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ABSTRACT

Association Between Exercise And Depression In Adults With A Non-Communicable

Chronic Disease

Mélanie Béland, Ph.D.
Concordia University, 2017

People living with a non-communicable chronic disease (NCD) are about twice as likely as the
general population to suffer from depression. This comorbid condition is associated with several
negative consequences, such as worse prognosis and higher risks of mortality. Recent research
has examined the beneficial effect of exercise on depressive symptoms and have reported
positive results, similar to pharmacotherapy and psychological intervention. However, to date, no
study has examined the effect of aerobic exercise on reducing depressive symptoms in NCDs.
Moreover, a handful of studies have looked at the association between exercise and depressive
symptoms in the asthma population. In order to address these gaps, this thesis systematically
reviewed previous literature in the area of aerobic exercise and depressive symptoms in patients
with NCDs and explored the association between leisure-time physical activity and depressive

symptoms in adults with asthma.

The first study was a systematic review which aimed at assessing the beneficial effects of aerobic
exercise on depressive symptoms in a NCD population. A total of 24 studies were included in the
meta-analysis. The results revealed a moderate effect of aerobic exercise interventions on

depressive symptoms in NCDs in comparison to usual care.

The second study was a cross-sectional study assessing the association between leisure-time
physical activity (LTPA) and depressive symptoms in adults with asthma. A total of 953
participants from two asthma cohorts were included. Results revealed that engaging in any LTPA
was associated with lower depressive symptoms. Moreover, there was a strong association

between engaging in vigorous LTPA and lower depressive symptoms in participants with high

il



levels of depressive symptoms. However, these relationships were no longer meaningful once

they were adjusted for inhaled corticosteroid dose and asthma control.

In summary, the research has demonstrated that people with depressive symptoms and a NCD
benefit from engaging in aerobic exercise, even at low levels. Given the results of this thesis,
practitioners, such as clinical psychologists, may be instrumental in promoting aerobic exercise
to clients who depressive symptoms comorbid with a NCD. Further research is needed to better

understand the relationship in NCDs, most notable in respiratory diseases and type 2 diabetes.

v
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CHAPTER 1
INTRODUCTION

Non-communicable chronic diseases

Non-communicable chronic diseases (NCDs) such as cardiovascular diseases, type 2 diabetes,
cancer and respiratory diseases are rapidly increasing worldwide. NCDs are defined as “diseases
or conditions that occur in, or are known to affect, individuals over an extensive period of time
and for which there are no known causative agents that are transmitted from one affected
individual to another” (Daar et al., 2007). In Canada, the prevalence of NCDs have been steadily
climbing. For instance, the prevalence of asthma is about 10.8% (Statistics Canada, 2014a),
while diabetes is about 10.1% (Statistics Canada, 2014b), cardiovascular diseases (CVDs) is
about 10.4%, but about 18% in those aged 65 years and older (Public Health Agency of Canada,
2016), chronic obstructive pulmonary disorder about 9.6% (Public Health Agency of Canada,
2011), and cancer about 7.6% (Canadian Cancer Society’s Advisory Committee on Cancer
Statistics, 2017). The global disease profile is changing at a fast pace, with deaths and disabilities
from NCDs exceeding those from infectious diseases and nutritional deficiencies (World Health
Organization, 2014a). NCDs account for about 70% of global deaths and 47% of the global
burden of disease (World Health Organization, 2014a). In Canada, NCDs account for about 88%
of deaths, with the four major NCDs accounting for 67% of them (i.e., cancer=30%,

CVDs=27%, respiratory diseases=7%, diabetes=3%) (World Health Organization, 2014a).

Two important characteristics of NCDs include their chronic / insidious nature and the long-term
disability resulting from it. Another important characteristic of NCDs is that they are generally
preventable. Indeed, common risk factors such as smoking, poor diet, high alcohol consumption,
and physical inactivity can be prevented (Daar et al., 2007). It has been estimated that about 40%
of cancer and about 80% of type 2 diabetes and premature cardiovascular morbidity could be
prevented or delayed through the practice of healthy habits, such as healthy diet, nonsmoking,
moderate alcohol consumption and regular physical activity (Mozaffarian et al., 2016; Willett et
al., 2006). Identifying ways to improve management of the diseases, and quality of life in people
living with a NCD is important in order to reduce the substantial economic and humanistic

burden on society and patients.



Cardiovascular diseases

Cardiovascular disease (CVD) is an overarching term which includes any disease affecting the
heart or blood vessels (i.e. myocardial infarction, stroke, coronary artery disease, hypertension
and atherosclerosis), and is a major cause of morbidity and mortality worldwide (Mendis, Puska,
& Norrving, 2011). In Canada alone, CVD accounts for about 25% of all deaths (Statistics
Canada, 2014c). It is the most expensive chronic disease in Canada, costing more than $20.9
billion each year in terms of physician services, hospital costs, cardiac rehabilitation, medication,
lost wages, and reduced productivity (Bond, Stonebridge, & Theriault, 2010). CVD has a
complex etiology that involves both modifiable and non-modifiable factors. Modifiable risk
factors include stress, high-fat diet, obesity, smoking, and physical inactivity, while non-
modifiable risk factors include sex, age, ethnicity, family history of CVD, (Deaton et al., 2011;
Mozaffarian et al., 2016; Rozanski, Blumenthal, & Kaplan, 1999). It is suggested that up to 80%
of early CVDs can be prevented by adopting healthy behaviours (Ford et al., 2009; Mozaffarian
et al., 2016).

Cancer

Cancer is a disease of the cells characterized by uncontrolled cell proliferation (Tortora &
Derrickson, 2008). Uncontrolled cell reproduction leads to the development of a tumor or
neoplasm. Symptoms related to cancer may vary depending of the type and stage of cancer;
however, a typical physical effect of cancer is pain. Pain is often caused by a tumour pressing on
normal tissue or nerves and afflicts up to 94% of cancer patients (Bedard et al., 2013; Melzack,
Wall, & Ty, 1982). Cancer is the leading cause of death in Canada, with the highest rates of
mortality attributed to lung and colorectal cancer in both women and men whilst, specific to sex,
breast cancer has the highest rate of mortality in women and prostate cancer is the leading cause
of cancer-related deaths for men (Canadian Cancer Society’s Advisory Committee on Cancer
Statistics, 2017; World Health Organization, 2014b). Moreover, approximately 40% of
Canadians will receive a diagnosis of cancer during their lifetime (Canadian Cancer Society’s
Advisory Committee on Cancer Statistics, 2017). Previous studies have suggested that between
41% and 95% of cancers are caused by health behaviours and lifestyle, such as smoking, obesity

and physical inactivity (Anand et al., 2008; Grundy et al., 2017).



Diabetes (type 2)

Type 2 diabetes (T2D) is a metabolic disorder characterized by insulin resistance, small
production of insulin, and high blood sugar and accounts for approximately 90% of all diagnosed
cases of diabetes worldwide (World Health Organization, 2013). Typical symptoms include
frequent urination, thirst, increased appetite, and weight loss. Symptoms may also include
fatigue, blurred vision, and sores that do not heal. T2D is a progressive disease and symptoms
may be slow to appear (World Health Organization, 2013). As a result, T2D can take years to be
diagnosed. If not treated properly, it can lead to further complications, such as kidney failure and
CVDs, and even death (World Health Organization, 2013). The main cause of mortality in T2D
is CVD, which accounts for up to 80% of deaths in persons with T2D (Sowers, Epstein, &
Frohlich, 2001). The main risk factors of T2D include obesity and physical inactivity (World
Health Organization, 2013). In fact, physical activity is considered a critical factor that can aid in
delaying or preventing development of the disease (Narayan, Boyle, Thompson, Sorensen, &

Williamson, 2003; Williams, 2001).

Respiratory diseases

COPD. Chronic obstructive pulmonary disease (COPD) is an irreversible, progressive illness and
is characterized by expiratory airflow obstruction, increasing abnormal shortness of breath, and
respiratory tract infections (O’Donnell et al., 2008). COPD is not curable and gradually deprives
individuals of their health, limits their daily activities and reduces their quality of life (Canadian
Thoracic Society, n.d.). Since the illness is progressive, it can often go undiagnosed for many
years (Antd, Vermeire, Vestbo, & Sunyer, 2001). While COPD may not have a cure, it is
preventable. Indeed, the most important risk factor is smoking, which accounts for 80% to 90%
of COPD cases in North America (Health Canada, 2013; U.S. Department of Health and Human
Services, 1984). Additionally, about 80% of COPD deaths in Canada are due to smoking tobacco
(Rehm et al., 2006).

Given there is no cure for COPD, the emphasis in healthcare has been to minimize or prevent
exacerbation (Scullion & Holmes, 2011; Vijayasaratha & Stockley, 2008). Optimal COPD

management is multi-faceted and typically includes early diagnosis, pharmacotherapy (e.g.



inhaled corticosteroids), as well as behaviour changes (e.g., smoking cessation, increase in levels
of physical activity) (Celli et al., 2004). COPD is the fourth leading cause of mortality in Canada
and is currently a leading cause of hospitalization (Canadian Institute for Health Information,
2008; Canadian Thoracic Society, 2010). Additionally, approximately 50% of COPD patients
have a lifetime hospital readmission for exacerbation (Almagro et al., 2002). In Canada, COPD
has the highest 1-year hospital readmission rate of all NCDs (Canadian Thoracic Society, 2010).
Uncontrolled COPD exacerbation results in direct and indirect economic and social burdens due
to the use of healthcare resources and the cost of disability, decreased productivity, and

premature mortality (Dang-Tan, Ismaila, Zhang, Zarotsky, & Bernauer, 2015).

Asthma. Asthma is the most common NCD affecting children and the 4" most common NCD
affecting adults, after cardiovascular diseases, cancer, and type 2 diabetes (World Health
Organization, 2017c). Asthma is defined as a chronic respiratory disease and is marked by
reversible and intermittent airway obstruction, inflammation, as well as airway
hyperresponsiveness to a variety of stimuli, such as allergens, cold air, smoke, obesity, airway
irritants (e.g., smoking), and exercise. Asthma exacerbations are commonly characterized by
difficulty breathing, wheezing, recurrent cough, and tightness in the chest. If left untreated,

asthma can be fatal.

While asthma is not often preventable, it is possible to reduce the symptomatology and disease
outcomes, such as worst asthma control and death by avoiding stimuli and by appropriate
treatment options. A wide range of pharmacological treatments exist to help control the
symptoms of asthma, such as inhaled corticosteroids (long-term controller medication). Despite
the availability of these treatments, asthma remains poorly controlled with up to 53% of
Canadian asthma patients having a suboptimal control of their asthma (Global Initiative for
Asthma, 2017; Subbarao, Mandhane, & Sears, 2009). About 75% of Canadians living with
asthma report having an asthma attack and having been affected in their daily activities by
asthma symptoms in the past 12 months (Canadian Lung Association, 2016). Poor control leads
to greater health care service utilization, overuse of bronchodilators, worse quality of life,
decreased work productivity, and greater functional impairments (FitzGerald, Boulet, Mclvor,

Zimmerman, & Chapman, 2006). These suggest that there may be other factors besides



pharmacological treatment that may influence asthma control.

Depression

Depression is a serious public health problem and is known to cause severe disability. It presents
with a range of affective, cognitive, and somatic symptoms including sad or depressed mood,
loss of enjoyment in activities that were once normally enjoyed, feelings of guilt, worthlessness
or hopelessness, difficulties with concentration, reduced energy, changes in appetite and sleep,
and withdrawal from normal activities (American Psychiatric Association, 2010). A diagnosis of
major depressive disorder (MDD) is made when at least five of these aforementioned symptoms
have been present during a 2-week period, with at least one of the symptoms being depressed

mood, or loss of interest or pleasure, and consists of a change from previous functioning.

According to the World Health Organization, depression is the leading cause of disability
worldwide and is expected to be the second leading cause of disease burden by 2020, preceded
only by cardiovascular diseases (World Health Organization, 2017a). In Canada, it is estimated
that the point prevalence of depression is about 5%, while the lifetime prevalence is 11.3%

(Pearson, Janz, & Ali, 2013; Vollmer et al., 1999; Williams, Wagner, Kannan, & Bolge, 2009).

Sub-clinical levels of depression have been shown to be associated with increased mortality rate
and is a major cause of disability (Cuijpers & Smit, 2002; The National Institute for Health Care
Excellence, 2009). Validated tools, like the Beck Depression Inventory (BDI) and the Hospital
Anxiety and Depression Scale (HADS) are essential for measuring depressive symptoms along a
continuum. While these scales do not accurately predict major depressive disorder, they are
nonetheless useful in quantifying the extent of depressive symptoms (Maj, 2011). For the
purpose of the thesis, I will refer to depression as sub-clinical symptoms, unless specified

otherwise.

Identifying biological and cognitive, and behavioural processes underlying depression—and the
links among them—that can be targeted by intervention is a global health priority. Below, I am

describing some of the most studied mechanisms of depression.



Biological theories

One of the most promising research areas in depression involves inflammation. Substantial
evidence has implicated inflammation in the etiology of depression (e.g., Alesci et al., 2005;
Miller & Raison, 2016; Raedler, 2011; Raison, Capuron, & Miller, 2006). Inflammation is a key
component of the immune system’s ability to clear infection and repair injured tissue.
Characterized by redness, heat, pain, and swelling, inflammation results from the release of pro-
inflammatory cytokines from immune cells. Cytokines can additionally communicate with the
brain via various routes and result in emotional, cognitive, and behavioural changes collectively
termed “sickness behaviours” (Dantzer, Connor, Freund, Johnson, & Kelley, 2008). These
sickness behaviours, including fatigue, loss of appetite, and social withdrawal, are considered an
adaptive response intended to reduce the spread of infection and promote healing. However,
when inflammation persists, as when the inflammatory response is maintained by ongoing
psychosocial stress rather than physical injury, prolonged inflammatory signaling can have
detrimental effects, such as the development of cancer, arthritis, and clinical depression (Miller,

Maletic, & Raison, 2009; Slavich & Irwin, 2014).

Meta-analyses have concluded that individuals living with depression typically tend to exhibit
higher levels of the pro-inflammatory cytokines interleukin-1 (IL-1), interleukin-6 (IL-6), and
tumor necrosis factor-o (TNF-a), as well as inflammatory markers including IL-1 receptor
antagonist (IL-1ra; a marker of IL-1 activity) and C-reactive protein (CRP), compared to non-
depressed individuals (Hiles, Baker, de Malmanche, & Attia, 2012; Howren, Lamkin, & Suls,
2009). However, these results are likely driven by a subpopulation of depressed individuals with
elevated inflammation (Raison & Miller, 2011). Raison and Miller (2011) have suggested that
elevated inflammatory markers are seen in approximately one third of individuals with
depression. Moreover, inflammation is not specific to depression and can also be found in other
psychiatric conditions (e.g., posttraumatic stress disorder, schizophrenia), as well as in many
NCDs (e.g., asthma, cancer, CVD, type 2 diabetes) (Miller, Buckley, Seabolt, Mellor, &
Kirkpatrick, 2011; Pearson et al., 2003; Pradhan, Manson, Rifai, Buring, & Ridker, 2001; Spitzer
et al., 2010). While evidence has implicated inflammation in the development of depression,
inflammation shows limited sensitivity and specificity as a driver of depression, and its influence

on fundamental processes in depression remain unclear.



Genetic variations have also been linked to increased risk of depressive episodes (Gibb, Beevers,
& McGeary, 2013; Disner, Beevers, Haigh, & Beck, 2012). Variants of the serotonin transporter
gene, brain derived neurotrophic factor, and dopamine receptors are three genetic factors that
have been most often associated with vulnerability to depression and likely interact as

cumulative risk factors (Gibb et al., 2013).

Cognitive theory

Beck’s cognitive theory of depression — arguably the most influential cognitive theory — is based
on Beck’s research on depression and asserts that negative cognitive schemas are central to the
development and maintenance of depression (Beck, 1976). Negative cognitive schemas are
longstanding mental structures stemming from negative early life experiences that shape
individuals’ interpretations of their experiences. When activated by negative events later in life,
these schemas lead to negative outcome expectancies, which then lead to depression. Beck
identified three negative cognitive schemas related to depression: negative views of the self, the
world, and the future. Beck labeled the tendency to attribute negative outcomes to internal
global, and stable factors the negative cognitive triad (Beck, 1976). Studies have repeatedly
shown an association between negative cognitive triad and depression and is viewed as a
vulnerability factor (Abela et al., 2011; Braet, Wante, Van Beveren, & Theuwis, 2015; Gunter,
2008; Husky, Mazure, Maciejewski, & Swendsen, 2007).

Another cognitive model, the hopelessness theory of depression, posits that people with negative
cognitions tend to overgeneralize their perceptions of helplessness in unavoidable aversive
situations or new situations, referred to as stressful life events, despite the possibility of escape
(Abramson, Metalsky, & Alloy, 1989). Individuals who blame themselves for uncontrollable
events are more likely to be chronically depressed than those who blame external cause. The
hopelessness theory of depression has received empirical support over the last three decades
(Abramson et al., 1989; Abramson et al., 1999; Haeffel & Hames, 2014; Liu, Kleiman, Nestor, &
Cheek, 2015). Moreover, there is strong evidence in the literature that negative life events, such
as the loss of a family member or a new medical diagnosis, play a large role in the etiology of

depression (Brown & Harris, 1978; Brown, Harris, & Peto, 1973; Hammen, 2006).



Behavioural model

According to the behavioural model, depression assumes that insufficient engagement in
rewarding activities leads to a decreased engagement in activities, which limits opportunities for
future rewarding interactions and leads to depressed mood (Lewinsohn & Graf, 1973). From a
behavioural standpoint, depressive symptoms present as depressed behaviours. Antecedent and
consequent events maintain depressed behaviours, affective experiences, and responses
(Polenick & Flora, 2013). For example, a change in activity level due to injury may lead to
feeling disappointed and worthless about being unable to help build a grandchild’s playhouse,
which may result in negative self-critical remarks. Restricted daily activity has been proposed as
a common pathway leading to depression, regardless of risk factors (Fiske, Wetherell, & Gatz,

2009).

Overall, biological, cognitive, and behavioural processes increase vulnerability to depression and
play an interactive role in the development and maintenance of depression (Kendler, 2008;

Kendler, 2011).

NCDs and depression

The incidence and prevalence of depression is higher in people living with a NCD compared to
the general population (Pirl, Greer, Temel, Yeap, & Gilman, 2009). Depression can have a major
impact on their disease course and health outcomes. It has been associated with worse prognosis
(Egede, 2007; Strine, Mokdad, Balluz, Gonzalez, et al., 2008), disease complications (Katon &
Sullivan, 1990), and higher rates of mortality (Katon, Lin, & Kroenke, 2007; Lin et al., 2010).
Depression has also been associated with worse adherence (including exercise regimens)
(DiMatteo, Lepper, & Croghan, 2000; Grenard et al., 2011). The following subsection highlights
how depression affects some NCDs more specifically. It should be noted that I will not go in
details about whether depression or chronic disease comes first, but rather, I will focus on their

association.

Cardiovascular diseases

The prevalence of depression in people with cardiovascular diseases (CVD) is estimated between



10-27% and has been associated with both increased incidence and worse outcomes of CVD,
independent of traditional CVD risk factors, such as smoking and high blood pressure (Lett et
al., 2004; Lichtman et al., 2008). Evidence from the literature suggests that poor health
behaviours, in particular physical inactivity, are largely responsible for the additional risk of

CVD associated with depression (de Voogd et al., 2009; Gimeno-Santos et al., 2014).

Cancer

The depression rate varies depending of the type of cancer, but overall, between 20% and 50% of
patients experience depression (Brummett et al., 2003; Spoletini et al., 2008; Win et al., 2011).
Regardless of the cancer site, depression negatively impacts quality of life (Massie, 2004; Philip,
Merluzzi, Zhang, & Heitzmann, 2013) and medical adherence (Moller, 2008; Singh et al., 2005).
Depression has also been associated with increased recurrence rates of cancer and higher risk of
mortality (Pinquart & Duberstein, 2010) and suicide (Miller, Mogun, Azrael, Hempstead, &
Solomon, 2008).

Diabetes (type 2)

Depression in diabetes is estimated to range between 17 and 30% (Jehn et al., 2006; Pasquini &
Biondi, 2007) and is associated with micro- (e.g., nephropathy) and macro-vascular (e.g.,
hypertension) complications, insulin resistance, and mortality (Ali, Stone, Peters, Davies, &
Khunti, 2006; Semenkovich, Brown, Svrakic, & Lustman, 2015). Additionally, the presence of
comorbid depression in diabetes has been associated with a decrease in health-related quality of
life (de Groot, Anderson, Freedland, Clouse, & Lustman, 2001; Williams et al., 2011) and poor
diabetes self-care, including poor diet, medical adherence, and physical inactivity (Egede &

Hernandez-Tejada, 2013; Schmitz et al., 2014).

Respiratory diseases

COPD. The prevalence of depression in people living with COPD is about 40% (Hynninen,
Breitve, Wiborg, Pallesen, & Nordhus, 2005; Schane, Woodruff, Dinno, Covinsky, & Walter,
2008; Yohannes, Willgoss, Baldwin, & Connolly, 2010). The co-morbidity is associated with a
decrease in treatment adherence (DiMatteo, Haskard, & Williams, 2007) and worse quality of

life. It is also associated with a higher risk of exacerbation (Laurin et al., 2009) and mortality



(Omachi et al., 2009).

Asthma. Depression is estimated to be as high as 35% in asthma patients (Mead, Theadom,
Byron, & Dupont, 2007). It has been associated with worse asthma control (Ahmedani, Peterson,
Wells, & Williams, 2013; Barth, Schumacher, & Herrmann-Lingen, 2004; Lavoie et al., 2005),
quality of life (Lavoie et al., 2006; Ouellet et al., 2012), and increased number of exacerbations
(Urrutia et al., 2012). High levels of depressive symptoms have also been associated with
unhealthy behaviours, such as smoking, poor diet, and physical inactivity (Strine, Mokdad,

Balluz, Berry, & Gonzalez, 2007).

Physical activity and exercise

Physical activity is defined as any bodily movements that involves large muscle groups and
requires more energy than resting (World Health Organization, 2018). Examples include
occupational tasks (e.g., house chores, working) but also planned leisure time physical activities
(LTPA) (e.g., yoga, running). These planned LTPA are called exercise, which is a subcategory of
physical activity (World Health Organization, 2018). Exercise is defined as activities that are
“planned, structured, and repetitive and has as a final or an intermediate objective of
improvement or maintenance of physical fitness” (Caspersen, Powell, & Christenson, 1985).
Aerobic exercises are activities which increase pulmonary and cardiovascular system activity
(e.g. cycling, running) and involve large muscle groups (Lin et al., 2004). Anaerobic exercises,
also known as resistance exercises, are activities in which muscular strength is used in working
against a resistive load and during which the body’s demand for oxygen exceeds the oxygen
supply available and therefore relies on energy sources available in muscles (e.g. weight lifting)

(Caspersen et al., 1985; Garber et al., 2011).

Physical activity has many benefits in the general population, such as improved cardiovascular
and cardiorespiratory capacity, quality of life, maintenance of healthy weight (Caspersen et al.,
1985; Garber et al., 2011), as well as prevention of NCDs (Haskell et al., 2007). It has also been
associated with increase of positive mood and well-being (Warburton, Nicol, & Bredin, 2006).
For example, people who exercise regularly exhibit less depressive symptoms and anxiety than

people who are not physically active (Reed & Buck, 2009).
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Despite the effects of physical activity, only about 18% of adults in Canada attain the
recommended amount of physical activity and more than half of Canadian adults do not engage
in physical activity at all (Statistics Canada, 2017). According to the Canadian Society for
Exercise Physiology (Canadian Society for Exercise Physiology, 2011), to achieve
cardiorespiratory fitness, adults should engage in a minimum of 150-minutes of moderate-
intensity planned aerobic exercise, or 75 minutes of vigorous-intensity, in bouts of at least 10
minutes for optimal health. Additionally, adults should also resistance train twice a week.
Aerobic exercise is considered to be of moderate intensity if an individual attains 55 to 69% of
their maximum heart rate (MHR) (Norton, Norton, & Sadgrove, 2010). MHR can be estimated
by subtracting the participants’ age from 220 (Canadian Society for Exercise Physiology, 2011).

A vigorous intensity exercise achieves 70 to 89% of one’s MHR.

NCDs and physical activity

Exercise has been found to be beneficial in various NCDs, such as cardiovascular diseases,
cancer, and chronic obstructive pulmonary disorder (COPD) (De Moor, Beem, Stubbe,
Boomsma, & De Geus, 2006; Lane, Jackson, & Terry, 2005). As such, it is often prescribed as a
first line of treatment in people living with a NCD (Bacon et al., 2015; Carson et al., 2013).

Cardiovascular diseases

As noted earlier, physical inactivity is a major risk factor in CVD. It is responsible for 12.2% of
the global burden of CVD, independent of other CVD risk factors (e.g., hypertension, smoking)
(Yusuf et al., 2004). A recent study in the United States described the prevalence of physical
activity in adults with CVD and found that about 55% of the participants reported being
moderately active, while only 28% met the physical activity guidelines (Evenson, Butler, &
Rosamond, 2014). Exercise has been shown to improve CVD risk factors, such as triglycerides,
high-density lipoprotein (HDL), and waist circumference, as well as reducing risk of mortality
and morbidity due to CVD (Mozaffarian et al., 2016; Yu, Yarnell, Sweetnam, & Murray, 2003).
It has also been shown to increase quality of life and reduce depressive symptoms (Blumenthal,

Sherwood, et al., 2012; Tu et al., 2014).
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Cancer

In Canada, about 21% of cancer survivors are physically active (Courneya, Katzmarzyk, &
Bacon, 2008). Physical activity guidelines specific to cancer patients stipulate that cancer
survivors should avoid physical inactivity and that physical activity is safe both during and
following treatment (Schmitz et al., 2010). A growing body of evidence suggest a clear benefit of
exercise during and after adjuvant treatment for preventing or managing the impact of a variety
of adverse effects of cancer (e.g., fatigue, weight gain, decreased functional capacity) (Speck,
Courneya, Masse, Duval, & Schmitz, 2010) and may improve survival and decrease the risk for
recurrence (Loprinzi, Cardinal, Winters-Stone, Smit, & Loprinzi, 2012). Moreover, regular
exercise has been shown to have a positive effect on psychological outcomes, such as depression,
in cancer patients and survivors (Craft, Vaniterson, Helenowski, Rademaker, & Courneya,

2012).

Diabetes (type 2)

People living with T2D show significantly low levels of physical activity (Morrato, Hill, Wyatt,
Ghushchyan, & Sullivan, 2007). In Canada, 65% to 71.9% of adults with T2D do not meet the
physical activity guidelines (Plotnikoff et al., 2006). However, there is strong evidence for the
use of physical activity as a management tool within diabetes care (Plotnikoff, Costigan,
Karunamuni, & Lubans, 2013). Physical activity has been shown to significantly improve
glycemic control, cholesterol, and diabetes-related complications, such as diabetic retinopathy
and kidney failure care (Balducci et al., 2012; Liubaoerjijin, Terada, Fletcher, & Boul¢, 2016;
Umpierre et al., 2011). Moreover, moderate increases in levels of exercise have been shown to
reduce HbA 1c and improve insulin sensitivity, improve quality of life, and reduce risks of
depression (Chudyk & Petrella, 2011; Colberg & Grieco, 2009). As such, exercise is considered

a cornerstone in diabetes care.

Respiratory diseases

COPD. Patients with COPD are less physical active compared to healthy people (Vorrink, Kort,
Troosters, & Lammers, 2011). Levels of physical activity decreases over time, as the disease
progresses (Waschki et al., 2015). Low levels of physical activity have been associated with

increased risk of exacerbations (Moy, Teylan, Weston, Gagnon, & Garshick, 2013), hospital
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admissions, and mortality (Waschki et al., 2011). It is also associated with increased risk of
depression and decrease in quality of life (Gimeno-Santos et al., 2014). Thus, improving physical
activity levels has become a major concern in COPD, with pulmonary rehabilitation (PR) being
the cornerstone of COPD management (McCarthy et al., 2015). PR, which encompass exercise
training, along with patient education and self-management training, is effective in reducing

dyspnea, improving quality of life, and increase functional capacity (McCarthy et al., 2015).

Asthma. Asthma patients are at risk of exacerbation, also known as exercise-induced
bronchoconstriction (EIB), whenever they exercise, if proper precautions have not been taken
(i.e. use of bronchodilator 30 minutes prior activity) (American Academy of Allergy, 2017). The
dyspnea experienced during exercise, or the fear of experiencing it due to past experiences or
stories from others, may keep adults with asthma from participating in sports or any types of
physical activities (Hung et al., 2005; Warburton et al., 2006). As such, asthma patients tend to
be less active and physically fit compared to healthy population, with up to 50% who don’t
exercise (Avallone & McLeish, 2013; Disabella, Sherman, & DiNubile, 1998). Exercise has been
consistently found to be safe for asthma patients, both in children and adults (Clark & Cochrane,
1988; Disabella et al., 1998; Emtner, Herala, & Stalenheim, 1996; Wright, Lavoie, Jacob, Rizk,
& Bacon, 2010). Moreover, exercise is beneficial for asthma patients. It has been proven to be
efficacious in reducing inhaled corticosteroid dose and dyspnea related to exercise, as well as
improve quality of life and asthma control (Bacon et al., 2015; Carson et al., 2013; Wanrooij,

Willeboordse, Dompeling, & van de Kant, 2014).

Depression and exercise

Significant evidence in the general population indicate that exercise has a beneficial effect on
depression and subclinical levels of depression (Colberg et al., 2010; Lennon, Carey, Gaftney,
Stephenson, & Blake, 2008; Schmitz et al., 2010). It would also seem to provide a protective
effect against developing depression (Byrne & Byrne, 1993; G. Cooney, Dwan, & Mead, 2014).
Studies have also shown that exercise provides similar benefits to antidepressant medication and
cognitive-behavioural therapy, both the current gold standard treatments for treating depression,

with reported reductions of between 67% and 75% of depressive symptoms (Carek, Laibstain, &
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Carek, 2011; Mossner et al., 2007). This may be especially important for the 30% of patients that
reportedly do not respond positively to prescribed pharmacotherapy (Cooney et al., 2014; Daley
et al., 2007). Moreover, antidepressants have been shown to cause several adverse effects
including loss of appetite and sleep problems, which can be alleviated with exercise (Ferguson,
2001). For example, exercise contributes to the reduction in time taken to fall asleep, thus
improving sleep time (Yang, Ho, Chen, & Chien, 2012). Exercising can also reduce fatigue, a
common somatic depressive symptom, which is often not improved by the use of medication
(Cornelissen & Smart, 2013). Therefore, exercise can be considered as an alternative treatment

for depression in healthy individuals to the standard treatment options.

Potential mechanisms explaining the exercise-depression relationship

While there have been consistent findings linking exercise and depression, the mechanisms
linking them together remain unclear. Several psychological (e.g., self-efficacy hypothesis,
distraction hypothesis, mastery hypothesis, social interaction hypothesis) and physiological (e.g.,
inflammation hypothesis, monoamine hypothesis) mechanisms have been proposed; however,

research to date has not extensively examined them.

Self-efficacy hypothesis. Self-efficacy, or the level of confidence that one feels they possess to
meet the challenge at hand, has been proposed as a psychological mechanism by which exercise
may help reduce symptoms of depression (Bandura, 1997). Self-efficacy refers to the belief that
one possesses the skills to complete a task as well as the confidence that the task can be

completed with the desired outcome obtained (Bandura, 1997).

According to Bandura (1997), depressed people often have a low sense of efficacy to cope with
their depressive symptoms, which often leads to negative self-evaluations, negative ruminations,
and faulty styles of thinking. Not being able to stop or restructure negative thoughts has been
associated with higher levels of depression (Aldao, Nolen-Hoeksema, & Schweizer, 2010;
Kavanagh & Wilson, 1989). Self-efficacy is known to be important to the initiation and
maintenance of health behaviours, including exercise (McAuley, 1992; Williams et al. 2008).
Conversely, exercise may provide an effective opportunity to enhance self-efficacy based on its

ability to provide a meaningful mastery experience, which is thought to be the best factor
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influencing the development of self-efficacy (Bandura, 1997). Learning how to monitor exercise
behaviours, set short and long-term exercise goals, and utilize social support through positive
support from the exercise specialist and significant others can all contribute to feelings of

mastery.

Research examining the relationship between self-efficacy and exercise has mainly focused on
the enhancement of physical self-efficacy and efficacy to regulate exercise behaviours
(McAuley, 1992; McAuley, Lox, & Duncan, 1993). Individual with high self-efficacy for
exercise are more likely to exercise. However, the relationship between self-efficacy and
exercise in depressed patients has not been studied extensively and findings have been
ambiguous (Bodin, & Martinsen, 2004; Singh, Clements, & Fiatarone, 1997; Singh et al., 2005).
Several intervention studies have found that being involved in an exercise program was
associated with enhanced feelings of self-efficacy, which, in turn, were associated with a
reduction of depression severity (Annesi, 2004; Craft, 2005; Gary, 2006). Thus, it is
hypothesized that the antidepressant properties of exercise may be related to enhanced feelings

of self-efficacy.

Distraction hypothesis. It has been suggested that exercise serves as a distraction from worries,
anxiety, and depressing thoughts (Leith, 1994; Nolen-Hoeksema, Morrow, & Fredrickson, 1993;
Paluska & Schwenk, 2000). Distraction refers to a response style in which an individual uses
distracting activities (e.g., a hobby, work) in an attempt to focus on something other than the
depressed mood (Greist, Klein, Eischens, Gurman, & Morgan, 1979; Nolen-Hoeksema et al.,

1993).

Distraction has been shown to positively influence the management of depression and reduce
symptoms of depression compared to more self-focused or introspective activities (e.g., journal
keeping) (Just & Alloy, 1997). Research comparing distraction with rumination, which involves
the tendency to passively and repeatedly focus on one’s negative feelings and the consequences
of those feelings, has shown that individuals who ruminate generally have more severe and
longer lasting episodes of depression than those who use distraction as a response style (Just &

Alloy, 1997; Morrow & Nolen-Hoeksema, 1990; Nolen-Hoeksema, et al., 1993). Results are less
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conclusive when exercise is compared to other types of distraction, such as relaxation and social
contact. For example, exercise has been shown to be more effective than education but similar to

relaxation in reducing depressive symptoms (Cooney et al., 2013).

Overall, exercise appears to be an effective distracting activity. When exercising, people are
often focused on training goals or paying attention to physiological changes such as their
breathing, heart rate, or sore muscles (Leith, 1994). Furthermore, exercise offers the opportunity
for positive reinforcement as exercise goals are met and daily workouts become less painful and
tiring. Therefore, the antidepressant effects of exercise may result from the ability of exercise to

provide periodic distraction from negative thoughts and feelings of depression.

Mastery hypothesis. A recent study found a bidirectional association between depressive
symptoms and sense of mastery (Assari & Lankarani, 2017). Furthermore, Bandura (1990) has
suggested that mastery experiences can be critical to preventing and overcoming depression.
According to the mastery hypothesis, the mere fact of exercising can make individuals feel like
they have achieved something, which in turn can contribute in reducing depressive symptoms.
As an individual who exercise gains mastery of physical skills, they may take this feeling of
control into everyday life (LePore, 1997). While mastery has been proposed as a possible
mechanism explaining the association between exercise and depression, it does not appear to

have been studied and thus the exact role of mastery has not been yet clearly established.

Social interaction hypothesis. Social support has a consistent, positive relationship with exercise
across many diverse populations (Allender, Cowburn, & Foster, 2006; Van der Horst, Paw,
Twisk, & Van Mechelen, 2007; Wendel-Vos, Droomers, Kremers, Brug, & Van Lenthe, 2007).
According to the social interaction theory (Gosselin & Taylor, 1999), social relationships and
mutual support between those who participate in exercise can act as a buffer against mental
health problems. The social support gained by exercising in a social environment may enhance
the effects of exercise and contribute to a greater reduction in the symptoms of depression
(Gosselin & Taylor, 1999). Indeed, social support has been linked to both reductions in
depression levels and participation in exercise (Gosselin & Taylor, 1999) as well as

improved overall psychological health (Sarason, Sarason, & Gurung, 1997).
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To date, few studies have examined the role of social context in the association between exercise
and depressive symptoms. Results from these studies have been mixed (Biddle & Mutrie, 2001;
Plante et al., 2003). Moreover, most exercise intervention studies have not controlled or adjusted
for social contact and some studies have allowed more social contact in experimental groups than
in control groups (O’Neal, Dunn, & Martinsen, 2000). To date, studies have been limited to a

single exercise session intervention or did not have a control group.

Inflammation hypothesis. Individuals with depression have elevated concentrations of pro-
inflammatory biomarkers, specifically C-reactive protein, IL-6 and IL-1b, and TNF-a (Eyre,
Papps, & Baune, 2013; Howren et al., 2009). Exercise has been shown to reduce these
biomarkers (Glynn, McFarlin, & Markofski, 2007; Hamer et al., 2012; Pedersen et al., 2003).
Moreover, individuals who exercise regularly tend to have lower levels of inflammatory markers
compared to individuals who do not exercise (King, Carek, Mainous, & Pearson, 2003; McFarlin
et al., 2006). Given that regular physical exercise induces anti-inflammatory effects, it might

contribute to explain the positive effects of exercise in the treatment of depression.

Monoamine hypothesis. The monoamine hypothesis proposes that exercise enhances the brain’s
aminergenic synaptic transmission (i.e., serotonin, noradrenaline, and dopamine) which affect
arousal and attention (Faulkner & Carless, 2003). Exercise modifies one or more of the major
brain monoamines (e.g., serotonin, dopamine, and norepinephrine). These chemicals are
markedly reduced in depressed patients. Exercise may reduce depression by increasing the levels
and transmission capabilities of these chemicals. Previous studies have reported positive effect of
exercise on the serotonergic system (Chaouloff, 1997; Heijnen, Hommel, Kibele, & Colzato,
2015; Lin & Kuo, 2013) and have hypothesized that exercise might improve the efficiency of the
monoamine system response in depressive patients (Blake, 2012). It should be noted that
depression is not always explained by monoamine deficiency, which might explain why current
antidepressants, most of which target monoamines, may not always be effective in treating

depression (Blake, 2012).

Overall, literature suggests that a combination of biopsychosocial factors may explain the
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association between exercise and depression. However, it is not clear yet whether the
aforementioned mechanisms have an additive effect or whether there may be variations
according to the depression severity, individual personality and other unknown variables that

have yet been explored.

Exercise as a treatment for depression

Recently, several guidelines for the treatment of depression have added exercise as an
intervention option (American Psychiatric, 2010; The National Institute for Health Care
Excellence, 2009). While the APA does not provide a great deal of detail on how to use this
approach, the NICE guidelines recommend that exercise programs be delivered in groups with
support from a competent practitioner and should consist of three 45-60 minutes sessions per
week for an average of 12 weeks (The National Institute for Health Care Excellence, 2009). It
should be noted that this recommendation is addressed to patients with persistent sub threshold
depressive symptoms or mild to moderate depression and that the guide does not recommend

specifically a type of exercise (e.g. aerobic vs anaerobic) given lack of evidence on the topic.

Exercise for depression in NCDs

In NCDs, the role of exercise on depressive symptoms has been examined in retrospective (e.g.,
Courneya and Freidenreich, 1997), cross-sectional (e.g. Haedtke et al., 2017) and prospective
studies (Daley, 2008). Additionally, intervention studies have shown promising effect of exercise
on depressive symptoms in several types of NCDs (Segar et al., 1998). However, it is not clear
how specific types of exercises are efficacious. For example, in a systematic review, Coventry
and colleagues (2013) assessed the efficacy of complex psychological and lifestyle interventions
in reducing depressive symptoms in people with COPD and found that multi-component exercise
training produced significant reduction in depression (standardized mean difference [SMD] -
0.47; confidence interval [CI] -0.66 to -0.28) (Coventry et al., 2013). However, the authors did
not define the term ‘multi-component’ and did not look at look at aerobic and anaerobic exercises
separately. A similar trend was noted in various systematic reviews across NCDs. Given that
aerobic exercise is a major component in the physical activity recommendations for optimal
health and that there seems to be a lack of unifying research on the relationship between aerobic

exercise and depressive symptoms in people living with a NCD, it is important to look at the
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association to get a better picture.

In asthma population, a handful of studies have looked at the association between exercise and
depressive symptoms. A recent cross-sectional study found that lower aerobic capacity, as
determined by a treadmill test, was associated with high level of depressive symptoms (J. C.
Brown et al., 2012; Coventry & Hind, 2007; Tu et al., 2014). Conversely, few studies have
examined the effect of an aerobic exercise intervention on depressive symptoms in adults with
moderate and severe asthma. A recent study by Turner and colleagues (2011) examined the role
of exercise on depressive symptoms in older adults with asthma and found that exercise appears
to provide benefits and to reduce depressive symptoms in asthma (Turner, Eastwood, Cook, &
Jenkins, 2011). Similar outcomes were noted in two other studies (Gtiell et al., 2006; Mendes et

al., 2013).

Knowledge gaps in the literature

While much research has contributed and supported the link between exercise and depression,
there are several knowledge gaps that still exist in the literature. First, to my knowledge, there
has been no systematic reviews that examined specifically the role of aerobic exercise on
depressive symptoms in NCDs. One systematic review looked at the effect of exercise training
on depressive symptoms in chronic illnesses, in which they performed sub-analyses for aerobic
exercise (Herring, Puetz, O'Connor, & Dishman, 2012). However, the authors used a broad
definition of the term ‘chronic illness’, thus including conditions that are risk factors rather than
chronic diseases (e.g., obesity) and psychological comorbidity to depression (e.g. anxiety).
Additionally, no studies in diabetes were included. Given this, there is a need to examine the role
of aerobic exercise training on depressive symptoms in people living with NCDs, specifically

cardiovascular diseases, cancer, diabetes Type 2, and respiratory diseases.
Second, most intervention studies on depression in NCDs focus on multi-component
interventions (e.g., cardiac rehabilitation), rather than exercise alone. As such, it is harder to

assess the specific role of exercise on depressive symptoms.

Third, a limited number of studies have examined the association between exercise and
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depressive symptoms in asthma and T2D populations. Moreover, the relation between exercise
and depressive symptoms has not been assessed in a large cohort. For the purpose of my thesis,
and for practicality (e.g., access to asthma databases), I have decided to focus on asthma
population for my second paper. I believe studying the association in large cohorts of adults with

asthma can help strengthen the previous findings.

Fourth, no previous studies on the relationship between exercise and depressive symptoms in
adults with asthma have been conducted in North America. Given that almost 1 Canadian out of
10 suffer from asthma, there is a need to study the association between exercise and depression

in the Canadian context.

Significance of research

Understanding how depression impacts level of aerobic exercise in people living with a NCD
may be particularly important for optimal disease treatment and management. For example, by
illustrating that aerobic exercise is indeed able to reduce depression in asthma patients, clinicians
may be more likely to encourage patients to start or continue exercising, for both physical, but

also psychological, benefits.

Goal of thesis
The overarching aim of this thesis is to examine the relationship between exercise and
depression in people with a non-communicable chronic disease, with a particularly emphasis

on asthma.

In a first step, I sought to get a wider perspective on the association between exercise and
depression, in order to better understand how depression may benefit from an exercise
intervention. Thus, I conducted a meta-analysis for my first paper, including the four major
categories of NCDs; cardiovascular diseases, cancer, diabetes type 2 and respiratory diseases.
The main goal was to assess the effect of aerobic exercise on depressive symptoms among

adults living with a NCD.
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Following the results of the meta-analysis, I sought to understand more specifically the
association between leisure-time physical activity (LTPA) and depressive symptoms in
asthma patients. This resulted in my second paper. Specifically, it was hypothesized that people
who engage in LTPA would report lower depressive symptoms. Exploratory goals sought to look
at the relationship between the LTPA prescription (e.g., intensity, frequency, duration) and

seasonal patterns, and depressive symptoms.
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CHAPTER 2

Aerobic Exercise Alleviates Depressive Symptoms In Patients With a Major Non-Communicable

Chronic Disease: A Systematic Review and Meta-analysis
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Abstract

Objective: To assess whether aerobic exercise was superior to usual care in alleviating
depressive symptoms in patients living with a major non-communicable disease.

Data sources: Data were obtained from online databases (PubMed, PsycINFO and
SPORTDiscus), as well as from reference lists. The search and collection of eligible studies was

conducted up to October 18th, 2018 (PROSPERO registration number CRD42017069089).

Study selection: We included interventions that compared aerobic exercise to usual care in
adults who reported depressive symptoms (i.e., not necessarily the clinical diagnosis of

depression) and were living with a major noncommunicable disease.

Results: Twenty-four studies were included in the meta-analysis (4,111 patients). Aerobic
exercise alleviated depressive symptoms better than did usual care (SMD = 0.50; 95%
confidence interval (CI), 0.25 to 0.76; grading of recommendations assessment, development and
evaluation (GRADE): low quality). Aerobic exercise was particularly effective in alleviating

depressive symptoms in cardiac patients (SMD = 0.67; 95% CI 0.35 to 0.99).
Conclusion: Aerobic exercise alleviated depressive symptoms in patients living with a major

non-communicable disease, particularly in cardiac populations. Whether aerobic exercise treats

clinically diagnosed depression was outside the scope of this study.
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Introduction
Depression is a serious public health problem and is a major cause of disability (Cuijpers &
Smit, 2002). Depression presents with a range of affective (e.g., sadness), cognitive (e.g.,
feelings of guilt), and somatic (e.g., loss of appetite) symptoms (American Psychiatric
Association, 2010). A diagnosis of major depressive disorder (MDD) is made when at least five
symptoms have been present during a 2-week period, with at least one of the symptoms being
depressed mood, or loss of interest or pleasure. In addition to diagnosed depressive disorder, it is
possible to assess the range of depressive symptoms individuals present with. This is normally
done using standard validated questionnaires, with elevated levels of symptoms indicative, but
not conclusive, of potential diagnosable depressive disorder. Depression and depressive
symptoms are both associated with decreased levels of health-related quality of life, increased
use of health services and increased mortality rate (Cuijpers & Smit, 2002; The National Institute

for Health and Care Excellence, 2010).

Patient with major non-communicable chronic diseases (NCDs), e.g., cardiovascular diseases
(CVDs), cancers, respiratory diseases (i.e., chronic obstructive pulmonary disease, COPD), and
type 2 diabetes (T2D), have depression rates two- to three-fold higher than the general
population (Katon, 2011; Lavoie et al., 2005; Nan et al., 2012; Strine, Mokdad, Balluz, Berry, &
Gonzalez, 2008). Depression also predicts future development of NCDs (Katon, 2011; Mezuk,
Eaton, Albrecht, & Golden, 2008). For example, depression is associated with the development
of CVD in healthy adults (Van der Kooy et al., 2007; Wulsin & Singal, 2003), all-cause
mortality (Barth, Schumacher, & Herrmann-Lingen, 2004; Blumenthal et al., 2003; Cuijpers &
Smit, 2002; Whang et al., 2009), worse asthma control among patients with asthma (Lavoie et
al., 2005), and a higher risk of reinfarction among cardiac patients (Fenton & Stover, 2006).
Therefore, treating depression and subclinical depression in those living with a NCD is of

clinical importance.

Exercise alleviates depressive symptoms and is comparable to cognitive behavioural therapy and
antidepressants in populations without a major NCD (Cooney et al., 2013). When disease-
specific precautions are taken, exercise is safe in people living with a NCD (Burr, Davidson,

Shephard, & Eves, 2012; Colberg et al., 2010; Lavie, Milani, Marks, & de Gruiter, 2001; Stefani,
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Galanti, & Klika, 2017). Systematic reviews have shown that multiple types of exercise, e.g.,
aerobic, resistance, and mixed, alleviate depressive symptoms in populations with cancer (Brown
et al., 2012; Craft, Vaniterson, Helenowski, Rademaker, & Courneya, 2012), COPD (Coventry &
Hind, 2007) and CVDs (Clark et al., 2010; Tu et al., 2014); results are less clear in patients with
diabetes (van der Heijden, van Dooren, Pop, & Pouwer, 2013).

Notable limitations in existing systematic reviews of exercise for depression in patients with
NCDs include: analyzing different types of exercise together (e.g., resistance, aerobic, mixed),
rather than each individual type of exercise (specifically aerobic) (Brown et al., 2012; Craft et
al., 2012; van der Heijden et al., 2013); and not exploring the levels of exercise intensity. In
short, we reviewed aerobic exercise as a stand-alone intervention for depressive symptoms in

NCD.

Methods
Our systematic review and meta-analysis was conducted according to the Preferred reporting
items for systematic reviews and meta-analysis (PRISMA) guidelines (Moher, Liberati, Tetzlaff,

Altman, & The Prisma, 2009); the PROSPERO registration number is CRD42017069089.

Study selection

Studies that compared aerobic exercise to usual care were included. Aerobic exercise was
defined as sustained activity using large muscle groups, which increase pulmonary and
cardiovascular system activity (e.g. cycling, running) (World Health Organization, 2017a).
Studies using other forms of exercise (e.g. resistance training, yoga) were excluded. Usual care
was defined as the receipt of standard clinical care specific to the patient’s disease. Studies were
excluded if participants in the comparison group performed any form of exercise (e.g. aerobic,
resistance) or were explicitly encouraged to exercise. Studies in which the comparison group
received any active depression treatments (e.g. pharmacotherapy, psychotherapy) or placebo
pharmacotherapy were also excluded. Studies where the comparison group received a non-
exercise and/or non-depression treatment (e.g. relaxation, education) were included only if the
same treatment was also present in the intervention group. Finally, studies where the main

intervention combined aerobic exercise with another exercise modality (e.g., aerobic exercise
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and resistance training) or active non-exercise treatment were also excluded (e.g., aerobic

exercise and rehabilitation).

Consistent with other aerobic exercise systematic reviews (Baillet et al., 2010; Kelley, Kelley, &
Vu Tran, 2001; McDonnell, Smith, & Mackintosh, 2011; O Brien, Nixon, Tynan, & Glazier,
2004) and American College of Sports Medicine recommendations (American College of Sports
Medicine, 1998), the aerobic exercise intervention in the studies needed to occur at least twice a
week at a minimum of moderate intensity (> 50% of maximum heart rate or 3 Metabolic
Equivalents (METs)) and last for at least 4 weeks. The studies could be randomized (RCTs) or
non-randomized, but must have included only adults aged 18 years or older living with a major
NCD. Using the WHO definition (World Health Organization, 2017b), the included NCDs were:
cardiovascular diseases, respiratory diseases, cancer and T2D. Studies also needed to measure
depression using a clinical assessment tool or depressive symptoms using a validated self-report

questionnaire. These measurements need to occur both pre- and post-intervention.

Literature search

The literature search was conducted using the PubMed, PsycINFO and SPORTDiscus electronic
databases. Other sources, such as references from previous reviews or relevant papers, were also
searched for additional records. Studies were identified using standardized search terms,
including ‘depression’, ‘exercise’, ‘cancer’, ‘type 2 diabetes’, ‘cardiovascular disease’, and
‘respiratory disease’ (see supplementary file 1 for a detailed list). Studies published up to
October 18", 2018 in French or English and collecting data from human samples were
considered. Conference abstracts, dissertations, theses, and articles published in non-peer-
reviewed journals were not included for review. The search and screening phases were
conducted independently by at least two investigators. Any discrepancies were resolved by a

third investigator.

Data extraction
A data extraction form was developed specifically for the purpose of the current systematic
review. Variables of interest included: depression scores, frequency, intensity, and duration of

aerobic exercise training, and types of NCDs. Data extraction was performed for study
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characteristics (e.g., study eligibility criteria, study methodology), participant characteristics
(e.g., sex, age), and the variables of interest. Studies that met all criteria were put forward for
data extraction by at least two independent investigators. The corresponding authors of the

selected studies were contacted when the required data was not reported.

Quality assessment

Quality assessment was made independently by at least two investigators using the Downs and
Black checklist (Downs & Black, 1998). This widely used checklist (Ganga et al., 2017;
Laframboise & deGraauw, 2011; Lanting, Johnson, Baker, Caterson, & Chuter, 2017;
Warburton, Charlesworth, Ivey, Nettlefold, & Bredin, 2010), which has high internal consistency
and good test-retest (r=.88) and inter-rater (r=.75) reliability (Downs & Black, 1998) was chosen
because it has been developed for use with both randomized and non-randomized studies (Deeks
et al., 2003). It provides an overall score for the quality of each study, ranging from 0 to 32, with
a higher score reflecting better quality. However, for the current study, the item on power was
modified; authors were given 1 point if they had conducted a statistical power calculation and 0
if there were no power calculations. The maximum score was therefore changed to 28. Quality
scores were categorized using the following ranges: excellent(26—28); good(20-25); fair(15-19);
and poor (<14)(Hooper, Jutai, Strong, & Russell-Minda, 2008).

Additionally, the quality of evidence was determined using the Grading of Recommendations
Assessment, Development and Evaluation system (GRADE)(Balshem et al., 2011). The overall
quality of evidence, categorized as “high,” “moderate,” “low,” or “very low,” was assessed using
five criteria: risk of bias, inconsistency (i.e., unexplained heterogeneity in the direction of effect),
indirectness (i.e., differences between the population, intervention and/or outcomes reported in
included studies and those of interest), imprecision (i.e., wide confidence intervals leading to

uncertainty about the true magnitude of effect), and other (e.g., publication bias).

Assessment of publication bias

We performed Begg and Mazumdar’s test and Eggers’s test of the intercept in order to quantify
the publication bias captured by funnel plots and test its significance (Peters et al., 2010). A
substantial publication bias signifies that the meta-analysis will likely overestimate the ES.

Duval and Tweedie’s trim and fill, which yields an estimate of the effect size after adjusting for
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publication bias, was also used (Duval & Tweedie, 2000). Finally, a fail-safe N, which represents
the number of studies of null effect that would need to be included in the analysis to reduce the
significance of observed effects to p>0.05, was calculated (Rosenberg, 2005). All of these were

conducted only on the primary meta-analysis (i.e., aerobic exercise vs usual care).

Heterogeneity

Heterogeneity among studies was assessed using Cochran’s Q. There was heterogeneity when
p<0.05. Additionally, the Higgins I° test was also assessed (Higgins & Green, 2011; Higgins &
Thompson, 2002), which provides a measure of degree of inconsistency with: 0-40% = minimal
heterogeneity; 30-60% = moderate heterogeneity; 50-90% = substantial heterogeneity; and 75-

100% = considerable heterogeneity.

Data analysis

Data were analyzed using Comprehensive Meta-Analysis software (CMA) and GRADEPro GDT
(Biostat, 2015; Evidence Prime, 2015). Standardized mean differences (SMDs) with 95%
confidence intervals (CI) were calculated for aerobic exercise vs. comparison group, using
depressive symptom scores pre- and post-intervention. If means were not reported (n=2), we
estimated them from a figure shown in the article (Payne, Held, Thorpe, & Shaw, 2008; Segar et
al., 1998). When standard deviations were not reported (n=6)(Blumenthal, Babyak, et al., 2012;
Gongalves et al., 2008; Isaksen, Munk, Giske, & Larsen, 2016; Payne et al., 2008; Segar et al.,
1998; Stern, Gorman, & Kaslow, 1983), we estimated them based on the largest study of the
same NCD which also used the same measure of depressive symptoms. This technique was
previously used by Herring and colleagues (Herring, Puetz, O'Connor, & Dishman, 2012). The
SMDs were categorized as follows: SMDs of 0.2-0.5 = small effect, SMDs of 0.5-0.8 = moderate
effect and SMDs > 0.8 = large effect (Cohen, 1988). We expected a high level of heterogeneity
between studies; therefore, the random effects model, using the DerSimonian and Laird method,
was used. Positive SMDs reflects an advantage of aerobic exercise interventions compared to

usual care.

Subgroup analyses were performed to assess the efficacy of different components of the aerobic

exercise interventions on depressive symptoms. The moderators were chosen in accordance with
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the FITT principle (frequency, intensity, type, time); more specifically, the moderators included
exercise training frequency (2 to 3 times/week vs 4 to 5 times/week), duration of training
sessions (less than 30 minutes vs 30 to 60 minutes vs over 60 minutes), and length of
intervention (less than 12 weeks vs 12 weeks and more). Additionally, type of NCD (cardiac,
lung, cancer, T2D) was also included as a moderator. Finally, we undertook meta-regression

analyses to assess the effects of the aforementioned moderators.

Results

Study selection

The initial search yielded 12,541 studies after duplicates were removed. A total of 32 articles met
all inclusion criteria and were included in the qualitative analysis, 24 of which were included in

the quantitative meta-analysis (figure 1).

Study characteristics

Participant characteristics. Included studies had a total of 4,111 participants (Asbury et al.,
2008; Asbury et al., 2012; Blumenthal, Babyak, et al., 2012; Blumenthal et al., 2005b; Cadmus
et al., 2009; Chen, Tsai, Wu, Lin, & Lin, 2015; Chrysohoou et al., 2014; Courneya et al., 2003;
Courneya et al., 2007; Courneya et al., 2009; Dodd et al., 2010; Ergun, Eyigor, Karaca, Kisim, &
Uslu, 2013; Gary, Dunbar, Higgins, Musselman, & Smith, 2010; Gayle, Spitler, Karper, Jaeger,
& Rice, 1988; Gokal et al., 2015; Gongalves et al., 2008; Giiell et al., 2006; Isaksen et al., 2016;
Kitzman, Brubaker, Morgan, Stewart, & Little, 2010; Koukouvou et al., 2004; Kulcu, Kurtais,
Tur, Giilec, & Seckin, 2007; Lennon, Carey, Gaffney, Stephenson, & Blake, 2008; Mendes,
Gongalves, et al., 2010; Monga et al., 2007; Payne et al., 2008; Roviaro, Holmes, & Holmsten,
1984; Sardar, Boghrabadi, Sohrabi, Aminzadeh, & Jalalian, 2014; Segar et al., 1998; Smith et al.,
2007; Stern et al., 1983; Topcuoglu, Gokkaya, Ucan, & Karakus, 2015; Van Den Berg-Emons,
Balk, Bussmann, & Stam, 2004). Of these, 2,003 participants were in the comparison group
(49%), while 2,108 were in the aerobic exercise group (51%). Patient characteristics and trial
designs are described in table 1. Seven studies assessed the effect of aerobic exercise on
depressive symptoms in women only (Asbury et al., 2008; Cadmus et al., 2009; Courneya et al.,
2007; Dodd et al., 2010; Gokal et al., 2015; Payne et al., 2008; Segar et al., 1998), whereas four
studies included men only (Gtiell et al., 2006; Monga et al., 2007; Roviaro et al., 1984; Sardar et
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al., 2014). Participants’ mean age ranged from 34 to 70 years (mean=56.9; median=58.5) with

sample sizes ranging from 15 to 2,322 participants (41% women).

Intervention characteristics. The intervention length ranged from 4 to 24 weeks (mean=12.7,
median=12). Exercise training frequency varied between 2 and 5 sessions per week (mean=3.1,
median=3), each session lasted between 20 and 80 minutes (mean=42.3, median=32.5), with an
average of 126 minutes of aerobic exercise per week. The average training intensity was
moderate. Twenty studies included aerobic exercise that was supervised and centre-based while
eight trials were conducted at home; the remainder of the trials (n = 3) were initially centre-based
and then patients transitioned to doing home-based exercise. One trial did not provide this
information (Sardar et al., 2014). Follow-ups ranged from none to two years, with only four
studies reporting follow-up results, ranging from 2 to 24 months post intervention (Asbury et al.,
2012; Blumenthal, Babyak, et al., 2012; Isaksen et al., 2016; Roviaro et al., 1984). Finally, only
12 studies (39%) reported whether there was the presence of adverse effects during the
intervention (Asbury et al., 2008; Asbury et al., 2012; Cadmus et al., 2009; Chen et al., 2015;
Courneya et al., 2007; Courneya et al., 2009; Dodd et al., 2010; Ergun et al., 2013; Gary et al.,
2010; Kitzman et al., 2010; Koukouvou et al., 2004; Kulcu et al., 2007). Of those, only one study

reported minor negative adverse effects, such as arm and knee discomfort t(Dodd et al., 2010).

Effects of aerobic exercise intervention

Eight studies did not provide complete raw data of outcome measures (Asbury et al., 2012; Dodd
et al., 2010; Gayle et al., 1988; Lennon et al., 2008; Mendes, Gongalves, et al., 2010; Roviaro et
al., 1984; Smith et al., 2007; Topcuoglu et al., 2015). These authors were contacted by e-mail.
Only two replied, and none were able to provide the necessary additional information to allow
for the calculation of an ES. Therefore, 24 studies were included in the meta-analysis. Of those,
eleven studies included participants with cardiovascular diseases (Asbury et al., 2008;
Blumenthal, Babyak, et al., 2012; Blumenthal et al., 2005a; Chrysohoou et al., 2014; Gary et al.,
2010; Isaksen et al., 2016; Kitzman et al., 2010; Koukouvou et al., 2004; Kulcu et al., 2007;
Stern et al., 1983; Van Den Berg-Emons et al., 2004), ten included participants with
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Figure 2.1. Flow chart of study inclusion

Records identified through
database searching
(n=11 128)

Additional records identified
through other sources

(n=12)

*Reasons for exclusion: not an intervention study (n=3 192), age restriction (n=488), cross-
sectional studies (n=2 226), design and psychometric studies (n=116), exercise other than
aerobic (n=192), gender and sex studies (n=102), language restriction (n=411), animal studies
(n=467), intervention not exercise (n=621), irrelevant study population (n=1 456), prevalence
studies (n=188), studies on QoL (n=255), review papers (n=195), intervention not measuring

Duplicates

A

Records screened

(n=10 094)

(n=1046)

Full-text articles
assessed for eligibility
(n=95)

Records excluded*
(n=9 999)

Studies put forward for
data extraction and
quality extraction

(n=32)

Y

Full-text articles excluded
(n=63)
Reasons: Light intensity (n=4),
no measures of depression (n=5), aerobic +
resistance training (n=22), no control group (n=14),

intervention not AE (n=2), AE < 2x/week (n=4),
resistance training only (n=2), control group offered
exercise (n=1), depression not assessed post
intervention (n=1), no intensity level reported (n=2),
population other than NCD (n=2), number of days of
AE not available (n=2), used same data as other
included article (n=1), multi-component intervention

(n=1)

A

Studies included in
meta-analysis
(n=24)

Y

Studies excluded from analyses
(n=8)
Reason: Missing information to calculate effect size
(n=8)

depression (n=49), no reference group (n=26), intervention less than 4 weeks (n=15)
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Cancer (Cadmus et al., 2009; Chen et al., 2015; Courneya et al., 2003; Courneya et al., 2007;
Courneya et al., 2009; Ergun et al., 2013; Gokal et al., 2015; Monga et al., 2007; Payne et al.,
2008; Segar et al., 1998), two studies included participants with respiratory diseases (Gongalves
et al., 2008; Giiell et al., 2006) and one study included participants with T2D (Sardar et al.,
2014).

Intervention vs usual care. The pooled SMD for all trials was 0.50 (95% Cls, 0.25 to 0.76; figure
2), indicating a statistically significant (p<.001) moderate effect in favor of the intervention, such
that aerobic exercise alleviated depressive symptoms relative to comparison. However, this

association showed substantial heterogeneity (Q23=185.4, p<.001; I’=87.6%).

Subgroup-analyses

Training frequency. A small effect was found for studies that required training two to three times
a week (SMD=0.46; 95%ClIs=0.17-0.76), but heterogeneity was found to be substantial
(Q17=153., p<.001; I’=88.9%). There was a larger effect size for aerobic exercise training four to
five times a week (SMD=0.64; 95%ClIs=0.12-1.16); Qs=17.5, p=.004; I’=71.4%), though, this
was not statistical different from two to three times/week (p=.526). Additionally, exploratory
post hoc analyses were performed to assess a difference in levels of depressive symptoms
between studies who met the physical activity recommendations (i.e., minimum 150 minutes of
aerobic exercise weekly) and those who did not (i.e., less than 150 minutes). There was no
statistical difference (p=.979) between the studies who met recommendations (SMD=0.48;

95%CIs=0.21-0.75) and those who did not (SMD=0.49; 95%ClIs=0.14-0.84).

Duration of training sessions. A small effect was found for studies that prescribed 30 minutes or
less of aerobic exercise (SMD=0.48; 95%CIs=0.09-0.86; Q1,=135.6, p<.001; I>’=91.2%), while a
moderate effect was found for studies with training sessions lasting 31-60 minutes (SMD=0.51;
95%ClIs=0.06-0.62; Q4=13.1, p=.011; I’=69.5%) and 60+ minutes per session (SMD=0.50;
95%ClIs=0.21-0.81; Qs=7.2, p=.207; I>’=30.5%). Meta-regression analysis did not find duration

of training sessions to influence the overall effect size (p=.983).

32



Length of intervention. A moderate effect was found for both interventions that lasted less than
12 weeks (SMD=0.50; 95%ClIs=0.10-0.90; Qs=10.3, p=.068; >’=51.3%) and 12 weeks or longer
(SMD=0.50; 95%CIs=0.20-0.80; Q16=163.8, p<.001; I’=89.8%). Meta-regression analysis
showed no significant effect of length of intervention (p=.956).

Type of NCD. A moderate effect was found in favor of exercise (SMD=0.67; 95%ClIs=0.35-0.99)
in cardiac patients. However, there was substantial heterogeneity (Q10=60.2, p<.001; ’=81.7%).
There was a small intervention effect in cancer studies (SMD=0.22, 95%ClIs=0.07-0.37; Qo=6.4,
p=.603; ’=0.0%). A large, non-statistically significant, effect was found in respiratory diseases
(SMD=0.98; 95%CIs=-0.01-1.96; Q:1=2.9, p=.088; I>’=65.6%). Finally, only one included study
was conducted in patients with T2D, which did not yield significant results (SMD=0.11;
95%ClIs=-0.43-0.65).

Publication bias and quality of assessment

Figure 3 represents a funnel plot of SMDs and standard error for all studies. The Egger
regression (p<.001) suggested high publication bias. Duval and Tweedie’s trim and fill procedure
suggested that four studies were missing on the right of the mean effect, resulting in an imputed
effect size of 0.60 (95%CIs=0.38-0.82). Finally, the fail-safe analyses revealed that 998
intervention studies with null findings would need to have been added to the 24 studies included

in the meta-analysis to render the results non-significant.

The quality assessment scores ranged between 10 and 23 (mean=16.1; median=16: see Table 1).
Overall, the quality of the studies was fair, with 18/24 studies rating 15 and over (75%). Six
studies were rated as poor, mainly due to poor external validity and selection bias. When
excluding poor quality studies, the overall effect size slightly increased (SMD=0.54;
95%ClIs=0.25-0.84; Q17=149.91, p<0.001; I’=88.66%); however, meta-regression analyses
revealed that study quality did not seem to account for significant variations in the overall effect
of aerobic exercise on depressive symptoms (p=.729). Thus, the six studies with poor quality
were not excluded from the analyses. The overall GRADE rating applied to this evidence

indicated low quality. The quality of evidence was downgraded because of inconsistency, which
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Figure 2.2. Forest plot demonstrating the impact of aerobic exercise interventions on depressive
symptoms

Study name Statistics for each study Std diff in means and 95% CI

Std diff Lower  Upper

in means limnit limit p-Value
Courneya et al., 2007 0,011  -0299 0,321 0,946
Courneya et al., 2003 0,053 -0,378 0,484 0,811
Sardar et al., 2014 0,107 -0432 0,646 0,697
Cadmus et al., 2009 0,134 -0,319 0,587 0,562
Gokal et al., 2016 0,170 -0,386 0,725 0,549 —H—
Gary etal., 2010 0,208 -0479 0,895 0,553 ——
Asbury et al., 2008 0211 -0314 0735 0,432 —i—
Ergun etal., 2013 0,264 -0359 0,886 0,408 —+—
Monga et al., 2007 0,281 -0580 1,142 0,522 —_—t
Chen et la., 2015 0,296 -0,070 0,662 0,113 +H—
Stern et al., 1983 0,305 -0171 0,781 0,209 =
Segar etal., 1998 0,321 -0,758 1,401 0,560 L
Kitzman et al., 2010 0,333 -0,209 0,876 0,228 —|—
Gongalves et al., 2008 0,445 -0442 1,333 0,325 L
van den Berg-Emons et al., 2004 0,499 -0,185 1,183 0,153 -+
Courneya et al., 2009 0,504 0,144 0,865 0,006 ——
Isaksen et al., 2016 0,605 -0,153 1,363 0,118 N
Blumenthal et al., 2005 0,658 0,233 1,083 0,002 ——
Kulcu et al., 2007 0,721 0,110 1,331 0,021 —a—
Payne et al., 2008 0,749 -0,158 1,655 0,106 L
Blumenthal et al., 2012 1,250 1,161 1,339 0,000
Chrysohoou et al., 2013 1,308 0,797 1,818 0,000 —‘—
Glell et al., 2006 1,453 0,707 2,198 0,000 —
Koukouvou et al., 2004 1,456 0,572 2,339 0,001 —

0,504 0,245 0,763 0,000 <
-2,50 1,25 0,00 1,25 2,50

Note: Std diff = standardized difference; CI = confidence interval; AE = aerobic exercise; UC =
usual care
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was driven by the fact that the majority of the studies showed high levels of heterogeneity. It was

also downgraded because of publication bias.

Discussion

This first systematic review of aerobic exercise and depressive symptoms in patients living with
major NCDs (i.e., CVD, cancers, respiratory diseases, and T2D) extends previous studies by
identifying that even short bouts of aerobic exercise on a regular basis may alleviate depressive

symptoms and these changes may appear more rapidly than was previously reported.

The current National Institute for Health and Care Excellence (NICE) guidelines on the
treatment of depression in adults living with a chronic illness recommend that patients participate
in an exercise program two-three times a week, for 45-60 minutes per session, for an average of
12 weeks (The National Institute for Health and Care Excellence, 2010). The results of the
current meta-analysis do not support the NICE recommendations. We did not find a specific
number of weekly training days (2-3 times/week versus 4-5 times/week) to be more effective
than another. Similarly, we did not find a specific amount of time per bouts of exercise (30
minutes or less, 31-60 minutes, 60+ minutes) to be better than another. This raises the question
as to how much exercise may be needed to see a significant change in depression levels. It is
possible that practicing short bouts of aerobic exercise on a regular basis may be enough to see a
change. Additionally, the current results do not support the NICE recommendation that
interventions should last at least 12 weeks (The National Institute for Health and Care
Excellence, 2010). The results of our meta-analysis suggest that doing any aerobic exercise is

better than nothing.

Most current national physical activity guidelines recommend at least 150 minutes of moderate
intensity aerobic exercise per week for optimal health in adults (Tremblay et al., 2011; World
Health Organization, 2010). The average weekly amount of aerobic exercise was 126 minutes in
the meta-analysis, below recommendations. Furthermore, post hoc analyses revealed no
statistical difference between the studies who met recommendations and those who did not. This

result is consistent with other studies which find health benefits from exercising below the
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Figure 2.3. Funnel plot of standardized difference in means versus the study standard error
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current recommendations (Warburton & Bredin, 2016, 2017) and extends these to alleviating

depressive symptoms.

It is important to note that most studies in this review did not target depression specifically; the
average baseline scores across all studies fell within the ‘normal’ range on the various depression
assessments. Thus, it is possible that there was a floor effect. Additionally, no included studies
assessed depression using a clinical interview. To our knowledge, only one RCT looked at the
efficacy of aerobic exercise on major depression disorder (MDD) using a valid psychiatric
interview in people with a NCD (Blumenthal, Sherwood, et al., 2012). Among those with a
MDD (47% of the sample), 40% of participants in the aerobic exercise group were remitted at 16
weeks, compared to 10% in the sertraline group and 0% in the placebo pill group (Blumenthal,
Sherwood, et al., 2012). This study was not included in our systematic review since it did not
include a usual care comparison group. The results of the aforementioned studies suggest that
aerobic exercise could be efficacious for treating clinical depression in patients with CHD and
may be superior to antidepressants. However, it is not possible to infer whether this holds true for
other NCDs. Future studies targeting NCD participants with diagnosed clinical depression are

therefore needed.

There was a moderate effect of aerobic exercise on depressive symptoms in cardiac patients.
Additionally, the cardiac studies were of higher quality compared to studies with other types of
NCDs. However, it should also be noted that there were more cardiac studies included in the
meta-analysis (n=11) compared to other NCDs (respiratory, n=2, T2D, n=1). As per previous
systematic reviews of all kinds of exercise (Brown et al., 2012; Craft et al., 2012; Herring et al.,
2012), a small effect of aerobic exercise on depressive symptoms in cancer patients was seen.
There was a moderate, non-significant effect of aerobic exercise on depressive symptoms in
respiratory disease populations. However, only two studies in respiratory disease populations
were included in the meta-analysis and thus, results should be interpreted with caution.
Additionally, two other studies were included in the systematic review, but could not be included
in the meta-analysis since it was not possible to calculate their effect sizes (Gayle et al., 1988;
Mendes, Goncalves, et al., 2010). While only two COPD studies focused on aerobic exercise

alone and qualified for this systematic review, there are several studies showing the beneficial
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effect of multicomponent interventions (e.g., pulmonary rehabilitation, of which the key
component is exercise training) on depressive symptoms in COPD populations (Coventry et al.,
2013). Only one study with a T2D population was included in the current meta-analysis;
therefore, it is not possible to draw any notable conclusions. Sardar and colleagues (2014)
assessed the efficacy of 8-weeks of aerobic exercise on several mental health measures,
including depression, in a cohort of men with type 2 diabetes. The authors did not find an
advantage of aerobic exercise over usual care on depressive symptoms. There is a clear need for
future research in diabetes. These results suggest that aerobic exercise is an efficacious treatment
for depressive symptoms in cardiac populations and it may provide a small but significant
beneficial effect in cancer populations. While encouraging, there is a need for more studies
looking at the effect of aerobic exercise on depressive symptoms in respiratory diseases,

especially in asthma, as well as in T2D.

Quality of evidence

Overall, most studies included in the meta-analysis had a small sample size, with 14 studies
(Ergun et al., 2013; Gary et al., 2010; Gongalves et al., 2008; Gtiell et al., 2006; Isaksen et al.,
2016; Kitzman et al., 2010; Koukouvou et al., 2004; Kulcu et al., 2007; Monga et al., 2007;
Payne et al., 2008; Sardar et al., 2014; Segar et al., 1998; Stern et al., 1983; Van Den Berg-
Emons et al., 2004) not reaching the minimum recommendation of 30 participants per group
(Cohen, 1988). Moreover, there was substantial heterogeneity, which could be explained by
several factors, including variation in intervention length, minutes of training per session, and
types of NCDs. It is also possible that other factors not included in the current systematic review

may explain some of the heterogeneity.

Based on the GRADE system (Balshem et al., 2011), the strength of the evidence was low.
Heterogeneity was high across the results and thus the quality of evidence was downgraded.
Additionally, the funnel plot revealed high risk of bias of publication, which may affect the
overall results. These findings reduce the confidence in our findings, and the estimates should be

interpreted cautiously.
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Strengths and limitations

We note several limitations of this review. First, there was a lack of homogeneity across studies,
with differences on several levels, such as patient populations, length of intervention, and study
quality, which reduces the clinical impact of the current findings. However, this variability does
increase the potential generalizability of the findings. Second, the majority of the studies in the
systematic review (62%) did not provide information regarding adverse events related to the
intervention. Of those who mentioned adverse effects, only one reported minor issues. To be able
to recommend aerobic exercise to help relieve depressive symptoms in patients living with a
NCD, it is important to know whether there are important adverse effects or not. While exercise
is considered safe for people living with a NCD (Carson et al., 2013; Colberg et al., 2010; Lavie
et al., 2001; Schmitz et al., 2010), several factors such as previous activity levels and disease-
specific limitations should be taken in to consideration when recommending an aerobic exercise
regimen. Third, usual care groups may have differed across studies and NCDs. We tried to
reduce the differences by choosing studies that did not encourage their patients to exercise and
were just offered their usual health care. However, given the heterogeneity of the data, it was not
possible to fully standardize the usual care group parameter. The present meta-analysis presented
secondary analysis regarding duration of interventions, length of weekly sessions and duration of
weekly sessions, but due to the limited data it was not able to provide any definitive
recommendation about the optimal exercise prescription. Overall, because of the novelty of the
subject, adopting a broad and inclusive approach in terms of NCDs was deemed more
appropriate than a narrow approach, as it allows maximization of power and subgroup analyses

(Getzsche, 2000).

Conclusion

We conclude that aerobic exercise showed moderate and significant improvements in depressive
symptoms when compared to usual care in people living with NCDs. Overall, our preliminary
results suggest that aerobic exercise may be beneficial, safe, and contribute to the decrease in
depressive symptoms in patients living with NCD, even in those without clinically significant
levels of symptoms. Future studies should test the effect of aerobic exercise on patients with a

clinical diagnosis of depression in populations with an NCD.
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CHAPTER 3

Associations Between Leisure Time Physical Activity And Depressive Symptoms In Patients

With Asthma
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Abstract

Background: Depression is common in asthma patients and can have a negative impact on
asthma outcomes, such as asthma control. Physical activity has been shown to reduce depressive
symptoms and asthma symptoms. However, there is limited data on the association between

physical activity and depression in adults with asthma.

Objective: Assess the cross-sectional relationship between leisure time physical activity and

depressive symptoms in adults with asthma.

Methods: A total of 953 adult patients with objectively confirmed asthma from two asthma
cohorts (PAL: n=640, mean age (SD)=49 (14) years, 60% women; and RESP: n=513, mean age
(SD)=53 (16) years, 64% women) were included. All patients completed the Beck Depression
Inventory (BDI) and a physical activity questionnaire to assess leisure time physical activity

(LTPA), as well as a measure of asthma control (Asthma Control Questionnaire, ACQ).

Results: Engaging in any LTPA was associated with lower levels of depressive symptoms in
adults with asthma (B=—1.272, p = 0.008). Moreover, in patients with high levels of depressive
symptoms, engaging in vigorous LTPA was related to lower levels of depressive symptoms
(f=—0.819, p = .040). These relationships were not statistically significant after adjustment for
inhaled corticosteroid (ICS) dose and asthma control. No other patterns of LTPA were associated

with depression in either study cohorts.

Conclusions: The current study is the first to look at the association between LTPA and
depressive symptoms in adults with asthma. Results indicate that engaging in any LTPA is
associated with lower levels of depressive symptoms and it seems to have a stronger effect in
adults with asthma who have moderate to severe depressive symptoms. The associations were
partially mediated by asthma control. Future studies are needed to better understand the role of

asthma control and ICS in the relationship between physical activity and depression.
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Introduction

Depression, which is currently the leading cause of disability worldwide (World Health
Organization, 2017), has been associated with higher rates of mortality (Cuijpers & Smit, 2002).
Adults with asthma are 1.4 times more likely to suffer from depression compared to the general
population (Alosco et al., 2012), with approximately a third of asthma patients currently
suffering from depression (Ahmedani, Peterson, Wells, & Williams, 2013). Additionally,
depression has been associated with worse asthma control (K. L. Lavoie et al., 2006) and an
increased number of asthma exacerbations (Ahmedani et al., 2013). Given that depression can
greatly impact the wellbeing of adults with asthma, it is important to understand the relationship

between depression, asthma and factors that might influence this relationship.

In patients with asthma, engaging in physical activity has been associated with improved
exercise capacity and quality of life, and reduced asthma symptoms (Eichenberger, Diener,
Kofmehl, & Spengler, 2013; Mancuso et al., 2013). Additionally, engaging in physical activity
has been associated with a lower risk of asthma exacerbation (Garcia-Aymerich, Varraso, Anto,

& Camargo Jr, 2009) and lower health care use (Dogra, Baker, & Ardern, 2009).

Cross-sectional studies have suggested a negative association between physical activity and
depressive symptoms in the general population (De Mello et al., 2013). For example, a Dutch
population study found that participants who engaged in higher levels of physical activity had
lower depressive symptoms than those who didn’t exercise (De Moor, Beem, Stubbe, Boomsma,
& De Geus, 2006). The difference between those who engaged and those who did not engage in
physical activity was consistent across age and sex. Longitudinal studies have shown LTPA to be
negatively associated with depression (Lindwall, Gerber, Jonsdottir, Borjesson, & Ahlborg Jr,
2014; Strohle, 2009). For example, Ku and colleagues found similar findings, reporting that
engaging in physical activity at baseline was associated with a decrease in depressive symptoms
11 years later (Ku, Fox, Chen, & Chou, 2012). Additionally, a recent study investigated the
longitudinal association between physical activity and depressive symptoms in women over a 32-
year period (Gudmundsson et al., 2015). The authors found that a decline in LTPA over time was
associated with higher levels of depressive symptoms. Overall, the relationship between physical

activity and depressive symptoms has been relatively well documented in the general population.
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However, little is known about this relationship in asthmatic populations.

There is some evidence in the literature suggesting a beneficial effect of physical activity on
depression in asthma patients (Gongalves et al., 2008; Mendes et al., 2010; Turner, Eastwood,
Cook, & Jenkins, 2011). For example, Mendes and colleagues (2010) assessed the efficacy of an
aerobic exercise intervention compared to usual care in patients with moderate or severe
persistent asthma. At the end of the three months intervention, only participants in the exercise
group showed a significant reduction in depressive symptoms. While the previous studies were
randomized controlled trials (RCTs) and showed promising results, they were limited by their
small sample sizes (e.g., 20 to 101 participants per study). Results of the RCTs were also not
adjusted for any potential confounders that may affect the association, such as sex. There is still
much that has not been explored regarding the association between LTPA and depressive
symptoms in asthma patients, such as the role of different patterns of exercise, which need to be

addressed.

It has been suggested that the impact of physical activity on depression might be moderated by
levels of intensity and different physical activity patterns. For example, a study investigated the
dose-response relation of aerobic exercise and depression in a population diagnosed with major
depressive disorder (MDD) (Dunn, Trivedi, Kampert, Clark, & Chambliss, 2005). Results
showed that overall and independent of frequency, the public health dose was beneficial for
reducing depressive symptoms, whereas low dose of exercise yielded results similar to the
control group, showing no statistically significant improvement. To our knowledge, the role of
physical activity dose has not been investigated in an asthma population. However, the roles of
intensity and seasonal patterns of LTPA have been investigated in regard to its effects on asthma
control. Bacon and colleagues (Bacon et al., 2015) found that engaging in more vigorous (rather
than moderate or mild) LTPA was linked to better asthma control. Engaging in LTPA during the
winter was also associated with better asthma control compared to engaging in LTPA during the
summer (Bacon et al., 2015). To our knowledge, no studies have assessed how seasonal patterns
and physical activity intensities might affect the relationship between physical activity and
depression among adults with asthma, which could have implications in the development of

physical activity interventions for patients with asthma.
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The purpose of the study was to assess the cross-sectional relationship between physical activity
and depressive symptoms using two cohorts of patients with asthma. It was hypothesized that
there would be an association between physical activity and depressive symptoms, such that
patients who engaged in more physical activity would report less depressive symptoms.
Additionally, exploratory analyses were carried out to look at the relationship between seasonal
patterns (summer/winter) and different levels of physical activity intensity (light, moderate,

vigorous, very vigorous), and depressive symptoms.

Methodology

Participants and procedure

The present study was a sub-analysis of data from two different asthma cohorts: 1) the follow-up
wave of the Psychological Risk Factors for Asthma Longitudinal (PAL) Study and 2) the

baseline assessment of the Registre Epidémiologique en Santé Pulmonaire (RESP) Cohort.

The PAL study is a longitudinal cohort that aimed at understanding the role of psychological
factors in asthma morbidity. A detailed procedure has been described elsewhere (Favreau,
Bacon, Labrecque, & Lavoie, 2014). In brief, patients were recruited between 2003 and 2009
from a tertiary care asthma clinic. Baseline inclusion criteria included having objectively
confirmed, physician diagnosed asthma, being at least 18 years of age, no comorbidity more
important than asthma (e.g., cancer, recent history of stroke) and being fluent in either English of
French. Patients were screened at their outpatient asthma clinic visit to verify their eligibility.
Eligible and consenting patients completed a sociodemographic and medical history interview,
which included the Primary Care Evaluation for Mental Disorders (PRIME-MD) to screen for
mood and anxiety disorders. Following the interview, participants were asked to complete a
battery of questionnaires followed by pulmonary function testing. Participants were contacted on
average 4.5 years later by phone for a follow-up, which was treated as a cross-sectional cohort
and was what was used for this study. This follow-up included re-administering the PRIME-MD
and measuring asthma control (verbal administration of the Asthma Control Questionnaire
[ACQ)]) and levels of physical activity in the past 12 months (verbal administration of the 12-

month Physical Activity Recall Interview (Pelaez, Lavoie, Gordon, Arsenault, & Bacon, 2010)
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by a trained research assistant. In addition, patients were asked to complete a battery of asthma
and psychological questionnaires including the Beck Depression Inventory [BDI], which were
sent by mail. Prepaid stamped envelopes were included to facilitate the return of the

questionnaire.

The RESP Study is a consecutive cohort of patients with asthma and chronic obstructive
pulmonary disease (COPD) recruited from a tertiary care outpatient clinic in Montreal (Canada).
Patients included in the current analyses were recruited between 2010 and 2014. Similar to PAL,
patients were included in the asthma arm of RESP if they had objectively confirmed, physician
diagnosed asthma, were at least 18 years of age, showed no comorbidity more important than
asthma (e.g., cancer, recent history of stroke) and were fluent in either English of French.
Eligible and consenting patients completed a sociodemographic and medical history interview,
which included the PRIME-MD. Following the interview, participants were asked to complete a
battery of questionnaires similar to PAL (including the ACQ and BDI-II), followed by
pulmonary function testing. In RESP, physical activity was measured using the Godin-Shephard
Leisure-Time Physical Activity Questionnaire (Godin & Shephard, 1985) which assesses PA

levels in the past week. Unlike PAL, participants were only assessed at one time-point (baseline).

All clinical information (including medication status and dosage) for both studies was self-
reported and verified by chart medical review. Both projects were approved by the Human Ethics
Committee of Centre intégré universitaire de santé et de services sociaux du Nord-de-1"{le-de-

Montréal (CIUSSS-NIM) and written informed consent was obtained from all participants.

Assessments

Depression. The BDI-II (Beck, 1996) is a 21-item questionnaire measuring the intensity of
depressive symptoms over the past two weeks. The BDI-II comprises 21 items, ranging from 0
(absence of symptoms) to 3 (most severe symptoms). A cutoff score of 12 has been established
as the optimal cut point to suggest the presence of major depressive disorder in patients with
asthma (Plourde, Moullec, Bacon, Suarthana, & Lavoie, 2016). Internal consistency has been
shown to be around 0.9 and retest reliability ranges from 0.73 to 0.96 (Wang, Booth-LaForce,

Tang, Wu, & Chen, 2013). The French version also shows good internal consistency (Cronbach
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o = 0.88) and satisfactory test-retest reliability (r = 0.82) (Vézina, Landreville, Bourque, &
Blanchard, 2010).

In order to assess clinical levels of depression, participants underwent a brief, structured
psychiatric interview using the Primary Care Evaluation of Mental Disorders (PRIME-MD)
(Spitzer et al., 1994). The PRIME-MD was designed to detect the most common psychiatric
disorders present in primary care settings and is based on the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (American Psychiatric Association, 2000). The PRIME-MD
has been validated and has been shown to be of comparable sensitivity (83%), specificity (88%),
and reliability (oo = 0.71) as longer structured interviews such as the Structured Clinical
Interview for DSM Disorders (Spitzer et al., 1994). It takes between 10 and 15 minutes to
administer and score and consists of a structured interview that is used to follow-up patient
responses. The PRIME-MD has been used previously in studies assessing psychiatric disorders

in patients with chronic diseases (Gudmundsson et al., 2015; Lindwall et al., 2014).

Leisure time physical activity. At the follow-up, PAL participants were asked to complete the 12-
month physical activity recall interview (12M-PAR), which assesses the average amount of
leisure time physical activity (LTPA) that individuals perform over the course of a year (Bacon
et al., 2015; Pelaez et al., 2010). This self-report scale includes activities at three intensity levels:
moderate (e.g., brisk walking), vigorous (e.g., dancing) and very vigorous (e.g., swimming), and
generates estimates of energy expenditure (metabolic equivalent (MET)-hrs/week). For this
study, the questionnaire was adapted to ask about the summer (May—October) and winter
(November—April) months separately, due to the extreme difference in temperature and weather

conditions in Montreal.

LTPA was measured at baseline in the RESP cohort using the Godin-Shephard Leisure-Time
Physical Activity Questionnaire (GSLTPAQ). The GSLTPAQ consists of three items assessing
the frequency of mild, moderate, and vigorous bouts of exercise of at least 15 minutes in duration
for a typical week. The GSLTPAQ has been successfully used in different types of non-
communicable chronic diseases, such as cancer, diabetes and COPD (Amireault & Godin, 2015;

Franke et al., 2016; Thiel, Al Sayah, Vallance, Johnson, & Johnson, 2017).
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Of note, both questionnaires generate a MET-hr/week score as the measure of LTPA, and a
MET-hrs/week of 10 approximates to current guidelines for optimal activity levels of 30 min of

at least moderate activity on most (i.e., five) days of the week (Pelaez et al., 2010).

Asthma control. The Asthma control questionnaire (ACQ-6) (Juniper, O'Byrne, Guyatt, Ferrie, &
King, 1999) is a self-report questionnaire which assesses levels of asthma control in the last
week according to standard criteria specified by international guidelines (Global Initiative for
Asthma, 2017). Participants were asked to recall their symptoms (shortness of breath, wheezing,
waking dyspnea, and nocturnal dyspnea), and activity limitations using six items rated on a 6-
point scale (O = no impairment, 6 = maximum impairment), which yields a mean score out of 6
(i.e. higher scores indicate worse asthma control). The ACQ-6 has been shown to be valid and
reliable (Schuler, Faller, Wittmann, & Schultz, 2016) and has been used previously in other
studies (Bacon et al., 2015; Meltzer et al., 2010). Scores of >0.8 indicate poor asthma control
(Austin et al., 2014; Favreau et al., 2014) and a change of score of > 0.5 has been identified as
clinically significant (Juniper, Stahl, Mork, & Svensson, 2004). The ACQ has been validated in
French (Juniper, 2005).

Other measures. Patient characteristics, such as sex, age, height and weight, which were used to
calculate body mass index (BMI), were self-reported. Additionally, dosage of asthma-sepcific
medications (e.g., inhaled corticosteroid (ICS) dose) were self-reported and then verified by

medical chart review.

Statistical analysis

All analyses were performed using SAS 9.4 (SAS Institute, Cary, North Carolina, USA). Missing
data were imputed using PROC MI (SAS) and 20 independent data sets were generated.
Variables that were imputed are indicated in table 3.1. For the main analyses, PROC

MIANALYZE was used in order to generate estimations for model coefficients (Rubin, 2004).

For the reporting of demographics, group differences in continuous variables were tested using t-

tests, while group differences in categorical variables were examined using Pearson's chi-squared
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test using non-imputed variables. General linear models (GLM) were used to assess the
association between LTPA (continuous variable) and depressive symptoms (continuous
variable). A recent meta-analysis (Béland et al., 2019) suggested that being physically active,
regardless of the frequency and duration, was more efficacious in reducing levels of depressive
symptoms than being completely physically inactive. As such, GLMs were also assessed using

LTPA as a dichotomous predictor (O=no LTPA and 1=any LTPA).

In addition, a series of exploratory analyses were performed. The different predictors included
optimal LTPA (0 < less than 10 MET-hrs/week and 1 = 10 MET-hrs/week and more), seasonal
patterns (winter and summer LTPA; in PAL only), and different exercise intensities (light,

moderate, vigorous, and very vigorous).

All initial models were adjusted for age, sex, and BMI, which were determined a priori (Lavoie
et al., 2005; Strine, Mokdad, Balluz, Berry, et al., 2008). A second set of analyses were
conducted adjusting for asthma characteristics (ICS dose and ACQ) which differed between
those who engaged in any LTPA compared to those who did not (see Appendix F). Finally, for
analyses where both cohorts were merged, we included a dummy variable for cohort (0 = RESP,
1 =PAL). All GLMs were performed using imputed data. All tests were two-sided and
significance was set at p < 0.05. Effect sizes (omega-squared) were also calculated

and values of 0.01, 0.06, and 0.14 represent small, medium, and large effects, respectively

(Cohen, 1988).

Finally, to assess the potential mechanistic role of asthma control and ICS on the LTPA-
depressive symptoms relationship, a series of moderation and mediation models were conducted,
using Hayes’” PROCESS (Field, 2013). Moderation analyses were conducted to analyze the
potential interaction effects of LTPA and ICS on depressive symptoms; this approach was
chosen based on previous findings suggesting a dose-response effect of ICS on depressive
symptoms (Brown & Suppes, 1998; Warrington & Bostwick, 2006). Mediation analyses were
used to examine if, and to what extent, asthma control mediated the direct effect of LTPA on
depressive symptoms; this approach was chosen based on the literature, which suggest that

engaging in LTPA is associated with better asthma control (Bacon et al., 2015), while better
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asthma control is associated with lower levels of depressive symptoms (Ahmedani et al., 2013;
Lavoie et al., 2005). The data was resampled with replacement using bootstrapping 1 000 times
to test the indirect effect with a 95% confidence interval. The indirect effects were tested for

statistical significance at p < .05.

Results

Sample characteristics

Demographics and study variables are presented in table 3.1. The PAL cohort included 640
participants, whom were primarily women (60%), and had a mean (SD) age of 49.0 (14.1). The
RESP cohort included 513 participants (64% women) with a mean (SD) age of 52.7 (16.0).
Patients in RESP were older and had a higher BMI compared to patients in PAL. With regards to

asthma, patients in RESP tended to have worse asthma control and take more ICS.

Physical activity. The proportion of patients doing any physical activity did not differ between
the two cohorts, with 62% of both cohorts engaging in any physical activity. However, PAL
participants had a higher average LTPA score (4.77 vs 3.41 METhrs/wk, p < .001). When only
moderate and vigorous physical activity levels were analyzed, a significant difference between
the two cohorts was observed, with PAL patients more likely to engage in any moderate or
vigorous physical activity than RESP patients (57% vs 38%, p < .001), even though they both
had a similar mean moderate or vigorous activity level (6.87 vs 6.45 METhrs/wk, p = 519).

Depression. Participants from PAL showed significantly higher average BDI scores compared to
participants from RESP (8.3 vs 6.8, p < .001), as well as a higher prevalence of PRIME-MD
depression (20% vs 8%, p < .001).

Group differences for demographic and study characteristics, as a function of LTPA engagement
are provided in Appendix F. In both cohorts, patients engaging in any LTPA had lower BMIs,
smoked less, better asthma control, and less depressive symptoms than patients not engaging in
any LTPA. Additionally, in PAL, patients engaging in any LTPA had lower prescribed doses of
ICS compared to patients not engaging in LTPA, while patients in RESP engaging in any LTPA

were younger and were less likely to have a mood disorder (based on the PRIME-MD).
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Associations between LTPA and depression

Continuous LTPA. As seen in table 3.2, there were no associations between continuous measures

of LTPA and BDI in neither RESP nor PAL. However, there was a trend showing a negative

association between LTPA and depressive symptoms in the unadjusted model in RESP

(f=—0.139, p = 090). When different levels and seasonal patterns of LTPA were assessed in

PAL, we did not find any statistical associations.

Table 3.1. Baseline characteristics of PAL (N = 640) and BD-ASTHMA (N = 513) study

participants.
PAL study (N = 640) RESP study (N = 513) p value
Means (SD) or % (n) Means (SD) or % (n)
Demographics
Age (yrs) 49.01 (14.12) 52.73 (16.01) <.001
Sex (% women) 60 (384) 64 (328) 255
Ethnicity (% White) 93 (595) 94 (482) .340
BMI (kg/m2) 27.82 (6.13) 30.54 (7.25) <.001
Smoking (% yes) 8(51) 10(51) 164
Asthma characteristics
ACQ 0.99 (1.02) 1.41(1.14) <.001
ICS (mcg fluticasone equiv.) 603.4 (504.32) 794.1 (584.2) <.001
Physical activity characteristics
Level of PA (MET-hours/week) 4.77 (7.78) 3.41(4.17) <.001
Range: 0-48 Range: 0-32
Median: 1.35 Median: 2.25
Interquartile: 6.29 Interquartile: 5.25
Level of PA (MET-hours/week; only 6.87(8.49) 6.45 (4.12) 519
mod/vigorous) Range: 0-45 Range: 1.5-26.25
Median: 3.08 Median: 4.5
Interquartile: 8.62 Interquartile: 6
Does any PA (% yes) 62 (397) 62 (318) .924
Does any PA (% yes; mod/vigorous only) 57 (365) 38 (195) <.001
Does Optimal PA (% yes) 17 (109) 8 (41) <.001
Psychological characteristics
BDI 8.3(8.41) 6.77 (6.76) .026
Range: 0-52.5 Range: 0-52
Median: 6.3 Median: 5
Interquartile: 9.45 Interquartile: 8
Mood Disorder (% yes) 20 8 <.001
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Additional analyses were conducted in participants with a BDI = 12 (table 3.3). Results showed a
trend for negative associations between LTPA and depressive symptoms in the unadjusted model
in RESP (=-0.356, p = 066) and in the model adjusted for patient characteristics (Model 2;
age, sex, BMI) (=-0.364, p = .090).

Dichotomous LTPA. In RESP, the nature of the relationship between any LTPA or not
(dichotomous) and BDI was in accordance with the hypothesis, that is, engaging in any LTPA
was associated with lower levels of depressive symptoms (8=—1.803, p = .003) (see table 3.4).
The magnitude of the effect size was small. When adjusting for patient characteristics (Model 2;
age, sex, BMI), the associations remained significant; however, it was no longer statistically
significant after adjusting for asthma characteristics (Model 3; patient characteristics, ICS,
ACQ), though there was still a trend (f=—1.116, p = .066). There was a trend in the PAL cohort
in which engaging in any LTPA was associated with lower depressive symptoms (f=—1.217, p =
081). However, the association was non-significant after adjusting for covariates. When
considering only moderate and vigorous intensity activities, there was a statistically significant
negative association between LTPA (any or none) and depressive symptoms in both in the
unadjusted model (8=—1.470, p = .027) and the model adjusted for patient characteristics
(B=—1.368, p = .046) in RESP; the magnitude of these effect sizes were small. The association
was no longer significant after adjusting for asthma characteristics. In PAL, engaging in any

LTPA at the moderate or vigorous levels was not associated with BDI.

We did not find that engaging in optimal levels of physical activity (yes/no; 10 MET-hrs/week)
was associated with depression in neither PAL (5=—0.679, p = 443) nor RESP (=-0.756, p =
.532). Moreover, an unadjusted model revealed a trend that practicing any vigorous LTPA
(dichotomous) was negatively associated with depressive symptoms (f=—1.523) in the RESP
cohort, such that engaging in any vigorous LTPA was associated with a 1.5 point reduction in
BDI score. Exploratory analyses revealed an association between engaging in any LTPA during
summer and lower depressive symptoms, both in the unadjusted model (f=—1.346, p = .049) and

in the model adjusted for patient characteristics (5=—1.337, p = .050).
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Table 3.2. GLM models of continuous LTPA, LTPA intensity, and season on depressive

symptoms.
Model 1 Model 2 Model 3
B (SE) p ES B (SE) pvalue ES B (SE) p ES
value value
RESP
LTPA (all intensities) -0.139 (0.396) .090 .001- -0.119(0.083) .152 .001- -0.056 (0.081) .489 .001-
.014 .014 .003
LTPA (only moderate  -0.135(0.084) .109 .002- -0.106 (0.086) .216 .001- -0.035(0.085) .676 .001-
and vigorous) .014 .011 .011
Intensity
Low -0.088 (0.132) .504 .001- -0.086 (0.134)  .525 .001- -0.093 (0.131) .481 .000-
.002 .002 .003
Moderate -0.126 (0.192) .512 .000- -0.105(0.191) .584 .000- -0.058 (0.188)  .757 .000-
.002 .001 .001
Vigorous -0.321 (0.226) .157 .000- -0.278 (0.240) .248 .000- -0.070 (0.238) .768 .002-
.017 .017 .009
PAL
LTPA (all intensities) -0.026 (0.395) .550 .000- -0.031 (0.043) 475 .000 0.003 (0.042) .941 .000
.001
LTPA (only moderate -0.022 (0.047) .645 .000 -0.024 (0.046) .601 .000 -0.002 (0.044) .967 .000
and vigorous)
Intensity
Moderate -0.035(0.110) .751 .000 0.003 (0.108) .977 .000 0.028 (0.104) .790 .000
Vigorous -0.394 (0.371) .289 .000- -0.427 (0.376) .256 .000- -0.338 (0.362) .351 .000-
.003 .004 .004
Very vigorous -0.027 (0.048) .568 .000 -0.026 (0.047) .578 .000 -0.007 (0.045) .880 .000
Season
Summer -0.030 (0.076) .690 .000 -0.011 (0.075) .882 .000 0.026 (0.073) .725 .000
Winter -0.071 (0.092) .440 .000- -0.077 (0.091)  .398 .000- -0.019 (0.088)  .828 .000-
.001 .001 .001

Note. Model 1 = general linear model (GLM) of main effects without covariates; Model 2 = GLM of main effects with covariates

(age, sex, and BMI); Model 3 = GLM of main effects with covariates (age, sex, BMI, dose of inhaled corticosteroids, and ACQ

score). ES = Effect size.
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Table 3.3. GLM models of continuous LTPA, LTPA intensity, and season on depressive

symptoms in patients with a BDI > 12.

Model 1 Model 2 Model 3
B (SE) p ES B (SE) p ES B (SE) p ES
value value value
RESP
LTPA (all intensities) -0.356 (0.192) .066 .005- -0.364 (0.213) .090 .014 -0.287 (0.261)  .187 .003
.095 .095 .095
LTPA (only moderate -0.292 (0.186) .118 .003- -0.310(0.209) .140 .003- -0.236 (.0213)  .268 .006-
and vigorous) .057 .057 .057
Intensity
Low -0.341(0.274) 213 .000- -0.317(0.288) .271 .000- -0.242 (0.289)  .402 .000-
.030 .028 .025
Moderate -0.476 (0.421)  .259 .000- -0.458 (0.427) 283 .000- -0.366 (0.432) .397 .000-
.027 .025 .025
Vigorous -0.596 (0.536) .267 .000- -0.675(0.637) .291 .000- -0.462 (0.635) .467 .000-
.029 .029 .029
PAL
LTPA (all intensities)  0.050 (0.079)  .525 .000 0.042 (0.788)  .597 .000 0.053 (0.078)  .497 .000
LTPA (only 0.026 (0.086) .761 .000 0.010 (0.086) .912 .000 0.025 (0.085) .771 .000
moderate and
vigorous)
Intensity
Moderate 0.129 (0.193)  .506 .000 0.180 (0.194) .353 .000 0.234 (0.191) .221 .000
Vigorous -0.634 (0.618)  .305 .000- -0.763 (0.629)  .225 .000- -0.653 (0.617) .290 .000-
.007 .007 .007
Very vigorous 0.035(0.093) .710 .000 0.004 (0.093)  .966 .000 -0.002 (0.092) .980 .000
Season
Summer 0.128 (0.133)  .337 .000- 0.120 (0.133)  .365 .000- 0.141 (0.132)  .286 .000-
.002 .002 .003
Winter 0.046 (0.174)  .781 .000 -0.002 (0.176)  .993 .000 0.021 (0.175)  .905 .000

Note. Model 1 = general linear model (GLM) of main effects without covariates; Model 2 = GLM of main effects with covariates

(age, sex, and BMI); Model 3 = GLM of main effects with covariates (age, sex, BMI, dose of inhaled corticosteroids, and ACQ

score).
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Table 3.4. GLM models of dichotomous LTPA (y/n) and LTPA intensity on depressive

symptoms.
Model 1 Model 2 Model 3
B (SE) p ES B (SE) p ES B (SE) p ES
valu value value
e
RESP
LTPA (y/n) -1.803 (0.601) .003 .010- -1.671 (0.612) .006 .008- -1.116 (0.608) .066 .005-
025 025 .023
LTPA (y/n: moderate -1.470 (0.660) .027 .007- -1.368 (0.682) .046 .007- -0.643 (0.674) 341 .001-
and vigorous only) 027 022 .028
Optimal LTPA (y/n) -0.756 (1.207)  .532  .000- -0.517 (1.232) .675 .000- 0.068 (1.211) 956 .000-
.002 .002 .003
Intensity
Low (y/n) -0.376 (0.676) .578  .000- -0.366 (0.684)  .593 .000- -0.443 (0.667) .506 .000-
.001 .002 .002
Moderate (y/n) -1.032 (0.730) .157  .000- -0.941 (0.727)  .196 .000- -0.564 (0.712) 431 .000-
.010 .008 .006
Vigorous (y/n) -1.523 (0.836) .071 .001- -1.467 (0.903) .106 .001- -0.676 (0.886) 446 .001-
.030 .031 .031
PAL
LTPA (y/n) -1.217 (0.696) .081 .002- -1.196 (0.691) .084 .002- -0.705 (0.667) 291 .002-
.006 .007 .007
LTPA y/n: moderate -0.588 (0.675) .384  .000- -0.816 (0.678) .229 .000- -0.406 (0.653) 534 .000-
and vigorous only) .003 .003 .003
Optimal LTPA (y/n) -0.679 (0.886) .443  .000 -0.509 (0.874)  .560 .000 -0.113 (0.843) .893 .000
Intensity
Moderate (y/n) -0.588 (0.675) .384  .000- -0.635 (0.671)  .345 .000- -0.132 (0.646) .838 .000-
.002 .002 .002
Vigorous (y/n) -0.446 (1.155) .700  .000 -0.561 (1.167)  .631 .000 0.033 (1.121) 976 .000
Very vigorous (y/n) -0.874 (0.758) .249  .000- -0.970 (0.761)  .203 .000- -0.676 (0.734) 357 .000-
.002 .002 .003
Season
Summer (y/n) -1.346 (0.466) .049 .003- -1.337 (0.682) .050 .003- -1.005 (0.655) 125 .001-
.008 .008 .009
Winter (y/n) -0.601 (0.698) .390 .000- -0.718 (0.698)  .304 .000- -0.274 (0.672) .684 .000-
.001 .001 .002

Note. Model 1 = general linear model (GLM) of main effects without covariates; Model 2 = GLM of main effects with covariates

(age, sex, and BMI); Model 3 = GLM of main effects with covariates (age, sex, BMI, dose of inhaled corticosteroids, and ACQ

score).
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Table 3.5. GLM models of dichotomous LTPA (y/n) and LTPA intensity on depressive

symptoms in patients with BDI > 12.

Model 1 Model 2 Model 3
B (SE) p ES B (SE) p ES B (SE) p ES
value value value
RESP
LTPA (y/n) -2.889 (1.147) .012 035 -2.897 (1.224) .018 .035- -2.283 (1.326) .085 .021
097 097 .100
LTPA (y/n: moderate  -2.408 (1.266) .058 .009- -2.513(1.382) .070 .009- -1.920 (1.452) .187 .011-
and vigorous only) .055 .055 .064
Optimal LTPA (y/n) -1.928 (3.271) .556 .000- -1.715(3.373)  .611 .000- -1.160 (3.495) .740 .000-
.010 .010 .010
Intensity
Low (y/m) -1.434 (1.331) .282 .000- -1.292 (1.377) .348 .000- -0.946 (1.386) .495 .000-
.016 .024 .016
Moderate (y/n) -1.843 (1.570) .241 .000- -1.723 (1.585) .277 .000- -1.321(1.593) .407 .000-
.030 .030 .026
Vigorous (y/n) -2.107 (1.592) .186 .000- -2.383(1.858) .200 .000- -1.728 (1.883)  .359 .000-
.036 .036 .039
PAL
LTPA (y/n) -1.294 (1.204) .282 .000- -1.180 (1.212)  .330 .000- -0.614 (1.222) .614 .000-
.004 .004 .004
LTPA (y/n: -1.000 (1.195) .403 .000- -1.001 (1.207)  .407 .000- -0.372 (1.218) .760 .000-
moderate and .002 .002 .002
vigorous only)
Optimal LTPA 0.595 (1.595) .709 .000 0.344 (1.597)  .830 .000 0.561 (1.585) .724 .000
(y/m)
Intensity
Moderate (y/n) -0.981 (1.194) 411 .000- -0.864 (1.217) 478 .000- -0.135(1.235) 913 .000-
.002 .002 .002
Vigorous (y/n) -2.055(2.000) .304 .000- -2.532(2.033) 213 .000- -1.933 (2.021) .339 .000-
.006 .006 .006
Very vigorous (y/n) -0.162 (1.351) .905 .000 -0.233(1.347) .863 .000 -0.467 (1.343) .728 .000
Season
Summer (y/n) 0.690 (1.234) .576 .000- 0.847 (1.247)  .497 .000- 1.071 (1.229)  .383 .000-
.002 .002 .002
Winter (y/n) -0.080 (1.240)  .949 .000 -0.026 (1.248) .984 .000 0.133(1.229) 914 .000

Note. Model 1 = general linear model (GLM) of main effects without covariates; Model 2 = GLM of main effects with covariates
(age, sex, and BMI); Model 3 = GLM of main effects with covariates (age, sex, BMI, dose of inhaled corticosteroids, and ACQ

score).
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Finally, additional analysis conducted in participants who had a BDI =12 (table 3.5) revealed a
significant negative association in RESP between LTPA and depressive symptoms (yes/no) in
unadjusted model (8=-2.889, p = .012) as well as in the model adjusted for patient
characteristics (8=—2.897, p = .018); both associations showed small to moderate effect sizes.
Additional adjustment for asthma-related variables showed a trend, but was not statistically

significant ($=—2.283, p = .085). There were no significant associations in PAL.

Merged cohorts. Given that both cohorts were recruited from the same hospital and measures
were similar, RESP and PAL cohorts were merged together in order to run an additional series of
analyses (see Appendice G). GLMs revealed a negative association between practicing any
LTPA and depressive symptoms in an unadjusted model (f=—1.407, p = 0.003) and in models
adjusted for age, sex, BMI, and cohort (5=—1.237); however, the model did not reach statistical
significance when additionally adjusted for asthma control and ICS dose (8=—0.673). In patients
with high depressive symptomatology (BDI>12), the association between any LTPA and
depressive symptoms was significant in both the unadjusted model (8=—1.633, p = 0.054) and in
the model adjusted for patient characteristics (8=—1.786, p = 0.042). The magnitude of effect
size was small. Additionally, practicing any vigorous LTPA was also associated with depressive
symptoms when the model was adjusted for patient characteristics (5=—2.981, p = .034),

resulting in a reduction in BDI score by 3 points.

Mediation

The mediation analyses revealed a significant, indirect effect of LTPA on depressive symptoms
in RESP (Figure 3.1). Engaging in LTPA resulted, through asthma control, in a decrease in
depressive symptoms by 2.05 units (R> =0.03, p < .001). Indirect effect of moderate/vigorous
LTPA (RESP) and summer LTPA (PAL) on depressive symptoms were also significant (LTPA
mod/vig, R? =0.13, p = .002; summer LTPA, R?=0.10, p < .001; see figures 3.2-3.3).

Moderation

There were no interaction effects between change in LTPA and change in ICS dose on decline in
depressive symptoms in either RESP (LTAP y/n, b=0.00, t[235]=-0.24, p=.811; LTPA mod/vig,
b=0.00, t[235]=-0.41, p=.683) or PAL (summer LTPA, b=0.00, t[455]=0.307, p=.759).
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Figure 3.1 Mediation of asthma control on LTPA toward depressive symptoms

b=-0.39, p <.001 Asthma control b=2.05, p<.001

Depressive
symptoms

LTPA (y/n) >

Direct effect, b=-1.81, p =.010
Indirect effect, b =-0.80, 95% CI [-1.52,-0.31]

Figure 3.2 Mediation of asthma control on moderate/vigorous LTPA toward depressive symptoms

b=-0.38, p=.002 Asthma control b=4.47, p<.001

LTPA - Depressive
Moderate and > symptoms
vigorous only

(y/n) Direct effect, b=-1.64, p =.028

Indirect effect, b =-0.79, 95% CI [-1.41,-0.31]

Figure 3.3 Mediation of asthma control on summer LTPA toward depressive symptoms

b=-0.23, p=.010 Asthma control b=2.45 p<.001

LTPA in the Depressive
summer (y/n) symptoms

v

Direct effect, b=1.12, p =.101
Indirect effect, b =-0.55, 95% CI [-1.09,-0.12]
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Discussion

The current study assessed the cross-sectional relationship between LTPA and depressive
symptoms in two cohorts of adult patients with asthma. Results showed that although patients
engaging in any LTPA showed lower levels of depressive symptoms, the effect was lost once we
adjusted for asthma control and prescribed ICS dose. The association was generally stronger in
participants with higher levels of depressive symptoms. Further analyses revealed that vigorous
LTPA was the only individual intensity which had any associations with lower depressive
symptoms (and specifically in the combined cohort dataset). In contrast to engaging in any
LTPA, we did not find that engaging in optimal levels of LTPA (i.e., 10 MET-hrs/week) was
associated with depressive symptoms. Taken together, these results suggest that practicing any
LTPA may be associated with lower levels of depressive symptoms, although asthma control and

ICS dose may play a role in the relationship. These associations were small to moderate in effect.

Our findings are generally in line with previous studies showing a negative association between
physical activity and depressive symptoms in patients with non-communicable chronic diseases,
such as chronic obstructive pulmonary disease (COPD) (Loprinzi, Kane, & Walker, 2013).
Loprinzi and colleagues (2013) reported an association between optimal levels of physical
activity and depressive symptoms. The authors found that participants who reported meeting
guideline levels of physical activity were 59% less likely to suffer from high levels of depressive
symptoms than those who did not meet the guidelines. In our study, t-tests revealed significant
differences in BDI scores between those who engaged in optimal levels of LTPA compared to
those who did not in RESP (not optimal=6.86, optimal=4.38; p=0.026); however, these
differences were no longer significant in the main analyses. The Loprinzi study (2013) reported
that 45% of their sample met the PA guidelines, while in our study, only 17% in PAL and 8% in
RESP met the guidelines. It is possible that the low numbers in our study may have decreased
sensitivity of our analyses. However, such suppositions need to be formally tested. Overall,
while the Loprinzi study provided valuable information regarding the association between
physical activity and depressive symptoms in a respiratory disease population, to our knowledge,
our study is the first to report the cross-sectional relationship between LTPA and depressive

symptoms specifically in adults with asthma.
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While there was a significant association between engaging in any LTPA and depressive
symptoms in the RESP cohort when taking age, sex and BMI into account, the association lost
significance when asthma control and ICS prescription were added as covariates. In the last five
decades, studies have shown an association between ICS and depressive symptoms (Bonala et
al., 2003; Naber, Sand, & Heigl, 1996; Smyllie & Connolly, 1968; Vanelle, Aubin, & Michel,
1990; Wada, Yamada, Suzuki, Lee, & Kuroda, 2000). Indeed, there has been numerous studies
suggesting a dose-response effect of ICS on depressive symptoms, with long-term ICS therapy
associated with more chances of developing depressive symptoms (Brown & Suppes, 1998;
Warrington & Bostwick, 2006). It has been suggested that long-term exposure to corticosteroids
may exert its effect through modification in hypothalamus-pituitary-adrenal (HPA) functioning
including glucocorticoid resistance and reductions in serotonin levels (Pretorius, 2004).
Glucocorticoid is a class of corticosteroids that contributes to the reduction of inflammation,
which is associated with both depression and asthma (Rhen & Cidlowski, 2005). Thus, it is
possible that some asthma patients who are prescribed larger amounts of ICS may become
glucocorticoid resistant over time and may experience a reduction in serotonin levels, which may
facilitate the apparition of depressive symptoms. However, it should be noted that in the current
study, it was not possible to assess participants’ adherence to medication, and thus it is not
possible to know if the total ICS dose prescribed was actually taken. Similarly, poor asthma
control has been associated with different psychological disorders including panic attacks,
anxiety, and depression (Di Marco et al., 2014; Lavoie et al., 2006; Merghani & Alawad, 2017,
Strine et al., 2008). A recent study assessed the long-term predictors of anxiety and depression in
asthma patients found that asthma control and lung function were predictors of persistent
depression over time (Labor et al., 2017). Poor asthma control may be conceptualized as an
important stressor, which may negatively impact asthma symptoms and result in increased

symptoms of depression (Merghani & Alawad, 2017).

Mediation analyses revealed that the effect of engaging in any LTPA on depressive symptoms
was mediated by asthma control. As mentioned previously, exercise has been shown to improve
asthma control (Toennesen et al., 2018; Wanrooij et al., 2014), while improved asthma control

has been associated with lower levels of depression (Merghani & Alawad, 2017). Our results are
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in line with the literature and add to it by suggesting that asthma control mediates the association
between exercise and depressive symptoms. Another possible explanation may be the fact that
asthma patients with worse asthma control are at greater risk of having an exacerbation and may
avoid situations and activities, such as exercise, which could trigger an exacerbation (American
Academy of Allergy, 2017; Disabella, Sherman, & DiNubile, 1998). Exercise-induced
bronchoconstriction (EIB) may occur when an individual experiences asthma symptoms while
exercising, such as wheezing and shortness of breath, and is often considered to be an important
reason for restricting or avoiding sports and activity (American Academy of Allergy, 2017). The
fear of exacerbation, real or perceived, may result in a decrease in physical conditioning that, in
turn, can increase the risk of exacerbation and so on. It is possible that participants who did not
engage in any LTPA limited their physical activity because of poor asthma control for the
reasons above, which in turn lead to depressive symptoms. Due to the cross-sectional nature of
this study, it is also possible that people with high levels of depressive symptoms due to their
worse asthma control, which in turn may lead them to limit or avoid engaging in any LTPA in
order to avoid exacerbations. This association warrants further investigation. Overall, our study
is the first to suggest that asthma control play a role in the relationship between physical activity

and depression.

Seasonal variations in LTPA were assessed in regard to depressive symptoms in the PAL cohort.
Engaging in any LTPA during summer was associated with lower levels of depressive
symptoms, while engaging in any LPTA during winter was not. To our knowledge, no other
studies have assessed this relationship. A higher proportion of the participants engaged in LTPA
during summer (47%) compared to winter (37%). Studies looking at seasonal effects on physical
activity have found that levels of physical activity were at the highest in spring and summer and
tended to decrease during winter (Tucker & Gilliland, 2007). This could be partially attributed to
shorter days and adverse weather conditions that are more prominent during winter, thus summer
may offer more opportunities to be physically active. Another potential explanation may be that
adults with asthma take advantage of the summer, since there are lower risks of getting asthma
exacerbations, as opposed to winter (Kippelen & Anderson). Moreover, winter has been shown
to be associated with higher levels of depression (Harmatz et al., 2000) and more hospital

admissions for depression than during the summer (Suhail & Cochrane, 1998). It is not clear how
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engaging in any LTPA during summer may be associated with a decrease in depressive
symptoms in adults with asthma; however, our results do suggest that there might be an

association, which should be further investigated.

Additional analyses performed in participants with moderate to severe depressive symptoms
(BDI=12) revealed that among participants with a BDI score =12 in RESP, those who engaged in
any LTPA had fewer depressive symptoms compared to those who did not, resulting in a
reduction of 3 points in BDI score (table 3.4). In comparison, engaging in any LTPA in the PAL
sample resulted in a reduction of 1.7 points in BDI score. Additionally, those who engaged in
any vigorous levels of LTPA had fewer depressive symptoms compared to those who did not
engaged in any vigorous levels of LTPA in the merged cohort (see Appendix G). These results
are similar to those found by previous studies which have reported an inverse relationship
between vigorous physical activity and depressive symptoms in healthy women and older
individuals (Lampinen, Heikkinen, & Ruoppila, 2000; Wise, Adams-Campbell, Palmer, &
Rosenberg, 2006). To our knowledge, our study is the first to suggest that engaging in LTPA,
especially of vigorous intensity, may be effective in adults with asthma and higher levels of
depression. Future research in asthma patients is needed to investigate the intensity-response to

physical activity in patients clinically diagnosed with MDD.

One interesting finding was the difference in results across the 2 cohorts. As a whole, the PAL
study did not yield any significant associations. In general, the results in PAL were in the same
direction as the ones found in RESP, but of a lesser magnitude. Additionally, asthma control was
worse and ICS dosage higher in the RESP cohort compared to PAL, while levels of LTPA and
depressive symptoms were higher in PAL. Given the findings regarding the role of asthma
control and ICS, it is possible that these differences might explain, in part, the discrepancy
between the two cohorts. Moreover, there was a statistical difference between the two cohorts in
regard to depression, with PAL participants reporting higher prevalence of mood disorders than
RESP participants (20% vs 8%) as well as higher BDI scores (8.3 vs 6.7). It should be noted that
participants in PAL were sent the BDI by mail, while participants in RESP were asked to answer
the BDI questions verbally in a face-to-face interview. Studies have shown that participants who

fill out questionnaires on their own may be more likely to reveal more personal and sensitive
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information than participants who answer the same questions in a face-to-face or telephone
interviews (Bowling, 2005). However, both cohorts also completed a face-to-face interview
assessing mood disorders and results show consistency of the results with respective BDI results,
thus it is unlikely that these account for the differences between the two cohorts in term of
depression scores. In addition, it is worth noting that while PAL participants had a higher
prevalence of mood disorder and higher BDI scores, there were no statistical differences between
those who engaged in any LTPA and those who did not within the PAL cohort. This may explain
why we were not able to find significant associations between LTPA and depressive symptoms

in PAL.

Limitations

This study has some limitations. First, LTPA and depressive symptoms were both self-reported
using questionnaires. However, BDI has been shown to be a valid and reliable measure of
depressive symptomatology (Subica et al., 2014), while the leisure time physical activity
questionnaires have been shown to be consistent with other valid and reliable measures of
physical activity (Amireault & Godin, 2015; Camdes, Severo, Santos, Barros, & Lopes, 2010).
Second, the current study was a sub-analysis of pre-existing data; both PAL and RESP did not
aim at recruiting participants with depression. Thus, on average, participants in both cohorts
showed very low levels of depressive symptoms, within normal range (BDI scores between 0
and 12) which may have resulted in a floor effect. Third, the current study analyzed cohorts with
cross-sectional data. Therefore, it is not possible to know the directionality of the association
between LTPA and depressive symptoms. Indeed, while we assessed whether engaging in LTPA
was associated with lower depressive symptoms, it is also possible that people with lower levels
of depressive symptoms are more likely to engage in LTPA. Indeed, depression has been shown
to be a risk factor for the development of a sedentary lifestyle and a decrease in physical activity
levels (Roshanaei-Moghaddam, Katon, & Russo, 2009; Teychenne, Abbott, Lamb, Rosenbaum,
& Ball, 2017). However, randomized controlled trials (RCTs) have found that the regular
practice of moderate exercise results in a significant reduction in depressive symptoms in adults
with asthma compared to those who do not exercise (Gongalves et al., 2008; Mendes et al., 2010;
Turner et al., 2011). While it is not possible to know whether LTPA affects depressive symptoms

or if it is the other way around in the current study, the results are in line with the literature
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which suggest engaging in physical activity may reduce levels of depressive symptoms.

Strengths

This study was conducted using two well characterized and large samples of patients with
objectively-defined physician-diagnosed asthma. In addition, we measured and adjusted for a
range of asthma variables that are important in the clinical management of the disease (i.e.,
asthma control and prescribed ICS dosage). Finally, this study also appears to be the first to have
assessed the cross-sectional association between LTPA and depressive symptoms, as well as the

role of seasonal patterns and LTPA intensities in adults with asthma.

Clinical implications

A better understanding of the association between LTPA and depressive symptoms in adult
patients with asthma may have important clinical implications. For example, the current study
provides evidence that patients who exhibit depressive symptoms may improve by engaging in
any LTPA. This information would be important in the development of PA interventions for this
population (Czajkowski et al., 2015). However, the potential to prescribe or recommend PA to
treat depression in patients with asthma may be dependent of the patient’s ICS dosage and

asthma control level.

Conclusion

In summary, physical activity was associated with lower levels of depressive symptoms in two
large tertiary-care samples of adults with asthma, although asthma control and ICS dose may
play a role in the association. Furthermore, it would seem that vigorous physical activity was
strongly associated with lower levels of depressive symptoms. Future studies should examine the
potential mechanistic role of asthma control and ICS in the relationship between physical activity
and depression in asthma patients. Finally, these results should be replicated in a longitudinal or
intervention setting using asthma patients with high depressive symptoms or MDD in order to
better understand the causal pathway and determine the minimal dose of physical activity

required to render important changes in depressive symptoms.
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GENERAL DISCUSSION

This chapter summaries the findings from one systematic review and from an original research
study undertaken in this thesis. Further, the importance of translating these findings into practice
is addressed and suggestions for future research and in this area of enquiry as well as clinical
implications are provided. The work conducted in this thesis was designed to address gaps within
the research relating to the role of exercise to improve depression in people living with a NCD,

particularly asthma.

Summary of findings

In chapter 2, the beneficial effect of aerobic exercise interventions on depressive symptoms in
people living with a NCD compared to usual care was investigated. The results suggest that
aerobic exercise is efficacious in reducing depressive symptoms in people living with a NCD,
especially in cardiovascular diseases and cancer. Further, the results provided preliminary
evidence that people living with a NCD may not need to meet the current physical activity
guidelines as proposed by NICE for individuals with NCDs (The National Institute for Health
and Care Excellence, 2010) to see a benefit from an aerobic exercise intervention on depressive
symptoms. Overall, the results of the systematic review and meta-analysis suggest that simply
engaging in aerobic exercise may be enough to reduce depressive symptoms (The National
Institute for Health and Care Excellence, 2010). Some limitations were noted, including the lack
of homogeneity across studies, low number of included studies in respiratory diseases and in
type 2 diabetes (T2D), and lack of studies including clinically depressed patients. Future research
should be performed to validate these findings in a clinically depressed population living with a
NCD and to determine whether aerobic exercise interventions are effective in respiratory

diseases and T2D.

In chapter 3, the focus was narrowed to a group with a specific NCD — asthma. Adults with
asthma were chosen given the lack of studies in this population about the relationship of aerobic
exercise and depressive symptoms, as well as for practicality since data for this population was
available in my research laboratory. This study was a cross-sectional examination performed to

examine the association between leisure time physical activity (LTPA), a proxy of aerobic
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exercise, and depressive symptoms in adults with asthma. This secondary data analysis included
a total of 953 participants from two different databases (PAL and RESP) were analyzed.
Findings revealed that there was a negative association between LTPA and depressive
symptoms, with there being a statistically significant difference in those doing vs. not doing any
LTPA. However, the relationship was no longer statistically significant when asthma control and
ICS dosage were taken in account, a novel finding, given that none of the existing studies
assessing the relationship, including intervention studies, had statistically adjusted or controlled
for them. Further analyses revealed that asthma control mediated the relationship between LTPA
and depressive symptoms. Finally, optimal LTPA was not statistically significantly related to
depressive symptoms in adults with asthma; however, engaging in vigorous LTPA was
associated with lower depressive symptoms in participants with high levels of depressive
symptoms. Suggestions for future research recommended that the impact of asthma control on
the association between aerobic exercise and depressive symptoms should be examined more
closely. Future research should try to replicate the study goals and hypotheses in a longitudinal

or intervention setting using clinically depressed asthma patients.

Conclusion based on findings
Taken together, the collective results from chapters 2 and 3 lend evidence to the notion that
engaging in aerobic exercise is associated with a decrease in levels of depressive symptoms in

adults living with a NCD.

Effect of aerobic exercise on depressive symptoms in asthma population

Findings from both chapters are consistent in showing a relationship between aerobic exercise
and depressive symptoms in adults with asthma, both cross-sectionally (chapter 3) and using
interventions (chapter 2). Two studies using asthma patients were included in the systematic
review (chapter 2), although only one was included in the meta-analysis; thus it was not possible
to get a pooled effect size (Gongalves et al., 2008; Mendes et al., 2010). Overall, both studies
found a beneficial effect of aerobic exercise on depressive symptoms. The results of the cross-
sectional study in chapter 3 revealed an association between engaging in any LTPA and lower
depressive symptoms in a large asthma cohort, adding to the previous findings from chapter 2.

Taken together, the results are consistent with the body of evidence accumulated in healthy
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population (Bernard et al., 2015; Cooney et al., 2013; De Mello et al., 2013) and in generally
chronically ill populations (Herring et al., 2012; Stevinson et al., 2009), and suggest that

exercising may be beneficial in reducing depressive symptoms in adults with asthma.

Optimal physical activity and depressive symptoms

The results from chapter 3 reinforces the theory elaborated in chapter 2, which states that
engaging in some aerobic exercise may be sufficient in reducing depressive symptoms. This is
contrary to the recommendations of the NICE guideline for treating depression in chronic
disorders, which suggest that patients engage in a 10 to 14 weeks exercise intervention,
consisting of two to three sessions per week, and for 45 to 60 minutes per session (The National
Institute for Health Care Excellence, 2009). The NICE recommendations are similar to those of
current physical activity guidelines (i.e., 150 minutes of moderate-to vigorous aerobic exercise
accumulated over a week), which have been shown to be associated with health benefits
(Tremblay et al., 2011). While it has been shown that meeting the physical activity guidelines is
beneficial for health (Lee & Paffenbarger Jr, 2000; World Health Organization, 2010), it is
possible that simply engaging in some form of exercise might be enough for someone with

depressive symptoms to feel better (Warburton & Bredin, 2016).

As mentioned previously, the antidepressant mechanism of exercise is still unclear. However,
exercise is associated with several positive psychological benefits including increased self-
esteem, sense of control, feeling of success, increased sense of independence, and also the sense
of belonging (Knapen et al., 2015). However, to date, there is no consensus regarding the
duration, frequency, and intensity of exercise that has the best effect in reducing depressive
symptoms. In line with current findings, both low and high levels of exercise have shown an

antidepressant effect (Nystromet al., 2015).
Limitations of this thesis

Several study limitations have been described in chapters 2 and 3. This section highlights some

of the main thesis limitations, which are often common to depression research.
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Measurement of depression

Identification of depression symptoms were based on self-report screening tools in the studies
included both in chapters 2 and 3. A limitation of using self-report tools to assess depression in
NCD populations is that the results can be complicated by the overlap of somatic symptoms of
depression (e.g., changes in sleep, weight, and energy) and symptoms of NCDs, which may
artificially inflate depressive scores in these population (Cusin, Yang, Yeung, & Fava, 2010).
Most studies included in the systematic review (chapter 2) used questionnaires that suffer from
this limitation, as well as the study in chapter 3, with the use of the Beck Depression Inventory.
Some depression measures have been specifically designed to be assessed in a medical setting,
like the Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983) and the Beck
Depression Inventory for Primary Care (BDI-PC) (A. T. Beck, Guth, Steer, & Ball, 1997) and
may be more suitable. Whichever screening tool is used, a clinical interview is likely to help

provide a more specific depression diagnosis and account for multiple causes of symptoms.

Another issue concerns how the depression questionnaire was administered, which, depending
on the mode of delivery, can elicit different responses. For example, self-administration of
questionnaires has been shown to be associated with participants’ willingness to reveal more
personal and sensitive information compared to face-to-face or telephone interviews (Bowling,
2005). Most intervention studies in chapter 2 did not specify how the questionnaires were
administered, whether the questionnaire was self-administered or administered by a researcher.
However, the advantage of a meta-analysis is that by pooling together effect sizes of each
included study, we obtain a weighted overall effect size and increase power of our results. In
chapter 3, the two cohorts included the study differed in their way of administering the BDI;
participants in PAL were sent the BDI by mail and were asked to return it, while participants in
RESP answered the BDI questions verbally in an interview conducted by a research assistant.
This may explain why participants in PAL had higher levels of depressive symptoms compared
to RESP participants, they might have been more likely to share private information. Further, the
study in chapter 3 was not initially designed to examine depression as a primary outcome and
therefore, the majority of participants in the study had low levels of depressive symptoms which
may have confounded the results. Additionally, no studies included in the systematic review

(chapter 2) assessed the effect of exercise on clinical depression in NCDs. Only a few studies in
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NCD populations have been specifically geared towards assessing the impact or association of
aerobic exercise in clinically depressed patients. For example, Blumenthal and colleagues (2013)
compared the efficacy of aerobic exercise to antidepressants (e.g., sertraline) as well as placebo
in coronary heart disease patients with major depressive disorder (MDD) (Blumenthal,
Sherwood, et al., 2012). The authors found that both exercise and sertraline were comparable in
reducing depressive symptoms and both were superior compared to placebo group. Further
research is required to explore the role of exercise for patients with clinical depression and a

NCD.

Randomized controlled trial in asthma patients

This thesis fails to include a randomized controlled trial (RCT) in asthma patients, which could
have reinforced the findings from chapter 2 and 3. Due to time constraints, it was not possible to
include one. However, previous RCTs which have assessed the efficacy of exercise on
depressive symptoms have revealed a positive effect of exercise on reducing depressive
symptoms in adults with asthma (Gongalves et al., 2008; Mendes et al., 2010; Turner et al.,
2011). While the results of these studies are encouraging, none of the studies included patients
with clinical depression. This issue was also noted in chapter 2; thus, a RCT in depressed

patients with asthma would have been an interesting addition to this thesis.

Recommendations for practitioners

The examination of the role of aerobic exercise on depressive symptoms has important
implications for the treatment of patients living with a NCD and depression. For example,
practitioners can develop or promote interventions by providing opportunities for movement.
Psychologists can also be instrumental in promoting change through cost-effective innovations

that increase health and well-being and reduce depression.

Exercise Promotion

Promoting exercise and physical fitness may be just as important as psychotherapy or
antidepressants in treating NCD patients with depression. Indeed, along with improved mood
state, exercise is also the only treatment available that can reduce or delay the onset of secondary

co-morbidities, whether they are disease-specific or not (Loprinzi & Davis, 2016). This suggest

70



that even if no antidepressant effects result from exercising, it is likely that other beneficial
physiological outcomes will arise. Therefore, clinical psychologists and general practitioners

should encourage individuals who consult them to engage in exercise.

Some of the most prevalent features of depression are fatigue, inertia, and decreased interest to
engage in things previously thought of as enjoyable, which in turn leads to increased withdrawal
and a more inactive lifestyle. One of the most promising ways to improve depressive symptoms
is to break the pattern by reintroducing enjoyable activities in life (Dimidjian, Barrera, Martell,
Muioz, & Lewinsohn, 2011). Besides exercise, behavioural activation (BA) has also been shown
to be efficacious in reducing depressive symptoms. BA is a structured brief psychotherapy which
aims at reintroducing positive reinforcers in patients’ daily life (Dimidjian et al, 2011). The main
goals of BA are to: 1) increase activities that are associated with a sense of value to the client; 2)
reduce activities that maintain or increase risk of depression; and 3) solve problems and change
behaviours that limit the access to a sense of value of the client. Although BA strategies can be
seen in other therapies, such as CBT and mindfulness (Dimidjian & Davis, 2009), BA has
become a well-established stand-alone treatment for depression. The efficacy of BA is
comparable to CBT and anti-depressants (Cuijpers, van Straten, & Warmerdam, 2007;
Mazzucchelli, Kane, & Rees, 2009). Exercise and BA have been shown to offer similar benefit
for depression. It is also not rare for a clinical psychologist who uses BA strategies to suggest to
a client to engage in some form of exercise. However, it is not always the case since the target
may not always be related to physical activity. Given that both exercise and BA have a similar
target and have both been shown to help with depressive symptoms, and given the added health
benefits of aerobic exercise in NCDs, BA strategies could be used to encourage clients with

NCD to be reintroduce exercise in their daily routine.

Working with people who, for the most part, do not engage enough in exercise can be a
challenge. However, practitioners can be instrumental in the promotion of exercise. Studies have
shown that adherence and maintenance of physical activities may be increased by the use of
motivational interviewing (O’Halloran et al., 2014), narratives (Falzon, Radel, Cantor, &

d’ Arripe-Longueville, 2015), self-efficacy promotion, social modeling, and support (McAuley et
al., 2007). Additionally, the use of self-regulatory strategies (i.e., use of pedometers,
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accelerometers) and self-promotion can increase the level of motivation in clients (Conn,

Hafdahl, Brown, & Brown, 2008; Heath et al., 2012).

Exercise preference

In this thesis, the type of exercise was mainly aerobic. However, there wasn’t a focus on any
specific type of aerobic exercise (e.g., walking, treadmill); thus, the results may apply to diverse
type of aerobic exercises. Given that aerobic exercise has the potential to be flexible and
accessible, and can be conducted in a group setting or alone, with both shown to have positive
effects on depressive symptoms (Legrand & Heuze, 2007), practitioners could play a role in
guiding patients in finding an exercise program that may correspond to their preferences and

specific needs.

Exercise as an alternative treatment for depression

While this thesis did not focus on clinical depression, the results suggest that aerobic exercise is
a relevant way to help relieve depressive symptoms in people living with a NCD. Additionally,
results from chapter 3 showed that the effect of LTPA on depressive symptoms was strong in
patients who had high levels of depressive symptoms, a finding that has been also found in
intervention studies using chronically ill populations (Herring et al., 2012). Therefore, it could be
worth considering aerobic exercise as a potential adjuvant to traditional therapies for depression
or possibly even as an alternative. Indeed, exercise may benefit people who choose not to use
traditional interventions, such as cognitive behavioural intervention and antidepressants, either
because of a previous failed attempt or because of a perceived negative social stigma associated
with these methods. For example, less than 50% of people who are prescribed an antidepressant
are adherent in the long term and less than 20% use it as prescribed (Hunot, Horne, Leese, &
Churchill, 2007). Moreover, stigma, the belief that most people will have a negative attitude
towards the people who have a mental illness and/or use mental health service, has a negative
impact on patients seeking care (Cooper-Patrick et al., 1997), medication adherence (Hodgkin,
Volpe-Vartanian, & Alegria, 2007), and contribute to treatments dropouts (Bados, Balaguer, &
Saldafia, 2007; Sirey et al., 2001). Therefore, using exercise as an alternative therapeutic option

for depression would provide these individuals with access to acceptable treatment.
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Recommendations for future research

Results from this thesis provide some basis for further investigation of the impact of aerobic
exercise on depression in people living with a NCD. For example, the cross-sectional study
which examined the association between leisure-time physical activity and depressive symptoms
in asthma patients (chapter 3) provided encouraging results that warrant further investigation and
validation in longitudinal studies or large randomised trials in the same population. Furthermore,
given that neither chapters included clinical population, and upon further research, there doesn’t
seem to be many intervention studies which have assessed the effect of aerobic exercise on
depression in a clinical sample of adults living with a NCD, future research on depression in

NCD should focus on patients with clinical depression.

The majority of studies in chapter 2 were of short duration (1-3 months) and long-term follow-up
data (>12 months) was lacking in the majority of interventions, thus failing to evaluate whether
aerobic exercise was sustained over time and whether levels depressive symptoms remained
stable. Isaksen and colleagues (2016) looked at the effect of an aerobic exercise intervention on
depressive symptoms in patients with heart failure and included a 2-years follow-up (Isaksen et
al., 2016). The authors reported that the levels of depressive symptoms after 2 years were no
longer different from baseline in the intervention group, while there was a significant increase in
the control group. Future intervention studies should systematically include a long-term follow-
up and subsequently report the findings in order to better assess the long-term effects.
Additionally, the dose-response relationships between aerobic exercise and depressive symptoms
have yet to be established in patients with NCDs. While previous studies have suggested that
moderate to vigorous intensity was associated with lower depressive symptoms, compared to low
intensity, in people with chronic illnesses (Herring et al., 2012), it was not the case in either
studies in the current thesis, which both suggested that engaging in some levels of aerobic
exercise may be enough. More studies need to investigate the dose-response association, as the

results may later guide exercise interventions

Overall, there is still much work to be done and many unanswered questions that remain about

the relationship between aerobic exercise and depression in people living with a NCD. Since
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depression can be debilitating and may worsen NCD outcomes, it is imperative to further

investigate the effect of aerobic exercise on depression in people living with a NCD.
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Appendix A: Systematic review search terms

("Depressive  Disorder, Major"[Mesh] AND  "Depression"[Mesh] OR  "Depressive
Disorder"[Mesh] OR (depressive AND symptoms) OR (unipolar AND depression) OR
melancholia OR "Mood Disorders"[Mesh] OR (Beck AND Depression AND inventory) OR BDI
OR (Hospital AND anxiety AND depression AND scale) OR HADS OR PHQ-9 OR (Hamilton
AND Depression AND Rating AND Scale) OR (Primary AND Care AND Evaluation AND
Mental AND Disorders) OR PRIME-MD OR (Centre AND Epidemiological AND Studies AND
Depression AND Scale) OR CES-D OR (Structured AND Clinical AND Interview AND DSM-
IV) OR SCID OR (World AND Health AND Organization AND Composite AND International
AND Diagnostic AND Interview) OR CIDI OR (Schedule AND Affective AND Disorders AND
Schizophrenia) OR SADS)

AND

("Chronic Disease"[Mesh] OR “Cardiovascular Diseases"[Mesh] OR (Heart AND (Failure OR
attack)) OR (myocardial AND infarction) OR "Cerebrovascular Disease"[Mesh] OR
"Cardiomyopathies"[Mesh] OR PCI OR "Percutaneous Coronary Intervention"[Mesh] OR
(Percutaneous AND transluminal AND coronary AND angioplasty) OR PCTA OR angioplasty
OR Stent OR "Coronary artery bypass’[Mesh] OR CABG OR "Lung Diseases,
Obstructive"[Mesh] OR asthma OR COPD OR "Pulmonary Disease, Chronic Obstructive"[Mesh]
OR (respiratory AND disease) OR “Cancer” OR "Diabetes Mellitus, Type 2"[Mesh] OR
"Diabetes Insipidus"[Mesh] OR "Diabetes Mellitus"[Mesh] OR DMT2)

AND

("Exercise"[Mesh] OR "Exercise Therapy"[Mesh] exercise OR (Physical AND (activity OR
fitness)) OR running OR (physical AND therapy))
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Appendix C: Articles included both in Herring et al. (2012) and thesis systematic review

Articles Chronic Total n
illness
Blumenthal JA, Sherwood A, Babyak MA, et al. Effects of exercise and stress Cardiac 90

management training on markers of cardiovascular risk in patients with ischemic heart
disease: A randomized controlled trial. JAMA. 2005;293(13):1626-1634.

Gary RA, Dunbar SB, Higgins MK, Musselman DL, Smith AL. Combined exercise and | Cardiac 35
cognitive behavioral therapy improves outcomes in patients with heart failure. J
Psychosom Res.2010;69(2):119-131.

Kitzman DW, Brubaker PH, Morgan TM, Stewart KP, Little WC. Exercise training in Cardiac 46
older patients with heart failure and preserved ejection fraction: A randomized,
controlled, singleblind trial. Circ Heart Fail. 2010,;3:659-667.

Koukouvou G, Kouidi E, Tacovides A, Konstantinidou E, Kaprinis G, Deligiannis A. Cardiac 26
Quality of life, psychological and physiological changes following exercise training in
patients with chronic heart failure. J Rehabil Med. 2004;36(1):36-41.

Kulcu DG, Kurtais Y, Tur BS, Gulec S, Seckin B. The effect of cardiac rehabilitation on | Cardiac 44
quality of life, anxiety and depression in patients with congestive heart failure. A
randomized controlled trial, short-term results. Eura Medicophys. 2007;43(4):489-497.
Smith PJ, Blumenthal JA, Babyak MA, Georgiades A, Hinderliter A, Sherwood A. Cardiac 66
Effects of exercise and weight loss on depressive symptoms among men and women
with hypertension. J Psychosom Res. 2007;63(5):463-469.

van den Berg-Emons R, Balk A, Bussmann H, Stam H. Does aerobic training lead to a Cardiac 34
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Heart Fail. 2004;6(1):95-100.
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Psychooncology. 2009;18(4):343-352.
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Cancer Care. 2003;12(4):347-357.
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Chrysohoou C, Tsitsinakis G, Vogiatzis I, Cherouveim E, Antoniou C, Tsiantilas Cardiac Published after
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Appendix E: Mean scores of depression questionnaires

Control Intervention
Study Type of NCD Depression Baseline Post Baseline Post
assessment
Cadmus et al., 2009 Cancer (Breast) CES-D 9.2 (8.6) 10.8 (10.1) 9.3 (3.6) 9.6 (9.3)
Chen et al., 2015 Cancer (Lung) HADS 4.74 (3.73) 4.92 (3.14) 5.67(3.57) 4.92 (3.14)
Courneya et al., 2003 Cancer (Colorectal) CES-D 10.1(12) 9.6 (10.9) 9.6 (8.1) 8.6 (8.7)
Courneya et al., 2007 Cancer (Breast) CES-D 13.9(9.7) 10.8 (9.4) 12.8(9.8) 9.7 (9.3)
Courneya et al., 2009 Cancer (Lymphoma) CES-D-SF 6 (4.5) 6.1(5) 7.7(5.7) 5.4 (4.5)
Dodd et al., 2010 Cancer (various) CES-D N/A N/A N/A N/A
Ergunetal., 2013 Cancer (Breast) BDI 7.5(7.95) 5.15(5.18) 9.05(8.18)  8.88(10.48)
Gokal et a., 2016 Cancer (Breast) HADS 6.68 (4) 6.16 (3.23) 5.52(3.79) 4.44 (3.37)
Monga et al., 2007 Cancer(Prostate) BDI 3.6 (5.0) 4.2 (3.4) 35054 2.8(5.5)
Payne et al., 2008 Cancer (Breast) CES-D 10 10 15 8
Segar et al., 1998 Cancer (Breast) BDI 10 10 8.5 5.5
Asbury et al., 2008 Cardiac (Chest pain) HADS 4.2 (2.7) 39(2.5) 5.4 (3.6) 4.4 (3.4)
Asbury et al., 2012 Cardiac (Angina) HADS 6.60 (4.13) N/A 5.90(3.83) N/A
Blumenthal et al., 2005 Cardiac (IHD) BDI-II 8.9(7.9) 10.01 (0.6) 9.8 (7.7) 8.2(0.6)
Blumenthal et al., 2012 Cardiac (CHF) BDI-II 8 9.7 8 8.95
Chrysohoou et al., 2014 Cardiac (CHF) ZDRS 37 (8) 41 (10) 37 (8) 30 (6)
Gary et al., 2010 Cardiac (HF) HAM-D 15.2(3.6) 9.3 (4.9) 15.4 (3.4) 8.4 (5.6)
Isaksen et al., 2016 Cardiac (HF) HADS 2.7 3.6 2.8 1.8
Kitzman et a., 2010 Cardiac (HF) CES-D 2.2(2) 1.4 (1.5) 2.52.2) 1.2 (1.5)
Koukouvou et al., 2004 Cardiac (CHF) BDI 18.5(5.1) 18.8(5.1) 18.6 (4.65) 13.1(3.13)
Kulcu et al., 2007 Cardiac (HI) BDI 20.2 (12.5) 22.5(11.8) 18.4(9.3) 13.5(8)
Lennon et al., 2008 Cardiac (Stroke) HADS 7 (median) 6 (median) 5 (median) 4 (median)
Roviaro et a., 1984 Cardiac (MI) BDI-II N/A N/A N/A N/A
Smith et al, 2007 Cardiac BDI 5.7 N/A 5.2 N/A
(Hypertension)
Stern et al., 1983 Cardiac (MI) ZDRS 34.9 335 37.33 38.33
Topcuoglu et al., 2015 Cardiac (Stroke) BDI N/A N/A N/A N/A
van den Berg-Emons et Cardiac (HF) HADS 43 (3.2) 4.8 (3.1) 4.7(5.2) 3.4 (4.0)
glz;ri?r(); al., 2014 Diabetes T2 GHQ 7.25(7.95) 7.44 (0.89) 7.18 (0.52) 7.29 (0.58)
Gayle et al., 1988 Respiratory (COPD) GHQ 41.46 42.08 44.17 43.75
Giell et al., 2006 Respiratory (COPD) SCL-90-R 0.6 (0.6) 0.9 (0.6) 1.3 (0.8) 0.8 (0.5)
Gongalves et al., 2008 Respiratory (asthma) BDI 12.45 9.05 11 6.6
Mendes et al., 2010 Respiratory (asthma) BDI N/A N/A N/A N/A

Notes : UC = Usual care ; BDI = Beck Depression Inventory; CESD-SF = Short-form Center for Epidemiological Studies-
Depression Scale ; GHQ = General Health Questionnaire; HADS = Hospital Anxiety and Depression Scale; SCL-90-R = The
Revised Symptom Checklist (Depression scale); ZDRS = Zung Depression Rating Scale; CHF = Chronic heart failure; COPD =
Chronic obstructive pulmonary disorder; HF = Heart failure; IHD = Ischemic heart disease; MI = Myocardial infarction; N/A:

Data not available.
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Appendix G: GLM models for merged cohorts (RESP and PAL)

Table 3.6. GLM models of continuous LTPA and LTPA intensity on elevated depressive

symptoms
Model 1 Model 2 Model 3
B (SE) p ES B (SE) p ES B (SE) p ES
value value value
LTPA -0.035(0.036) .336  .000- -0.027 (0.037) 461 .000- 0.007 (0.036) .853  .000-
.004 .003 .003
Intensity
Moderate -0.024 (0.094) .802  .000- -0.028 (0.095) 769 .000- -0.004 (0.091) 968  .000-
.005 .005 .005
Vigorous -0.362 (0.195) .064  .000- -0.267 (0.202) 187 .000- -0.069 (0.196) 725 .000-
.007 .006 .006

Note. Model 1 = general linear model (GLM) of main effects without covariates; Model 2 = GLM of main effects with covariates
(age, sex, BMI, and cohort); Model 3 = GLM of main effects with covariates (age, sex, BMI, cohort, dose of ICS, and ACQ

score).

Table 3.7. GLM models of continuous LTPA and LTPA intensity on elevated depressive

symptoms (BDI > 12)

Model 1 Model 2 Model 3
B (SE) p ES B (SE) p ES B (SE) p ES
value value value
LTPA 0.052 483 .000- 0.042 (0.074) .573 .000- 0.056 (0.073) 446 .000-
(0.074) .001 .001 .001
Intensity
Moderate 0.161 338 .000- 0.094 (0.168) .574 000- 0.125 (0.166) 451 .000-
(0.169) .025 .025 .025
Vigorous -0.748 .051 .000- -0.612(0.397) .124 .000- -0.475 (0.400) 235 .000-
(0.382) .001 .001 .001

Note. Model 1 = general linear model (GLM) of main effects without covariates; Model 2 = GLM of main effects with covariates

(age, sex, BMI, and cohort); Model 3 = GLM of main effects with covariates (age, sex, BMI, cohort, dose of ICS, and ACQ

score).
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Table 3.8. GLM models of dichotomous LTPA (y/n) and LTPA intensity on depressive

symptoms
Model 1 Model 2 Model 3
B (SE) p ES B (SE) p B (SE) p ES
value value value
LTPA (y/n) -1.407 (0.478) .003 .005- -1.237 (0.479) .010 .005- -0.673 (0.463) .146 .005-
013 .013 .013
Optimal LTPA -0.383 (0.714)  .592 .000- -0.254 (0.729) .728 .000- 0.227 (0.706)  .748 .000-
(y/m) .002 .003 .003
Intensity
Moderate (y/n) -0.517 (0.494) 295 .000- -0.729 (0.512) .154 .000- -0.313 (0.492) .525 .000-
.004 .004 .004
Vigorous (y/n) -1.165 (0.700) .096 .001- -0.873 (0.713) .221 .002- -0.080 (0.686) .909 .001-
.006 .006 .006
Note. Model 1 = general linear model (GLM) of main effects without covariates; Model 2 = GLM of main effects with covariates
(age, sex, BMI, and cohort); Model 3 = GLM of main effects with covariates (age, sex, BMI, cohort, dose of ICS, and ACQ
score).
Table 3.9. GLM models of dichotomous LTPA (y/n) and LTPA intensity on depressive
symptoms (BDI > 12)
Model 1 Model 2 Model 3
B (SE) p ES B (SE) p ES B (SE) p ES
value value value
LTPA (y/n) -1.633 (0.848) 0.054  .004- -1.786 (0.876) 0.042  .005- -1.341 (0.891) 0.132  .005-
.016 .018 .018
Optimal LTPA (y/n)  0.881(1.353) 0.515  .000- 0.402 (1.363) 0.768  .000- 0.619 (1.350) 0.646  .000-
.004 .004 .004
Intensity
Moderate (y/n) 0.563(0.947) 0.534  .000- -0.720 (0.984) 0.456  .000- 0.003 (0.991) 0.997  .000-
.003 .005 .005
Vigorous (y/n) -0.308 (1.033) 0.765  .000 -0.467 (1.080) 0.665  .000 -0.393 (1.064) 0.712  .000

Note. Model 1 = general linear model (GLM) of main effects without covariates; Model 2 = GLM of main effects with covariates

(age, sex, BMI, and cohort); Model 3 = GLM of main effects with covariates (age, sex, BMI, cohort, dose of ICS, and ACQ

score).
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