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ABSTRACT

Background- Cardiovascular diseases (CVD), which are the second leading cause of death in
Canada, are associated with ambient air pollution, such that air pollution increases the risk of
cardiovascular morbidity and mortality. Moreover, CVD have also been linked to chronic
obstructive pulmonary disease (COPD). It is unknown whether COPD influences the association
between ambient air pollution and CVD. The study objectives of this thesis were as follows: (1)
to examine the relationship between ambient air pollution, and more particularly, PM; 5 (fine
particulate matter air pollution), and ischemic heart disease (IHD) in the aging, Canadian
population; and (2) to determine whether COPD and severity of airflow obstruction effects the
relationship between ambient air pollution and IHD.

Methods- A cross-sectional study was completed using the Canadian Longitudinal Study on
Aging database. Of the 30,098 participants, 18,118 were included in analyses. Multiple logistic
regressions between air pollution metrics, PM; s, NO,, and O3, and IHD were completed. An
interaction model considering COPD and air pollution, and the effect on IHD was also
conducted. Covariates include sociodemographic variables, such as age, sex, BMI, education,
and income, diet, and smoking status, in addition to the main independent (air pollution and
COPD) and dependent variables (IHD).

Results- An association between air pollution and IHD was found. PM, s exposure yielded a 6%
increase in the odds of ischemic heart disease (p<0.001). There was no combined effect of
COPD and air pollution on cardiovascular outcome, i.e. IHD. Furthermore, there was no change
in this finding, wherein there was no effect of COPD and air pollution, when an alternative

cardiovascular outcome, i.e. myocardial infarction, was utilized.



Conclusion- The study findings support literature evidence, ascertaining the relationship between
air pollution and IHD. Further exploration, via longitudinal studies and a greater sub-group
sample size of COPD participants, should be considered to examine the link between COPD, air

pollution, and CVD before we can be more definitive on our conclusion.



RESUME

Contexte- Les maladies cardiovasculaires (MCV) sont la deuxiéme cause de déces en importance
au Canada. Les MCYV sont associées a la pollution atmosphérique, de sorte que la pollution de 1'air
augmente le risque de morbidité et de mortalité cardiovasculaires. De plus, les MCV sont
¢galement associées a la maladie pulmonaire obstructive chronique (MPOC). Il n’est pas connu si
la MPOC a une influence sur l'association entre la pollution atmosphérique et les MCV. Les
objectifs de cette these étaient les suivants: (1) évaluer la relation entre la pollution atmosphérique,
et plus particulierement les particules fines (PM2,5), et les cardiopathies ischémiques dans la
population canadienne vieillissante; et (2) déterminer si la MPOC et la gravité de l'obstruction des
voies respiratoires affectent la relation entre la pollution atmosphérique et les cardiopathies
ischémiques.

Méthodes- Une étude transversale a été réalisée a l'aide de la base de données de 1'Etude
longitudinale canadienne sur le vieillissement. Sur les 30 098 participants, 18 118 ont été inclus
dans les analyses. Des modéles de régressions logistiques multiples ont été¢ effectuées afin
d’estimer les associations entre les paramétres de pollution atmosphérique (PM2,5, NO2 et O3) et
les cardiopathies ischémiques. Un modele d'interaction tenant compte de la MPOC et de la
pollution atmosphérique, ainsi que de l'effet sur les cardiopathies ischémiques, a également été
réalisé. Les covariables incluaient des variables sociodémographiques, telles que 1'age, le sexe,
I'IMC, 1'éducation et le revenu, 'alimentation et le tabagisme, en plus des principales variables
indépendantes (pollution de l'air et MPOC) et dépendantes (cardiopathies ischémiques).
Résultats- Une association entre la pollution atmosphérique et les cardiopathies ischémiques a été
trouvée. L'exposition aux PM2,5 a entrainé une augmentation de 6% de la probabilité de

cardiopathie ischémique (p <0,001). Il n'y avait pas d'effet combiné de la MPOC et de la pollution



atmosphérique sur les issues cardiovasculaires. En outre, les résultats étaient inchangés, c’est a
dire qu’il n’y avait aucun effet de la MPOC et de la pollution de l'air, en utilisant spécifiquement
l'infarctus du myocarde et non toutes les cardiopathies ischémiques.

Conclusions- Les résultats de 1'étude appuient les preuves de la littérature, établissant la relation
entre la pollution de I'air et les cardiopathies ischémiques. Une exploration plus approfondie, via
des études longitudinales et une plus grande taille d'échantillon de sous-groupes de participants
ayant la MPOC, devrait étre envisagée pour examiner le lien entre la MPOC, la pollution
atmosphérique et les maladies cardiovasculaires avant que nous puissons étre plus définitifs sur

notre conclusion.
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Chapter 1: Introduction

The worldwide burden of CVD is enormous and growing. Simultaneously, the body of
knowledge linking ambient air pollution and CVD is escalating. Air pollution has been
associated with CVD morbidity and mortality (Dockery et al. N Engl J Med 1993;329:1753-
1759; Pope et al. Am J Resp Crit Care Med 1995;151:669- 674; Pope et al. Circulation
2004;109:71-77). Of the various components of air pollution, fine particulate matter (PM2.5) is
thought to be the largest contributor to CVD related morbidity and mortality (Rajagopalan, Al-
Kindi & Brook, 2018). The well-established causal associations between active and passive
smoking with heart disease support the plausibility of an adverse effect of PM on the
cardiovascular system (Leone, 2012). The PM component of air pollution is especially of
interest, as its association with CVD mortality is independent of other pollution components such
as sulfur dioxide, nitrogen dioxide, etc. and is independent of smoking status (Bell et al., 2008).
Furthermore, it has been found that an increase of 10 ug/cm3 of particulate matter air pollution
results in a 1.04% increase in mortality (Atkinson et al., 2014). In 2015, 4.2 million deaths were
attributable to ambient PM2.5 air pollution exposure, of which, cardiovascular disease-related

mortality was significant (Cohen et al., 2017).

The subclinical pathway through which air pollution and CVD are associated is believed to be
the inflammatory response and resulting cytokine release, as well as atherosclerosis and
thrombosis, among others (Hamanaka & Mutlu, 2018). The first hypothesized mechanism
through which CVD and air pollution are thought to be associated is the inflammatory response
due to air pollution, which can induce CVD such as atherosclerosis and thrombosis (Brook et al.,

2010; Chin et al., 2015; Cosselman, Navas-Acien & Kaufman, 2015; Franklin, Brook & Pope,



2015). This is thought to occur through inflammatory cytokine production which is dependent on
reactive oxygen species (i.e. oxidative stress response) (Brook et al., 2010; Chin et al., 2015;
Cosselman, Navas-Acien & Kaufman, 2015; Franklin, Brook & Pope, 2015). An animal model
study, found that the atherosclerotic plaque in rabbits exposed to PM had much larger plaque,
and the PM induced the inflammatory pathway which further increased atherosclerosis in the
rabbits’ arteries (Suwa, Hogg, Quinlan, Ohgami, Vincent & van Eden, 2002). An additional
hypothesized mechanism through which PM induces CVD is through sensory receptors in the
lung (Brook et al., 2010; Chin et al., 2015; Cosselman, Navas-Acien & Kaufman, 2015;
Franklin, Brook & Pope, 2015). It is suggested that the activation of the sympathetic pathway in
the autonomic nervous system and the hypothalamic pituitary adrenal axis has a role in this
(Brook et al., 2010; Chin et al., 2015; Cosselman, Navas-Acien & Kaufman, 2015; Franklin,
Brook & Pope, 2015). The third hypothesized mechanism is the possibility of translocation of
PM air pollution particles, whereby, introduction into the circulatory system may induce
inflammation (Brook et al., 2010; Chin et al., 2015; Cosselman, Navas-Acien & Kaufman, 2015;

Franklin, Brook & Pope, 2015).

There is growing interest of the potential link of CVD with chronic respiratory illnesses. In the
past, respiratory and cardiovascular researchers have largely stayed in “silos.” However,
emerging data strongly indicate an independent relationship between the two diseases
(Nishiyama et al., 2010), Chronic Obstructive Pulmonary Disease (COPD) and CVD, and
between lung inflammation and injury, and cardiovascular disease. Numerous epidemiological
studies have shown that COPD, independent of cigarette smoking and aging, increases the risk of

CVD hospitalization and death (Finkelstein, Cha & Scharf, 2009; Agusti et al., 2012; Onishi,
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2017; GOLD, 2017). Inflammatory mediators found in COPD patients are thought to contribute
to atherosclerotic plaque build-up and in turn, a higher risk of CVD morbidity and mortality (Hill
et al., 2011; Danesh et al., 2008). However, lung function impairment is well established as a risk
factor for CVD, independent of other factors such as smoking or breathlessness (Friedman,
Klatsky & Siegelaub, 1976; Sin & Man, 2005; Sin, Wu & Man, 2005; Onishi, 2017).
Furthermore, acute exacerbation, which is a major component of COPD, has been shown to be
associated to an increased risk of myocardial infarction and stroke, respectively 2.27 and 1.26
times higher than those without exacerbation (Donaldson, Hurst, Smith, Hubbard & Wedzicha,

2010).

More recently, it has been demonstrated that COPD prevalence was associated with higher
concentrations of PM, most particularly PM2.5 (Doiron et al., 2019). Higher exposures to air
ambient pollutant were significantly associated with lower lung function. Knowing that the
presence of air pollution (e.g. fine particulate matter, PM2.5) increases the risk of CVD, and that
ambient air pollution is also associated with lower lung function and increased COPD
prevalence, whether the risk of CVD is independent and/or amplified by the presence of COPD
remains unknown (Di, Dai, Wang, et al., 2017; Di, Wang, Zanobetti, et al., 2017) and a topic of

great interest.
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Chapter 2: Literature Review

1. Definition, Clinical Presentation, Diagnosis and Classification

1.1 Chronic Obstructive Pulmonary Disease (COPD)
Definition- Chronic Obstructive Pulmonary Disease (COPD) is a chronic respiratory disease
characterized as persistent airflow obstruction (GOLD, 2017; Soriano & Lamprecht, 2012). It
is a result of abnormalities in the airway (bronchioles) and alveoli (GOLD, 2017). It is said
that these abnormalities are commonly the result of significant exposure to tissue-damaging
stimuli (GOLD, 2017). These stimuli include reactive oxygen species and proteolytic
enzymes (Rabe & Watz, 2017). The two most common airway diseases are Emphysema
(parenchymal damage) and Obstructive Bronchiolitis (airway disease) (GOLD, 2017).
Clinically, spirometry is required to diagnose a patient for COPD (GOLD, 2017). Often
times, there are some key risk factors and symptoms that are red flags and initiate diagnosis
for COPD, including chronic coughing, mucus (sputum) production and dyspnea, or
shortness of breath (GOLD, 2017). The Tiffeneau-Pinelli Index (FEV/FVC) is used in
spirometric diagnosis. FEV/FVC refers to the ratio between the forced expiratory volume in
one second (FEV1) and the forced vital capacity (FVC) (i.e. full expiratory volume). If the
post bronchodilator FEV/FVC is less than 0.7, this confirms that there is non completely
reversible airflow obstruction (GOLD, 2017). The Tiffeneau-Pinelli Index in combination
with common COPD symptoms, risk factors and known exposure to stimuli allow clinicians

to establish the diagnosis of COPD (GOLD, 2017).

Clinical presentation- COPD clinically presents itself mostly in individuals over the age of

40 (GOLD, 2017). The symptoms of COPD are said to slowly and progressively worsen
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(GOLD, 2017). COPD exacerbation refers to the worsening of COPD-related symptoms.
Furthermore, mucus (sputum) production, chronic coughing (including wheezing), dyspnea
(which is persistent and increase with exercise) and a history of smoke exposure are all
characteristics of patients with COPD (GOLD, 2017). Airflow obstruction is classified into
different severities by GOLD: non-COPD and COPD GOLD 2+, where FEV] is less than
80%. Furthermore, an alternative definition for COPD is adopted in this study, wherein, the

post-bronchodilator definition is not used.

Diagnosis and classification- COPD assessment should include beyond spirometry the
patient’s risk for exacerbations and symptom burden. Symptoms are assessed using validated
tool such as the mMRC score — Modified medical research council dyspnea score, the CAT
assessment — COPD Assessment Test and the CCQ — COPD Control Questionnaire, in order
to have a standard assessment and better understand the resulting impairment of health status
in COPD patients (GOLD, 2017). This modern approach of classifying COPD patients has
been redefined as the ABCD classification.

In a new model of classifying COPD, patients are first diagnosed using spirometry, followed
by an assessment of airflow limitation severity using post-BD (bronchodilator) FEV, e.g.,
GOLD 1 to 4. The exacerbation history in the previous year (risk of exacerbation), of the
patient is taken and a formal symptomatic assessment is conducted using CAT and/or
mMRC. These results (symptomatic assessment classification, exacerbation history) are all
used to classify patients into one of four categories (A, B, C or D). On the basis of this

classification, individual therapies and patient symptom management is informed for each
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patient. Defining treatable traits of symptom burden and/or risk of exacerbations allows for a

more personalized treatment decision for a given patient.

1.2 Cardiovascular Disease (CVD)
Definition- Cardiovascular Disease (CVD) is an umbrella term for a broad range of diseases
that affect the circulatory system (i.e. blood vessels or heart), including ischemic heart
disease and myocardial infarction (National Heart, Lung and Blood Institute). Ischemic heart
disease, also known as coronary artery disease, is the most common type of heart disease
(National Heart, Lung and Blood Institute). It is a result of plaque buildup on the walls of the
heart’s arteries, which is called atherosclerosis (Cardiovascular Disability: Updating the
Social Security Listings, 2010). The plaque prevents sufficient blood circulation, resulting in
inadequate amounts of rich oxygen being delivered to the heart (Cardiovascular Disability:
Updating the Social Security Listings, 2010).
Due to the decreased blood supply, heart muscle cells sometimes begin to die
(Cardiovascular Disability: Updating the Social Security Listings, 2010). This is also known
as myocardial infarction (Cardiovascular Disability: Updating the Social Security Listings,
2010). Often times, if the blood vessel is not constricted to less than 50% its original size, the
individual is less likely to experience any symptoms (Cardiovascular Disability: Updating the
Social Security Listings, 2010). However, symptoms may arise progressively overtime,
especially during increased blood circulation demand (e.g. during exercise or stress)

(Cardiovascular Disability: Updating the Social Security Listings, 2010).
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Clinical presentation- The symptoms of ischemic heart disease include discomfort/pain in
the shoulder, chest, arm, jaw or back, which is known as angina or angina pectoris
(Cardiovascular Disability: Updating the Social Security Listings, 2010). Angina can be
classified into four different categories on the basis of the Canadian Cardiovascular Society
Scheme (Cardiovascular Disability: Updating the Social Security Listings, 2010). Class I is
angina that occurs as a result of excessive exertion due to work or recreation (not including
physical activity: e.g. cycling, skating, chopping wood, etc.) (Cardiovascular Disability:
Updating the Social Security Listings, 2010). Class II refers to angina as a result of ordinary
activity with some added stress (e.g. walking uphill after a meal or in the cold)
(Cardiovascular Disability: Updating the Social Security Listings, 2010). Class III is angina
that is a result of ordinary activity such as walking around the block, completing household
chores, etc. (Cardiovascular Disability: Updating the Social Security Listings, 2010). Finally,
Class IV refers to angina that is a result of any physical activity completed and may also be
prevalent during periods of non-movement (i.e. rest) (Cardiovascular Disability: Updating

the Social Security Listings, 2010).

Diagnosis and classification- Most often, myocardial infarction is diagnosed on the basis of
cardiac biomarkers (Thygesen, Alpert & White, 2007). This biomarker is usually troponin
(Thygesen, Alpert & White, 2007). Symptoms of ischaemia or ECG changes in combination
with fluctuation in the concentration of troponin (above the 99 percentile upper reference
limit) is a basis for diagnosis (Thygesen, Alpert & White, 2007). Myocardial infarction,
which is a manifestation of ischemic heart disease, can be classified into five different

categories (Thygesen, Alpert & White, 2007). Type 1 is myocardial infarction due to a
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coronary event such as plaque rupture (Thygesen, Alpert & White, 2007). Type 2 is
myocardial infarction due to an increase in the demand for oxygen (e.g. hypertension)
(Thygesen, Alpert & White, 2007). Type 3 is symptoms of myocardial infarction
simultaneously with sudden cardiac arrest (Thygesen, Alpert & White, 2007). Type 4 and
Type 5 refers to myocardial infarction in association with stent thrombosis and coronary

artery bypass grafting, respectively (Thygesen, Alpert & White, 2007).

2. Disease burden

2.1 COPD
COPD is considered a global burden on healthcare (Rabe & Watz, 2017). COPD is the 4™
leading cause of death globally, and is predicted to become the 3" leading cause of death
(GOLD, 2017, 5; Soriano & Lamprecht, 2012). Determining prevalence is difficult due to the
different approaches of determining the impact of COPD on the population (i.e. spirometry,
surveys, etc.) (GOLD, 2017). For example, in 2015, the Global Burden of Disease Study
approximated that 174 million are affected globally due to COPD (Systematic analysis for
the Global Burden of Disease Study 2015). However, in 2010 a study found that there are
384 million cases globally on the basis of spirometry (Adeloye et al., 2015).
COPD is often compared with asthma due to their similar symptomology (GBD 2015
Chronic Respiratory Disease Collaborators, 2017). A study on the global burden of diseases
discovered that in 2015, death due to COPD was 8 times higher than death due to asthma.
Furthermore, of all the diseases contributing to disability-adjusted life years (DALY35s),

COPD caused 2.6%, whereas, asthma caused 1.1%. COPD is the eighth leading cause of
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disease burden, on the basis of DALYSs. In 2015, approximately 170 million men and women
were affected by COPD globally.

COPD is increasingly prevalent among older individuals and in less-developed countries.
Overall, COPD receives less medical attention and significance in comparison with other
non-communicable diseases such as cardiovascular disease and cancer. Less physical activity
and smoking have also been linked with COPD mortality and increased burden due to

COPD.

22CVD

CVD (i.e. heart disease) is the 2" leading cause of death in Canada (Statistics Canada: Heart
Disease in Canada, 2017). Heart disease (ischemic) is one of many CVD, including,
myocardial infarction, cerebrovascular disease and congestive heart disease (Public Health
Agency of Canada: Chronic Disease and Injury Indicator Framework, 2016). Risk of
mortality is three times higher in the 2.4 million Canadians, age 20 and older, diagnosed with
heart disease than the average Canadian without heart disease (Statistics Canada: Heart
Disease in Canada, 2017).

Cardiovascular disease has been declining, however, this is mainly limited to regions with a
higher sociodemographic index (i.e. greater income, higher education and reproduction)
(Global, Regional, and National Burden of Cardiovascular Diseases for 10 Causes, 1990 to
2015). In 2015, there were 422.7 million cases of CVD globally (Global, Regional, and
National Burden of Cardiovascular Diseases for 10 Causes, 1990 to 2015). In 1990, 12.5
million deaths were attributed to CVD, whereas, in 2015, 17.9 million deaths were due to

CVD (Global, Regional, and National Burden of Cardiovascular Diseases for 10 Causes,
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1990 to 2015). As the sociodemographic index increases in a region, CVD mortality rates
seem to become higher among men than women in that region (Global, Regional, and
National Burden of Cardiovascular Diseases for 10 Causes, 1990 to 2015).

In countries with a sociodemographic index that is greater than 0.75, CVD mortality
decreases greatly (Global, Regional, and National Burden of Cardiovascular Diseases for 10
Causes, 1990 to 2015). CVD in individuals age 40 and older was largely dominated by the
prevalence of ischemic heart disease in 2015 (Global, Regional, and National Burden of
Cardiovascular Diseases for 10 Causes, 1990 to 2015). Globally, it was estimated that there
were 7.29 and 110.55 million cases of myocardial infarction and ischemic heart disease,
respectively (Global, Regional, and National Burden of Cardiovascular Diseases for 10
Causes, 1990 to 2015). The prevalence of ischemic heart disease was 290 cases per 100,000
people for those aged 40 to 44, whereas, the ratio was much higher at 11,203 cases per
100,000 for those aged 75-79 (Global, Regional, and National Burden of Cardiovascular
Diseases for 10 Causes, 1990 to 2015). CVD was responsible for a third of all deaths globally
in 2015. CVD mortality and sociodemographic index shift from 2015 shows that in regions
with a higher sociodemographic index, mortality due to CVD is higher in men than women,

whereas, the opposite holds true in areas with lower sociodemographic index.

3. Clinical management
3.1 Management of COPD
3.1.1 Goal of Treatment
The goal of treatment is three-fold: (1) to reduce disease progression, (2) symptom burden

and (3) risk of exacerbations and mortality. As COPD is a progressive disease, the condition
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worsens over time. The importance of pharmacological and non-pharmacological treatment
is to help manage symptom, primarily dyspnea, and treat or prevent acute events (i.e.
exacerbation) in patients with COPD (Martinez, Han, Flaherty & Curtis, 2006; GOLD,

2017).

3.1.2 Pharmacological therapy

The treatment of stable COPD, in particular, treatment targeting alleviation of symptoms and
preventative measures against exacerbation include bronchodilation, azithromycin, and
mucolytics, such as N-acetylcysteine (Miravitlles, M., D’Urzo, A., Singh, D., & Koblizek,
V., 2016). Management of COPD exacerbation, which refers to worsening respiratory
symptoms, can be done based on the classification of the exacerbation (GOLD, 2017; Criner
et al., 2015). Mild, moderate and severe exacerbations are treated with different
pharmacological therapies (GOLD, 2017; Criner et al., 2015). Mild exacerbations are treated
with short acting bronchodilators (SABDs), whereas, moderate exacerbation are treated with
both SABDs and antibiotics/corticosteroids (GOLD, 2017). Severe exacerbations may
require hospitalization. Antibiotics and corticosteroids improve recovery time and lung
function, respectively (GOLD, 2017). Various pharmacological treatments can also be used
to reduce symptoms and increase exercising abilities, in addition to managing/reducing

exacerbations (Bourbeau et al., 2019).

3.1.3 Non-pharmacological therapy

Respiratory support can be provided as non-pharmacological therapy (GOLD, 2017). This

includes oxygen therapy, ventilator support and invasive/non-invasive mechanical ventilation
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(GOLD, 2017). Oxygen therapy refers to the provision of supplemental oxygen during
hospitalization in order to ensure blood oxygen saturation levels are maintained (GOLD,
2017). The most important non-pharmacological therapy is pulmonary rehabilitation as well
as self-management interventions such as physical activity (Pulmonary rehabilitation: official
statement of the American Thoracic Society, 159; Dechman et al., 2019). Pulmonary
rehabilitation can be defined using the official statement by the American Thoracic Society,
which identifies pulmonary rehabilitation as any program created and adapted for the unique
needs of each COPD patient with the ultimate goal of efficiently increasing physical and
social wellbeing as well as autonomy (Pulmonary rehabilitation: official statement of the
American Thoracic Society, 159; Dechman et al., 2019). Pulmonary rehabilitation beyond
improving exercise capacity includes but is not limited to: using communication to increase
adherence to therapy and improve lifestyle choices (i.e. nutrition) for a healthier lifestyle, as

well as increase physical activity through education, therapy and training.

3.1.4 Preventative Approach

Smoking cessation is considered a key component in “influenc[ing] the natural history of
COPD” (GOLD, 2017, p. 10). Using counselling and other resources to quit smoking is
recommended. Vaccinations are also important in preventing risk of exacerbations, hospital
admission, mortality and illness due to COPD (GOLD, 2017). This includes the influenza

vaccine and pneumococcal vaccine (GOLD, 2017).

3.2 Management of CVD

3.2.1 Goal of Treatment
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The goal of treatment is to reduce cardiovascular events (i.e. stroke, etc.), reduce mortality,
for symptom management and increase both survival and quality of life (Zieman & Malasky,
2005). Diet and physical activity have been shown to play a role in preventing cardiovascular
disease in the elderly. Pharmacological and non-pharmacological treatments such as B-

blockers and rehabilitation, respectively, can be used as treatment.

3.2.2 Pharmacological Therapy

Pharmacological therapy is dependent on the presence of disease, meaning that the therapy
differs if there are multiple diseases (Zieman & Malasky, 2005). For example, patients with
ischemic heart disease are treated with B-blockers (Farjo, Patel, Shah, Badami, Regner,
Stansbury & Schmidt, 2018). B-blockers are also used post-myocardial infarction, however,
a selective aldosterone antagonist is used in patients post-myocaridal infarction who also
have left ventricular dysfunction (Zieman & Malasky, 2005; McKenna et al., 2012). In
addition to this, a diuretic is used if there are signs of heart failure. ACE inhibitors are used
for patients with diabetes (Johnson & Spurney, 2015). The JNC-7 guidelines should be used
to determine the therapy, however, often 2 or more agents are used in order to initiate
treatment especially when the patient has an abnormal systolic and diastolic blood pressure

reading (Zieman & Malasky, 2005; Karmali et al., 2016).

3.2.3 Non-pharmacological Therapy
Cardiac rehabilitation is a non-pharmacological therapy used to limit the impact of cardiac
illness on physiological well-being, reduce risk of mortality due to CVD, decrease cardiac

disability, control CVD symptoms and prevent further atherosclerosis (Zieman & Malasky,
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2005). Cardiac rehabilitation has decreased CVD mortality as much as 25% in some studies,
which are limited by their lack of inclusion of individuals over the age of 65 (Zieman &
Malasky, 2005).

Exercise training is one component of cardiac rehabilitation. When using exercise training as
a part of cardiac rehabilitation in the elderly, comorbidities and functional capabilities of
patients, especially those with cardiac disabilities, must be taken into consideration. Peak
aerobic capacity is considered a marker for physical function (Zieman & Malasky, 2005). If
an individual’s peak aerobic capacity is impaired, training may improve the same which in
turn lowers risk of mortality (Zieman & Malasky, 2005). As such, the purpose of exercise
training should be to improve physical function and increase disability-free survival (Zieman
& Malasky, 2005). Resistance training has been recognized as a useful exercise training tool
in addition to aerobic exercise training (Zieman & Malasky, 2005). Interestingly, women are
less likely than men to be referred to cardiac rehabilitation that includes exercise training by
physicians (Ades et al., 1992).

It is predicted that smoking cessation would be able to prevent around 600,000 strokes that
occur annually (Zieman & Malasky, 2005). Smoking cessation would substantially reduce
CVD related morbidity and mortality for those over the age of 70 (Zieman & Malasky,
2005). It has been found that patients with myocardial infarction have a 20-50% reduced

likelihood of mortality due to smoking cessation (Sparrow & Dawber, 1978).

3.2.4. Preventative Approach

Both diet and physical activity play important roles in preventing CVD (Zieman & Malasky,

2005). Exercise controls the presence of high density and low density lipoprotein, weight and
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blood pressure/hypertension (Zieman & Malasky, 2005). Furthermore, exercise can have a
beneficial impact on the disease burden of CVD, perhaps reducing hospitalization rates and

costs for CVD-based disability (Zieman & Malasky, 2005).

4. Risk factors

4.1 Risk factors for COPD
Genetic factors- Alpha-1 antitrypsin deficiency (AATD) has been identified as a the only
known genetic risk factor for COPD (Stroller & Aboussouan, 2005). It has been found that

smokers with AATD deficiency, which is severe and hereditary, are more likely to have early

onset COPD than smokers without AATD deficiency (Holm et al., 2013).

Lung development- Factors that may affect lung growth during childhood and gestational
period (i.e. infections, birth weight, premature birth, etc.) may increase risk of COPD in the
long-term (GOLD, 2017). Furthermore, if there is a history of respiratory infections

throughout childhood this is related to a decrease in lung function (de Marco et al., 2011).

Exposure to particulate-
Smoking (cigarette, second-hand, marijuana)

Smoking is a shared risk factor for both COPD and CVD. Please see the shared risk factor

section (Section 4.3.3) below.

Biomass fuel
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Biomass fuel, also referred to as indoor air pollution, is the pollution caused by the use of oils
in cooking (GOLD, 2017). When used in small spaces with poor ventilation, this exposure is
a risk factor for COPD (GOLD, 2017). This is also one the main reasons that COPD is
thought as becoming more prevalent among women globally, as, predominately, they are
being exposed to this source of indoor pollution (developing countries) (GOLD, 2017). It is
estimated that 35% of COPD incidents in low and middle-income countries are due to
biomass fuel exposure (Mannino & Buist, 2007). Ambient air pollution is a shared risk factor

for both COPD and CVD (see section 4.3.4).

Asthma and airway hyper-reactivity Asthma, in comparison to COPD, has early onset (i.e.
usually diagnosed at a younger age). Furthermore, asthma is not as consistent in
symptomology as COPD. Obesity, eczema, arthritis and allergy are also commonly coexisting
with asthma. Asthma and airway hyper-reactivity are considered risk factors for COPD. The
Dutch hypothesis is one of the explanations that link the pathogenesis of COPD with that of
asthma (Postma, Weiss, van den Berge, Kerstjens & Koppelman, 2015). In particular, when
originally formulated in 1961, the Dutch Hypothesis brought to light the significance of
phenotyping genetic and environmental factors, age, sex, and other variables, that may
influence diagnosis of asthma, COPD, or a combination syndrome, which in turn impacts

management in clinical settings.

Ambient Air Pollution

Ambient air pollution is a shared risk factor for both COPD and CVD (see Section 4.3.4).
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4.2 Risk factors for CVD
Genetic Factors- High sensitivity C-reactive protein is a biomarker for inflammation (Silva
& de Lacerda, 2012). It is a risk factor for cardiovascular heart disease among elderly
women. High sensitivity C-reactive protein has a role in regulating, inducing and
upregulating expression in the atherosclerosis pathway (Silva & de Lacerda, 2012). It has
been found that C-reactive protein has genetic determinants (Hersh CP, Miller DT,
Kwiatkowski DJ, Silverman EK., 2006). The concentration of high sensitivity C-reactive
protein is related to smoking, obesity, hypertension, diabetes and other risk factors of CVD
(Saito, Ishimitsu, Minami, Ono, Ohrui & Matsuoka, 2003). However, high sensitivity C-
reactive protein is also an independent risk factor for CVD (Koenig, 2013). High sensitivity
C-reactive protein is associated with an increase in CVD related mortality and cardiovascular

heart disease events (Fonseca & Izar, 2016).

Hypertension and High Blood Pressure- It has been found that hypertension, which is
increasingly prevalent with age, is a risk factor for CVD (Petrie, Guzik & Touyz, 2018).
Over 60% of individuals over the age of 65 have either a high blood pressure or hypertension
(Zieman & Malasky, 2005). CVD and systolic blood pressure are associated with one
another, as are systolic blood pressure and myocardial infarction, angina and sudden death
due to CVD (Zieman & Malasky, 2005). There is also an increase in vascular events with
increased systolic blood pressure in the elderly population (Zieman & Malasky, 2005). Blood
pressure measures may sometimes be false due to calcification in arteries (i.e.
pseudohypertension) (Feng, Zang, Huang & Huang, 2018). Thus, it is recommended that

hypertension be considered in addition to any organ damage, such as left ventricular
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hypertrophy, which is both associated with hypertension and also an independent risk factor,

for CVD (Corbett, Naqvi & Bajwa, 2020).

Left Ventricular Hypertrophy- The prevalence of left ventricular hypertrophy, which is
determined by EKG, increases with age (Wachtell & Okin, 2016). For example, the
prevalence of left ventricular hypertrophy is 4.2 and 4.9% for men and women, aged 75-84,
respectively, however, it is 5.9 and 9.4% for men and women aged 85-94, respectively
(Zieman & Malasky, 2005). Left ventricular hypertrophy is a risk factor for cardiovascular

heart disease events in the elderly (Zieman & Malasky, 2005; Wachtell & Okin, 2016).

High Body Mass Index (BMI) and Obesity- 1t has been found that body mass index (BMI)
increases with age until the age of 65-70 years-old (Poehlman et al., 1995; Cooper, Popham,
Santanasto, Glynn & Kuh, 2017). It is unclear if BMI is an independent risk factor for CVD
(Zieman & Malasky, 2005). However, BMI is associated with other well-known risk factors
such as dysplipidemia and hypertension (Zieman & Malasky, 2005). Furthermore, the waist-
to-hip ratio for abdominal obesity has been recognized as an important measure to determine
insulin resistance which contributes to the diabetes and CVD association (Bando, Kato,
Sakamoto, Ogawa, Bando & Yonei, 2017; Scicali et al., 2018). Abdominal obesity, or the

waist-to-hip ratio is considered a CVD risk factor in the elderly, especially for women.

Dysplipidemia- Overall, high cholesterol levels have been identified as a risk factor for

cardiovascular events in the elderly (Nadrowski et al., 2016). Total cholesterol, low-density

lipoprotein and high-density lipoprotein are all predictors of myocardial infarction (Zieman &
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Malasky, 2005). High-density lipoprotein is also a risk factor for CVD (Nadrowski et al.,
2016). The association between total cholesterol and cardiovascular heart disease does not
hold with increasing age, however, high-density lipoprotein continues to be a risk factor for

cardiovascular heart disease events as age increases (i.e. including those over 80) (Zieman &

Malasky, 2005).

Diabetes- The prevalence of type II diabetes increases with age. Heart and blood vessel
related diseases are responsible for 75% of mortality among diabetes patients (Zieman &
Malasky, 2005). The risk of death due to cardiovascular heart disease is between one to four
times higher for individuals with diabetes as compared to those without (Zieman & Malasky,
2005; Liu, Simon, Shi, Mallhi & Eisen, 2016). Furthermore, this association is more defined
in women than men (Abbott, Donahue, Kannel & Wilson, 1988). It has been found that the
risk for cardiovascular heart disease was 1.8 and 4.6 times more for men and women,
respectively, for those who have diabetes (Zieman & Malasky, 2005). Diabetes is also a risk
factor for coronary events in the elderly (Vestberg, Rosengren, Eeg-Olofsson, Miftaraj,
Franzen, Svensson & Lind, 2018). Moreover, there is an increased likelihood of adverse
outcomes post-diagnosis of coronary disease among individuals with diabetes (Zieman &

Malasky, 2005).

Pre-existing Atherosclerosis- Pre-existing atherosclerosis is one of the biggest risk factors
for new coronary events (Zieman & Malasky, 2005). For example, a history of myocardial
infarction increases the likelihood of CVD based mortality by 2.1 times (Simons, Simons,

Friedlander & McCallum, 2002).
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Carotid Intima-Media Thickness- Carotid intima-media thickness, which is measured using
ultrasound is associated with increased risk for myocardial infarction and stroke in the elderly
population (Berkman et al., 2003). As carotid intima-media thickness increases, the risk for

both myocardial infarction and stoke increases (Berkman et al., 2003).

Sleep Apnea- Sleep apnea has been found to increase with age. In particular, 4% and 13% of
women and men, respectively, over the age of 65, have the disorder (Shochat & Pillar, 2000).
Sleep disorder is also associated with hypertension (Peppard, Young, Palta & Skatrud, 2000).
Sleep apnea is an independent risk factor for cardiovascular heart disease events and CVD
mortality in older individuals (Zieman & Malasky, 2005). Furthermore, this association is

more defined for women than men (Zieman & Malasky, 2005).

Exposure to particulate-
Smoking (cigarette, second-hand, marijuana)
Smoking is a shared risk factor for both CVD and COPD. Please see the shared risk factor

section (Section 4.3.3) below.

Ambient Air Pollution

Ambient air pollution is a shared risk factor for both CVD and COPD (see Section 4.3.4).

4.3 Shared risk factors COPD and CVD

4.3.1 Age and Sex
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Despite the fact that COPD has historically been more common in men than women, this is
thought to be changing currently (Adeloye et al., 2015). As women may be more susceptible
to airflow limitation, the risk of COPD is predicted to increase in women (Han et al., 2007,
Sorheim et al., 2010; Luoto, Elmstahl, Wollmer & Pihlsgard, 2016). COPD is considered a
part of the multimorbidity of aging (Rabe & Watz, 2017). Aging is a risk factor for COPD as
28% of Canadian over the age of 80 is at risk of having COPD (Gershon et al., 2011).
Cardiovascular heart disease is considered a disease of elderly women due to its high
prevalence among this population (Zieman & Malasky, 2005). Furthermore, age is associated
with CVD, such that the prevalence of cardiovascular heart disease, myocardial infarction,
etc. is predicted to increase with the aging population (Zieman & Malasky, 2005). Disability
due to CVD is also an increasingly prevalent concern, due to the close association between
CVD and age (Zieman & Malasky, 2005). Coronary artery disease in the elderly is more
severe in its presentation and affect (i.e. angiographic disease, left ventricular stiffness, etc.)
as compared to in younger populations (Zieman & Malasky, 2005). The higher rates of
disability among elderly CVD patients further contributes to reduced exercise which, in turn,
is a risk factor for CVD and CVD events (Huang, Duong, Killian, Raina, Xie, Dragoman &
Chen, 2018). Furthermore, women are more likely to report disability than men, especially

among those with cardiovascular heart disease.

4.3.2 Socioeconomic status
The evidence shows that individuals with lower socioeconomic status are at a higher risk of
developing COPD (GOLD, 2017; de Marco et al., 2011). What is unclear in this relation is

the role of air pollution (indoor and outdoor), nutrition, infection and other factors related to
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socioeconomic status (GOLD, 2017). Socioeconomic status also seems to play a role in the
prevalence of CVD. Wherein, racial and socioeconomic differences are reflected in the
prevalence of CVD and related risk factors such as diabetes, whereby, disadvantaged groups
are more highly affected (Zieman & Malasky, 2005). This also stands true for the association
between air pollution and CVD, whereby, non-white communities generally are exposed to

higher levels of air pollution (Clark, Millet & Marshall, 2017).

4.3.3 Health habits

Physical Activity- Physical activity is seen to reduce the risk of COPD, even in elderly
populations with less vigorous activity (Garcia-Aymerich, Lange, Benet, Schnohr & Anto,
2007; Garcia-Aymerich, Lange, Serra, Schnohr & Anto, 2008). Physical activity not only
reduces the risk of COPD, but hospitalizations and mortality related to COPD causes
(Garcia-Aymerich, Lange, Serra, Schnohr & Anto, 2008). Higher levels of frequent physical
activity are associated with reduced risk for COPD among smokers (Garcia-Aymerich,
Lange, Benet, Schnohr & Anto, 2007). Physical inactivity is a leading risk factor for CVD
related mortality (Yusuf et al., 2004). In this study, it was found that of all patients with
myocardial infarction, approximately 12% of these myocardial infarction cases are due to
physical inactivity (Yusuf et al., 2004). Furthermore, physical inactivity is accountable for
18% and 10% of hypertension and diabetes patients, respectively, which are two of the risk

factors for CVD (Yusuf et al., 2004).

Diet- A diet, consisting of vegetables, fish, fruit and cereal was found to be associated,

positively, with FEV, (Shaheen et al., 2010). Furthermore, a meal richer in these
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aforementioned components was associated with lower prevalence of COPD (Shaheen et al.,
2010). It was hypothesized that these results may suggest that a healthier diet can help
prevent COPD and lung impairment (Shaheen et al., 2010). In particular, this study
hypothesizes that this diet plan may prevent lung impairment, COPD as well as CVD due to
the shared link to FEV; and mortality rates (Shaheen et al., 2010).

It was also suggested, in the literature review of this study, that certain components of these
‘healthy’ foods are the underlying factor in the relation between diet and COPD (Shaheen et
al., 2010). They also mentioned components of food, such as certain types of fatty acids,
which have been linked to reduced risk for COPD and CVD in some studies (Shaheen et al.,
2010). A review, which was conducted to determine the influence of nutrition on COPD,
found that certain components of nutrition such as antioxidant vitamins (e.g. Vitamin C and
Vitamin E) may play a role in the prevention of initiation and progression of lung impairment
and related diseases such as Obstructive Lung Diseases (Mosallanezhad, Jalali, Eftekhari &

Ahmadi, 2019).

4.3.4 Exposure to Particulate Matter

Smoking- Tobacco smoke is considered the most common risk factor for COPD globally
(GOLD, 2017). Other forms of tobacco and marijuana are also risk factors which includes,
cigar, pipes and water pipes (GOLD, 2017). This may also include environmental tobacco
smoke (i.e. second hand smoking) (GOLD, 2017). This is a shared risk factor among COPD
and CVD.

Despite the fact that smoking generally decreases with age, there is still a risk of myocardial

infarction or death for individuals who have a history of smoking (Hermanson, Omenn,
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Kronmal & Gersh, 1988). However, this risk is higher in the elderly population that is still
currently smoking (Hermanson, Omenn, Kronmal & Gersh, 1988). It was found that the risk
of death for smokers (previous or current) over the age of 75, was 3.3 times higher for those
who currently smoke as compared to those who have a history of smoking (Hermanson,
Omenn, Kronmal & Gersh, 1988).

In a different study conducted with those over the age of 65, the risk of CVD related death
was approximately two times higher in those who currently smoked as compared to those
who had never smoked (LaCroix et al., 1991). Furthermore, smoking increases the
likelihood of CVD events by approximately 2 times in CVD patients in long term care
facilities (Zieman & Malasky, 2005). Smoking is considered the second most important risk

factor after hypertension for stroke (Zieman & Malasky, 2005).

Air ambient pollution- Air pollution (outdoor) is another risk factor for COPD (GOLD,
2017). It is thought to increase the damage to the lungs by increasing the burden on the lungs
due to inhaled small particulate matter (GOLD, 2017). It’s affect as a risk factor is thought
to be less in comparison to other known risk factors (e.g. smoking) (GOLD, 2017).
Particulate matter air pollution exposure, including chronic and acute exposures, have been
associated with a higher risk of CVD related mortality (Hamanaka & Mutlu, 2018). This
includes CVDs such as ischemic (coronary) heart disease, stroke and heart failure
(Hamanaka & Mutlu, 2018). Furthermore, air pollution has been found to be an important
factor contributing to the development of diabetes and obesity, which, in turn, are risk

factors for CVD (Hamanaka & Mutlu, 2018). Please see section 5.
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5. Air ambient pollution, COPD and CVD
5.1 Air Pollution
5.1.1 Definition

As the composition of air pollution includes gases such as nitrogen dioxide, sulfur
dioxide, ozone, PM, s (particulate matter less than 2.5 micrometers), etc., the sources
of these various different components are diverse (i.e. traffic pollution, ozone, ‘indoor
pollution’, natural sources, industrial sources) (Hamanaka & Mutlu, 2018). Please see
the Table A for a breakdown of the various sources and components of air pollution.
Particulate matter, in particular, has been found to have profound effects on health
outcomes in comparison with other gaseous components of air pollution (Hamanaka
& Mutlu, 2018). Rapidly growing cities and developing countries seem to be most

affected by air pollution and the effects on health (Cohen et al., 2005).

5.1.2 Burden of Air Pollution
Air pollution, and in particular, PM2.4, caused 4.2 million deaths in 2015 alone,
wherein, significant death can be attributed to cardiovascular disease-related mortality
(Cohen et al., 2017). This can be estimated to contribute to 6.4 million years of lost
life (Cohen et al., 2005). The burden of air pollution on health and survival is
especially defined in developing countries, such as those in Asia (65% of air pollution
burden) (Cohen et al., 2005). It is also estimated that, in terms of air pollution burden
based on morbidity, the disability-adjusted life years is 20% higher for
cardiopulmonary disease (Cohen et al., 2005). Please see Figure 1 for the differences

in air pollution concentrations between Canadian cities and worldwide.
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Air pollution, especially fine particulate matter air pollution, is associated with
numerous diseases, disease-related deaths and disease adjusted life years (Cohen et
al., 2005). Particulate matter air pollution is associated with lung cancer and various
other cardiopulmonary-causes related mortality (Cohen et al., 2005). Fine particulate
air pollution (PM, s5) causes mortality related to cancer of the respiratory system (i.e.
bronchus, trachea and lungs) (5%), cardiopulmonary diseases (3%) and respiratory
infection (1%) (Cohen et al., 2005).

Higher levels of particulate matter air pollution has been known to have adverse
outcomes on health. One example of the same was the London, UK smog incident in
1952, in which 4,000 people died due to the smog and 100,000 suffered other severe
health effects (Logan, 1953). Previously, it has been found that an increase of 10
ug/cm’ of particulate matter air pollution results in a 1.04% increase in mortality
(Atkinson et al., 2014). Furthermore, hospitalization for cardiopulmonary and
respiratory diseases also goes up with an increase in particulate matter air pollution
(Hamanaka & Mutlu, 2018). The effect of particulate matter air pollution on mortality
was greater in cities with more traffic caused particulate matter air pollution

(Hamanaka & Mutlu, 2018).

5.1.3 Effect of Air Pollution on CVD morbidity and mortality
5.1.3.1 Epidemiology- PM; s has been associated with increased CVD risk (Brook et
al., 2010). Traffic caused particulate matter air pollution has been found to cause
myocardial infarction, as does physical activity and alcohol in CVD patients (Nawrot

et al., 2011). Furthermore, this association between particulate matter air pollution
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and mortality is independent of other pollution components such as sulfur dioxide,
nitrogen dioxide, etc. (Bell et al., 2008). Recently, a short-term exposure study
conducted shows that as PM, 5 level increases approximately 10 ug/cm’, CVD
mortality increases by 0.47% (Newell, Kartsonaki, Lam & Kurmi, 2017). This is a
finding limited to low and middle income countries, whereas, an alternative meta-
analysis considering over 110 peer reviewed articles globally, finds that the same
increase of PM; s levels, increases mortality by 1.04% (Atkinson et al., 2014).

In terms of long-term exposure, this association between PM; s and mortality still
stands, with a 1.26 increased risk of mortality in more polluted cities as compared to
less polluted cities (Dockery et al., 1993). A study conducted with over 552,000
participants on long term air pollution exposure (PM; s and SO, exposure,) found that
mortality due to lung cancer and cardiopulmonary reasons was 8% and 6% higher,
respectively, with 10 ug/cm’ increment increases in air pollution (Pope et al., 1995;
Pope et al., 2002).

The increased likelihood of CVD mortality due to air pollution is linked to pre-
existing heart disease, smoking, socioeconomic status and older age (Hamanaka &
Mutlu, 2018). Disadvantaged populations, such as unemployed individuals as well as
elderly individuals are more likely to be effected by health issues due to air pollution
(Samoli et al., 2008). The association between PM; s and ischemic heart disease
related mortality was not affected by the smoking status of the population (i.e. the
association stood true for previous smokers, current smokers and non-smokers) (Pope
et al., 2004). Whereas, the association between PM, 5 and risk of mortality due to

arrhythmia, cardiac arrest and heart failure was higher only in the current and
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previous smoker population, and not for non-smokers (Pope et al., 2004).
Furthermore, this association between CVD and air pollution is particularly defined
among women. In a women’s only study, it was found that a 10 ug/cm’ increase in
PM, s increased CVD events by 76% and coronary heart disease by 43% (Di, Dai,
Wang, et al., 2017; Di, Wang, Zanobetti, et al., 2017). Globally, this disproportionate
risk for women seems even more significant with higher exposure to indoor air
pollution in developing countries (biomass fuels used to cook indoors) (Landrigan et
al., 2018).

Air pollution, thus, seems to play a role in exacerbation of CVD, mortality due to
CVD and development of CVDs (Hamanaka & Mutlu, 2018). PM, s is associated
with heart failure, cerebrovascular disease and other CVD such as ischemic heart
disease (Hamanaka & Mutlu, 2018). Myocardial infarction and ischemic heart disease
are related to both short-term and long-term exposure to air pollution (Hamanaka &

Mutlu, 2018).

5.1.3.2 Subclinical Association and Plausible Mechanisms: Cell Biology and
Animal In Vivo Studies- PM; s exposures can induce systemic inflammation (Ghio,
Kim & Devlin, 2000). Biomarkers of inflammation are increasingly produced after
just 2 hours of exposure to high concentrations of PM, s (Ghio, Kim & Devlin, 2000).
These biomarkers include C-reactive protein, pulmonary neutrophils, fibrinogen,
interleukin-6 and tumor necrosis factor-a (van Eden et al., 2001; Moller & Loft, 2010;
Huang et al., 2012). Biomarkers of oxidative stress are oxidized lipids, which are an

atherogenic precursor (van Eden et al., 2001; Moller & Loft, 2010; Huang et al.,
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2012). Carotid artery intima-media thickness is a surrogate marker for atherosclerotic
progression (Kunzli et al., 2005; Diez et al., 2008; Bauer et al., 2010; Adar et al.,
2013). Furthermore, PM exposure in mice with atherosclerosis have higher amounts
of low density lipoproteins (Sun et al., 2005; Araujo et al., 2008; Campen et al., 2010;
Bai et al., 2011). The study by Sun et al. (2005), considered mice assigned randomly
to PM2.5 exposure and filtered air exposure groups. It was found that there was
significantly higher plaque development in the PM2.5 exposure group (Sun et al.,
2005).

Other CVDs and risk factors related to the PM air pollution response include
myocardial infarction, insulin resistance and obesity (Xu et al., 2012; Liu et al., 2014;
Marchini et al., 2016; Hamanaka & Mutlu, 2018). There is an effect of PM on insulin
resistance in mice models (Sun et al., 2009; Liu et al., 2014; Liu et al., 2014).

A study conducted by Liu et al. (2014), using mice models, found that PM2.5
exposure modulates insulin resistance through the mediation of visceral adipose tissue
inflammation responses, both independent and dependent of CC-chemokine receptor
2 (which is known to be involved in inflammatory responses). Furthermore, this PM-
related insulin resistance seems to increase the likelihood of PM-related endothelial
dysfunction (O’Neill et al., 2005). A study by Xu et al. (2010), finds that early life
exposure to fine particulate matter, in mice models, results in insulin resistance and
obesity. In the mice model, PM2.5 exposure has also been linked to myocardial

infarction through cytokine release from lung macrophages (Marchini et a., 2016).
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5.1.3.3 Subclinical Association and Plausible Mechanisms: Cell Biology and In
Vitro Studies- 1t is believed that PM; s exposure results in the release of reactive
oxygen species and in turn, oxidative stress responses. In particular, several markers
of oxidative stress are associated with PM, s exposure (Moller & Loft, 2010; Jacobs et
al., 2011; Huang et al., 2012). Various airway, nose and lungs cells, respond to PM; s
with an increase in reactive oxygen species and oxidative stress markers. This
includes epithelial cells (Mutlu et al., 2006; Soberanes, Panduri, Mutlu, Ghio,
Bundinger & Kamp, 2006; Manzo, LaGier, Slade, LedBetter, Richards & Dye, 2012;
Hong et al., 2016; Wang et al., 2017), endothelial cells (Li et al., 2009; Montiel-
Davalos, Ibarra-Sanchez, Ventura-Gallegos, Alfaro-Moreno & Lopez-Marure, 2010),
macrophages (Li et al., 2003; Ohyama et al., 2008; Zhao et al., 2016) and

cardiomyocytes (Cao et al., 2016; Yang et al., 2018).

5.1.3.4 Clinical Association and Plausible Mechanism: Human Studies- Particulate
matter air pollution is associated not just with the prevalence and risk of CVD and
CVD related mortality, but also with clinical pathologies of CVD (Ghio, Kim &
Devlin, 2000). This includes inflammation, arrhythmia, atherosclerosis, thrombosis,
oxidative stress and endothelial dysfunction (Hamanaka & Mutlu, 2018).

Vascular function is also seen to be impacted by exposure to PM. For example,
arterial vasoconstriction is one result of exposure to diesel exhaust (Brook et al.,
2002). Furthermore, long-term exposure to PM air pollution is associated with

hypertension (Coogan et al., 2012; Chen et al., 2014). It is suggested that
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hypertension, as well as vasoconstriction, that results due to long-term air pollution
exposure, can exacerbate heart failure (Van Hee et al., 2009; Leary et al., 2014).
Cardiac arrhythmias and increased heart rate have also been found to be associated
with pollution exposure (Riediker et al., 2004; Dockery et al., 2005; Rich et al, 2006;
Link et al., 2013; Folino et al., 2017). PM and insulin resistance have also been
linked, whereby, it is suggested that PM is a modifiable risk for diabetes mellitus
(Brook et al., 2013; Thiering et al., 2013; Wolf et al., 2016).

The increased likelihood of thrombosis as a result of air pollution exposure is shown
to cause arterial and venous thrombotic events such as ischemic cerebrovascular
events, myocardial infarction and deep venous thrombosis (Hamanaka & Mutlu,
2018). Important coagulation factors, Plasminogen Activator Inhibitor-1 and
Plasminogen Activator, are up-regulated and inhibited, respectively, as a result of PM
exposure (Hamanaka & Mutlu, 2018; Liu et al., 2017; Mills et al., 2005; Chuang et
al., 2007; Mills et al., 2007).

The biological mechanisms underlying the association between CVD and air
pollution are hypothesized to be three-fold (Hamanaka & Mutlu, 2018; Brook et al.,
2010; Chin et al., 2015; Cosselman, Navas-Acien & Kaufman, 2015; Franklin, Brook
& Pope, 2015). The first hypothesized mechanism through which CVD and air
pollution are thought to be associated is the inflammatory response, which is a result
of air pollution, and can induce CVD such as atherosclerosis, thrombosis and
endothelial dysfunction (Brook et al., 2010; Chin et al., 2015; Cosselman, Navas-
Acien & Kaufman, 2015; Franklin, Brook & Pope, 2015). This is thought to occur

through inflammatory cytokine production which is dependent on reactive oxygen
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species (i.e. oxidative stress response) (Brook et al., 2010; Chin et al., 2015;
Cosselman, Navas-Acien & Kaufman, 2015; Franklin, Brook & Pope, 2015). It is
also hypothesized that the second mechanism through which PM induces CVD is
through sensory receptors in the lung (Brook et al., 2010; Chin et al., 2015;
Cosselman, Navas-Acien & Kaufman, 2015; Franklin, Brook & Pope, 2015). It is
suggested that the activation of the sympathetic pathway in the autonomic nervous
system and the hypothalamic pituitary adrenal axis has a role in this (Brook et al.,
2010; Chin et al., 2015; Cosselman, Navas-Acien & Kaufman, 2015; Franklin, Brook
& Pope, 2015). The third hypothesized mechanism is the possibility of translocation
of PM air pollution particles, whereby, introduction into the circulatory system may
induce inflammation (Brook et al., 2010; Chin et al., 2015; Cosselman, Navas-Acien
& Kaufman, 2015; Franklin, Brook & Pope, 2015).

Epigenetics are also an important consideration to better understand the association
between air pollution and CVD, though little is known about the biological
mechanism. Mice model studies have shown that early-life exposure to air pollution
can have long term effects (Weldy, Liu, Liggitt & Chin, 2014). Methylation and
histone modification seem to be epigenetic mechanisms that are a result of exposure
to air pollution (Yauk et al., 2008; Baccarelli et al., 2009; Baccarelli et al., 2010;
Madrigano et al., 2011). A complete understanding of the epigenetic changes as a

result of the association between CVD and air pollution is still limited.

5.2 Relationship between COPD and CVD

5.2.1 Epidemiology
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An association between impaired lung function and CVD has been determined since
as early as 1970 (Friedman, Klatsky & Siegelaub, 1976; Sin, Wu & Man, 2005).
Lung function impairment, which is determined through spirometry measurement, is
a risk factor for CVD independent of other factors such as smoking or breathlessness
(Friedman, Klatsky & Siegelaub, 1976; Sin & Man, 2005; Onishi, 2017). In 2013, a
paper stated that COPD increases the risk of CVD independent of common
confounders (Mullerova, Agusti, Erqou & Mapel, 2013). Furthermore, it was also
found that based on various studies on the association between CVD and COPD, the
prevalence of CVD among COPD patients was anywhere from 28% to 70%
(Mullerova, Agusti, Erqou & Mapel, 2013). Moreover, for COPD patients the
prevalence of ischemic heart disease, heart failure, stroke and arrhythmia, is 20-60%,
10-30%, 10-20+% and 10-15%, respectively.

Impaired lung function is also strongly associated with mortality due to ischemic
heart disease (Hole et al., 1996). In fact, impaired lung function was among the
highest factors contributing to mortality due to ischemic heart disease (Hole et al.,
1996). For example, the risk of ischemic heart disease mortality due to smoking,
hypertension and impaired lung function was 38%, 30% and 26% in men and 32%,
40% and 24% in women (Hole et al., 1996).

A decade long longitudinal study found that approximately 50% of all
hospitalizations of COPD patients were due to CVD related events (Anthonisen et al.,
1994). CVD was the second leading cause of death for these patients and ischemic
heart disease was estimated to be accountable for approximately two-third of all these

cases (Anthonisen, Connett, Enright & Manfreda, 2001). Observational studies found
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that the morbidity and mortality due to CVD is over twice as high in COPD patients
as compared to non-COPD patients (Global Initiative for Chronic Obstructive Lung
Disease, 2019; Chen, Thomas, Sadatsafavi & Fitzgerald, 2015).

Furthermore, patients with exacerbation due to COPD are at increased risk for a
major CVD event such as stroke or myocardial infarction (Crisan et al., 2019; Global
Initiative for Chronic Obstructive Lung Disease, 2019; Chen, Thomas, Sadatsafavi &
Fitzgerald, 2015). CVD risk factors such as hypertension, smoking, etc. are also
prevalent among COPD patients while inducing both major CVD events and COPD
exacerbation (Crisan et al., 2019; Global Initiative for Chronic Obstructive Lung
Disease, 2019; Chen, Thomas, Sadatsatavi & Fitzgerald, 2015; Kunisaki et al., 2018).
The prediction of mortality in COPD patients improved as much as 17.1% after
accounting for CVD risk (Lee et al., 2012).

In another study, it was found that the risk of myocardial infarction and stroke went
up by 2.27 and 1.26 times, respectively, post-COPD exacerbation (Donaldson, Hurst,
Smith, Hubbard & Wedzicha, 2010). A study with 13,471 participants found that the
risk of sudden death due to cardiac reasons was twice as high in COPD patients as
compared to non-COPD patients, whereas, the risk of sudden cardiac death was three
times as high in patients with more frequent COPD exacerbations (Lahousse et al.,

2015).

5.2.2 Subclinical Association and Plausible Mechanisms: Cell Biology and Animal

In Vivo Studies- There is a lack of animal, in vivo studies considering the subclinical

association between COPD and cardiovascular diseases. However, the effect of e-
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cigarette uses in mice and the effect on cardiovascular outcome has indeed been
explored (Olfert et al., 2018). Increased arterial stiffness and vasculature reactivity
was impaired by long-term exposure to e-cigarettes (Olfert et al., 2018). Monocytes
have been found to play a role in inflammatory responses, as seen in mice models
(Tacke et al., 2007). Animal studies find that inflammation in the lungs affects
systemic circulation through macrophages that induce inflammation (van Eden et al.,
2001; Terashima et al., 1997). A study by Smith et al. (1989), conducted in dogs and

sheep, finds that lung proteins enter circulation.

5.2.3 Subclinical Association and Plausible Mechanisms: Cell Biology and In Vitro
Studies- The inflammatory response during COPD is thought to be linked to
atherosclerosis through monocytic cells (Tacke et al., 2007). Post-cytokine release,
cells such as monocytes, mast cells and T-cells are abundant (Liuzzo et al., 2000;
Kovanen, Kaartinen & Paavonen, 1995; Tacke et al., 2007). Oxidative stress-related
damage and inflammation due to COPD is thought reduce the length of telemores of
cells in circulation (Savale, Chaouat, Bastuji-Garin, Marcos, Boyer, Maitre, Sarni,
Housset, Weitzenblum, Matrat, Corvoisier, Rideau, Boczkowski, Dubois-Rande,
Chouaid & Adnot, 2009; Tsuji, Aoshiba & Nagai, 2006). This is believed to have a
potential effect on immunity and risk of cardiac outcomes (Savale, Chaouat, Bastuji-
Garin, Marcos, Boyer, Maitre, Sarni, Housset, Weitzenblum, Matrat, Corvoisier,
Rideau, Boczkowski, Dubois-Rande, Chouaid & Adnot, 2009; Tsuji, Aoshiba &

Nagai, 20006).
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5.2.4 Clinical Association and Plausible Mechanisms: Human Studies- The
mechanism through which COPD increases the risk of CVD events, morbidity and
mortality is not fully understood, but there are several proposed mechanisms,
including inflammation and mechanical (hyperinflation). The likelihood of
hyperinflation in COPD patients is thought to contribute to increased diastolic blood
pressure and reduce left and right ventricular contractility, which is known to increase
the risk of CVD (Smith et al., 2013). COPD patients often display endothelial
dysfunction, inflammation (myocardial) and artery stiffness, which are signs of blood
circulation related inflammatory responses (Paulus & Tschope, 2013; Patel et al.,
2013; Luehrs et al., 2018). Inflammatory mediators found in COPD patients are
thought to contribute to atherosclerotic plaque build-up and in turn, a higher risk of
CVD morbidity and mortality (Hill et al., 2011; Danesh et al., 2008). It is believed
that the inflammatory pathway and cytokines may have a role to play (Crisan et al.,
2019). A theoretical model created to predict the mechanism through which smoking
and other risk factors cause CVD illustrated that inflammatory mediators in the
circulatory system causing plaque initiation and in turn, CVD, may also play a role in
macrophage-related inflammatory responses in the lung (van Eden, Leipsic, Man &
Sin, 2012).

The introduction of cytokines into the circulatory system is thought to induce
atherosclerosis (Crisan et al., 2019). Studies that have tried to determine the role of
markers in such theoretical models have not found consistent and promising results
(Crisan et al., 2019). According to a 2018 systematic review, fibrinogen, interleukin-6

and total bilirubin are high-yield predictors of mortality related to COPD (Goncalves,
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Guimaraes, Van Zeller, Menezes, Moita & Simao, 2018). However, Troponin 1 has
been found to be a predictor of future CVD related death and events in COPD

patients (Adamson et al., 2018).
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Chapter 3: Study Rationale, Hypothesis and Study Objectives

The study hypothesis is that there is a relationship between ambient air pollution concentration
and CVD, and that COPD and the severity of airflow obstruction amplify this relationship in an

aging population.

This MSc thesis project will have the following specific research objectives:
(1) To assess the relationship of ambient air pollution (more specifically fine particulate
matter, PM2.5) and ischemic heart disease, in an aging population;
(2) To assess whether COPD exposure and severity of airflow obstruction modulates the

relationship of ambient air pollution and ischemic heart disease, in an aging population.

This new knowledge would be of importance considering that COPD has recently been described
as the pulmonary component of systematic endothelial disease whereby a range of
‘inflammageing’ processes simultaneously affect other organs, such as CVD (Fabbri, 2016;
Rabe, 2017). Furthermore, new convincing evidence could lead to a more targeted approach for

the management of CVD in people with COPD.
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Abstract:

Introduction Cardiovascular disease (CVD) is the second leading cause of death globally. It has
been linked with exposure to ambient air pollution, and presence of Chronic Obstructive
Pulmonary Disease (COPD). The combined effect of air pollution and COPD on CVD, and in
particular, ischemic heart disease, has not been evaluated.

Methods The Canadian Longitudinal Study on Aging (CLSA) database was used to assess the
relationship between air pollution and CVD, and the combined effect of air pollution and COPD
on CVD, in particular, ischemic heart disease in this cross-sectional study. Multiple logistic
regression and interaction models were conducted, adjusted for sociodemographic variables such
as age, sex, highest education level attained, total household income, ethnicity, as well as, BMI,
diet (frequency of fruits and vegetables eaten), smoking status, in addition to the main
independent and dependent variables, NO, concentration, PM; 5 concentrations, O3
concentrations, and ischemic heart disease diagnosis.

Results Statistically significant associations were demonstrated between air pollution and
ischemic heart disease: 6%, 3% and 4% increase in the odds of ischemic heart disease per 1
point increase of the exposure, PM; 5, NO,, and O3 (p<<0.001), respectively. There was, however,
no statistically significant combined effect of air pollution and COPD, and severity of airflow
obstruction, on ischemic heart disease.

Conclusion The positive relationship between ischemic heart disease and ambient air pollution
exposure is in line with previous evidence in the literature. The hypothesized interaction between
COPD and air pollution on ischemic heart disease prevalence was not supported. Longitudinal
studies with a larger number of COPD subjects are needed before we can be more confident of

our conclusion.
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Introduction

Globally, the burden of Cardiovascular Diseases (CVD) is immense and rapidly growing. There
is also a growing body of information surrounding the relationship between air pollution and
CVD. In particular, among the various air pollution components, PM, s is thought to be one of
the major contributors to CVD morbidity and mortality (Watkins et al., 2013; Rajagopalan, Al-
Kindi & Brook, 2018). In 2015 alone, approximately 4.2 million deaths, a the majority of which

were CVD related, could be attributed to PM, s air pollution exposure (Cohen et al., 2017).

There are several proposed pathways by which air pollution is said to be linked to CVD,
including an inflammatory response resulting in cytokine production, suggested to be liked with
the induction of atherosclerosis and thrombosis (Brook et al., 2010; Chin et al., 2015;
Cosselman, Navas-Acien & Kaufman, 2015; Franklin, Brook & Pope, 2015). Another proposed
pathway is linked with sensory receptors located in the lung and the activation of the sympathetic
pathway (Brook et al., 2010; Chin et al., 2015; Cosselman, Navas-Acien & Kaufman, 2015;
Franklin, Brook & Pope, 2015). An alternative pathway suggests the potential translocation of
PM particles into the circulatory system and subsequent inflammation as the mechanism linking
air pollution and CVD (Brook et al., 2010; Chin et al., 2015; Cosselman, Navas-Acien &

Kaufman, 2015; Franklin, Brook & Pope, 2015).

Developing data strongly suggests that there is an association between CVD and chronic
respiratory illnesses, and in particular, Chronic Obstructive Pulmonary Disease (COPD)
(Nishiyama et al., 2010; Man, Van Eeden & Sin, 2012). Emerging knowledge reveal that this

association is independent of other common confounders, including age and cigarette smoke
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(Finkelstein, Cha & Scharf, 2009; Agusti et al., 2012; Onishi, 2017; GOLD, 2017). Furthermore,
lung function impairment has been identified as an independent risk factor for CVD (Friedman,

Klatsky & Siegelaub, 1976; Sin & Man, 2005; Sin, Wu & Man, 2005; Onishi, 2017).

Of recent time, it has been found that the prevalence of COPD is linked to increased PM
concentrations (Doiron et al., 2019). Our understanding of the biological mechanisms that link
COPD and various forms of CVD has improved significantly over the past decade. But despite
broad acceptance of the prognostic significance of CVDs in COPD, there remains widespread
under-recognition and under-treatment of comorbid CVD in this population. Given the link
between air pollution and CVD, as well as the relationship between ambient air pollution and
COPD, addressing whether CVD morbidity, in relation to ambient air pollution, is independent
or amplified by COPD is a gap in our current body of knowledge (Di, Dai, Wang, et al., 2017,

Di, Wang, Zanobetti, et al., 2017).

One of the objectives of the current study was to assess whether COPD and airflow obstruction
severity modulates the relationship of ambient air pollution and ischemic heart disease, in an
aging population. We first assessed, that in an aging population, ambient air pollution contributes
to the occurrence of ischemic heart disease (IHD), and then assessed evaluated whether this
effect was modified when air pollution is considered in combination with COPD. It was
hypothesized that there is a relationship between ambient air pollution concentration and CVD,

and that COPD and the severity of airflow obstruction amplify this risk in an aging population.

Methods
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A cross-sectional study design was conducted, that made use of a population-based study, the

Canadian Longitudinal Study on Aging (CLSA) database, to achieve the study objectives.

Study Population

The CLSA is a cohort study collecting data on 51,388 individuals (ages 45-85) across Canada
(clsa elcv, 2020; Raina et al., 2009). Spirometry data is collected from 11 sites across Canada
(clsa elcv, 2020; Raina et al., 2009). Research Ethics Board approval for data from all 11 sites
has been obtained. Individuals included in the database are fluent English and/or French speakers
(clsa elcv, 2020; Raina et al., 2009).

The CLSA has currently completed two waves of data collection (clsa elcv, 2020; Raina et al.,
2009). The first wave of data collection was used in this study. The data collection for this wave
of data was completed between 2011 and 2015 (clsa elcv, 2020; Raina et al., 2009). Data has
been collected using telephone interviews, at-home interviews, and visits to data collection sites
(once every three years) for physical assessments (e.g. spirometer test, etc.) (clsa elcv, 2020;
Raina et al., 2009).

Of the 51,388 individuals in the CLSA, this study has focused on 30,097 participants, as only
these participants have completed the in-home interviews and on-site assessments (clsa elcv,
2020). The remaining 21,241 participants completed the telephone interview only, and as such,
did not have spirometry to confirm the diagnosis of COPD. The CLSA is well-suited for this
study as the database’s inclusion criteria is individuals in Canada over the age of 45 and COPD
clinically presents itself mostly in individuals over the age of 40 (clsa elcv, 2020; Raina et al.,

2009; GOLD, 2017). The inclusion criteria for this particular study were individuals with data
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available on: (1) spirometry including forced expiratory volume in one second (FEV1) and
forced vital capacity (FVC) (2) IHD diagnosis (3) fine particulate matter air pollution
concentration and (4) other confounding variables, including age, sex, highest education level
attained, total household income, BMI, ethnicity, diet (frequency of fruits and vegetables eaten
per day), length of primary highway within 200m of postal code, and smoking status, with a
complete case analyses approach. The exclusion criterion was any participant missing one of the

aforementioned variables. Individuals with missing variables were excluded from the study.

Definitions of Independent and Dependent Variables: COPD, CVD, and Air Pollution
COPD definitions

COPD is defined using the Tiffeneau-Pinelli fixed ratio index (FEV1/FVC). The Lower Limit of
Normal (LLN) is another definition of COPD, in addition to the fixed post-bronchodilator ratio
of 0.70 in which individuals with a spirometry FEV1/FVC<0.70, were considered to have COPD
(Pellegrino et al., 2005; Hansen, Sun & Wasserman, 2007; GOLD 2017). For the LLN COPD
definition, a Tiffeneau-Pinelli index lower than the fifth percentile of the patients age-matched,
healthy reference group was considered a COPD diagnosis (Pellegrino et al., 2005; Hansen, Sun
& Wasserman, 2007). In particular, LLN was determined using the equation of National Health
and Nutrition Examination Survey (NHANES) III data set (Hankinson, Odencrantz & Fedan,

1999; Smith, 2018).

In this study, FEV, was used in the interaction model for the secondary objective. Furthermore,

both LLN was utilized to consider the effect of COPD on the relationship between air pollution

and cardiovascular disease; in particular, individuals were subdivided in subsets of COPD severity
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by GOLD 1 or 2+ in supplementary analysis. Fixed ratio FEV1/FV(C<0.70 for COPD was used as

an alternative definition for COPD.

CVD definitions

CVD subjects was defined using the self-reported ischemic heart disease variable. CVD
subjects included anyone who responded yes to the following question: " Has a doctor ever told
you that you have heart disease?". Additional definitions for heart disease were used in
sensitivity analyses, including participants’ responses to self-reported myocardial infarction

(MI): “Has a doctor ever told you that you have had a heart attack or myocardial infarction?”.

Air Pollution

To assess the relationship between ambient air pollution exposure and ischemic heart disease, we
used annual average concentrations of fine particulate matter (PM2.5), ozone (O3), and nitrogen
dioxide (NO2) provided by the Canadian Urban Environmental Health Research (CANUE)
consortium and linked to the residential postal codes of CLSA participants (Brook et al., 2018).
NO; concentrations (parts per billion, ppb) were estimated using a national land use regression
(LUR) model for the year 2006 and adjusted for subsequent years using monitoring station data.
NO:; (ppb) LUR was formulated using satellite NO, estimates, road lengths, industrial land, and
tools indicated in the work by Hystad et al., 2011. O3 estimations (ppb) were made using the
Canadian Hemispherical Regional Ozone and NOx System and Global Environmental Multi-
scale Modelling Air Quality and Chemistry Model (Environment and Climate Change Canada).
This allowed for the incorporation of estimations from 2002-2015. PM; s concentrations (ug/mL)

were derived from satellite data (Aerosol Optical Depth estimate using the NASA MODIS
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instrument) from all across North America from 2000-2012. This data was adjusted for regional
bias using a statistical model, a geographic regression, incorporating ground-based observations.
Fine particulate matter air concentration of 10ug/m’, on an annual basis, was considered to be
below WHO air quality guidelines (Ambient (Outdoor) Air Quality and Health, World Health

Organization).

Statistical Analysis

Frequencies and percentages or mean and standard deviations were used to describe participant
characteristics and health outcome and exposures. Covariates included age, sex, highest
education level attained, total household income, BMI, ethnicity, diet (frequency of fruits and
vegetables eaten), smoking status, in addition to the main exposure and outcome variables, NO;
concentration, PM, s concentrations, O3 concentrations, and [HD diagnosis. In this study, due to
the lack of post-bronchodilator (post-BD) sub-cohort, sensitivity analysis excluding participants
with asthma, was used in order to mitigate limitations produced by the lack of post-BD in the
COPD definition. The SPSS Statistics Software (Version 23.0) and SAS software were used for

analysis.

For the primary objective, we first ascertained the relationship of ambient air pollution
(more specifically, fine particulate matter, PM2.5) and ischemic heart disease, in this aging
population. Multiple logistic regression models using ischemic heart disease as the outcome and
air pollution metrics (e.g. O3, PM,s5 and NO, concentrations) as the main exposures were
conducted to calculate the predictability of exposures on ischemic heart disease. The regression

coefficients were used to generate odds ratios (OR with 95% confidence intervals), adjusting for

57



age, sex, smoking, and other important covariates. Separate models were run for each main

exposure variable, in interquartile quartiles and per unit increases.

To achieve the secondary objective, which was to assess whether COPD exposure and
severity of airflow obstruction modulates the relationship of ambient air pollution and
ischemic heart disease, in an aging population, interaction terms between COPD status (FEV))
and ambient air pollution estimates were included in our models. As described above, separate
adjusted logistic regressions were used to estimate the modification effect of COPD, and in
particular, airflow obstruction, on the association between each pollutant and CVD. COPD and
airflow obstruction was considered using the continuous variable FEV}, as well as using the lower
limit normal (LLN) and fixed ratio. To examine COPD effect modification, we included
interaction terms between the continuous variable, FEV| and each air pollutant metric in the main
model. In additional tables, analysis was stratified by COPD status (non-COPD, GOLD-1, GOLD-
2+) for both LLN and fixed ratio definitions.

For the primary objective, associations between air pollution and CVD was expressed per
interquartile range increase in pollutant concentrations and as per point increase. For the secondary
objective, only the former was conducted to be able to determine the interaction between per IQR
increase the air pollution metric and per 100mL FEV in each model. Sensitivity analysis included
additional heart disease questions relating to MI in addition to self-reported ischemic heart disease,

excluding for asthma.

Sample size calculation

Primary Objective. To estimate the association between CVD and PM2.5
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Proc POWER in SAS was used to compute the statistical power. Based on the available recruited

subjects n=18,320, if 9.6% of subjects will develop CVD in this population, we can provide 85%

power to detect a OR of smaller than 0.935 and greater than 1.07, a mean and standard deviation

for PM2.5 of 5.32 and 1.22 respectively, with two sides and an alpha error of 0.05 (Please see

Figure 2 below).

Likelihood Ratio Chi-Square Test for One Predictor
0.90

085

0.80

Power

0.65
10000 12000 14000 16000 18000 20000

Total Sample Size

Figure 2. Sample size calculation test for the primary objective considering the association

between ischemic heart disease and the primary air pollution metric, PM, s.

Results

Study Population and Characteristics

From the original sample of 30,097 participants, 18,118 participants were included in the

analytical sample after excluding those with missing data for self-reported heart disease
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diagnosis, COPD diagnosis (i.e. spirometry), PM, s air pollution concentration, and co-variables

of importance(Figure 3).

Table 1 presents the differences between the original and analytical sample populations in age,
BMI, smoking status, and cases of cardiovascular diseases. Participants in the original sample
were slightly older, with a higher BMI and more likely to be an ever smoker than the analytical
sample. In particular, the mean study population age was 61.9 + 10.0, with a mean BMI of 27.9 +
5.3. There are 48.2% male participants, and 96.1% Caucasian study participants (other ethnicities
include North East Asian, African American, South East Asian, and Other/Mixed). The majority
of participants (35.3%) were in the ‘$50,000 or more, but less than $100,000° total household
income category, with the least number of participants (4.3%) in the ‘Less than $20,000’
category. Most participants were either never or former smokers (49.4% and 42.6%,
respectively), with only 8% participants being current smokers. There was a very small
population of COPD participants in the study sample, with only 11.5% participants with fixed
ratio COPD and 4.9% participants with LLN COPD. There were more cases of cardiovascular
diseases and related comorbidities, such as ischemic heart disease, MI and asthma in the original
population as compared to the analytical sample. A total of 1769 (9.8%) of participants in the
study sample reported having ischemic heart disease.

Air pollution metrics considered include, PM; s, NO,, and O3, of which the mean (+ SD) and
median (minimum-maximum) concentrations are: 6.5 (£ 1.8) & 6.6 (1.8-12), 9.3 (+3.2) & 9.16
(0.75-16.86), and 23.7 (£ 3.4) & 32.1 (17.02-31.81), respectively. The PM; s, NO,, and O3 IQR

are 2.8, 4.27, and 4.78, respectively.

COPD versus Non-COPD participants
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As presented in Table 2, participants with COPD defined by the LLN had a lower percentage of
post-secondary education attainment and lower total household income in comparison with the
non-COPD group. Both groups did however have similar ethnicity, with slightly more South
East Asian participants in the COPD LLN group than in the non-COPD group. The non-COPD
group had more never smokers and higher FEV, and FEV/FVC, along with higher air pollution
concentrations, in relation to the COPD LLN group. Asthma, MI and COPD, including phlegm
production in the mornings, most mornings, and most days, were all more prevalent in the COPD

group as compared to the non-COPD group.

Primary Analysis: Relationship between Ischemic Heart Disease and Air Pollution

Table 4 shows the relationship between air pollution metrics (i.e. PM, s, NO,, and O3) and
1schemic heart disease. There was a 6%, 3% and 4% increase in the odds of ischemic heart
disease with the per point increase of exposure of PM; s, NO,, and Os. An increase of the odds
of 24%, 25% and 35% for the second, third, and fourth PM; s quartiles; 39%, 42 and 32% for
NO; quartiles; and 55%, 41% and 41% for O; quartiles. Additionally, there was a 24%, 11% and
4% increase in the odds of ischemic heart disease with the per IQR increase of exposure of

PM, s, NO,, and O3, respectively.

Secondary Analysis
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Table 5 shows the OR between each air pollution metric, including PM; s, NO,, and O3 (per
interquartile range, IQR), as well as FEV| mL, with ischemic heart disease. The p-interaction
value for each air pollution and ischemic heart disease OR with FEV; and ischemic heart disease

was not significant.

Table 6 and 7 shows COPD defined by categories of non-COPD, COPD GOLDI, and COPD
GOLD2+, using the LLN and fixed ratio, respectively, while excluding those who had reported a
physician diagnosis of asthma. This analysis, which is conducted by considering COPD as a
categorical variable rather than as a continuous variable, finds similar results, such that there is
no effect modification seen by COPD on the relationship between air pollution and ischemic
heart disease. Furthermore, on consideration of COPD, with the added exclusion criteria of
participants without reported asthma, the same results are found, wherein, there was no effect on

the relationship between air pollution and ischemic heart disease by COPD.

Additional analysis was completed using Myocardial Infarction (MI) in place of ischemic heart
disease as the cardiovascular disease outcome (Tables 8 and 9). However, as with ischemic heart
disease with the different air pollution metrics, PM; 5, NO,, and O3, COPD has no effect

modification on this relationship between MI and air pollution.

Discussion
The primary finding of the study confirmed that there is indeed a relationship between air
pollution, including PM, s, NO,, and O3, and ischemic heart disease. However, in relation to the

second objective, the study was not able to demonstrate a joint effect of COPD and air pollution
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on ischemic heart disease. Non-significant results were found in both an interaction model using
COPD as a continuous variable and when COPD was considered categorically (i.e. non-COPD,
COPDI1, COPD2+ for LLN and fixed ratio definitions). In additional analyses, considering an
alternative cardiovascular disease definition of myocardial infarction (MI) in place of ischemic
heart disease, the same trend was found, wherein, there was no effect modification by COPD on

the relation between air pollution and MI.

The primary finding, that there is in fact a relationship between air pollution, including PM; s,
NO,, and O3, and ischemic heart disease, is consistent with existing literature. There is
homogenous evidence indicating a strong relation between PM and cardiovascular diseases and
related comorbidities, including ischemic heart disease, atherosclerosis, and stroke (Brook ef al.,
2010; Shah et al., 2015; Newby et al., 2015; Liu et al., 2019; Kaufman et al., 2016; Rajagopalan
et al., 2018; Yusuf et al., 2020). Other air pollution metrics, in addition to PM, including ozone
and nitrogen dioxide, have also been shown to be closely related with cardiovascular disease in
both cross-sectional and longitudinal studies (Di, Dai, Wang, et al., 2017; Di, Wang, Zanobetti,
et al., 2017; Paoin et al., 2021; Grande, Ljungman, Eneroth, Bellander, & Rizzuto, 2020). The
pathophysiology underlying the relationship between air pollution and cardiovascular diseases,
including ischemic heart disease, is not completely understood, and this study finding supports

the need to further explore this relationship.

Based on the evidence linking air pollution and ischemic heart disease but also air pollution and

COPD (Brook et al., 2010; Shah et al., 2015; Newby et al., 2015; Liu et al., 2019; Kaufman et

al., 2016; Rajagopalan et al., 2018; Yusuf et al., 2020; Schraufnagel et al., 2019), there was good
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rationale to hypothesize that the relationship of air pollution and CVD would be amplified in
group of individuals having COPD. The results of the current study suggest that the exposure
effect was homogeneous and COPD was not a characteristic that had an effect modification on
the relationship of air pollution and CVD. Literature is lacking, wherein, no studies have

previously considered the combined effect of air pollution and COPD on ischemic heart disease.

This study has various strengths, such as a large sample size of 18,118 participants. The sample
was representative of an elderly Canadian population with data sites across the country. Another
strength is that air pollution was measured robustly within the Canadian Urban Environmental
Health Research Consortium dataset which was linked to the Canadian Longitudinal Study on
Aging. A limitation for this study is that although the authors attempted to include all cofounders
in analyses, it is possible that there are additional cofounders that were not included. Moreover,
selection bias may influence the database, such that, volunteering to be included in the study may
exclude certain individuals in the Canadian population, such as COPD subjects, resulting in
underrepresentation of certain groups. For example, a study completed using a similar database,
the Canadian Cohort of Obstructive Lung Disease (CanCOLD), had 1,936 of 6,551 participants
with COPD (~30%), whereas, this study had only 1300 of 18,118 (7%) (Bourbeau & Wan Tan,
2019). Although the CanCOLD databases’ basis for sample selection was selectively for COPD
subjects, the prevalence of COPD patients in the CLSA is lower than expected with 13.8% of all
Canadians (in the 10 provinces) over the age of 35 having COPD (Bourbeau et al., 2014; Leung
et al., 2021; Statistics Canada, 2021). Classification and recall bias are also potential limitations.
The cardiovascular disease variable is a self-reported variable, “Has a doctor ever told you that

you have heart disease,” not specifying in particular for ischemic heart disease, but rather, heart
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disease generally — i.e. classification bias is a limitation. As a self-reported variable is utilized,
recall bias is also introduced. Furthermore, as this study is cross-sectional, causal inferences
cannot be made. Future longitudinal studies are encouraged to help mitigate this limitation.
Additional limitations are that the COPD variable was not established using the clinical post-
bronchodilator definition and that that there was a significantly smaller group of COPD
participants as compared to non-COPD participants (794 LLN COPD GOLD2+ versus 17,324
non-COPD). The small sample of COPD participants (1227 COPD GOLD2+ fixed ratio and 794
COPD GOLD2+ LLN) as compared to an overall population of 18,118, may have hindered the
findings. It would be beneficial to reconsider this association with a larger sample size of COPD

participants to non-COPD participants, as well as in a longitudinal study design.

In conclusion, the study findings confirm that there is indeed a relationship between air pollution
and ischemic heart disease in a Canadian adult aged population. However, no effect modification
by COPD on this relationship between air pollution and ischemic heart disease was
demonstrated. Future studies should further assess whether there is an effect modification of
COPD on the relationship between air pollution and ischemic heart disease within a longitudinal
study design and with a greater sample size of COPD participants including the whole spectrum

of disease severity.
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TABLES & FIGURES

Table 1. Study participants’ characteristics compared to those of the original CLSA population

Characteristics Total Original Population Study
(n=29914) Population
(n=18118)
N Mean = SD or Mean = SD or P value
n(%) n(%)
Sociodemographic Variables
Age, in year 29914 62.9+10.2 61.9+10.0 <0.001*
Sex, male gender, n (%) 29914 14683 (49.1) 8736 (48.2) 0.065
Height, cm 22704 168.2 £9.7 168.4+£9.7 0.096
BMI 29779 28.1+£5.4 27.9+53 0.006*
Education, no post-secondary 29864 4451 (14.9) 2413 (13.3)
education, n (%) <0.001*
Total household income, n (%)
Less than $20,000 27985 1547 (5.5) 778 (4.3) <0.001%*
$20,000 or more, but less 27985 6302 (22.5) 3718 (20.5)
than $50,000 <0.001*
$50,000 or more, but less 27985 9852 (35.2) 6395 (35.3)
than $100,000 0.84
$100,000 or more, but less 27985 5498 (19.6) 3779 (20.9)
than $150,000 0.002*
$150,000 or more 27985 4786 (17.1) 3448 (19.0) <0.001%*
Race, n (%)
Caucasian 28543 27426 (96.1) 17411 (96.1) 0.952
African American 28543 203 (0.7) 120 (0.7) 0.535
North East Asian 28543 258 (0.9) 170 (0.9) 0.704
South East Asian 28543 368 (1.3) 230 (1.3) 0.853
Other/mixed 28543 288 (1.0) 187 (1.0) 0.808
Diet, n (%)
< 2 sources/day 29483 11357 (38.5) 6755 (37.3) 0.476
> 2 & < 3 sources/day 29483 7910 (26.8) 4915 (27.1) 0.802
> 3 & < 4 sources/day 29483 4830 (16.4) 2984 (16.5) 0.103
>4 & < 6 sources/day 29483 4232 (14.4) 2699 (14.9) 0.097
> 6 sources/day 29483 1154 (3.9) 765 (4.2)
Smoking, spirometry, COPD and
respiratory symptoms
Smoking status, n (%) <0.001*
Never 29913 14154 (47.3) 8954 (49.4) 0.017*
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Former 29913 13065 (43.7) 7711 (42.6) <0.001%*
Current 29913 2694 (9.0) 1453 (8.0) 0.007*
FEV, L 21211 2.7+0.8 2.7+0.8 0.021*
FEV,, % predicted 21201 94.7+16.9 94.8+17.0 0.32
FEVI/FVC 21204 0.8+0.1 0.8+0.1 0.204
COPD-fixed, n (%)
Non-COPD 21204 18710 (88.2) 16033 (88.5) 0.434
Over 80% 21204 1066 (5.0) 891 (4.9) 0.618
Over 50%, but under 80% 21204 1279 (6.0) 1077 (5.9) 0.715
Over 30%, but under 50% 21204 134 (0.6) 106 (0.6) 0.552
Under 30% 21204 14 (0.1) 11(0.1) 0.835
COPD-LLN, n (%)
Non-COPD 21194 20129 (95.0) 17229 (95.1) 0.591
Over 80% 21194 271 (1.3) 226 (1.2) 0.782
Over 50%, but under 80% 21194 665 (3.1) 563 (3.1) 0.863
Over 30%, but under 50% 21194 115 (0.5) 89 (0.5) 0.48
Under 30% 21194 14 (0.1) 11(0.1) 0.834
Cough up phlegm in the morning 29893 2047 (6.8) 1034 (5.7) <0.001*
Cough phlegm most mornings 29888 1366 (4.6) 704 (3.9) <0.001*
Bring up phlegm most days 29887 1624 (5.4) 824 (4.6) <0.001*
Medical Conditions (comorbidities)
Ischemic heart disease, n (%) 29914 3503 (11.7) 1769 (9.8) <0.001*
Asthma 29836 3966 (13.3) 2321 (12.8) <0.001*
Angina 29812 1310 (4.4) 663 (3.7) <0.001*
MI 29832 1446 (4.8) 719 (4.0) <0.001*
Angina or MI 29782 2262 (7.6) 1139 (6.3) <0.001*
Air Pollution Exposure
PM2.5 29019 6.6 1.8 6.5+1.8 0.059
NO2 25443 93+3.1 9.3+32 0.207
SO2 23395 1.2+0.8 1.2+0.8 0.166
03 28730 23.8+3.4 23.7+3.4 0.054
length of primary highway 200m 29914 68.1 +£75.2 67.2+73.4 0.962
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Table 2. Characteristics of population (LLN COPD status)

Completed cases (including spirometry test) (n=18118)

Total LLN
(n=18118) COPD Non-COPD P value
(n=889) (n=17229)
Sociodemographic Variables
Age, in year 61.9+10.0 62.5+104 61.9+9.9 0.075
Sex, male gender, n (%) 8736 (48.2) 418 (47.0) 8318 (48.3) 0.463
Height, cm 168.4+9.7 168.3 £ 10.0 168.4+9.7 0.696
BMI 279+5.3 26.7+5.1 28.0+5.3 <0.001*
Education, no post-secondary 2413 (13.3) 143 (16.1) 2270 (13.2) 0.013%*
education, n (%)
Total household income, n (%)
Less than $20,000 778 (4.3) 62 (7.0) 716 (4.2) <0.001*
$20,000 or more, but less than 3718 (20.5) 244 (27.4) 3474 (20.2) <0.001*
$50,000
$50,000 or more, but less than 6395 (35.3) 306 (34.4) 6089 (35.3) 0.575
$100,000
$100,000 or more, but less than 3779 (20.9) 147 (16.5) 3632 (21.1) 0.001*
$150,000
$150,000 or more 3448 (19.0) 130 (14.6) 3318 (19.3) <0.001*
Race, n (%)
Caucasian 17411 (96.1) 845 (95.1) 16566 (96.2) 0.098
African American 120 (0.7) 8(0.9) 112 (0.7) 0.371
North East Asian 170 (0.9) 9(1.0) 161 (0.9) 0.814
South East Asian 230 (1.3) 21 (2.4) 209 (1.2) 0.003*
Other/mixed 187 (1.0) 6 (0.7) 181 (1.1) 0.28
Diet, n (%)
< 2 sources/day 6755 (37.3) 358 (40.3) 6397 (37.1) 0.059
> 2 & <3 sources/day 4915 (27.1) 233 (26.2) 4682 (27.2) 0.528
>3 & <4 sources/day 2984 (16.5) 142 (16.0) 2842 (16.5) 0.682
>4 & < 6 sources/day 2699 (14.9) 119 (13.4) 2580 (15.0) 0.194
> 6 sources/day 765 (4.2) 37 (4.2) 728 (4.2) 0.927
Smoking, COPD and Air Pollution
Exposure
Smoking status, n (%)
Never 8954 (49.4) 260 (29.2) 8694 (50.5) <0.001*
Former 7711 (42.6) 422 (47.5) 7289 (42.3) 0.002*
Current 1453 (8.0) 207 (23.3) 1246 (7.2) <0.001*
FEV, L 2.7+£0.8 2.0£0.7 2.8+£0.8 <0.001*
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FEV\, % predicted 94.8+17.0 69.1+159 96.2 £ 16.0 <0.001*
FEV1/FVC 0.8+0.1 0.6 +0.1 0.8+0.0 <0.001*
COPD-fixed, n (%)

Non-COPD 16033 (88.5) 4(0.4) 16029 (93.0) -

Over 80% 891 (4.9) 222 (25.0) 669 (3.9) -

Over 50%, but under 80% 1077 (5.9) 563 (63.3) 514 (3.0) -

Over 30%, but under 50% 106 (0.6) 89 (10.0) 17 (0.1) -

Under 30% 11(0.1) 11(1.2) 0 (0.0) -
COPD-LLN, n (%)

Non-COPD 17229 (95.1) 0 (0.0) 17229 (100.0) -

Over 80% 226 (1.2) 226 (25.4) 0 (0.0) -

Over 50%, but under 80% 563 (3.1) 563 (63.3) 0(0.0) -

Over 30%, but under 50% 89 (0.5) 89 (10.0) 0(0.0) -

Under 30% 11(0.1) 11(1.2) 0 (0.0) -
PM2.5 6.5+1.8 6.6+1.8 6.5+1.8 0.056
NO2 93+32 92+29 93+3.2 0.371
SO2 1.2+0.8 1.2+0.7 1.2+0.8 0.01*
O3 23.7+3.4 233+34 23.7+3.4 <0.001*
length of primary highway 200m 67.2+73.4 623+614 67.4+73.9 0.937
Medical Conditions
Ischemic heart disease, n (%) 1769 (9.8) 92 (10.3) 1677 (9.7) 0.547
Asthma 2321 (12.8) 289 (32.7) 2032 (11.8) <0.001*
Angina 663 (3.7) 41 (4.6) 622 (3.6) 0.119
MI 719 (4.0) 53 (6.0) 666 (3.9) 0.002*
Angina or MI 1139 (6.3) 76 (8.6) 1063 (6.2) 0.004*
Cough up phlegm in the morning 1034 (5.7) 126 (32.7) 908 (5.3) <0.001*
Cough phlegm most mornings 704 (3.9) 91 (14.2) 613 (3.6) <0.001*
Bring up phlegm most days 824 (4.6) 106 (11.9) 718 (4.2) <0.001*

Table 2 displays the characteristics of the participants in the sample population (n = 18,118).
Participant characteristics for sociodeomographic variables, such as age, sex, BMI, education, income,
race, exposure variables, such as COPD, air pollution (e.g. PM2.5, NO2, SO2, and O3) and medical

condition variables, such as angina, MI, ischemic heart disease and phlegm production, are included in

Table 2.

Participants are also sub-categorized according to COPD status defined by the lower limit of normal
(LLN), determined by the participants healthy age, sex, ethnicity and height matched reference group.
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Table 3. Characteristics of population (fixed COPD status)

Completed cases (including spirometry test) (n=18118)

Total Fixed ratio
(n=18118)  COPD Non-COPD P value
(n=2085) (n=16033)
Sociodemographic Variables
Age, in year 61.9+10.0 66.6 =104 61.3+£9.7 <0.001*
Sex, male gender, n (%) 8736 (48.2) 1117 (53.6) 7619 (47.5) <0.001*
Height, cm 168.4 £9.7 169.1£9.9 168.3 £9.7 <0.001*
BMI 279+5.3 27.0+5.1 28.0+5.3 <0.001*
Education, no post-secondary education, 2413 (13.3) 346 (16.6) 2067 (12.9) <0.001*
n (%)
Total household income, n (%)
Less than $20,000 778 (4.3) 132 (6.3) 646 (4.0) <0.001*
$20,000 or more, but less than 3718 (20.5) 604 (29.0) 3114 (19.4) <0.001*
$50,000
$50,000 or more, but less than 6395 (35.3) 743 (35.6) 5652 (35.3) 0.731
$100,000
$100,000 or more, but less than 3779 (20.9) 343 (16.5) 3436 (21.4) <0.001*
$150,000
$150,000 or more 3448 (19.0) 263 (12.6) 3185 (19.9) <0.001*
Race, n (%)
Caucasian 17411 (96.1) 2019 (96.8) 15392 (96.0) 0.065
African American 120 (0.7) 14 (0.7) 106 (0.7) 0.956
North East Asian 170 (0.9) 12 (0.6) 158 (1.0) 0.068
South East Asian 230 (1.3) 24 (1.2) 206 (1.3) 0.608
Other/mixed 187 (1.0) 16 (0.8) 171 (1.1) 0.204
Diet, n (%)
< 2 sources/day 6755 (37.3) 825 (39.6) 5930 (37.0) 0.022*
> 2 & < 3 sources/day 4915 (27.1) 561 (26.9) 4354 (27.2) 0.809
>3 & <4 sources/day 2984 (16.5) 343 (16.5) 2641 (16.5) 0.98
>4 & < 6 sources/day 2699 (14.9) 274 (13.1) 2425 (15.1) 0.017*
> 6 sources/day 765 (4.2) 82 (3.9) 683 (4.3) 0.485
Smoking, COPD and Air Pollution
Exposure
Smoking status, n (%)
Never 8954 (49.4) 703 (33.7) 8251 (51.5) <0.001*
Former 7711 (42.6) 1044 (50.1) 6667 (41.6) <0.001*
Current 1453 (8.0) 338 (16.2) 1115 (7.0) <0.001*
FEV, L 2.7+£0.8 22+0.7 2.8+0.7 <0.001*
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FEV,, % predicted 948+ 17.0 76.5+16.4 97.2+15.6 <0.001*
FEVI/FVC 0.8+0.1 0.6+0.1 0.8+0.0 <0.001*
COPD-fixed, n (%)

Non-COPD 16033 (88.5) 0(0.0) 16033 (100.0) -

Over 80% 891 (4.9) 891 (42.7) 0 (0.0) -

Over 50%, but under 80% 1077 (5.9) 1077 (51.7) 0 (0.0) -

Over 30%, but under 50% 106 (0.6) 106 (5.1) 0 (0.0) -

Under 30% 11(0.1) 11 (0.5) 0 (0.0) -
COPD-LLN, n (%)

Non-COPD 17229 (95.1) 1200 (57.6) 16029 (100.0) -

Over 80% 226 (1.2) 222 (10.6) 4 (0.0) -

Over 50%, but under 80% 563 (3.1) 563 (27.0) 0 (0.0) -

Over 30%, but under 50% 89 (0.5) 89 (4.3) 0 (0.0) -

Under 30% 11(0.1) 11 (0.5) 0 (0.0) -
PM2.5 6.5+1.8 6.6+1.8 6.5+1.8 0.096
NO2 9.3+£32 9.2+3.0 9.3+£32 0.06
SO2 1.2+0.8 1.1+0.7 1.2+0.8 0.232
03 23.7+34 23.3+34 23.8+3.4 <0.001*
length of primary highway 200m 67.2+73.4 63.2+65.7 67.7+74.3 0.076
Medical Conditions
Ischemic heart disease, n (%) 1769 (9.8) 297 (14.2) 1472 (9.2) <0.001*
Asthma 2321 (12.8) 535 (25.8) 1786 (11.2) <0.001*
Angina 663 (3.7) 130 (6.3) 533 (3.3) <0.001*
MI 719 (4.0) 125 (6.0) 594 (3.7) <0.001*
Angina or MI 1139 (6.3) 207 (10.0) 932 (5.8) <0.001*
Cough up phlegm in the morning 1034 (5.7) 240 (11.5) 794 (5.0) <0.001*
Cough phlegm most mornings 704 (3.9) 170 (8.2) 534 (3.3) <0.001*
Bring up phlegm most days 824 (4.6) 200 (9.6) 624 (3.9) <0.001*

Table 3 displays the characteristics of the participants in the sample population (n = 18,118).

Participant characteristics for socio-demographic variables, such as age, sex, BMI, education, income,
race, exposure variables, such as COPD, air pollution (e.g. PM2.5, NO2, SO2, and O3) and medical
condition variables, such as angina, MI, ischemic heart disease and phlegm production, are included in

Table 3.

Participants are also sub-categorized according to COPD status defined by the fixed ratio

(FEV/FVC<0.70).
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Table 4. Multiple analysis of the association between ischemic heart disease and air pollution

metrics
Completed cases (n=18118)

Air Pollution Metrics aOR (95% CI) P value
PM2.5 — per increase of 1 point 1.06 (1.03-1.09) <0.001*
PM2.5 — per increase of IQR (2.80) 1.18 (1.08-1.28) <0.001*
PM2.5 quartile

Ist quartile REF

2nd quartile 1.24 (1.06-1.44) 0.006*

3rd quartile 1.25 (1.07-1.45) 0.004*

4th quartile 1.35(1.16-1.57) <0.001*
NO2 — per increase of 1 point 1.03 (1.01-1.05) <0.001*
NO2 — per increase of IQR (4.21) 1.14 (1.06-1.23) 0.004*
NO2 quartile

Ist quartile REF

2nd quartile 1.39 (1.18-1.63) <0.001*

3rd quartile 1.42 (1.21-1.67) <0.001*

4th quartile 1.32 (1.12-1.56) 0.001*
O3 — per increase of 1 point 1.04 (1.02-1.05) <0.001*
O3 — per increase of IQR (4.78) 1.18 (1.10-1.27) <0.001*
O3 quartile

Ist quartile REF

2nd quartile 1.55(1.33-1.81) <0.001*

3rd quartile 1.41 (1.21-1.65) <0.001*

4th quartile 1.41 (1.20-1.65) <0.001*

including PM2.5 (fine particulate matter), NO2 (nitrogen dioxide), and O3 (ozone).

income, ethnicity, diet, and smoking status.

Participants are considered using both per point increase of air pollution and quartiles.

Table 4 displays the association between ischemic heart disease and various air pollution metrics,

Analysis is conducted while adjusting for age, sex, BMI, education level attained, total household
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Table 5. Multiple analysis of the association between ischemic heart disease and air pollution
metrics: Interaction between air pollution and FEV1

aOR (95% CI) P value

Model 1

PM2.5 — per increase of IQR 1.13 (0.83-1.54) 0.44
FEV1 — per 100 ML increase 0.94 (0.91-0.97) <0.001*
Interaction P-value 0.826
Model 2

NO2 — per increase of IQRt 1.34 (1.02-1.75) 0.037%*
FEV1 — per 100 ML increase 0.96 (0.93-0.98) <0.001*
Interaction P-value 0.257
Model 3

O3 — per increase of IQR 1.23 (0.95-1.60) 0.121
FEV1 — per 100 ML increase 0.95 (0.90-1.00) 0.046%*
Interaction P-value 0.73

Table 5 displays the interaction between the various air pollution metrics, including PM2.5 (fine
particulate matter), NO2 (nitrogen dioxide), and O3 (ozone), and FEV1 (forced expiratory volume), in
respect to ischemic heart disease.

Analysis is conducted while adjusting for age, sex, BMI, education level attained, total household
income, ethnicity, diet, and smoking status.

Air pollution is considered per increase of IQR (interquartile range).

73



Original Sample (n = 30,097)

v

Missing Dependent Variable (Ischemic Heart Disease),
n=183

v

Sample Remaining (n = 29,914)

Missing Independent Variables, n = 8,111
COPD Spirometry Test, n=7,216
v PM, ;, n =895

v

Sample Remaining (n = 21,803)

» | Missing Covariables (age, sex, BMI, education, income,

{ ethnicity, diet, smoking status), n = 3,685

Analytical Sample (n = 18,118)

Figure 3. Study flow diagram. A flowchart representation of the population and the participants
that meet the eligibility criteria, including the dependent (self-reported heart disease),
independent (PM; 5 air pollution and spirometry tests) and covariables. Covariables include age,
sex, highest education level attained, total household income, BMI, ethnicity, diet (frequency of
fruits and vegetables eaten per day), length of primary highway within 200m of postal code, and
smoking status.
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Sensitivity Analysis Tables and Figures:

Table 6. Multiple analysis of the association between ischemic heart disease and air pollution
metrics stratified by COPD status (LLN), excluding asthma

Variables Total non-COPD- COPD- Interactio COPD- COPD- Interaction
LLN LLN n P-value GOLD1 GOLD2 P-value
+
aOR P aOR P aOR P aOR P aOR P
(95% value | (95% value (95%  value (95% value (95 value
CI) CI) Cl) CI) %
CI)
PM2.5 — 0.556 1.30 0.288 0.775
per increase | 1.16 1.15 1.37 1.31 (0.80
of IQR (1.06-  <0.001 | (1.05- (0.87- (0.31- -
1.28) * 1.26)  0.003* 2.15) 0.178 5.59) 0717 2.12)
NO2 — per 0.218 1.71  0.052 0437
increase of 1.14 1.12 1.64 1.67 (1.00
IQR (1.05- (1.04- (1.02- (0.31- -
1.23)  0.001* | 1.22)  0.005* 2.64) 0.042* 8.96) 0551 2.92)
O3 — per 1.19 <0.00 0.766 135 0.183 0.945
increase of | (1.10- I* 1.19 1.33 2.67 (0.86
IQR 1.29) (1.10- <0.001 (0.88- (0.57- -
1.30) * 2.00) 0.173 12.41) 0.211  2.10)

Table 6 displays the effect modification of COPD (LLN) on the relationship between ischemic heart disease and air
pollution, in particular PM2.5 (fine particulate matter), NO2 (nitrogen dioxide), and O3 (ozone), and FEV1 (forced
expiratory volume).

Analysis is conducted while adjusting for age, sex, BMI, education level attained, total household income, ethnicity,
diet, and smoking status.

Air pollution is considered per increase of IQR (interquartile range). COPD (chronic obstructive pulmonary disease) is
considered using the definition of LLN (lower limit of normal).
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Table 7. Multiple analysis of the association between ischemic heart disease and air pollution
metrics stratified by COPD status (fixed), excluding asthma

Variables non-COPD- COPD-fixed Interaction P- COPD- COPD- Interaction
fixed value GOLD1 GOLD2+ P-value
aOR P aOR P value aOR P value aOR P value
(95%  value | (95% (95% (95% CI)
CI) CI) CI)
PM2.5 — 1.17 1.09 0.519 1.24 0.98 0.382
per increase | (1.06- (0.85- (0.84- (0.71-
of IQR 1.29) 0.001* 1.39) 0.493 1.83) 0.281 1.35) 0.897
NO2 — per 1.12 1.28 0.458 1.18 1.36 0.582
increase of | (1.03- (1.01- (0.82- (0.99-
IQR 1.22) 0.011* | 1.61)  0.039* 1.68)  0.375 1.85) 0.055
03 — per 0.695 0.739
increase of
IQR
1.19 1.29 1.29 1.27
(1.09- <0.001 | (1.05- (0.92- (0.96-
1.30) * 1.60)  0.018* 1.80)  0.141 1.68) 0.094

Table 7 displays the effect modification of COPD (fixed) on the relationship between ischemic heart disease and air

pollution, in particular PM2.5 (fine particulate matter), NO2 (nitrogen dioxide), and O3 (ozone), and FEV1 (forced
expiratory volume).

Analysis is conducted while adjusting for age, sex, BMI, education level attained, total household income, ethnicity,
diet, and smoking status.

Air pollution is considered per increase of IQR (interquartile range). COPD (chronic obstructive pulmonary disease) is
considered using the definition of fixed ratio.
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Table 8. Multiple analysis of the association between MI and air pollution metrics stratified by
COPD status

Variables | Total non-COPD- COPD- COPD- COPD- Interaction
fixed GOLD1 GOLD2 GOLD3+ P-value
aOR P aOR P aOR P aOR P aOR P
(95% value | (95% value | (95% value | (95% value | (95% value
CI) CI) CI) CI) CI)
pPM25— | 1.15 0.025* | 1.17 0.024* | 1.43 0.194 |0.74 0.174 | 1.71 0.245 | 0.161
per (1.02- (1.02- (0.83- (0.48- (0.69-
increase of | 1.31) 1.34) 2.44) 1.14) 4.22)
IQR
NO2 — 1.11 0.068 | 1.10 0.114 | 0.87 0.575 1.15 0.496 | 1.91 0.138 | 0.409
per (0.99- (0.98- (0.53- (0.77- (0.81-
increase of | 1.24) 1.24) 1.42) 1.74) 4.48)
IQR
O3 —per | 111 0.071 | 1.08 0.199 | 1.16 0.533 1.23 0.294 | 2.17 0.058 | 0.724
increase of | (0.99- (0.96- (0.73- (0.84- (0.97-
IQR 1.24) 1.22) 1.85) 1.79) 4.85)
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Table 9. Multiple analysis of the association between MI and air pollution metrics stratified by
COPD status (excluding asthma)

Variables | Total non-COPD- COPD- COPD- COPD- Interaction
fixed GOLD1 GOLD2 GOLD3+ P-value
aOR P aOR P aOR P aOR P aOR P
(95% value | (95% value | (95% value | (95% value | (95% value
CI) CI) CI) CI) CI)
PM2.5— | 1.16 0.025* | 1.17 0.024* | 1.43 0.194 |0.74 0.174 | 1.71 0.245 | 0.161
per (1.02- (1.02- (0.83- (0.48- (0.69-
increase of | 1.32) 1.34) 2.44) 1.14) 4.22)
IQR
NO2 — 1.08 0.068 | 1.10 0.114 | 0.87 0.575 | 1.15 0.496 | 1.91 0.138 | 0.409
per (0.96- (0.98- (0.53- (0.77- (0.81-
increase of | 1.22) 1.24) 1.42) 1.74) 4.48)
IQR
O3 —per |1.12 0.058 | 1.12 0.093 | 1.27 0.341 1.13 0.561 | 1.45 0.437 |0.948
increase of | (1.00- (0.98- (0.78- (0.75- (0.57-
IQR 1.26) 1.27) 2.07) 1.71) 3.68)
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Supplementary Tables and Figures:

Table 10. Multiple analysis of the association between ischemic heart disease and air pollution

metrics stratified by COPD status (LLN)

Variables | non-COPD- COPD-LLN Interacti | COPD-GOLD1 | COPD-GOLD2+ | Interaction
LLN on P- P-value
value
aOR P aOR P aOR P aOR P value
(95% value | (95% CI) value (95% value | (95%
CI) CI) CI)
PM25— |1.18 <0.00 | 1.13 0.541 | 0.675 0.99 0.988 | 1.13 0.556 0.903
per (1.08- 1* (0.77- (0.32- (0.75-
increase of | 1.28) 1.65) 3.10) 1.70)
IQR
NO2 — 1.13 0.002 | 1.34 0.126 | 0.51 0.61 0.359 | 1.51 0.052 0.139
per (1.05- * (0.92- (0.21- (1.00-
increase of | 1.22) 1.95) 1.77) 2.30)
IQR
O3 —per |1.18 <0.00 | 1.35 0.076 | 0.519 1.55 0.455 |1.38 0.077 0.758
increase of | (1.09- 1* (0.97- (0.49- (0.97-
IQR 1.27) 1.89) 4.87) 1.98)
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Table 11. Multiple analysis of the association between ischemic heart disease and air pollution
metrics stratified by COPD status (fixed ratio)

Variables | non-COPD- COPD-fixed Interacti | COPD-GOLD1 | COPD-GOLD2+ | Interaction
fixed on P- P-value
value
aOR P aOR P aOR P aOR P value
(95% value | (95% CI) value (95% value | (95%
CI) CI) CI)
PM25— |1.19 <0.00 | 1.13 0.541 | 0.675 0.99 0.988 | 1.13 0.556 0.903
per (1.08- 1* (0.77- (0.32- (0.75-
increase of | 1.30) 1.65) 3.10) 1.70)
IQR
NO2 — 1.12 0.002 | 1.34 0.126 | 0.51 0.61 0.359 | 1.51 0.052 0.139
per (1.04- * (0.92- (0.21- (1.00-
increase of | 1.22) 1.95) 1.77) 2.30)
IQR
O3 —per | 1.17 <0.00 |1.29 0.007 | 0.462 1.24 0.175 | 1.28 0.046* 0.78
increase of | (1.08- 1* (1.07- * (0.91- (1.00-
IQR 1.27) 1.56) 1.69) 1.62)
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Table 12. Air Pollution Metrics

Variables Mean = SD Median Minimum | Maximum IQR
PM2.5 6.5+ 1.8 6.60 1.80 12.00 2.80
(ug/mL)

NO2 (ppb) [9.3+3.2 9.16 0.75 16.86 4.27
O3 (ppb) 23.7+34 23.10 17.02 31.81 4.78
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Likelihood Ratio Chi-Square Test for One Predictor
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Figure 2. Sample size calculation test for the primary objective considering the association
between ischemic heart disease and the primary air pollution metric, PM, s.
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Chapter 5: General Discussion

Our study examines the relationship between air pollution and ischemic heart disease as well as
the effect modification by chronic obstruction pulmonary disease. It has been found that there is
indeed a relationship between air pollution and ischemic heart disease, and the relationship was
increased with exposure to higher concentrations of PM; 5, NO,, and Os. However, no effect
modification could be demonstrated in individuals having COPD and no interaction according to

the severity of airflow obstruction.

The study’s first research objective was to assess the relationship of ambient air pollution, and
more specifically fine particulate matter, PM; 5, and ischemic heart disease, in an aging
population. Overall, the study population was diverse with data sites from across Canada and an
average age of 61.9, effectively including the geriatric population in Canada. It was found that,
within this representative sample of the older adult Canadian demographic, ambient air pollution
is indeed associated with ischemic heart disease. This is in concurrence with the current
literature, in that, there is strong evidence indicating a relationship between air pollution and
cardiovascular diseases and comorbidities (Brook et al., 2010; Shah et al., 2015; Newby et al.,
2015; Liu et al., 2019; Kaufman et al., 2016; Rajagopalan et al., 2018; Yusuf et al., 2020). It has
been suggested that the short- and long-term effects of PM, 5 exposures can range from risk of
mortality due to cardiovascular-related reasons to a shorter life expectancy and cardiovascular
mortality (Brook ef al., 2010). A modifiable risk factor, reduced PM, s has been found to have an
impact on cardiovascular outcomes in as short as some years’ time (Brook et al., 2010). In fact,

elevations of PM; s have been indicated to increase risk of acute cardiovascular events by 1% to
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3% in few days’ time (Rajagopalan et al., 2018). Previously, a study has found that a 10 ug/cm’
increase in PM; s increased CVD events by 76% and coronary heart disease by 43% (D1, Dai,
Wang, et al., 2017; Di, Wang, Zanobetti, et al., 2017). In our study, ischemic heart disease was
associated closely with higher concentrations of PM; s, followed by ozone and nitrogen dioxide.
Several models that hypothesize the underlying pathways that may explain this association
include, induced oxidative stress, atherothrombosis, endothelial dysfunction, and systemic
inflammation (Miller, 2020). Fine particulate matter has been associated with pathways of
progressive atherosclerosis, inducing oxidative stress, inflammation, and other harmful effects on
vasculature and platelets (Miller, 2020). It is prudent that the assessment of the association
between air pollution and ischemic heart disease be further investigated, as, in this study, there
was a limitation due to a potential classification and recall bias. As the definition for ischemic
heart disease was “Has a doctor ever told you that you have heart disease,” the assessment of
cardiovascular disease was generally for all heart disease (including ischemic heart disease)

rather than solely heart disease that is ischemic in nature.

The second research objective, aimed to assess whether COPD exposure and severity of airflow
obstruction modulates the relationship of ambient air pollution and ischemic heart disease, in an
aging population. We could not demonstrate that there was amplification or effect modification
by COPD and airflow obstruction severity on the relationship between air pollution and ischemic
heart disease. As a result, we did not reject the null hypothesis, that there is no effect
modification by COPD and severity on this relationship. Given the known relationship between
both air pollution and COPD, as well as air pollution and cardiovascular diseases (e.g. ischemic

heart disease), there was a strong rationale for the hypothesis of an amplification of the
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association of air pollution and ischemic heart disease in people having COPD. Our study didn’t
reach statistical significance, i.e., the study had a low probability rejecting the null hypothesis,
given that the null hypothesis was assumed to be true. However, as mentioned in the discussion
of the manuscript, the lack of statistical significance could be because the study was
underpowered (lower prevalence of COPD individuals in the CLSA than expected) and/or that
the lack of effect reflects the characteristics of the population recruited in the CLSA. There is a
lack of studies, currently, that have assessed the relationship, exploring COPD as an effect
modifier and potential amplifier for the relationship between air pollution and ischemic heart

disease.

The finding of a relationship between air pollution and cardiovascular disease, in particular,
ischemic heart disease, aligns with previous evidence, and signifies the importance of addressing
this pervasive risk factor and health outcome, respectively. Moreover, it further emphasizes the
need to explore COPD as it can potentially influence this relationship in future studies that
address the current study’s limitations. The burden of air pollution, cardiovascular and
respiratory disease is immense, as the 4™ risk factor for all-cause mortality, 2" and 4™ leading
causes of death, respectively (Brauer et al., 2021; Statistics Canada: Heart Disease in Canada,
2017; GOLD, 2017). A recent systemic analysis, by Murray et al., finds that nearly a tenth of all
mortality in 2019 is accredited to air pollution (2020). Furthermore, it has been suggested by
literature that there is a link between air pollution and respiratory disease, wherein, several cross-
sectional studies have explored the relationship between forced expiratory volume/forced vital
capacity and hospitalization due to COPD (Nuvolone D, et al., 2011; Pujades-Rodriguez M, et

al., 2009; Pujades-Rodriguez M, et al., 2009). The impact of respiratory disease, such as COPD,
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in and of itself, is of great concern, with nearly 174 million affected globally in 2015 alone, and
more cases if the spirometry definition is considered (Systematic analysis for the Global Burden
of Disease Study 2015; Adeloye et al., 2015). Furthermore, there is a vast amount of evidence
supporting the relationship between COPD and cardiovascular disease, such that the prevalence
of cardiovascular disease in patients with COPD is nearly 30-70% (Mullerova, Agusti, Erqou &
Mapel, 2013). Due to this overwhelming evidence, further studies need to be done including
individuals with the whole spectrum of disease severity, most likely those with more severe
COPD. Between these burdensome diseases (i.e. COPD and ischemic heart disease) and risk
factor (i.e. air pollution), it becomes essential that the interrelatedness of these diseases and
related risk factor be explored to better understand clinical risk, outcomes, and potential

management procedures for the same.

In conclusion, this study, which aimed to ascertain the relationship between air pollution, i.e.
PM, 5, NO;, and O3, and cardiovascular disease, i.e. ischemic heart disease, but also further
explore the effect of COPD on this relationship, finds that there is indeed a relationship between
air pollution and ischemic heart disease, but no effect modification by COPD on this
relationship. Future steps should include assessing the effect modification of COPD on the
relationship between air pollution, namely PM, 5, NO; and O3, and cardiovascular disease, such
as ischemic heart disease, with a larger sub-group of COPD patients within the database, and
making sure there is representativeness of subjects with more advanced disease. Furthermore, a
longitudinal study should be considered for greater ability to make inferences from study
findings. If it is indeed found that COPD amplifies the relationship between air pollution and

ischemic heart disease or this to a selected group of COPD patients, this can be impactful on
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mitigating risks, risk management, and clinical outcomes in targeting specific patients for

personalized risk management.
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Table 13. Air Pollution Components and Sources (data retrieved from: World Health

TABLE

Organization https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-

and-health)
Component of Description and Health Affect Principle Source(s) Recommended
Air Pollution Guideline
(Threshold level
below which it is
safe)
Particulate It is said to be the most impactful The primary source is PM; s (average):
Matter (PM) component of air pollution and is often | indoor pollution (i.e. 24-hour = 25
used as a surrogate for air pollution. domestic combustion ug/m’
Particulates less than 10 microns in sources such as cooking annual = 10ug/m’
size can insert themselves in the lungs. | using biomass fuels) for
Whereas, particulates less than 2.5 particulate matter (less PM; (average):
microns, which are more dangerous, than 10 microns). 24-hour =
can penetrate the lung tissue and enter 50ug/m’
the blood system. annual = 20ug/m’
Ozone (03) This does not refer to the ozone layer | The primary source is 8-hour = 100
in the atmosphere, but rather a pollutants (e.g. NO,) and | ug/m’
photochemical smog. It can cause a volatile organic
decline in lung function and contribute | compounds from vehicle
to respiratory illness. and industry related
emission sources that react
with sunlight.
Nitrogen NO; is a toxic gas and is the source for | The primary source of 1-hour =
dioxide (NO,) | nitrate aerosols. In turn, nitrate NO; are processes of 200ug/m’
aerosols are a part of PM; s and when | combustion such as annual = 40ug/m’
in contact with UV rays, a part of engines, heating and
ozone too. In concentrations over power generation.
200ug/m’ they can cause serious lung
inflammation. The majority of studies
that focus on the health effects of NO,
have been focused on children.
Sulfur dioxide | SO, is a colourless gas that can have The main source of SO, is | 10-minute = 500
(SO») an impact on lung function. the burning of fossil fuels | ug/m’
Respiratory inflammation can increase | (which contain SO;) (i.e. 24-hour =

likelihood of lung infections. It has
been found that there is a higher
mortality rate and hospital admission
rate for cardiac reasons on days with

for vehicles, home heating,
power generation).
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higher SO, related pollution
concentrations.

93




FIGURE

Air Pollution Concentrations of Canadian Cities and Global Cities, 2014
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Figure 1. Air Pollution Concentrations of Canadian Cities and Global Cities, 2014 (data
retrieved from: https://www.canada.ca/en/environment-climate-change/services/environmental-
indicators/international-comparison-urban-air-quality.html)

94



REFERENCES

Abbott, R. D., Donahue, R. P., Kannel, W. B., & Wilson, P. W. (1988). The impact of
diabetes on survival following myocardial infarction in men vs women: the Framingham
Study. Jama, 260(23), 3456-3460.

Adamson PD, Anderson JA, Brook RD, Calverley PMA, Celli BR, Cowans NJ, et al. Cardiac
troponin I and cardiovascular risk in patients with chronic obstructive pulmonary disease.
JACC. (2018) 72:1126-37. doi: 10.1016/j.jacc.2018.06.051

Adar, S. D., Sheppard, L., Vedal, S., Polak, J. F., Sampson, P. D., Roux, A. V.D., ... &
Kaufman, J. D. (2013). Fine particulate air pollution and the progression of carotid
intima-medial thickness: a prospective cohort study from the multi-ethnic study of
atherosclerosis and air pollution. PLoS Med, 10(4), e1001430.

Adeloye D, Chua S, Lee C, et al. Global and regional estimates of COPD prevalence:

systematic review and meta-analysis. J Glob Health 2015; 5: 020415.

Ades PA, Waldmann ML, Polk D, Coflesky JT. Referral patterns and exercise response in

the rehabilitation of female coronary patients aged 362 years. Am J Car- diol

1992;69:1422-1425.

Agusti A, Edwards LD, Rennard SI, MacNee W, Tal-Singer R, Miller BE, Vestbo J, Lomas
DA, Calverley PM, Wouters E, et al.; Evaluation of COPD Longitudinally to Identify
Predictive Surrogate Endpoints (ECLIPSE) Investigators. Persistent systemic inflammation
is associated with poor clinical outcomes in COPD: a novel phenotype. PLoS ONE
2012;7.€37483.

Agusti, A., Edwards, L. D., Rennard, S. I., MacNee, W., Tal-Singer, R., Miller, B. E., ... &

Crim,C. (2012). Persistent systemic inflammation is associated with poor clinical outcomes

95



in COPD: a novel phenotype. PloS one, 7(5).

Ambient (Outdoor) Air Quality and Health Fact Sheet. World Health Organization. Retrieved
from: https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-
and-health

Anthonisen NR, Connett JE, Enright PL, Manfreda J. Hospitalizations and mortality in the
Lung Health Study. Am J Respir Crit Care Med 2002;166:333-9.

Anthonisen NR, Connett JE, Kiley JP, et al. Effects of smoking interven- tion and the use of
an inhaled anticholinergic bronchodilator on the rate of decline of FEV1: the Lung Health
Study. JAMA 1994;272:1497-505.

Anthonisen, N. R., Skeans, M. A., Wise, R. A., Manfreda, J., Kanner, R. E., & Connett, J. E.
(2005). The effects of a smoking cessation intervention on 14.5-year mortality: a
randomized clinical trial. Annals of internal medicine, 142(4), 233-239.

Araujo, J. A., Barajas, B., Kleinman, M., Wang, X., Bennett, B. J., Gong, K. W., ... & Nel, A.
E. (2008). Ambient particulate pollutants in the ultrafine range promote early
atherosclerosis and systemic oxidative stress. Circulation research, 102(5), 589-596.

Atkinson RW, Kang S, Anderson HR, Mills IC, Walton HA. Epidemiological time series
studies of PM2.5 and daily mortality and hospital admissions: a systematic review and
meta-analysis. Thorax (2014) 69:660-5. 10.1136/thoraxjnl-2013-204492

Baccarelli, A., Wright, R. O., Bollati, V., Tarantini, L., Litonjua, A. A., Suh, H. H., ... &
Schwartz, J. (2009). Rapid DNA methylation changes after exposure to traffic

particles. American journal of respiratory and critical care medicine, 179(7), 572-578.

96



Baccarelli, A., Wright, R., Bollati, V., Litonjua, A., Zanobetti, A., Tarantini, L., ... &
Schwartz, J. (2010). Ischemic heart disease and stroke in relation to blood DNA
methylation. Epidemiology (Cambridge, Mass.), 21(6), 819.

Bai, N., Kido, T., Suzuki, H., Yang, G., Kavanagh, T. J., Kaufman, J. D., ... & van Eeden, S.
F. (2011). Changes in atherosclerotic plaques induced by inhalation of diesel exhaust.
Atherosclerosis, 216(2), 299-306.

Bando, H., Kato, Y., Sakamoto, K., Ogawa, T., Bando, M., & Yonei, Y. (2017). Investigation
for waist circumference (WC), waist-to-height ratio (WHtR) and thigh-to-waist ratio
(TWaR) in type 2 diabetes mellitus (T2DM). Integrative Obesity and Diabetes, 3(4).

Bauer, M., Moebus, S., Méhlenkamp, S., Dragano, N., Nonnemacher, M., Fuchsluger, M., ...
& Jockel, K. H. (2010). Urban particulate matter air pollution is associated with
subclinical atherosclerosis: results from the HNR (Heinz Nixdorf Recall) study. Journal
of the American College of Cardiology, 56(22), 1803-1808.

Bell ML, Ebisu K, Peng RD, Walker J, Samet JM, Zeger SL, et al. . Seasonal and regional
short-term effects of fine particles on hospital admissions in 202 US counties, 1999
2005. Am J Epidemiol. (2008) 168:1301-10. 10.1093/aje/kwn252

Berkman LF, Blumenthal J, Burg M, et al. Effects of treating depression and low perceived
social support on clinical events after myocardial infarction: the Enhanc- ing Recovery in
Coronary Heart Disease Patients (ENRICHD) Randomized Trial. JAMA

2003;289(23):3106-3116.

Bourbeau, J., Bhutani, M., Hernandez, P., Aaron, S. D., Balter, M., Beauchesne, M. F., ... &
Sin, D. D. (2019). Canadian Thoracic Society Clinical Practice Guideline on

pharmacotherapy in patients with COPD-2019 update of evidence.

97



Bourbeau, J., & Wan Tan, M. D. (2019). The Canadian Cohort Obstructive Lung Disease
(CanCOLD): New Insights for Primary Care Application.

Brauer, M., Casadei, B., Harrington, R. A., Kovacs, R., Sliwa, K., & Group, W. A. P. E. (2021).
Taking a Stand Against Air Pollution—The Impact on Cardiovascular Disease: A Joint
Opinion from the World Heart Federation, American College of Cardiology, American
Heart Association, and the European Society of Cardiology. Journal of the American
College of Cardiology.

Brook RD, Brook JR, Urch B, Vincent R, Rajagopalan S, Silverman F. Inhalation of fine

particulate air pollution and ozone causes acute arterial vasoconstriction in healthy adults.
Circulation (2002) 105:1534—6. 10.1161/01.CIR.0000013838.94747.64

Brook, R. D., Rajagopalan, S., Pope III, C. A., Brook, J. R., Bhatnagar, A., Diez-Roux, A. V., ...
& Kaufman, J. D. (2010). Particulate matter air pollution and cardiovascular disease: an
update to the scientific statement from the American Heart
Association. Circulation, 121(21), 2331-2378.

Brook RD, Rajagopalan S, Pope CA 3rd, Brook JR, Bhatnagar A, Diez-Roux AV, Holguin F,
Hong Y, Luepker RV, Mittleman MA, Peters A, Siscovick D, Smith SC Jr, Whitsel L,
Kaufman JD, American Heart Association Council on Epidemiology and Prevention,
Council on the Kidney in Cardiovascular Disease, and Council on Nutrition, Physical
Activity and Metabolism. Circulation. 2010 Jun 1; 121(21):2331-78.

Brook, R. D., Xu, X., Bard, R. L., Dvonch, J. T., Morishita, M., Kaciroti, N, ... &
Rajagopalan, S. (2013). Reduced metabolic insulin sensitivity following sub-acute
exposures to low levels of ambient fine particulate matter air pollution. Science of the
Total Environment, 448, 66-71.

Calverley, P. M., Anderson, J. A., Celli, B., Ferguson, G. T., Jenkins, C., Jones, P. W, ... &

Vestbo, J. (2007). Salmeterol and fluticasone propionate and survival in chronic

obstructive pulmonary disease. New England Journal of Medicine, 356(8), 775-789.

98



Campen, M. J., Lund, A. K., Knuckles, T. L., Conklin, D. J., Bishop, B., Young, D., ... &
McDonald, J. D. (2010). Inhaled diesel emissions alter atherosclerotic plaque
composition in ApoE—/— mice. Toxicology and applied pharmacology, 242(3), 310-317.

Cao, J., Qin, G., Shi, R, Bai, F., Yang, G., Zhang, M., & Lv, J. (2016). Overproduction of
reactive oxygen species and activation of MAPKs are involved in apoptosis induced by
PM2. 5 in rat cardiac H9¢2 cells. Journal of Applied Toxicology, 36(4), 609-617.

Celli, B. R., MacNee, W. A. T. S., Agusti, A. A. T. S., Anzueto, A., Berg, B., Buist, A. S., ...
& Fein, A. (2004). Standards for the diagnosis and treatment of patients with COPD: a
summary of the ATS/ERS position paper. European Respiratory Journal, 23(6), 932-946.

Chen H, Burnett RT, Kwong JC, Villeneuve PJ, Goldberg MS, Brook RD, et al. . Spatial
association between ambient fine particulate matter and incident hypertension.
Circulation (2014) 129:562-9. 10.1161/CIRCULATIONAHA.113.003532

Chen W, Thomas J, Sadatsafavi M, FitzGerald JM. Risk of cardiovascular comorbidity in
patients with chronic obstructive pulmonary disease: a systematic review and meta
analysis. Lancet Respir Med. (2015) 3:631-9. doi: 10.1016/S2213-2600(15)00241-6

Chuang KJ, Chan CC, Su TC, Lee CT, Tang CS. The effect of urban air pollution on
inflammation, oxidative stress, coagulation, and autonomic dysfunction in young adults.
Am J Respir Crit Care Med. (2007) 176:370—6. 10.1164/rccm.200611-16270C

Chin, M. T. (2015). Basic mechanisms for adverse cardiovascular events associated with air

pollution. Heart, 101(4), 253-256.

Clark LP, Millet DB, Marshall JD. Changes in transportation-related air pollution exposures

by race-ethnicity and socioeconomic status: outdoor nitrogen dioxide in the United States

in 2000 and 2010. Environ Health Perspect (2017) 125:097012. 10.1289/EHP959

99



Cohen et al. (2017). Estimates and 25-year trends of the global burden of disease
attributable to ambient air pollution : an analysis of data from the Global Burden of
Diseases Study 2015. The Lancet, 389(10082), 1907-1918.

Cohen, A. J., Ross Anderson, H., Ostro, B., Pandey, K. D., Krzyzanowski, M., Kiinzli, N, ...
& Smith, K. (2005). The global burden of disease due to outdoor air pollution. Journal of
Toxicology and Environmental Health, Part A, 68(13-14), 1301-1307.

Coogan PF, White LF, Jerrett M, Brook RD, Su JG, Seto E, et al. . Air pollution and
incidence of hypertension and diabetes mellitus in black women living in Los Angeles.
Circulation (2012) 125:767-72. 10.1161/CIRCULATIONAHA.111.052753

Cooper, R., Popham, M., Santanasto, A. J., Glynn, N. W., & Kuh, D. (2017). BMI,
INFLAMMATION, AND PHYSICAL FATIGABILITY IN OLD AGE: SHARED OR
INDEPENDENT PATHWAYS?. Innovation in Aging, 1(suppl 1), 440-440.

Corbett, J. A., Naqvi, S. Y., & Bajwa, F. A. (2020). Hypertension, Left Ventricular
Hypertrophy, and Heart Failure. Hypertension, 6(1).

Cosselman, K. E., Navas-Acien, A., & Kaufman, J. D. (2015). Environmental factors in

cardiovascular disease. Nature Reviews Cardiology, 12(11), 627.

Criner, G. J., Bourbeau, J., Diekemper, R. L., Ouellette, D. R., Goodridge, D., Hernandez, P.,
... & Camp, P. G. (2015). Prevention of acute exacerbations of chronic obstructive
pulmonary disease: American College of Chest Physicians and Canadian Thoracic
Society Guideline. Chest, 147(4), 894-942.

Crisan, L., Wong, N., Sin, D. D., & Lee, H. M. (2019). Karma of Cardiovascular Disease

Risk Factors for Prevention and Management of Major Cardiovascular Events in the

100



Context of Acute Exacerbations of Chronic Obstructive Pulmonary Disease. Frontiers in
cardiovascular medicine,

Danesh J, Kaptoge S, Mann AG, et al. Long-term interleukin-6 levels and subsequent risk of
coronary heart disease: two new prospective studies and a systematic review. PLoS Med
2008;5:e78.

de Marco R, Accordini S, Marcon A, et al. Risk factors for chronic obstructive pulmonary
disease in a European cohort of young adults. Am J Respir Crit Care Med 2011; 183(7):

891-7.

Dechman, G., Cheung, W., Ryerson, C. J., Hernandez, P., Stickland, M., Gershon, A., ... &
Camp, P. G. (2019). Quality indicators for pulmonary rehabilitation programs in Canada:
A Canadian Thoracic Society expert working group report.

Di Q, Dai L, Wang Y, Zanobetti A, Choirat C, Schwartz JD, et al. . Association of short-term
exposure to air pollution with mortality in older adults. JAMA (2017) 318:2446-56.
10.1001/jama.2017.17923

Di Q, Wang Y, Zanobetti A, Wang Y, Koutrakis P, Choirat C, et al. . Air pollution and
mortality in the medicare population. N Engl J Med. (2017) 376:2513-22.
10.1056/NEJMoal 702747

Diez Roux, A. V., Auchincloss, A. H., Franklin, T. G., Raghunathan, T., Barr, R. G.,
Kaufman, J., ... & Keeler, J. (2008). Long-term exposure to ambient particulate matter
and prevalence of subclinical atherosclerosis in the Multi-Ethnic Study of
Atherosclerosis. American journal of epidemiology, 167(6), 667-675.

Dockery, D. W., Luttmann-Gibson, H., Rich, D. Q., Link, M. S., Mittleman, M. A., Gold, D.

R., ... & Verrier, R. L. (2005). Association of air pollution with increased incidence of

101



ventricular tachyarrhythmias recorded by implanted cardioverter
defibrillators. Environmental health perspectives, 113(6), 670-674.

Dockery, D. W., Pope, C. A., Xu, X., Spengler, J. D., Ware, J. H., Fay, M. E., ... & Speizer,
F. E. (1993). An association between air pollution and mortality in six US cities. New
England journal of medicine, 329(24), 1753-1759.

Doiron, D., de Hoogh, K., Probst-Hensch, N., Fortier, 1., Cai, Y., De Matteis, S., & Hansell,
A. L. (2019). Air pollution, lung function and COPD: results from the population-based
UK Biobank study. European Respiratory Journal, 54(1), 1802140.

Donaldson GC, Hurst JR, Smith CJ, Hubbard RB, Wedzicha JA. Increased risk of
myocardial infarction and stroke following exacerbation of COPD. Chest. (2010)
137:1091-7. doi: 10.1378/chest.09-2029

Fabbri, L. M. (2016). Smoking, not COPD, as the disease.

Farjo, P., Patel, K., Shah, R., Badami, V., Regner, S., Stansbury, R., & Schmidt, S. (2019).
The Role of Beta Blocker Therapy for Ischemic Heart Disease Prevention in
Undiagnosed Obstructive Sleep Apnea and Hypertension. Journal of the American
College of Cardiology, 71(11 Supplement), A140.

Finkelstein, J., Cha, E., & Scharf, S. M. (2009). Chronic obstructive pulmonary disease as an
independent risk factor for cardiovascular morbidity. International journal of chronic
obstructive pulmonary disease, 4, 337.

Feng, W., Zhang, K., Huang, S., & Huang, F. (2018). GW29-¢1889 Hyperhomocysteinemia

Impact on Blood Pressure Variability and Target Organ Injured in Old Patients with

Hypertension and Stroke.

102



Folino, F., Buja, G., Zanotto, G., Marras, E., Allocca, G., Vaccari, D, ... & Suh, R. N.
(2017). Association between air pollution and ventricular arrhythmias in high-risk
patients (ARIA study): a multicentre longitudinal study. The Lancet Planetary
health, 1(2), e58-¢64.

Fonseca, F. A. H., & Izar, M. C. D. O. (2016). High-sensitivity C-reactive protein and
cardiovascular disease across countries and ethnicities. Clinics, 71(4), 235-242.

Franklin, B. A., Brook, R., & Pope III, C. A. (2015). Air pollution and cardiovascular

disease. Current problems in cardiology, 40(5), 207-238.

Friedman GD, Klatsky AL, Siegelaub AB. Lung function and risk of myocardial infarction
and sudden cardiac death. N Engl J Med 1976;294: 1071-5.

Gairola CG, Drawdy ML, Block AE, Daugherty A. Sidestream cigarette smoke accelerates
atherogenesis in apolipoprotein E-/- mice. Atheroscle- rosis 2001;156:49-55.

Garcia-Aymerich J, Lange P, Benet M, Schnohr P, Ant6 JM. Regular physical activity
modifies smoking-related lung function decline and reduces risk of chronic obstructive
pulmonary disease: a population-based cohort study. Am J Respir Crit Care Med
2007;175:458-463.

Garcia-Aymerich J, Lange P, Serra I, Schnohr P, Ant6 JM. Time-dependent confounding in
the study of the effects of regular physical activity in chronic obstructive pulmonary
disease: an application of the marginal structural model. Ann Epidemiol 2008;18:775
783.

Gershon AS, Warner L, Cascagnette P, Victor JC, To T. Lifetime risk of developing chronic
obstructive pulmonary disease: a longitudinal population study. Lancet 2011; 378: 991

96.

103



Ghio, A. J., Kim, C., & Devlin, R. B. (2000). Concentrated ambient air particles induce mild
pulmonary inflammation in healthy human volunteers. American journal of respiratory
and critical care medicine, 162(3), 981-988.

Global Initiative for Chronic Obstructive Lung Disease. Pocket Guide to COPD Diagnosis,

Management and Prevention. (2019). Available online at: https://goldcopd.org/wp

content/uploads/2018/11/GOLD- 2019- POCKET- GUIDE (accessed May 27, 2019).
Global, regional, and national incidence, prevalence, and years lived with disability for 310
diseases and injuries, 1990-2015: a systematic analysis for the Global Burden of Disease

Study 2015. Lancet 2016; 388: 1545-602.

GOLD 2017 Global Strategy for the Diagnosis, Management and Prevention of COPD;

http://goldcopd.org/eold-2017-global- strategy-diagnosis-management-prevention-copd/

(accessed Nov 26, 2016).

Gongalves I, Guimaraes MJ, Van Zeller M, Menezes F, Moita J, Simao P. Clinical and
molecular markers in COPD. Pulmonology. (2018) 24:250-9. doi:
10.1016/j.pulmoe.2018.02.005

Grande, G., Ljungman, P. L., Eneroth, K., Bellander, T., & Rizzuto, D. (2020). Association
between cardiovascular disease and long-term exposure to air pollution with the risk of
dementia. JAMA neurology, 77(7), 801-809.

Gtider, G., Brenner, S., Angermann, C. E., Ertl, G., Held, M., Sachs, A. P., ... & Rutten, F. H.

(2012). GOLD or lower limit of normal definition? A comparison with expert-based
diagnosis of chronic obstructive pulmonary disease in a prospective cohort-study.
Respiratory research, 13(1), 13.

Hamanaka, R. B., & Mutlu, G. M. (2018). Particulate matter air pollution: effects on the

cardiovascular system. Frontiers in endocrinology, 9, 680.

104



Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference values from a sample of the
general U.S. population. Am J Respir Crit Care Med. 1999;159(1):179-87.
Hermanson B, Omenn GS, Kronmal RA, Gersh BJ. Beneficial six-year outcome of smoking

cessation in older men and women with coronary artery disease. Results from the CASS
registry. N Engl J Med 1988;319(21):1365-1369.

Hersh CP, Miller DT, Kwiatkowski DJ, Silverman EK. Genetic determinants of C-reactive
protein in COPD. Eur Respir J 2006;28:1156—-1162.

Hill, J., Heslop, C., Man, S.F., et al. Circulating surfactant protein-D and the risk of
cardiovascular morbidity and mortality. Eur Heart J 2011;32: 1918-25.

Hillas, G., Perlikos, F., Tsiligianni, 1., & Tzanakis, N. (2015). Managing comorbidities in
COPD. International Journal of chronic obstructive pulmonary disease, 10, 95.

Hole DJ, Watt GC, Davey-Smith G, Hart CL, Gillis CR, Hawthorne VM. Impaired lung
function and mortality risk in men and women: find- ings from the Renfrew and Paisley
prospective population study. BMJ 1996;313:711-5 [discussion: 5-6].

Holm, K. E., Borson, S., Sandhaus, R. A., Ford, D. W., Strange, C., Bowler, R. P., ... &
Wamboldt, F. S. (2013). Differences in adjustment between individuals with alpha-1
antitrypsin deficiency (AATD)-associated COPD and non-AATD COPD. COPD: Journal

of Chronic Obstructive Pulmonary Disease, 10(2), 226-234.

Hong, Z., Guo, Z., Zhang, R., Xu, J., Dong, W., Zhuang, G., & Deng, C. (2016). Airborne
fine particulate matter induces oxidative stress and inflammation in human nasal
epithelial cells. The Tohoku Journal of Experimental Medicine, 239(2), 117-125.

Huang, J. M., Duong, M. L., Killian, K. J., Raina, P., Xie, Y., Dragoman, A. D., & Chen, S.

J. (2018). Spirometry is a marker of general health and disability in the elderly: the

105



canadian longitudinal study of aging. In D28. RESPIRATORY DISEASE DIAGNOSIS:
PULMONARY FUNCTION TESTING AND IMAGING (pp. A6391-A6391). American
Thoracic Society.

Huang, W., Wang, G., Lu, S. E., Kipen, H., Wang, Y., Hu, M., ... & Zhu, P. (2012).
Inflammatory and oxidative stress responses of healthy young adults to changes in air
quality during the Beijing Olympics. American journal of respiratory and critical care
medicine, 186(11), 1150-1159.

Hurst JR, Donaldson GC, Perera WR, Wilkinson TM, Bilello JA, Hagan GW, Vessey RS,
Wedzicha JA. Use of plasma biomarkers at exac- erbation of chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2006;174:867-874.

Institute of Medicine (US) Committee on Social Security Cardiovascular Disability Criteria.
Cardiovascular Disability: Updating the Social Security Listings. Washington (DC):
National Academies Press (US); 2010. 7, Ischemic Heart Disease. Available from:

https://www.ncbi.nlm.nth.gov/books/NBK209964/

International comparison of urban air quality. Government of Canada. Retrieved from:
https://www.canada.ca/en/environment-climate-change/services/environmental-
indicators/international-comparison-urban-air-quality.html

Johnson, S. A., & Spurney, R. F. (2015). Twenty years after ACEIs and ARBs: emerging
treatment strategies for diabetic nephropathy. American Journal of Physiology-Renal
Physiology, 309(10), F807-F820.

Karmali, K. N., Lloyd-Jones, D. M., Berendsen, M. A., Goff, D. C., Sanghavi, D. M., Brown,

N. C,, ... & Huffman, M. D. (2016). Drugs for primary prevention of atherosclerotic

106



cardiovascular disease: an overview of systematic reviews. JAMA cardiology, 1(3), 341

349.

Kaufman, J. D., Adar, S. D., Barr, R. G., Budoff, M., Burke, G. L., Curl, C. L., ... & Watson, K.

E. (2016). Association between air pollution and coronary artery calcification within six
metropolitan areas in the USA (the Multi-Ethnic Study of Atherosclerosis and Air
Pollution): a longitudinal cohort study. The Lancet, 388(10045), 696-704.

Know the Difference: Cardiovascular Disease, Heart Disease, Coronary Heart Disease.

National Heart, Lung and Blood Institute. Retrieved from:
https://www.nhlbi.nih.gov/sites/default/files/media/docs/Fact Sheet Know Diff Design
508 pdf.pdf

Koenig, W. (2013). High-sensitivity C-reactive protein and atherosclerotic disease: from
improved risk prediction to risk-guided therapy. International journal of cardiology,
168(6), 5126-5134.

Kovanen, P. T., Kaartinen, M., & Paavonen, T. (1995). Infiltrates of activated mast cells at
the site of coronary atheromatous erosion or rupture in myocardial infarction. Circulation,
92(5), 1084-1088.

Kunisaki KM, Dransfield MT, Anderson JA, Brook RD, Calverley PMA, Celli BR, et al.
Exacerbations of chronic obstructive pulmonary disease and cardiac events. Am J Respir
Crit Care Med. (2018) 198:51-7. doi: 10.1164/rccm.201711-22390C

Kiinzli, N., Jerrett, M., Mack, W. J., Beckerman, B., LaBree, L., Gilliland, F., ... & Hodis, H.
N. (2005). Ambient air pollution and atherosclerosis in Los Angeles. Environmental
health perspectives, 113(2), 201-206.

LaCroix AZ, Lang J, Scherr P, et al. Smoking and mortality among older men and women

in three communities. N Engl J Med 1991;324(23):1619-1625.

107



Lahousse L, Niemeijer MN, van den Berg ME, Rijnbeek PR, Joos GF, Hofman A, et al.
Chronic obstructive pulmonary disease and sudden cardiac death: the rotterdam study.
Eur Heart J. (2015) 36:1754-61. doi: 10.1093/eurheartj/ehv121

Landrigan PJ, Fuller R, Acosta NJR, Adeyi O, Arnold R, Basu NN, et al.

The Lancet Commission on pollution and health. Lancet (2018) 391:462-512.
10.1016/S0140-6736(17)32345-0

Leary PJ, Kaufman JD, Barr RG, Bluemke DA, Curl CL, Hough CL, et al. Traffic-related air
pollution and the right ventricle. The multi-ethnic study of atherosclerosis. Am J Respir
Crit Care Med. (2014) 189:1093—-100. 10.1164/rccm.201312-22980C

Lee HM, Lee J, Lee K, Luo Y, Sin DD, Wong ND. Relation between COPD severity and
global cardiovascular risk in US adults. Chest. (2012) 142:1118— 112. doi:
10.1378/chest.11-2421

Leone, A. (2012). Passive smoking and cardiovascular pathology : mechanisms and
physiopathological bases of damage (2nd ed., Ser. Cardiology research and clinical
developments). Nova Biomedical.

Li, N., Sioutas, C., Cho, A., Schmitz, D., Misra, C., Sempf, J., ... & Nel, A. (2003). Ultrafine
particulate pollutants induce oxidative stress and mitochondrial damage. Environmental
health perspectives, 111(4), 455-460.

Li, R., Ning, Z., Cui, J., Khalsa, B., Ai, L., Takabe, W., ... & Hsiai, T. (2009). Ultrafine
particles from diesel engines induce vascular oxidative stress via JNK activation. Free

radical biology and medicine, 46(6), 775-782.

108



Link, M. S., Luttmann-Gibson, H., Schwartz, J., Mittleman, M. A., Wessler, B., Gold, D. R.,
... & Laden, F. (2013). Acute exposure to air pollution triggers atrial fibrillation. Journal
of the American College of Cardiology, 62(9), 816-825.

Liu C, Cai J, Qiao L, Wang H, Xu W, Li H, et al. The acute effects of fine particulate matter
constituents on blood inflammation and coagulation. Environ Sci Technol. (2017)
51:8128-37.10.1021/acs.est. 7600312

Liu, C., Bai, Y., Xu, X., Sun, L., Wang, A., Wang, T. Y., ... & Ying, Z. (2014). Exaggerated
effects of particulate matter air pollution in genetic type II diabetes mellitus. Particle and
fibre toxicology, 11(1), 27.

Liu, C., Chen, R., Sera, F., Vicedo-Cabrera, A. M., Guo, Y., Tong, S., ... & Kan, H. (2019).
Ambient particulate air pollution and daily mortality in 652 cities. New England Journal
of Medicine, 381(8), 705-715.
Liu, C., Xu, X., Bai, Y., Wang, T. Y., Rao, X., Wang, A., ... & Morishita, M. (2014). Air

pollution—mediated susceptibility to inflammation and insulin resistance: influence of
CCR2 pathways in mice. Environmental health perspectives, 122(1), 17-26.

Liu, C., Xu, X., Bai, Y., Wang, T. Y., Rao, X., Wang, A., ... & Morishita, M. (2014). Air
pollution—mediated susceptibility to inflammation and insulin resistance: influence of
CCR2 pathways in mice. Environmental health perspectives, 122(1), 17-26.

Liu, L., Simon, B., Shi, J., Mallhi, A. K., & Eisen, H. J. (2016). Impact of diabetes mellitus
on risk of cardiovascular disease and all-cause mortality: evidence on health outcomes
and antidiabetic treatment in United States adults. World journal of diabetes, 7(18), 449.

Liuzzo, G., Goronzy, J. J., Yang, H., Kopecky, S. L., Holmes, D. R., Frye, R. L., & Weyand,
C. M. (2000). Monoclonal T-cell proliferation and plaque instability in acute coronary
syndromes. Circulation, 101(25), 2883-2888.

Logan WP. Mortality in the London fog incident, 1952. Lancet (1953) 1:336-8.

109



Luehrs RE, Newell JD, Comellas AP, Hoffman EA, Warner K, Croghan A, et al. CT
measured lung air-trapping is associated with higher carotid artery stiffness in individuals
with chronic obstructive pulmonary disease. J Appl Physiol. (2018) 125:1760-6. doi:
10.1152/japplphysiol.005 80.2018

Maclay JD, McAllister DA, Johnston S, Raftis J, McGuinnes C, Deans A, Newby DE, Mills
NL, MacNee W. Increased platelet activation in patients with stable and acute
exacerbation of COPD. Thorax 2011;66:769-774.

Madrigano, J., Baccarelli, A., Mittleman, M. A., Wright, R. O., Sparrow, D., Vokonas, P. S.,
... & Schwartz, J. (2011). Prolonged exposure to particulate pollution, genes associated
with glutathione pathways, and DNA methylation in a cohort of older
men. Environmental health perspectives, 119(7), 977-982.

Man, S. P., Van Eeden, S., & Sin, D. D. (2012). Vascular risk in chronic obstructive
pulmonary disease: role of inflammation and other mediators. Canadian journal of
cardiology, 28(6), 653-661.

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

Lancet 2007; 370: 765-73.

Manzo, N. D., LaGier, A. J.,, Slade, R., Ledbetter, A. D., Richards, J. H., & Dye, J. A. (2012).
Nitric oxide and superoxide mediate diesel particle effects in cytokine-treated mice and
murine lung epithelial cells—implications for susceptibility to traffic-related air
pollution. Particle and fibre toxicology, 9(1), 1-15.

Marchini, T., Wolf, D., Michel, N. A., Mauler, M., Dufner, B., Hoppe, N., ... & Tasat, D.

(2016). Acute exposure to air pollution particulate matter aggravates experimental

110



myocardial infarction in mice by potentiating cytokine secretion from lung macrophages.
Basic research in cardiology, 111(4), 44.

Martinez FJ, Han MK, Flaherty K, Curtis J. Role of infection and antimicrobial therapy in
acute exacerbations of chronic obstructive pulmonary disease. Expert Rev Anti Infect

Ther 2006; 4(1): 101-24.

McKenna, C., Walker, S., Lorgelly, P., Fenwick, E., Burch, J., Suekarran, S., ... &
Woolacott, N. (2012). Cost-Effectiveness of Aldosterone Antagonists for the Treatment

of Post-Myocardial Infarction Heart Failure. Value in Health, 15(3), 420-428.

Miller, M. R. (2020). Oxidative stress and the cardiovascular effects of air pollution. Free

Radical Biology and Medicine.
Mills NL, Tornqvist H, Gonzalez MC, Vink E, Robinson SD, Soderberg S, et al. Ischemic

and thrombotic effects of dilute diesel-exhaust inhalation in men with coronary heart
disease. N Engl J Med. (2007) 357:1075-82. 10.1056/NEJMo0a066314
Mills NL, Tornqvist H, Robinson SD, Gonzalez M, Darnley K, MacNee W, et al. Diesel
exhaust inhalation causes vascular dysfunction and impaired endogenous fibrinolysis.
Circulation (2005) 112:3930-6. 10.1161/CIRCULATIONAHA.105.588962
Miravitlles, M., D’Urzo, A., Singh, D., & Koblizek, V. (2016). Pharmacological strategies to
reduce exacerbation risk in COPD: a narrative review. Respiratory research, 17(1), 112.
Mpller, P., & Loft, S. (2010). Oxidative damage to DNA and lipids as biomarkers of
exposure to air pollution. Environmental health perspectives, 118(8), 1126-1136.
Montiel-Davalos, A., de Jesus Ibarra-Sanchez, M., Ventura-Gallegos, J. L., Alfaro-Moreno,
E., & Lopez-Marure, R. (2010). Oxidative stress and apoptosis are induced in human

endothelial cells exposed to urban particulate matter. Toxicology in vitro, 24(1), 135-141.

111



Mosallanezhad, Z., Jalali, M., Eftekhari, M. H., & Ahmadi, A. (2019). The Effects of
Vitamin C in Patients with Chronic Obstructive Pulmonary Disease: A Systematic
Review of Clinical Trials. International Journal of Nutrition Sciences, 4(4), 170-174.

Miillerova, H., Agusti, A., Erqou, S., & Mapel, D. W. (2013). Cardiovascular comorbidity in
COPD: systematic literature review. Chest, 144(4), 1163-1178.

Murray, C. J., Aravkin, A. Y., Zheng, P., Abbafati, C., Abbas, K. M., Abbasi-Kangevari, M., ...
& Borzouei, S. (2020). Global burden of 87 risk factors in 204 countries and territories,
1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. The
Lancet, 396(10258), 1223-1249.

Mutlu, G. M., Snyder, C., Bellmeyer, A., Wang, H., Hawkins, K., Soberanes, S., ... &

Sznajder, J. I. (2006). Airborne particulate matter inhibits alveolar fluid reabsorption in
mice via oxidant generation. American journal of respiratory cell and molecular biology,
34(6), 670-676.

Nadrowski, P., Chudek, J., Skrzypek, M., Puzianowska-Kuznicka, M., Mossakowska, M.,
Wigcek, A., ... & Kozakiewicz, K. (2016). Associations between cardiovascular disease
risk factors and IL-6 and hsCRP levels in the elderly. Experimental gerontology, 85, 112
117.

Nawrot TS, Perez L, Kunzli N, Munters E, Nemery B. Public health importance of triggers of
myocardial infarction: a comparative risk assessment. Lancet (2011) 377:732—40.
10.1016/S0140-6736(10)62296-9

Newby, D. E., Mannucci, P. M., Tell, G. S., Baccarelli, A. A., Brook, R. D., Donaldson, K., ... &
Storey, R. F. (2015). Expert position paper on air pollution and cardiovascular disease.
European heart journal, 36(2), 83-93.

Newell K, Kartsonaki C, Lam KBH, Kurmi OP. Cardiorespiratory health effects of

particulate ambient air pollution exposure in low-income and middle-income countries: a

112



systematic review and meta-analysis. Lancet Planet Health (2017) 1:e368-80.
10.1016/S2542-5196(17)30166-3

Nishiyama, K., Morimoto, T., Furukawa, Y., Nakagawa, Y., Ehara, N., Taniguchi, R., ... &
Tamura, T. (2010). Chronic obstructive pulmonary disease—an independent risk factor
for long-term cardiac and cardiovascular mortality in patients with ischemic heart
disease. International journal of cardiology, 143(2), 178-183.

Nuvolone D, Della Maggiore R, Maio S, et al. Geographical information system and
environmental epidemiology: a cross-sectional spatial analysis of the effects of traffic
related air pollution on population respiratory health. Environ Health 2011; 10: 12.
O’Neill, M. S., Veves, A., Zanobetti, A., Sarnat, J. A., Gold, D. R., Economides, P. A., ... &

Schwartz, J. (2005). Diabetes enhances vulnerability to particulate air pollution
associated impairment in vascular reactivity and endothelial
function. Circulation, 111(22),2913-2920.

Ohyama, K., Kubo, H., Harada, M., Sasahara, Y., Nozaki, A., Takei, N, ... & Nishitani, H.
(2008). Comparison of 3 Tesla whole heart coronary MRA (WHCA) with 1.5 Tesla.
Nihon Hoshasen Gijutsu Gakkai Zasshi, 64(12), 1540-1546.

Olfert, I. M., DeVallance, E., Hoskinson, H., Branyan, K. W., Clayton, S., Pitzer, C.R., ... &
Chantler, P. D. (2018). Chronic exposure to electronic cigarettes results in impaired
cardiovascular function in mice. Journal of applied physiology, 124(3), 573-582.

Onishi K. Total management of Chronic Obstructive Pulmonary Disease (COPD) as an
independent risk factor for cardiovascular disease. J Cardiol. (2017) 70:128-34. doi:
10.1016/j.jjcc.2017.03.001

Paoin, K., Ueda, K., Ingviya, T., Buya, S., Phosri, A., Seposo, X. T, ... & Zhao, J. (2021). Long
term air pollution exposure and self-reported morbidity: A longitudinal analysis from the
Thai cohort study (TCS). Environmental research, 192, 110330.

113



Patel AR, Kowlessar BS, Donaldson GC, Mackay AJ, Singh R, George SN, et al.
Cardiovascular risk, myocardial injury, and exacerbations of chronic obstructive
pulmonary disease. Am J Respir Crit Care Med. (2013) 188:1091- 9. doi:
10.1164/rccm.201306-11700C

Paulus W J, Tschope C. A novel paradigm for heart failure with preserved ejection fraction:
comorbidities drive myocardial dysfunction and remodeling through coronary
microvascular endothelial inflammation. J Am Coll Cardiol. (2013) 62:263—71. doi:
10.1016/j.jacc.2013. 02.092

Peppard PE, Young T, Palta M, Skatrud J. Prospective study of the association between

sleep-disordered breathing and hypertension. N Engl J Med 2000;342(19): 1378-1384.

Petrie, J. R., Guzik, T. J., & Touyz, R. M. (2018). Diabetes, hypertension, and cardiovascular
disease: clinical insights and vascular mechanisms. Canadian Journal of Cardiology,
34(5), 575-584.

Poehlman ET, Toth MJ, Bunyard LB, et al. Physiological predictors of increasing total and

central adiposity in aging men and women. Arch Intern Med 1995;155 (22):2443-2448.

Pope CA, III, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K, et al. . Lung cancer,
cardiopulmonary mortality, and long-term exposure to fine particulate air
pollution. JAMA (2002) 287:1132—41. 10.1001/jama.287.9.1132

Pope CA, III, Burnett RT, Thurston GD, Thun MJ, Calle EE, Krewski D, et al.
Cardiovascular mortality and long-term exposure to particulate air pollution:
epidemiological evidence of general pathophysiological pathways of

disease. Circulation (2004) 109:71-7. 10.1161/01.CIR.0000108927.80044.7F

114



Pope CA, III, Thun MJ, Namboodiri MM, Dockery DW, Evans JS, Speizer FE, et al.
Particulate air pollution as a predictor of mortality in a prospective study of U.S.
adults. Am J Respir Crit Care Med. (1995). 151:669-74. 10.1164/ajrccm/151.3 Pt 1.669
Postma, D. S., Weiss, S. T., van den Berge, M., Kerstjens, H. A., & Koppelman, G. H.
(2015). Revisiting the Dutch hypothesis. Journal of Allergy and Clinical Immunology,
136(3), 521-529.

Pujades-Rodriguez M, McKeever T, Lewis S, et al. Effect of traffic pollution on respiratory and
allergic disease in adults: cross-sectional and longitudinal analyses. BMC Pulm Med
2009; 9: 42.

Pujades-Rodriguez M, Lewis S, McKeever T, et al. Effect of living close to a main road on
asthma, allergy, lung function and chronic obstructive pulmonary disease. Occup Environ
Med 2009; 66: 679-684.
Pulmonary rehabilitation: official statement of the American Thoracic Society. Am J Respir

Crit Care Med 1999;159:1666—1682.
Rabe K.F. & Watz H. (2017). Chronic obstructive pulmonary disease. Lancet, 389: 1931-40.
Rajagopalan, S., Al-Kindi, S. G., & Brook, R. D. (2018). Air pollution and cardiovascular
disease: JACC state-of-the-art review. Journal of the American College of Cardiology,

72(17), 2054-2070.
Rich, D. Q., Mittleman, M. A., Link, M. S., Schwartz, J., Luttmann-Gibson, H., Catalano, P.

J., ... & Dockery, D. W. (2006). Increased risk of paroxysmal atrial fibrillation episodes
associated with acute increases in ambient air pollution. Environmental health
perspectives, 114(1), 120-123.

Riediker, M., Cascio, W. E., Griggs, T. R., Herbst, M. C., Bromberg, P. A., Neas, L., ... &
Devlin, R. B. (2004). Particulate matter exposure in cars is associated with cardiovascular

effects in healthy young men. American journal of respiratory and critical care

medicine, 169(8), 934-940.

115



Romieu, I., & Trenga, C. (2001). Diet and obstructive lung diseases. Epidemiologic reviews,
23(2), 268-287.

Roth, G. A., Johnson, C., Abajobir, A., Abd-Allah, F., Abera, S. F., Abyu, G, ... & Alla, F.
(2017). Global, regional, and national burden of cardiovascular diseases for 10 causes,
1990 to 2015. Journal of the American College of Cardiology, 70(1), 1-25.

Saito, M., Ishimitsu, T., Minami, J., Ono, H., Ohrui, M., & Matsuoka, H. (2003). Relations of
plasma high-sensitivity C-reactive protein to traditional cardiovascular risk factors.
Atherosclerosis, 167(1), 73-79.

Samoli E, Peng R, Ramsay T, Pipikou M, Touloumi G, Dominici F, et al. . Acute effects of
ambient particulate matter on mortality in Europe and North America: results from the
APHENA study. Environ Health Perspect. (2008) 116:1480—-6. 10.1289/ehp.11345

Savale, L., Chaouat, A., Bastuji-Garin, S., Marcos, E., Boyer, L., Maitre, B., ... & Le
Corvoisier, P. (2009). Shortened telomeres in circulating leukocytes of patients with
chronic obstructive pulmonary disease. American journal of respiratory and critical care
medicine, 179(7), 566-571.

Schraufnagel, D. E., Balmes, J. R., Cowl, C. T., De Matteis, S., Jung, S. H., Mortimer, K., ... &
Wuebbles, D. J. (2019). Air pollution and noncommunicable diseases: A review by the
Forum of International Respiratory Societies’ Environmental Committee, Part 2: Air
pollution and organ systems. Chest, 155(2), 417-426.
Scicali, R., Rosenbaum, D., Di Pino, A., Giral, P., Cluzel, P., Redheuil, A., ... & Gallo, A.

(2018). An increased waist-to-hip ratio is a key determinant of atherosclerotic burden in
overweight subjects. Acta diabetologica, 55(7), 741-749.

Shah, A. S., Lee, K. K., McAllister, D. A., Hunter, A., Nair, H., Whiteley, W., ... & Mills, N. L.
(2015). Short term exposure to air pollution and stroke: systematic review and meta
analysis. bmj, 350.

116



Shaheen, S. O., Jameson, K. A., Syddall, H. E., Sayer, A. A., Dennison, E. M., Cooper, C., ...
& Hertfordshire Cohort Study Group. (2010). The relationship of dietary patterns with
adult lung function and COPD. European respiratory journal, 36(2), 277-284.

Shochat T, Pillar G. Sleep apnoea in the older adult: pathophysiology, epidemiol- ogy,

consequences and management. Drugs Aging 2003;20(8):551-560.

Silva, D., & de Lacerda, A. P. (2012). High-sensitivity C-reactive protein as a biomarker of
risk in coronary artery disease. Revista Portuguesa de Cardiologia (English Edition),
31(11), 733-745.

Simons LA, Simons J, Friedlander Y, McCallum J. Risk factors for acute myocar- dial

infarction in the elderly (the Dubbo study). Am J Cardiol 2002;89(1):69-72.

Sin DD, Man SF. Chronic obstructive pulmonary disease as a risk factor for cardiovascular
morbidity and mortality. Proc Am Thorac Soc. (2005) 2:8—11. doi: 10.1513/pats.200404
032MS

Sin DD, Wu L, Man SF. The relationship between reduced lung function and cardiovascular
mortality: a population-based study and a systematic review of the literature. Chest
2005;127:1952-9.

Smith LJ. The lower limit of normal versus a fixed ratio to assess airflow limitation: will the
debate ever end? Eur Respir J. 2018;51(3):1800403.

Smith BM, Prince MR, Hoffman EA, Bluemke DA, Liu CY, Rabinowitz D, et al. Impaired
left ventricular filling in COPD and emphysema: is it the heart or the lungs? Chest.

(2013) 144:1143-51. doi: 10.1378/chest.13-0183

117



Smith, R. M., Traber, L. D., Traber, D. L., & Spragg, R. G. (1989). Pulmonary deposition
and clearance of aerosolized alpha-1-proteinase inhibitor administered to dogs and to
sheep. The Journal of clinical investigation, 84(4), 1145-1154.

Soberanes, S., Panduri, V., Mutlu, G. M., Ghio, A., Bundinger, G. S., & Kamp, D. W.
(2006). p53 mediates particulate matter—induced alveolar epithelial cell mitochondria
regulated apoptosis. American journal of respiratory and critical care medicine, 174(11),
1229-1238.

Soriano, J. B., & Lamprecht, B. (2012). Chronic obstructive pulmonary disease: a worldwide

problem. Medical Clinics, 96(4), 671-680.

Soriano, J. B., Abajobir, A. A., Abate, K. H., Abera, S. F., Agrawal, A., Ahmed, M. B., ... &
Alam, N. (2017). Global, regional, and national deaths, prevalence, disability-adjusted
life years, and years lived with disability for chronic obstructive pulmonary disease and
asthma, 1990-2015: a systematic analysis for the Global Burden of Disease Study 2015.
The Lancet Respiratory Medicine, 5(9), 691-706.

Sparrow, D., Dawber, T.R. The influence of cigarette smoking on prognosis after a first

myocardial infarction. A report from the Framingham study. J Chronic Dis 1978; 31(6
7):425-432.

Stoller JK, Aboussouan LS. Alphal-antitrypsin deficiency. Lancet 2005; 365(9478): 2225
36.

Sun, Q., Wang, A., Jin, X., Natanzon, A., Duquaine, D., Brook, R. D., ... & Chen, L. C.
(2005). Long-term air pollution exposure and acceleration of atherosclerosis and vascular

inflammation in an animal model. Jama, 294(23), 3003-3010.

118



Sun, Q., Yue, P., Deiuliis, J. A., Lumeng, C. N., Kampfrath, T., Mikolaj, M. B., ... & Brook,
R. D. (2009). Ambient air pollution exaggerates adipose inflammation and insulin
resistance in a mouse model of diet-induced obesity. Circulation, 119(4).

Suwa T, Hogg JC, Quinlan KB, Ohgami A, Vincent R, van Eeden SF. Particulate air
pollution induces progression of atherosclerosis. J Am Coll Cardiol 2002;39:935-42.
Tacke, F., Alvarez, D., Kaplan, T. J., Jakubzick, C., Spanbroek, R., Llodra, J., ... & Lira, S.

A. (2007). Monocyte subsets differentially employ CCR2, CCRS5, and CX3CRI to
accumulate within atherosclerotic plaques. The Journal of clinical investigation, 117(1),
185-194.

Terashima, T., Wiggs, B., English, D., Hogg, J. C., & van EEDEN, S. F. (1997).
Phagocytosis of small carbon particles (PM10) by alveolar macrophages stimulates the
release of polymorphonuclear leukocytes from bone marrow. American journal of
respiratory and critical care medicine, 155(4), 1441-1447.

Thiering, E., Cyrys, J., Kratzsch, J., Meisinger, C., Hoffmann, B., Berdel, D., ... & Heinrich,
J. (2013). Long-term exposure to traffic-related air pollution and insulin resistance in
children: results from the GINIplus and LISAplus birth cohorts. Diabetologia, 56(8),
1696-1704.

Thygesen, K., Alpert, J. S., & White, H. D. (2007). Universal definition of myocardial
infarction. Journal of the American College of Cardiology, 50(22), 2173-2195.

Tsuji, T., Aoshiba, K., & Nagai, A. (2006). Alveolar cell senescence in patients with
pulmonary emphysema. American journal of respiratory and critical care medicine,

174(8), 886-893.

119



van Eeden S, Leipsic J, Man SF, Sin DD. The relationship between lung inflammation and
cardiovascular disease. Am J Respir Crit Care Med. (2012) 186:11-6. doi:
10.1164/rccm.201203-0455PP

van EEDEN, S. F., Tan, W. C., Suwa, T., Mukae, H., Terashima, T., Fujii, T., ... & Hogg, J.
C. (2001). Cytokines involved in the systemic inflammatory response induced by
exposure to particulate matter air pollutants (PM10). American journal of respiratory and
critical care medicine, 164(5), 826-830.

van EEDEN, S. F., Tan, W. C., Suwa, T., Mukae, H., Terashima, T., Fujii, T., ... & Hogg, J.
C. (2001). Cytokines involved in the systemic inflammatory response induced by
exposure to particulate matter air pollutants (PM10). American journal of respiratory and
critical care medicine, 164(5), 826-830.

Van Hee VC, Adar SD, Szpiro AA, Barr RG, Bluemke DA, Diez Roux AV, et al. Exposure
to traffic and left ventricular mass and function: the Multi-Ethnic Study of
Atherosclerosis. Am J Respir Crit Care Med. (2009) 179:827-34. 10.1164/rccm.200808
13440C

Vestberg, D., Rosengren, A., Eeg-Olofsson, K., Miftaraj, M., Franzen, S., Svensson, A. M.,
& Lind, M. (2018). Body mass index as a risk factor for coronary events and mortality in
patients with type 1 diabetes. Open heart, 5(1).

von Holt K, Lebrun S, Stinn W, Conroy L, Wallerath T, Schleef R. Progression of
atherosclerosis in the apo E-/- model: 12-month exposure to cigarette mainstream smoke

combined with high-cholesterol/fat diet. Atherosclerosis 2009;205:135-43.

120



Wachtell, K., & Okin, P. M. (2016). An age-old test in old age: ECG left ventricular
hypertrophy and cardiovascular outcomes in the elderly. Journal of Hypertension, 34(11),
2145-2146.

Wang, J., Huang, J., Wang, L., Chen, C., Yang, D., Jin, M., ... & Song, Y. (2017). Urban
particulate matter triggers lung inflammation via the ROS-MAPK-NF-kB signaling
pathway. Journal of thoracic disease, 9(11), 4398.

Wedzicha JA, Seemungal TA, MacCallum PK, Paul EA, Donaldson GC, Bhowmik A,
Jeffries DJ, Meade TW. Acute exacerbations of chronic obstructive pulmonary disease
are accompanied by elevations of plasma fibrinogen and serum IL-6 levels. Thromb
Haemost 2000;84: 210-215.

Weldy, C. S., Liu, Y., Liggitt, H. D., & Chin, M. T. (2014). In utero exposure to diesel
exhaust air pollution promotes adverse intrauterine conditions, resulting in weight gain,
altered blood pressure, and increased susceptibility to heart failure in adult mice. PloS
one, 9(2).

Wolf, K., Popp, A., Schneider, A., Breitner, S., Hampel, R., Rathmann, W., ... & Peters, A.
(2016). Association between long-term exposure to air pollution and biomarkers related
to insulin resistance, subclinical inflammation, and adipokines. Diabetes, 65(11), 3314
3326.

Xu, X., Yavar, Z., Verdin, M., Ying, Z., Mihai, G., Kampfrath, T., ... & Rajagopalan, S.
(2010). Effect of early particulate air pollution exposure on obesity in mice: role of
p47phox. Arteriosclerosis, thrombosis, and vascular biology, 30(12), 2518-2527.

Yang, X., Feng, L., Zhang, Y., Hu, H., Shi, Y., Liang, S., ... & Sun, Z. (2018). Cytotoxicity

induced by fine particulate matter (PM2. 5) via mitochondria-mediated apoptosis

121



pathway in human cardiomyocytes. Ecotoxicology and Environmental Safety, 161, 198
207.

Yauk, C., Polyzos, A., Rowan-Carroll, A., Somers, C. M., Godschalk, R. W., Van Schooten,
F.J., ... & Douglas, G. R. (2008). Germ-line mutations, DNA damage, and global
hypermethylation in mice exposed to particulate air pollution in an urban/industrial
location. Proceedings of the National Academy of Sciences, 105(2), 605-610.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A, Pais P,
Varigos J, Lisheng L. Effect of potentially modifiable risk factors associated with
myocardial infarction in 52 countries (the INTERHEART study): case-control study.
Lancet. 2004;364(9438):937-952.

Yusuf, S., Joseph, P., Rangarajan, S., Islam, S., Mente, A., Hystad, P., ... & Dagenais, G. (2020).
Modifiable risk factors, cardiovascular disease, and mortality in 155 722 individuals from
21 high-income, middle-income, and low-income countries (PURE): a prospective cohort
study. The Lancet, 395(10226), 795-808.
Zhao, Q., Chen, H., Yang, T., Rui, W., Liu, F., Zhang, F., ... & Ding, W. (2016). Direct

effects of airborne PM2. 5 exposure on macrophage polarizations. Biochimica et
Biophysica Acta (BBA)-General Subjects, 1860(12), 2835-2843.
Zieman, S. J., & Malasky, B. R. (2005). Cardiovascular Risk Factors in the Elderly.

In Cardiovascular Disease in the Elderly (pp. 79-102). Humana Press.

122



