient asthma visits in the 5 years prior to the diagnosis date. They were other-

wise categorized as having prevalent asthma from the date asthma first appeared in their health

data until death, in order to be consistent with previous evidence indicating that asthma, once

diagnosed, may remit but does not resolve [32, 34]. Patients diagnosed before age 35 (age of

inclusion in this study) were considered to have prevalent asthma.

Definition of physician-diagnosed COPD. Details of a previously validated case defini-

tion to identify people with physician-diagnosed COPD at the time of their first COPD
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hospitalization or outpatient visit after 35 years of age [27] have been described elsewhere

(85% sensitivity and 78% specificity when comparing with clinical evaluation, as with asthma)

[27, 35–38]. As with asthma, individuals were considered to have incident COPD if they had

no COPD hospitalization or outpatient COPD visits in the 5 years prior to their diagnosis

date, otherwise they were considered to have prevalent COPD from the date COPD first

appeared in their health data until death.

Definition of concurrent physician-diagnosed asthma and COPD. For individuals with

both physician-diagnosed asthma and COPD, the first date they met the criteria for diagnosis

of both asthma and COPD (as above) was considered their incident date. Because these indi-

viduals had both diseases concurrently for a period of time, we refer to them as having concur-

rent physician-diagnosed asthma and COPD. Individuals were considered to have prevalent
concurrent physician-diagnosed asthma and COPD from their incident date and each year fol-

lowing, until death.

Outcomes

Our primary outcome was trend in the age- and sex-standardized prevalence of concurrent

asthma and COPD, between fiscal year 2002 (from April 1, 2002 to March 31, 2003) and fiscal

year 2012 (from April 1, 2012, to March 31, 2013). While the data were available to 2014, our

study period ended in 2012 to allow for a 2-year ‘‘look forward” period, in order to meet the

terms of the asthma case definition [26, 31]. Follow-up was terminated at the earliest of date of

death, moving out of the province, or the end of the study period.

Our secondary outcomes were trends in the age- and sex-standardized incidence of concur-

rent asthma and COPD and all-cause mortality in individuals with concurrent asthma and

COPD over the same time period. All-cause mortality was chosen to eliminate potential mis-

classification bias associated with cause-specific mortality. Further, COPD-specific death is

known to underestimate the excess overall mortality in COPD, since a significant proportion

of COPD patients die of cardiovascular (CV) causes [39, 40].

Statistical analyses

Descriptive statistics were used to characterize our population of interest. We estimated the

annual prevalence of concurrent asthma and COPD by dividing the number of affected

patients who were alive at the end of each fiscal year by the census population estimated in the

corresponding year. A similar approach was used to calculate annual prevalence for asthma

and COPD [33, 37]. The definitions of COPD, asthma, and concurrent asthma and COPD

populations were not exclusive of each other.

We estimated annual concurrent asthma and COPD incidence by dividing the number of

new patients in each year by the number of individuals at risk of developing concurrent

asthma and COPD from census estimates in the corresponding year. A similar approach was

used to calculate annual incidence for asthma and COPD [33, 37].

We estimated annual crude mortality rates by dividing the number of deaths at the end of

each fiscal year among individuals with (i) prevalent asthma or (ii) prevalent COPD or (iii)

prevalent, concurrent asthma and COPD by the number of individuals with each disease,

respectively, in each corresponding year.

To compare trends in prevalence, incidence, and mortality rates, we standardized rates for

age and sex, using 2006 Ontario census population estimates [41]. Confidence intervals (CIs)

for standardized rates were calculated using a previously described method [41, 42]. Age was

categorized into 35–49 (young adults), 50–64, and older than 65 years. The relative percentage

changes in rates between two fiscal years were calculated using the rate in the earlier year as
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the reference. Generalized linear models (binomial distribution, logit link function) were used:

(i) to estimate if the prevalence, incidence, and mortality of concurrent asthma and COPD had

changed over time, overall (for each calendar year increase) and in people of different age

groups and sex; and (ii) to determine if mortality differed between patients with asthma,

COPD and concurrent asthma and COPD, controlling for age, sex and calendar time. Effects

of age, sex, and calendar time on the condition of interest were tested through interactions

between cohort membership, age, sex, and calendar year, respectively [37].

Additional analyses

To adjust for potential misclassification associated with the case definition of COPD, the anal-

yses was refitted using a definition of physician-diagnosed COPD with higher specificity, but

lower sensitivity (specificity of 95%, sensitivity of 58%) [27]. According to this definition,

patients aged 35 years or older had COPD as of their first COPD hospitalization or the first of

three outpatient COPD visits within two years [27].

Since a significant proportion of patients with COPD die of respiratory and cardiovascular

causes [39, 40], we also compared trends in mortality attributed to these causes. In order to

test if differences in mortality changed when the groups were defined to be mutually exclusive,

we compared mortality rates between diseases after excluding patients with concurrent asthma

and COPD from the COPD and asthma populations.

All statistical analyses were performed at the ICES using R version 2.15.2 (http://www.r-

project.org) and SAS 9.3.

Results

General characteristics of population with concurrent physician-

diagnosed asthma and COPD

Among patients with asthma, 21.3% were also diagnosed with COPD. Compared to people

with asthma alone, people with concurrent asthma and COPD were more likely to be female

and 65 years or older. They also appeared to develop asthma at an older age than people with

asthma alone (median age of 59.2 vs. 49.5 years).

Among patients with COPD, 27.6% were also diagnosed with asthma. Compared to people

with COPD alone, patients with concurrent asthma and COPD were more likely to be female

and below the age of 50. They also appeared to develop COPD at younger age than people with

COPD alone (median age of 59.2 vs. 62.7 years).

Among patients with concurrent asthma and COPD, 30.8% had a COPD diagnosis before

an asthma diagnosis and the rest asthma before COPD. The median time between COPD and

asthma diagnoses (absolute difference) was 7.2 years.

Prevalence

In 2012, there were 7,589,414 people aged 35 years and older living in Ontario, Canada.

Between 2002 and 2012, the age- and sex-standardized prevalence of concurrent asthma and

COPD increased by 10.5%, from 2.9% in 2002 to 3.2% in 2012 (Fig 1, Table A in S1 Text).

Female sex and older age were significantly associated with higher prevalence (Table 1). Con-

current asthma and COPD prevalence significantly increased over time in all age groups and

sexes, but more prominently in women compared to men (also confirmed by a significant

interaction between sex and calendar year) (Table 1).
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Incidence

The overall age- and sex-standardized incidence rate of concurrent asthma and COPD

decreased by 16%, from 2.5 to 2.1 per 1,000 individuals from 2002 to 2012 (Fig 2, Table B in S1

Text). Female sex and older age were significantly associated with higher incidence (Table 1).

Incidence significantly decreased over time in both sexes and in adults 50 years and older

(Table 1). It increased, however, in young adults (also confirmed by a significant interaction

between age group and calendar year).

Fig 1. Age and sex standardized prevalence rates (%) for COPD, asthma and concurrent physician-

diagnosed asthma and COPD over time among adults 35 years and older in Ontario, Canada.

https://doi.org/10.1371/journal.pone.0173830.g001

Table 1. Trends in concurrent physician-diagnosed asthma and COPD prevalence, incidence and mortality over time (increase with calendar

year) adjusted for sex and age in generalized linear model.

Prevalence Incidence All-cause Mortality

RR (95%CI)

For the entire sample (statistical model: year, age, sex without interaction term)

Time, increase in ten years 1.11 (1.10–1.11) 0.84 (0.82–0.85) 0.88 (0.86–0.90)

Sex: male vs. female 0.78 (0.78–0.79) 0.79 (0.78–0.80) 1.22 (1.21–1.24)

Age, years: 50–64 vs. 35–49 2.82 (2.81–2.83) 1.55 (1.53–1.56) 2.51 (2.40–2.62)

Age, years: 65+ vs. 35–49 6.19 (6.17–6.22) 2.54 (2.51–2.57) 11.87 (11.39–12.38)

Stratified by sex controlling for age

Female: Time, change over ten years 1.15 (1.15–1.16) 0.84 (0.83–0.86) 0.90 (0.87–0.92)

Male: Time, change over ten years 1.04 (1.03–1.05) 0.83 (0.81–0.85) 0.86 (0.84–0.89)

Stratified by age group, controlling for sex

35–49 years: Time, change over ten years 1.12 (1.11–1.13) 1.16 (1.13–1.20) 0.94 (0.83–1.07)b

50–64 years: Time, change over ten years 1.19 (1.19–1.20) 0.87 (0.84–0.89) 0.79 (0.75–0.84)

65+ years: Time, change over ten years 1.05 (1.04–1.05) 0.65 (0.64–0.67) 0.89 (0.87–0.91)

Effects Reported as Relative Risks (RR)a with 95% Confidence Interval (CI).
aThe estimates were reported as relative risks instead of odds ratios because an adjusted odds ratio approximates the adjusted relative risk when disease

incidence/prevalence is rare (<10%) and RR is easier to interpret.
bNon-significant (p values�0.05)

CI–confidence interval; COPD–chronic obstructive pulmonary disease; RRs—relative risks

https://doi.org/10.1371/journal.pone.0173830.t001
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All-cause mortality

Overall age- and sex-standardized all-cause mortality among patients with concurrent asthma

and COPD decreased by 11.2%, from 2.6% to 2.3% between 2002 and 2012 (Fig 3, Table C in

S1 Text). Male sex and older age were associated with higher mortality (Table 1). Mortality

decreased in both sexes and in adults 50 years and older (Table 1). It remained stable, however,

in young adults (also confirmed by a significant interaction between age group and calendar

year).

Comparison of all-cause mortality between COPD, asthma and

concurrent physician-diagnosed asthma and COPD

Although the magnitude of the difference was small, overall, all-cause mortality was signifi-

cantly higher among patients with COPD compared to patients with concurrent asthma and

Fig 2. Age and sex standardized incidence rates (per 1000 individuals) for COPD, asthma and

concurrent physician-diagnosed asthma and COPD over time among adults 35 years and older in

Ontario, Canada.

https://doi.org/10.1371/journal.pone.0173830.g002

Fig 3. All-cause mortality standardized rates (%) by age and sex for COPD, asthma and concurrent

physician-diagnosed asthma and COPD over time among adults 35 years and older in Ontario,

Canada.

https://doi.org/10.1371/journal.pone.0173830.g003
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COPD or asthma alone, controlling for age, sex, and calendar year (Table 2, Fig 3); however,

this effect depended on age. In young adults, all-cause mortality was significantly higher in

patients with concurrent asthma and COPD than COPD alone (Table 2). With concurrent

asthma and COPD and COPD alone as mutually exclusive groups, similar results were

obtained when comparing mortality in individuals (results not shown).

Additional analysis

When we used a more specific definition of COPD, our results did not change significantly

with respect to incidence and mortality trends, and differences by age and sex, for concurrent

asthma and COPD (Tables D and E in S1 Text). However, unlike our main results, prevalence

did not significantly increase over time.

Cause-specific mortality

Similar to all-cause mortality, both overall respiratory- and overall CV-related mortality signif-

icantly decreased from 2002 to 2012 among patients with concurrent asthma and COPD, con-

trolling for sex and age (Figs A and B in S1 Text; Table F in S1 Text). However, these decreases

were dependent on age, with young adults having no decrease.

Concurrent asthma and COPD was significantly associated with higher CV mortality com-

pared to asthma, but not compared to COPD, controlling for age, sex, and calendar year

Table 2. The association between concurrent physician-diagnosed asthma and COPD compared to COPD or asthma with all-cause, cardiovascu-

lar and respiratory mortality rates adjusted for time (calendar year), sex, and age.

Mortality rate Odds Ratio (95% Confidence Interval)

Asthma and COPD vs. asthma Asthma and COPD vs. COPD

All-cause mortality

For entire samplea 1.56 (1.55–1.58) 0.97 (0.96–0.98)

Model: age*condition (p<0.001) Age 35–49 3.24 (3.09–3.40) 1.22 (1.16–1.28)

Age 50–64 2.16 (2.05–2.28) 1.04 (0.99–1.10)b

Age 65 and older 1.43 (1.36–1.50) 0.96 (0.91–1.00) b

Model: sex*condition (p<0.001) Males 1.50 (1.48–1.53) 0.98 (0.97–1.00) b

Females 1.61 (1.60–1.63) 0.96 (0.95–0.97)

Cardiovascular-related mortality

For entire sample a 1.47 (1.45–1.49) 0.92 (0.91–0.94)

Model: age*condition (p<0.001) Age 35–49 3.32 (2.95–3.73) 1.24 (1.10–1.40)

Age 50–64 2.19 (1.93–2.49) 1.07 (0.95–1.22) b

Age 65 and older 1.38 (1.22–1.55) 0.91 (0.80–1.02) b

Model: sex*condition (p<0.001) Males 1.40 (1.36–1.45) 0.95 (0.93–0.98)

Females 1.52 (1.49–1.55) 0.89 (0.88–0.91)

Respiratory related mortality

For entire sample a 1.84 (1.81–1.88) 1.39 (1.37–1.41)

Model: age*condition (p<0.001) Age 35–49 6.26 (5.37–7.30) 1.90 (1.64–2.20)

Age 50–64 3.09 (2.62–3.64) 1.71 (1.46–2.00)

Age 65 and older 1.71 (1.46–1.99) 1.36 (1.17–1.57)

Model: sex*condition (p<0.001) Males 1.72 (1.65–1.78) 1.45 (1.40–1.49)

Females 1.95 (1.90–2.00) 1.33 (1.30–1.36)

a Statistical Model: year, age, sex without interaction term
b—non-significant (p values�0.05)

https://doi.org/10.1371/journal.pone.0173830.t002
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(Table 2). Similar to all-cause mortality, this effect depended on age, with young adults, but

not older people, with concurrent asthma and COPD being more likely to die than those with

COPD alone. Concurrent asthma and COPD was significantly associated with higher respira-

tory-related mortality compared to both asthma and COPD across all ages (Table 2).

Discussion

We conducted a population-based study of all individuals aged 35 and older living in Ontario,

Canada, between 2002 and 2012, and found that while overall prevalence of concurrent physi-

cian-diagnosed asthma and COPD increased (or stayed stable in some subgroups), its overall

incidence and all-cause mortality decreased. We also found that prevalence in women and

young adults increased more than in men and older adults. Young adults also experienced

increases in incidence with no notable improvement in mortality over time. To the best of our

knowledge, this is the most detailed, large-scale, population-based study of concurrent asthma

and COPD epidemiology, and it fills many gaps in knowledge on the overlap between these

two diseases, including its age and sex distribution. Our results reveal that the burden of con-

current asthma and COPD is substantial and likely to escalate, due to its increasing prevalence

and impact on young adults destined to live with it for the rest of their lives. This is especially

concerning given its worse prognosis, more frequent symptoms, worse quality of life, and

greater comorbidity burden compared to COPD alone [3–6]. Knowing the anticipated increas-

ing burden of concurrent asthma and COPD, this will allow health care providers and policy

makers to plan accordingly. Our results also help identify which high-risk groups are most

affected.

The prevalence rates for concurrent asthma and COPD found in our study are comparable

with or slightly higher than other population prevalence rates reported for asthma-COPD

overlap, even though we used different definitions than those studies (i.e. self-reported, based

on ICD-codes, and using instrumental measures and clinical symptoms) [5, 15–18]. Similarly,

our prevalence rates, as that of ACOS studies, increased with age [15, 17] and was higher in

women compared to men [15, 17, 18]. Finally, the age distribution of concurrent asthma and

COPD patients found in our study was also similar to previous studies [5, 6, 16, 18], where

individuals with concurrent asthma and COPD were younger than COPD patients and older

than asthma patients.

The upward trend of concurrent asthma and COPD age- and sex-standardized prevalence

may be explained by increasing prevalence of both asthma and COPD [33, 37, 43–45] (Fig 1).

Of note, standardization for age means our results cannot be attributed to the aging of the pop-

ulation. The more pronounced increase in concurrent asthma and COPD in women is consis-

tent with other studies [3, 46] and may be explained by a greater increase in COPD prevalence,

over time, in women compared to men [37, 47], a higher prevalence of asthma in women 35

years and older than in men of the same age [33, 43], and a slower decline in smoking com-

bined with a stronger negative impact of smoking in women compared to men [48, 49]. These

differences between the sexes is deserving of further investigation.

Similar to prevalence, decrease in concurrent asthma and COPD incidence may be

explained by decreases in both asthma and COPD incidence [33, 37, 45]. Importantly, we

found that incidence significantly increased over time in young adults. This group also did not

experience improvements in mortality, as older adults did, and had higher all- and CV-related

mortality compared to people with COPD. Accordingly, young adults appear to be at higher

risk of developing ACOS. As such, this group, who is also more likely to develop COPD from

chronic severe childhood asthma, should be considered for targeted prevention and manage-

ment [50].
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Overall decrease in age- and sex-standardized all-cause mortality rates among patients with

concurrent asthma and COPD may be explained by decreases in mortality of both COPD and

asthma, over time [33, 37, 43, 51]. It is also consistent with all-cause mortality trends in the

Canadian population [52]. Our findings of a more pronounced decrease in men compared to

women is similar to findings in the COPD population [37] and consistent with patterns in the

general population [53].

Similar to previous, relatively small longitudinal studies, older people with COPD had

higher mortality than older people with asthma or concurrent asthma and COPD [20, 21, 23].

This may be because COPD without a concurrent diagnosis of asthma, is more likely to

develop from smoking than from chronic asthma—the former being associated with a higher

mortality than the latter, due to other consequences, such as cancer or CV disease [54]. In

younger people, as mentioned above, concurrent asthma and COPD was associated with

higher mortality than COPD. This is consistent with a previous population-based study of

young adults that found that those with both asthma and COPD had more hospitalizations

and worse lung function than individuals with asthma or COPD alone [55]. Diagnosis of con-

current asthma and COPD at younger age may reflect a subtype of the disease with more rap-

idly declining lung function and worse prognosis than other subtypes [55, 56].

The strengths of our study are the use of large comprehensive health administrative data-

bases from an entire provincial population to identify individuals with physician-diagnosed

asthma and COPD, its use of validated algorithms, its ability to assess age and sex differences,

and to follow people over many years.

Our study had limitations which merit emphasis. In the absence of a validated health

administrative data definition of ACOS, we studied concurrent asthma and COPD using vali-

dated case definitions of asthma and COPD. Development of an ACOS health administrative

definition is an important area of future study, once consensus regarding the clinical definition

has been reached [1]. We were reassured, however, by the similar characteristics of our con-

current asthma and COPD population and those of previous ACOS studies [3, 35, 57, 58]. Still,

we cannot rule out ‘diagnostic exchange’ as a potential source of error, whereby an individual

physician might have misattributed respiratory symptoms of COPD as asthma, or vice-versa.

These non-directional errors, however, likely caused random variation or noise, but not bias

that affected trends, especially given the generally long interval between the two diagnoses

(average 7.6 years). They might have also led to the conservative underestimation of concur-

rent asthma and COPD’s large health care burden, if physicians were dissuaded from looking

for a second diagnosis after a first was made. Alternatively, it is possible that patients with

more severe asthma or COPD were more likely to receive additional diagnosis (asthma or

COPD on top of a previous COPD or asthma diagnosis) because they had more contact with

physicians. This could have led to an overestimate of ACOS and/or an overestimate of its

health care burden.

We were also reassured by the confirmation of our findings when an alternative, more spe-

cific case definition of COPD was used. When using this definition, however, we did not see

an increase in concurrent asthma and COPD prevalence over time. This is probably because

the specific definition detected more severe COPD cases whose prevalence has been relatively

stable [59], likely due to decreasing smoking rates [60] and improvements in management.

Conversely, the specific COPD case definition likely missed people with milder COPD and

underestimated the true burden of concurrent asthma and COPD. The specific definition

results combined with those from the main analysis provide upper and lower limits within

which true concurrent asthma and COPD prevalence, incidence, and mortality likely lie.

A second limitation was that we were only able to study physician-diagnosed and not spi-

rometry-confirmed concurrent asthma and COPD. This is because only 30 to 50% of people in
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Ontario complete spirometry before being diagnosed with COPD or asthma [38, 61]. Without

spirometry, physicians are known to miss milder disease and underdiagnose COPD. This

could have led us to underestimate prevalence and incidence [62]. Indeed, our prevalence esti-

mates were similar or slightly lower than ACOS estimates obtained using spirometry [5, 6, 55].

However, while some people with mild disease might have been missed, our findings are gen-

eralizable to real-world patients responsible for the largest burden of concurrent asthma and

COPD, in terms of health care resources—the ones that clinicians and policy makers are usu-

ally most concerned about. Also, any underestimate was likely consistent over time and

unlikely to affect trends.

Conclusion

In conclusion, we conducted an analysis using comprehensive health administrative data on a

large North American population. We found that the overall prevalence of concurrent physi-

cian-diagnosed asthma and COPD increased, its overall incidence and all-cause mortality

decreased, and that women and younger adults experienced a significantly greater burden.

Our results are important to ensure health care providers and policy makers are prepared for

the increasing burden of concurrent asthma and COPD and know which high risk groups will

be most affected. Future research should focus on validating a health administrative case defi-

nition of ACOS, confirming these findings in other populations, and identifying high-risk

groups for whom specific preventive and management strategies may be required.

Supporting information

S1 Text. Online data supplement.

(DOCX)

Acknowledgments

Parts of this material are based on data and information compiled and provided by Canadian

Institute for Health Information (CIHI). However, the analyses, conclusions, opinions, and

statements expressed herein are those of the author and not necessarily those of CIHI.

The Canadian Respiratory Research Network Scientific Steering Committee members are:

Shawn Aaron (lead author for the group, email: saaron@ohri.ca): The Ottawa Hospital

Research Institute, University of Ottawa; James Martin: McGill University; Teresa To: Univer-

sity of Toronto; Andrea Gershon: University of Toronto; Christopher Carlsten: University of

British Columbia; Andrew Halayko: University of Manitoba; Don Sin: University of British

Columbia; Jean Bourbeau: McGill University; Francine Ducharme: Universite de Montreal;

Mohsen Sadatsafavi: University of British Columbia; Denis O’Donnell: Queen’s University;

Grace Parraga: University of Western Ontario; Wan Tan: University of British Columbia.

Author Contributions

Conceptualization: TK MS SA TT MDL JMF AG.

Data curation: TK AG.

Formal analysis: TK AG.

Funding acquisition: MS SA TT AG.

Investigation: TK MS SA TT MDL JMF AG.

Epidemiology of concurrent asthma and COPD

PLOS ONE | https://doi.org/10.1371/journal.pone.0173830 March 16, 2017 11 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173830.s001
https://doi.org/10.1371/journal.pone.0173830


Methodology: TK MS SA TT MDL JMF AG.

Project administration: TK AG.

Resources: TK MS SA TT MDL JMF AG.

Software: TK AG.

Supervision: AG SA.

Visualization: TK MS SA TT MDL JMF AG.

Writing – original draft: TK AG.

Writing – review & editing: TK MS SA TT MDL JMF AG.

References
1. Diagnosis of Diseases of Chronic Airflow Limitation: Asthma, COPD and Asthma-COPD Overlap Syn-

drome (ACOS), (2014).

2. Global Initiative for Asthma. 2015 Asthma, COPD and asthma-COPD overlap syndrome (ACOS).

Global Initiative for Asthma website: http://ginasthma.org/asthma-copd-and-asthma-copd-overlap-

syndrome-acos/ [cited 2017 Jan 6, 2017].

3. Hardin M, Cho M, McDonald ML, Beaty T, Ramsdell J, Bhatt S, et al. The clinical and genetic features of

COPD-asthma overlap syndrome. The European respiratory journal. 2014; 44(2):341–50. Epub 2014/

05/31. PubMed Central PMCID: PMC4154588. https://doi.org/10.1183/09031936.00216013 PMID:

24876173

4. Hardin M, Silverman EK, Barr RG, Hansel NN, Schroeder JD, Make BJ, et al. The clinical features of

the overlap between COPD and asthma. Respiratory research. 2011; 12:127. Epub 2011/09/29.

PubMed Central PMCID: PMC3204243. https://doi.org/10.1186/1465-9921-12-127 PMID: 21951550

5. Menezes AM, Montes de Oca M, Perez-Padilla R, Nadeau G, Wehrmeister FC, Lopez-Varela MV, et al.

Increased risk of exacerbation and hospitalization in subjects with an overlap phenotype: COPD-

asthma. Chest. 2014; 145(2):297–304. Epub 2013/10/12. https://doi.org/10.1378/chest.13-0622 PMID:

24114498

6. Chung JW, Kong KA, Lee JH, Lee SJ, Ryu YJ, Chang JH. Characteristics and self-rated health of over-

lap syndrome. International journal of chronic obstructive pulmonary disease. 2014; 9:795–804. Epub

2014/08/06. PubMed Central PMCID: PMC4113567. https://doi.org/10.2147/COPD.S61093 PMID:

25092973

7. Gibson PG, Simpson JL. The overlap syndrome of asthma and COPD: what are its features and how

important is it? Thorax. 2009; 64(8):728–35. Epub 2009/07/30. https://doi.org/10.1136/thx.2008.

108027 PMID: 19638566

8. Kauppi P, Kupiainen H, Lindqvist A, Tammilehto L, Kilpelainen M, Kinnula VL, et al. Overlap syndrome

of asthma and COPD predicts low quality of life. The Journal of asthma: official journal of the Associa-

tion for the Care of Asthma. 2011; 48(3):279–85. Epub 2011/02/18.

9. Andersen H, Lampela P, Nevanlinna A, Saynajakangas O, Keistinen T. High hospital burden in overlap

syndrome of asthma and COPD. The clinical respiratory journal. 2013; 7(4):342–6. Epub 2013/02/01.

https://doi.org/10.1111/crj.12013 PMID: 23362945

10. Postma DS, Rabe KF. The Asthma-COPD Overlap Syndrome. The New England journal of medicine.

2015; 373(13):1241–9. Epub 2015/09/24. https://doi.org/10.1056/NEJMra1411863 PMID: 26398072

11. Cazzola M, Rogliani P. Do we really need asthma-chronic obstructive pulmonary disease overlap syn-

drome? The Journal of allergy and clinical immunology. 2016; 138(4):977–83. https://doi.org/10.1016/j.

jaci.2016.04.028 PMID: 27372569

12. Kostikas K, Clemens A, Patalano F. The asthma-COPD overlap syndrome: do we really need another

syndrome in the already complex matrix of airway disease? International journal of chronic obstructive

pulmonary disease. 2016; 11:1297–306. PubMed Central PMCID: PMCPMC4914074. https://doi.org/

10.2147/COPD.S107307 PMID: 27366057

13. Sin DD, Miravitlles M, Mannino DM, Soriano JB, Price D, Celli BR, et al. What is asthma-COPD overlap

syndrome? Towards a consensus definition from a round table discussion. The European respiratory

journal. 2016; 48(3):664–73. https://doi.org/10.1183/13993003.00436-2016 PMID: 27338195

14. Barnes PJ. Asthma-COPD Overlap. Chest. 2016; 149(1):7–8. https://doi.org/10.1016/j.chest.2015.08.

017 PMID: 26757281

Epidemiology of concurrent asthma and COPD

PLOS ONE | https://doi.org/10.1371/journal.pone.0173830 March 16, 2017 12 / 15

http://ginasthma.org/asthma-copd-and-asthma-copd-overlap-syndrome-acos/
http://ginasthma.org/asthma-copd-and-asthma-copd-overlap-syndrome-acos/
https://doi.org/10.1183/09031936.00216013
http://www.ncbi.nlm.nih.gov/pubmed/24876173
https://doi.org/10.1186/1465-9921-12-127
http://www.ncbi.nlm.nih.gov/pubmed/21951550
https://doi.org/10.1378/chest.13-0622
http://www.ncbi.nlm.nih.gov/pubmed/24114498
https://doi.org/10.2147/COPD.S61093
http://www.ncbi.nlm.nih.gov/pubmed/25092973
https://doi.org/10.1136/thx.2008.108027
https://doi.org/10.1136/thx.2008.108027
http://www.ncbi.nlm.nih.gov/pubmed/19638566
https://doi.org/10.1111/crj.12013
http://www.ncbi.nlm.nih.gov/pubmed/23362945
https://doi.org/10.1056/NEJMra1411863
http://www.ncbi.nlm.nih.gov/pubmed/26398072
https://doi.org/10.1016/j.jaci.2016.04.028
https://doi.org/10.1016/j.jaci.2016.04.028
http://www.ncbi.nlm.nih.gov/pubmed/27372569
https://doi.org/10.2147/COPD.S107307
https://doi.org/10.2147/COPD.S107307
http://www.ncbi.nlm.nih.gov/pubmed/27366057
https://doi.org/10.1183/13993003.00436-2016
http://www.ncbi.nlm.nih.gov/pubmed/27338195
https://doi.org/10.1016/j.chest.2015.08.017
https://doi.org/10.1016/j.chest.2015.08.017
http://www.ncbi.nlm.nih.gov/pubmed/26757281
https://doi.org/10.1371/journal.pone.0173830


15. de Marco R PG, Marcon A, Accordini S, Antonicelli L, Bugiani M, Casali L, Ferrari M, Nicolini G, Panico

MG, Pirina P, Zanolin ME, Cerveri I, Verlato G. The Coexistence of Asthma and Chronic Obstructive

Pulmonary Disease (COPD): Prevalence and Risk Factors in Young, Middle-aged and Elderly People

from the General Population PloS one. 2013; 8(5):e62985. https://doi.org/10.1371/journal.pone.

0062985 PMID: 23675448

16. Diaz-Guzman E, Khosravi M, Mannino DM. Asthma, chronic obstructive pulmonary disease, and mor-

tality in the U.S. population. Copd. 2011; 8(6):400–7. Epub 2011/12/14. https://doi.org/10.3109/

15412555.2011.611200 PMID: 22149399

17. van Boven JF, Roman-Rodriguez M, Palmer JF, Toledo-Pons N, Cosio BG, Soriano JB. Comorbidome,

Pattern, and Impact of Asthma-COPD Overlap Syndrome in Real Life. Chest. 2016; 149(4):1011–20.

https://doi.org/10.1016/j.chest.2015.12.002 PMID: 26836892

18. Kumbhare S, Pleasants R, Ohar JA, Strange C. Characteristics and Prevalence of Asthma/Chronic

Obstructive Pulmonary Disease Overlap in the United States. Annals of the American Thoracic Society.

2016; 13(6):803–10. https://doi.org/10.1513/AnnalsATS.201508-554OC PMID: 26974689

19. Harada T, Yamasaki A, Fukushima T, Hashimoto K, Takata M, Kodani M, et al. Causes of death in

patients with asthma and asthma-chronic obstructive pulmonary disease overlap syndrome. Interna-

tional journal of chronic obstructive pulmonary disease. 2015; 10:595–602. Epub 2015/04/04. PubMed

Central PMCID: PMC4370684. https://doi.org/10.2147/COPD.S77491 PMID: 25834418

20. Fu JJ, Gibson PG, Simpson JL, McDonald VM. Longitudinal changes in clinical outcomes in older

patients with asthma, COPD and asthma-COPD overlap syndrome. Respiration; international review of

thoracic diseases. 2014; 87(1):63–74. Epub 2013/09/14. https://doi.org/10.1159/000352053 PMID:

24029561

21. Cosio BG, Soriano JB, Lopez-Campos JL, Calle-Rubio M, Soler-Cataluna JJ, de-Torres JP, et al. Defin-

ing the Asthma-COPD overlap syndrome in a COPD cohort. Chest. 2015. Epub 2015/08/21.

22. Alshabanat A, Zafari Z, Albanyan O, Dairi M, FitzGerald JM. Asthma and COPD Overlap Syndrome

(ACOS): A Systematic Review and Meta Analysis. PloS one. 2015; 10(9):e0136065. Epub 2015/09/04.

PubMed Central PMCID: PMC4559416. https://doi.org/10.1371/journal.pone.0136065 PMID:

26336076

23. Sorino C, Pedone C, Scichilone N. Fifteen-year mortality of patients with asthma-COPD overlap syn-

drome. Eur J Intern Med. 2016.

24. Kendzerska TS, Mohsen; Aaron Shawn D.; To Teresa; Lougheed M Diane; FitzGerald John M.; Ger-

shon Andrea S. Trends In Asthma- Chronic Obstructive Pulmonary Disease Overlap Syndrome Preva-

lence, Incidence And Mortality In Ontario, Canada: A Population Study. American journal of respiratory

and critical care medicine. 2015; 191:A6165.

25. Mannino DM, Buist AS. Global burden of COPD: risk factors, prevalence, and future trends. Lancet.

2007; 370(9589):765–73. Epub 2007/09/04. https://doi.org/10.1016/S0140-6736(07)61380-4 PMID:

17765526

26. Gershon A WC, Vasilevska-Ristovska J, Guan J, Cicutto L, To T. Identifying patients diagnosed with

asthma using health administrative data. Canadian Respiratory Journal. 2009; 16:183–8. PMID:

20011725

27. Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T. Identifying individuals with

physcian diagnosed COPD in health administrative databases. Copd. 2009; 6(5):388–94. Epub 2009/

10/30. PMID: 19863368

28. Tu JV, Willison DJ, Silver FL, Fang J, Richards JA, Laupacis A, et al. Impracticability of informed con-

sent in the Registry of the Canadian Stroke Network. The New England journal of medicine. 2004; 350

(14):1414–21. https://doi.org/10.1056/NEJMsa031697 PMID: 15070791

29. Gershon AS, Tu JV. The effect of privacy legislation on observational research. CMAJ. 2008; 178

(7):871–3. PubMed Central PMCID: PMCPMC2267836. https://doi.org/10.1503/cmaj.061353 PMID:

18362384

30. ICES. Data Dictionary 2015 [cited 2015 December 2015]. Available from: https://datadictionary.ices.on.

ca/Applications/DataDictionary/Default.aspx.

31. To T, Wang C, Guan J, McLimont S, Gershon AS. What is the lifetime risk of physician-diagnosed

asthma in Ontario, Canada? American journal of respiratory and critical care medicine. 2010; 181

(4):337–43. Epub 2009/11/21. https://doi.org/10.1164/rccm.200907-1035OC PMID: 19926867

32. Gershon A, Guan J, Victor JC, Wang C, To T. The course of asthma activity: a population study. The

Journal of allergy and clinical immunology. 2012; 129(3):679–86. Epub 2011/12/20. https://doi.org/10.

1016/j.jaci.2011.11.014 PMID: 22178637

33. Gershon AS, Guan J, Wang C, To T. Trends in asthma prevalence and incidence in Ontario, Canada,

1996–2005: a population study. American journal of epidemiology. 2010; 172(6):728–36. Epub 2010/

08/19. https://doi.org/10.1093/aje/kwq189 PMID: 20716702

Epidemiology of concurrent asthma and COPD

PLOS ONE | https://doi.org/10.1371/journal.pone.0173830 March 16, 2017 13 / 15

https://doi.org/10.1371/journal.pone.0062985
https://doi.org/10.1371/journal.pone.0062985
http://www.ncbi.nlm.nih.gov/pubmed/23675448
https://doi.org/10.3109/15412555.2011.611200
https://doi.org/10.3109/15412555.2011.611200
http://www.ncbi.nlm.nih.gov/pubmed/22149399
https://doi.org/10.1016/j.chest.2015.12.002
http://www.ncbi.nlm.nih.gov/pubmed/26836892
https://doi.org/10.1513/AnnalsATS.201508-554OC
http://www.ncbi.nlm.nih.gov/pubmed/26974689
https://doi.org/10.2147/COPD.S77491
http://www.ncbi.nlm.nih.gov/pubmed/25834418
https://doi.org/10.1159/000352053
http://www.ncbi.nlm.nih.gov/pubmed/24029561
https://doi.org/10.1371/journal.pone.0136065
http://www.ncbi.nlm.nih.gov/pubmed/26336076
https://doi.org/10.1016/S0140-6736(07)61380-4
http://www.ncbi.nlm.nih.gov/pubmed/17765526
http://www.ncbi.nlm.nih.gov/pubmed/20011725
http://www.ncbi.nlm.nih.gov/pubmed/19863368
https://doi.org/10.1056/NEJMsa031697
http://www.ncbi.nlm.nih.gov/pubmed/15070791
https://doi.org/10.1503/cmaj.061353
http://www.ncbi.nlm.nih.gov/pubmed/18362384
https://datadictionary.ices.on.ca/Applications/DataDictionary/Default.aspx
https://datadictionary.ices.on.ca/Applications/DataDictionary/Default.aspx
https://doi.org/10.1164/rccm.200907-1035OC
http://www.ncbi.nlm.nih.gov/pubmed/19926867
https://doi.org/10.1016/j.jaci.2011.11.014
https://doi.org/10.1016/j.jaci.2011.11.014
http://www.ncbi.nlm.nih.gov/pubmed/22178637
https://doi.org/10.1093/aje/kwq189
http://www.ncbi.nlm.nih.gov/pubmed/20716702
https://doi.org/10.1371/journal.pone.0173830


34. Stern DA, Morgan WJ, Halonen M, Wright AL, Martinez FD. Wheezing and bronchial hyper-responsive-

ness in early childhood as predictors of newly diagnosed asthma in early adulthood: a longitudinal birth-

cohort study. Lancet. 2008; 372(9643):1058–64. Epub 2008/09/23. PubMed Central PMCID:

PMC2831297. https://doi.org/10.1016/S0140-6736(08)61447-6 PMID: 18805334

35. Gershon AS, Campitelli MA, Croxford R, Stanbrook MB, To T, Upshur R, et al. Combination long-acting

beta-agonists and inhaled corticosteroids compared with long-acting beta-agonists alone in older adults

with chronic obstructive pulmonary disease. Jama. 2014; 312(11):1114–21. Epub 2014/09/17. https://

doi.org/10.1001/jama.2014.11432 PMID: 25226477

36. Gershon AS, Warner L, Cascagnette P, Victor JC, To T. Lifetime risk of developing chronic obstructive

pulmonary disease: a longitudinal population study. Lancet. 2011; 378(9795):991–6. Epub 2011/09/13.

https://doi.org/10.1016/S0140-6736(11)60990-2 PMID: 21907862

37. Gershon AS, Wang C, Wilton AS, Raut R, To T. Trends in chronic obstructive pulmonary disease preva-

lence, incidence, and mortality in ontario, Canada, 1996 to 2007: a population-based study. Archives of

internal medicine. 2010; 170(6):560–5. Epub 2010/03/24. https://doi.org/10.1001/archinternmed.2010.

17 PMID: 20308643

38. Gershon AS, Hwee J, Croxford R, Aaron SD, To T. Patient and physician factors associated with pulmo-

nary function testing for COPD: a population study. Chest. 2014; 145(2):272–81. Epub 2013/09/07.

https://doi.org/10.1378/chest.13-0790 PMID: 24008897

39. Camilli AE, Robbins DR, Lebowitz MD. Death certificate reporting of confirmed airways obstructive dis-

ease. American journal of epidemiology. 1991; 133(8):795–800. Epub 1991/04/15. PMID: 2021146

40. Hansell AL, Walk JA, Soriano JB. What do chronic obstructive pulmonary disease patients die from? A

multiple cause coding analysis. The European respiratory journal. 2003; 22(5):809–14. Epub 2003/11/

19. PMID: 14621089

41. Anderson RN, Rosenberg HM. Age standardization of death rates: implementation of the year 2000

standard. National vital statistics reports: from the Centers for Disease Control and Prevention, National

Center for Health Statistics, National Vital Statistics System. 1998; 47(3):1–16, 20. Epub 1998/10/31.

42. Fay MP, Feuer EJ. Confidence intervals for directly standardized rates: a method based on the gamma

distribution. Statistics in medicine. 1997; 16(7):791–801. Epub 1997/04/15. PMID: 9131766

43. Akinbami LJ, Moorman JE, Bailey C, Zahran HS, King M, Johnson CA, et al. Trends in asthma preva-

lence, health care use, and mortality in the United States, 2001–2010. NCHS data brief. 2012;(94):1–8.

Epub 2012/05/24. PMID: 22617340

44. Fransoo RR, Martens PJ, Prior HJ, Katz A, Burland E, Nickel NC, et al. The rising prevalence of asthma:

true increase, diagnostic exchange or diagnostic accuracy? Healthcare policy = Politiques de sante.

2013; 8(4):27–34. Epub 2013/08/24. PubMed Central PMCID: PMC3999527. PMID: 23968635

45. Simpson CR, Sheikh A. Trends in the epidemiology of asthma in England: a national study of 333,294

patients. Journal of the Royal Society of Medicine. 2010; 103(3):98–106. Epub 2010/03/05. PubMed

Central PMCID: PMC3072257. https://doi.org/10.1258/jrsm.2009.090348 PMID: 20200181

46. Beavers S.F. MMC, Chatterjee A., editor Asthma Control And Exacerbations Among Adults With Diag-

noses Of Asthma And COPD. ATS 2015 International Conference; 2014: American Journal of Respira-

tory and Critical Care Medicine.

47. Soriano JB, Maier WC, Egger P, Visick G, Thakrar B, Sykes J, et al. Recent trends in physician diag-

nosed COPD in women and men in the UK. Thorax. 2000; 55(9):789–94. Epub 2000/08/19. PubMed

Central PMCID: PMC1745847. https://doi.org/10.1136/thorax.55.9.789 PMID: 10950900

48. Hitchman SC, Fong GT. Gender empowerment and female-to-male smoking prevalence ratios. Bull

World Health Organ. 2011; 89(3):195–202. PubMed Central PMCID: PMCPMC3044247. https://doi.

org/10.2471/BLT.10.079905 PMID: 21379415

49. Sieminska A, Jassem E. The many faces of tobacco use among women. Med Sci Monit. 2014; 20:153–

62. PubMed Central PMCID: PMCPMC3915001. https://doi.org/10.12659/MSM.889796 PMID:

24487778

50. Tai A, Tran H, Roberts M, Clarke N, Wilson J, Robertson CF. The association between childhood

asthma and adult chronic obstructive pulmonary disease. Thorax. 2014; 69(9):805–10. Epub 2014/03/

22. https://doi.org/10.1136/thoraxjnl-2013-204815 PMID: 24646659

51. To T, Simatovic J, Zhu J, Feldman L, Dell SD, Lougheed MD, et al. Asthma Deaths in a Large Provincial

Health System: a 10-Year Population-Based Study. Annals of the American Thoracic Society. 2014.

Epub 2014/08/29.

52. Age-standardized mortality rates, Canada, provinces and territories, 1999 and 2009 Statistics Canada;

Udated 2013 [cited 2015 12/04/15]. Statistics Canada, CANSIM table 102–0504 and population esti-

mates]. Available from: http://www.statcan.gc.ca/pub/84f0211x/2009000/ct019-eng.htm.

Epidemiology of concurrent asthma and COPD

PLOS ONE | https://doi.org/10.1371/journal.pone.0173830 March 16, 2017 14 / 15

https://doi.org/10.1016/S0140-6736(08)61447-6
http://www.ncbi.nlm.nih.gov/pubmed/18805334
https://doi.org/10.1001/jama.2014.11432
https://doi.org/10.1001/jama.2014.11432
http://www.ncbi.nlm.nih.gov/pubmed/25226477
https://doi.org/10.1016/S0140-6736(11)60990-2
http://www.ncbi.nlm.nih.gov/pubmed/21907862
https://doi.org/10.1001/archinternmed.2010.17
https://doi.org/10.1001/archinternmed.2010.17
http://www.ncbi.nlm.nih.gov/pubmed/20308643
https://doi.org/10.1378/chest.13-0790
http://www.ncbi.nlm.nih.gov/pubmed/24008897
http://www.ncbi.nlm.nih.gov/pubmed/2021146
http://www.ncbi.nlm.nih.gov/pubmed/14621089
http://www.ncbi.nlm.nih.gov/pubmed/9131766
http://www.ncbi.nlm.nih.gov/pubmed/22617340
http://www.ncbi.nlm.nih.gov/pubmed/23968635
https://doi.org/10.1258/jrsm.2009.090348
http://www.ncbi.nlm.nih.gov/pubmed/20200181
https://doi.org/10.1136/thorax.55.9.789
http://www.ncbi.nlm.nih.gov/pubmed/10950900
https://doi.org/10.2471/BLT.10.079905
https://doi.org/10.2471/BLT.10.079905
http://www.ncbi.nlm.nih.gov/pubmed/21379415
https://doi.org/10.12659/MSM.889796
http://www.ncbi.nlm.nih.gov/pubmed/24487778
https://doi.org/10.1136/thoraxjnl-2013-204815
http://www.ncbi.nlm.nih.gov/pubmed/24646659
http://www.statcan.gc.ca/pub/84f0211x/2009000/ct019-eng.htm
https://doi.org/10.1371/journal.pone.0173830


53. Trends in mortality rates by sex, 2000 to 2011 Date modified: 2014-01-28 [cited 2015 12/04/2015]. Sta-

tistics Canada, vital statistics: death database CANSIM Table 102–0563]. Available from: http://www.

statcan.gc.ca/pub/82-625-x/2014001/article/11897-eng.htm.

54. Carter BD, Abnet CC, Feskanich D, Freedman ND, Hartge P, Lewis CE, et al. Smoking and mortality—

beyond established causes. The New England journal of medicine. 2015; 372(7):631–40. Epub 2015/

02/12. https://doi.org/10.1056/NEJMsa1407211 PMID: 25671255

55. de Marco R, Marcon A, Rossi A, Anto JM, Cerveri I, Gislason T, et al. Asthma, COPD and overlap syn-

drome: a longitudinal study in young European adults. The European respiratory journal. 2015; 46

(3):671–9. Epub 2015/06/27. https://doi.org/10.1183/09031936.00008615 PMID: 26113674

56. Postma DS, van den Berge M. The different faces of the asthma-COPD overlap syndrome. The Euro-

pean respiratory journal. 2015; 46(3):587–90. Epub 2015/09/02. https://doi.org/10.1183/13993003.

00810-2015 PMID: 26324685

57. Morogan A. PLM, Tan W.-C., Li P., Aaron S.D., Chapman K.R., Cowie R., Fitzgerald M., Hernandez P.,

Marciniuk D., Maltais F., O’Donnell D.E., Sin D., Bourbeau J. Asthma COPD Overlap Syndrome

(ACOS): What Can We Learn From The CanCOLD Population? ATS 2014 International Conference:

American Journal of Respiratory and Critical Care Medicine; 2014. p. A5937.

58. Soriano JB, Davis KJ, Coleman B, Visick G, Mannino D, Pride NB. The proportional Venn diagram of

obstructive lung disease: two approximations from the United States and the United Kingdom. Chest.

2003; 124(2):474–81. Epub 2003/08/09. PMID: 12907531

59. Trends in COPD (Chronic Bronchitis and Emphysema): Morbidity and Mortality. Division EaSURaHE;

2013 March 2013 Report No.

60. Janz T. Current smoking trends Statistics Canada; 2011 [cited 2016 Jan 12, 2016]. Available from:

http://www.statcan.gc.ca/pub/82-624-x/2012001/article/11676-eng.htm.

61. Gershon AS, Victor JC, Guan J, Aaron SD, To T. Pulmonary function testing in the diagnosis of asthma:

a population study. Chest. 2012; 141(5):1190–6. Epub 2011/10/28. https://doi.org/10.1378/chest.11-

0831 PMID: 22030804

62. Evans J, Chen Y, Camp PG, Bowie DM, McRae L. Estimating the prevalence of COPD in Canada:

Reported diagnosis versus measured airflow obstruction. Health reports. 2014; 25(3):3–11. Epub 2014/

03/22. PMID: 24648134

Epidemiology of concurrent asthma and COPD

PLOS ONE | https://doi.org/10.1371/journal.pone.0173830 March 16, 2017 15 / 15

http://www.statcan.gc.ca/pub/82-625-x/2014001/article/11897-eng.htm
http://www.statcan.gc.ca/pub/82-625-x/2014001/article/11897-eng.htm
https://doi.org/10.1056/NEJMsa1407211
http://www.ncbi.nlm.nih.gov/pubmed/25671255
https://doi.org/10.1183/09031936.00008615
http://www.ncbi.nlm.nih.gov/pubmed/26113674
https://doi.org/10.1183/13993003.00810-2015
https://doi.org/10.1183/13993003.00810-2015
http://www.ncbi.nlm.nih.gov/pubmed/26324685
http://www.ncbi.nlm.nih.gov/pubmed/12907531
http://www.statcan.gc.ca/pub/82-624-x/2012001/article/11676-eng.htm
https://doi.org/10.1378/chest.11-0831
https://doi.org/10.1378/chest.11-0831
http://www.ncbi.nlm.nih.gov/pubmed/22030804
http://www.ncbi.nlm.nih.gov/pubmed/24648134
https://doi.org/10.1371/journal.pone.0173830

