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ABSTRACT

Purpose: To investigate physical activity levels and modes of physical activity among
Canadian adults with obstructive respiratory disease.

Methods: Data from respondents with self-reported asthma, chronic obstructive
pulmonary disease (COPD), and a combination of asthma and COPD (CAC) from the
Canadian Community Health Survey (2013) were used for analysis. Self-reported
physical activity was used to categorize respondents as active or inactive. Self-reported
modes of physical activity were grouped into the following categories: walking,
endurance activities, recreation activities, conventional exercise, sports, and no physical
activity.

Results: Adults with COPD and CAC had the lowest participation in all modes of
physical activity, compared to adults without respiratory disease. Physically active adults
with CAC were less likely to report hypertension than those who were inactive.

Conclusions: Physical activity levels among adults with COPD and CAC are low; while
physical activity preferences in adults with asthma did not differ from the general
population.
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GLOSSARY OF TERMS

Asthma As defined by the International
Classification of Diseases (IDC-11), a
disease in which there is increased
responsiveness of the trachea and bronchi,
and reversible airflow limitation consisting
of airway inflammation and/or airway
constriction [1].

Body Mass Index (BMI) Calculated as weight (kg) divided by height
squared (m?) [2].

Cardiometabolic Disease Any chronic condition affecting the
cardiovascular system including obesity,
diabetes, hypertension, and cardiovascular
disease [3].

Chronic Obstructive As defined by the IDC-11, a disease in

Pulmonary Disease (COPD) which there is persistent airflow limitation
with partial or no reversibility, combined
with chronic inflammation, mucus
hypersecretion (chronic bronchitis),
narrowing of the small airways, and
destruction of the alveolar attachments
(emphysema) [1].

Combination of Asthma and Individuals who self-report a diagnosis of

Chronic Obstructive both asthma and chronic obstructive

Pulmonary Disease (CAC) pulmonary disease (both diagnosed by a
health professional and lasted at least 6
months) [2].

Conventional Exercises Exercises that are performed isotonically
with or without the use of equipment [4].
Such exercises include home-based
exercises, aerobic exercise classes, and
weight training.

Endurance Activities Activities that are primarily aerobic in
nature such as swimming, running/jogging,
cycling, and rollerblading.

Exercise Physical activity that is planned, structured,
and consists of repetitive bodily
movements, with the intention of
improving or maintaining physical fitness

[3].
X



Hypertension

Physical Activity

Physical Activity Index

Recreational Activities

Self-perceived Health

Sports
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Individuals with seated blood pressures on
two separate occasions that exceeds a
systolic reading of 140mmHg or a diastolic
reading of 90mmHg [3].

Any bodily movement produced by skeletal
muscles that requires energy expenditure
above resting levels, and increases heart
rate and breathing [5].

As defined by the Canadian Community
Health Survey, the average daily physical
activity over the past 3 months, which is
derived from daily energy expenditure of
22 activities (kcal/kg/day). The physical
activity index consists of 3 classifications:
active (>3.0kcal/kg/day), moderately active
(1-5-2.9kcal/kg/day), or inactive
(<1.5kcal/kg/day) [2].

Activities that individuals engage in during
their free time, enjoy, and recognize as
having socially redeeming values [6]. Such
activities include gardening, golfing,
fishing, bowling, and dance.

As defined by the Canadian Community
Health Survey, the perception of one’s
current health status using the following
options: excellent, very good, good, fair,
and poor [2].

Physical activity that is governed by formal
or informal rules that involve competition
against an opponent or oneself [7]. Such
activities that include volleyball, basketball,
ice hockey, ice skating,
snowboarding/skiing, baseball, tennis, and
soccer.

Xl
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CHAPTER 1: INTRODUCTION
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1.1.0 THESIS INTRODUCTION
1.1.1 Prevalence and Burden of Asthma

Asthma is chronic respiratory disease that affects approximately 300 million
people globally, and is projected to increase to 400 million by 2025 [1]. In fact, Canada
has a high prevalence of asthma, as this disease affects 8.1% of the Canadian population
[2]. In a population-based cohort study, authors report this prevalence increased by
55.1% between 1996 and 2005 in Ontario alone [3]; and will continue to increase in the

adult population [4].

Asthma symptoms have been shown to create a significant burden in this
population [5]. In terms of quality of life, evidence indicates that 32% of Canadians with
asthma experience symptoms and use their respiratory medication at least 4 or more days
per week, while 40% do not exercise at all due to their asthma [6]. Further, 45% of
Canadians have not pursued certain desired activities due to their asthma [6]. In terms of
health care, there were approximately 70,000 emergency room visits due to asthma
attacks in Canada in 2015 [7]. This in turn, led to $2.1 billion in direct and indirect heath

care costs, and this is expected to increase by at least $4 billion per year by 2030 [8].

1.1.2 Pathophysiology and Diagnosis of Asthma

According to the International Classification of Diseases (ICD-11), asthma is
characterized by increased responsiveness of the trachea and bronchi, and reversible
airflow limitation due to airway inflammation and/or airway constriction [9]. This is
caused by direct or indirect stimuli such as exercise or allergens [5]. Once exposed to a

stimuli, individuals with asthma will experience episodic flare-ups, also known as
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exacerbations, that consist of coughing, wheezing, shortness of breath (dyspnea), and/or

chest tightness [5].

Individuals with asthma may also experience exercise-induced
bronchoconstriction; which is the narrowing of the airways in response of exercise [10].
In fact, exercise-induced bronchoconstriction occurs in 80-90% of individuals with
asthma [11]. There are two hypotheses to explain exercise-induced bronchoconstriction:
the osmotic and the thermal hypothesis [12]. The osmotic hypothesis suggests that the
increase in drying within the airways is a result of the rapid breathing that occurs during
exercise [12]. This in turn, leads to the constriction of smooth muscles located in the
airways [12]. The thermal hypothesis suggests that the airway begins to cool due to the
rapid breathing during exercise; the rapid re-warming of the airway after exercise is

thought to trigger exercise-induced bronchoconstriction [12].

The diagnosis of asthma typically requires a positive response to a reversibility
test. A positive response is based on pulmonary function, which is used to determine the
forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC), and the ratio
of the two measurements. FVVC is the maximum volume of air that is forcefully exhaled
after full inspiration [5]. Although individuals with asthma can have FVC values that are
near normal [13], an FEV1/FVC ratio less than 80% is characteristic to this population
[5]. Further, FEV1 can be used to determine asthma severity, as individuals with >80%
FEV1 are characterized as mild, while those with 60%-80% are considered moderate, and

those with <60% have severe asthma [14].

There are also various asthma phenotypes. Allergic asthma is the most recognized

phenotype. It often starts in childhood and is triggered by allergens including pollen, dust,

3
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and/or mold [5]. Other phenotypes include early-onset asthma and adult-onset asthma.
Early-onset asthma is characterized as developing asthma before the age of 20 [5], and is
mainly due to a genetic predisposition, a family history of allergy and asthma, as well as
allergic sensitization and tobacco exposure [15]. Research has shown, the abundance of
ORMDL3 at chromosome 1721 is strongly associated with the development of early-
onset asthma; thus suggesting that genetic predisposition is a significant risk factor [16].
Further, evidence shows elevated levels of immunoglobin (Ig)E is associated with
allergic rhinitis and atopic dermatitis [17]. Individuals with early-onset asthma typically
have higher amounts of immunoglobin (Ig)E compared to those with adult-onset asthma,
therefore it is suggested allergy and atopy are also associated with the development of
early-onset asthma [17]. Although some studies suggest viral respiratory infections and
bacterial colonization contribute to the development of this phenotype, evidence on these
potential risk factors remain unclear [15]. In terms of adult-onset asthma, this phenotype
is characterized as non-allergic asthma that is developed during adulthood [5], and is due
to risk factors such as persistent exposure to environmental pollutants including cigarette
smoking, upper airway diseases such as chronic rhinosinusitis, obesity, and high levels of
stress [15]. Persistent eosinophilic airway inflammation has also been shown to be a key
characteristic of adult-onset asthma [15, 18]. Due to the exposure of noxious stimuli such
as environmental pollutants, eosinophil levels increase and interact with inflammatory
cells, which results in the production of cytotoxic by-products [18]. It is suggested that
these cytotoxic by-products elicit the excess mucus production and bronchial

hyperresponsiveness [18].
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Asthma control is used to determine the level of treatment required, and is the
frequency of asthma symptoms in an individual using the following criteria: 1) daytime
symptoms more than twice/week, 2) night waking due to asthma, 3) relief medication
needed more than twice/week, and 4) activity limitation due to asthma [5]. Those with
well-controlled asthma possess none of these traits, while those with partially-controlled
asthma have 1-2 traits, and uncontrolled asthma have 3-4 traits [5]. The goal of asthma
treatment is to achieve good symptom control, and to minimize future risk of

exacerbations for any severity or any phenotype of asthma.

1.1.3 Prevalence and Burden of COPD

Chronic obstructive pulmonary disease (COPD) affects 11.7% of individuals
world-wide [19], and is expected to be the third leading cause of death by 2020 [20]. In
Canada, approximately 4% of the population is diagnosed with COPD [21]. Further,
COPD is the fourth most common cause of hospitalization among men, and the sixth
most common cause of hospitalization among women [22]. In Canada, the annual direct
and indirect cost of COPD is approximately $3,000 per patient in 2003 [23]. The burden
of COPD is also significant. From a sample of Canadians with COPD, 15% reported that
their mental health was fair or poor, and 14% reported being dissatisfied or very
dissatisfied with their life [24]. In addition, 21% reported that their breathing problems
affected their life quite a bit, or extremely, while 22% reported that they had changed

their engagement in the community due to their breathing problems [24].
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1.1.4 Pathophysiology and Diagnosis of COPD

According to the IDC-11, COPD is a common preventable and treatable disease,
and is characterized by persistent airflow limitation with partial or no reversibility[9].
This is due to significant exposure to noxious particles or gases such as cigarette smoke,
which causes chronic inflammation and mucus hypersecretion (chronic bronchitis),
narrowing of the small airways, as well as destruction of the alveolar attachments
(emphysema) [25]. Adverse symptoms in those with COPD are associated with increased
levels of neutrophils, macrophages and their by-products (interleukin 8/1L8), as well as T
lymphocytes specifically CD8 in the lungs [26]. With mild adverse symptoms, the
airflow obstruction is either unchanged or slightly increased; while in severe cases,
pulmonary gas exchange is impaired due to the imbalance between ventilation (hypoxia),
perfusion, and respiratory muscle fatigue [26]. As a result of this imbalance, airway
inflammation, mucous hypersecretion and bronchoconstriction are exacerbated [26]. Over
time, hypoxia in those with COPD may also increase the risk for cardiovascular disease
[27]. Hypoxia encourages elevated levels of interleukin 8, which promotes endothelial
dysfunction; thus leading to increased plaque formation and the development of
cardiovascular disease [27, 28].

Individuals with COPD may be at risk for cor pulmonale and right heart failure
[29]. With the progression of COPD, this leads to low concentrations of oxygen in the
blood (hypoxemia) and constriction on the pulmonary arteries [29]. This in turn, leads to
pulmonary hypertension, which is the increase in pressure in the pulmonary arteries. With
prolonged resistance and pressure, there is a greater amount of stress placed on the right

ventricle, thus causing it to hypertrophy (cor pulmonale). This eventually progresses to
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the dilation and failure of the ventricle (right heart failure) [29]. Diagnosis is based on
pulmonary function tests combined with risk factors and symptoms (35 years and older,
smoking history, phlegm production, exercise-related dyspnea, and frequent colds or
respiratory tract infections) [25, 30, 31]. Due to the chronic inflammation and cellular
damage associated with COPD, expiratory flow is more impaired than those with asthma
[13]. Thus, lower FVC values are associated with COPD, while those with asthma can
have values that are near normal [13]. In COPD, FEV1 values are also lower compared to
those with asthma [13]. An FEV1/FVC ratio less than 70% is typical in COPD [32]. FEV1
compared to the average FEV: of the population, based on age and height, without
respiratory disease (FEV1 %predicted) is also used to determine the severity of COPD
[33]. According to the Global Initiative for Chronic Obstructive Lung Disease, the

following guidelines are used to characterize COPD with an FEV1/FVC <70% [32]:

Severity Lung Function
GOLD 1 (mild) FEV1 > 80% predicted
GOLD 2 (moderate) 50% < FEV1 < 80% predicted
GOLD 3 (severe) 30% < FEV1 < 50% predicted
GOLD 4 (very severe) FEV1 < 30% predicted

1.1.5 Prevalence, Symptoms, and Burden of CAC

Approximately 15-20% of adults with COPD present with a combination of
asthma and COPD characteristics [34-36]. These individuals typically have symptoms
associated with both asthma and COPD, as well as exhibit persistent, yet reversible,
airflow limitation, and exertional dyspnea. [37]. However, studies have used various
terms to define this condition. According to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD)-Global Initiative for Asthma (GINA) report, such individuals are

7



David Jagroop. Chapter 1.

classified as asthma-COPD overlap syndrome; while studies have used the term asthma-
COPD overlap [38, 39]. Based on a recent workshop report by the American Thoracic
Society and National Heart, Lung, and Blood Institute [40], this condition does not
represent a single discrete disease entity; thus, the term “CAC” for those with a

combination of asthma and COPD will be used throughout this thesis.

The pathophysiology of having both diseases is also poorly understood, as there is
limited evidence on the condition [37]. Due to the lack of evidence, there are no clear
treatment options for this population. Thus, it is not surprising that individuals with CAC
typically have more frequent exacerbations (adverse symptoms), and more severe
wheezing and dyspnea than those with COPD or asthma alone [34, 36, 41, 42]. Further,
this population has the highest rate of hospitalizations when compared to those with only

COPD or only asthma [41, 42].

1.1.6 Physical Activity and Obstructive Respiratory Diseases

Physical activity is defined as any bodily movement produced by skeletal muscles
that requires energy expenditure above resting levels, and increases heart rate and
breathing [43]. Exercise is a type of physical activity that is planned, structured, and
consists of repetitive bodily movements with the intention to improve or maintain

physical fitness [44].

Although exercise is a stimuli for adverse symptoms in both asthma and COPD,
by following recommended guidelines, physical activity can lead to both short-term and

long-term improvements in respiratory symptoms [45, 46], symptom-free days [47], self-
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efficacy to exercise [48], and overall quality of life [45, 46, 49]. However, research
suggests poor adherence to self-directed exercise among those with asthma [45] and
COPD [50, 51]. Poor adherence to physical activity, or low levels of physical activity in
general, may lead to the progression of asthma and COPD, and a greater decline in
general health [52-54], as well as physical deconditioning, and declines in muscle
strength [55]. Given that physical activity is beneficial for adults with asthma and COPD,
such interventions need to be further improved to address issues of low adherence.
Future research investigating physical activity in these populations is needed to inform

the development of effective exercise interventions.

1.2.0 RESEARCH OBJECTIVES AND HYPOTHESES

1.2.1 Objective 1
To determine physical activity levels, and the association between physical
activity levels and cardiometabolic disease risk factors in those with asthma, COPD, and

those who have CAC.

Hypothesis 1. It was hypothesized that adults with CAC would be the least physically
active among those with asthma, COPD and no obstructive respiratory disease. It was
further hypothesized that adults with asthma, COPD, and CAC who were inactive would

be more likely to have cardiometabolic disease risk factors compared to inactive adults.
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1.2.2 Objective 2
To investigate the modes of physical activity in which adults with obstructive
respiratory diseases engage. Further, to explore these associations separately in males and

females.

Hypothesis 2. It was hypothesized that walking would be the most preferred physical
activity among adults with asthma, COPD, and CAC. It was also hypothesized that
reported physical activity levels and modes of physical activity would differ in males and

females with asthma, COPD, and CAC.

10
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2.1.0 LITERATURE REVIEW

The following literature review will provide insight in to the cardiometabolic
comorbidities of those with asthma, COPD, and a combination of asthma and COPD
(CAC), as well as the benefits and barriers related to physical activity in these

populations.

2.2.0 ASTHMA: CARDIOMETABOLIC COMORBIDITIES AND PHYSICAL
ACTIVITY

Research shows that individuals with asthma are at greater risk for chronic
comorbidities than the general population. In fact, approximately 38% of current adults
with asthma are obese [1-4]. This population also tends to report worse asthma control
and asthma-related quality of life [1, 5], and not surprisingly, an increased risk of
cardiovascular and metabolic diseases [2-4, 6]. It is also suggested that the chronic
airway inflammation associated with asthma may contribute to the systemic inflammation
and increased risk of cardiovascular disease [7]. Research has shown that adults with
asthma typically have higher levels of C-reactive protein, which is an inflammatory
marker that induces plaque formation [7, 8]. This in turn, leads to an increased risk of
cardiovascular disease[8]. These findings suggest a need for additional intervention in

order to reduce the risk of additional comorbidities.

In a retrospective cohort study by Irabarren et al. [9], adults with asthma had a
1.40-fold increased likelihood of coronary heart disease (95% confidence interval (CI):
1.35,1.45), a 1.20-fold likelihood of cerebrovascular disease (95% CI: 1.15, 1.25), and

2.14-fold likelihood of heart failure (95% CI: 2.06, 2.22), compared to those without
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asthma. However, it was unclear from this study whether sex and the time of diagnosis
played a role in the increased risk. Dogra and colleagues [2] investigated the risk of
cardiovascular disease in individuals with early-onset and adult-onset asthma using cross-
sectional data. Findings showed that those with asthma (early-onset and adult-onset) were
43% and 36% more likely to have heart disease (odds ratio (OR)=1.43, CI=1.19-1.72)
and high blood pressure (OR=1.36, Cl=1.21-1.53), respectively, compared to those
without asthma [2]. Further, males with adult-onset asthma were 63% more likely to have
high blood pressure than males with early-onset asthma (OR=1.63, CI=1.05-2.53) [2].
Findings from a cross-sectional study by Lee et al. [7] showed that females with adult-
onset asthma were more likely to have cardiovascular disease (OR=2.4, C1=1.20-4.70)
and coronary heart disease (OR=2.9, CI=1.40-6.30), respectively, compared to men with
adult-onset asthma. Similar results were found in a retrospective cohort study, as females
with asthma had a 1.22-fold increased hazard of coronary heart disease (95% CI: 1.14,

1.31) [10].

Evidence on the risk of stroke within this population is mixed. Dogra and
colleagues reported there was no correlation between stroke and asthma [2], while other
studies present the opposite [11, 12]. For example, Schanen et al. [13] reported those with
asthma had a 1.43-fold increased risk of stroke (95% CI, 1.03-1.98). Dogra and
colleagues did not investigate whether severity of disease influenced the risk of stroke.
Thus, this may serve as a possible explanation for their results, as in a prospective cohort
study by Schanen et al. [13], those with more severe respiratory symptoms had a greater
risk for stroke. Severity of asthma may also increase the risk of other cardiovascular

comorbidities. Using a retrospective cohort, Torén and Lindholm [14] found that females
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with severe asthma had higher ischemic heart disease related mortality than males with
severe asthma (relative risk (RR)=2.5, 95% CI=1.70-3.30). It is clear from the literature
that the severity of disease, sex, and the time of diagnosis of asthma, all influence the risk

of developing cardiometabolic comorbidities among adults with asthma.

Research clearly indicates that physical activity leads to chronic adaptations in the
cardiovascular system, thus reducing the risk of comorbidities such as heart disease and
hypertension [15, 16]; however physical activity levels vary considerably in those with
asthma. In a cross-sectional study, Jerning et al. [17] reported no significant difference in
the proportion of individuals that were physically active or inactive, when comparing
those with and without asthma; while Verlaet et al [18] reported that males with
controlled asthma and females with uncontrolled asthma had higher physical activity
levels compared to those without asthma. Lastly, Strine et al [19] reported that those with
asthma reported lower levels of physical activity compared to individuals without asthma.
These mixed findings could be a result of when these studies were conducted. Previous
guidelines suggested that those with asthma should take caution when engaging in
physical activity [20]; while more recent guidelines encourage this population to be
physically active [21]. The season of data collection may also explain these results.
Regular physical activity levels may be lower in the summer due to the heat, humidity,
and pollen count associated with the season; while in the winter, weather conditions such
as snow, can also inhibit the ability to engage in outdoor physical activities [22]. Despite
these findings, poor adherence to exercise interventions have been noted in those with
asthma. In a quasi-experimental study by Dogra et al. [23], adults with partly controlled

asthma participated in 12-week self-directed exercise program. The exercise program
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consisted of aerobic exercises, strength training, and stretches, and was individualized
based on access to equipment, physical activity preferences, as well as short-term and
long-term fitness goals [23]. Despite trying to account for possible barriers of physical
activity, participants completed only 40% of the weekly prescribed exercises at the end of

the intervention [23].

It is evident that physical activity levels and adherence need to be improved in
this population in order to prevent cardiometabolic comorbidities. Future research is
needed to clarify physical activity levels in this population, as well as to investigate the

association between physical activity levels and cardiometabolic risk factors.

2.3.0 COPD: CARDIOMETABOLIC COMORBIDITIES AND PHYSICAL
ACTIVITY

Adults with COPD have a high risk of developing comorbidities. In a systematic
review by Chen et al. [24], cardiovascular disease diagnosis was higher in patients with
COPD compared to healthy controls. In addition, adults with COPD were reported to
have 2 to 5 times higher risk of ischemic heart disease (meta-OR=2.28, C1=1.76-2.96,
p<0.0001), cardiac dysrhythmia (meta-OR=1.19, C1=1.55-2.43, p<0.0001), heart failure
(OR=2.57, C1=1.90-3.27, p<0.0001), diseases of pulmonary circulation (OR=5.14,
Cl=4.07-6.50, p<0.0001). [24]. A possible reason for these findings, is that hallmark risk
factors for cardiovascular disease including obesity [25], hypertension, and diabetes are
more prevalent in adults with COPD, compared to healthy controls [24, 26]. Smoking
history, advancing age, and severity of COPD may be possible reasons for the

development of these risk factors.

18



David Jagroop. Chapter 2.

Smoking history has been shown to be more prevalent in adults with COPD
compared to the healthy population [24]. Findings from an observational longitudinal
study by Miller et al. [27] reported smokers with COPD (current or ex-smokers with a
smoking history of >10 pack years) had an increased prevalence of hypertension
(p<0.001), osteoporosis (p<0.001), and anxiety (p<0.001) compared to current non-
smokers (smoking history of <1 pack year) with COPD. In addition, advancing age may
play a role in the development of comorbidities in adults with COPD. In a retrospective
cohort study by Curkendall et al. [28], older adults with COPD had a higher prevalence
of cardiovascular diseases including stroke, compared to the healthy population. In a
cross-sectional, case-control study by de Lucas-Ramos et al. [29], older adults with
COPD and a smoking history (65.8 + 34.8 pack-years) had a significantly higher
prevalence of ischemic heart disease (12.5%, p<0.0001), cerebrovascular disease (10%,
p<0.0001), and peripheral vascular disease (16.4%, p<0.001) compared to controls
without COPD [29]. Thus, it is also possible individuals with COPD possessing both
traits (smoking history and increased age), may have a high risk of developing

comorbidities.

Interestingly, de Lucas-Ramos and colleagues found COPD was an independent
risk factor for ischemic heart disease, after adjusting for other risk factors (hypertension,
diabetes, obesity and dyslipidemia) [29]. Mannino et al. [26] reported that increasing
severity of lung function impairment was associated with more comorbidities in adults
with COPD. In fact, individuals diagnosed with severe to very severe COPD had a higher
prevalence of diabetes (OR=1.50, CI1=1.10-1.90), hypertension (OR=1.60, CI=1.30-1.90)

and cardiovascular disease (OR=2.4, CI=1.9-3.0) compared to healthy controls [26]. The

19



David Jagroop. Chapter 2.

physical deconditioning associated with COPD may explain these findings, as peripheral
muscle weakness [30], muscle wasting [31], and diminished physical capacity have been
shown to negatively impact physical activity levels among those with COPD [32, 33].
Research shows that adults with COPD have lower levels of physical activity than their
healthy peers [34, 35]. In a literature review by Vorrink et al. [34], individuals with
COPD had lower levels of physical activity duration and intensity compared to healthy
controls. Therefore, it is possible that low physical activity levels contribute to the

development of cardiometabolic comorbidities in this population [36].

Overall, physical activity levels need to be improved in those with COPD, in
order to prevent cardiometabolic comorbidities. Future research investigating the
association between physical activity levels and cardiometabolic risk factors, is needed to

inform future guidelines and the development of interventions in this population.

2.4.0 CAC: CARDIOMETABOLIC COMORBIDITIES AND PHYSICAL
ACTIVITY

Studies have used various terms to define individuals with both asthma and
COPD [37, 38]; however, based on a recent workshop report by the American Thoracic
Society and National Heart, Lung, and Blood Institute [39], this condition does not
represent a single discrete disease entity. The term “CAC” will be used throughout this

thesis to refer to adults who have a diagnosis of asthma and COPD.

Considering that those with asthma and COPD have an increased risk of

developing cardiometabolic comorbidities, it is likely that adults with a combination of
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asthma and COPD also have an increased risk for cardiometabolic comorbidities.
Research has shown that those with CAC experience more severe dyspnea, wheezing,
and exacerbations (adverse symptoms), compared to those with asthma and COPD alone
[40]. With more severe respiratory symptoms, this population may be physically inactive,
thus increasing the risk of cardiometabolic comorbidities [41]. In addition, Kauppi et al.
[42] reported that having a combination of asthma and COPD was associated with worse

quality of life compared to those with asthma and COPD alone.

There is a dearth of research investigating the prevalence of cardiometabolic
comorbidities, as well as the association between these comorbidities and physical

activity in those with CAC.

2.5.0 BENEFITS OF PHYSICAL ACTIVITY IN ASTHMA

Exercise interventions typically consist of aerobic and strengthening exercises,
and have been shown to benefit adults with asthma. In a quasi-experimental study, adults
with partially controlled asthma participated in either a 12-week self-directed exercise
program (n=12), which consisted of 30 minutes of aerobic exercise, strength training and
stretching, 5 days per week, or maintained their current lifestyle habits (n=12). Authors
reported improvements in perceived asthma control, as well as frequency and severity of
asthma symptoms in the exercise group compared to the control group [23].
Improvements in Asthma Control Questionnaire scores were also observed in a non-
randomized control trial with a larger sample size in which adults with partially
controlled asthma participated in either the exercise intervention (n=21) or were directed

to maintain their current lifestyle (n=15) [43]. The exercise intervention consisted of 12-
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week exercise program which incorporated aerobic training, strength training 3 times per
week [43]. Finally, in a randomized controlled trial by Turner and colleagues [15], older
adults with moderate/severe persistent asthma participated in either a 6-week exercise
intervention consisting of walking and endurance activities such as cycling, or a control
program where participants continued to receive standard medical care for their asthma.
As a result, improvements in asthma symptoms (p=0.001), quality of life (p=0.005), and
cardiorespiratory fitness using the 6-minute walk test (p<0.01) were noted among
participants of the exercise intervention [15]. When compared to the control group, the
exercise intervention group also had significant improvements in health status (Medical

Outcomes Study Short-Form 36) (p=0.04) [15].

Other randomized control trials consistently show improved asthma control in
sedentary adults [44], adults with mild-moderate asthma [45], and adults with moderate-
severe asthma and a BMI >35kg/m? [46] as a result of aerobic-based exercise
interventions. As seen in Turner and colleagues’ study, exercise interventions are also
associated with improvements in cardiorespiratory fitness [15]. In a combined systematic
review and meta-analysis, Eichenberger and colleagues [47] reviewed 67 studies
including 2,059 participants, on the effects of exercise training in individuals with
asthma. Significant improvements were found for exercise capacity (VO2) compared to
controls (p<0.001) [47]. Some studies also revealed improvements in quality of life,

number of symptom-free days, and lung function [47].

It is clear from the vast amount of evidence on the benefits of exercise
interventions that aerobic training and strengthening exercises are beneficial among

adults with asthma. However, there is a dearth of research investigating the preferred
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modes of physical activity, as well as the adherence to such activities in this population.
Previous exercise interventions have shown that some modes of physical activity such as
swimming [45, 48], and calisthenics [48] are associated with improved cardiorespiratory
fitness and are less likely to elicit exacerbations. Further research is needed to better

understand the preferred modes of physical activity in this population.

2.6.0 BENEFITS OF PHYSICAL ACTIVITY IN COPD

Similar to the asthma population, exercise interventions are associated with a
plethora of benefits in adults with COPD. Intervention studies report improved dyspnea
[49, 50], reduced frequency of adverse symptoms [51], improved exercise capacity and
muscular strength [52, 53], and quality of life [54] in adults with COPD. In a systematic
review by Puhan and colleagues [55], multiple exercise interventions were shown to
improve exercise capacity and cardiorespiratory fitness. More specifically, Troosters et
al. [56] conducted a randomized trial with adults diagnosed with severe COPD (n=100).
Participants were assigned to either a control group, or a 6-month exercise program that
included cycling, walking, and strength training, 3 times a week for 1.5 hours. Following
the exercise program, improvements were noted in cardiorespiratory fitness using the 6-
minute walk test (p=0.01), and quality of life (p=0.002), compared to the control group
[56]. In addition, improvements in muscular strength (quadriceps force) were noted
among the exercise group only; however, these findings were not significant [56].
Ramponi et al. [57] also investigated individuals with severe COPD in an observational
prospective trial. Individuals (n=27) participated in a pulmonary rehabilitation program

consisting of cycling, and abdominal, upper and lower limb strengthening exercises for 9
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weeks. Participants completed a minimum of 21 exercise sessions that were 3 hours each,
3 times per week [57]. Improvements in peak VO2 (p<0.05) as well as leg fatigue
(p<0.05) were observed [57]. Other cardiovascular parameters such as minute ventilation
and tidal volume also improved post-rehabilitation [57]. Thus, Ramponi and colleagues
suggested that pulmonary rehabilitation may improve cardiovascular responses to

submaximal exercise [57].

Resistance-based exercise programs have been shown to improve musculoskeletal
strength in individuals with COPD. Clark et al. [58] investigated the effects of a
randomized controlled, 12-week resistance training program in adults with mild COPD.
Results of this study reported significant improvements in muscle strength (maximum
weight lifted, p<0.02), and quadriceps strength (p<0.001) compared to healthy controls.
Further, improvements in whole body endurance during treadmill walking (p<0.001)
were noted. Findings from the aforementioned studies are also solidified in a systematic
review by Lacasse et al. [59]. Authors of this study conducted a systematic review of 31
randomized controlled trials and found significant improvements in quality of life scores
(including dyspnea, fatigue, emotional function and mastery), exercise capacity (6-minute

walk distances), as well as improvements in emotional function [59].

Lastly, exercise-based pulmonary rehabilitation programs have also been shown
to provide many psychological benefits for individuals with COPD. In a systematic
review, pulmonary rehabilitation programs that had an exercise component were
significantly more effective in reducing short-term anxiety and depression compared to

standard care [60].

24



David Jagroop. Chapter 2.

Similar to the evidence from the asthma population, there are a plethora of
benefits associated with exercise in those with COPD. However, there is a dearth of
evidence on the association between physical activity and cardiometabolic risk factors, as
well as activities this population engages in. As seen in previous studies, aerobic training
and strengthening exercises are predominantly used in exercise interventions, and are
associated with different benefits; but it is unclear whether this population enjoys these
activities. Further research is warranted to determine the preferred modes of physical

activity, and the benefits of such activities in this population.

2.7.0 BENEFITS OF PHYSICAL ACTIVITY IN CAC

Based on previous research, it is evident that physical activity provides many
benefits to those with asthma and COPD. However, there is currently no research
investigating physical activity in adults with CAC. Therefore, physical activity levels as
well as the modes of physical activity engaged in this population require further

investigation.

2.8.0 RATIONALE

It is clear that adults with asthma and COPD have a greater risk of developing
cardiometabolic comorbidities. Engaging in regular physical activity has been shown to
attenuate the risk of cardiometabolic comorbidities; however, evidence on physical
activity levels in those with asthma are mixed, and evidence suggests that individuals

with COPD are engaging in lower levels of physical activity. Individuals with CAC may
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also be at risk for cardiometabolic comorbidities; however, there is no research to date
investigating the prevalence of cardiometabolic risk factors in this population. Further, it
is unclear whether this population is physically active, as there is no evidence on physical
activity levels in those with CAC. Thus, research is needed to clarify physical activity
levels in those with asthma, COPD, and CAC. In addition, research is needed to better
understand the association between physical activity levels and cardiometabolic risk
factors in these populations. Poor adherence to physical activity has been observed in
both asthma and COPD populations. Therefore, research is needed to better understand
preferred modes of physical activity, in order to increase physical activity levels and
adherence among those with asthma, COPD, and those with a combination of both

diseases.
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3.1.0 ABSTRACT
Purpose: To investigate the association between physical activity and three types of

obstructive respiratory disease in adults.

Methods: Data from respondents with self-reported asthma (n=4,293), chronic
obstructive pulmonary disease (COPD, n=3,118), a combination of asthma and COPD
(CAC) (n=1,569), and those without an obstructive respiratory disease (n=64,175) from
the Canadian Community Health Survey (2013) were used for analysis. Self-reported
physical activity was used to categorize respondents as active or inactive. Self-perceived
health, body mass index and physician-diagnosed hypertension were also used as

outcomes.

Results: Adults with COPD and CAC were less likely to be physically active than those
without a respiratory disease (COPD: OR = 0.69; Cl = 0.62-0.78; CAC: OR =0.59, Cl =
0.50-0.71). Physically active adults with CAC had higher odds of good self-perceived
health (OR = 2.66, Cl = 1.71-4.16), and were 40% less likely to report hypertension (OR
=0.60, Cl = 0.43-0.86) than those who were inactive. The odds of hypertension were the

lowest among those who were active and had asthma (OR = 0.77, Cl = 0.63-0.94)

Conclusions: Physical activity levels among adults with COPD and CAC are low. This

may further increase their risk of cardiometabolic comorbidities.
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3.2.0 INTRODUCTION

Recent research indicates that approximately 15-20% of adults with chronic
obstructive pulmonary disease (COPD) present with a combination of asthma and COPD
characteristics [1-3]. Studies have used various terms to define individuals with both
asthma and COPD [4, 5]; however, based on a recent workshop report by the American
Thoracic Society and National Heart, Lung, and Blood Institute [6], this condition does
not represent a single discrete disease entity. The term “CAC” will be used throughout
this thesis to refer to adults who have a diagnosis of asthma and COPD. Asthma is
characterized by chronic airway inflammation and reversible airway obstruction, while

those with COPD display persistent airflow limitation with partial or no reversibility [7].

COPD is the fourth most common cause of hospitalization among men, and the
sixth most common cause of hospitalization among women [8]; while there were
approximately 70,000 emergency room visits due to asthma attacks in Canada in 2015
[9]. However, individuals with CAC have even higher rates of hospitalizations, a greater
decline in health-related quality of life, more frequent exacerbations (adverse symptoms),
wheezing, and dyspnea compared to those with COPD or asthma alone [1, 3, 10, 11].
Individuals with COPD have been shown to have a higher risk of cardiometabolic
conditions such as heart disease and obesity [12-14]. Similarly, individuals with asthma
are more likely to have a high body mass index (BMI), and have a higher risk of
cardiovascular and metabolic diseases [15-17]. Thus, those with CAC may be more
likely to develop cardiometabolic disease risk factors such as hypertension or obesity

[18].
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Physical activity is consists of any bodily movement that is produced by skeletal
muscles, requires energy expenditure above resting levels, and increases heart rate and
breathing [19]. Exercise is a type of physical activity that is planned, structured, and
consists of repetitive bodily movements with the intention to improve or maintain
physical fitness [20]. Previous research indicates that physical activity is beneficial for
those with asthma and COPD [21-23]. Among those with COPD, exercise leads to
improvements in ventilatory function, respiratory discomfort, dyspnea, and hyperinflation
[21, 22]. Among those with asthma, exercise leads to improvements in lung function,
dyspnea, intensity of wheeze, and overall quality of life [23-25]. In addition, moderate to
vigorous intensity physical activity leads to chronic adaptations in the cardiovascular
system, thus reducing the risk of cardiometabolic diseases such as heart disease and
hypertension [21-23, 26, 27]. However, there is a dearth of data exploring the benefits of

physical activity among those with CAC.

Evidence suggests that individuals with either asthma or COPD have poor health
outcomes compared to their healthy peers [28, 29]; while those with CAC have even
worse health outcomes than those with asthma or COPD only [1, 7, 11]. Regular physical
activity may be important for disease management and the prevention of cardiometabolic
comorbidities. To our knowledge, no research to date has addressed the association
between physical activity and health in this sub-group of individuals with multiple
chronic obstructive respiratory diseases. Therefore, the primary purpose of this study was
to investigate physical activity levels in those with asthma, COPD, and CAC, compared

to those without an obstructive respiratory disease. We also sought to determine the
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association between physical activity levels and cardiometabolic disease risk factors in

this population.

3.3.0 METHODS AND DESIGN

3.3.1 Data Source and Sample

The Canadian Community Health Survey (CCHS) is a cross sectional survey that
collects information pertaining to the health determinants, health care utilization, and
health status of Canadians [30]. The CCHS spans across all provinces and territories,
covering an estimated 98% of the total Canadian population aged 12 years and older. It
excludes individuals that were full-time members of the Canadian Forces, or those living
in the Territories, on First Nation Reserves or Crown Lands, in prisons or care facilities,
or in some remote areas [30]. Data for the CCHS is collected on an annual basis [30].
Respondents provided consent and participated in a telephone interview [30].

The CCHS 2011-2012 (version 1.0, 2013) was used for the present analysis
(n=124 929). Only those aged 45 years and older (n=73 434), and those who responded
either “yes” or “no” to the asthma and COPD questions (n= 73 155) were included. This
age was chosen because COPD diagnosis is less likely to occur before 45 years [31].

The CCHS does not contain any identifiable information; thus, according to the
Tri-Council Policy Statement (TCPS 2), secondary analysis of such data does not require

research ethics board review.
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3.3.2 Main Variables

Respiratory Disease Variables. Respondents were asked whether a healthcare
professional ever told them that they have asthma. A similar question was asked
regarding COPD. Respondents were instructed to consider long term diseases that had
lasted for 6 months or more. Those who responded “yes” to the asthma question, and
“no” to the COPD question were classified as having asthma (n=4 293). Those who
responded “yes” to the COPD question, and “no” to the asthma question were classified
as having COPD (n=3 118). Those who responded “yes” to both questions were
classified as having CAC (n=1569). Finally, those who responded with “no” to both

questions were classified as having no obstructive respiratory disease (n= 64 175).

Physical Activity. The physical activity index variable, derived from daily energy
expenditure levels (kcal/kg/day), was used for analysis [32]. Respondents were first
asked a series of questions regarding leisure time and physical activity during the past
three months [32]. A total of 22 activities were presented, varying from sports,
recreational, and household activities. Respondents selected all that applied, and
indicated the frequency and duration they engaged in these activities [32]. Using these
responses, as well as the corresponding metabolic equivalent values, an estimated energy
expenditure level was calculated (kcal/kg/day) [32]. The estimated energy expenditure
levels for all activities were then summed to create the daily energy expenditure variable
(kcal/kg/day) [32]. Respondents were then classified as active, moderately active and
inactive based on the following cut points: >3.0 kcal/kg/day, 1.5-2.9 kcal/kg/day and <

than 1.5 kcal/kg/day, respectively [32]. For the purpose of this study, these categories
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were recoded into active (active and moderately active) and inactive. Such self-reported
physical activity recall has been shown to be valid and reliable in both a healthy

population, and those with a chronic condition [33-35].

Self-perceived Health. For self-perceived health, respondents were asked “in general,

29 <e

how would you say your health is now?”. Response options were “excellent”, “very

13

good”, “good”, “fair”, and “poor”. These variables were then dichotomized into good

(excellent, very good, and good) or poor (fair and poor).

Hypertension. Respondents were asked whether they had high blood pressure that was
diagnosed by a healthcare professional and if it was expected to last, or had already lasted

for 6 or more months. Those who responded “yes” were considered to have hypertension.

Body Mass Index (BMI). Self-reported weight and height data were used to calculate
BMI, by dividing weight in kilograms by height in metres squared [36]. BMI data were
then classified as underweight (<18.5 kg/m?), normal weight (18.5 to 24.9 kg/m?),
overweight (25 to 29.9 kg/m?), or obese (>30 kg/m?) [36]. When used as an outcome,
these categories were dichotomized into two groups: normal (normal weight) and high
(overweight and obese). Self-reported weight and height has been shown to be a valid

measure for estimating BMI in population based studies [37].
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3.3.3 Covariates

Age, sex, and smoking history were used to describe the sample and were used as
covariates in adjusted models. Age was reported in 5 year categories; these were
subsequently collapsed to: middle aged adults (45 to 64 years) and older adults (65 years
and older). Respondents were categorized as either daily smokers, occasional smokers or

non-smokers based on self-reported current smoking.

3.3.4 Statistical Analysis

Descriptive statistics were used to calculate the frequencies of outcomes (physical
activity level, self-perceived health, hypertension, and BMI) within the asthma, COPD,
CAC, and no obstructive respiratory disease groups. Cross-tabulations were used to
describe the groups (age and sex). Pearson Chi-squares were used to determine whether
there was a relationship between type of respiratory disease and socio-demographic
characteristic (age, sex, BMI, smoking history, physical activity levels and self-perceived
health. Adjusted residual cut points of +1.96 to -1.96 were used to detect differences
between groups; values outside this range indicated that there were significant differences

(p<0.05) between adjacent cells.

Logistic regressions were used in to investigate the association between
categorical outcomes and categorical predictors. Logistic regression analyses were
conducted with physical activity, self-perceived health, hypertension, and BMI as
outcomes; type of respiratory disease was the main covariate. Models were adjusted for
age, sex, BMI and smoking history. Logistic regressions were also conducted using self-

perceived health, hypertension, and BMI as outcomes and physical activity as the main
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covariate for those with asthma, COPD, and CAC. Those with no obstructive respiratory
disease were used as the referent group. Models were adjusted for age, sex, BMI, and
smoking history. BMI was not included in the model when BMI was used as the
outcome. Individuals aged 45 years and older were included in all logistic regression

analyses.

All analyses were performed using IBM SPSS Statistics VV24. Population weights
were rescaled, standardized and reapplied to ensure accurate measures of variance, and to
eliminate the possibility of groups being over or under represented. A p-value <0.05 was

considered significant.

3.4.0 RESULTS

Table 1 presents the sample characteristics of all groups. Among those with CAC,
66% were female and 68.6% were either overweight or obese. Further, in the CAC group,
69.2% were categorized as inactive compared to 64.2% and 52.2% of those with COPD

and asthma, respectively.

The associations between health outcomes and obstructive respiratory disease
type are presented in Table 2. Those with CAC were 41% less likely to be physically
active (OR =0.59, CI = 0.50-0.71); while those with COPD were 31% less likely to be
physically active (OR = 0.69; ClI = 0.62-0.78), compared to those with no obstructive
respiratory disease. Those with CAC were 64% (OR =1.64, Cl =1.38-1.94) and 86%
(OR =1.86, Cl = 1.55-2.22) more likely to have hypertension and a BMI >25 kg/m?,

respectively compared to those with no obstructive respiratory disease.
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The association between physical activity and health outcomes are presented in
Table 3. Among those with CAC, the odds of reporting good self-perceived health were
2.7 times higher among those who were active compared to those who were inactive (OR
=2.66, Cl = 1.71-4.16). The odds of hypertension were the lowest among those who
were active and had asthma (OR =0.77, Cl = 0.63-0.94). Among those with COPD, and
CAC, the BMI category seemed to be an important correlate for self-perceived health,

and hypertension, but was not significant when used as an outcome.

3.5.0 DISCUSSION

Using data from the CCHS (2011-2012), we sought to determine associations of
physical activity and type of obstructive respiratory disease. The primary finding of this
study is that individuals with obstructive respiratory disease are less likely to be
physically active than those who do not have an obstructive respiratory disease. More
importantly, our secondary finding is that individuals with obstructive respiratory disease
who were active were more likely to report better cardiometabolic outcomes than those
who were inactive. To our knowledge, these findings are the first to describe health
outcomes in the context of physical activity levels in those with CAC. In addition, our
results may have implications for pulmonary rehabilitation programs that include
physical activity, and future research related to adults with asthma-COPD overlap

syndrome.

In our sample, the group with the highest proportion of inactive adults was the
CAC group. This group was also 41% less likely to be active than those without an

obstructive respiratory disease. Those with COPD also had lower odds of being
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physically active, but this trend was not noted among adults with asthma. These findings
are in line with previous research. Adults with COPD have been shown to be less
physically active than their healthy peers [38-41]; however, the evidence for asthma is
mixed [42, 43]. A potential reason for lower physical activity levels among those with
asthma, COPD and CAC is that exercise induces symptoms such as dyspnea, coughing,
wheezing and fatigue [44]. This in turn affects maintenance of regular exercise. In fact,
poor adherence rates have been observed in pulmonary rehabilitation programs for both
asthma and COPD populations [45, 46]. Unfortunately, research indicates that physical
inactivity may lead to further progression of asthma and COPD, as well as a decrease in
general health [38, 47, 48]. This is in line with our findings that physically active adults

with any of the three respiratory diseases had better health outcomes.

Physical activity is associated with multiple physical and psychosocial benefits
that likely improve perceived and measured health [23, 49-52]. Our results show that
those with CAC who were physically active had higher odds of reporting good self-
perceived health compared to those who were inactive. The association observed between
self-perceived health and physical activity in those with CAC has been demonstrated in
other respiratory populations. In a study by Dogra and Baker [49], adults with asthma
who were physically active had significantly higher self-perceived health compared to
those who were inactive. Arne and colleagues [53] found that higher levels of physical
activity were associated with higher ratings of self-perceived health in adults with COPD.
Similarly, de Miguel Diez et al., [54] found that physical inactivity was associated with
poor self-perceived health and higher health services use. Perceived health is an

important indicator of quality of life [55, 56].
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Physical activity has been shown to be effective for management of hypertension
[57]; thus our finding that odds of hypertension were the lowest among those who were
active and had asthma is not surprising This is likely due to the increase in
cardiorespiratory fitness. Liu and colleagues [58] found that higher cardiorespiratory
fitness was associated with better blood pressure management, and that it may delay the
development of hypertension in healthy men. Studies have also shown that pulmonary
rehabilitation with an exercise component leads to significant improvements in
cardiorespiratory fitness [26, 59]. Thus pulmonary rehabilitation has the potential to
effectively manage hypertension, and other cardiometabolic risk factors, in addition to

improving pulmonary outcomes.

We also found that those with CAC were more likely to have a higher BMI
compared to those with no obstructive respiratory disease. This is in line with previous
research in adults with asthma and COPD [60, 61]. Somewhat surprisingly, no significant
differences were observed for BMI between active and inactive adults with COPD.
Nonetheless, evidence on BMI and COPD severity is inconsistent. One study reported
that BMI was not statistically different across different severities of COPD [62]; while
another reported those with severe COPD had a high prevalence of obesity [63]. Mitra
and colleagues [61] reported an inverse relationship between severity of disease and BMI
in adults with COPD; therefore, it is possible that the severity or length of time since
diagnosis may impact the association between physical activity levels and BMI.
Unfortunately, the CCHS does not provide information on disease severity. Thus, future

research is needed to further elucidate the association between BMI and physical activity
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among those with CAC, as it may be an indicator of disease severity in some, and an

indicator of cardiometabolic risk in others.

There are many noteworthy strengths of this study. Our findings were based on a
large sample covering adults aged 45 years and older, across all provinces and territories
in Canada. Population weights were modified and reapplied to correct variance estimates,
and to eliminate the risk of groups being over or under represented. Further, variables
such as physical activity were recoded into binary variables (active and inactive) to

simplify interpretation of findings.

The main limitation of this study is that the CCHS is cross-sectional, thus, the
direction of the association cannot be determined. Nevertheless, it is likely that physical
activity is leading to the decreased risk of hypertension and good perceived health based
on previous research using longitudinal data [64]. Secondly, since the CCHS only
contains self-reported data, all variables, including physical activity levels, are subject to
misclassification and recall bias. However our main variable, self-reported physical
activity, has been shown to be a valid and reliable measure [34, 35, 65]. While self-
reported chronic conditions may have been misclassified, the CCHS specifically asks for
conditions that were diagnosed by a health professional and were expected to last, or
have lasted 6 months or more, thus reducing misclassification bias. Thirdly, although the
CCHS accounts for 98% of the Canadian population, the CCHS does not include
individuals that were full-time members of the Canadian Forces, or those living in the
Territories, on First Nation Reserves or Crown Lands, in prisons or care facilities, or in
some remote areas. Therefore, such populations could not be accounted for in our

analyses. Finally, the CCHS does not provide information on asthma or COPD severity,
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age of diagnosis, types of medications, the season of data collection, or other

management variables, thus they could not be accounted for in our analyses.

In conclusion, adults with an obstructive respiratory disease are less active than
those without an obstructive respiratory disease. Active adults with CAC and COPD are
more likely to have better perceived health, compared to those who are inactive, and
active adults with asthma had the lowest odds of hypertension and a high BMI compared
to those who were inactive. These findings emphasize the continued need for pulmonary
rehabilitation programs that include an exercise component for disease management and
prevention of cardiometabolic comorbidities. These results also have implications for

future research related to adults with asthma-COPD overlap syndrome and exercise.
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Table 1: Socio-Demographic Characteristics of Adults with Asthma, COPD, CAC, and

No Obstructive Respiratory Disease.
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Asthma COPD CAC No
Obstructive
Respiratory
Disease
(n=4293) (n=3118) (n=1569) (n=64175)
Sex (%)
Male 33.7* 42.6* 34.0* 46.2
Female 66.3* 57.4* 66.0* 53.8
Age Group (%)
Middle-aged Adults 66.6* 41.9* 47.9* 62.5
Older Adults 33.4* 58.1* 52.1* 37.5
BMI Category (%)
Underweight 1.3* 4.0* 3.3* 1.5
Normal Weight 32.5* 35.9* 28.1* 39.2
Overweight 35.4* 35.0* 31.5* 38.1
Obese 30.8* 25.1* 37.1* 21.2
Self-perceived Health
(%)
Good 39.6* 22.5* 14.9* 525
Poor 60.4* 77.5* 85.3* 47.5
Physical Activity Level
(%)
Active 47.8 35.8* 30.8* 48.7
Inactive 52.2 64.2* 69.2* 51.3
Smoking History (%)
Daily 12.8* 29.4* 29.0* 14.9
Occasional 2.3* 3.2* 2.9% 2.8
Not at all 84.9* 67.4* 68.2* 82.3

COPD: chronic obstructive pulmonary disease; CAC: combination of asthma and COPD;

BMI: body mass index.

*p<0.05, based on adjusted residual cut points of +1.96 to -1.96.
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Table 2: Associations of Obstructive Respiratory Disease with Physical Activity, Perceived Health, Hypertension and Body Mass
Index.

. . Good Self-Perceived . Body Mass Index >25

Physically Activet Health? Hypertension¥ Kg/m2t

OR Cl OR Cl OR Cl OR Cl
Asthma (crude) 0.96 0.88-1.05 0.59* 0.54-0.65 1.20* 1.09-1.31 1.35* 1.22-1.48
Asthma (adjusted) 1.02 0.93-1.12 0.61* 0.55-0.67 1.15* 1.04-1.27 1.44* 1.30-1.57
COPD (crude) 0.59* 0.52-0.66 0.26* 0.23-0.30 1.54* 1.38-1.71 1.11 0.98-1.25
COPD (adjusted) 0.69* 0.62-0.78 0.32* 0.28-0.36 1.23* 1.08-1.39 1.23* 1.09-1.39
CAC (crude) 0.47* 0.40-0.55 0.16* 0.13-0.20 2.12* 1.83-2.50 1.62* 1.36-1.93
CAC (adjusted) 0.59* 0.50-0.71 0.21* 0.17-0.26 1.64* 1.38-1.94 1.86* 1.55-2.22
g;)sgggtructlve Respiratory 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

COPD: chronic obstructive pulmonary disease; CAC: combination of asthma and COPD; OR: odds ratio; CI: confidence interval.
*p<0.05
+Models are adjusted for age, sex, BMI, and smoking history.

tModels are adjusted for age, sex, and smoking history.
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Table 3: Associations of Obstructive Respiratory Diseases by Physical Activity Levels with Perceived Health, Hypertension, and

Body Mass Index.

Good Self-Perceived

Hypertensiony

Body Mass Index

Healtht >25 kg/m?}
OR Cl OR Cl OR Cl
Asthma Active (Crude) 2.48* 2.07-2.97 0.61* 0.51-0.73 0.67* 0.55-0.81
Inactive 1.00 Referent 1.00 Referent 1.00 Referent
Active (Adjusted) 2.14* 1.77-2.59 0.77* 0.63-0.94 0.63* 0.52-0.76
Inactive 1.00 Referent 1.00 Referent 1.00 Referent
COPD Active (Crude) 2.11* 1.63-2.74 0.77* 0.61-0.97 0.90 0.71-1.15
Inactive 1.00 Referent 1.00 Referent 1.00 Referent
Active (Adjusted) 2.08* 1.58-2.74 0.93 0.72-1.19 0.80 0.62-1.03
Inactive 1.00 Referent 1.00 Referent 1.00 Referent
CAC Active (Crude) 2.67* 1.74-4.11 0.59* 0.42-0.82 0.76 0.53-1.10
Inactive 1.00 Referent 1.00 Referent 1.00 Referent
Active (Adjusted) 2.66* 1.71-4.16 0.60* 0.43-0.86 0.71 0.49-1.04
Inactive 1.00 Referent 1.00 Referent 1.00 Referent

COPD: chronic obstructive pulmonary disease; CAC: combination of asthma and COPD; OR: odds ratio; Cl: confidence interval.

*p<0.05

+Models are adjusted for age, sex, BMI and smoking history.

tModels are adjusted for age, sex, and smoking history.
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4.1.0 ABSTRACT
Purpose: To investigate the different modes of physical activity in which adults with
obstructive respiratory disease engage, and the associations between modes of physical

activity and type of obstructive respiratory disease separately in males and females.

Methods: Data from respondents with self-reported asthma (n=4,293; males: n=1,418,
females: n=2,875), chronic obstructive pulmonary disease (COPD) (n=3,118; males:
n=1,317, females: n=1,801), a combination of asthma and COPD (CAC) (n=1,569;
males: n=543, females: n=1,026), and those without an obstructive respiratory disease
(n=64,175; males: n=28,410, females: n=35,765) from the Canadian Community Health
Survey (2013) were used for analysis. Self-reported modes of physical activity were
grouped into the following categories: walking, endurance activities, recreation activities,
conventional exercise, sports, and no physical activity. Logistic regression analyses were
conducted using modes of physical activity as outcomes, and type of respiratory disease

as the main covariate.

Results: Adults with COPD and CAC had the lowest participation in all modes of
physical activity, and the highest odds of reporting no physical activity compared to
adults without respiratory disease (COPD: OR=1.65, C1=1.43-1.92; CAC: OR=2.16,
ClI=1.78-2.61). Adults with asthma had similar physical activity levels and preferences
compared adults with no obstructive respiratory disease. Females with CAC were less
likely to participate in walking (OR=0.58, C1=0.48-0.71) and recreational activities

(OR=0.50, C1=0.41-0.60) compared to females without respiratory disease.

Conclusions: Adults with COPD and CAC were more likely to engage in common

activities such as walking; while physical activity preferences in adults with asthma did
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not differ from the general population. These findings provide insight into the physical
activity behavior of adults with obstructive respiratory diseases, and have important

implications for guidelines and future exercise interventions.
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4.2.0 INTRODUCTION

It is estimated that only 5% of Canadian adults are achieving the minimum
recommended 150 minutes of moderate-to-vigorous intensity physical activity per week
[1, 2]. Physical activity is defined as any bodily movement produced by skeletal muscles
that requires energy expenditure above resting levels, and increases heart rate and
breathing [2]. Physical activity levels are particularly low among those with respiratory
diseases such as chronic obstructive pulmonary disease (COPD), asthma, and among
those with a combination of both asthma and COPD (herein referred to as CAC).
Research indicates that adults with COPD and CAC are 31% and 41% less likely to be
physically active than those without a respiratory disease, respectively [3]. Among those
diagnosed with asthma, physical activity levels vary, with some studies indicating higher
physical activity levels than the general population [4, 5], while others show similar
levels [6], or lower levels [7-9]. Individuals with respiratory diseases often experience
tightening of the airways, dyspnea, and wheezing during or after exercise. This may act
as a unique barrier for adoption and maintenance of regular physical activity [10, 11]. It
should be noted that at least among those with asthma, such symptoms can be prevented
with an appropriate warm-up and medication use [12]. However, medication adherence
among those with respiratory disease is low, particularly when used to prevent exercise-

induced symptoms [13] .

Among those with asthma, walking and endurance activities such as swimming
have been shown to improve cardiorespiratory fitness and are less likely to elicit
exacerbations [14-16]; while activities that are resistance-based, such as weight training,

are less likely to trigger breathlessness, and are recommended for those with COPD [17,
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18]. However, only 0.4% of all Canadians with COPD, and 0.8% of those with moderate
to severe COPD, have access to pulmonary rehabilitation [19]. In addition, according to a
study, only 26%% of those with COPD completed the required walking-based exercise
prescription for a frequency of 4 days per week [20]. Low adherence levels have also
been observed in adults with asthma. Participants in a 12-week self-directed exercise
program completed only 40% of prescribed weekly exercise [21]. Studies have shown
that incorporating physical activities that are similar to hobbies, or activities that are
sport-like, or those that create a social outlet with family and/or friends are critical for
adherence to physical activity [11, 22]. In fact, enjoyment of physical activity has been
shown to be a key enabler to physical activity adherence among those with COPD [11,
23]. Thus, it appears that physical activity programs targeting those with obstructive
respiratory diseases should incorporate a social component to create a sense of
camaraderie, and should include activities that this population enjoys, in order to promote
long-term adherence. Unfortunately, most community-based programs use conventional
activities such as walking, and strength training while neglecting to include modes of
activities that individuals enjoy, or already participate in. Allowing individuals to choose
the modes of physical activity they engage in, for example joining a walking group or
engaging in recreational activities such as dancing, has been shown to be a crucial factor

for enjoyment [23].

Based on previous research [24-27], it is clear that engaging in regular physical
activity has the potential to improve respiratory symptoms, overall quality of life, and
risk of cardiometabolic comorbidities among those with asthma, COPD and CAC. In

order to inform the development of effective physical activity programs for this
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population, it is important to better understand their physical activity preferences. Thus,
the primary purpose of this study was to explore the different modes of physical activity
in which adults with obstructive respiratory disease engage. Physical activity preferences
tend to be different between males and females [28, 29]. In fact, research has shown that
healthy males are more physically active than females [30], and tend to engage in a
greater variety of activities, including sports [31, 32]. Longitudinal data also indicates
that as females age, they consider physical activity to be less important [33].Therefore,

we investigated these associations separately for males and females.

4.3.0 METHODS AND DESIGN

4.3.1 Data source and sample

The Canadian Community Health Survey (CCHS) is a cross sectional survey
covering an estimated 98% of the total Canadian population, aged 12 years and older
[34]. However, the CCHS does not include individuals that were full-time members of
the Canadian Forces, or those living in the Territories, on First Nation Reserves or Crown
Lands, in prisons or care facilities, or in some remote areas [34]. The CCHS collects
information pertaining to health determinants, health care utilization, and health status,
and is conducted on an annual basis [34]. All respondents to the CCHS provided consent

and participated in a telephone interview [34].

The CCHS 2011-2012 (version 1.0, 2013) was used for the present analysis
(n=124 929). Only those aged 45 years and older (n=73 434) with valid responses to the
asthma and COPD questions (n= 73 155) were included. This age was chosen because

COPD diagnosis is less likely to occur before 45 years [35].
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The CCHS does not contain any identifiable information; thus, according to the
Tri-Council Policy Statement (TCPS 2), secondary analysis of such data does not require

research ethics board review.

4.3.2 Main Variables

Respiratory Disease Variables. Respondents were asked whether they have ever been
told by a healthcare professional that they have asthma. A similar question was asked
regarding COPD. Respondents were instructed to consider long-term conditions that had
lasted for 6 months or more. Those who responded “yes” to the asthma question, and
“no” to the COPD question were classified as having asthma (n=4 293; males: n=1 418,
females: n=2 875). Those who responded “yes” to the COPD question, and “no” to the
asthma question were classified as having COPD (n=3 118; males: n=1 317, females:
n=1 801). Those who responded “yes” to both questions were classified as having CAC
(n=1 569; males: n=543, females: n=1 026). Those who responded with “no” to both
questions were classified as having no obstructive respiratory disease (n=64 175; males:

n=28 410, females: n=35 765).

Modes of Physical Activity. Respondents were asked whether they participated in various
modes of physical activities in the past 3 months. The modes of physical activity were
then grouped into the following categories: walking, endurance activities (swimming,
running/jogging, cycling, and rollerblading), recreation activities (gardening, golfing,
fishing, bowling, and dance), conventional exercise (home based exercise, aerobic
exercise classes, and weight training), sports (volleyball, basketball, ice hockey, ice

skating, snowboarding/skiing, baseball, tennis, and soccer), and no physical activity.
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Walking was considered a separate category, as it is a common activity among middle-

aged and older adults [36, 37].

Although the CCHS provides intensity values for each mode of physical activity, studies
have shown that adults tend to either underestimate or overestimate physical activity
intensity [38, 39]; thus self-reported physical activity intensity was not included in our

analyses.

4.3.3 Covariates and Demographic Variables

Age, sex, and smoking history were used to describe the sample and were used as
covariates in adjusted models. Age was reported in 5 year categories; these were
subsequently collapsed to: middle aged adults (45 to 64 years) and older adults (65 years
and older). Self-reported weight in kilograms and height in meters were used to calculate
body mass index (BMI) [40]. Respondents were then classified as either underweight
(<18.5 kg/m?), normal weight (18.5 to 24.9 kg/m?), overweight (25 to 29.9 kg/m?), or
obese (>30 kg/m?) [40]. For physical activity, respondents were classified as active,
moderately active and inactive based on the following cut offs: >3.0 kcal/kg/day, 1.5-2.9
kcal/kg/day and < than 1.5 kcal/kg/day, respectively [41]. For smoking history,
respondents were categorized as either daily smokers, occasional smokers or non-

smokers, based on their current self-reported smoking habit.
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4.3.4 Statistical Analysis

The frequencies of categorical variables (BMI, smoking history, physical activity,
and modes of physical activity) were determined within the asthma, COPD, CAC, and no
obstructive respiratory disease groups. Cross-tabulations were used to describe the groups
(age and sex).Pearson Chi-squares were used to determine whether there was a
relationship between type of respiratory disease and demographic characteristic (age, sex,
BMI, smoking history, physical activity index and modes of physical activity. Adjusted
residual cut points of +1.96 to -1.96 were used to detect differences between groups;
values outside this range indicated that there were significant differences (p<0.05)

between adjacent cells.

Logistic regressions and odds ratios were used in order to investigate the
association between categorical outcomes and categorical predictors. Logistic regression
analyses were conducted using modes of physical activity as outcomes, and type of
respiratory disease as the main covariate. Models were adjusted for age, sex, and smoking
history. Models were then run separately for males and females based on previous
research [42, 43], and the Canadian Institutes for Health Research Sex and Gender Based
Analysis recommendations [44] Those with no obstructive respiratory disease were used
as the referent group for both logistic regression analyses. Individuals aged 45 years and

older were included in all logistic regression analyses.

All analyses were performed using IBM SPSS Statistics VV24. Population weights
were rescaled, standardized and reapplied to ensure accurate measures of variance, and to
eliminate the possibility of groups being over or under represented. A p-value <0.05 was

considered significant.
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4.40 RESULTS

Sample characteristics of all groups are presented in Table 1. Among those with
CAC, 66% were female, and 69.2% were categorized as physically inactive. Those with
COPD had the highest prevalence of current daily smokers (29.4%), followed by those
with CAC (29.0%). Figure 1 displays the modes of physical activity, expressed in
percentages. Among those with asthma, 73.7% and 57.2% participated in walking and
recreation activities in the past 3 months, respectively. Less than 1% of those with COPD

and CAC participated in conventional exercise.

The associations between modes of physical activity and obstructive respiratory
disease type in the combined sample of males and females are presented in Table 2a.
Those with CAC were 35% less likely to report walking compared to those with no
obstructive respiratory disease (OR=0.65, CI=0.55-0.76). Those with COPD were 30%
less likely to report participation in endurance activities (OR=0.70, C1=0.60-0.81). The
odds for reporting “no physical activity” was 2.16 times higher among those with CAC
compared to those with no obstructive respiratory disease (OR=2.16, CI=1.78-2.61).
Among those with asthma, significant differences were only noted for recreational
activities (OR=0.88, C1=0.81-0.97) when compared to those with no obstructive

respiratory disease.

The associations between modes of physical activity and obstructive respiratory
diseases are presented separately for males and females in Tables 2b and 2c. Odds of
reporting no physical activity were 2.29 times higher (OR=2.29, CI=1.83-2.87) among

females with CAC, and 1.93 times higher among males with CAC (OR=1.93, Cl=1.35-
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2.75) compared to those without respiratory disease. Females with CAC were also 42%
(OR=0.58, C1=0.48-0.71) and 50% (OR=0.50, C1=0.41-0.60) less likely to report
participating in walking and recreational activities compared to females with no
obstructive respiratory disease. Males with CAC and COPD were 73% (OR=0.27,
Cl1=0.13-0.58) and 44% (OR=0.56, C1=0.39-0.80) less likely to report participating in
sports, and less likely to report participating in endurance activities (CAC: OR=0.48,
CI1=0.33-0.70; COPD: OR=0.78, C1=0.62-0.96) compared to males with no obstructive
respiratory disease, respectively. Among females with asthma, participation in

recreational activities was significantly lower than those without respiratory disease.

4.5.0 DISCUSSION

Using data from the CCHS (2011-2012), we explored engagement in different
modes of physical activity of adults with obstructive respiratory diseases. Our findings
indicate that: 1) adults with COPD and CAC are more likely to report engaging in “no
physical activity”, and less likely to engage in all modes of physical activity when
compared to those without respiratory disease, 2) individuals with COPD or CAC (as a
whole or according to sex) had different magnitudes of participation in different
activities, and 3) adults with asthma had similar levels of physical inactivity and similar
participation levels in different modes of physical activity when compared to those
without respiratory disease. These findings provide insight in to physical activity
preferences of adults with obstructive respiratory disease. Our findings could also be used
to inform the development of physical activity programs and interventions, in order to

improve adherence in this population.
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Our finding that those with COPD and CAC had the lowest participation in all
modes of physical activity, and the highest odds of reporting no physical activity, are
consistent with previous literature. Respiratory-related symptoms including reduced
expiratory flow, and low skeletal muscle performance combined with physical
deconditioning, have all been shown to negatively impact physical activity levels [45,
46]. A possible explanation for our finding is that certain modes may be too strenuous for
these groups. Specifically, conventional exercises such as weight training exercises,
sports, and endurance activities including running, require a greater demand on the
cardiorespiratory and musculoskeletal system. Such demands are known to increase
dyspnea, and therefore, make the activity more difficult [47]. In addition, research has
shown that COPD is associated with peripheral muscle weakness [48] and wasting [49],
which in turn, can also limit the ability to engage in such activities [46]. Other possible
reasons for the lack of participation in sports can include the cold, dry environments that
are associated with ice hockey, skating and skiing; which may elicit airway constriction
(airway hyperresponsiveness) [50]. In terms of recreational activities, most of these
activities are carried out in community centres; thus, travelling to these centres may be a
challenge for those with severe dyspnea and those who are physically deconditioned [11,
51]. In addition, environmental factors can elicit respiratory symptoms in this population
as well. Current guidelines also caution those with COPD regarding urban air pollution,
which has been deemed harmful for those with lung disease [52]. Thus, it is likely that
outdoor recreational activities such as gardening, golfing, and fishing, are avoided to help
prevent adverse symptoms. Swimming may be avoided due to the use of chlorine and its

derivatives, which could be an irritant to the airways [50].
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It is evident that many modes of physical activity are avoided in this population
either due to low physical and musculoskeletal capacity [46, 48], or due to a variety of
environmental factors [50, 52]. However, research has shown that many of these
activities provide much needed benefit to those with COPD and CAC [17, 18, 53]. In
fact, conventional exercises are recommended for those with COPD [17, 18]; while
recreational exercises have been shown to improve muscular strength and endurance, as
well as cardiorespiratory fitness among healthy older adults [54]. Sports including
gymnastics and tai-chi have also shown to improve peak expiratory flow among those
with COPD [53]. Overall, different modes of physical activity should not be avoided by
this population, and can be safely performed while adhering to medication and when
outdoor conditions are suitable (days with low pollen count and in areas with low urban
pollution). In order to increase physical activity levels, guidelines and interventions need
to inform the educational needs of this population on how to safely engage in a variety of

physical activities.

The magnitude of the association between participation in different activities and
respiratory disease differed by sex. Healthy females have been shown to have lower
levels of physical activity, and to participate in limited types of activities when compared
to males [30, 55]. Our finding that females with CAC have high odds of reporting no
physical activity compared to sex-matched individuals without respiratory disease is
concerning. One study showed that females who participated in a cardiac rehabilitation
program, perceived more barriers to exercise than males [56]. The burden of their disease

was found to be the most influential barrier on physical activity participation [56]. This
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finding is similar to those with respiratory diseases, as symptoms such as dyspnea have

been shown to be a barrier to exercise in individuals with COPD [11].

We also found that both males and females with CAC and COPD were less likely
to participate in recreational activities while females with CAC had the lowest odds of
reporting walking. Recreational activities provide a social outlet and may improve
exercise self-efficacy; therefore, such activities should be carried out in local community
centres. Thus, it remains evident, physical activity guidelines and exercise interventions
need to inform the educational needs in these populations, in order to improve physical

activity levels and adherence.

We found that both females and males with CAC and COPD were less likely to
participate in sports and endurance activities, compared to sex-matched individuals
without a respiratory disease. However, previous research has shown that healthy males
typically engage in a variety of physical activities [32], including sports [31]. A possible
reason for our findings may be that sports and endurance activities such as running are
too strenuous for this population, and as a result, are avoided to prevent adverse
symptoms. Outdoor sports may be avoided by these populations due to the risk of urban
air pollution and allergens [52], while indoor sports such as ice hockey may be avoided
due to cold dry environments [50]; both environments have the potential to aggravate
respiratory symptoms. Nonetheless, sports should not be neglected in these populations,
as regular participation is associated with higher psychological well-being, and is
inversely associated with both stress and distress [57]. Sports and endurance activities
are also an enjoyable way to engage in moderate-vigorous intensity physical activity, and

therefore may affect long-term adherence. Exercise interventions should incorporate
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sports; however, interventions should be at an appropriate intensity to prevent injury, and
should be conducted indoors to avoid the risk of adverse symptoms. Further, in order to
improve adherence, exercise interventions should strive to incorporate sports that males

and females with COPD and CAC currently enjoy and participate in.

In our sample, adults with asthma had similar physical activity levels, and similar
participation in the various modes of physical activity compared to those without
respiratory disease. These findings are not surprising, as Jerning et al. [6] reported no
significant difference in the proportion of individuals that were physically active or
inactive, when comparing those with and without asthma. It is possible that current
guidelines encouraging adults with asthma to be more physically active are effective [58],
and that improved asthma care is reducing barriers to physical activity. Those with well-
controlled or mild to moderate asthma [4], or those who are able to appropriately manage
environmental triggers [59], may be able to achieve or engage in physical activity similar

to their healthy peers.

It is also possible that the intermittent and/or reversible nature of asthma plays a
role in physical activity engagement. With optimized care, those with asthma are less
likely to experience exercise-induced symptoms [60] and therefore have fewer barriers to
engagement in physical activity. Lastly, our sample of adults with asthma had a similar
age profile as the comparison group of adults without respiratory disease. This may help
to further explain the similarities as physical activity levels are known to differ between
middle-aged adults and older adults [61], and the frequency and intensity of physical

activity also differs between middle-aged and older adults [62].
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Significant differences were only noted for recreational activities between adults
with asthma and those without respiratory disease. Further, participation in recreational
activities was significantly lower in females with asthma, than those without respiratory
disease. It is important to note, the activities included in our category of recreational
activities were primarily outdoor activities (e.g. gardening, golfing, and fishing).
Therefore, these activities may be avoided due to outdoor allergens inducing respiratory
symptoms, especially in those with allergy-induced asthma [63]. However, recreational
activities also provide a social outlet for adults which may alleviate depression symptoms
and behavior, as well as improve self-efficacy to exercise [64]. Thus, it is evident that
future respiratory guidelines should not only to promote physical activity, but also
continue to encourage adults with asthma to participate in a variety of physical activities
in order to prevent cardiometabolic comorbidities [3] and improve overall psychosocial

wellbeing.

There are many strengths in this study that are worth highlighting. To our
knowledge, these findings are the first to describe physical activity preferences among
those with asthma, COPD and CAC. Our findings were based on analysis of a large
representative sample of Canadian adults aged 45 years and older. Lastly, modes of
physical activities were grouped into categories (walking, endurance activities,
recreation activities, conventional exercises, and sports) to simplify the interpretation of

our findings.

Findings from this study should also be interpreted in light of the following
limitations. First, the CCHS is cross-sectional, thus, the direction of the association

cannot be determined. Studies show that in chronic conditions such as cardiovascular
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disease, low levels of physical activity lead to the progression of disease [65]. However,
in the case of respiratory diseases such as asthma and COPD, longitudinal studies have
shown that the disease itself, combined with risk factors including smoking history, lead
to a decrease in exercise capacity and low levels of physical activity [66, 67]. Secondly,
the CCHS is comprised of self-reported data; thus, all variables, including the modes of
physical activity examined, are subject to misclassification and recall bias. Although
devices are available to objectively measure volume of physical activity, self-report is
necessary to understand physical activity preferences [68]. While self-reported chronic
conditions may have been misclassified, the CCHS specifically asks for conditions that
were diagnosed by a health professional and were expected to last, or have lasted 6
months or more, thus reducing misclassification bias. Thirdly, although the CCHS
accounts for 98% of the Canadian population, the CCHS does not include individuals that
were full-time members of the Canadian Forces, or those living in the Territories, on First
Nation Reserves or Crown Lands, in prisons or care facilities, or in some remote areas.
Therefore, these populations could not be accounted for in our analyses. Finally, the
CCHS does not provide information on asthma or COPD severity, age of diagnosis, types
of medications, the season of data collection, or other management variables, therefore
these variables could not be accounted for in our analyses. Future research should
investigate whether severity of disease, age of diagnosis, and medication use, influence

the participation in certain modes of physical activity in this population.

In conclusion, adults with COPD and CAC were more likely to report no physical
activity, and less likely to participate in common activities such as walking. It appears

that adults with asthma do not differ from the general population in terms of activity
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preferences. Further, the magnitude of the association between participation in different
activities and respiratory disease differed by sex. Future research is needed to better
understand the influence of incorporating preferred modes of activity into pulmonary

rehabilitation and community exercise programs to increase adherence.
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Table 1: Demographic Characteristics of Adults with Asthma, COPD, CAC, and No
Obstructive Respiratory Disease.

Asthma COPD CAC No
Obstructive
Respiratory
Disease
n=4293 | n=3118 n= 1569 n= 64175

Age Middle Aged 66.6* 41.9* 47.9* 62.5

Older Adult 33.4* 58.1* 52.1* 375
Sex Male 33.7* 42.6* 34.0* 46.2

Female 66.3* 57.4* 66.0* 53.8
BMI Underweight 1.3* 4.0* 3.3* 1.5

Normal 32.5* 35.9* 28.1* 39.2

Overweight 35.4* 35.0* 31.5* 38.1

Obese 30.8* 25.1* 37.0* 21.2
Smoking | Daily 12.8* 29.4* 29.0* 14.9
History | Occasional 2.3* 3.2* 2.9* 2.8

Not at all 84.9* 67.4* 68.2* 82.3
PA Active 22.4 15.5* 13.6* 22.8
Index Moderately 25.4 20.3* 17.2* 26.0

Active

Inactive 52.2 64.2* 69.2* 51.3
PA Walking 73.7* 61.1* 59.4* 71.5
Mode Endurance 28.7 16.6* 12.3* 27.7

Activities

Recreation 57.2* 48.0* 42.0* 61.1

Activities

Conventional 1.9 0.7* 0.5* 1.7

Exercise

Sports 9.2 3.8* 2.6* 9.6

No PA 10.5 18.2* 22.2* 9.8

COPD: chronic obstructive pulmonary disease; CAC: combination of asthma and COPD;
BMI: body mass index; PA: physical activity; PA Index: Physical Activity Index; Active:
>3.0kcal/kg/day; Moderately Active: 1.5-2.9kcal/kg/day; Inactive: <1.5kcal/kg/day;
Endurance Activities: swimming, running/jogging, cycling, and rollerblading; Recreation
Activities: gardening, golfing, fishing, bowling, and dance; Conventional Exercise:
home-based exercise, aerobic classes, weight training; Sports: volleyball, basketball, ice

hockey, ice skating, snowboarding/skiing, baseball, tennis, and soccer.

*p<0.05 based on adjusted residual cut points of +1.96 to -1.96.
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Figure 1: Modes of Physical Activity among Adults with and without Obstructive Respiratory Diseases.
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COPD: chronic obstructive pulmonary disease; CAC: combination of asthma and COPD; Endurance Activities: swimming,
running/jogging, cycling, and rollerblading; Recreation Activities: gardening, golfing, fishing, bowling, and dance; Conventional
Exercise: home-based exercise, aerobic classes, weight training; Sports: volleyball, basketball, ice hockey, ice skating,
snowboarding/skiing, baseball, tennis, and soccer.

*p<0.05 based on adjusted residual cut points of +1.96 to -1.96.
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Table 2a: Associations of Obstructive Respiratory Disease with Modes of Physical Activity.
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Walking Endurance Recreation Conventional Sports No Physical
Activities Activities Exercise Activity
OR |CI OR | CI OR | CI OR | CI OR | CI OR | CI
Asthma (crude) 1.12* | 1.01- 1.05 | 0.95- 0.85* | 0.78- 1.11 | 0.80- 0.95 |0.82- 1.08 |0.93-
1.24 1.16 0.93 1.54 1.11 1.25
Asthma (adjusted) | 1.04 | 0.94- 1.04 | 0.94- 0.88* | 0.81- 0.95 | 0.68- 1.04 |0.88- 1.10 | 0.95-
1.16 1.15 0.97 1.31 1.22 1.27
COPD (crude) 0.63* | 0.56- 0.52* | 0.45- 0.59* | 0.53- 0.40* | 0.21- 0.38* | 0.28- 2.05* | 1.77-
0.71 0.60 0.66 0.77 0.50 2.37
COPD (adjusted) | 0.72* | 0.64- 0.70* | 0.60- 0.66* | 0.59- 0.58 | 0.30- 0.55* | 0.41- 1.65* | 1.43-
0.81 0.81 0.74 1.13 0.74 1.92
CAC (crude) 0.59* | 0.50- 0.37* | 0.29- 0.46* | 0.40- 0.25* | 0.08- 0.25* | 0.16- 2.62* | 2.17-
0.68 0.46 0.54 0.79 0.41 3.16
CAC (adjusted) 0.65* | 0.55- 0.47* | 0.37- 0.52* | 0.44- 0.33 |0.11- 0.38* | 0.23- 2.16* | 1.78-
0.76 0.60 0.61 1.02 0.62 2.61
No Obstructive 1.00 | Referent | 1.00 | Referent | 1.00 | Referent | 1.00 | Referent | 1.00 | Referent | 1.00 | Referent
Respiratory
Diseases

COPD: chronic obstructive pulmonary disease; CAC: combination of asthma and COPD; OR: odds ratio; CI: confidence interval.

*p<0.05.

Models were adjusted for age, sex, smoking history, and BMI.
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Table 2b: Associations of Obstructive Respiratory Diseases with Modes of Physical Activity in Males.
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Walking Endurance Recreation Conventional | Sports No Physical
Activities Activities Exercise Activity
OR | CI OR | CI OR | CI OR | CI OR | CI OR | CI
Asthma (crude) 0.97 |0.82- 1.13 | 0.96- 0.90 |0.77- 0.65 | 0.26- 1.08 | 0.88- 1.16 | 0.90-
1.14 1.33 1.06 1.61 1.34 1.50
Asthma (adjusted) 0.94 | 0.80- 1.08 | 0.92- 0.90 | 0.76- 0.61 | 0.25- 1.03 | 0.83- 1.20 | 0.93-
1.11 1.30 1.05 1.54 1.28 1.56
COPD (crude) 0.80* | 0.67- 0.59* | 0.47- 0.69* | 0.58- 0.13 | 0.01- 0.39* | 0.27- 1.72* | 1.34-
0.96 0.72 0.82 1.26 0.55 2.21
COPD (adjusted) 0.87 |0.73- 0.78* | 0.62- 0.74* | 0.62- 0.18 | 0.02- 0.56* | 0.39- 1.50* | 1.17-
1.05 0.96 0.89 1.77 0.80 1.93
CAC (crude) 0.70* | 0.54- 0.37* | 0.25- 0.52* | 0.40- 0.57 | 0.10- 0.19* | 0.91- 2.21* | 1.65-
0.92 0.54 0.69 3.13 0.41 3.14
CAC (adjusted) 0.78 | 0.59- 0.48* | 0.33- 0.56* | 0.43- 0.83 | 0.15- 0.27* | 0.13- 1.93* | 1.35-
1.03 0.70 0.73 4.59 0.58 2.75
No Obstructive 1.00 | Referent | 1.00 | Referent | 1.00 | Referent | 1.00 | Referent | 1.00 | Referent | 1.00 | Referent
Respiratory Diseases

COPD: chronic obstructive pulmonary disease; CAC: combination of asthma and COPD; OR: odds ratio; CI: confidence interval.

*p<0.05.

Models were adjusted for age, sex, smoking history, and BMI.
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Walking Endurance Recreation Conventional Sports No Physical
Activities Activities Exercise Activity
OR | CI OR | CI OR | CI OR | CI OR | CI OR | CI
Asthma (crude) 1.14* | 1.00- 1.07 | 0.95- 0.90 | 0.80- 1.10 |0.78- 1.11 |0.88- 1.01 |0.84-
1.30 1.22 1.00 1.57 1.41 1.20
Asthma (adjusted) | 1.10 | 0.96- 1.02 | 0.90- 0.87* | 0.78- 1.03 |0.72- 1.05 |0.83- 1.06 | 0.89-
1.26 1.16 0.98 1.46 1.33 1.27
COPD (crude) 0.51* | 0.44- 0.48* | 0.39- 0.54* | 0.47- 0.47* | 0.24- 0.39* | 0.24- 2.23* | 1.86-
0.60 0.59 0.63 0.93 0.64 2.67
COPD (adjusted) | 0.62* | 0.53- 0.61* | 0.50- 0.59* | 0.51- 0.73 | 0.37- 0.54* | 0.33- 1.79* | 1.48-
0.72 0.76 0.69 1.45 0.88 2.15
CAC (crude) 0.50* | 0.41- 0.39* | 0.29- 0.47* | 0.38- 0.16* | 0.03- 0.41* | 0.22- 2.71* | 2.17-
0.60 0.52 0.57 0.73 0.76 3.38
CAC (adjusted) 0.58* | 0.48- 0.46* | 0.34- 0.50* | 0.41- 0.22 | 0.05- 0.51* | 0.27- 2.29* | 1.83-
0.71 0.63 0.60 1.02 0.96 2.87
No Obstructive 1.00 | Referent | 1.00 | Referent | 1.00 | Referent | 1.00 | Referent | 1.00 | Referent | 1.00 | Referent
Respiratory
Diseases

COPD: chronic obstructive pulmonary disease; CAC: combination of asthma and COPD; OR: odds ratio; Cl: confidence interval.

*p<0.05.

Models were adjusted for age, sex, smoking history, and BMI.
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CHAPTER 5: GENERAL DISCUSSION
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5.1.0 THESIS SUMMARY AND INSIGHTS

Objective 1. The primary objective of this thesis was to determine physical activity
levels, and the association between physical activity levels and cardiometabolic disease
risk factors in those with asthma, COPD, and those who have a combination of both

asthma and COPD (CAC).

Hypothesis 1. It was hypothesized that adults with CAC would be the least physically
active among those with asthma, COPD and no obstructive respiratory disease. It was
further hypothesized that adults with asthma, COPD, and CAC who were inactive would

be more likely to have cardiometabolic disease risk factors compared to inactive adults.

Our findings show that: 1) the majority of adults with COPD or CAC were
inactive, and had higher odds of engaging in no physical activity when compared to
adults without respiratory disease, 2) adults with CAC or COPD who were active were
more likely to report better cardiometabolic outcomes than those who were inactive, and
3) those active with asthma had the lowest odds of hypertension, and were less likely to
have a BMI >25kg/m?. Therefore, based on our findings, our first hypothesis was

supported.

Obijective 2. The second objective of this thesis was to investigate the modes of physical
activity in which adults with obstructive respiratory diseases engage, and to explore these

associations separately in males and females.

Hypothesis 2. It was hypothesized that walking would be the most preferred physical

activity among adults with asthma, COPD, and CAC. It was also hypothesized that
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reported physical activity levels and modes of physical activity would differ in males and
females with asthma, COPD, and CAC.

Our findings show that: 1) walking was the most reported mode of physical
activity among all groups, and 2) males and females with asthma, COPD, and CAC had
different magnitudes of participation in different activities. Both males and females with
CAC and COPD had high odds of engaging in no physical activity; while females with
CAC and COPD were less likely to participate in walking and recreational activities
compared to females without respiratory disease. Significant differences were only noted
for recreational activities in females with asthma. Males with CAC and COPD also were
less likely to participate in sports and endurance activities; for males with asthma, there
were no significant differences in the modes of activities. Thus, our second hypothesis
was supported based on our findings.

Research has shown that disease burden [1, 2], as well as age and sex differences
[3, 4], tend to influence physical activity levels; thus, these factors may help explain
some of our findings. For example, individuals with asthma are less likely to engage in
physical activity due to the possibility of eliciting respiratory symptoms, such as
coughing, wheezing, dyspnea, and/or chest tightness [1]. Therefore, the burden of
respiratory-related symptoms can be a barrier for adoption and maintenance of regular

physical activity among those with obstructive respiratory diseases.

5.1.1 Respiratory Disease Burden & Physical Activity
Individuals with CAC may have a greater disease burden than those with asthma

or COPD alone. Previous research has reported that those with CAC have more frequent
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and more severe exacerbations (adverse symptoms), and respiratory symptoms such as
wheezing and dyspnea compared to individuals with COPD or asthma [5, 6]. This may
explain why a large percentage of this population remains inactive, and are more likely to
report “no physical activity”. Exercise has been shown to induce respiratory symptoms
among those with COPD [7], and as a result, individuals with obstructive respiratory
disease tend to avoid physical activity for fear of triggering symptoms[8]. This
population may also be more physically deconditioned and experience a greater decline
in musculoskeletal strength [2]. In fact, COPD is associated with peripheral muscle
weakness [9] and wasting [10], and as a result, can limit the ability to engage in such
activities [2]. Thus, certain modes of physical activity may be avoided, as endurance
activities and sports could be too strenuous for this population.

In addition, with greater disease severity, these individuals could be more
sensitive to allergens and pollutants. Therefore, recreational activities and outdoor sports,
may be avoided due to airway irritants such as allergens, urban air pollution, and chlorine
from swimming pools [11]. Disease burden and severity of respiratory symptoms can be
reduced with regular use of medication [12]. However, research has shown that
adherence to respiratory medication is low among individuals with obstructive respiratory
disease [13]. Thus, interventions and guidelines should stress the importance of
medication adherence in order to lessen the burden of respiratory disease and to improve
physical activity levels. It is also evident that the current methods of promoting physical
activity among those with obstructive respiratory diseases are not effective. In Canada,
only 0.4% of all Canadians with COPD have access to pulmonary rehabilitation that

includes supervised physical activity programs [14]. This is important as it may affect
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participation among those with severe disease. Exercise interventions and community-
based programs should strive to incorporate various modes of physical activity into their

programming to ensure long-term adherence to guidelines

5.1.2 Age Differences & Physical Activity

In our sample, a large proportion of those with asthma were middle-aged and had
similar physical activity levels and preferences to those without respiratory disease. On
the other hand, the majority of those with COPD and CAC were older adults, were less
physically active, and engaged in fewer modes of physical activity. Thus, it is possible
that age differences account for some of the differences observed between groups.

As adults age, they typically begin to transition from being physically active to
adopting a more sedentary lifestyle [15]. There are clear differences in physical activity
between middle-aged and older adults. In terms of the duration of physical activity,
Troiano and colleagues [16] showed that middle-aged adults obtained less than 2 minutes
of vigorous-intensity activity per day, while older adults (aged 60 years and older) had
engaged in none. Evidence also shows a sharp decline in frequency and intensity of
physical activity after age 75 [17]. A possible explanation for the age difference seen in
physical activity could be due to barriers such as poor health, reduced strength and
endurance, diminished pulmonary function, and functional limitations, which may hinder
their ability to perform exercise [18]. However, physical activity has been shown to
counteract these barriers. In fact, physical activity slows the decline of functional fitness
and muscular strength associated with aging, and prevents the development of risk factors

for cardiovascular disease [19].
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With respect to the mode of physical activity, participating in endurance activities
(swimming and cycling), sports (cross-country skiing), and recreational activities
(dancing and gardening), are typically lower in older adults [15, 20]. However, engaging
in walking, home-based exercises, and supervised exercise classes at a center, are
common among this population [15, 20]. Walking and conventional exercises are noted
to be convenient, and are easily carried out in familiar environments such as at home, or a
recreational center [15].

In order to develop effective physical activity interventions for adults with CAC
and COPD, it is important to take into consideration the differences in physical activity
characteristics that exist among middle-aged and older adults. Older adults with CAC and
COPD experience functional declines and reduced pulmonary function to a greater extent
[5, 6, 21]. Therefore reintroducing endurance, sports, and recreational activities among
these subgroups may require longer supervised periods, but, such programming has the

potential to increase adherence to physical activity, and therefore, should not be ignored.

5.1.3 Sex Differences & Physical Activity
We treated sex as an effect modifier in our analysis based on previous research
[22, 23], and the Canadian Institutes for Health Research Sex and Gender Based Analysis

recommendations [24]. Therefore, males and females are discussed separately below.

Males & Physical Activity. Research has shown that healthy males are typically more
physically active than females [3]. In terms of physical activity preferences, males tend to

engage in more activities, including sports [25, 26]. However, our findings show that
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males with CAC and COPD were less likely to participate in sports and endurance
activities than adults without respiratory disease. In addition to the disease state itself, age
might explain sport and endurance activity participation in this sample. Evidence
indicates an inverse relationship between sport participation and age, in healthy males
[25]. In addition, environmental factors may influence outdoor sport and endurance
activity participation. Current guidelines advise those with COPD to avoid areas with
high urban air pollution, as it is deemed harmful to their respiratory health [11]. Lastly,
sports and endurance activities may also be too strenuous for those with respiratory
diseases [27]. Therefore, age, intensity of activity, and the environment may serve as an
explanation for low sport and endurance activity participation in males with COPD and

CAC.

Females & Physical Activity. Healthy females tend to be less physically active, and
engage in fewer modes of physical activity compared to males [3, 4]. In a longitudinal
study, Péivi and colleagues [15] showed that as females aged there was a significant
decline in the amount of individuals that considered physical activity to be very
important. In addition, research showed that females who participated in a cardiac
rehabilitation program perceived more barriers to exercise than males; their illness being
the most influential barrier on physical activity participation [28]. These findings may
also be applicable to females with obstructive respiratory diseases, as symptoms such as
dyspnea have been shown to be a barrier to exercise in individuals with COPD [29].
However, this population has much to benefit from physical activity. In fact,

various modes of physical activity have been shown to benefit females, especially in
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those that are older. In a randomized controlled trial, strengthening activities have been
shown to improve bone mineral density and strength in females aged 50 to 70 years [30].
This is particularly relevant to those with COPD given their physical deconditioning.
Endurance training has also been shown to improve exercise capacity, and reduce the risk
of cancer and osteoporosis in post-menopausal women [31]; while participation in sports
and other moderate leisure time physical activity are inversely related to all-cause
mortality in females [32].

Research has shown that females with asthma have worse asthma-related quality
of life, higher perception of dyspnea, and more physical limitations than males with
asthma [33-35]. Similarly, females with COPD have more severe dyspnea, lower health-
related quality of life, and have a greater risk of developing osteoporosis [36-38]. Given
that the prevalence of asthma, COPD, and CAC is higher in females, there is clearly a
need for sex-specific treatment strategies among those with obstructive respiratory

diseases.

5.2.0 STUDY IMPLICATIONS

Results from this study provide novel insight into the physical activity behavior of
adults with obstructive respiratory diseases, and have important implications for
guidelines and future exercise interventions. Firstly, guidelines should continue to
encourage this population to be physically active, while stressing the importance of
reducing risk factors for comorbidities. Future guidelines should also strongly encourage
this population to pursue various modes of physical activities. Although walking and

conventional exercises provide great physiological benefit to this population, these
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activities lack the intensity, and the high level of social engagement and enjoyment
associated with recreational and sport activities. This in turn, increases the likelihood of
adhering to physical activity long term. Secondly, exercise interventions lack diversity in
physical activities, and fail to incorporate activities this population enjoys and currently
engage in. Including recreational activities into exercise interventions allows individuals
to engage in activities that are similar to their hobbies, creates a social outlet, and
improves physical activity enjoyment. Third, exercise interventions such as pulmonary
rehabilitation also need to address the age and sex differences that occur in physical
activity behaviour. In terms of age differences, exercise interventions need to be tailored
to accommodate the different barriers, physical activity levels, and preferences of middle-
aged and older adults. There is also a need for sex-specific exercise interventions to
address the gaps seen between males and females in order to improve long term
adherence to physical activity. It is evident that both males and females have lower
physical activity levels; while females engage in fewer types of activities compared to
males. Therefore, exercise interventions that are specific to females with obstructive
respiratory diseases, would provide more effective opportunities to increase physical
activity and disease management in this population.

Overall, findings from this study have important implications for improving current
exercise interventions. These findings may also aid in the development of exercise

guidelines and exercise prescription for adults with obstructive respiratory diseases.

90



David Jagroop. Chapter 5.

5.3.0 FUTURE RESEARCH

Our study was the first to investigate the characteristics of physical activity and its
association with health among adults with obstructive respiratory diseases. Thus, our
findings set the stage for several future investigations among this population.

Our findings show those with COPD and CAC had the lowest participation in all
modes of physical activity examined, and the highest odds of physical inactivity; while
adults with asthma do not differ from the general population. A solution may be to
incorporate physical activities that this population enjoys and currently engage in. Future
research is needed to better understand the influence of incorporating preferred modes of
physical activity into pulmonary rehabilitation and community exercise programs to
increase adherence.

In our study, we had analyzed the association between modes of physical activity
and obstructive respiratory disease. Both males and females with COPD and CAC were
more likely to engage in “no physical activity”, and had lower odds of participating in
various modes of physical activity. Our study sets the stage for future research that
focuses on creating sex-specific exercise interventions.

Evidence suggests that individuals with CAC, or an overlap of the two diseases
(asthma-COPD overlap syndrome) are difficult to treat and have worse health outcomes
than those with asthma or COPD only [5, 6]. Although our study investigated adults with
CAC, our findings may have implications for exercise guidelines and prescription in
those with asthma-COPD overlap syndrome. Thus, future research is needed to

investigate the association between physical activity levels and cardiometabolic disease
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risk factors in those with asthma-COPD overlap syndrome, as well as to explore preferred

modes of physical activity in this population.

5.4.0 STRENGTHS

There are many noteworthy strengths in this study. Firstly, the CCHS consists of
data from respondents living in all provinces and territories, and accounts for
approximately 98% of the Canadian population [39]; thus, our findings were based on a
large representative sample of Canadian adults aged 45 years and older. Secondly,
population weights were modified and reapplied to correct variance estimates, and to
eliminate the risk of groups being over or under represented. Third, variables such as
physical activity were recoded into binary variables (active and inactive), and modes of
physical activity were grouped into categories (walking, endurance activities, recreation
activities, conventional exercises, and sports), in order to simplify interpretation of

findings.

55.0 LIMITATIONS

There are also some limitations in this study that are worth highlighting. The
primary limitation of this study is that the CCHS is cross-sectional, thus, reverse-
causality cannot be ruled out. Studies show that in chronic conditions such as
cardiovascular disease, low levels of physical activity lead to the progression of disease
[40]. However, in the case of respiratory diseases such as asthma and COPD, longitudinal
studies have shown that the disease itself combined with risk factors including smoking

history, lead to the deterioration of exercise capacity and low levels of physical activity
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[41, 42]. Another longitudinal study had shown that physical activity leads to the
decreased risk of hypertension and good perceived health [43]. The CCHS only contains
self-reported data; thus all variables, including physical activity levels, and modes of
physical activity, are subject to misclassification and response bias. However, self-
reported physical activity has been shown to be valid and reliable [44-46]. Lastly, the
CCHS does not provide information on respiratory disease severity, age of diagnosis,
types of medications, or other management variables, thus, they could not be accounted

for in our analyses.

5.6.0 SIGNIFICANCE OF THE STUDY

To our knowledge, this study was the first to investigate physical activity levels
and modes of physical activity among Canadian adults with obstructive respiratory
disease. Our findings provide a greater understanding of physical activity preferences,
and propose methods of increasing physical activity levels among this population. Our
study also sets the stage for future work investigating age and sex differences in physical
activity among those with obstructive respiratory diseases. Lastly, our findings have
important implications for guidelines and future exercise interventions, in order to

successfully improve physical activity adherence among this population
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