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Abstract

Climate change and air pollution are two critical threats to human health. Various factors can
impact a person's vulnerability to these exposures, including low income and a lack of access to high-
quality health care. Immigrants have a higher likelihood of experiencing these factors when compared to
non-immigrants, while also dealing with various social and cultural changes. My goal was to analyze and
highlight the disparity of the health-related impacts of climate change and air pollution exposures on the
immigrant population in Alberta. This knowledge is aimed at highlighting the need for clinicians to provide
appropriate healthcare options for preventing or treating diseases, inform policymakers, help implement
new programs and help immigrants advocate for their health and take action to reduce and/or adapt to

these exposures.

In the second chapter, a scoping review methodology was used to examine previous research to
determine globally the health-related impacts of climate change and air pollution exposures on
immigrants and refugees younger than 18 and 65 years and older. These ages were focused on as they
may be more at risk to the impacts of these exposures. Two independent reviewers completed the
title/abstract and full-text screening. Three studies fit the criteria and examined excessive temperatures
with mortality and respiratory syncytial virus outcomes. One article found that higher temperatures were
associated with higher respiratory syncytial virus incidence in refugee children younger than 5 years old.
Two articles found that foreign-born and non-US citizens 65 or older were similarly or less susceptible
compared to native-born, but younger individuals were more susceptible. Immigrants and refugees are
understudied in the literature and often excluded. More focused research on this population is needed,
especially among children, adolescents, and older adults and to expand to other health outcomes with

climate change and air pollution exposures.

A cross-sectional study was completed for the third chapter. The objective was to investigate and
compare the effects of weather (extreme temperatures) and air pollution (wildfire smoke, NO,, Oz, PM,5)
exposures on asthma, cardiovascular outcomes and mental disorders among immigrant (economic,

sponsored by family and refugees), total (immigrants and non-immigrants; all ages), adolescent (total
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population; ages 12 to 17) and older adult (total population; ages 65 plus) populations in Alberta between
2009-2014. Multivariable logistic regression was completed for all populations. With high temperature
exposure there were higher odds of self-reported asthma and cardiovascular outcomes for the total and
immigrant populations respectively (Odds ratio (OR) [95% CI], moderate level = 1.34 [1.04-1.72]), high
level = 1.58 [1.20-2.07]; low level = 3.15 [1.40-7.07], high level = 2.49 [1.09-5.65]). Immigrants and older
immigrants had higher odds of a self-reported cardiovascular outcome with high temperature compared to
non-immigrants (OR low level = 3.19 [1.39-7.29], moderate level = 2.69 [1.16-6.28], high level = 3.40
[1.45-7.97]; low level = 2.64 [1.02-6.82], moderate level = 3.48 [1.37-8.79], high level = 3.58 [1.29-9.91]).
Older adults were found to have a positive association with low temperature and mental disorders (OR
low level = 1.64 [1.00-2.69]). Immigrants and adolescents had higher odds of a self-reported mental
disorder with low and high PMz.s exposure levels (OR low level = 2.27 [1.01-5.07]; high level = 2.99 [1.02-
8.74]). Immigrants had lower odds of self-reported asthma, cardiovascular outcomes and mental
disorders compared to non-immigrants (OR = 0.37 [0.26-0.55] to OR = 0.40 [0.28-0.59]; OR = 0.35[0.17-
0.71]; OR = 0.60 [0.43-0.83] to OR = 0.64 [0.47-0.87]), while adolescent immigrants had lower odds of a
self-reported mental disorder (OR = 0.11 [0.02-0.67] to 0.13 [0.02-0.82]). Long-term (10 plus years) and
recent immigrants (less than 10 years) had decreased odds of self-reported asthma compared to non-
immigrants (OR = 0.39 [0.26-0.59] to OR = 0.45 [0.30-0.68]; OR = 0.25 [0.13-0.49] to OR = 0.27 [0.13-
0.56]). Long-term immigrants also had decreased odds of a self-reported mental disorder compared to
non-immigrants (OR = 0.65 [0.46-0.91] to OR = 0.69 [0.51-0.95]). Overall, it was found that certain
weather and air pollution exposures are associated with health risks, and there are differences between
immigrants and non-immigrants and across different age groups. These results can be used to inform
policymakers on immigrant health in Canada and hopefully will facilitate a discussion and lead to further

research on this understudied topic.
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Chapter 1: Introduction

1. Background

1.1 Climate Change and Air Pollution

Climate change is a global issue linked to extreme temperatures, changes in precipitation and
reduced snow cover among other changes [1]. Canada is warming at over two times the global average,
and Northern Canada even more so [2,3]. The annual average land temperature in Canada has
increased by approximately 1.7°C and 2.3°C in Northern Canada since 1948 [2]. Canada is expected to
continue warming throughout all seasons, but temperature changes have been most prominent in winter
[1,2]. In Canada precipitation has also increased, particularly in winter it is predicted that there will be
reduced snowfall and more precipitation [2]. This is expected to continue throughout the 215t century [2].
Climate change is due to both natural and anthropogenic activities [4]. Accelerated climate change is
primarily caused by anthropogenic activities, such as burning fossil fuels [1]. The oil and gas industry was

the most significant contributor to greenhouse gas emissions in Canada in 2022 [5].

The World Health Organization (WHO) defines air pollution as the “contamination of the indoor or
outdoor environment by any chemical, physical or biological agent that modifies the natural
characteristics of the atmosphere” [6(para.1)]. Common outdoor (ambient) air pollutants include fine
particulate matter (PM2.s), nitrogen dioxide (NO2) and ozone (Os), which make up most of the literature on
air pollution health-related impacts [7]. Air pollution is a result of human activities including vehicle
emissions and power generation and natural emissions such as wildfires, which contain numerous air
pollutants, including nitrogen oxides and particulate matter [7,8]. In 2023 wildfires were a catastrophic
problem in Canada and impacted the air quality of most of the Northern Hemisphere [9]. Additionally, air
pollution can be from primary emissions which release pollutants directly into the air, or secondary

emissions where precursors are released that react to form pollutants [7].

1.2 Interactions Between Climate Change and Air Pollution

Climate change and air pollution are interrelated exposures [10]. Climate change can impact air
quality through changing various air pollutant processes (e.g. pollutant removal), and worsening chemical
reactions in the atmosphere (e.g. ozone creation) [10,11]. This has been seen most recently in large
wildfires across the globe in 2023, which may be linked to climate change, and reduced air quality in the
surrounding areas [12,13]. Similarly, air pollution can impact climate change. Sulfate particles can reduce

temperature while PM2s can increase the temperature by absorbing heat [10]. These interactions result in



a feedback loop with each worsening each other’s effects [10]. Given the influence these exposures have

on one another, it is important to look at both.

1.3 Health Impacts of Climate Change and Air Pollution

Both climate change and air pollution can directly or indirectly impact human health and have
been associated with various health-related impacts [10]. Climate change and air pollution have been
linked to health outcomes such as respiratory diseases (e.g. asthma, chronic obstructive pulmonary
disease), mental health problems (e.g. anxiety, depression, post-traumatic stress disorder) and

cardiovascular diseases (e.g. heart failure, stroke), among others [14-17].

The WHO has stated that air pollution is one of the largest environmental risks to human health
[18]. In 2019 ambient air pollution was linked globally to an estimated 4.2 million deaths, primarily as a
result of cardiovascular and respiratory diseases from fine particulate matter exposure [18]. In Canada,
despite having better air quality than most countries, nearly a third of Canadians live in locations that do
not meet one of the Canadian Ambient Air Quality Standards for one of the analyzed pollutants (PMzs,
S0O2, NO2 and O3) [19,20]. Air pollution is associated with more than 15,000 premature deaths yearly in
Canada, with approximately 1400 of these occurring in Alberta [7,8].

Climate change also presents a significant threat to human health. Climate change can impact
human health through three main categories, direct, indirect and human activities [21]. The direct impacts
of climate change result from extreme temperatures, floods, and wildfires. Indirect exposures are those
that are facilitated through natural systems such as disease vectors or allergens, and human activities
include things such as mental stress and food production [21]. It is predicted that climate change will
cause 250,000 deaths globally due to malnutrition, malaria, diarrhea and heat stress between 2030 to
2050 [22].

1.4 Populations at Risk

While climate change and air pollution exposures impact the health of humans globally, certain
populations are more at risk than others [23]. This can be a result of low income, race and ethnicity, lack
of education, poorer health, a lack of access to high-quality healthcare or geographical location
[21,24,25]. At risk populations may include immigrants and refugees, particularly adolescents (ages 12-
17) and older adults (65 and older). Statistics Canada defines an immigrant as an individual that has been
in the past, or currently is a landed immigrant, permanent resident or a Canadian citizen by naturalization
and has received permission to reside in Canada from immigration authorities [26]. Refugees are defined
as individuals who had to leave their country for safety reasons, such as war or violence [27]. Immigration

to Canada presents a lot of stress on individuals as they adapt to their new surroundings [28—30]. There



are also inequalities between immigrants, refugees and non-immigrants in Canada. In the 2016 Canadian
census, non-immigrants made an average of $6700 more than immigrants [31]. Immigrants who move to
Canada initially tend to be healthier compared to the native-born population [32]. This health advantage
declines after arrival over time and is known as the healthy immigrant effect [32]. While this effect has
been studied, immigrants are not a homogenous group, and sub-groups may be impacted differently.
Refugees commonly experience a traumatic or stressful event before migration, and as a result, often
have poorer health upon arrival compared to immigrants [33,34]. Immigrants and refugees are commonly
excluded from air pollution and climate change studies because of this effect and unknown prior

exposures [35].

Adolescents are at risk to air pollution and climate change (via direct, indirect and human
activities) [36,37]. They have little to no control over their surroundings and lifestyle, such as where they
live [36]. This can impact the health of adolescents and can increase their risk to climate change and air
pollution exposures as compared to adults [36]. Adolescents differ from adults physically, with developing
immune systems, anatomy and cognitive ability, making them more vulnerable [36]. Additionally,
adolescents are still developing in many ways, including physically, mentally and socially [38].
Adolescents also experience climate anxiety, which encompasses many emotions such as sadness and
anger [38]. Overall, this can lead to an increased risk of mental health conditions such as depression and
anxiety and respiratory diseases such as asthma [37,39,40]. Adolescent immigrants and refugees
experience these same factors, with the added stress of migration, adjustment to a new culture and lack
of support [28,29]. As a result, adolescent immigrants and refugees have a higher risk to outcomes such
as mental health conditions [39]. Overall, these different experiences can impact adolescent immigrants’
and refugees risk to climate change and air pollution exposures compared to non-immigrant and refugee
adolescents. Despite this, information regarding the effects of air pollution and climate change exposure

on adolescents is an understudied topic [41].

Climate change and air pollution exposures are also a significant threat to the health of older
adults [21,42]. This is primarily due to an increased sensitivity to certain factors, such as heat extremes
[42]. Older adults also have an increased risk of pre-existing medical conditions (e.g. hypertension,
diabetes etc.), which can affect how their body deals with these exposures, making them more
susceptible to health-related impacts [21,42,43]. They also may have weakened immune systems, live
alone, and have decreased mobility [44]. Exposure to climate change and air pollution exposures can
lead to respiratory disease, cardiovascular disease, and mental health conditions [43,45]. Additionally,
older adults experience ageism, which is discrimination against an individual based on their age [46,47].
Ageism can lead to social exclusion and a lack of services and supports for aging which can have an
impact on health [46,48]. The global human lifespan is predicted to increase over time making health risks

in this age group significant [49]. Climate change and air pollution exposures pose a greater threat to



older immigrants and refugees, as they deal with additional migration-related factors such as cultural

differences, communication difficulties and social isolation [30,50,51].

1.5 Geographic Variability

While humans are affected by climate change and air pollution exposures globally, the severity
differs across varying geographic locations [21,23,52]. This is due to a high degree of spatial and
temporal heterogeneity linked to various vulnerability factors [21,24,25]. For example, availability or
access to high-quality healthcare varies depending on geographical location, those who live in rural areas
may have less access to healthcare compared to those who live in urban areas [21]. Additionally, certain
geographical locations have a higher risk of climate change or air pollution exposures [21]. All of this is
further complicated by people moving to different geographic locations as their environmental exposures
also change [53]. This makes it difficult to estimate their exposures throughout their lifetime [53]. This
affects not only immigrants who move to a new country, but also internal migrants who move within
Canada [54]. In Canada, between 2018 and 2019 there were approximately 250,000 interprovincial
migrants in Canada [54]. Due to this interprovincial migration, their daily climate change and air pollution
exposures likely changed [54]. Knowing current and previous lived geographical locations is important

when analyzing climate change and air pollution exposures, but the data is not always available.

1.6 Alberta

Climate change and air pollution events have impacted Alberta, including forest fires, extreme
temperatures, floods and reduced air quality [55—58]. Notable disasters include the 2016 Fort McMurray
wildfires which burned nearly 600,000 hectares of land, cost over $3.5 billion in insured losses and
significantly impacted the mental health of those affected by the fires [59]. Following the fire, between
May 2016 and March 2017, 29,000 mental health contacts were recorded [59]. This was much higher
than the roughly 1000 mental health contacts that were annually recorded before the fire. Contacts
remained high at around 15,000 from March 2017 to January 2018 [59]. Another notable disaster was the
2013 Southern Alberta floods which cost $1.7 billion and affected approximately 100,000 people [58].
Higher rates of injuries and mental health problems were seen in areas affected by the flood [58]. Alberta
is expected to experience more events in the future, such as heavy precipitation, droughts, forest fires

and severe storms [60].

Alberta’s climate has changed and is predicted to continue to change over time [61]. From 1950
to 2013, Alberta’s average winter temperature has increased by 0.5 to 1°C per decade and the average
summer temperature has increased by 0.1 to 0.3°C per decade [61]. Another climate indicator is
precipitation. From 1950 to 2013, the percentage of precipitation as snow from September to April

decreased by around 2 to 4% per decade, which changed to rain [61]. Alberta is expected to continue to



experience these effects, with fewer cold days and an increase in the number of warm and hot days [61].
These and other changes will not only impact the health of Albertans but also Alberta’s agriculture

industry and natural resources [61].

The Athabasca oil sands in Alberta is one of the largest oil sands deposits known globally [62].
Industries, such as the Athabasca oil sands region, release high amounts of pollutants into the air and
account for a significant amount of emissions within Alberta [63]. This exposure has sparked debate over
its impacts on the environment and the health of Albertans [64]. Oil sands collect bitumen which is a thick
form of crude oil that has to be diluted to be transported through pipelines [64]. This dilution process
involves adding additional toxic chemicals, such as benzo(a)pyrene. A range of health problems can
result from human exposure to diluted bitumen [64,65]. It has been found that the Athabasca River
contains benzo(a)pyrene, which is associated with birth defects, and organ and genetic damage [64].
Processing oil sands and crude oil also causes metals such as arsenic, nickel and lead to be released
into the water bodies [66]. Arsenic, nickel and lead among other elements have been found in the Alberta
oil sands region, with Arsenic found in very high concentrations [67,68]. These metals can have an impact
on human health, arsenic can cause skin irritations, visceral cancers and cardiovascular disease [66].
Emissions produced by gasoline-powered vehicles also contribute to air pollution in Alberta [69].
Additionally, population growth in Canada increases the need for goods and services which requires fossil

fuel energy [70].

1.7 Statement of the Problem

Climate change and air pollution are two related global issues that can affect human health [44].
Both exposures differ temporally and spatially, making it important to assess health-related impacts
across various locations and time frames for different populations [24,25]. These exposures impact all
humans globally, but certain populations have higher risk, such as immigrants and refugees [23]. This can
be due to many different factors, such as low income, lack of education or transferability of educational
qualifications, racism and social exclusion due to discrimination [21,71]. Studying immigrants and
refugees as a separate group is important as they have different experiences in Canada than non-
immigrants and refugees [35]. Additionally, immigration to Alberta is increasing [72]. In the fourth quarter
of 2023 31,037 immigrants arrived in Alberta, an approximate 7500 person increase compared to the
previous year [72]. While larger cities such as Toronto historically have had higher immigration rates,
Alberta’s population increase is more recent and the city lacks proper infrastructure to accommodate
immigrants. This places further strain on the immigrant and refugee population in Alberta. Given that the
immigrant population in Canada is expected to increase to 24.5-30% and in Alberta to 23.6-31.0% by
2036, this is a gap in the literature that needs to be analyzed [73]. Despite these issues, there is a lack of

research on the health-related impacts of climate change and air pollution on immigrants in Canada. This



is particularly evident in Alberta, where more than half of emissions result from industrial, manufacturing

and construction activities [60].

1.8 Research Aims and Objectives

This research aimed to examine the health impacts of climate change and air pollution exposures

on immigrants and non-immigrants living in Alberta. The objectives included:

1. Investigate the current research on climate change and air pollution health impacts on immigrants
and refugees globally (children < 18 and older adults > 65 years).

2. Investigate and compare the effects of weather and air pollution exposures on certain health
outcomes in immigrant (economic, sponsored by family and refugees) and non-immigrant

populations in Alberta.

a. Among Alberta immigrants and non-immigrants, investigate the associations between air
pollution exposures (wildfire smoke, NO,, O3, PM,5) and asthma, mental disorders (mood
disorder, anxiety disorder) and cardiovascular outcomes (heart disease, effects of
stroke).

b. Among Alberta immigrants and non-immigrants, investigate the associations between
weather extremes (extreme temperatures) on asthma, mental disorders (mood disorder,

anxiety disorder) and cardiovascular outcomes (heart disease, effects of stroke).
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Abstract

Aim: Climate change and air pollution exposures are global issues impacting human health. This scoping
review aims to synthesize evidence on the health-related impacts of climate change and air pollution
exposures on immigrant and refugee populations younger than 18 and 65 years and older, and to
determine if the impacts are influenced by age, immigrant category, gender, and/or geographical location.
Subject and methods: Databases were searched from inception to July 2022 and included PROSPERO,
OVID Medline, OVID EMBASE, Wiley Cochrane Library (CDSR and Central), Proquest Dissertations and
Theses Global and SCOPUS. All time frames, languages, and geographic locations were included. Types
of evidence sources included were reviews (e.g. scoping, systematic, clinical), books, and descriptive
(e.g., ecological) and analytical (e.g. case—control, cross-sectional and cohort) studies.

Results: Three studies fit the criteria. All used secondary data sources, different study designs and
analysis approaches and defined immigrants, refugees, and exposures differently. Only climate change
exposures (excessive temperatures) were explored, with mortality and respiratory syncytial virus
outcomes. Two articles found that foreign-born and non-US citizens 65 years and older were similarly or
less susceptible compared to native-born, but younger individuals were more susceptible. The other
found that higher temperatures were associated with higher respiratory syncytial virus incidence in
refugee children younger than 5 years old. If stratification was done, only sex, age, race, ethnicity, and
place of birth were examined.

Conclusions: Immigrants and refugees are understudied in the literature and often excluded. Additional
research is needed to determine other exposures and health outcomes for immigrant and refugee

populations.
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1. Introduction

Climate change and air pollution are interrelated exposures that can directly or indirectly affect
human health, including respiratory and cardiovascular diseases [1-4]. The World Health Organization
has called climate change the biggest threat to humanity [5]. The acceleration of climate change and
ambient air pollution is the result of natural emissions and anthropogenic activities, including fossil fuel
consumption [6]. More research is being done on the effects of climate change and air pollution on human
health.

Certain populations, including immigrants, may be more susceptible to the effects of these
exposures than others [7]. The Intergovernmental Panel on Climate Change defines vulnerability as “the
propensity or predisposition to be adversely affected” [8]. Vulnerability can result from low income,
structural and racial inequities, lack of education, poor health, and/or a lack of access to high-quality
healthcare [8]. Upon relocation, immigrants experience social and cultural changes, adjustments to a new
language, have a different diet, and are exposed to different values and ways of life [9]. Refugees adjust
to these same changes but also deal with the added stress of fleeing their home country due to fear for
their safety, and the negative effect that migrating has on their mental health [9,10]. As a result, refugees
have worse health than immigrants and are more vulnerable to certain health outcomes, such as
infectious diseases [9]. Overall, these factors can increase levels of vulnerability among the immigrant
and refugee populations, and can exacerbate the effects of climate change and air pollution exposures.
Immigrants have also been found to be exposed to higher levels of fine particulate matter (PM2.5) as they
tend to settle in urban areas and specifically in areas with higher levels of exposure [11,12]. Certain age
ranges, including those younger than 18 and older than 65 years old may be more susceptible to certain
health outcomes due to physiological reasons [13—15]. Adolescents and children may experience
additional vulnerability due to factors related to immunity, physiology, and cognitive development [14].
Older adults have an increased risk of pre-existing medical conditions (e.g. hypertension, diabetes, etc.),
decreased immune systems, often live alone, and have decreased mobility which can affect how their

body deals with these exposures, making them more susceptible to health-related impacts [8,16,17].

Since immigrants and refugees have different experiences than the native-born population, which
can impact their health, it is important to include and focus on this population [12]. Immigrants and
refugees are understudied, particularly recent immigrants, and tend to be excluded in climate change
research such as in large cohort studies focusing on air pollution exposures [12]. This could be due to
numerous factors such as a lack of information on prior exposures, reduced access to the health system,
and moving within the new country [12,18]. Research can also be more complicated due to a lack of
previous known exposures and immigrants and refugees not being captured in databases if they recently

immigrated [12]. Additionally, they primarily move to urban areas, which have higher temperatures and
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levels of air pollution compared to rural areas [12]. This scoping review aims to examine the literature to
determine the health impacts of these exposures on immigrants and refugees, and how it varies among
different groups (e.g., age, immigrant category, gender, and/or geographical location). A scoping review
was chosen as the field of research on this topic was unknown. While there are studies that focus on the
health impacts of climate change and air pollution, it was unclear how or if immigrants have been included

in this research topic.
2. Materials and Methods

For this scoping review, framework outlined by the Joanna Briggs Institute Reviewer’s Manual
was followed [19]. This framework was first proposed in 2005 by Arksey and O’Malley, and was further
refined in 2010 by Levac, Colquhoun and O’Brien [20-22]. The PRISMA-S Checklist for scoping reviews

was followed [23].

2.1 Research Questions

For this study, we aimed to explore previous research on the health-related impacts of air
pollution (e.g., NO2, Os and PM5) and extreme weather (e.g., wildfires, extreme temperatures and floods)
exposures on immigrant and refugee populations. We also examined whether studies explored effects by
age group (children and adolescents less than 18 or adults 65 years and older), immigrant category
(refugee, economic immigrant, immigrant sponsored by family, other), gender (woman vs man or other) or
geographical location (rural vs urban locations). Economic immigrants are those that move for economic
opportunities, such as a new job [24]. We define children and adolescents as those younger than 18, and
older adults as those 65 years and older. The protocol was filed on open science framework
(https://osf.io/wrfah/?view_only=83663 93dbefa45e09d6e22d54ef2balc).

For this review, only immigrants and refugees were included. An immigrant was defined as a
person who has chosen to leave their country of origin and is or has been a landed immigrant, permanent
resident, or citizen through naturalization [25,26]. A refugee was defined as a person who left their
country for safety [25]. Weather extremes could include several types of exposures such as wildfires,
extreme temperatures, and floods. Ambient air pollution is defined as a mixture of air pollutants from
vehicles, industries, and households that people are exposed to outdoors [27]. Air pollution exposures
could include NOz, Oz and PMz.5, among others [27]. Climate change and air pollution exposures were
chosen, as complex relationships between them can have an impact on human health independently and
synergistically. It is important to look at both exposures, as they may particularly impact immigrant and
refugee populations globally. Children, adolescents, and older adults are focused on in this scoping
review, as immigrants are not a uniform group; some age groups may be more vulnerable to certain

health outcomes.
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2.2 Search Methods

A health librarian from the University of Alberta completed a search on six databases using
controlled vocabulary (e.g., MeSH, Emtree, etc.) and text word searching. Databases included
PROSPERO, OVID Medline, OVID EMBASE, Wiley Cochrane Library (CDSR and Central), Proquest
Dissertations and Theses Global, and SCOPUS. Words representing key concepts including “climate
change”, “air pollution”, and “immigrants” were searched (Table A1) [28-38]. Searches were restricted to
adults 65 years and older, and children and adolescents younger than 18. Databases were searched from
inception to July 2022. Records (2378) were exported to Covidence systematic review software, where
duplicates (934) were removed, leaving 1444 for level 1 screening [39]. Detailed search strings are

available in the supplementary materials.

2.3 Screening

The titles and abstracts of articles were screened using pre-determined questions and completed
by two independent reviewers. Articles that completely or partly met the inclusion criteria (answered yes
or maybe) proceeded to level 2 screening. The complete articles were then screened based on inclusion
and exclusion criteria and were completed by two independent reviewers. Any article that completely met
the inclusion criteria (answered yes) was included in the results. If any exclusion criteria were identified, it
was rejected. Google Translate was used to translate non-English titles and abstracts for screening. The
reference lists of relevant articles were analyzed by browsing for articles that met the inclusion criteria.
The types of evidence sources included were reviews (e.g., scoping, systematic, clinical), books, and
descriptive (e.g., ecological) and analytical (e.g., case—control, cross-sectional and cohort) studies. All
time frames, languages, and geographic locations were included. The studies that focused on any
population were considered, as long as immigrants and/or refugees (children and adolescents less than

18 or adults 65 years and older) were also included.

2.4 Data Extraction and Presentation

Data was extracted from each article using Covidence 2.0 data extraction software [39]. Fields
recommended by JBI for extraction were used and expanded upon [40]. The full list used for data

extraction is provided in the supplementary materials. Data was analyzed narratively.

3. Results

Of the 1444 studies screened at the first stage, 1353 were excluded, leaving 91 for level two full-
text screening. Three articles were included in the results (Fig. 2.1). Table 2.1 summarizes the
characteristics of the three final included articles. Mercereau et al. analyzed the difference in temperature

mortality between those native to France and foreign-born [41]. Taylor et al. had a similar objective, and
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explored the risk of heat-related deaths among non-US citizens compared to US citizens [42]. Nyoka et
al. looked at the relationship between the incidence of respiratory syncytial virus infections and weather,
including temperature in refugee children [43]. All the articles were published within a 2-year period, two
published in 2017 and one in 2018. Two articles had similar study length periods, both 10 years, with
some overlapping years [41,42]. The shortest study period was 5 years [43]. No air pollution studies were
included in the results.

| 2378 references imported for screening | — | 934 duplicates removed |

| 1444 studies screened | —_— ‘ 1353 studies excluded |

88 Studies excluded

52 Did not meet inclusion criteria for exposure
and/or outcome and/or population

12 Did not meet inclusion criteria for type of
evidence source

10 Duplicates

8 Did not assess link between exposure of
interest and outcome

6 Full-text not available

| 91 studies assessed for full-text eligibility |

v

3 studies included

Figure 2.1 PRISMA flow diagram.
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Table 2.1 Characteristics of the final studies included

(foreign-born),
sample size
573,384, all
ages, 0-65
(unclear if this
category
includes those
aged 65), 65-
85 and >85

day above the
99th percentile
of the local
temperature
distribution,
Cold spell: at
least the 4th
day below the
13t percentile of
the local
temperature
distribution)

Authors | Years of Country | Population Gender | Study Comparison | Primary Health Main Findings
Study (type, sample Design Group Exposure Outcomes
size, age Variables
categories)
[43] September | Kenya Refugee, Gender | Non- No Temperature Monthly Higher
2007 - Sample size not gaussian | comparison (daily mean, RSV temperatures
August not specified, specified | time- group minimum and incidence associated with
2011 ages <5 years series maximum rate higher RSV
old temperature) incidence.
[41] 2000-2009 | France Population Gender | Matched | Native-born Heat and cold Mortality Similar
type not not pairs (Heat wave: at attributable
specified specified | design least the 4th fraction of deaths

in cold/hot
temperatures for
native-born and
foreign-born for
ages 65-85 and
>85. Foreign and
native-born >85
found to be more
sensitive to

temperatures.
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[42]

2005-2014

United
States

Population
type not
specified (non-
US citizens),
sample size
999, ages <5,
5-17, 18-24,
25-44, 45-64
and > 65

Men and

women

Not

specified

US citizens

Excessive heat
(defined heat
related deaths
with ICD-10
code X30
[exposure to
excessive
natural heat] as
underlying

cause of death)

Mortality

Non-US citizens
>65 years old
had a lower risk
of mortality
compared to US
citizens of the
same age. Non-
US citizens ages
5-17 had a
higher risk
compared to US
citizens of the

same age.
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While all studies focused on populations of different ages, two of the articles specifically included
those aged 65 and older. Mercereau et al. looked at those aged 65 to 85 and those older than 85, and
Taylor et al. those 65 years and older [41,42]. Each study defined immigrants and refugees differently,
and none included the length of residence in the adopted country. Taylor et al. used the place of
residence to define citizenship, as the citizenship status was not available through the National Vital
Statistics System [42]. If a death occurred in the United States, but the residence was recorded as
outside of the country, they recorded them as a non-US citizen [42]. It was not specified who was
included in the non-US citizen population (e.g., immigrant, refugee). Mercereau et al. used the birthplace
of each person to distinguish between those native to France and those foreign-born, obtained from death
certificates from the French Epidemiology Center on Medical Causes of Death [41]. Nyoka et al. focused
on a refugee population, and recruited from among children who underwent surveillance for viral
respiratory illnesses [43]. Data was obtained from surveillance done in the Dadaab refugee camp in
Kenya [43]

All articles used secondary data sources, but each employed a different study design and
analysis approach. Nyoka et al. conducted a non-Gaussian time-series with generalized linear and
additive models, and Mercereau et al. used a matched-pairs design based on birth date, sex, and the
place of death with a generalized additive model [41,43]. Taylor et al. did not specify the type of study
design, but completed descriptive analysis [42]. Despite these differences, two of the articles examined
mortality as the health outcome, while Nyoka et al. focused on monthly respiratory syncytial virus (RSV)
incidence rate [41—43]. Additionally, two articles stratified by age, with Taylor et al. also stratifying risk
ratios for heat-related deaths by sex (male vs female) race (white vs other) and ethnicity (Hispanic vs
non-Hispanic) [41,42]. Mercereau et al. studied the relationship between temperature and mortality, and
stratified by birth region and age [41]. Nyoka et al. investigated the association between RSV incidence
and climate, but did not present any stratified results [43]. All articles neglected to stratify by immigrant

category.

All three studies examined temperature exposures, but each defined them differently. Mercereau
et al. defined a heat wave and a cold spell as “at least the 4th day above the 99th or below the 1st
percentile of the local temperature distribution” [41]. Taylor et al. did not formally define excessive heat,
but used an ICD-10 code (X30) indicative of mortality due to excessive natural heat [42]. Nyoka et al.

included the daily mean, minimum, and maximum temperatures [43].

3.1 Study Findings

Nyoka et al. focused on refugee children younger than 5 years old in the Dadaab refugee camp
and found that higher temperatures were associated with higher RSV incidence [43]. The other two

articles focused on older population ages [41,42]. Mercereau et al. was specifically interested in

21



adaptation to temperature, and hypothesized that if there was little difference in mortality among foreign-
born and native-born, this would be indicative of adaptation [41]. They found that between those aged 65
to 85 and those older than 85, there was little difference in the attributable fraction of deaths with
exposure to cold and hot temperatures for native-born and foreign-born populations [41]. Additionally, for
both native-born and foreign-born populations, those older than 85 years were found to be more sensitive
to temperatures compared to those ages 65 to 85 [41]. The only significant difference found was the
attributable fraction of death due to cold between those 65 to 85 who were Southern European-born and
their matched native-born counterparts in the continental region of France [41]. The authors reported an
estimated mortality rate of 8.8% among those who were Southern European-born, and 5.3% among the
native-born populations. It was also found that overall, there was a higher percentage of deaths
attributable to cold compared to heat, with those older than 85 affected more than those ages 65 to 85
[41]. Taylor et al. also investigated if non-US citizens had higher heat-related mortality rates compared to
US citizens [42]. Non-US citizens ages 65 years and older had a lower risk of heat-related deaths
compared to US citizens of the same age [RR = 0.2 (0.1, 0.4)] [42]. It was also found that non-US citizens
aged 5 to 17 had a higher risk of heat-related deaths compared to US citizens of the same age (15.6
times more likely). White [RR =6.2 (5.8, 6.7)] and Hispanic [RR = 3.6 (3.2, 3.9)] non-US citizens were

found to be at a higher risk for heat-related death compared to US citizens [42].

4. Discussion

4.1 Health Impacts of Climate Change Exposures in Immigrant Populations

Three articles were included in the results, among two of the articles, it was found that for older
foreign-born and non-US citizens (65 and older and 65 to 85) there was little difference or lower risk of
mortality when compared to native-born [41,42]. Conversely, mortality from excessive heat exposure
among younger non-US citizens ages 18 to 24 was found to be higher [42]. This may be due to younger
non-US citizens having higher risk jobs such as farming, compared to older non-US citizens [42]. This is
supported by the fact that 19.8% of non-US citizens' place of death was recorded as a farm [42]. It was
not certain what led to the difference in older immigrants, with certain factors such as health, and
occupation or cultural differences, hypothesized as having a role [42]. A study in France hypothesized
that individuals become adapted to weather conditions in their adopted countries, which could also help
explain these results [41]. This is contradicted by one significant finding, the attributable fraction of death
due to cold in those aged 65 to 85 in the continental region of France was higher in Southern European-
born compared to the native-born population [41]. Southern Europe includes countries with warmer
climates, such as Greece, Italy, and Spain, which all have mild winters. Comparatively, France has a
temperate climate and can have cold winters. This does not support the adaptation of individuals to
weather conditions in their adopted countries, it suggests that those born in Southern Europe may not

become adapted to colder weather. This suggests that those who move from hot to cold climates may not
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have the same adaptation to weather conditions as those who move from cold to hot, or from a similar
climate. This was not observed for those ages 65 to 85 born in Maghreb [41]. It was also found that
overall more deaths were attributed to cold compared to heat [41]. This may be due to factors such as a
lack of education about cold winters resulting in unsuitable winter clothing [44]. It has even been
suggested that vitamin D deficiency may also be an issue for those moving from warm to cold climates
[44]. Mercereau et al. found that those older than 85 were more affected by cold temperatures than those
aged 65 to 85 [41]. This is expected, as older adults may be more susceptible to cold temperatures [45].
Additionally, generally older adults have worse health compared to those who are younger, due to pre-
existing medical conditions (e.g., hypertension, diabetes etc.), decreased immune systems, and
decreased mobility, which can all increase susceptibility to certain diseases [8,16,17]. Differences were
found among study designs, analysis approaches, and in terms of how results were stratified. These
differences may be due to the different data sets used, with each article obtaining population data from
different sources. If immigrant data is available, it seems that certain factors of interest are not, which

limits what can be studied, resulting in a lack of stratified data.

This review identified one study that associated higher RSV incidence in children younger than 5
years old with higher temperatures [43]. It is important to note that overcrowding may also have played a
role [46,47]. Crowding issues have led to camps being set up on the perimeters of Dadaab [47]. Other
studies have pointed to the detrimental impact of refugee camps on child health, Colosia et al. found that
overcrowding was associated with a higher risk of RSV hospitalization for infants and children due to a
higher chance of being exposed to the virus through droplets or secretions [48]. Crowded conditions can
also lead to other disease outbreaks, as in 2015 when the Dadaab refugee camp experienced a cholera
outbreak [49]. Another potential factor is that individuals in refugee camps may experience poor living
conditions, malnutrition, and lack of access to appropriate care, which can also increase the incidence of
disease [46].

No articles analysing the health-related impacts of air pollution exposures (e.g., NO2z, Os, and
PMz5) on immigrants were included in the results of this scoping review, but still are an important
exposure. This may, in part, be due to a lack of pre-immigration exposure data or other missing data,
particularly if they recently immigrated [12,42]. A number of studies have looked at air pollution and
immigrant health, which showed that immigrants were found to be exposed to higher levels of PM2.5 but
had lower mortality rates compared to non-immigrants [50-52]. This may be due in part to the screening
process that is conducted prior to admission to Canada (healthy immigrant effect) [50-52]. Due to the
vulnerability of children, adolescents, and older adults, further research is required to examine the

impacts of air pollution on these age-specific migrant populations.
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4 .2 Limitations

While a comprehensive search was conducted, any articles that did not include the chosen
keywords could have been missed. We also did not complete a quality assessment of the evidence, and
instead focused on an exploration of the available research focused on climate change, air pollution and
older adult, child and adolescent immigrant, and refugee health. Two independent reviewers completed
the screening process, though only one completed the data extraction. However, the data extraction table
was discussed and vetted by the other authors. While library databases were used to access articles for
full-text screening, six full-text studies were not found. Additionally, as populations in low-income
countries develop chronic diseases earlier than high-income countries, a broader definition of older adults
(e.g., 50 or over) could be warranted. Lastly, there were papers that met most of the screening criteria but

were excluded as age ranges were grouped.
5. Conclusions and Gaps in the Literature

This scoping review highlighted potential differences in health impacts related to climate change
exposures in immigrant and refugee populations. However, there is a lack of research in this area. As a
result of this study, several gaps in the literature were identified, including the lack of stratified results. If
results were stratified by age, for example, they tended to be grouped into large age ranges, and key
information such as the length of residence was not provided or considered. Data sources might have
limited the availability of these factors in these analyses. Immigrant populations are heterogeneous and
grouped results might obscure important differences. Vulnerability to climate change and air pollution
exposures is probably different in populations 65 years and older and under 18 years old, and should be
studied separately [14,16]. Geographical gaps were also found. As exposures vary by geographical
region, this is an important gap. Immigrants and refugees were often not the focus of the study, but a
subgroup analysis. Many studies that included immigrants also excluded recent immigrants who had
been in the country for less than 10 years. Studies tended to focus on temperature-related exposures.
Other climate change-related exposures such as floods or wildfires did not appear as frequently in the
literature, and none were included in this review. Additionally, given that each paper defined temperature
exposures differently, it would be beneficial to establish a standardized definition. No air pollution studies
met our inclusion criteria. The health outcomes examined were narrow and focused on mortality. A focus
on other health outcomes is needed. These gaps highlight the need for further focused research on

immigrant and refugee populations, particularly children, adolescents, and older adults.
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Abstract

Climate change and air pollution are global issues that can have an impact on human health and
is an understudied topic of research. This cross-sectional study examined the associations between
weather and air pollution exposures and asthma, cardiovascular outcomes (heart disease and stroke
effects), and mental disorders (mood and anxiety disorder) in immigrant (economic, sponsored by family
and refugees; all ages), total (immigrants and non-immigrants; all ages), adolescent (total population;
ages 12 to 17) and older adult (total population; ages 65 plus) populations in Alberta. Weather exposures
included annual variables for extreme temperatures (high, low etc.), and air pollution exposures included
annual variables for wildfire smoke exposure, NO2, Osand PM2s. Exposure variables were categorized

into quartiles (very low, low, moderate, and high exposure levels or very small, small, medium and large).

With high temperature exposure, higher odds of self-reported asthma were found for the total
population (Odds ratio (OR) [95% CI], moderate level = 1.34 [1.04-1.72]), high level = 1.58 [1.20-2.07])
and higher odds of self-reported cardiovascular outcomes for the immigrant population (low level = 3.15
[1.40-7.07], high level 2.49 [1.09-5.65]). Immigrants and older immigrants were found to have higher odds
of a self-reported cardiovascular outcome with high temperature compared to non-immigrants (OR low
level = 3.19 [1.39-7.29], moderate level = 2.69 [1.16-6.28], high level = 3.40 [1.45-7.97]; low level = 2.64
[1.02-6.82], moderate level = 3.48 [1.37-8.79], high level = 3.58 [1.29-9.91]). Among older adults, a
positive association between low temperature and self-reported mental disorders was found (OR low level
= 1.64 [1.00-2.69]). Immigrants and adolescents were found to have a positive association with fine
particulate matter exposure and mental disorders (OR low level = 2.27 [1.01-5.07]; high level = 2.99

[1.02-8.74]). For other exposures, mixed results were found.

For high temperature exposure, previous studies have found that high temperatures are
associated with asthma and cardiovascular outcomes, but limited research has been completed on older
immigrants. Limited research has also been completed among older adults on the association between
low temperature and mental disorders, but anxiety disorders have been found to occur less frequently in

older adults compared to younger individuals. For adolescents, the results found between fine particulate
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matter exposure and mental disorders are consistent with previous studies. Comparatively, for immigrants
the results differ from the literature, immigrants in Canada have been found to have a lower prevalence of
mood and anxiety disorders. Going forward, immigrant specific studies on the impact of climate change
and air pollution exposures on health outcomes, particularly for adolescents and older adults, should be
conducted and stratified by age, sex, geographical location (urban, rural), world area of birth and

immigrant category.
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1. Introduction

1.1 Climate Change and Air Pollution

Climate change and air pollution are two closely related global issues. Climate change has been
called “one of the defining challenges of the 215t century” [1(p11)]. In Canada, the effects of climate
change are seen in changes in the temperature, precipitation and snow cover, which can result in
droughts and wildfires [2]. These effects are worsening over time, and are expected to continue
throughout the 215t century [2]. Since 1948 Canada has increased in temperature by 1.7°C, with more
prominent changes observed in winter [2]. While climate change is the result of natural and anthropogenic
activities, accelerated climate change is mainly due to anthropogenic activities like burning fossil fuels [2].
Air pollution commonly refers to PMzs, NOzand Os, with many studies analyzing the adverse impact of
these pollutants on human health [3]. Similar to climate change, it is caused by various natural and
human activities, such as wildfires and vehicle emissions [3,4]. Climate change and air pollution are
interrelated exposures, meaning each can affect the other [5]. As a result, it is important to look at the

health impacts of both exposures.

1.2 Climate Change, Weather and Air Pollution in Alberta

Average temperatures vary depending on the location and season in Alberta, with a daily average
temperature in Edmonton between 1991 and 2020 ranging from -11°C in December to 16.2 °C in July [6].
Air quality also varies across the province and is impacted by the oil sands industry and wildfires [7,8].
Alberta has a history of extreme wildfires, including the 2016 Fort McMurray wildfires, which burned
nearly 600,000 hectares of land and cost over $3.5 billion in insured losses [9]. Albertans are exposed to
numerous air pollutants from these sources including nitrogen dioxide (NOz), ozone (Os) and fine
particulate matter (PM2s) [10].

The severity of the impact of climate change and air pollution exposure on human health differs
geographically [11]. This is due to a high degree of spatial and temporal heterogeneity linked to
vulnerability factors, such as access to high-quality and specialized healthcare [11-13]. Additionally,
certain geographic locations have higher pollutant concentrations [11]. Alberta specifically has
experienced climate change and air pollution events such as extreme temperatures, flooding, wildfires
and poor air quality [14—17]. Limited research looking at the associations between these exposures and
health impacts has been completed in Alberta. It is expected that Alberta will experience more events in
the future, making it critical to further understand the impact of these exposures on the health of those
living in Alberta [18].
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1.3 Health Impacts of Climate Change and Air Pollution Exposures

Climate change and air pollution are interrelated exposures that can directly or indirectly impact
human health [5]. Globally, ambient air pollution was associated with approximately 4.2 million deaths in
2019 [19]. In Canada alone, air pollution is associated with more than 15,000 premature deaths per year
[3]. Climate change could cause 250,000 deaths between 2030 to 2050 due to various effects such as
extreme heat, in 2022 more than 60,000 deaths were linked to extreme heat in Europe [19-21]. Previous
studies have found that climate change-related exposures such as extreme temperatures, and air
pollutants such as Osare also directly and indirectly associated with morbidity due to asthma,
cardiovascular outcomes and mental disorders [2]. Between 2015 and 2020, asthma impacted an
average of 8.9% of the Canadian population ages 12 or older [22]. Mental disorders are a growing
problem in Canada. More than 18% of Canadians 15 and older were diagnostically considered to have a
mood, anxiety or substance use disorder in 2022, but this was likely impacted by COVID-19 [23].
Additionally, the amount of people with a mood or anxiety disorder has increased by approximately 0.5-
4% from 2012 to 2022 [23]. Cardiovascular outcomes are another key health issue in Canada, with heart

disease being the second most common cause of death [24].

1.4 At-Risk Populations

Certain populations are at higher risk to the effects of these exposures compared to others [25].
Immigrants and refugees, particularly adolescents and older adults, may experience exacerbated risks
from these exposures due to factors such as low income, racial inequities and lack of access to high-
quality health care, among others [11,26]. Immigrants tend to reside in urban areas, which have higher
levels of PM2s, thus impacting their exposure levels [27]. While initially immigrants that move to Canada
tend to be healthier compared to those born in Canada, their health declines over time to match that of
the host population [28]. This is known as the healthy immigrant effect, but immigrants are not a
homogenous group, and sub-groups may be impacted differently [28]. Comparatively, refugees often
have poor health compared to immigrants upon arrival as they commonly go through a traumatic event
before migration [29,30]. There is limited research looking at these exposure outcome associations
among immigrants and refugees. Immigrants are commonly excluded due to the healthy immigrant effect
and unknown past exposures [31]. Refugees are also commonly excluded, including refugees involves
ethical challenges as they are in a position with unequal power and have likely come from a previous
situation of poverty and violence [32]. It is important to focus on immigrants and refugees as they make
up a significant portion of the Canadian population. Approximately 37,000 refugee claims were accepted
by the Immigration and Refugee Board of Canada between January and December 2023 [33]. The
immigrant population in Canada is increasing and it is estimated that by 2036, immigrants and second-

generation individuals in Canada will make up one in every two people [34].
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Adolescents and older adults may also experience higher risks to the effects of these exposures
[35,36]. Adolescents have different immune responses, anatomy and cognitive abilities compared to
adults which can impact their risk [35]. Older adults may have pre-existing medical conditions, less robust
immune systems and can experience ageism, making them more susceptible to health-related impacts
from these exposures [37,38]. Additionally, older adults are more likely to suffer from certain conditions,
such as heart disease compared to those who are younger. It is important to look at older adults as it is
predicted that by 2046 older adults (ages 65 plus) will make up 20% of the Canadian population, an

approximate increase of 6% since 2020 [39].

1.5 Statement of the Problem and Objectives

Climate change and air pollution exposures are global problems that can have local health
impacts in Canada [2]. It is important to look at higher risk populations, such as immigrants, older adults
and adolescents as they have different lived experiences and tend to be understudied in the literature
[25,31]. It is also important to focus on locations such as Alberta, which has a large oil production industry
that can contribute to climate change and air pollution problems regionally. Thus, the objectives of this
study were to examine and compare the effects of climate change extremes (extreme temperatures) and
air pollution exposures (NO,, O3, PM; 5, wildfire smoke) on certain health outcomes (asthma, mental
disorders and cardiovascular outcomes) in immigrants (economic, sponsored by family and refugees; all
ages), total (immigrants and non-immigrants; all ages), adolescent (total population; ages 12 to 17) and

older adult (total population; ages 65 plus) populations in Alberta.

2. Methods

2.1 Study Design, Population, and Location

A cross-sectional study was completed using data from Alberta, Canada between 2009 to 2014.
As of the 2021 Canadian census, the province of Alberta has a population of 4,262,635 people [40]. Two
major cities in Alberta, Calgary and Edmonton, make up just over half of the population, with 2,317,683
people [41]. There are 1,772,670 private dwellings in Alberta, with an average household size of 2.6
people [40]. The average income after taxes for individuals is $50,200 [40]. The total population (ages 12
to 85 plus), adolescents (ages 12-17), older adults (65 plus) and immigrants (less than or equal to 17 to
80 plus) who resided in Alberta were included in this study. The average age in Alberta is 39 years old
[40]. As of 2021, those older than 85 made up 1.7 % of the Alberta population, older adults ages 65 plus
made up 14.8%, individuals ages 15 to 64 made up 66.2% and individuals ages 0 to 14 made up 19%
[40]. Immigrants comprised 23% of the population in Alberta in 2021, with the most common age at
immigration between 25 to 44 years old at 46% [40]. The number of immigrants in Canada is expected to
grow over the years, with an estimated 24.5-30% by 2036 [34]. By 2046, it is estimated that Alberta’s
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population will increase to nearly 6.4 million people, with approximately 54% of this increase due to the
migration of immigrants [39]. Among Immigrants in Canada, 55.9% were economic, 28.5% were
sponsored by family, 14.7% were refugees, and 0.99% were classified as other [40]. Economic
immigrants move for economic opportunities such as a job, and other immigrants are admitted based on
humanitarian reasons, public policy or another admission category not listed [42,43]. Alberta's most
densely populated area is the Edmonton-Calgary Corridor, which includes nearly 77% of the population
[39]. In the past ten years, 86% of immigrants who moved to Alberta settled in this area [39]. Ethics was
obtained from the University of Alberta Health Research Ethics Board (Pro00121948).

2.2Health and Sociodemographic Data

The outcomes of interest included asthma, cardiovascular outcomes, and mental disorders.
These outcomes have been previously linked to climate change and air pollution exposures [44—40].
Cardiovascular outcomes included heart disease and stroke effects. Mental disorders included mood and
anxiety disorders. Initially, health outcomes were intended to be analyzed individually, but due to low
counts, were grouped into these broader categories. Health outcome data (2009-2014) was self-reported
and obtained from the Canadian Community Health Survey (CCHS) via the Statistics Canada Research
Data Centre (RDC) [47]. The RDC is a secure location to access and use Statistics Canada microdata
and was started in 2000 [48,49]. As of 2024, there are 33 locations across Canada [49]. The CCHS is a
voluntary annual sample survey with a cross-sectional design and stratified sample [47]. It was started in
2001 and gathers health information from Canadians for health surveillance and population health
research [47]. While initially the CCHS was conducted every 2 years, it was changed to annually in 2007
[47]. From 2009 to 2014 it used three sampling frames, area frame (from the Labour Force Survey),
telephone numbers and random digit dialling [47]. Up to 2022, the CCHS questioned Canadians ages 12
and older [47]. The CCHS excludes individuals who live on reserves and other aboriginal settlements, full-
time members of the Canadian Forces, the institutionalized population and individuals living in the
Quebec health regions of Région du Nunavik and Région des Terres-Cries-de-la-Baie-James [47]. Only
CCHS individuals who gave permission to share their survey information with provincial and federal
ministries of health and have their responses linked to administrative data were included [50]. Variables
used from the CCHS include age, household income (all sources), geographical location (urban or rural),
sex (male or female), marital status, BMI, household size, cultural/racial background, education level, self-
perceived health, self-perceived mental health, high blood pressure status, diabetes status, smoking
status, sense of belonging to community, asthma status, heart disease status, stroke effects status, mood

disorder status, anxiety disorder status and length of residence in Canada.
CCHS data was linked to the Longitudinal Immigration Database (IMDB) integrated permanent

and non-permanent resident file [50,51]. The IMDB is an annual census survey with a longitudinal design

[51]. It was started in 1980 to gather data on the immigration program in Canada [51]. The IMDB
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integrated permanent and non-permanent resident file dataset joins person-level data from the Immigrant
Landing File, the Non-Permanent Resident File and the T1 Family File [52]. It only includes non-
permanent residents who later became permanent residents since 1980 and filed a tax return since 1982
[52]. The Immigrant Landing File is an administrative census of immigrants who arrived in Canada since
1980 and includes sociodemographic information [50]. While the IMDB contains information as far back
as 1952, IMDB data from 1980 to 2014 is available to be linked to the CCHS [53]. The IMDB dataset was
accessed in the RDC and used to obtain additional individual-level immigrant data on immigrants in
Alberta. The IMDB integrated the permanent and non-permanent resident files, which was used as it
contained the most relevant variables for the population of interest. While no variables were directly used
from the IMDB due to a high amount of missing data and correlation issues, a variable to identify
immigrants (economic, sponsored by family, refugees) and non-immigrants was created using IMDB data.

More information on these variables can be found in Table A3.

2.3Weather and Air Pollution Exposures

2.3.1 Weather Exposures

Climate metrics were obtained from the Canadian Urban Environmental Health Research
Consortium (CANUE) and included annual variables for high, low, average, average daily minimum,
average daily maximum temperatures and the annual average of the difference between minimum and
maximum temperature (Celsius), also known as the diurnal temperature range (DTR) for Alberta from
2009 to 2014 [54]. This data was created using base data obtained from the Canadian Forest Service of
Natural Resources Canada and interpolating for all postal code locations in Canada from 1983 to 2015
[55]. This was done using Australian National University Spline (ANULSPLIN) climate modeling software,
which uses thin plate smoothing splines for interpolation [55-57]. Thin plate smoothing splines can be
described as a “non-parametric, multi-dimensional curve fitting technique for application to noisy multi-
variate data” [58(para.2)]. This is especially useful for climate metric data as there is a lack of data in
remote locations [58]. Data is available annually and is linked to annual postal code files [55]. This data
was linked to the CCHS and IMDB based on the postal code. As climate metrics were not linear,
transformations were applied and eventually categorized as quartiles: very low, low, moderate and high
exposure levels (Table 3.1). DTR was categorized as quartiles: very small, small, medium and large

(Table 3.1). More information on the weather exposure variables can be found in Table A3.

Table 3.1 Categories for annual weather and air pollution exposure variables.

Exposure categories

Very low Low Moderate High
High temperature | min to 30.73 30.74 to 31.87 32.88 to 33.08 33.09 to max

(Celsius)
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temperature range

(Celsius)

Low temperature min to -33.16 -34.44 to -33.17 -34.45 t0 -35.97 -35.98 to max
(Celsius)
Average min to 2.83 2.84 to 3.31 3.32t0 4.02 4.03 to max
temperature
(Celsius)
Average daily min to 8.77 8.78 10 9.17 9.18to 10.16 10.17 to max
maximum
temperature
(Celsius)
Average daily min to -2.05 -2.06 to -2.52 -2.53t0-3.10 -3.11 to max
minimum
temperature
(Celsius)
Average wildfire min to 6.59 6.60to 7.14 715t0 7.74 7.75 to max
smoke (PMz2s
Hg/m3)
Average PM2s min to 6.75 6.77 to 8.09 8.19t0 10.17 10.31 to max
(ug/m?)
Average NO2 min to 6.92 7.07 to 11.62 11.74 to 15.31 15.71 to max
(Ppb)
Average Os (ppb) | min to 19.94 20.23 t0 22.83 22.90 to 26.55 26.56 to max
Exposure categories

Very Small Small Medium Large

Average diurnal min to 11.59 11.60 to 12.00 12.01 to 12.53 12.54 to max

Sources: Canadian Urban Environmental Health Research Consortium [54] and National Air Pollution

Surveillance Program [59].

2.3.2 Air Pollution Exposures

Wildfire smoke exposure (PMz.s) data was also obtained from CANUE and included annual

smoke exposure (PM25 - annual average concentration in ug/m?) from 2010-2014, which is a measure of

wildfire smoke [54]. Data from 2009 was not available as collection did not start until 2010. While wildfire

smoke is a combination of various air pollutants that are common to other sources, in this data PM25 from

wildfire smoke was the target exposure [60]. This variable was generated by the Environmental Health

Services of the BC Centre for Disease Control using a random forest machine learning model called the
Canadian Optimized Statistical Smoke Model (CanOSSEM) [61]. It estimated PM2.5 concentrations at a 5
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km by 5 km spatial resolution using predictor variables specific to wildfire smoke obtained from various
sources [61]. After a wildfire event or when new data is available, CanOSSEM is retrained and new
estimates generated [61]. Data is linked to annual postal code files and is available annually or monthly
[61]. As wildfire smoke exposure data was not linear, transformations were applied and categorized into

quartiles: very low, low, moderate and high exposure levels (Table 3.1).

Exposure data for the annual mean concentrations of NO2, Oz and PM2.s were obtained from the
National Air Pollution Surveillance (NAPS) Program from 2009-2014 [59]. A health geographer mapped
the spatial distribution of the NAPS variables using ArcGIS® Pro version 2.7 (Esri, Redlands, CA, USA).
NAPS data was linked to postal codes by assigning the closest observation to each using ArcMap
software version 10.7. The NAPS program started in 1969 and is “the main source of ambient air quality
data in Canada” [62(para.1)]. NO2 (ppb), O3 (ppb) and PM2s (ug/m?) data are available as hourly or
annual average concentrations [62]. Only annual observations with nine or more months of data were
included. As NO2, O3 and PM2swere not linear, transformations were applied and categorized into
quartiles: very low, low, moderate and high exposure levels (Table 3.1). NO2, Oz and PM2s were chosen
as air pollution variables as they are criteria air pollutants included in the Air Quality Health Index, and

previous research has shown links to health impacts in humans [10,63].

In sensitivity analyses, ground-level PMzs exposures between 1998 to 2021 from geographically
weighted regression models from CANUE were used, although these were focused primarily on urban
areas [64]. The most recent version (version 5) was used, which extended the available data to 2021.
These estimates were determined from Aerosol Optical Depth retrievals, including NASA, MODIS, MISR
and SeaWIFS and the GEOS-Chem chemical transport model [64]. Data is calibrated to global ground-
based observations with geographically weighted regression [64]. Geographically weighted regression is
a spatial regression technique that assigns exposures based on distance to the air pollutant monitoring
stations [65]. Data was linked to annual postal code files [64]. More information on the air pollution

exposure variables can be found in Table A3.

2.4 Statistical Analysis

All analysis was completed in STATA MP/18 in the RDC. Individual-level data was used to
analyze the health impacts of weather and air pollution exposures on immigrants in Alberta. Adolescents
(ages 12-17) and older adults (ages 65 plus) immigrants were also of interest in this study, but due to low
counts could not be analyzed separately by age group. Age stratification of the total population across

Alberta was conducted.

2.4.1 Sample Size of Prevalence in Population
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The estimated sample size needed to estimate asthma prevalence among those ages 12 plus is
64, based on a margin of error of 0.05 and a prevalence of 8.93% [22]. The estimated sample size
needed to estimate the prevalence of mood disorders among those ages 12 plus is 71, based on a

margin of error of 0.05 and a prevalence of 10.04% [66]. The calculation can be found in Appendix 4.

2.4.2 Variable Selection and Data Linkage

In the case of similar variables across the IMDB and CCHS databases, the CCHS variable was
chosen, as it included the total population (immigrants and non-immigrants). Variables in the CCHS were
also checked for consistency across years as variable names, categories and definitions may have
changed or been dropped. Not all CCHS variables were available for all years, which also affected

variable selection.

The pooled approach was used with the CCHS data, each year (2009-2014) was combined at the
micro-data level and then examined as one population [67]. CCHS data was merged with exposure data
using the postal code, to the IMDB link keys file using the sample ID and person ID and then to the IMDB
data using the IMDB ID. NAPS data only included latitude and longitude coordinates, which were
converted to postal codes using ArcMap software (version 10.7). A variable was created to identify
immigrants and non-immigrants. To capture available immigrants in the dataset, immigrants from both the
CCHS and IMDB were included. Some individuals were classified as immigrants in the CCHS but were
not included in the IMDB as they likely predated the IMDB. A small number of participants in the IMDB

who answered “no” to a CCHS immigrant question were also included.

2.4.3 Descriptive Statistics

Descriptive statistics were conducted. Duplicates were explored and identified in the CCHS
database. In these cases, the most recent CCHS data for each individual was kept and the other
dropped. The distribution, frequency, range, and central tendency (mean, median, mode) from 2009 to
2014 were examined in tabular and graphical formats. Missing data and outliers were explored. Any
implausible observations were recoded to be missing. All drinking variables were dropped due to a high
amount of missing observations. IMDB variables (immigrant category, world area of birth, and official
language) were also dropped due to a high amount of missing observations among the immigrant
population, and high correlation with other variables among the total (immigrant, non-immigrant)
population. Numbers were weighted and suppressed to meet the confidentiality requirements of Statistics

Canada.

2.4.4 Multivariable Logistic Regression

2.4.4.1 Total Population

41



Variables were selected a priori. Collinearity and multicollinearity among the selected variables
were checked. High correlations were found between population type (immigrant, non-immigrant) and all
IMDB variables (official language, immigration category and world area of birth), population type and
length of residence variable. High correlations were also found between cultural/racial background and
the length of residence in Canada. As such, population type and cultural/racial background were kept and
the other variables were dropped. Final model variables included age, sex, population type (immigrant,
non-immigrant), geographical location (urban or rural) [68—71], marital status [72—74], high blood pressure
[75-78], diabetes [75,76,78], smoking [72,76—80], cultural/racial background [72,76,78,79], education
[72,73,77,79], household income [72,75,79], BMI [72,75—77,79—-81], self-perceived health [82-84], self-
perceived mental health [82—84], sense of belonging to the community [85,86] and household size [87].
Self-reported high blood pressure and diabetes were only included in cardiovascular models [77]. Self-
perceived mental health was only included in mental disorder models. Effect modification by population
type (immigrant, non-immigrant) and age (ages 12 to 17 and 65plus) was also examined. The interaction
term population type and high temperature was retained in the cardiovascular model for the total
population. The linearity assumption was examined between each outcome and continuous variable (age,
household income, all exposure variables) and transformations (natural log, categorization) were applied
as necessary. Model fit was examined using Pearson’s chi-square test, and calibration curves. All models
were weighted using pweight (sampling weight) to account for the CCHS sampling scheme. Sensitivity
analyses were completed for all models using geographically weighted regression models for PM25 data.
Age-stratified models were also run for the total population, including adolescents (ages 12-17 years) and
older adults (65 years plus). Cardiovascular outcomes were not examined for adolescents. Effect
modification for older adults was examined and the interaction term population type and high temperature
was retained only in the cardiovascular model. Due to the smaller sample size of adolescents available,

interaction terms were not included.

2.4.4.2 Immigrant Population

For models that included only the immigrant population, the same variables were included, where
possible. Due to low counts, some variable categories were combined. Immigrant models also included
the length of residence in Canada (less than 10 years [recent immigrant] or 10 plus years [long-term
immigrant]). The immigration category and official language variables were dropped due to extensive
missingness. Bootstrap estimates were examined, but given the sample size, were not reported. Age-
stratified models were not run for the immigrant population due to sample size issues. Multi-level logistic
regression was planned for both the total and immigrant analyses, but due to sample and cluster size

issues, was not performed.

42



3. Results

3.2Descriptive Summary

3.2.1 Population and Health Outcomes

The weighted sample size for the total population across Alberta, Canada from 2009 to 2014 was
14,620,000. Most individuals were between the ages of 18 to 49 years old, the mean age was 41.96
years, and the percentage of males (50.6%) to females (49.4%) was fairly even. Immigrants made up
~23% of the population, with ~8% residing in Canada for less than 10 years, and ~15% for 10 plus years.
Nearly 80% of individuals were white, ~90% of individuals lived in an urban location and ~36% of
individuals had a household income between no income to $69,999 per year. Among the total population,

~8% reported having asthma, ~4% a cardiovascular outcome and ~10% a mental disorder.

Effects among adolescents (ages 12-17) and older adults (65 plus) in the total population were
also examined. For the adolescent population across Alberta, Canada from 2009 to 2014 the weighted
sample size was 1,254,000. The percentage of males (49.4%) to females (50.6%) was also fairly even.
Around 12% of adolescents were immigrants, and ~73% of all adolescents were white. Over 90% lived in
an urban location, and ~29% had a household income between no income to $69,999 per year. For the
adolescent population, ~12% had asthma and ~6% had a mental disorder. For older adults across
Alberta, Canada from 2009 to 2014 the weighted sample size was 1,833,000. There was a slightly higher
percentage of females (54.7%) than males (45.3%). Around 29% of the older adult population were older
immigrants, and nearly 90% of all older adults were white. More than 90% of older adults lived in an
urban location, and ~70% had a household income between no income to $69,999 per year. Among older

adults, ~8% reported they had asthma, ~19% a cardiovascular outcome, and ~9% a mental disorder.

For the immigrant population across Alberta, Canada from 2009 to 2014 the weighted sample
size was 3,384,000. The percentage of males (49.5%) to females (50.47%) was fairly even. Most were
between 18 to 49 years old (mean age: 45.28 years). Approximately 36% resided in Canada for less than
10 years, and nearly 70% had lived in the country for 10 plus years. Most immigrants (~57%) were born in
Southern Asia/Eastern Asia/Oceania or other Asia and were economic immigrants (~55%), ~63% of
immigrants spoke English, French or both. Only ~36% of immigrants were white, with ~97% living in an
urban location and ~46% reporting a household income between no income to $69,999 per year. Among
immigrants, ~4% reported having asthma, ~4% a cardiovascular outcome and ~6% a mental disorder. A

descriptive summary of health outcomes and characteristics is presented in Table 3.2.
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Table 3.2 Descriptive summary of health outcomes and characteristics for all populations, 2009-2014.

Population characteristics® Total Total Total older | Immigrant
population | adolescent | population | population
(%) population | (%) (%)
(%)
Weighted sample size n= n= n= n=
14,620,000 1,254,000 1,833,000 3,384,000
Health Outcomes
Asthma
Yes 8.39 12.24 7.65 3.90
No 91.61 87.76 92.35 96.10
Cardiovascular outcome
Yes 4.17 - 18.72 4.48
No 95.83 - 81.28 95.52
Heatrt disease
Yes 3.45 - 15.89 3.82
No 96.55 - 84.11 96.18
Stroke effects
Yes 0.99 - 4.32 1.01
No 99.01 - 95.68 98.99
Mental disorder
Yes 10.23 6.46 8.63 5.66
No 89.77 93.54 91.37 94.34
Mood disorder
Yes 7.54 4.16 6.46 4.50
No 92.46 95.84 93.55 95.50
Anxiety disorder
Yes 5.68 4.39 3.78 2.70
No 94.32 95.61 96.22 97.30
Categorical characteristics
Age
12t0 17 8.58 - - 4.43
18 to 49 56.88 - - 58.65
50 to 64 22.00 - - 21.43
65+ 12.54 - - 15.49
Sex
Male 50.64 49.36 45.28 49.53
Female 49.36 50.64 54.72 50.47
Cultural/racial background
White 79.70 73.42 89.78 35.71
Other’ 20.30 26.58 10.22 64.29
Geographical location
Urban 93.54 91.95 91.54 97.25
Rural 6.46 8.05 8.46 2.75
Population type
Non-immigrant 76.88 87.94 71.29 -
Immigrant 23.22 12.06 28.71 -
Marital status
Married/common law 58.38 - 64.61 68.14
Widowed/separated/divorced/single/never 41.62 - 35.39 31.86
married
Household size
Less than or equal to 3 people 64.94 24.56 94.44 57.83
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Greater than 3 people 35.06 75.44 5.57 42.17
Household income
No income-$69,999 36.11 28.96 69.79 45.58
$70,000 plus 63.89 71.04 30.21 54.42
Sense of belonging to the community
(regrouped)
Very strong/somewhat strong 63.81 - - 68.24
Somewhat weak/very weak 36.19 - - 31.76
Sense of belonging to the community
Very strong 15.84 19.66 25.54 -
Somewhat strong 47.97 55.67 48.56 -
Somewhat weak 26.97 19.98 18.75 -
Very weak 9.22 4.69 7.15 -
Education (regrouped)
Secondary school graduation or less 37.47 - - 30.62
Some post-secondary/post-secondary 62.53 - - 69.38
grad
Education
Less than secondary school graduation 17.77 - 26.88 -
Secondary school graduation 19.71 - 16.42 -
Some post-secondary 5.97 - 4.01 -
Post-secondary graduation 56.55 - 52.70 -
Self-perceived health
Excellent/very good/good 90.32 95.35 80.09 90.60
Fair/poor 9.68 4.65 19.91 9.40
Self-perceived mental health
Excellent/very good/good 95.09 97.14 94.29 95.66
Fair/poor 4.91 2.86 5.71 4.34
BMI (regrouped)
Normal weight 45.12 62.18 - 49.53
Underweight/overweight/obese 54.88 37.82 - 50.47
BMI
Underweight 4.13 - 2.56 -
Normal weight 45.12 - 39.12 -
Overweight 33.28 - 39.66 -
Obese 17.47 - 18.67 -
High blood pressure
Yes 15.03 - 48.68 16.93
No 84.97 - 51.32 83.07
Diabetes
Yes 5.09 - 15.39 7.01
No 94.92 - 84.61 92.99
Smoking type (regrouped)
Daily/occasionally 20.44 7.75 - 14.31
Not at all 79.56 92.25 - 85.69
Smoking type
Daily 15.56 - 8.95 -
Occasionally 4.88 - 1.31 -
Not at all 79.56 - 89.74 -
Length of residence in Canada
Less than 10 years (recent immigrant) 7.96 - - 36.25
10 plus years (long-term immigrant) 15.02 - - 68.36
Non-immigrant 77.02 - - 0

World area of birth
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Europe/United States or other - - - 21.21
miscellaneous
Africa and the Middle East - - - 13.69
Southern Asia/Eastern Asia/Oceania and - - - 56.72
other Asia
South and Central America - - - 8.38
Official Language
English and/or French - - - 62.95
Neither English nor French - - - 37.05
Immigration category
Economic - - - 54.93
Sponsored by family - - - 28.72
Refugee or other? - - - 16.35
Continuous characteristics N Mean Linearized Minimum -
Standard Maximum
error
Total population (n = 14,620,000)
Age | 14,620,000 41.96 0.19 12 - 85+
Household income | 13,012,000 108,400 1296 <=10,000 -
500,000+
Adolescent population (n = 1,254,000)
Household income | 1,051,000 122,160 4239 <=40,000-
200,000+
Older adult population (n = 1,833,000)
Household income | 1,589,000 64,230 1713 <= 15,000 -
150,000+
Immigrant population (n = 3,384,000)
Age | 3,384,000 45.28 0.4336 <=17-80+
Household income | 3,037,000 94,080 2606 <= 18,000 -
250,000+
Length of time in Canada (years) | 3,339,000 21.15 0.4418 0-60+

Source: Canadian Community Health Survey linked to Longitudinal Immigration Database [47,50,51].

1 Other included Black, Asian, Arab/West Asian, Latin American and multiple or other races.
2 This category includes public policy or humanitarian and compassionate grounds or any immigrant that does not fall

into the categories listed [43].

3 Percentages excluded and replaced with “-“ if the variable was not used in the model for that population.

3.2.2 Exposures

The median of the average temperature across Alberta between 2009 to 2014 was 3.37°C. The

median of the highest temperatures was 32.21°C and lowest temperatures -34.21°C. The median for

average DTR was 12.14°C, average daily maximum temperature 9.24°C and average daily minimum

temperature -2.51°C. The medians for average PM2s, NO2and Os across Alberta from 2009 to 2014 were

6.80 ug/m3, 6.23 ppb and 26.30 ppb, respectively. The median for average wildfire smoke exposure was

7.31 pg/m3. A descriptive summary of all exposures is presented in Tables 3.3 and A5. Figures 3.1 to 3.4

show the average daily temperature exposures, average PM2s, NO2 and O3z concentrations from 2009 to

2014 across Alberta.

46



Table 3.3 Descriptive summary of weather and air pollution exposures, 2009-2014.

Weather exposures

Year High temperature | Low temperature Average Average daily Average daily Average diurnal

(Celsius) (Celsius) temperature maximum minimum temperature range

(Celsius) temperature temperature (Celsius)
(Celsius) (Celsius)
Median (IQR)

2009 | 33.22 -36.54 2.54 9.00 -3.89 12.92

(32.98 to 33.43) (-40.13 to -33.55) (2.34 t0 3.42) (8.78 t0 9.93) (-4.09 to -3.08) (12.85 to 13.00)
2010 | 31.12 -32.02 347 9.29 -2.30 11.78

(30.85 to 31.62) (-32.76 to -30.83) (3.30 t0 4.31) (9.04 to 10.41) (-2.44 t0 -1.79) (11.47 to 12.18)
2011 31.02 -35.36 3.35 9.23 -2.51 11.86

(30.72 to 31.31) (-35.64 to -32.57) (3.21t0 3.81) (9.06 to 9.85) (-2.66 to -2.23) (11.71 to 12.10)
2012 | 32.17 -34.36 3.67 9.39 -2.05 11.91

(30.67 to 32.41) (-34.64 to -34.09) (3.50 to 4.60) (9.16 to 10.88) (-2.17 to -1.68) (11.33 to 12.55)
2013 | 32.52 -34.14 3.34 9.23 -2.54 12.06

(32.29 to 33.58) (-34.78 to -33.06) (3.15t0 4.22) (9.03 to 10.52) (-2.72 t0 -2.07) (11.73 to 12.60)
2014 | 31.15 -35.48 3.21 8.86 -2.44 11.73

(30.58 to 32.14) (-35.85 to -34.35) (3.05 to 3.90) (8.70 t0 9.87) (-2.61 to -2.09) (11.27 to 11.98)
2009 | 32.21 -34.21 3.37 9.24 -2.51 12.14
to (30.95 to 33.20) (-35.78 to -33.11) (2.98 to0 3.94) (8.88 to 10.08) (-3.11 to -2.08) (11.66 to 12.83)
2014

Minimum and maximum temperature range

2009 | 25.85to0 36.40 -44.04 to -31.80 -2.24 t0 5.37 2.63t0 11.94 -7.45t0-1.20 9.74 t0 13.95
2010 | 24.71 to 36.67 -40.37 to -28.34 0.04 to 5.85 5.37 to 11.97 -5.46 to -0.26 9.67 to 13.18
2011 24.14 to0 36.53 -40.81 to -30.93 -0.92t0 5.7 4.22 to 11.91 -6.41 to -0.44 9.86 to 13.17
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2012 | 26.41to 36.61 -40.66 to -32.71 -0.86 t0 6.84 4.11to 13.56 -6.33t00.12 9.94 to 13.84
2013 | 28.7210 36.33 -42.05 to0 -32.62 -2.06 t0 6.43 3.05to 13.03 -7.16t0-0.18 9.90 to 13.51
2014 | 27.25t0 36.73 -43.99 to -31.26 -2.52t0 5.81 2.67 to 12.08 -7.71t0-0.45 10.31 to 13.49
2009 | 24.141036.73 -44.04 to -28.34 -2.52t06.84 2.63 to 13.56 -7.171t00.12 9.67 to 13.95
to
2014
Air pollution exposures
Year | Average PM2s (ug/m?) Average NO: (ppb) Average Os (ppb) Average wildfire smoke (PM2s
pg/m3)
Median (IQR)

2009 | 4.54 6.06 25.41 -

(3.94 to 7.26) (4.34 to 12.00) (22.77 t0 30.40)
2010 | 8.81 7.02 24.89 8.43

(4.89 to 10.07) (4.62 to 12.20) (20.81 to 28.34) (7.73 10 8.89)
2011 | 6.70 6.13 28.45 7.12

(4.10 t0 9.52) (3.79 to 11.15) (23.07 t0 31.93) (6.391t07.31)
2012 | 6.77 6.22 26.03 7.32

(5.10t0 8.41) (3.65 t0 9.35) (22.45 t0 29.46) (6.87 to 7.74)
2013 | 6.79 6.18 27.51 6.56

(4.27 10 7.53) (3.73t0 10.11) (22.27 t0 29.79) (6.32t07.13)
2014 | 7.10 6.19 25.66 7.56

(5.58 10 8.19) (3.92t0 10.48) (21.21 to 28.43) (6.77 10 7.88)
2009 | 6.80 6.23 26.30 7.31
to (4.7510 8.40) (3.91 t0 10.94) (22.08 to 29.55) (6.76 10 7.77)
2014

Minimum and maximum range
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2009 2.32t0 12.71 0.99 to 21.84 18.09t0 42.43 -

2010 2.77 t0 16.38 0.93 to 21.02 16.151t0 42.11 6.00 to 12.86
2011 1.71 to 13.86 0.97 to 16.04 19.65 t0 44.58 524 to 11.12
2012 2.48to 11.56 0.87 to 16.19 18.37 to0 36.92 5.75to 10.06
2013 2.26 to 11.21 0.71 to 18.07 17.92 t0 35.70 5.17 to 8.25
2014 2.81t0 11.21 0.80 to 18.89 8.27 to 34.94 5.36 t0 9.10
2009 1.26 to 16.67 0.71to 30.48 8.27 to 44.57 5.17 to 12.86
to

2014

Sources: Canadian Urban Environmental Health Research Consortium [54] and National Air Pollution Surveillance Program [59].
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Figure 3.1 Exposure map for mean of mean daily temperature from 2009 to 2014. Note: A

spatial resolution of 10 KM was used. CANUE, DMTI, ESRI, HERE, Garming, USGS, Intermap,
INCREMENT P, NRCan, ESRI Japan, METI, Esri China (Hong Kong), ESRI Korea, ESRI (Thailand),
NGCC, (c) OpenStreetMap contributors, and the GIS User Community.
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Figure 3.2 Exposure map for mean PMzs from 2009 to 2014 in Alberta, Canada. Some NAPS stations did
not have observations for all years. CANUE, DMTI, ESRI, HERE, Garming, USGS, Intermap,
INCREMENT P, NRCan, ESRI Japan, METI, Esri China (Hong Kong), ESRI Korea, ESRI (Thailand),
NGCC, (c) OpenStreetMap contributors, and the GIS User Community.

51



Faort Smith

North Zone

oty
o’

Ooob

North Zone

Fort St John

Buffalo
Narronw

=

ws on Creek Alberta

Grande

10 .I‘l.-lu—-

(old Lake

See Inset North
Battlefore

‘ =c/Central Zone

N
o A 200

Kilometres
Legend

[ Health Region

NAPS | Mean NO2 (ppb)
2009-2014

O 0.93-3.63
3.64-554
5.55-8.15
8.16 - 11.85
11.86 - 22.44

Cal
Q gary

Calgary Zone

Viedicine Hat
South Zone d

d)' thbndge

®@ @ O O

Figure 3.3 Exposure map for mean NO:z from 2009 to 2014 in Alberta, Canada. Some NAPS stations did
not have observations for all years. CANUE, DMTI, ESRI, HERE, Garming, USGS, Intermap,
INCREMENT P, NRCan, ESRI Japan, METI, Esri China (Hong Kong), ESRI Korea, ESRI (Thailand),
NGCC, (c) OpenStreetMap contributors, and the GIS User Community.
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3.3 Associations with Weather Exposures

3.3.1

3.3.1.1

Exposure to the highest temperatures (annually) between 2009 and 2014 was subdivided into
quartiles: Very low (min to 30.73°C), low (30.74°C to 31.87°C), moderate (32.88 to 33.08°C), and high

High Temperature

Total Population

(33.09°C to max). For the total population, increasing exposure quartile indicated increasingly higher odds

of having asthma (Table 3.4). For those classified as having moderate and high quartiles of exposure, the

estimated odds of having asthma were 1.34 and 1.58 times higher, respectively, compared to those
classified as having very low exposure. Conversely, cardiovascular outcomes appeared to show the
opposite trend. Those classified in the highest quartile were less likely to report having cardiovascular
outcomes (OR=0.69, 95%CI: 0.49-0.99) compared to those in the lowest quartile. No significant

associations were observed with mental disorders. Among the adolescent and older adult populations, no

significant results or obvious trends were observed for asthma or mental disorders. Cardiovascular
outcomes for the total adolescent population were not examined as this is typically less of a health

concern in this age group [88]. Additional results for other exposures, outcomes, and populations that

were not significant are presented in Tables A6.1 to A6.3.

Table 3.4 Adjusted logistic model associations for quartiles of exposure to highest annual temperatures
(2009 to 2014) and health outcomes.

Outcome Exposure level | Total Total Total Immigrant
population | population | population population
OR (95% adolescent | older adults | OR (95%
(o)1 OR (95% OR (95% Cl?
Cl)? (o)}
Asthma Very low Reference
(min to 30.73)
Low 1.18 1.23 1.36 1.69
(30.74 t0 31.87) | (0.92-1.50) | (0.68-2.25) | (0.79-2.33) (0.75-3.78)
Moderate 1.34* 0.92 1.61 212
(32.88 10 33.08) | (1.04-1.72) | (0.48-1.76) | (0.98-2.62) (0.97-4.61)
High 1.58** 1.26 1.12 2.13
(33.09 to max) (1.20-2.07) | (0.64-2.46) | (0.68-1.86) (0.83-5.52)
Cardiovascular | Very low Reference
(min to 30.73)
Low 1.01 - 1.11 3.15%
(30.74 t0 31.87) | (0.71-1.43) (0.66-1.87) (1.40-7.08)
Moderate 0.80 - 0.67 215
(32.88 t0 33.08) | (0.56-1.14) (0.42-1.07) (0.96-4.8)
High 0.69* - 0.78 2.49*
(33.09 to max) (0.49-0.99) (0.48-1.26) (1.09-5.65)
Population x Very low & non- Reference
high immigrant
temperature Low & immigrant | 3.19** - | 2.64* -
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(interaction (1.39-7.29) (1.02-6.82)

term — Moderate & 2.69* - 3.48* -

cardiovascular) | immigrant (1.16-6.28) (1.37-8.79)
High & 3.40% - 3.58* -
immigrant (1.45-7.97) (1.29-9.91)

Mental Very low Reference

disorders (min to 30.73)
Low 0.93 1.23 0.98 0.85
(30.74 t0 31.87) | (0.74-1.18) | (0.51-2.97) | (0.58-1.65) (0.43-1.70)
Moderate 1.12 1.30 1.38 0.90
(32.88 t0 33.08) | (0.87-1.43) | (0.53-3.19) | (0.83-2.28) (0.40-2.01)
High 0.88 0.70 0.73 0.56
(33.09 to max) (0.68-1.13) | (0.27-1.82) | (0.40-1.32) (0.23-1.34)

***p<0.001, **p<0.01, *p<0.05

Sources: Canadian Urban Environmental Health Research Consortium [54] and the Canadian Community Health
Survey linked to Longitudinal Immigration Database [47,50,51].

1 Adjusted for age, household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, marital status, household size, cultural/racial background, self-perceived health, sense of belonging
to the community, smoking type, education level and BMI, and corresponding exposure. Cardiovascular outcome
models were also adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-
perceived mental health.

2 Adjusted for household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, household size, cultural/racial background, self-perceived health, sense of belonging to the
community, smoking type and BMI and corresponding exposure. Mental disorder models were also adjusted for self-
perceived mental health.

3 Adjusted for age, sex, marital status, household size, self-perceived health, sense of belonging to the community,
cultural/racial background, education level, BMI, household income, geographical location (urban or rural), smoking
status, length of residence in Canada and corresponding exposure. Cardiovascular outcome models were also
adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-perceived mental
health.

3.3.1.2 Immigrant Population

We also observed significant associations with some quartiles of high temperature exposures
among the immigrant population (Table 3.4). Quartiles of low (OR=3.15, 95%ClI: 1.40-7.08) and high
(OR=2.49, 95%CI: 1.09-5.65) temperature exposures were associated with significantly increased odds of
having a cardiovascular outcome. No significant associations were observed with asthma and mental

disorders.

We also examined interactions between quartiles of high temperature exposure and immigrant
status in our total population models (Table 3.4). Significant interactions were observed across all
quartiles of exposure and immigrant status for cardiovascular outcomes. This indicates potential
differences in the associations between high temperature and the reporting of cardiovascular outcomes
by population (immigrant vs non-immigrant). An interaction term was also included in the older adult
population models. Similar results were also observed for cardiovascular outcomes, indicating potential

effect modification among older adults by immigrant status.

3.3.2 Low Temperature and Daily Minimum Temperature

3.3.2.1 Total Population
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Low temperature is the annual single lowest temperature to which individuals were exposed. The

daily minimum temperature is the annual average of all daily minimum temperatures. Exposure to the
lowest temperatures (annually) between 2009 to 2014 was subdivided into quartiles: very low (min to -
33.16°C), low (-34.44°C to -33.17°C), moderate (-34.45°C to -35.97°C) and high (-35.98°C to max). For

the total population, the low temperature quartile was not significantly associated with self-reported

asthma and mental disorders, except the moderate and high quartiles respectively (Table 3.5). For those

classified as having moderate exposure, the estimated odds of having self-reported asthma was 0.71

times lower compared to those classified as having very low exposure. For those with high exposure, the

estimated odds of having a self-reported mental disorder was 0.78 times lower compared to those with

very low exposure. For the total population, there were no obvious trends among exposure levels for all

outcomes, and no significant results were seen for self-reported cardiovascular outcomes.

For adolescents classified as having moderate exposure, the estimated odds of having self-

reported asthma was 0.49 times lower compared to those classified as having very low exposure. For the

adolescent population, self-reported asthma had no obvious trends among exposure levels. However,
increasing exposure quartiles indicated increasingly higher odds of having a self-reported mental
disorder, but this was not statistically significant. For older adults classified as having low exposure, the
estimated odds of having a self-reported mental disorder was 1.64 times higher compared to those
classified as having very low exposure. The older adult population appeared to show decreasing trends

for all outcomes with higher exposures, but no statistically significant results were observed for self-

reported asthma and cardiovascular outcomes.

Table 3.5 Adjusted logistic model associations for quartiles of exposure to lowest annual temperatures
(2009 to 2014) and health outcomes.

Outcome Exposure level Total Total Total Immigrant
population | population | population | population
OR (95% adolescent | older OR (95%
(of) 1 OR (95% adults OR | CI)®
Cl)? (95% CI)’
Asthma Very low Reference
(min to -33.16)
Low 0.98 0.71 1.29 1.89
(-33.17 t0 -34.44) | (0.77-1.25) | (0.39-1.30) | (0.82-2.03) | (0.93-3.84)
Moderate 0.71** 0.49* 1.10 1.27
(-34.45 10 -35.97) | (0.56-0.90) | (0.27-0.90) | (0.64-1.90) | (0.59-2.73)
High 0.87 0.59 1.03 1.56
(-35.98 to max) (0.66-1.16) | (0.32-1.09) | (0.58-1.82) | (0.68-3.6)
Cardiovascular | Very low Reference
(min to -33.16)
Low 0.79 - 0.82 0.80
(-33.17 to -34.44) | (0.6-1.06) (0.57-1.18) | (0.43-1.48)
Moderate 0.74 - 0.69 0.75
(-34.45 t0 -35.97) | (0.54-1.01) (0.45-1.05) | (0.38-1.49)
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High 0.92 - 0.67 1.18
(-35.98 to max) (0.67-1.26) (0.44-1.03) | (0.54-2.56)
Mental Very low Reference
disorders (min to -33.16)
Low 0.91 0.44 1.64* 1.05
(-33.17 to -34.44) | (0.71-1.16) | (0.16-1.20) | (1.001- (0.55-1.99)
2.69)
Moderate 1.02 0.98 1.15 1.35
(-34.45 10 -35.97) | (0.81-1.29) | (0.42-2.30) | (0.70-1.89) | (0.72-2.44)
High 0.78* (0.62- | 1.22 0.80 0.85
(-35.98 to max) 0.98) (0.50-3.02) | (0.46-1.37) | (0.43-1.68)

***p<0.001, **p<0.01, *p<0.05

Sources: Canadian Urban Environmental Health Research Consortium [54] and the Canadian Community Health
Survey linked to Longitudinal Immigration Database [47,50,51].

1 Adjusted for age, household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, marital status, household size, cultural/racial background, self-perceived health, sense of belonging
to the community, smoking type, education level and BMI, and corresponding exposure. Cardiovascular outcome
models were also adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-
perceived mental health.

2 Adjusted for household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, household size, cultural/racial background, self-perceived health, sense of belonging to the
community, smoking type and BMI and corresponding exposure. Mental disorder models were also adjusted for self-
perceived mental health.

3 Adjusted for age, sex, marital status, household size, self-perceived health, sense of belonging to the community,
cultural/racial background, education level, BMI, household income, geographical location (urban or rural), smoking
status, length of residence in Canada and corresponding exposure. Cardiovascular outcome models were also
adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-perceived mental
health.

Exposure to the average daily minimum temperature (annually) between 2009 to 2014 was
subdivided into quartiles: very low (min to -2.05°C), low (-2.06 to -2.52°C), moderate (-2.53 to -3.10), and
high (-3.11 to max). Only mental disorder models showed significant results (Table 3.6). Increasing
exposure quartile indicated increasingly lower odds of having a self-reported mental disorder for the total
and older populations. Among the total population, for those classified as having high exposure, the
estimated odds of having a self-reported mental disorder was 0.72 times lower compared to those
classified as having very low exposure. For the total older population, for those classified as having high
exposure, the estimated odds of having a self-reported mental disorder was 0.52 times lower compared
to those classified as having very low exposure. No significant associations or obvious trends were
observed for self-reported asthma and cardiovascular outcomes with the total and older adult populations.
No significant associations or obvious trends were observed for all outcomes among the adolescent

population.

Table 3.6 Adjusted logistic model associations for quartiles of exposure to annual average daily minimum
temperatures (2009 to 2014) and health outcomes.

Outcome Exposure level | Total Total Total Immigrant
population | population | population | population
OR (95% adolescent | older OR (95%
cl)! OR (95% adults OR | CI)®
Cl)? (95% CI)'
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Asthma Very low Reference
(min to -2.05)
Low 0.92 0.69 1.54 0.93
(-2.06 to -2.52) (0.72-1.17) | (0.38-1.26) | (0.97-2.43) | (0.46-1.88)
Moderate 0.88 0.96 1.59 1.50
(-2.53 10 -3.10) (0.69-1.13) | (0.53-1.75) | (0.95-2.66) | (0.72-3.14)
High 0.99 0.71 1.31 1.73
(-3.11 to max) (0.74-1.33) | (0.39-1.30) | (0.75-2.27) | (0.54-5.52)
Cardiovascular | Very low Reference
(min to -2.05)
Low 0.97 - 0.92 0.65
(-2.06 to -2.52) (0.73-1.29) (0.64-1.34) | (0.35-1.22)
Moderate 1.06 - 0.91 1.35
(-2.53 to -3.10) (0.79-1.43) (0.61-1.35) | (0.70-2.61)
High 0.96 - 0.77 1.20
(-3.11 to max) (0.70-1.31) (0.51-1.17) | (0.56-2.58)
Mental Very low Reference
disorders (min to -2.05)
Low 1.19 1.17 1.12 1.63
(-2.06 to -2.52) (0.94-1.51) | (0.52-2.65) | (0.72-1.75) | (0.78-3.39)
Moderate 1.03 1.36 0.86 1.41
(-2.53 to -3.10) (0.81-1.31) | (0.59-3.11) | (0.50-1.46) | (0.61-3.25)
High 0.72** 1.18 0.52* (0.29- | 1.14
(-3.11 to max) (0.56-0.92) | (0.47-2.97) | 0.92) (0.49-2.65)

***p<0.001, **p<0.01, *p<0.05

Sources: Canadian Urban Environmental Health Research Consortium [54] and the Canadian Community Health
Survey linked to Longitudinal Immigration Database [47,50,51].

1 Adjusted for age, household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, marital status, household size, cultural/racial background, self-perceived health, sense of belonging
to the community, smoking type, education level and BMI, and corresponding exposure. Cardiovascular outcome
models were also adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-
perceived mental health.

2 Adjusted for household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, household size, cultural/racial background, self-perceived health, sense of belonging to the
community, smoking type and BMI and corresponding exposure. Mental disorder models were also adjusted for self-
perceived mental health.

3 Adjusted for age, sex, marital status, household size, self-perceived health, sense of belonging to the community,
cultural/racial background, education level, BMI, household income, geographical location (urban or rural), smoking
status, length of residence in Canada and corresponding exposure. Cardiovascular outcome models were also
adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-perceived mental
health.

3.3.2.2 Immigrant Population

No significant results for annual lowest temperature or average daily minimum temperature
exposures were found for the immigrant population (Tables 3.5 and 3.6). No obvious trends were seen
across low temperature exposure levels. For annual average daily minimum temperature, increasing
exposure quartile indicated increasingly higher odds of having self-reported asthma. Comparatively,
increasing exposure quartiles appeared to indicate lower odds of having a self-reported mental disorder.

For cardiovascular outcomes, there were no obvious trends across exposure levels.

3.3.3 Average Diurnal Temperature Range
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3.3.3.1

Exposure to the DTR (annual average) between 2009 and 2014 was subdivided into quartile
ranges: very small (min to 11.59°C), small (11.60 to 12.00°C), medium (12.01 to 12.53°C), and large

(12.54°C to max). DTR had negative associations with self-reported mental disorders for the total and

Total Population

older populations (Table 3.7). For the total population, those exposed to a large DTR, the estimated odds

of having a self-reported mental disorder was 0.71 times lower compared to exposed to a very small DTR.

Among older adults, for those exposed to a large DTR, the estimated odds of having a self-reported
mental disorder was 0.48 times lower compared to those exposed to a very small DTR. For both
populations DTR had no obvious trends among self-reported mental disorder exposure quartiles. No
significant associations or obvious trends were seen for self-reported asthma and cardiovascular
outcomes for the total and older adult populations. No significant associations were observed for all

outcomes with the adolescent population but increasing exposure quartile indicated decreasingly lower

odds of having a self-reported mental disorder.

Table 3.7 Adjusted logistic model associations for quartiles of exposure to annual average diurnal

temperature range (2009 to 2014) and health outcomes.

Outcome Exposure level | Total Total Total Immigrant
population | population | population | population
OR (95% adolescent | older OR (95%
cl)! OR (95% adults OR | CI)®
Cl)? (95% ClI)'
Asthma Very small Reference
(min to 11.59)
Small 0.97 1.22 1.08 1.54
(11.60 to 12.00) | (0.75-1.25) | (0.61-2.44) | (0.64-1.80) | (0.78-3.04)
Medium 0.89 1.47 0.63 0.46*
(12.01 t0 12.53) | (0.69-1.15) | (0.77-2.80) | (0.39-1.04) | (0.22-0.95)
Large 1.1 1.38 0.82 0.96
(12.54 to max) (0.85-1.45) | (0.69-2.77) | (0.51-1.33) | (0.38-2.39)
Cardiovascular | Very small Reference
outcome (min to 11.59)
Small 0.90 - 0.97 1.61
(11.60 to 12.00) | (0.67-1.22) (0.66-1.44) | (0.80-3.22)
Medium 1.05 - 1.28 1.09
(12.01 t0 12.53) | (0.77-1.43) (0.83-1.97) | (0.56-2.15)
Large 0.87 - 0.87 1.34
(12.54 to max) (0.64-1.2) (0.58-1.32) | (0.68-2.65)
Mental Very small Reference
disorders (min to 11.59)
Small 0.93 1.32 0.89 0.89
(11.60 to 12.00) | (0.72-1.19) | (0.53-3.26) | (0.55-1.45) | (0.45-1.76)
Medium 0.96 1.12 0.93 0.92
(12.01t0 12.53) | (0.75-1.24) | (0.48-2.59) | (0.57-1.50) | (0.43-1.98)
Large 0.71** 0.40 0.48** 0.42* (0.19-
(12.54 to max) (0.55-0.91) | (0.15-1.06) | (0.27-0.83) | 0.91)

***0<0.001, **p<0.01, *p<0.05
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Sources: Canadian Urban Environmental Health Research Consortium [54] and the Canadian Community Health
Survey linked to Longitudinal Immigration Database [47,50,51].

1 Adjusted for age, household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, marital status, household size, cultural/racial background, self-perceived health, sense of belonging
to the community, smoking type, education level and BMI, and corresponding exposure. Cardiovascular outcome
models were also adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-
perceived mental health.

2 Adjusted for household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, household size, cultural/racial background, self-perceived health, sense of belonging to the
community, smoking type and BMI and corresponding exposure. Mental disorder models were also adjusted for self-
perceived mental health.

3 Adjusted for age, sex, marital status, household size, self-perceived health, sense of belonging to the community,
cultural/racial background, education level, BMI, household income, geographical location (urban or rural), smoking
status, length of residence in Canada and corresponding exposure. Cardiovascular outcome models were also
adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-perceived mental
health.

3.3.3.2 Immigrant Population

Significant associations with some quartiles of DTR were also observed when analyses were
stratified by immigrant status (Table 3.7). For the immigrant population, those exposed to a medium DTR,
the estimated odds of having self-reported asthma was 0.46 times lower compared to those exposed to a
very small DTR. For those exposed to a large DTR, the estimated odds of having a self-reported mental
disorder was 0.42 times lower compared to those exposed to a very small DTR. There was no obvious
trend among DTR quartiles for self-reported asthma or mental disorders. There was no obvious trend or
significant results among DTR quartiles for self-reported cardiovascular outcomes.

3.4 Associations with Air Pollution Exposures

3.4.1  Wildfire Smoke
3.4.1.1 Total Population

Exposure to wildfire smoke (annual average) between 2010 and 2014 was subdivided into
quartiles: very low (min to 6.59 ug/m?), low (6.60 to 7.14 ug/m?®), moderate (7.15 to 7.74 ug/m3), and high
(7.75 pug/m? to max). For the total population, increasing exposure quartiles indicated increasingly higher
odds of having self-reported asthma. For those classified as having low exposure, the estimated odds of
self-reported asthma was 0.73 times lower compared to those classified as having very low exposure.
Among the total population, no significant associations or obvious trends were observed for self-reported
cardiovascular outcomes. For self-reported mental disorders among the total population, increasing

exposure quartile indicated increasingly higher odds.

Among the adolescent population, no significant associations or obvious trends were observed
for self-reported asthma and mental disorders. Among the older adult population, no significant
associations were observed for all outcomes, and no obvious trends were observed for self-reported

asthma. For self-reported cardiovascular outcomes among older adults, increasing exposure quartile

60



indicated decreasingly lower odds. Comparatively, for self-reported mental disorders among older adults,

increasing exposure quartile indicated increasingly higher odds.

Table 3.8 Adjusted logistic model associations for quartiles of exposure to annual average wildfire smoke

(2010 to 2014) and health outcomes.

Outcome Exposure level | Total Total Total Immigrant
population | population | population | population
OR (95% adolescent | older OR (95%
(o)1 OR (95% adults OR | CI)®
Cl)? (95% CI)’
Asthma Very low Reference
(min to 6.59)
Low 0.73* 0.62 0.87 1.05
(6.60t0 7.14) (0.56-0.97) | (0.32-1.21) | (0.49-1.55) | (0.44-2.52)
Moderate 0.78 0.59 0.80 0.66
(7.15t07.74) (0.59-1.02) | (0.30-1.14) | (0.46-1.37) | (0.31-1.37)
High 0.82 1.00 0.82 0.75
(7.75 to max) (0.62-1.08) | (0.51-1.96) | (0.49-1.40) | (0.32-1.75)
Cardiovascular | Very low Reference
outcome (min to 6.59)
Low 1.17 - 1.43 1.19
(6.60t0 7.14) (0.83-1.64) (0.90-2.28) | (0.52-2.73)
Moderate 0.97 - 1.28 1.25
(7.15t07.74) (0.69-1.37) (0.82-1.99) | (0.62-2.54)
High 1.18 - 1.13 1.03
(7.75 to max) (0.84-1.68) (0.72-1.76) | (0.45-2.35)
Mental Very low Reference
disorders (min to 6.59)
Low 0.99 1.40 0.82 0.98
(6.60t0 7.14) (0.76-1.28) | (0.47-4.15) | (0.45-1.49) | (0.45-2.14)
Moderate 1.01 2.02 0.96 1.06
(71510 7.74) (0.77-1.32) | (0.74-5.53) | (0.56-1.65) | (0.54-2.09)
High 1.12 0.99 1.09 1.94
(7.75 to max) (0.84-1.48) | (0.33-2.94) | (0.65-1.85) | (0.80-4.68)

***0<0.001, **p<0.01, *p<0.05

Sources: Canadian Urban Environmental Health Research Consortium [54] and the Canadian Community Health
Survey linked to Longitudinal Immigration Database [47,50,51].

1 Adjusted for age, household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, marital status, household size, cultural/racial background, self-perceived health, sense of belonging
to the community, smoking type, education level and BMI, corresponding exposure and average temperature.
Cardiovascular outcome models were also adjusted for high blood pressure and diabetes, and mental disorder
models self-perceived mental health.

2 Adjusted for household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, household size, cultural/racial background, self-perceived health, sense of belonging to the
community, smoking type and BMI, corresponding exposure and average temperature. Mental disorder models were
also adjusted for self-perceived mental health.

3 Adjusted for age, sex, marital status, household size, self-perceived health, sense of belonging to the community,
cultural/racial background, education level, BMI, household income, geographical location (urban or rural), smoking
status, length of residence in Canada, corresponding exposure and average temperature. Cardiovascular models
were also adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-
perceived mental health.

3.4.1.2 Immigrant Population
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No significant associations with quartiles of wildfire smoke were found for the immigrant
population. Self-reported asthma and cardiovascular outcome models had no obvious trends among
exposure quartiles. Increasing exposure quartiles indicated increasingly higher odds of having a self-

reported mental disorder.

3.4.2 Ozone

3.4.2.1 Total Population

Exposure to O3 (annual average) between 2009 and 2014 was subdivided into quartiles: very low
(min to 19.94 ppb), low (20.23 to 22.83 ppb), moderate (22.90 to 26.55 ppb), and high (26.56 ppb to
max). Exposure to Oz was associated with cardiovascular outcomes for the total and older populations
(Table 3.9). Among the total population, for those classified as having moderate exposure, the estimated
odds of having a self-reported cardiovascular outcome was 0.71 times lower compared to those classified
as having very low exposure. For older adults classified as having moderate exposure, the estimated
odds of a self-reported cardiovascular outcome was 0.67 times lower compared to those classified as
having very low exposure. Oz exposure showed no obvious trends for cardiovascular outcome exposure
quartiles for the total and older populations. Among the total and older adult populations, no significant
associations were observed for self-reported asthma and mental disorders. Among the total population for
self-reported asthma, increasing exposure quartile indicated increasingly higher odds. Comparatively,
among the total population for self-reported mental disorders, increasing exposure quartile indicated
decreasingly lower odds. For the older adult population, no obvious trends were seen for self-reported
asthma, but for self-reported mental disorders, increasing exposure quartile indicated increasingly higher
odds. No significant associations or obvious trends were observed for self-reported asthma with the
adolescent population. For self-reported mental disorders among the adolescent population no significant

associations were found but increasing exposure quartile indicated decreasingly lower odds.

Table 3.9 Adjusted logistic model associations for quartiles of exposure to annual average ozone

concentrations (2009 to 2014) and health outcomes.

Outcome Exposure level | Total Total Total Immigrant
population | population | population | population
OR (95% adolescent | older OR (95%
cl)! OR (95% adults OR | CI)®
Cl)? (95% CI)'
Asthma Very low Reference
(min to 19.94)
Low 0.80 0.89 0.88 0.34*
(20.23 10 22.83) | (0.62-1.04) | (0.45-1.76) | (0.52-1.48) | (0.13-0.89)
Moderate 0.91 0.87 1.26 0.73
(22.90 t0 26.55) | (0.70-1.19) | (0.46-1.65) | (0.73-2.15) | (0.28-1.92)
High 1.05 1.13 1.05 1.07
(26.56 to max) (0.81-1.36) | (0.54-2.39) | (0.63-1.77) | (0.46-2.49)
Very low Reference
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Cardiovascular | (min to 19.94)

outcome Low 0.96 - 0.82 0.76
(20.23 t0 22.83) | (0.70-1.31) (0.53-1.27) | (0.39-1.51)
Moderate 0.71* - 0.67* 1.20
(22.90 to 26.55) | (0.52-0.97) (0.45-0.99) | (0.65-2.21)
High 0.86 - 0.83 0.90
(26.56 to max) (0.63-1.16) (0.56-1.22) | (0.40-1.99)

Mental Very low Reference

disorders (min to 19.94)
Low 1.06 2.53 0.76 1.31
(20.23 t0 22.83) | (0.81-1.37) | (0.97-6.60) | (0.43-1.33) | (0.55-3.10)
Moderate 0.96 1.80 0.86 1.23
(22.90 t0 26.55) | (0.72-1.28) | (0.72-4.49) | (0.50-1.49) | (0.46-3.30)
High 0.93 0.79 1.04 0.83
(26.56 to max) (0.73-1.19) | (0.28-2.28) | (0.65-1.65) | (0.41-1.70)

***p<0.001, **p<0.01, *p<0.05

Sources: National Air Pollution Surveillance Program [59] and the Canadian Community Health Survey linked to
Longitudinal Immigration Database [47,50,51].

1 Adjusted for age, household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, marital status, household size, cultural/racial background, self-perceived health, sense of belonging
to the community, smoking type, education level and BMI, corresponding exposure and average temperature.
Cardiovascular outcome models were also adjusted for high blood pressure and diabetes, and mental disorder
models were adjusted for self-perceived mental health.

2 Adjusted for household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, household size, cultural/racial background, self-perceived health, sense of belonging to the
community, smoking type and BMI, corresponding exposure and average temperature. Mental disorder models were
also adjusted for self-perceived mental health.

3 Adjusted for age, sex, marital status, household size, self-perceived health, sense of belonging to the community,
cultural/racial background, education level, BMI, household income, geographical location (urban or rural), smoking
status, length of residence in Canada, corresponding exposure and average temperature. Cardiovascular models
were also adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-
perceived mental health.

3.4.2.2 Immigrant Population

When analyses were stratified by immigrant status (Table 3.9), for those classified as having low
Os exposure, the estimated odds of self-reported asthma was 0.34 times lower compared to those
classified as having very low exposure. Among the immigrant population, increasing exposure quartiles
indicated increasingly higher odds of having self-reported asthma. No significant associations or obvious
trends were seen for self-reported cardiovascular outcomes. While no significant associations were found

for self-reported mental disorders, increasing exposure quartile indicated decreasingly lower odds.

3.4.3 Fine Particulate Matter (PM2.5)

3.4.3.1 Total Population

Exposure to PM2.s (annual average) between 2009 and 2014 was subdivided into quartiles: very
low (min to 6.75 pg/m?3), low (6.77 to 8.09 ug/m?), moderate (8.19 to 10.17 pg/m?3), and high (10.31 ug/m?3
to max). Exposure to PMzs showed varying associations with mental disorders for the adolescent and
older populations (Table 3.10). For older adults classified as having high exposure, the estimated odds of

a self-reported mental disorder was 0.54 times lower compared to those classified as having very low
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exposure. There was no obvious trend among exposure quartiles for self-reported mental disorders.

Conversely, for adolescents classified as having high exposure, the estimated odds of a self-reported

mental disorder was 2.99 times higher compared to those with very low exposure. For the adolescent

population, increasing exposure quartile indicated increasingly higher odds of having a self-reported

mental disorder. The older adult and adolescent populations had no obvious trends and no significant

associations for self-reported asthma. With the older adult population, increasing exposure quartiles

indicated decreasing odds of having a self-reported cardiovascular outcome, but no significant results

were seen. For the total population, no significant results or obvious trends were seen for self-reported

cardiovascular outcomes and mental disorders. For self-reported asthma among the total population, no

significant results were seen but increasing exposure quartile indicated decreasingly lower odds.

Table 3.10 Adjusted logistic model associations for quartiles of exposure to annual average PM2.5

concentrations (2009 to 2014) and health outcomes.

Outcome Exposure level Total Total Total Immigrant
population | population | population population
OR (95% adolescent | older adults | OR (95% CI)®
(o)1 OR (95% OR (95% CI)*
Cl)?
Asthma Very low Reference
(min to 6.75)
Low 1.00 0.80 0.81 1.01
(6.77 t0 8.09) (0.76-1.31) (0.38-1.68) (0.48-1.35) (0.35-2.90)
Moderate 0.97 0.74 0.64 0.66
(8.19t0 10.17) (0.74-1.28) (0.38-1.43) (0.38-1.08) (0.28-1.58)
High 0.84 0.94 0.76 0.44
(10.31 to max) (0.64-1.10) (0.48-1.83) (0.45-1.30) (0.18-1.08)
Cardiovascular | Very low Reference
outcome (min to 6.75)
Low 1.10 - 1.04 1.23
(6.77 t0 8.09) (0.78-1.54) (0.68-1.59) (0.55-2.75)
Moderate 0.87 - 0.96 1.16
(8.19t0 10.17) (0.63-1.19) (0.66-1.40) (0.57-2.37)
High 1.18 - 0.93 0.87
(10.31 to max) (0.84-1.67) (0.61-1.43) (0.40-1.91)
Mental disorders | Very low Reference
(min to 6.75)
Low 0.97 1.94 0.65 2.27* (1.01-
(6.77 t0 8.09) (0.74-1.26) (0.62-6.02) (0.38-1.09) 5.07)
Moderate 0.83 2.05 1.09 1.57
(8.19t0 10.17) (0.64-1.06) (0.74-5.70) (0.68-1.74) (0.68-3.62)
High 0.85 2.99* (1.02- | 0.54* (0.34- 1.33
(10.31 to max) (0.66-1.10) 8.74) 0.87) (0.60-2.92)

***p<0.001, **p<0.01, *p<0.05

Sources: National Air Pollution Surveillance Program [59] and the Canadian Community Health Survey linked to
Longitudinal Immigration Database [47,50,51].

1 Adjusted for age, household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, marital status, household size, cultural/racial background, self-perceived health, sense of belonging
to the community, smoking type, education level and BMI, corresponding exposure and average temperature.
Cardiovascular outcome models were also adjusted for high blood pressure and diabetes, and mental disorder
models were adjusted for self-perceived mental health.
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2 Adjusted for household income, geographical location (urban or rural), population type (immigrants or non-
immigrants), sex, household size, cultural/racial background, self-perceived health, sense of belonging to the
community, smoking type and BMI, corresponding exposure and average temperature. Mental disorder models were
also adjusted for self-perceived mental health.

3 Adjusted for age, sex, marital status, household size, self-perceived health, sense of belonging to the community,
cultural/racial background, education level, BMI, household income, geographical location (urban or rural), smoking
status, length of residence in Canada, corresponding exposure and average temperature. Cardiovascular models
were also adjusted for high blood pressure and diabetes, and mental disorder models were adjusted for self-
perceived mental health.

3.4.3.2 Immigrant Population

For the immigrant population statistically significant results were only seen for self-reported
mental disorders. For those classified as having low PM2.s exposure, the estimated odds of a self-
reported mental disorder was 2.27 times higher compared to those with very low exposure among
immigrants (Table 3.10). Increasing exposure quartiles indicated decreasing odds of having a self-
reported mental disorder. For all outcomes, increasing exposure quartiles were associated with

decreasing odds.

3.5 0ther Associations: Comparisons Across Populations

In models for the total, older adult and adolescent populations, population type (immigrant, non-
immigrant) was included (Table A7). Immigrants among the total population, adolescent immigrants and
older adult immigrants had decreased odds of self-reported asthma and mental disorders compared to
non-immigrants. Results were not significant for self-reported mental disorders with older immigrants, and
self-reported asthma with older and adolescent immigrants. For self-reported cardiovascular outcomes,
among the total population, immigrants showed decreased odds compared to non-immigrants, but only
one result was statistically significant. Comparatively, older immigrants were found to have increased
odds of a self-reported cardiovascular outcome, only one result was statistically significant result and had

decreased odds.

A length of residence in Canada (less than 10 years [recent immigrant], 10 plus years [long-term
immigrant]) variable was included in models for the immigrant population. This variable looked at the
associations between health outcomes and the length of residence in Canada (Table A8). Recent and
long-term immigrants had lower odds of self-reported asthma and mental disorders compared to non-
immigrants. For self-reported mental disorders, only long-term immigrants showed significant results. The
estimated odds of a self-reported cardiovascular outcome trended higher for each additional year lived in

Canada, but the results were not significant.

3.6 Sensitivity Analysis
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A sensitivity analysis was completed with CANUE geographically weighted regression PM2.s data
(Table A9). Self-reported asthma, cardiovascular outcomes and mental disorder results for the total
population and self-reported asthma results for the adolescent population follow a similar trend to the
main analysis, but some odds ratios showed different results. For all outcomes among the immigrant and
older adult and self-reported mental disorders among the adolescent population, results tended to differ

from those presented above.

3.7 Model Fit

Certain models fit well for Pearson’s chi-square goodness-of-fit test and the calibration curve
tests. This included self-reported cardiovascular outcomes (total, immigrants, older adults [except high
temperature model], sensitivity analysis [total and older adults]), self-reported mental disorders (total,
adolescents [daily minimum temperature, DTR and Og], older adults [except high temperature model])
and self-reported asthma (total [except DTR and NO2 models], older adults [daily minimum and maximum
temperature, wildfire smoke, Oz and PM2s]). Some models only fit well according to the Pearson’s chi-
square goodness of fit test. These included self-reported asthma models (adolescents, older adults [high,
low and average temperature], immigrants [low, daily maximum, daily minimum and average temperature
and NOz2 and Og], sensitivity analyses [total, adolescents and older adults]), and self-reported mental
disorder models (sensitivity analysis [total, immigrant and older adults]). Other models only fit well
according to the calibration curve, these included self-reported asthma models (total and older adults
[DTR and NOz2]), self-reported cardiovascular outcomes (older adults [high temperature], sensitivity
analysis [immigrant] and self-reported mental disorders (adolescents [except for daily minimum
temperature, DTR and O3], older adults [high temperature], immigrants). Other models fit poorly for both
tests, these included self-reported asthma models (immigrants [high temperature, DTR, PM2s and wildfire
smoke], sensitivity analysis [immigrants]) and self-reported mental disorder models (sensitivity analysis

[adolescents]).

4. Discussion

4.2 Summary of Findings

This study analyzed the associations between weather, air pollution exposures and self-reported
asthma, cardiovascular outcomes, and mental disorders in immigrant, total, adolescent and older adult
populations in Alberta. Exposures that had the largest impact on health outcomes in this study were high
temperature, low temperature, and PMz.s (quartile) exposures. Higher odds of self-reported asthma and
cardiovascular outcomes were found with high temperature exposure for the total (immigrants and non-

immigrants) and immigrant populations, respectively, while older adults were found to have a positive
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association with low temperature and mental disorders. Immigrants and adolescents were likewise found
to have a positive association with PM2.s exposure and mental disorders. High temperature, low
temperature, daily minimum temperature, DTR, wildfire smoke, Oszand PM:.s (quartile) exposures were
negatively associated with health outcomes. Other significant weather and air pollution associations were
not observed. Differences were observed between immigrants and non-immigrants, but not in the way
expected. Immigrants were found to have statistically significant lower odds of self-reported asthma,
cardiovascular outcomes and mental disorders compared to non-immigrants. Adolescent immigrants had
statistically significant lower odds of self-reported mental disorders compared to non-immigrant
adolescents. Older immigrants had statistically significant lower odds of self-reported cardiovascular
outcomes compared to non-immigrant older adults. When looking at the impact of exposures other than
high temperature, these associations changed for the total and older populations. Immigrants and older
immigrants were found to have higher odds of a self-reported cardiovascular outcome with all exposures
other than high temperature compared to non-immigrants. For immigrants the length of residence in
Canada also had an impact on health outcomes: both long-term and recent immigrants had decreased
odds of self-reported asthma compared to non-immigrants. Long-term immigrants also had decreased

odds of a self-reported mental disorder compared to non-immigrants.

4.3 Weather Exposures

4.3.1 High Temperature
4.3.1.1 Total Population

Higher temperatures were positively associated with self-reported asthma, but not with self-
reported cardiovascular outcomes or mental disorders among the total population. The estimated odds of
self-reported asthma was higher for individuals categorized as having moderate and high exposure to
high temperatures compared to individuals categorized as having very low exposure. These results align
with previous studies, which have found that people who experience extreme heat events had a higher
risk of asthma hospital visits, hospitalizations and asthma attacks [89—91]. When there is extreme heat,
people may not have access to air conditioning or other methods used to cool down. According to
Statistics Canada, an estimated 39% of Canadians do not have household air conditioning, leaving many
at risk to the health impacts of high temperatures [92]. Physiologically, high temperatures (and other
extreme temperatures) can affect those with asthma by causing bronchoconstriction, which is when the
bronchial tubes narrow [93,94]. Despite the plausibility of these results, there seem to be inconsistencies
in the literature. One study found that higher daily temperature was associated with a lower risk of asthma
[95]. Overall, exposure to high temperature appears to exacerbate asthma, and from this study, increases

the odds of self-reported asthma among the total population [89-91].
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Comparatively, the estimated odds of a self-reported cardiovascular outcome was lower for
individuals categorized as having high exposure to high temperature compared to individuals categorized
as having very low exposure. Although other exposure levels were not significant, there was a trend of
decreasing odds with higher exposure levels. These results are inconsistent with the literature findings,
previous studies have found that exposure to extreme heat is associated with a higher risk of
cardiovascular outcomes and higher rates of cardiovascular mortality [96-98]. High temperature has been
found to be associated with cardiovascular-related emergency department visits, hospitalizations and
hospital admissions in other studies [99,100]. One study found that there was a 2.1% increase in
cardiovascular disease-related mortality for each 1°C increase in temperature [101]. Physiologically, high
temperatures can impact cardiovascular outcomes by increasing blood pressure and viscosity and
elevating heart rate [102]. It is important to note that these studies have been conducted in different
countries (United States, Iran), so geographical and climatic differences might help to explain these
inconsistencies [97,98,100]. Additionally, some studies look at high temperatures and others look at
extreme heat or heat waves. Temperature is different among various geographical locations, and as there
is no standard definition for extreme heat, this definition may be tailored to average meteorological
conditions at that geographical location. This also may help explain the differences found among studies.
Two high temperature variables were used in this study: the annual highest temperature recorded at each
postal code in Alberta, and the annual average of the daily maximum temperature in each postal code in
Alberta. Environment and Climate Change Canada defines a heat wave (also commonly called extreme
heat event) as three plus days in a row when the maximum temperature is at or above 32°C [103]. This
definition was not applied to this study as three or more consecutive days of = 32°C is typically rare in
most of Alberta. Additionally, while this study looked at cardiovascular outcomes (heart disease and
stroke effects), other studies included other cardiovascular outcomes such as cardiovascular mortality

and cardiovascular-related hospital admissions, [97,100].

These results could also be due to differences in behaviour at lower and higher exposure levels.
With less extreme high temperatures, individuals may not change their behaviour due to perceived lower
risk. Cardiovascular outcomes more frequently affect older adults, who are more likely to limit their time
outdoors, especially with higher temperatures. Different results may have been seen with asthma in this
study, as younger individuals are also affected and are more likely to go outdoors, even with high

temperatures as they have obligations such as school or work.

4.3.1.2 Immigrant Population

Comparatively, for immigrants, high temperature was positively associated with self-reported
asthma and cardiovascular outcomes, but results were only significant for the latter. For the immigrant
population, the estimated odds of a self-reported cardiovascular outcome was higher for individuals at all

categories of high temperature exposure (low, moderate, high) compared to individuals categorized as
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having very low exposure. Interestingly, the low exposure category was significant and was associated
with the highest odds. This result is not fully expected with high temperature, as based on the literature,
immigrants were found to have a lower relative risk for cardiovascular mortality if they moved to a
comparable climate [104]. It has been found that immigrants who moved from warm to cold climates had
a higher relative risk for cardiovascular mortality compared to the native-born population [104]. These
results were based on a review study with additional meta-regression that collected and compared
numerous studies, destination countries included Canada, the United States, Sweden, Switzerland
among others and origin countries included Mexico, Argentina, Algeria, Morocco among others [104]. For
immigrant populations, it has been found that the temperature difference between the destination and
origin countries impacts cardiovascular mortality [104]. In recent years, the majority of immigrants who
came to Canada are from India, which primarily has a tropical climate [105]. While heat waves are
impacting Canada and India, there are differences in the type of heat. Canada has a continental climate
with very cold winters, hot summers and overall is fairly dry. This means immigrants from India and other
tropical climates are exposed to a vastly different climate upon moving to Canada, even if there are
comparable hot temperatures. Additionally, during that same year immigrants likely experienced colder
weather in Alberta which also may have impacted the results seen. Due to this climate difference,
immigrants may not be knowledgeable on how to cope with the heat in Alberta compared to their home
country. This may include not knowing where the nearest cooling centre is (e.g. public library, community
centre, shopping mall etc.), not understanding that homes built for cold climates retain heat (insulation
reduces heat loss to outside) and being unaware of urban heat islands [106,107]. An urban heat island is
a temperature increase in certain areas of a city [108]. Additionally, immigrants are not a homogenous
group and there are likely differences between immigrant categories (economic, sponsored by family and
refugees), but this was not able to be explored. Our results may differ from the literature as the world area
of birth variable also could not be included due to correlation issues. Cultural/racial background and the
length of residence in the country immigrated to are similarly important variables. While they were
adjusted for, stratification by these variables could not be completed due to sample size issues [109,110].

Future research that stratifies on these variables is likely warranted.

4.3.1.3 Immigrant and Non-Immigrant Comparison

An interaction term was included in the high temperature model for the total and older adult
populations, testing the effect of population type (immigrant, non-immigrant) and high temperature
exposure. It was found that for the total immigrant population and older immigrants, the estimated odds of
a self-reported cardiovascular outcome was increased for individuals categorized as having low,
moderate and high exposure to high temperature compared to non-immigrant and older-non-immigrant
individuals categorized as having very low exposure. The odds increased with increasing exposure levels.
It is known that generally, older adults are more susceptible to the effects of heatwaves compared to

younger individuals as the ability to thermoregulate decreases with age [111,112]. Older adults may also
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have chronic conditions that impact the body’s ability to deal with extreme heat [112]. As previously
mentioned, cultural/racial background, length of residence in the country immigrated to and world area of
birth are likely important variables to examine [109,110]. Additionally, the inability of immigrants to

properly cope with the heat in Alberta may also have had an impact on these results.

4.3.2 Low temperature and Daily Minimum Temperature

4.3.2.1 Total Population

For the total and adolescent populations, the estimated odds of self-reported asthma was lower
for individuals categorized as having moderate exposure to low temperature compared to individuals
categorized as having very low exposure. The results for low temperature differ across studies in the
literature, but it has been found that cold air is hard on the lungs for individuals with asthma [113].
Previous studies found that extreme cold is associated with an increased risk of asthma hospital
admissions, hospital visits, and asthma attacks [91,114—116]. There are, however, inconsistencies in the
literature. One study found that asthma incidence in adults was not impacted by temperature [115].
Additionally, one meta-analysis study that looked at 13 countries found that winter was positively
associated with an increased risk of asthma, while another focused on New York, USA found that there
was no change in asthma hospital admissions in the winter, only after cold spells [115,117]. It is important
to note that some of these studies were completed in countries that have inconsistent indoor heating (e.g
China, Chile), with some likely relying on firewood or a simple stove [118,119]. The results found in this
study and the USA may be due to differences in behavior between the winter and summer seasons [117].
With extreme cold in Canada, most people limit their time outdoors and have access to heated spaces.
This means that despite there being colder temperatures outside, it is likely that individuals have lower
overall exposure compared to hotter temperatures. Additionally, in most studies, the duration of time
spent outdoors by individuals is unknown. These factors may help to explain the decreased odds
observed when individuals are exposed to low temperatures in this study. Some studies have also
examined the association between asthma and vitamin D deficiency, a common deficiency in cold
climates due to the limited time spent outdoors in the winter compared to summer [120-122]. This
association is still being explored but may be a factor in observed associations in the literature. Overall,
while low temperatures, similar to high temperature, have been found in the literature to exacerbate
asthma, it does not appear to increase the odds of self-reported asthma in the total population in this

study.

For adolescents, the estimated odds of self-reported asthma was lower for individuals
categorized as having moderate exposure to low temperatures compared to individuals categorized as
having very low exposure. Children (ages less than 12) have been found to have higher odds of asthma

as the temperature drops [115]. Limited research focused on extreme temperature and asthma seems to
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have been done in adolescents. Most research tends to focus on infants and children and positive
associations have been found between cold spells and childhood asthma and asthma-related hospital
admissions [123,124]. Once again, most of these studies focused on countries with inconsistent indoor
heating, such as China. There also could be differences between adolescents and children, as
adolescents may spend less time outdoors, behave and dress differently when they are outside and have
different exposure to low temperatures compared to children. In Canada, indoor heated recreation and
social spaces (e.g. recreation centres, libraries) are widely available, which adolescents likely frequent
during the winter, reducing their exposure to low temperatures. As a result, adolescents should be
considered as a separate age group. No studies were found examining the association between extreme
cold and asthma for adolescents. Overall, low temperature does not appear to be positively associated

with higher odds of self-reported asthma for adolescents in this study.

Low temperature and daily minimum temperature had similar associations with mental disorders
in the total population. The estimated odds of having a self-reported mental disorder was lower for
individuals in the high exposure quartile compared to individuals in the very low exposure quartile with
respect to low temperatures and daily minimum temperatures. There are limited studies examining the
association between mental disorders and extreme cold. The association between extreme heat and
mental disorders seems to be more frequently studied. It has been found that extreme heat is positively
associated with emergency room visits related to mental and behavioral disorders [125—-127]. Results for
extreme cold are less conclusive. One study in Toronto, Canada found no significant associations
between cold temperatures and mental and behaviour disorder (including mood disorders) emergency
room admissions [127]. Another study in New York, United States, found that extreme cold was positively
associated with emergency room visits related to mental and behaviour disorders [128]. These results
may differ due to characteristics such as race and age [128]. The physiological mechanism by which
extreme temperatures may impact mental disorders has not been fully determined. It has been suggested
mental health may be impacted by the behaviours that extreme temperatures cause, such as a lack of
sleep, irritability and a decline in cognitive capacity, as these can cause mood changes and an increase
in stress and anxiety levels [128,129]. Additionally, those with mental disorders may not take
precautionary actions to limit their exposure to extreme temperatures [128]. Over long periods, this may
be a factor in triggering the development of new cases of mental iliness or worsening existing cases
[129]. More research is needed to fully determine the impact of low temperatures on mental disorders, but

from this study, it does not appear to be a major factor.

For older adults, low temperature and daily minimum temperature had similar associations with
mental disorders. For both exposures, there was a trend of decreasing odds from low to high exposure
quartiles for low temperatures. Additionally, for each exposure the estimated odds of having a self-

reported mental disorder was higher for individuals categorized as having low exposure and lower for
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individuals categorized as having high exposure compared to individuals categorized as having very low

exposure. These associations appear to be less studied in older adults.

The literature on mental disorders in older adults is not consistent and the prevalence varies
globally [130]. It has been found that anxiety disorders occur less frequently in older adults compared to
those who are younger [131]. This may be due to underdiagnosis and earlier death for those with anxiety
disorders [130]. It is important to note that this can also vary among different types of anxiety disorders
[132]. Limited research appears to have been done on extreme temperatures and mental disorders
among older adults. It has been found that cold weather can have a negative impact on mental health as
individuals likely spend less time outside, increasing social isolation [133]. This effect is amplified for poor,
non-white and older adults (65 plus) [133,134]. Older adults have the added difficulty of navigating
outside with poor weather conditions, such as ice and snow which make walking more difficult and
dangerous [134]. Overall, our results indicate that among older adults, more extreme low temperature and
daily minimum temperature exposures are associated with lower odds of having a self-reported mental
disorder. These results may be impacted by the fact that the duration spent outside is unknown, and less

time may be spent outdoors when temperatures are colder.

4.3.2.2 Immigrant Population

No statistically significant results for low temperature or daily minimum temperature exposures
were found for the immigrant population. Increasingly higher odds of self-reported asthma were seen for
immigrants with higher daily minimum temperature exposure levels. Comparatively, decreasingly lower
odds of self-reported mental disorders were seen for immigrants with higher daily minimum temperature
exposure levels. This suggests that there may be a positive association between lower temperatures and
self-reported asthma for the immigrant population. While the total population results did not align with
previous findings of an increased risk of asthma hospital admissions and visits with extreme cold, those
for the immigrant population do [91,114,115]. This could be due to the inability of immigrants to adapt to

their new environment and mitigate risk.

4.3.3 Diurnal Temperature Range

4.3.3.1 Total Population

For the total and older populations, the estimated odds of having a self-reported mental disorder
was lower and significant for individuals categorized as being exposed to larger DTRs compared to
individuals categorized as exposed to a very small DTR. Greater DTR indicates a larger difference
between the daily minimum and maximum temperatures. Differences in behaviour for individuals exposed

to larger or smaller DTRs may impact these results. Large DTRs have been found to have an impact on
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human health, but limited research has examined this relationship with mental disorders, or mental health
[135]. One study found that there was an increase in daily schizophrenia hospital admissions with a larger

DTR [136]. More research is needed to fully understand the impact of DTR on mental disorders.

4.3.3.2 Immigrant Population

For the immigrant population, the estimated odds of having self-reported asthma was lower for
individuals exposed to moderate DTRs compared to individuals exposed to a very small DTR. This is
contrary to previous literature findings. DTR has been found to primarily have an impact on asthma,
COPD and respiratory tract infections [135]. This does not appear to hold true for the immigrant
population in this study. Previous research has also found higher asthma rates in those from developed
countries [137,138]. This is known as the nativity effect where certain countries have lower or higher rates
of certain diseases such as asthma [139]. Another study found that when the population analyzed had a
larger number of refugees, larger DTR was a risk factor for respiratory health events [140]. It is important
to note that in this study DTR was not examined by season, and instead looked at annually. Overall,
limited research seems to have been completed on the association between DTR and asthma for

immigrants and refugees.

The estimated odds of a self-reported mental disorder was also lower for immigrants exposed to
larger DTRs compared to individuals exposed to a very small DTR. Similar to the total population, limited
research on immigrants has been conducted on the association between DTR and mental disorders.
Despite this, results are consistent with studies that have analyzed the prevalence of mental disorders in
immigrants without focusing on the impact of DTR. In Canada, immigrants were found to have a lower
prevalence of mood and anxiety disorders compared to non-immigrant adults, children and youth
[141,142]. Other studies in the United States have found similar results, but have reported that findings
differ by race and ethnicity [143,144]. Comparatively, refugees have been found to have a higher risk of
experiencing mental disorders such as depression and anxiety due to previous traumatic events [145].
The lower odds of self-reported mental disorders for immigrants in this study may be impacted by other
factors such as stigmatization, cultural, religious, or language differences, age at immigration and
affluence before immigration [138,146]. As previously mentioned, immigrants are not a homogenous
group and there are likely differences among economic immigrants, immigrants sponsored by family, and

refugees, this was not able to be analyzed in this study.

4.4 Air Pollution Exposures

441 Wildfire Smoke

4.4.1.1 Total Population
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For the total population, the estimated odds of self-reported asthma was decreased for individuals
categorized as having low wildfire smoke exposure compared to individuals categorized as having very
low exposure. The estimated odds did not vary much between wildfire smoke exposure levels (low,
moderate and high), which differs from findings that have been previously reported. Research in Canada
has found that wildfire smoke exposure is associated with an increased risk of asthma-related physician
visits [147,148]. Studies outside of Canada have also found that wildfire smoke exposure is associated
with an increased risk of asthma morbidity and hospital admissions [149-151]. Another study observed
interactions around wildfire smoke, with findings indicating effects as worse for females compared to
males and for adults compared to children [152]. Wildfire smoke can affect the lower respiratory tract
through numerous mechanisms, including decreasing lung function and increasing oxidative stress, which
can increase asthma symptoms [153]. In this study, hospital admissions and morbidity were not
examined, and instead analyzed self-reports of asthma. It is also important to note that past wildfire
smoke exposure was not known in this study. While limited research has been done on this topic, among
firefighters, cumulative woodsmoke exposure was positively associated with a decrease in lung function
[154]. Overall, the literature indicates that asthma is impacted by wildfire smoke exposure, though positive

associations with self-reported asthma were not observed in this study.

4.4.1.2 Immigrant Population

While no significant results for wildfire smoke exposure were seen among immigrants, the odds of
a self-reported mental disorder were increased for individuals categorized as having higher wildfire smoke
exposure. This is consistent with previous research in other countries indicating associations with an
increased risk of asthma morbidity and hospital admissions, though these findings are not necessarily

specific to immigrants [149—-151]. Further research in this area is needed.

442 Ozone

4.4.2.1 Total Population

For the total and older populations, the estimated odds of having a self-reported cardiovascular
outcome was lower for individuals categorized as having moderate O3 exposure compared to individuals
categorized as having very low exposure. Other studies have found that O3z exposure is associated with
overall cardiovascular mortality, ischaemic heart disease mortality, and cardiovascular-related hospital
admissions [155,156]. Short-term controlled exposure to Os has been associated with cardiovascular
effects [157,158]. While many studies have been completed in China, one study in Canada found that Os
exposure was positively associated with cardiovascular mortality [63]. This association was found to be

stronger in older adults (ages 65 plus) compared to those who were younger [155]. Older adults have
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been found to have an increased incidence of congestive heart failure with long-term O3 exposure, and Os
exposure for those older than 65 is associated with a higher risk of cardiovascular-related hospitalization
[159,160]. More research is needed to determine the physiological effects of Oz on cardiovascular
outcomes, but it is suggested that Oz impacts inflammation, fibrinolysis endothelial function pathways,

platelet activation and increases blood pressure [161,162].

In this study, Os exposure was found to have protective effects for self-reported cardiovascular
outcomes among the total and older adult populations. This may be due to population differences
compared to other studies. Data from O3z monitor stations are sparser in rural locations in Alberta, so
estimates may be coarser than those from urban locations. Canada also has significantly lower Os
concentrations compared to certain countries such as the United States, which report positive
associations between Oz and cardiovascular diseases [159]. The average annual Oz concentration in
Phoenix, United States was 47.83 ppb between 2009 to 2014, while the annual O3 average concentration
recorded in Alberta, Canada was 26.13 ppb for the same time frame [163]. Additionally, the amount of
time an individual spends outdoors was not considered in this study. Older adults may spend less time
outside, meaning they have a lower O3 exposure which could help to explain the protective effect that was
observed [164]. Past O3 exposure for the total population was not known. Individuals could have moved to
Alberta from a different province or country, and their current Os exposure may be very different from their

past exposure.

4.4.2.2 Immigrant Population

Among immigrants, the estimated odds of having self-reported asthma was lower for individuals
categorized as having low exposure compared to individuals categorized as having very low exposure.
Although other exposure levels were not significant, the estimated odds of having self-reported asthma
tended to increase with higher Oz exposure levels. This is consistent with other studies, as it has been
found that Oz exposure is associated with asthma emergency department visits and mortality [165—168].
One study reported a negative association between low and moderate Oz exposure levels and asthma
hospital visits [169]. This is consistent with the Oslow and moderate exposure results found in this study.
High levels of Oz are known to worsen asthma symptoms, particularly in younger and older populations,
and may play a role in the development of asthma [169,170]. While higher odds of self-reported asthma
were seen in the adolescent and older adult non-immigrant populations with categories of higher O3
exposure, results did not reach statistical significance. Physiologically, Os affects asthma through the
formation of secondary oxidation products that activate airway epithelium and create pro-inflammatory
and immune factors [171-173]. Overall, this causes airway inflammation, which lowers lung function
[171,172]. Results may be impacted by the nativity effect, the healthy immigrant effect, and changes in
outdoor behaviours [139]. Season may be an important effect modifier as Oz concentrations are typically

higher during the summer, though this study focused on annual average Os concentrations. Again, past
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Os exposure was not known and O3 concentrations that immigrants were exposed to in Alberta from 2009
to 2014 may not reflect their past exposures. It has been found that among young healthy individuals in
California, cumulative exposure to O3 over an individual’s lifetime had an impact on airway injury and
lower/upper respiratory symptoms [174]. It has also been found that long-term Os exposure is significantly
associated with reduced lung function [175].

4.4.3 Particulate Matter 2.5

4.4.3.1 Total Population

We observed different associations for high PM2.s exposure and mental disorders among older
adults and adolescents. For older adults, the estimated odds of a self-reported mental disorder was lower
among those categorized as having high exposure to PMzs. This is not consistent with most findings. For
older adults, PM2.s has been positively associated with depression and anxiety symptoms and non-
specific perceived stress, which can lead to psychiatric disorders. [176—180]. Air pollution can lead to
these changes by affecting the brain through mechanisms such as inflammation, oxidative stress,
neurotransmitter receptor changes and necrosis or apoptosis [181]. There are inconsistencies in the
literature, other studies have reported negative associations or that air pollution is not linked to depressive
symptoms or major depressive episodes [182,183]. Similar to O3 exposure, the protective effects seen in
this study could be due to population differences compared to other studies. PM25s concentration was also
collected from the same data source (NAPS) as Os, as previously mentioned rural estimates may be
coarser than those from urban locations. Additionally, time spent outdoors by individuals and past PM2.s
exposure was not known. As mentioned previously, behavioral changes may impact these results. Older
adults likely spend less time outdoors, lowering their PM2.s exposure.

For adolescents, the estimated odds of a self-reported mental disorder was higher for individuals
categorized as having high exposure to PMzscompared to individuals categorized as having very low
exposure. A trend of increasing odds with categories of increasing PM2.s exposure levels was seen but
was not significant. This is consistent with other reported results. One study in Canada found that same-
day and one-day lagged exposure to PM2.swas associated with a higher risk of mental disorder
emergency department visits for those ages 8 to 24 years old, among those previously diagnosed [184].
Another study found that PM2.s exposure at age 12 was associated with major depressive disorder at age
18 [185]. It has also been suggested that exposure to air pollution can impact cognitive health in children,
and may lead to other diseases later in life [186]. Mechanisms previously mentioned may explain this
relationship in adolescents, which could also be compounded by additional physical, mental and social
development occurring at this stage [187]. These results emphasize the importance of limiting adolescent

exposure to air pollutants such as PMzs. Increasing adolescent exposure to green spaces like parks and
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gardens can have a positive impact on health [186,188,189]. Green spaces generally have lower PMz.5
levels, compared to surrounding areas, and are associated with numerous positive impacts on mental
health, such as reduced stress and improved mood [190-192]. Similar to O3 exposure, past PM2s

exposure for the adolescent and older adult populations was not known.

4.4.3.2 Immigrant Population

For immigrants, the estimated odds of having a self-reported mental disorder is higher for
individuals categorized as having low PMz.s exposure compared to individuals categorized as having very
low exposure. A trend of decreasing odds with increasing categories of exposure was also seen, but
lacked statistical significance. These results are inconsistent with what is known about the prevalence of
mental disorders in immigrants. In Canada, immigrants have been found to have a lower prevalence of
mood and anxiety disorders compared to non-immigrants [141,142]. It has been found that this
association is impacted by immigration category, with refugees being “significantly more likely to report
experiencing emotional problems and high levels of stress compared to family class immigrants” [193
(p24)]. Duration of residence, country of origin, and ethnicity may be important to consider in future
studies as has been seen with other health outcomes among immigrants [109,110]. Previous PM2s
exposure for the immigrant population was not known. This is particularly important as immigrants in this
study came from a variety of countries with some known to have higher PM2.s concentrations compared to
Canada. Approximately 57% of immigrants in this study came from Southern Asia, Eastern Asia, Oceania
or other Asia. From April 2014 to April 2015, the annual average PMz.s concentration in China across 190
cities was 57 + 18 pg/m?3, comparatively the annual average for Alberta in 2014 was 7.10 ug/m3[194].
This indicates that while this study examined Alberta PM2.s concentrations, past exposure could have had

an impact on the results.

4.5Immigrant and Non-Immigrant Health Outcome Comparison

Further comparisons by population type (immigrant, non-immigrant) and length of residence in
Canada were also conducted. The purpose was to explore differences between immigrants compared to
non-immigrants and recent/long-term immigrants compared to non-immigrants in terms of asthma,
cardiovascular outcomes, and mental disorder outcomes. It was found that the sex distribution was fairly
even between male and female immigrants in this study. Despite this, men may be more likely to migrate

to Canada for work compared to females and bring their families over after settling [195,196].

451 Asthma

The estimated odds of having self-reported asthma was lower for immigrants compared to non-

immigrants. Similar results were found for adolescent and older adult immigrants but were not statistically
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significant. This aligns with previous research, which found that first-generation immigrants have a lower
prevalence of asthma compared to second-generation immigrants and those who are native-born
[137,138,197]. Place of birth, length of residence, the healthy migrant effect and other characteristics
such as affluence status may play a role in these findings [139].

It was found that for both recent and long-term immigrants, the estimated odds of having self-
reported asthma was also lower compared to non-immigrants. Additionally, long-term immigrants had
lower odds of having self-reported asthma compared to non-immigrants than recent immigrants compared
to non-immigrants. Previous studies have also found that immigrants are less likely to have asthma

compared non-immigrants in Canada [198-200].

4 5.2 Cardiovascular Outcomes

The estimated odds of a self-reported cardiovascular outcome were statistically significant and
lower for immigrants compared to non-immigrants in selected models. This result is consistent with the
main literature findings. Immigrants have been observed to have a lower risk of cardiovascular diseases,
such as stroke and ischemic heart disease compared to the host population [201]. The incidence of
cardiovascular events varies among Canadian immigrants from different countries, ethnicities, and length
of residence in the host country [109,110,202]. For example, one study examined immigrants from China,
India and the Philippines who moved to Canada and found that ischemic heart disease was higher among
South Asian women compared to non-immigrants [203]. Another study found that immigrants who moved
to a country with a colder climate from a country with a warmer climate had higher rates of cardiovascular
mortality [104]. This is potentially due to various factors, including physiological (reduced vitamin D levels)
and behavioral (limited physical activity) [104]. Results from this study may, in part, reflect different
immigration policies in North America, as in Western Europe it has been found that immigrants were at a
higher risk or equal risk for ischemic heart disease or stroke compared to the host population [201].
Immigrants are not a homogenous group. To fully understand the risk of cardiovascular outcomes for
immigrants it is important to look at other distinctions between immigrant groups (world area of birth,
ethnicity, duration of residence, age, sex, education).

For older immigrants, the estimated odds of having a self-reported cardiovascular outcome was
lower compared to older non-immigrants in a select model. While recent immigrants are normally found to
be healthier than the general population, this could also be true of older immigrant adults as well
[110,204]. In terms of the length of residence in Canada, the estimated odds of having a self-reported
cardiovascular outcome appeared to be higher for each additional year lived in Canada, indicating the

presence of the healthy immigrant effect, but results were not statistically significant [199].
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4.5.3 Mental Disorders

For all immigrants and adolescent immigrants the estimated odds of having a self-reported
mental disorder was lower compared to non-immigrants. For older immigrants the estimated odds of a
self-reported mental disorder was also lower compared to older non-immigrants, but was not statistically
significant. This is consistent with the literature in Canada and the United States. Immigrants have been
found to have a lower prevalence of mood and anxiety disorders compared to non-immigrants in these

countries [141-144], but it is important to note that these results can differ by race and ethnicity [143,144].

For long-term immigrants, the estimated odds of having a self-reported mental disorder was also
lower compared to non-immigrants. This is consistent with other results that have found immigrants are
less likely to have mental health problems and have a lower prevalence of mood and anxiety disorders
compared to non-immigrants for adults, youth, and children [28,141,142]. While results were not
statistically significant for recent immigrants, their odds were also lower than that of long-term immigrants.
These results are consistent with the healthy immigrant effect. One Canadian study reported that
immigrants had better mental health compared to non-immigrants almost 20 years after immigrating [205].
Comparatively, another Canadian study found that recent Canadian immigrants had a health advantage,
but that long-term immigrants did not [206]. Results regarding the healthy immigrant effect and mental
health are still being explored as most studies have focused on physical health [207]. Longitudinal studies

are needed to further analyze this association.

4.6 Strengths and Limitations

One strength of this study is that it used the Canadian Community Health Survey, which used
random sampling, which strengthens the generalizability of these findings. Additionally, this study had
good geographical coverage (study area is province-wide) and included a large number of participants
overall. This study also included immigrants, which are a commonly excluded population. These findings

can help to guide Canadian policymakers about future health considerations for immigrant populations.

This study has some limitations, including a smaller sample size in terms of the number of
immigrants, older adults, and adolescents. The sample size was limited to those in Alberta. For
immigrants, this limited our ability to further stratify by age, sex, geographical location (urban or rural),
immigrant category (economic, sponsored, refugee), or world area of birth. Certain behavioral factors that
may have impacted these reported outcomes could not be analyzed in this study due to data limitations,
such as drinking status. Additionally, temperature and air pollutant exposures are estimated exposures.
Depending on the amount of time spent outdoors or indoors, these exposures may vary for individuals.
We also lacked exposure histories, which arguably could be a more important consideration in terms of

self-reported health outcomes than current exposures. Additionally, due to correlation issues, we were not

79



able to include world area of birth, official language spoken, immigration category, and length of
residence in Canada simultaneously in any of the models. Transnational migration could also have an
impact, as immigrants may move to Canada but travel elsewhere for health treatments, including back to
their home countries [208, 209].

Certain biases could not be avoided, such as volunteer bias, as the Canadian Community Health
Survey is a voluntary survey. Non-response bias is also potentially an issue as those who are healthier
may be more motivated/able to participate. Exclusion bias may also be a concern: only individuals who
were selected and allowed their responses to be used further were included in this study. This study may
also be impacted by recall bias. The CCHS is a self-reported cross-sectional survey, and is a very long
survey so not all respondents may accurately recall certain information. Selection bias is also a concern
as the Longitudinal Immigration Database only includes those who file tax returns [52]. Residual

confounding may also be a concern as some key variables might have been missed.
5. Conclusion

This study found that weather and air pollution exposures may be associated with selected health
outcomes. High temperature had a positive association with self-reported asthma and cardiovascular
outcomes among the total and immigrant populations, respectively. This is important as Canada’s
temperature has risen 1.7° since 1948 and is predicted to continue to rise [2]. Low temperature was
negatively associated with self-reported asthma in the total and adolescent populations, and self-reported
mental disorders in the total population. Similarly, daily minimum temperature had negative associations
with self-reported mental disorders in the total and older adult populations. Comparatively, low
temperature was positively associated with self-reported mental disorders in older adults. Less conclusive
research has been done on the effects of low temperature, particularly for mental disorders. DTR was
negatively associated with self-reported asthma in immigrants, and self-reported mental disorders in the
total, older adult, and immigrant populations. While limited research has been conducted on the
association between DTR and mental disorders, large DTRs have been found to have an impact on
human health [135]. DTR has also been found to have an impact on asthma, COPD and respiratory tract
infections [135]. For air pollutants, PM2.s exposure was positively associated with self-reported mental
disorders in adolescents and immigrants, and negatively associated with this same outcome in older
adults. While these results are consistent with previous literature for adolescents, this is not the case for
immigrants and older adults. Os exposure was negatively associated with self-reported cardiovascular
outcomes for the total and older populations, and asthma in immigrants. These results are inconsistent
with previous findings but may be affected by behavioral factors. For wildfire smoke, there was a negative

association with self-reported asthma in the total population, which was not expected. Immigrants had
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lower odds of self-reported asthma, cardiovascular outcomes and mental disorders compared to non-

immigrants, indicating the presence of the healthy migrant effect.

Despite these findings, this does not mean that these health outcomes are not a concern among
immigrants. The length of residence immigrants had spent in Canada also had an impact on outcomes,
Long-term immigrants had higher odds of self-reported asthma and cardiovascular outcomes compared
to recent immigrants. This indicates that while immigrants appear to have lower odds of these self-
reported outcomes compared to non-immigrants, their health declines with longer residence in Alberta,
Canada. Differences across populations and exposures also suggest the need to consider these effects
in future studies. These results indicate the need for more immigrant-specific studies regarding weather

and air pollution exposures.
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Chapter 4: Conclusions

Climate change and air pollution are global issues that can directly or indirectly impact human
health [1]. The health effects of climate change and air pollution in Canada have been observed in terms
of changes in temperature, wildfires, and air quality [2,3]. In Alberta, one of the top oil-producing
provinces in Canada, less research in this area has been conducted. Certain populations, such as
immigrants and refugees, may experience different health risks from these exposures compared to non-
immigrants due to unique factors such as social and cultural changes [4,5]. Despite this, immigrants and
refugees are a commonly excluded population from climate change and health studies [6]. Similarly,
adolescents and older adults also may experience higher health risks as a result of behavioural and
physiological differences compared to the general population [7—9]. This research focused on exploring
the understudied health-related impacts of climate change and air pollution exposures in immigrant
(economic, sponsored by family and refugees; all ages), total (immigrants and non-immigrants; all ages),
adolescent (total population; ages 12 to 17) and older adult (total population; ages 65 plus) populations in
Alberta.

1. Summary of Thesis Findings

A scoping review was completed (Chapter 2) to synthesize evidence on the health-related
impacts of climate change (e.g. extreme temperatures and floods) and air pollution (e.g., NO2, Oz, and
PMo:.5) exposures on immigrant and refugee populations (<18 and 65+), and to determine if these impacts
are influenced by age, immigrant category, gender, and/or geographical location. Very few articles
focusing on this topic were found (n=3). Only excessive temperatures with mortality and respiratory
syncytial virus outcomes were examined in these populations [10-12]. Two of the studies focused on
older adults and found that foreign-born and non-US citizens 65 years and older were similarly or less
susceptible compared to native-born, but that younger individuals were more susceptible [10,11]. The
other study focused on refugee children younger than five and found that higher temperatures were
associated with higher respiratory syncytial virus incidence [12]. No articles analyzed the health-related
impacts of air pollutants (e.g., NO2, Os, and PM2.5). Additionally, limited stratified results were presented.
One article stratified the population by age and birth region, and another stratified by age, sex, race and
ethnicity [10,11]. This emphasized a critical gap in terms of immigrant and refugee-focused climate
change and health research, particularly in children, adolescents, and older adults. A recommendation to
emerge from this review is the need to investigate a broader set of exposures and outcomes and present
stratified results by key factors such as age, sex, birth region, race, ethnicity, immigrant category, and

geographical location.
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Chapter 3 aimed to start addressing the gaps identified in the scoping review. A cross-sectional
study that analyzed the health impacts of weather and air pollution exposures on immigrant (economic,
sponsored by family and refugees; all ages), total (immigrants and non-immigrants; all ages), adolescent
(total population; ages 12 to 17) and older adult (total population; ages 65 plus) populations in Alberta
was completed. Canada’s temperature has been and is continuing to rise, with a 1.7°C increase since
1948 [3]. Alberta’s summer temperature has risen each decade from 1950 to 2013 by 0.1 to 0.3°C and It
is predicted that Alberta will continue to experience a higher number of warm and hot days, and fewer
cold days [14—18]. This study found that weather and air pollution exposures were associated with health
impacts in Alberta. High temperature (quartile) was associated with increased odds of self-reported
asthma for the total (immigrant and non-immigrant) population. Results also indicated that immigrants are
differentially impacted by high temperature exposures. High temperature was associated with increased
odds of a self-reported cardiovascular outcome in the immigrant population, but decreased odds in the
total population in this study. It was also found that older immigrants had increased odds of a self-
reported cardiovascular outcome with high temperature exposure compared to older non-immigrants.
Most of these results are consistent with previous studies, which found that high temperatures were
associated with asthma and cardiovascular outcomes [19,20]. The majority of immigrants overall who
come to Canada are from a tropical climate, and previous studies have found migration from a hot to cold
climate is associated with a higher relative risk of cardiovascular mortality compared to non-immigrant
populations [21,22]. Variations and differences in some of our results may also have been affected by our

inability to stratify by country of birth and immigrant status due smaller sample sizes.

Comparatively, low temperature was associated with a decreased odds of self-reported asthma
for the total and adolescent population. Low temperatures have been found to exacerbate asthma in
previous studies [23,24]. For the total population, low temperature was associated with decreased odds of
a self-reported mental disorder for those classified as having high exposure. For older adults low
temperature was associated with increased odds of a self-reported mental disorder for those classified as
having low exposure. Conversely, lower daily minimum temperature and greater diurnal temperature
range exposures among older adults and the total population were associated with decreased odds of a
self-reported mental disorder. Immigrants also had decreased odds of a self-reported mental disorder
with exposure to greater diurnal temperature ranges. Previous studies on low temperature and mental
disorders are not conclusive, but the results found here suggest a greater impact on older adults
compared to the total population. Generally, older adults have a higher risk of health outcomes with
exposure to extreme temperatures, both high and low [25]. The high and low temperature findings in this
study may be impacted by the fact that the amount of time individuals spent outdoors was unknown, and

that many studies have different definitions for extreme temperature exposures.
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Several associations between air pollutants and different health outcomes were found.
Adolescents and immigrants were found to have increased odds of a self-reported mental disorder with
PM2.s exposure, while older adults had decreased odds. For adolescents, these results are consistent with
previous studies. It has been found that PM2.s exposure is associated with a higher risk of mental disorder
emergency department visits [26,27]. Gadermann et al. found that immigrants actually had a lower
prevalence of mood and anxiety disorders compared to non-immigrants in their study [28—32]. Prior
studies also report that immigrants are more likely to consult a psychiatrist, so while they may have a
lower prevalence of mental disorders, symptom severity among those that report these conditions may be
worse than non-immigrants. Comparatively, for older adults, our results are not consistent with previous
studies. Prior research has found that PMz.s exposure is associated with depression and anxiety
symptoms and non-specific perceived stress in older adults, which can lead to psychiatric disorders [33—
35].

Exposure to O3 was found to have decreased odds of a self-reported cardiovascular outcome
among the total and older adult populations, which is inconsistent with other findings [36—38]. In this
study, these results may be impacted by the fact that older adults may spend less time outdoors and have
lower Oz exposure. Comparatively those of working age must be outdoors often to commute and work.
Consistently, the total population was also found to have decreased odds of self-reported asthma with
wildfire smoke exposure. Wildfire smoke has been found to be associated with increased risk of asthma

morbidity and hospital admissions [39].

More generally, it was found that health outcomes differed across populations (immigrants vs.
non-immigrants). Immigrants were found to have decreased odds of asthma, cardiovascular outcomes
and mental disorders compared to non-immigrants. It was also found that the length of residence in
Canada had an impact on outcomes among immigrants. Long-term immigrants (10 plus years in Canada)
were found to have higher odds of self-reported asthma and cardiovascular outcomes compared to recent
immigrants (less than 10 years in Canada). Asthma and cardiovascular outcomes results align with the
healthy immigrant effect, where after immigrants arrive in Canada, their rates of disease converge with
that of the general population over time [26,27,40—45]. For mental disorders, immigrants were found to
have decreased odds with increased years residing in Canada. These results are consistent with other
studies, which have found that immigrants had a lower prevalence of mood and anxiety disorders
compared to non-immigrants [8]. This could be a result of immigrants becoming settled and being able to

access to healthcare.
2. Gaps in the Literature and Contributions

Results from Chapter 3 were generally consistent with previous findings on the health impacts of

climate change and air pollution exposures. Limited research has been done on immigrants and
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adolescents regarding the health impacts of weather and air pollution exposures (particularly low
temperature impact on mental disorders), which this study aimed to explore. While initially Chapter 3
intended to address certain knowledge gaps identified in the Chapter 2 scoping review (stratification of
immigrants by age, immigrant category, gender and geographical location), data limitations allowed us to
address only some of these gaps. It was found that Alberta immigrant-specific health data is limited,

particularly at the provincial level.

Building on the gaps identified in the scoping review, we undertook a study to explore the health
impacts of weather and air pollution specifically in immigrant, older adult, and adolescent populations. No
Canadian studies were identified in the scoping review. Very few focused on immigrant health in older
adults and adolescents. No studies were found that focused on air pollution exposures. In this study, we
explored associations with several air pollutants (NO,, O3 and PM,5), and found a positive association
with PM2 5 and mental disorders among adolescents in the total population (immigrants and non-
immigrants). While we were not able to specifically report findings related to adolescent immigrants, they
were included in the total adolescent population. While children are at risk for various outcomes,
adolescents are an important age group to consider due to differences in terms of immune system
maturity and anatomy, as compared to adults [46]. Positive associations with other outcomes were also
found: high temperature was associated with self-reported asthma among the total population and self-
reported cardiovascular outcomes among immigrants and low temperature was associated with mental
disorders among all older adults. Differences between immigrants and non-immigrants in terms of the
prevalence of health outcomes were also noted, specifically length of residence in Canada. While data
limitations restricted further immigrant-specific analyses, these findings contribute to this understudied

topic in Canada and globally.
3. Recommendations and Next Steps

Climate change and air pollution exposures are impacting health. Canada is expected to continue
to warm, which can lead to changes in the frequency and intensity of weather extremes [3]. Parts of
Canada also experience poor air quality, including Alberta, home to the Athabasca oil sands, which is
responsible for the release of several pollutants of concern for health [46]. Geographical regions
experience these impacts differently and amplify various factors that can impact risk (e.g. healthcare
access). This makes it important for researchers to consider effects across different geographical areas.
More specifically, exposures and health impacts vary across Canada, which need to be considered in
current and future research. Future studies comparing immigrant population risks across the Canadian

Prairie provinces (Alberta, Saskatchewan and Manitoba) could be conducted.
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Certain populations, such as immigrants, may experience different risks from climate change and
air pollution exposures compared to non-immigrants, though little research has focused on this population
to date. With immigration to Canada expected to increase, this is an important knowledge gap. This is
particularly important for adolescent and older adult immigrants, who have additional factors that that may
compound risks. Further research on immigrants stratified by age, sex, world area of birth and
immigration category is needed to fully understand and compare risks. Given a sufficient sample size,
stratification by various characteristics could be explored. This could also allow a multi-level analysis to be
completed, which would account for cluster variations. Additionally, a longer time frame could be
examined. While the CCHS and IMDB can only be linked up to 2014, years before 2009 up to 2014 could

be examined.
4. Conclusion

The goal of this work was to contribute to the limited research on the impact of climate change
and air pollution exposures on immigrants. Research on immigrants, specifically adolescents and older
adults within Canada, is particularly limited. We found that certain key exposures are associated with
health risks among immigrant, total, adolescent and older adult populations in Alberta, emphasizing the
need for further research in this area. Further research is also needed to more fully explore these impacts

temporally and spatially.
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Appendix 1: Protocol and Detailed Search Strings for Scoping

Review

Health-Related Impacts of Climate Change and Air Pollution on Immigrants Globally: A
Scoping Review Protocol

Introduction

Globally, human health is influenced by climate change and air pollution exposures. However, certain
populations, such as immigrants, may be more vulnerable than others [1]. After immigrating, the health of
immigrants tends to decline over time, known as the healthy migrant effect [2]. For example, immigrants
are more likely than native-born Canadians to experience socio-economic challenges such as
unemployment, poverty, a lack of access to basic services and decreased support from their community
[3]. Immigrants also experience social, cultural and environmental changes, such as adjustment to a new
language, diet, climate and new values and ways of life [3,4]. Additionally, certain age groups of
immigrants may be more vulnerable than others [5]. Children under the age of 18 have different immune
responses, anatomy and cognitive ability compared to adults, and as a result, may be more vulnerable to
the direct and indirect effects of air pollution and climate change exposures [6,7]. Adults over the age of
65 also tend to have weaker immune systems, poor physiological reserves and slow metabolism, among
other factors, which may make them more vulnerable [8]. These factors can increase vulnerability among
older and younger immigrant populations, putting immigrants at higher risk for health-related impacts of
climate change and air pollution exposures, such as respiratory (asthma, bronchitis, rhinitis),
cardiovascular (stroke, ischaemic heart disease) and mental health problems (anxiety, depression, post-
traumatic stress disorder) among others [9-11]. Given that the immigrant population in Canada is
expected to increase to 24.5-30% between 2011 and 2036, this is a gap in the literature that needs to be
analyzed [12,13].

Objective

This scoping review aims to examine previous research to determine the health-related impacts of climate

change and air pollution exposures on immigrant populations.
Research Questions
1. Within existing literature, what health-related impacts of air pollution (e.g., NO2, O3 and PM25)

and climate change (e.g., wildfires, extreme temperatures and floods) exposures on immigrant

populations (children <18 years or older adults >65 years) have been reported globally?
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2. Within existing literature, do the impacts of these exposures on immigrants vary by age group
(children <18 years or older adults >65 years), immigrant category (refugee, economic immigrant,
immigrant sponsored by family, other), gender (woman vs man) or geographical location (rural vs

urban locations)?

Methods

In this scoping review, the framework outlined in the Joanna Briggs Institute Reviewer’s Manual will be
followed [14]. This includes determining the research question and relevant studies, selecting the study,
charting the data and reporting the results [14]. This framework was first proposed by Arksey and
O’Malley in 2005, and refined further by Levac, Colquhoun and O’Brien in 2010 [15,16]. Additionally, the
PRISMA extension for scoping review guidelines will be followed [17]. The reference lists of relevant
articles will also be analyzed for articles that meet the inclusion criteria. The screening process will be

done independently by two different reviewers, with conflicts resolved by consensus.

Search Methods

A search will be executed by an expert searcher/health librarian (SC) on the following databases:
PROSPERO, OVID Medline, OVID EMBASE, Wiley Cochrane Library (CDSR and Central), Proquest
Dissertations and Theses Global and SCOPUS using controlled vocabulary (eg: MeSH, Emtree, etc) and
filters will be applied for the key concepts “climate change” [18—-21], “air pollution” [22—25], and
“immigrants” [26-28]. Searches will be limited to adults 65 years and older and children and adolescents
younger than 18. Databases will be searched from inception to July, 2022. Results (2378) will be
exported to COVIDENCE review management software, where duplicates (934) will be removed. Detailed
search strings are available in Table A1.

Screening

Restrictions

e An age restriction will be placed on the population of interest. Immigrants between the

ages of 18 and 64 will not be included.

e No language restrictions.

e No time frame restrictions.
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No geographical restrictions

Level 1 screening

The titles and abstracts will be screened using predetermined questions and completed

by 2 independent reviewers.

Articles that completely or partly meet the inclusion criteria (answered yes or maybe) will

proceed to level 2 screening.

If any of the exclusion criteria are identified it will not proceed to level 2 screening and be

confirmed by a second independent reviewer.

Google translate will be used to translate non-English titles and abstracts for screening.

Level 2 screening

The complete articles will be screened based on inclusion and exclusion criteria.

Any articles that completely meet the inclusion criteria (answered yes) will be included in

the results.

Inclusion criteria

e Types of evidence source: reviews (scoping, systematic, clinical), books, descriptive (case report,

case series and ecological studies) and analytical (case-control, cross-sectional and cohort

studies) studies.

e Time frame: All time frames will be included.

e Population: Any population as long as immigrants (children <18 years or older adults >65 years)

are included.

(¢]

Immigrant is defined as a person who has chosen to leave their country of origin and is or
has been a landed immigrant, permanent resident, or a citizen through naturalization
[29,30].
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o Refugee is defined as a person who left their country for safety [30].

Geography: All research globally will be included.

Languages: All languages will be included.

All research that focuses on the health-related impacts of climate change and air pollution

exposures on immigrant populations.

o Climate change is defined as a change in climate that lasts for a prolonged period,
usually decades or longer, and can be a result of natural forces or anthropogenic

changes [31].

o  Ambient air pollution is defined by the World Health Organization as a mixture of air
pollutants from vehicles, industries and households that people are exposed to outdoors
[32].

Exclusion criteria

Types of evidence source: letters, articles without peer-reviews, editorials, case studies/reports,

theses, dissertations, and grey literature.

Time frame: No time frames will be excluded.

Population: Populations that do not include immigrants (children <18 years or older adults >65

years) as a primary focus or as a subgroup.

Geography: No research will be excluded based on location.

Languages: No languages will be excluded.

Research that examines the health of immigrant populations unrelated to climate change and air

pollution exposures.

Research that examines climate change and air pollution exposures in a topic unrelated to health.
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Screening questions

Level 1 screening will include answering the following questions for each title and/or abstract:

1. Does the research focus on immigrant populations (children <18 years or older adults
>65 years)?

e Yes
e No
e Maybe

2. Does the research focus on exposure to climate change and/or air pollution variables?

e Yes
e No
e Maybe

3. Does the research focus on the health-related impacts of climate change and/or air
pollution exposures?

o Yes
e No
e Maybe

Level 2 screening will include answering the following questions for each complete article:

1. Does the research focus on immigrant populations (children <18 years or older adults
>65 years)?
e Yes

e No

2. Does the research focus on exposure to climate change and/or air pollution variables?
e Yes

e No

3. Does the research focus on the health-related impacts of climate change and/or air
pollution exposures?
e Yes

e No
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Data collection and analysis

© N o g bk~ w b=

Software

For this scoping review, Covidence will be used to manage the article results and remove

duplicates.

Data Extraction

The following data will be extracted from each article using Covidence data extraction 2.0. Fields

recommended by JBI for extraction were used and expanded upon [33]. Additional fields may be

added if necessary.

Author(s)

Title

Year of publication

Journal

Objective

Country that study was conducted in
Setting (Rural or urban)

Study population

Sample size

. Gender (male or female)
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Age breakdown

Data source (primary or secondary)

Immigrant category (refugee, economic immigrant, immigrant sponsored by family, other)
Length of residence (less than 10 years or greater than or equal to 10 years)
Study design

Type of analyses

Climate and air pollution exposure variable(s)

How climate and air pollution exposure variables were defined

Health outcome(s)

How health outcomes were measured

Did the study look at age/gender/immigrant category differences?

If yes to 19, what were the interactions and results?

Key findings on health-related impacts of climate change and air pollution exposures
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Presentation

Data that is extracted will be presented in a table, and the research questions will be addressed.

Data will be analyzed narratively.
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Table A1 Detailed Search Strings
Ovid MEDLINE(R) ALL <1946 to July 08, 2022>

#

Search Statement

Results

carbon cycle/ or carbon sequestration/ or climate change/ or global warming/ or droughts/
or El Nino-Southern Oscillation/ or floods/ or greenhouse effect/ or Hot Temperature/ or
("Arctic amplification" or "Arctic shrinkage" or "carbon footprint" or "carbon offset*" or
"carbon sequestration" or "carbon sink" or "carbon sinks" or (chlorofluorocarbon* adj2
(release or concentration® or atmosphere*)) or (climate adj2 (change* or model?ing or
predict® or resilience or sensitivity)) or deglaciation or desertification or "natural disaster
or drought or (earth adj2 warming) or El Nino or La Nina or "emissions reduc*" or
"emissions trading" or flood* or ((glacial or galcier) adj3 (retreat* or melt*)) or "global
radiation” or "global temperature*" or "global warming" or "greenhouse effect" or
"greenhouse gas" or "heat wave*" or hurricane* or "ice cap melt*" or "ice mass loss*" or
"Kyoto Protocol" or "landslide*" or "land slide*" or "mudslide*" or "mud slide*" or (ozone
adj2 hole) or "Paris Accord" or "permafrost melt*" or "polar amplification" or "polar ice
melt*" or "sea ice shrinkage" or "sea level rise*" or "sea surface warming" or "storm
surge*" or "thermohaline circulation" or ((extreme or severe or destructive) ad;j2
(temperature* or weather* or storm* or hail or wind*)) or tornado* or typhoon* or wildfire*
or "wild fire*").mp.

3l

263091

exp Air Pollution/ or Traffic-Related Pollution/ or greenhouse gases/ or stratospheric
ozone/ or ((gases/ or ammonia/ or carbon dioxide/ or carbon monoxide/ or chlorine/ or
greenhouse gases/ or hydrogen sulfide/ or nitrogen/ or nitrogen oxides/ or nitrogen
dioxide/ or nitrous oxide/ or ozone/ or sulfur dioxide/ or carbon monoxide*.mp. or
hydrogen sulfide*.mp. or hydrogen sulphide*.mp. or H2S.mp. or nitrogen oxide*.mp. or
volatile organic*.mp. or voc.mp. or nox.mp. or sulfur dioxide*.mp. or SO2.mp. or sulfur
oxide*.mp. or sulphur dioxide*.mp. or sulphur oxide*.mp.) and (exp Pollution/ or
pollut*.mp. or emit*.mp. or emission*.mp. or contaminat*.mp. or decontaminat*.mp.)) or
((air or atmospher*) adj3 (pollut* or quality or wast* or contamin* or emission* or
immission* or effluent*or acidification or contaminat® or degrad* or decontaminat* or
purif® or restor*)).mp. or ((gas or gases) adj3 (toxic* or noxious or releas™ or purifi* or
scrub® or emit* or waste* or vapo?r)).mp. or (acid* adj3 (deposition* or rain* or snow or
fog or mist or precipitation or hail or sleet)).mp. or afterburning.mp. or biogas.mp. or
(burning adj3 fossil fuel*).mp. or ((chimney or stack) adj3 height).mp. or dust.mp. or
fallout.mp. or fall out.mp. or flaring.mp. or fly ash.mp. or electrosmog.mp. or (greenhouse
adj3 (gas or effect or effects or gases or emission*)).mp. or incineration.mp. or odor.mp.
or odour.mp. or olfactory pollution.mp. or particulate*.mp. or smog.mp. or smoke.mp. or
soot.mp. or sick building syndrome.mp. or vapo?r recovery system*.mp. or ((industrial or
automobile* or traffic or freeway or highway or roadway or motorway or diesel or vehicle*
or diesel or truck or trucks or lorry or lorries or taxi or taxis or tailpipe* or roadside* or
"road side*" or autobus™ or bus or buses) adj3 (exhaust* or emission* or emit* or fume or
fumes or vapo?r*)).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

363940

1or2

600176

exp "Emigration and Immigration"/

26029

exp Refugee Camps/

267

exp "Emigrants and Immigrants"/ or Refugees/ or (immigrant* or immigration or emigrant™

94131
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http://voc.mp/
http://nox.mp/
http://afterburning.mp/
http://biogas.mp/
http://dust.mp/
http://fallout.mp/
http://out.mp/
http://flaring.mp/
http://ash.mp/
http://electrosmog.mp/
http://incineration.mp/
http://odor.mp/
http://odour.mp/
http://pollution.mp/
http://smog.mp/
http://smoke.mp/
http://soot.mp/
http://syndrome.mp/

or emigration or refugee* or "asylum seeker*" or asylee* or "displaced person*" or
"displaced people" or "incomer*" or "in comer*" or "new comer*" or newcomer* or
(migrant* not "internal migra*") or resettler*).mp.
7 4or50r6 94131
8 3 and 7 [(climate change OR air pollution) AND immigrants] 2120
9 exp Animals/ not (exp Animals/ and Humans/) 5025514
10 (sheep or sheep or ovine or pig or piglets or pigs or porcine or dog or dogs or canine or 5104397
cat or cats or kitten* or feline or rabbit* or rodent* or mice or mouse or rat or rats or
murine or bird or birds or fish or fishes).mp.
11 (sheep or sheep or ovine or pig or piglets or pigs or porcine or dog or dogs or canine or 1529565
cat or cats or kitten* or feline or rabbit* or rodent* or mice or mouse or rat or rats or
murine or bird or birds or fish or fishes).mp. and (exp humans/ or (human or
humans).ti,ab,kw.)
12 10 not 11 3574832
13 9or12 5275881
14 8 not 13 1700
15 limit 14 to "all aged (65 and over)" or limit 14 to "all child (0 to 18 years)" 414
16 exp Child/ or "Congenital, Hereditary, and Neonatal Diseases and Abnormalities"/ or exp | 4959530
infant/ or adolescent/ or exp pediatrics/ or child, abandoned/ or exp child, exceptional/ or
child, orphaned/ or child, unwanted/ or minors/ or (pediatric* or paediatric* or child* or
newborn* or congenital* or infan* or baby or babies or neonat* or pre-term or preterm* or
premature birth* or NICU or preschool* or pre-school* or kindergarten* or kindergarden*
or elementary school* or nursery school* or (day care* not adult*) or schoolchild* or
toddler* or boy or boys or girl* or middle school* or pubescen* or juvenile* or teen* or
youth* or high school* or adolesc* or pre-pubesc* or prepubesc*®).mp. or (child* or
adolesc™ or pediat* or paediat*).jn.
17 exp Geriatrics/ or exp Aged/ or Health Services for the Aged/ or Senior Centers/ or 3537660
(elders or elderly or geriatric* or "gerontolog* old age" or (seniors not "high school") or
(older adj3 (adult*or person* or people or man or men or woman or women)) or
centenarian® or nonagenarian® or octogenarian* or septuagenarian* or sexagenarian®* or
dottering or decrepit or tottering or overaged or "oldest old" or supercentenarian*).mp.
18 16 or 17 7776213
19 1and 7 and 18 265
20 150r 19 516
21 remove duplicates from 20 515
Embase <1974 to 2022 July 08>
# Search Statement Results
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exp carbon cycle/ or exp carbon footprint/ or exp carbon sequestration/ or exp climate
change/ or exp global warming/ or exp desertification/ or exp deglaciation/ or exp
drought/ or exp El Nino/ or exp flooding/ or exp greenhouse effect/ or high temperature/
or exp sea level rise/ or exp sea surface temperature/ or exp storm surge/ or severe
weather/ or "cold wave (weather)"/ or extreme weather/ or heat wave/ or hurricane/ or
"storm (weather)"/ or tornado/ or wildfire/ or ("Arctic amplification" or "Arctic shrinkage"
or "carbon footprint" or "carbon offset*" or "carbon sequestration" or "carbon sink" or
"carbon sinks" or (chlorofluorocarbon® adj2 (release or concentration* or atmosphere*))
or (climate adj2 (change* or model?ing or predict* or resilience or sensitivity)) or
deglaciation or desertification or "natural disaster*" or drought or (earth adj2 warming) or
"emissions reduc*" or "emissions trading" or flood* or ((glacial or glacier) adj3 (retreat®
or melt*)) or "global radiation" or "global temperature*" or "global warming" or
"greenhouse effect" or "greenhouse gas" or "heat wave*" or hurricane* or "ice cap melt*"
or "ice mass loss™" or "Kyoto Protocol" or "landslide*" or "land slide*" or "mudslide*" or
"mud slide*" or (ozone adj2 hole) or "Paris Accord" or "permafrost melt*" or "polar
amplification” or "polar ice melt*" or "sea ice shrinkage" or "sea level rise*" or "sea
surface warming" or "storm surge*" or "thermohaline circulation" or ((extreme or severe
or destructive) adj2 (temperature* or weather* or storm* or hail or wind*)) or tornado* or
typhoon* or wildfire* or "wild fire*").mp. or (("El Nino" or "La Nina").mp. not spanish.lg.)

201178

((exp air pollution/ or traffic pollution/ or (gas/ or ammonia/ or "gases, fumes, vapors and
related phenomena"/ or carbon dioxide/ or carbon monoxide/ or chlorine dioxide/ or exp
metal oxide/ or nitric oxide/ or nitrogen dioxide/ or nitrogen oxide/ or nitrous oxide/ or
sulfur dioxide/ or sulfur oxide/ or (carbon dioxide* or carbon monoxide* or hydrogen
sulfide* or hydrogen sulphide* or H2S or nitrogen oxide* or peroxyacetylnitrate or
volatile organic* or voc or nox or sulfur dioxide* or SO2 or sulfur oxide* or sulphur
dioxide* or sulphur oxide*).mp.)) and (exp Pollution/ or (pollut* or emit* or emission* or
contaminat* or decontaminat®*).mp.)) or ((air or atmospher*) adj3 (pollut* or quality or
wast* or contamin* or emission* or immission* or effluent*or acidification or contaminat*
or degrad* or decontaminat* or purif* or restor*)).mp. or ((gas or gases) adj3 (toxic* or
noxious or releas™ or purifi* or scrub* or emit* or waste* or vapo?r)).mp. or (acid* adj3
(deposition* or rain* or snow or fog or mist or precipitation or hail or sleet)).mp. or
afterburning.mp. or biogas.mp. or (burning adj3 fossil fuel*).mp. or ((chimney or stack)
adj3 height).mp. or dust.mp. or fallout.mp. or fall out.mp. or flaring.mp. or fly ash.mp. or
electrosmog.mp. or (greenhouse adj3 (gas or effect or effects or gases or
emission®)).mp. or incineration.mp. or odor.mp. or odour.mp. or olfactory pollution.mp.
or particulate*.mp. or smog.mp. or smoke.mp. or soot.mp. or "sick building
syndrome".mp. or vapo?r recovery system*.mp. or ((industrial or automobile* or traffic or
freeway™ or highway* or roadway* or motorway™* or diesel or vehicle* or truck or trucks
or lorry or lorries or taxi or taxis or tailpipe* or roadside* or "road side*" or autobus™ or
bus or buses) adj3 (exhaust* or emission* or emit* or fume or fumes or vapo?r*)).mp.
[mp=title, abstract, heading word, drug trade name, original title, device manufacturer,
drug manufacturer, device trade name, keyword heading word, floating subheading
word, candidate term word]

533677

exp refugee camp/ or exp refugee/ or Immigrant/ or Emigrant/ or (immigrant* or
immigration or emigrant* or emigration or refugee* or "asylum seeker*" or asylee* or
"displaced person*" or "displaced people" or "incomer*" or "in comer*" or "new comer*"
or newcomer* or resettler).mp. or ((exp migrant/ or migrant*.mp.) not internal*.mp.)

92295

1or2

686180

3and4

2357

limit 5 to (embryo <first trimester> or infant <to one year> or child <unspecified age> or

286
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http://afterburning.mp/
http://biogas.mp/
http://dust.mp/
http://fallout.mp/
http://out.mp/
http://flaring.mp/
http://ash.mp/
http://electrosmog.mp/
http://incineration.mp/
http://odor.mp/
http://odour.mp/
http://pollution.mp/
http://smog.mp/
http://smoke.mp/
http://soot.mp/

preschool child <1 to 6 years> or school child <7 to 12 years> or adolescent <13 to 17

years>)
7 5 2357
8 limit 7 to aged <65+ years> 165
9 6or8 396

pre term or preterm* or premature birth or NICU or preschool* or pre school* or

or paediat®).jn.

kindergarten* or elementary school* or nursery school* or schoolchild* or toddler* or boy
or boys or girl* or middle school* or pubescen* or juvenile* or teen* or youth* or high
school* or adolesc* or prepubesc* or pre pubesc*).mp. or (child* or adolesc* or pediat*

10 juvenile/ or exp adolescent/ or exp child/ or exp postnatal development/ or (pediatric* or | 5207454
paediatric* or child* or newborn* or congenital* or infan* or baby or babies or neonat* or

11 exp geriatrics/ or aged/ or aged hospital patient/ or exp elderly care/ or frail elderly/ or 3626113
gerontology/ or institutionalized elderly/ or very elderly/ or ("aging in place" or elders or
elderly or geriatric* or gerodontic* or gerontol* or old age or (seniors not "high school")
or (older adj3 (adult* or person* or people or man or men or woman or women)) or
centenarian® or nonagenarian® or octogenarian* or septuagenarian* or sexagenarian* or
dottering or decrepit or tottering or overaged or "oldest old" or supercentenarian®).mp.

12 10 or 11 8307342
13 |5and 12 601
14 9o0r13 601
15 remove duplicates from 14 595
EBSCO CINAHL Plus Full Text
Search Modes: Search all my search terms.
Search History
# Query Results
S1 (MH "Climate Change+") OR (MH "Sea Level Rise") OR (MH "Greenhouse 27,014

Effect") OR (MH "Carbon Footprint") OR (MH "Natural Disasters+") OR(MH
"Extreme Weather") OR (MH "Wildfires") or ("Arctic amplification" or "Arctic
shrinkage" or "carbon footprint" or "carbon offset*" or "carbon sequestration"
or "carbon sink" or "carbon sinks" or (chlorofluorocarbon* N2 (release or
concentration* or atmosphere*)) or (climate N2 (change* or model* or predict*
or resilience or sensitivity)) or deglaciation or desertification or "natural
disaster™ or drought or (earth N2 warming) or "emissions reduc*" or
"emissions trading" or flood* or ((glacial or glacier) n3 (retreat* or melt*)) or
"global radiation" or "global temperature*" or "global warming" or "greenhouse
effect" or "greenhouse gas" or "heat wave*" or hurricane* or "ice cap melt*" or
"ice mass loss™" or "Kyoto Protocol" or "landslide*" or "land slide*" or
"mudslide*" or "mud slide*" or (0zone N2 hole) or "Paris Accord" or
"permafrost melt*" or "polar amplification" or "polar ice melt*" or "sea ice
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S2

S3
S4

S5

S6

S7
S8
S9
S10
S11

0

shrinkage" or "sea level rise*™ or "sea surface warming" or "storm surge*" or
"thermohaline circulation" or ((extreme or severe or destructive) N2
(temperature* or weather* or storm* or hail or wind*)) or tornado* or typhoon*
or wildfire* or "wild fire*")

(MH "Air Pollution") OR (MH "Air Pollution, Indoor") OR (MH "Motor Vehicle
Emissions") OR (MH "Dust") OR (MH "Microparticles") OR (MH "Smog") OR
(MH "Smoke") OR (MH "Traffic Pollution+") OR (MH "Particulate Matter") OR
(MH "Air Pollutants") OR (MH "Air Pollutants, Environmental") OR (MH "Air
Pollutants, Occupational”) OR (MH "Air Pollutants, Radioactive") or (((carbon
monoxide* or hydrogen sulfide* or hydrogen sulphide* or H2S or nitrogen
oxide* or volatile organic* or voc or nox or sulfur dioxide* or sulfur oxide* or
sulphur dioxide* or sulphur oxide*) and (pollut* or emit* or emission* or
contaminat* or decontaminat*)) or ((air or atmospher*) N/3 (pollut* or quality or
wast* or contamin* or emission* or immission* or effluent*or acidification or
contaminat* or degrad* or decontaminat® or purif* or restor*)) or ((gas or
gases) N/3 (toxic* or noxious or releas* or purifi* or scrub* or emit* or waste*
or vapo?r)) or (acid* N/3 (deposition* or rain* or snow or fog or mist or
precipitation or hail or sleet)) or afterburning or biogas or (burning adj3 fossil
fuel®) or ((chimney or stack) N/3 height) or dust or fallout or fall out or flaring or
fly ash or electrosmog or (greenhouse N/3 (gas or effect or effects or gases or
emission*)) or incineration or odor or odour or olfactory pollution or particulate™
or smog or smoke or soot or sick building syndrome or vapo?r recovery
system* or ((industrial or automobile* or traffic or freeway or highway or
roadway or motorway or diesel or vehicle*) N/3 (exhaust* or emission* or emit*
or fume or fumes or vapo?r*)))

S10R S2

(MH "Refugees+") OR (MH "Immigrants") OR (MH "Undocumented
Immigrants")

(MH "Emigration and Immigration") OR (MH "Relocation") OR (MH "Transients
and Migrants")

(immigrant* or immigration or emigrant* or emigration or refugee* or "asylum
seeker*" or asylee* or "displaced person*" or "displaced people" or "incomer*"
or "in comer*" or "new comer*" or newcomer* or (migrant* not "internal
migrant™") or resettler*)

S4 OR S5 0OR S6

S3 AND S7

S3 AND S7 [Narrow by SubjectAge: - all child]

S3 AND S7 [Narrow by SubjectAge: - aged: 65+ years]
S9 OR S10

SCOPUS Searched July 12, 2022 Result = 839

( (TITLE-ABS-KEY (immigrant* OR immigration OR emigrant* OR emigration OR refugee* OR

45,407

71,423
25,094

14,334

46,368

48,122
830
189
116
273

{asylum seeker*} OR asylee* OR {displaced person*} OR {displaced people} OR "incomer*" OR {in
comer*} OR {new comer*} OR newcomer* OR migrant* OR resettler* )) AND ( TITLE-ABS-KEY (
elders OR elderly OR geriatric* OR {old age} OR {senior citizens} OR {older adult*} OR
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centenarian®* OR nonagenarian®* OR octogenarian® OR septuagenarian® OR sexagenarian®* OR
dottering OR ( decrepit W/3 (person OR persons OR people OR patient* )) OR tottering OR
overaged OR {oldest old} OR pediatric* OR paediatric* OR child* OR grandchild* OR newborn*
OR congenital* OR infan* OR baby OR babies OR neonat* OR pre-term OR preterm* OR
{premature birth*} OR nicu OR preschool* OR pre-school* OR kindergarten®* OR kindergarden* OR
{elementary school*} OR {nursery school*} OR {day care*} OR daycare* OR schoolchild®* OR
toddler OR boy OR boys OR girl* OR {middle school*} OR pubescen* OR juvenile* OR teen*
OR youth* OR {high school*} OR adolesc* OR pre-pubesc* OR prepubesc*)) AND ( ( TITLE-ABS-
KEY ( "Arctic amplification" OR "Arctic shrinkage" OR "carbon footprint" OR "carbon offset™ OR
"carbon sequestration" OR "carbon sink" OR "carbon sinks" OR ( chlorofluorocarbon* W/2 ( release
OR concentration®* OR atmosphere*)) OR (climate W/2 ( change®* OR model?ing OR predict* OR
resilience OR sensitivity ) ) OR deglaciation OR desertification OR "natural disaster*™ OR drought
OR (earth W/2 warming) OR "El Nino" OR "La Nina" OR "emissions reduc*™ OR "emissions
trading" OR flood* OR ( ( glacial OR galcier ) W/3 (retreat* OR melt*)) OR "global radiation” OR
"global temperature*” OR "global warming" OR "greenhouse effect" OR "greenhouse gas" OR "heat
wave*" OR hurricane* OR "ice cap melt*™" OR "ice mass loss*" OR "Kyoto Protocol" OR "landslide*"
OR "land slide*" OR "mudslide*™" OR "mud slide*" OR (ozone W/2 hole ) OR "Paris Accord" OR
"permafrost melt*" OR "polar amplification” OR "polar ice melt*" OR "sea ice shrinkage" OR "sea
level rise*" OR "sea surface warming" OR "storm surge*" OR "thermohaline circulation" OR ( (
extreme OR severe OR destructive ) W/2 (temperature* OR weather* OR storm* OR hail OR
wind* ) ) OR tornado* OR typhoon* OR wildfire* OR "wild fire*" )) OR ( TITLE-ABS-KEY ( ( (
"carbon monoxide*™ OR "hydrogen sulfide*" OR "hydrogen sulphide*™ OR h2s OR "nitrogen oxide*"
OR "volatile organic™ OR voc OR nox OR "sulfur dioxide*™ OR so02 OR "sulfur oxide*" OR
"sulphur dioxide™ OR "sulphur oxide*" ) AND ( pollut* OR emit* OR emission* OR contaminat* OR
decontaminat* ) ) ) OR TITLE-ABS-KEY ( ( (air OR atmospher*) W/3 ( pollut* OR quality OR wast*
OR contamin* OR emission®* OR immission* OR effluent* OR acidification OR contaminat* OR
degrad® OR decontaminat* OR purif* OR restor*))) OR TITLE-ABS-KEY (((gas OR gases) W/3
(toxic* OR noxious OR releas* OR purifi* OR scrub* OR emit* OR waste* OR vapo?r)) OR (
acid* W/3 ( deposition®* OR rain®* OR snow OR fog OR mist OR precipitation OR hail OR sleet)
) OR afterburning OR biogas OR ( burning W/3 "fossil fuel*™ )) OR TITLE-ABS-KEY ( ( ( chimney
OR stack ) W/3 height) OR dust OR fallout OR "fall out" OR flaring OR "fly ash" OR
electrosmog OR ( greenhouse W/3 (gas OR effect OR effects OR gases OR emission*)) OR
incineration OR odor OR odour OR "olfactory pollution" OR particulate* OR smog OR smoke OR
soot OR "sick building syndrome" OR "vapor recovery system*" OR "vapour recovery system*" OR (
(industrial OR automobile* OR traffic OR freeway OR highway OR roadway OR motorway OR
diesel OR vehicle* OR diesel OR truck OR trucks OR lorry OR lorries OR taxi OR taxis OR
tailpipe* OR roadside* OR "road side*" OR autobus* OR bus OR buses) W/3 ( exhaust* OR
emission®* OR emit* OR fume OR fumes OR vapor* OR vapour*)))))) AND NOT ( TITLE-ABS-
KEY ( "internal migrat™ OR "internal migrant*" OR pine OR pines OR tree OR trees OR pollen
OR plant OR plants OR "range expansion" OR "species" OR bird OR birds OR phytoplankton
OR oak OR treeline OR vegetation OR shrub OR shrubs OR fish OR larvae OR eel* OR
salmon* OR rat OR rats OR diptera OR dogfish* OR redhead* OR knot OR knots OR "marine
migration” OR squirrel* OR mullet* OR prawn* OR waterfowl ) )

PROQuest Dissertations and Theses Full Text Searched July 12, 2022

Search1 Result =39

noft((("carbon monoxide*" OR "hydrogen sulfide*" OR "hydrogen sulphide*' OR h2s OR "nitrogen oxide*"
OR "volatile organic*" OR voc OR nox OR "sulfur dioxide*" OR s02 OR "sulfur oxide*" OR "sulphur
dioxide*" OR "sulphur oxide*") AND (pollut* OR emit* OR emission* OR contaminat* OR decontaminat®))
OR ((air OR atmospher*) NEAR/3 (pollut* OR quality OR wast* OR contamin* OR emission* OR
immission* OR effluent* OR acidification OR contaminat* OR degrad* OR decontaminat* OR purif* OR
restor*)) OR ((gas OR gases) NEAR/3 (toxic* OR noxious OR releas* OR purifi* OR scrub* OR emit* OR
waste* OR vapor OR vapour)) OR (acid* NEAR/3 (deposition* OR rain* OR snow OR fog OR mist OR
precipitation OR hail OR sleet)) OR afterburning OR biogas OR (burning NEAR/3 "fossil fuel*") OR
((chimney OR stack) NEAR/3 height) OR dust OR fallout OR "fall out" OR flaring OR "fly ash" OR
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electrosmog OR (greenhouse NEAR/3 (gas OR effect OR effects OR gases OR emission*)) OR
incineration OR odor OR odour OR "olfactory pollution" OR particulate* OR smog OR smoke OR soot OR
"sick building syndrome" OR "vapor recovery system*" OR "vapour recovery system*" OR ((industrial OR
automobile* OR traffic OR freeway OR highway OR roadway OR motorway OR diesel OR vehicle* OR
diesel OR truck OR trucks OR lorry OR lorries OR taxi OR taxis OR tailpipe* OR roadside* OR "road
side*" OR autobus™* OR bus OR buses) NEAR/3 (exhaust* OR emission* OR emit* OR fume OR fumes
OR vapor* OR vapour*))) AND noft((immigrant* OR immigration OR emigrant* OR emigration OR
refugee* OR "asylum seeker* " OR asylee* OR "displaced person* " OR "displaced people " OR
"incomer™ OR "in comer* " OR "new comer* " OR newcomer* OR migrant* OR resettler*) AND (elders
OR elderly OR geriatric* OR "old age " OR "senior citizens " OR "older adult* " OR centenarian®* OR
nonagenarian* OR octogenarian® OR septuagenarian* OR sexagenarian* OR dottering OR (decrepit
NEAR/3 (person OR persons OR people OR patient*)) OR tottering OR overaged OR "oldest old " OR
pediatric* OR paediatric* OR child* OR grandchild* OR newborn* OR congenital* OR infan* OR baby OR
babies OR neonat* OR pre-term OR preterm* OR "premature birth* " OR nicu OR preschool* OR pre-
school* OR kindergarten* OR kindergarden* OR "elementary school* " OR "nursery school* " OR "day
care* " OR daycare* OR schoolchild* OR toddler* OR boy OR boys OR girl* OR "middle school* " OR
pubescen* OR juvenile* OR teen* OR youth* OR "high school* " OR adolesc* OR pre-pubesc* OR
prepubesc*)) NOT noft( ( ( "internal migrat*™" OR "internal migrant*" OR pine OR pines OR tree OR
trees OR pollen OR plant OR plants OR "range expansion" OR "species" OR bird OR birds OR
phytoplankton OR oak OR treeline OR vegetation OR shrub OR shrubs OR fish OR larvae OR
eel* OR salmon* OR rat OR rats OR diptera OR dogfish* OR redhead* OR knot OR knots OR
"marine migration" OR squirrel* OR mullet* OR prawn* OR waterfowl ) ))

Search 2 Results =103

noft( ( "Arctic amplification" OR "Arctic shrinkage" OR "carbon footprint" OR "carbon offset*™ OR
"carbon sequestration" OR "carbon sink" OR "carbon sinks" OR ( chlorofluorocarbon* N/2 ( release
OR concentration® OR atmosphere* ))) OR (climate N/2 (change®* OR model* OR predict* OR
resilience OR sensitivity ) ) OR deglaciation OR desertification OR "natural disaster*" OR drought
OR (earth N/2 warming) OR "EINino" OR "La Nina" OR "emissions reduc*" OR "emissions
trading" OR flood* OR (( glacial OR glacier ) N/3 (retreat* OR melt* )) OR "global radiation" OR
"global temperature* OR "global warming" OR "greenhouse effect" OR "greenhouse gas" OR "heat
wave* OR hurricane* OR "ice cap melt*" OR "ice mass loss*" OR "Kyoto Protocol" OR "landslide*"
OR "land slide*" OR "mudslide*™ OR "mud slide*™ OR (ozone N/2 hole ) OR "Paris Accord" OR
"permafrost melt*™" OR "polar amplification” OR "polar ice melt*™" OR "sea ice shrinkage" OR "sea
level rise*" OR "sea surface warming" OR "storm surge*" OR "thermohaline circulation" OR ((
extreme OR severe OR destructive ) N/2 (temperature* OR weather* OR storm* OR hail OR
wind*)) OR tornado* OR typhoon* OR wildfire* OR "wild fire*™" ) AND noft((immigrant* OR
immigration OR emigrant* OR emigration OR refugee* OR "asylum seeker* " OR asylee* OR "displaced
person* " OR "displaced people " OR "incomer*" OR "in comer* " OR "new comer* " OR newcomer* OR
migrant® OR resettler*) AND (elders OR elderly OR geriatric* OR "old age " OR "senior citizens " OR
"older adult* " OR centenarian* OR nonagenarian* OR octogenarian* OR septuagenarian* OR
sexagenarian®* OR dottering OR (decrepit NEAR/3 (person OR persons OR people OR patient*)) OR
tottering OR overaged OR "oldest old " OR pediatric* OR paediatric* OR child* OR grandchild* OR
newborn* OR congenital* OR infan* OR baby OR babies OR neonat* OR pre-term OR preterm* OR
"premature birth* " OR nicu OR preschool* OR pre-school* OR kindergarten* OR kindergarden* OR
"elementary school* " OR "nursery school* " OR "day care* " OR daycare* OR schoolchild* OR toddler*
OR boy OR boys OR girl* OR "middle school* " OR pubescen* OR juvenile* OR teen* OR youth* OR
"high school* " OR adolesc* OR pre-pubesc* OR prepubesc*)) NOT noft((("internal migrat*" OR "internal
migrant* OR pine OR pines OR tree OR trees OR pollen OR plant OR plants OR "range expansion" OR
"species" OR bird OR birds OR phytoplankton OR oak OR treeline OR vegetation OR shrub OR shrubs
OR fish OR larvae OR eel* OR salmon* OR rat OR rats OR diptera OR dogfish* OR redhead* OR knot
OR knots OR "marine migration" OR squirrel* OR mullet* OR prawn* OR waterfowl)))

Cochrane Library Searched July 12, 2022
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ID Search Hits
#1 (((("carbon monoxide" OR "hydrogen sulfide" OR "hydrogen sulphide*"

OR h2s OR "nitrogen oxide*" OR "volatile organic" OR voc OR nox OR

"sulfur dioxide" OR s02 OR "sulfur oxide" OR "sulphur dioxide" OR "sulphur oxide")

AND (pollut* OR emit* OR emission* OR contaminat* OR decontaminat*)) OR
((air OR atmospher*) NEAR 3 (pollut* OR quality OR wast* OR contamin* OR

emission* OR immission* OR effluent* OR acidification OR contaminat* OR
degrad* OR decontaminat* OR purif* OR restor*)) OR ((gas OR gases) NEAR 3
(toxic* OR noxious OR releas* OR purifi* OR scrub* OR emit* OR waste* OR vapor

OR vapour)) OR (acid* NEAR 3 (deposition* OR rain* OR snow OR fog OR mist OR precipitation OR hail
OR sleet)) OR afterburning OR biogas OR (burning NEAR 3

"fossil fuel*™) OR ((chimney OR stack) NEAR 3 height) OR dust OR fallout OR

"fall out" OR flaring OR "fly ash" OR electrosmog OR (greenhouse NEAR 3 (gas

OR effect OR effects OR gases OR emission*)) OR incineration OR odor OR odour
OR "olfactory pollution" OR particulate* OR smog OR smoke OR soot OR "sick
building syndrome" OR "vapor recovery system*" OR "vapour recovery system*"
OR ((industrial OR automobile* OR traffic OR freeway OR highway OR roadway
OR motorway OR diesel OR vehicle* OR diesel OR truck OR trucks OR lorry OR

lorries OR taxi OR taxis OR tailpipe* OR roadside* OR "road side*" OR autobus*
OR bus OR buses) NEAR 3 (exhaust* OR emission* OR emit* OR fume OR fumes

OR vapor* OR vapour*)))):ti,ab,kw 10060
#2 (( ("Arctic amplification" OR "Arctic shrinkage" OR "carbon footprint"

OR "carbon offset*" OR "carbon sequestration” OR "carbon sink" OR "carbon
sinks" OR ( chlorofluorocarbon* Near 2 (release OR concentration®* OR
atmosphere* ) )) OR (climate Near2 (change®* OR model* OR predict* OR

resilience OR sensitivity ) ) OR deglaciation OR desertification OR "natural
disaster" OR drought OR ( earth Near 2 warming ) OR "El Nino" OR "La Nina"

OR "emissions reduction" OR "emissions trading”" OR flood* OR ( ( glacial OR

glacier ) Near 3 (retreat®* OR melt* ) ) OR "global radiation” OR "global

temperature*" OR "global warming" OR "greenhouse effect” OR "greenhouse

gas" OR "heat wave*" OR hurricane* OR "ice cap melt" OR "ice mass loss™"
OR "Kyoto Protocol" OR "landslide" OR "land slide" OR "mudslide" OR "mud
slide" OR (ozone Near2 hole) OR "Paris Accord" OR "permafrost melt"
OR "polar amplification" OR "polar ice melt" OR "sea ice shrinkage" OR "sea

level rise" OR "sea surface warming" OR "storm surge" OR "thermohaline
circulation" OR ( ( extreme OR severe OR destructive ) Near 2 ( temperature*

OR weather* OR storm* OR hail OR wind*)) OR tornado* OR typhoon*

OR wildfire* OR "wild fire*" )):ti,ab,kw 1172
#3 #1 or #2 11202
#4 ((immigrant* OR immigration OR emigrant* OR emigration OR refugee* OR

"asylum seeker" OR asylee* OR "displaced person" OR "displaced people"” OR
"incomer*" OR "in comer " OR "new comer" OR newcomer* OR migrant* OR

resettler*)):ti,ab,kw 1900
#5 ((elders OR elderly OR geriatric* OR "old age " OR "senior citizens " OR

"older adult* " OR centenarian* OR nonagenarian* OR octogenarian* OR
septuagenarian* OR sexagenarian* OR dottering OR tottering OR overaged OR

"oldest old " OR pediatric* OR paediatric* OR child* OR grandchild* OR newborn* OR congenital* OR
infan* OR baby OR babies OR neonat* OR pre-term OR preterm* OR "premature birth* " OR nicu OR
preschool* OR pre-school* OR kindergarten* OR

kindergarden* OR "elementary school* " OR "nursery school* " OR "day care
OR daycare* OR schoolchild* OR toddler OR boy OR boys OR girl* OR "middle
school* " OR pubescen* OR juvenile* OR teen* OR youth* OR "high school* "

* "

OR adolesc* OR pre-pubesc* OR prepubesc*)):ti,ab,kw 390634
#6 "decrepit person" or "decrepit persons" or "decrepit people" or "decrepit patient" 0
#7 #5 or #6 390634
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#8 #3 and #4 and #7 1

PROSPERO Searched July 12, 2022 Results =3

Line  Search for Hits
#1 "carbon monoxide" OR "hydrogen sulfide" OR "hydrogen sulphide*"

OR h2s OR "nitrogen oxide™" OR "volatile organic" OR voc OR nox OR

"sulfur dioxide" OR s02 OR "sulfur oxide" OR "sulphur dioxide" OR "sulphur oxide" 516

#2 pollut* OR emit* OR emission* OR contaminat* OR decontaminat® 3003
#3 #1 AND #2 236
#4 (air OR atmospher®):TI,KW 459

#5 (pollut* OR quality OR wast* OR contamin* OR emission* OR immission*
OR effluent* OR acidification OR contaminat* OR degrad* OR decontaminat®

OR purif* OR restor*): TI,KW 6522
#6 #4 AND #5 349
#7 (gas OR gases): TI,KW 69

#8 (toxic* OR noxious OR releas* OR purifi* OR scrub* OR emit* OR waste*

OR vapor OR vapour): TI,KW 886
#9 #7 AND #8 4
#10 (acid*):TI,KW 1620
#11 (deposition* OR rain* OR snow OR fog OR mist OR precipitation OR hail OR sleet):TI,KW

51
#12 #10 AND #114
#13 (afterburning OR biogas): TI,KW 0
#14 (burning and "fossil fuel™): TI,KW 0
#15 (chimney height or stack height):TI,KW 0
#16 (dust OR fallout OR "fall out" OR flaring OR "fly ash" OR electrosmog):TI,KW 37
#17 (greenhouse): TI,KW 4

#18 (incineration OR odor OR odour OR "olfactory pollution" OR particulate*

OR smog OR smoke OR soot OR "sick building syndrome" OR "vapor recovery

system*" OR "vapour recovery system*"):TI,KW 217

#19 (industrial OR automobile* OR traffic OR freeway OR highway OR roadway OR motorway OR
diesel OR vehicle* OR diesel OR truck OR trucks OR lorry OR lorries

OR taxi OR taxis OR tailpipe* OR roadside* OR "road side*" OR autobus* OR bus OR buses): TI,KW

242
#20 (exhaust* OR emission* OR emit* OR fume OR fumes OR vapor* OR
vapour):TI,KW 251
#21 #19 AND #20 6
#22 ("Arctic amplification" OR "Arctic shrinkage" OR "carbon footprint" OR
"carbon offset*" OR "carbon sequestration" OR "carbon sink" OR "carbon
sinks"):TI,KW 13
#23(  chlorofluorocarbon®): TI,KW 0
#24 ("climate change" or "climate model" or "climate predict*" or "climate
resilience" or "climate senstivity"): TI,KW 112
#25 (deglaciation OR desertification OR "natural disaster" OR drought): TI,KW 38
#26 ("El Nino" OR "La Nina" OR "emissions reduction" OR "emissions trading" OR flood*): TI,KW
18
#27 ("earth warming"):TI,KW 0
#28 ("glac* retreat™ or "glac* melt*"):TI,KW 0

0

#29 ("global radiation" OR "global temperature*" OR "global warming" OR

"greenhouse effect" OR "greenhouse gas" OR "heat wave*" OR hurricane* OR

"ice cap melt" OR "ice mass loss*" OR "Kyoto Protocol" OR "landslide" OR

"land slide" OR "mudslide" OR "mud slide"): TI,KW 38
#30 ("Paris Accord" OR "permafrost melt" OR "polar amplification" OR

"polar ice melt" OR "sea ice shrinkage" OR "sea level rise" OR "sea

surface warming" OR "storm surge" OR "thermohaline circulation"): T, KW 1
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#31 ("ozone hole"):TI,KW 0

#32 ("extreme weather" or "extreme heat" or "extreme storm*" or

"extreme hail" or "extreme wind*" or "severe heat*" or "severe storm*" or

"severe hail" or "sever temperature" or "destructive weather" or "destructive storm*"

or "destructive temperature*" or "destructive hail"):TI,KW 16

#33 (tornado* OR typhoon* OR wildfire* OR "wild fire*"): TI,KW 17

#34 #3 OR #6 OR #9 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR

#18 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29

OR #30 OR #31 OR #32 OR #33 748

#35 (immigrant* OR immigration OR emigrant* OR emigration OR refugee*

OR "asylum seeker" OR asylee* OR "displaced person" OR "displaced people"

OR "incomer* OR "in comer " OR "new comer" OR newcomer* OR migrant* OR resettler*): TI,KW
613

#36 #34 AND #35 3
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Appendix 2: Extraction Template for Scoping Review

® N WN=

Author(s)

Title

Year of publication

Journal

Objective

Country that study was conducted in
Setting (Rural or urban)

Study population

Sample size

. Gender (male or female)

. Age breakdown

. Data source (primary or secondary)

. Immigrant category (refugee, economic immigrant, immigrant sponsored by family, other)
. Length of residence (less than 10 years or greater than or equal to 10 years)

Study design

. Type of analyses

. Climate and air pollution exposure variable(s)

. How climate and air pollution exposure variables were defined

. Health outcome(s)

. How health outcomes were measured

. Did the study look at age/gender/immigrant category differences?

. If yes to 19, what were the interactions and results?

. Key findings on health-related impacts of climate change and air pollution exposures
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Appendix 3 Data Dictionary for Exposures, Characteristics and Health Outcomes

Table A3 Further information on variables used in the analysis

Variable Variable label | Data source | Spatial Years Variable Categories Reference
distribution type group
Exposure variables
High temperature | Annual highest | CANUE Estimated 2009 to Categorical 0 = min to 30.73 0 (mildest
temperature using 2014 1=30.74 to 31.87 temps)
(Celsius) ANUSPLIN 2 =31.88 10 33.08
modelling at 3 = 33.09 to max
postal code
level
(completed
by CANUE)
Low temperature | Annual lowest | CANUE Estimated 2009 to Categorical 0 =-35.98 to max 3 (mildest
temperature using 2014 1=-35.97 t0 -34.45 temps)
(Celsius) ANUSPLIN 2=-34.44 10 -33.17
modelling at 3 = min to -33.16
postal code
level
(completed
by CANUE)
Average Annual CANUE Estimated 2009 to Categorical 0 = min to 2.83 3 (mildest
temperature average using 2014 1=2.84 10 3.31 temps)
temperature ANUSPLIN 2=3.32104.02
(Celsius) modelling at 3 =4.03 to max
postal code
level
(completed
by CANUE)
Average daily Annual CANUE Estimated 2009 to Categorical 0 =min to 8.77 0 (mildest
maximum average of using 2014 1=8.78109.17 temps)
temperature daily maximum ANUSPLIN 2=9.1810 10.16
temperature modelling at 3 =10.17 to max
(Celsius) postal code
level

163




(completed

by CANUE)
Average daily Annual CANUE Estimated 2009 to Categorical 0 =-3.11 to max 3 (mildest
minimum average of using 2014 1=-3.10t0 -2.53 temp)
temperature daily minimum ANUSPLIN 2=-2.521%0-2.06
temperature modelling at 3 =min to -2.05
(Celsius) postal code
level
(completed
by CANUE)
Average diurnal Annual CANUE Estimated 2009 to Categorical 0 = min to 11.59 0 (smallest
temperature average of using 2014 1=11.60to 12.00 difference
range difference ANUSPLIN 2=12.0110 12.53 between
between modelling at 3 =12.54 to max minimum and
maximum and postal code maximum
minimum level temperature =
temperatures (completed mildest temps)
(Celsius) by CANUE)
Average PM2s Annual CANUE Estimated 2009 to Categorical 1 =min t0 6.40 1 (lowest
(sensitivity average using 2014 2=6.501t07.50 exposure)
analysis data) PM2.5 geographical 3 =7.60to 8.90
Concentration ly weighted 4 =9.00 to max
(ng/m3) regression
(completed
by CANUE)
Average wildfire Annual CANUE Estimated 2010 to Categorical 0 = min to 6.59 0 (lowest
smoke average using 2014 1=6.60t07.14 exposure)
concentration Canadian 2=7151t07.74
(ug/m?) Optimized 3 =7.75 to max
Statistical
Smoke
Model
(completed
by CANUE)
Average NO2 Annual mean NAPS Assigned 2009 to Categorical 0 =min to 6.92 0 (lowest
level of closest 2014 1=7.07to 11.62 exposure)
pollutant (unit observation 2=11.74 t0 15.31
ppb) to each 3 =15.71 to max
calculated individual

from sufficient

164




days months using
>=9) ArcMap

Average O3 Annual mean NAPS Assigned 2009 to Categorical 0 = min to 19.94 0 (lowest
level of closest 2014 1=20.23 t0 22.83 exposure)
pollutant (unit observation 2 =22.90 to 26.55
ppb) to each 3 = 26.56 to max
calculated individual
from sufficient using
days of data ArcMap
months >=9)

Average PM2s Annual mean NAPS Assigned 2009 to Categorical 0 =min to 6.75 0 (lowest
level of closest 2014 1=6.77 10 8.09 exposure)
pollutant observation 2=8.191010.17
(ug/m?) to each 3 =10.31 to max
calculated individual
from sufficient using
days of data ArcMap
months >=9

Characteristics

Age Age of CCHS Postal code | 2009 to Continuous - -
individual 2014
(years)

Household household CCHS Postal code | 2009 to Continuous - -

income income best 2014
estimate

Length of Length of time | CCHS Postal code | 2009 to Continuous - -

residence resided in 2014
Canada
(years)

Age Age of Generated Postal code | 2009 to Categorical 1=121t017 2
individual using CCHS 2014 2=181049
(years) data 3=50to 64

4 = 65+

Household household Generated Postal code | 2009 to Categorical 1 =no income to 2

income income best using CCHS 2014 $69,999
estimate data 2 =$70,000 to $100,00+

Length of Length of time | Generated Postal code | 2009 to Categorical 1=<10yearsin 0 for total

residence resided in using CCHS 2014 Canada population
Canada data 2 =10+ yearsin models, 1 for
(years) Canada
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0 = non-immigrant immigrant
models
Geographical Whether the CCHS Postal code | 2009 to Categorical 1 = urban 1
location individual lives 2014 2 = rural
in an urban or
rural location
Sex Whether the CCHS Postal code | 2009 to Categorical 1 =male 1
individual is 2014 2 = female
male or female
Marital status Marital status Regrouped Postal code | 2009 to Categorical 1 = married/common 1
of the CCHS 2014 law
individual variable 2=
widowed/separated/divo
rced/single/never
married
BMI Body Mass CCHS Postal code | 2009 to Categorical 1 = underweight 2
Index 2014 2 = normal weight
(measure of 3 = overweight
body weight) 4 = obese
BMI (regrouped) Body Mass Regrouped Postal code | 2009 to Categorical 1 = normal weight 1
Index CCHS 2014 2 = underweight/
(measure of variable overweight/obese
body weight)
Household size Number of Regrouped Postal code | 2009 to Categorical 1 =<=3 people 1
individuals CCHS 2014 2 => 3 people
residing in one | variable
household
Cultural/racial Cultural/racial | Regrouped Postal code | 2009 to Categorical 1 = White 1
background background of | CCHS 2014 2 = other (Black, Asian,
individual variable Arab, West Asian, Latin
American, multiple races
or other race)
Education Highest level Regrouped Postal code | 2009 to Categorical 1 = less than secondary | 4
of education CCHS 2014 school graduation
obtained variable 2 = secondary school,

gra, no post-secondary
3 = some post-
secondary education
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4 = post-secondary
certification/diploma or
university degree

Education Highest level CCHS Postal code | 2009 to Categorical 1 = secondary school
(regrouped) of education 2014 graduation or less
obtained 2 = some post-
secondary/post-
secondary grad
Self-perceived How an CCHS Postal code | 2009 to Categorical 1 = excellent/very
health individual 2014 good/good
perceives their 2 = fair/poor
own health
status
Self-perceived How an CCHS Postal code | 2009 to Categorical 1 = excellent/very
mental health individual 2014 good/good
perceives their 2 = fair/poor
own mental
health status
High blood Whether the CCHS Postal code | 2009 to Categorical 1=yes
pressure individual has 2014 2=n0
high blood
pressure or
not
Diabetes Whether the CCHS Postal code | 2009 to Categorical 1=yes
individual has 2014 2=no
diabetes or not
Smoking status If and how Regrouped Postal code | 2009 to Categorical 1 = daily
often the CCHS 2014 2 = occasionally
individual variable 3 =not at all
smokes
Smoking status If and how CCHS Postal code | 2009 to Categorical 1 = daily/occasionally
(regrouped) often the 2014 2 =not at all
individual
smokes
Sense of Whether the CCHS Postal code | 2009 to Categorical 1 = very strong
belonging to the individual feel 2014 2 = somewhat strong
community s like they 3 = somewhat weak
belong to the 4 = very weak
community
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Sense of Whether the Regrouped Postal code | 2009 to Categorical 1= very
belonging to the individual feel | CCHS 2014 strong/somewhat strong
community s like they variable 2 = somewhat
(regrouped) belong to the weak/very weak
community
Population type Whether the Generated Postal code | 2009 to Categorical 0 = non-immigrant
individual is an | using CCHS 2014 1 = immigrant
immigrant or and IMDB
not variables
Health outcomes
Heart disease Whether the CCHS Postal code | 2009 to Categorical 1=yes
individual has 2014 2=no
heart disease
Stroke effects Whether the CCHS Postal code | 2009 to Categorical 1=yes
individual 2014 2=no
suffers from
the effects of a
stroke
Mood disorder Whether the CCHS Postal code | 2009 to Categorical 1=yes
individual has 2014 2=no
a mood
disorder
Anxiety disorder Whether the CCHS Postal code | 2009 to Categorical 1=yes
individual has 2014 2=no
an anxiety
disorder
Asthma Whether the CCHS Postal code | 2009 to Categorical 0=no
individual has 2014 1=yes
asthma
Cardiovascular Whether the Generated Postal code | 2009 to Categorical 0=no
outcome individual has | using CCHS 2014 1=yes
heart disease variable
and/or suffers
from the
effects of a
stroke
Mental disorder Whether the Generated Postal code | 2009 to Categorical 0=no
individual has | using CCHS 2014 1=yes
a mood variable
disorder
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and/or anxiety
disorder
Sources: The Canadian Urban Environmental Health Research Consortium [1], National Air Pollution Surveillance Program [2], Canadian Community Health
Survey [3] and Longitudinal Immigration Database [4].
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Appendix 4 Sample Size Estimation: Population Prevalence

The required sample size for this study was calculated using the sample size calculation formula for a
cross-sectional study [1-4].
z’xp (1—p)
"=
n = sample size
z = standard normal variate (95% desired level of confidence) = 1.96
p = expected prevalence
-prevalence of asthma (Alberta 2015 to 2020 ages 12+): 8.93% [5]
-prevalence of asthma (Alberta 2015 to 2020 ages 12 to 17): 12.72% [5]
-prevalence of asthma (Alberta 2015 to 2020 ages 65+) 7.72% [5]
-prevalence of mood disorder (Alberta 2015 to 2022 ages 12+): 10.04% [6]
-prevalence of mood disorder (Alberta 2015 to 2022 ages 12 to 17): 6.78% [6]
-prevalence of mood disorder (Alberta 2015 to 2022 ages 65+): 7.13% [6]
d = margin of error = 0.05

For asthma ages 12+, a minimum sample size of ~64 is needed, for ages 12 to 17 a minimum of
~87 is needed and for ages 65 plus a minimum of ~56. For mood disorders ages 12+ a minimum sample

size of ~71 is needed, for ages 12 to 17 of ~50 is needed and for ages 65+ a minimum of ~52 is needed.
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Appendix 5 Exposure Descriptive Summary

Table A5 Descriptive summary of annual weather and air pollution exposures

Continuous characteristics Mean Linearized Standard
error
Total population (n = 14,620,000)

High temperature (Celsius) 31.68 0.0153
Low temperature (Celsius) -34.49 0.0224
Average temperature (Celsius) 3.51 0.0086
Average daily minimum temperature (Celsius) -2.52 0.0082
Average daily maximum temperature (Celsius) 9.54 0.0102
Average diurnal temperature range (Celsius) 12.06 0.007
Average NO2 (ppb) 13.36 0.0504
Average Oz (ppb) 22.70 0.0403
Average PM2s (ug/m®) 9.08 0.0315
Average wildfire smoke (ug/m?®) 7.37 0.0109

Adolescent population (n = 1,254,000)
High temperature (Celsius) 31.89 0.0443
Low temperature (Celsius) -34.61 0.0795
Average temperature (Celsius) 3.47 0.0254
Average daily minimum temperature (Celsius) -2.57 0.0247
Average daily maximum temperature (Celsius) 9.52 0.0298
Average diurnal temperature range (Celsius) 12.09 0.0207
Average NO2 (ppb) 13.43 0.1538
Average Os (ppb) 22.6 0.1193
Average PMz2s (ug/md) 9.11 0.0905
Average wildfire smoke (ug/m?®) 7.4 0.0338

Older adult population (n = 1,833,000)

High temperature (Celsius) 31.91 0.0278
Low temperature (Celsius) -34.53 0.0484
Average temperature (Celsius) 3.56 0.0158
Average daily minimum temperature (Celsius) -2.47 0.0153
Average daily maximum temperature (Celsius) 9.59 0.0187
Average diurnal temperature range (Celsius) 12.06 0.013
Average NO2 (ppb) 13.14 0.0995
Average Os (ppb) 22.95 0.0784
Average PM2s (ug/m®) 8.95 0.0577
Average wildfire smoke (ug/m®) 7.35 0.0218

Immigrant population (n = 3,384,000)
High temperature (Celsius) 31.82 0.0313
Low temperature (Celsius) -34.26 0.0514
Average temperature (Celsius) 3.6 0.0181
Average daily minimum temperature (Celsius) -2.43 0.0164
Average daily maximum temperature (Celsius) 9.63 0.0227
Average diurnal temperature range (Celsius) 12.05 0.0162
Average NO2 (ppb) 14.32 0.1028
Average Os (ppb) 22.18 0.092
Average PM2s (ug/m®) 9.41 0.0711
Average wildfire smoke (ug/m?®) 7.41 0.0251

Sources: Canadian Urban Environmental Health Research Consortium [1], National Air Pollution Surveillance
Program [2] and the Canadian Community Health Survey linked to Longitudinal Immigration Database [3,4,5].
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Appendix 6 Weather and Air Pollution Results

Table A6.1 Adjusted logistic model results for weather and air pollution exposures and asthma

Exposure Exposure level Total Total Total Immigrant
type population population population population
OR (95% CI1)! | adolescent older adults | OR (95%
OR (95% CI)> | OR (95% CI)! | CI)®
Average Very low 0.93 0.78 1.25 1.54
temperature (min to 2.83) (0.69-1.25) (0.42-1.43) (0.73-2.16) (0.72-3.30)
(Celsius) Low 1.02 0.76 1.33 1.97
(2.84 t0 3.31) (0.80-1.3) (0.42-1.38) (0.83-2.12) (0.91-4.28)
Moderate 0.84 1.01 1.47 1.25
(3.3210 4.02) (0.66-1.07) (0.56-1.83) (0.93-2.35) (0.64-2.48)
High Reference
(4.03 to max)
Average daily | Very low Reference
maximum (min to 8.77)
temperature Low 1.28 0.86 1.46 1.55
(Celsius)* (8.78 10 9.17) (0.99-1.66) (0.44-1.65) (0.88-2.44) (0.77-3.12)
Moderate 0.99 1.43 1.33 1.00
(9.18 t0 10.16) (0.78-1.26) (0.78-2.62) (0.79-2.24) (0.45-2.21)
High 1.14 1.10 1.02 0.88
(10.17 to max) (0.89-1.46) (0.59-2.03) (0.61-1.69) (0.43-1.80)
Average NO2 | Very low Reference
(ppb) (min to 6.92)
Low 0.80 0.71 0.87 0.95
(7.07 to0 11.62) (0.62-1.03) (0.38-1.32) (0.52-1.46) (0.38-2.37)
Moderate 0.97 0.59 1.30 0.64
(11.74 t0 15.31) (0.74-1.27) (0.29-1.22) (0.78-2.17) (0.26-1.58)
High 1.08 0.88 0.86 0.83
(15.71 to max) (0.83-1.41) (0.46-1.69) (0.51-1.45) (0.34-2.07)

Sources: Canadian Urban Environmental Health Research Consortium [1], National Air Pollution Surveillance
Program [2] and the Canadian Community Health Survey linked to Longitudinal Immigration Database [3,4,5].

1 Adjusted for age, household income, population type (immigrants or non-immigrants), geographical location (urban
or rural), sex, marital status, household size, cultural/racial background, self-perceived health, sense of belonging to
the community, smoking type, education level, BMI and corresponding exposure. NO2 exposure models were also
adjusted for average temperature.

2 Adjusted for household income, population type (immigrants or non-immigrants), geographical location (urban or
rural), sex, household size, cultural/racial background, self-perceived health, sense of belonging to the community,
smoking type, BMI and corresponding exposure. NO2 exposure models were also adjusted for average temperature.
3 Adjusted for household income, geographical location (urban or rural), sex, household size, cultural/racial
background, self-perceived health, sense of belonging to the community, smoking type, BMI, length of residence in
Canada and corresponding exposure. NO2 exposure models were also adjusted for average temperature.

4 The average daily maximum temperature is the annual average of all daily maximum temperatures individuals were
exposed to. High temperature is the annual single highest temperature that individuals were exposed to.
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Table A6.2 Adjusted logistic model results for weather and air pollution exposures and cardiovascular

outcomes
Exposure type Exposure level Total Total Immigrant
population OR | population population OR
(95% CI)" older adults (95% CI)?
OR (95% CI)*

Average temperature | Very low 0.94 0.74 1.07

(Celsius) (min to 2.83) (0.69-1.28) (0.48-1.13) (0.52-2.2)
Low 1.01 0.90 1.08
(2.84 t0 3.31) (0.75-1.37) (0.60-1.36) (0.55-2.11)
Moderate 0.94 0.84 0.84
(3.3210 4.02) (0.71-1.26) (0.58-1.22) (0.44-1.59)
High Reference
(4.03 to max)

Average daily Very low Reference

maximum temperature | (min to 8.77)

(Celsius)® Low 0.88 1.27 1.27
(8.78 10 9.17) (0.63-1.23) (0.83-1.94) (0.51-3.12)
Moderate 0.91 1.28 0.94
(9.18 10 10.16) (0.65-1.28) (0.85-1.93) (0.39-2.26)
High 0.91 1.37 1.01
(10.17 to max) (0.65-1.26) (0.90-2.08) (0.42-2.46)

Average NO:2 (ppb) Very low Reference
(min to 6.92)
Low 0.78 0.77 0.99
(7.07 to 11.62) (0.57-1.08) (0.51-1.15) (0.38-2.57)
Moderate 0.83 0.82 1.45
(11.74 t0 15.31) (0.60-1.15) (0.54-1.25) (0.67-3.15)
High 1.19 1.21 1.53
(15.71 to max) (0.87-1.63) (0.80-1.83) (0.69-3.38)

Sources: Canadian Urban Environmental Health Research Consortium [1], National Air Pollution Surveillance
Program [2] and the Canadian Community Health Survey linked to Longitudinal Immigration Database [3,4,5].

1 Adjusted for age, household income, population type (immigrants or non-immigrants), geographical location (urban
or rural), sex, marital status, household size, cultural/racial background, self-perceived health, sense of belonging to
the community, smoking type, education level and BMI, high blood pressure, diabetes and corresponding exposure.
NO2 exposure models were also adjusted for average temperature.

2 Adjusted for household income, geographical location (urban or rural), sex, household size, cultural/racial
background, self-perceived health, sense of belonging to the community, smoking type and BMI, high blood pressure,
diabetes, length of residence in Canada and corresponding exposure. NO2 exposure models were also adjusted for
average temperature.

3 The average daily maximum temperature is the annual average of all daily maximum temperatures individuals were
exposed to. High temperature is the annual single highest temperature that individuals were exposed to.
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Table A6.3 Adjusted logistic model results for weather and air pollution exposures and mental disorders

Exposure type | Exposure level Total Total Total Immigrant
population population population population
OR (95% adolescent older adults | OR (95% CI)®
(o)1 OR (95% CIl)? | OR (95%
(o)}
Average Very low 0.80 1.73 0.70 1.46
temperature (min to 2.83) (0.63-1.02) (0.69-4.32) (0.39-1.25) (0.67-3.18)
(Celsius) Low 0.96 1.45 1.35 1.36
(2.84 t0 3.31) (0.76-1.22) (0.58-3.61) (0.85-2.16) (0.58-3.18)
Moderate 1.16 1.13 1.32 217
(3.3210 4.02) (0.91-1.47) (0.49-2.62) (0.83-2.11) (0.97-4.88)
High Reference
(4.03 to max)
Average daily Very low Reference
maximum (min to 8.77)
temperature Low 0.94 1.64 1.29 0.95
(Celsius)* (8.78 t0 9.17) (0.73-1.21) (0.60-4.53) (0.75-2.23) (0.45-2.01)
Moderate 0.92 0.83 1.61 0.97
(9.18 t0 10.16) (0.73-1.17) (0.32-2.16) (0.95-2.72) (0.51-1.84)
High 0.95 0.87 0.99 0.66
(10.17 to max) (0.74-1.21) (0.35-2.19) (0.58-1.69) (0.29-1.51)
Average NO2 Very low Reference
(ppb) (min to 6.92)
Low 1.09 1.32 0.65 1.63
(7.07 to 11.62) (0.82-1.44) (0.47-3.73) (0.38-1.13) (0.51-5.19)
Moderate 0.98 1.20 0.78 1.85
(11.74 t0 15.31) (0.76-1.27) (0.40-3.58) (0.49-1.27) (0.83-4.11)
High 0.95 1.36 0.73 1.46
(15.71 to max) (0.72-1.24) (0.46-4.05) (0.44-1.22) (0.65-3.25)

Sources: Canadian Urban Environmental Health Research Consortium [1], National Air Pollution Surveillance
Program [2] and the Canadian Community Health Survey linked to Longitudinal Immigration Database [3,4,5].

1 Adjusted for age, household income, population type (immigrants or non-immigrants), geographical location (urban
or rural), sex, marital status, household size, cultural/racial background, self-perceived health, self-perceived mental
health, sense of belonging to the community, smoking type, education level, BMI and corresponding exposure. NO2
exposure models were also adjusted for average temperature.

2 Adjusted for household income, population type (immigrants or non-immigrants), geographical location (urban or
rural), sex, household size, cultural/racial background, self-perceived health, self-perceived mental health, sense of
belonging to the community, smoking type, BMI and corresponding exposure. NO2 exposure models were also
adjusted for average temperature.

3 Adjusted for household income, geographical location (urban or rural), sex, household size, cultural/racial
background, self-perceived health, self-perceived mental health, sense of belonging to the community, smoking type
and BMI, length of residence in Canada and corresponding exposure. NO2 exposure models were also adjusted for
average temperature.

4 The average daily maximum temperature is the annual average of all daily maximum temperatures individuals were
exposed to. High temperature is the annual single highest temperature that individuals were exposed to.
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Appendix 7 Immigrant Compared to Non-Immigrant Results

Table A7 Adjusted logistic model results for health outcomes and immigrants compared to non-

immigrants
Model Health outcome Total population | Adolescent Older adult
immigrants OR immigrants OR immigrants OR
(95% ClI)" (95% CI)? (95% CI)'
High temperature | Asthma 0.38*** (0.26- 0.42 (0.15-1.19) 0.91 (0.55-1.49)
(Celsius)® 0.55)

Cardiovascular
outcome

0.35** (0.17-0.71)

0.42* (0.19-0.93)

Mental disorder

0.64** (0.47-0.87)

0.12* (0.02-0.71)

0.84 (0.53-1.34)

Low temperature

Asthma

0.37*** (0.26-

0.39 (0.13-1.17)

0.91 (0.55-1.50)

outcome

(Celsius)?* 0.55)
Cardiovascular 0.87 (0.65-1.16) - 1.05 (0.75-1.47)
outcome
Mental disorder 0.63** (0.46-0.85) | 0.12* (0.02-0.76) | 0.83 (0.52-1.32)
Average Asthma 0.38*** (0.26- 0.40 (0.14-1.19) 0.91 (0.55-1.50)
temperature 0.55)
(Celsius) Cardiovascular 0.87 (0.65-1.16) - 1.05 (0.75-1.47)

Mental disorder

0.63** (0.46-0.85)

0.13* (0.02-0.74)

0.81(0.50-1.31)

Average daily
maximum
temperature
(Celsius)®

Asthma

0.38** (0.26-
0.55)

0.41 (0.14-1.18)

0.91 (0.55-1.50)

Cardiovascular
outcome

0.88 (0.66-1.17)

1.06 (0.76-1.48)

Mental disorder

0.64** (0.47-0.87)

0.12* (0.02-0.72)

0.81 (0.50-1.31)

Average daily
minimum
temperature
(Celsius)*

Asthma

0.38*** (0.26-
0.55)

0.43 (0.15-1.24)

0.90 (0.54-1.49)

Cardiovascular
outcome

0.88 (0.66-1.17)

1.05 (0.76-1.47)

Mental disorder

0.62* (0.46-0.84)

0.12* (0.02-0.74)

0.81 (0.50-1.31)

Average diurnal
temperature range
(Celsius)

Asthma

0.38*** (0.26-
0.55)

0.41 (0.14-1.18)

0.91 (0.55-1.49)

Cardiovascular
outcome

0.87 (0.66-1.17)

1.05 (0.75-1.47)

Mental disorder

0.64** (0.47-0.87)

0.13* (0.02-0.77)

0.82 (0.51-1.32)

Average PMzs
(ug/m?)

Asthma

0.38* (0.26-
0.55)

0.41 (0.14-1.20)

0.91 (0.55-1.50)

Cardiovascular
outcome

0.87 (0.65-1.16)

1.05 (0.75-1.46)

Mental disorder

0.63** (0.46-0.86)

0.11* (0.02-0.71)

0.81 (0.50-1.31)

Average NO2
(Ppb)

Asthma

0.38** (0.26-
0.55)

0.41 (0.14-1.23)

0.90 (0.54-1.52)

Cardiovascular
outcome

0.85 (0.64-1.14)

1.02 (0.72-1.43)

Mental disorder

0.63** (0.46-0.85)

0.13* (0.02-0.78)

0.81 (0.50-1.31)

Average Os (ppb)

Asthma

0.38*** (0.26-
0.55)

0.41 (0.14-1.22)

0.92 (0.55-1.52)
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Cardiovascular
outcome

0.86 (0.64-1.14)

1.03 (0.74-1.45)

Mental disorder

0.63** (0.46-0.85)

0.11* (0.02-0.67)

0.80 (0.49-1.31)

Average wildfire
smoke (PM2s

ug/m?)®

Asthma

0.40%** (0.28-
0.59)

0.33 (0.09-1.21)

0.88 (0.51-1.50)

Cardiovascular
outcome

0.82 (0.60-1.12)

1.02 (0.71-1.47)

Mental disorder

0.60** (0.43-0.83)

0.13* (0.02-0.82)

0.79 (0.47-1.31)

***p<0.001, **p<0.01, *p<0.05
Sources: Canadian Urban Environmental Health Research Consortium [1], National Air Pollution Surveillance
Program [2] and the Canadian Community Health Survey linked to Longitudinal Immigration Database [3,4,5].
1 Adjusted for age, household income, geographical location (urban or rural), sex, marital status, household size,
cultural/racial background, self-perceived health, sense of belonging to the community, smoking type, education level
and BMI, and corresponding exposure. PMzs, O3, NO2 and wildfire smoke exposure models were also adjusted for
average temperature, cardiovascular outcome models were adjusted for high blood pressure and diabetes, and

mental disorder models were adjusted for self-perceived mental health.

2 Adjusted for household income, geographical location (urban or rural), sex, household size, cultural/racial
background, self-perceived health, sense of belonging to the community, smoking type and BMI and corresponding
exposure. PM2s, O3, NO2 and wildfire smoke exposure models were also adjusted for average temperature, and

mental disorder models were adjusted for self-perceived mental health.

3 High temperature is the annual single highest temperature that individuals were exposed to. The average daily
maximum temperature is the annual average of all daily maximum temperatures individuals were exposed to.

4 Low temperature is the annual single lowest temperature that individuals were exposed to. The average daily
minimum temperature is the annual average of all daily minimum temperatures individuals were exposed to.
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Appendix 8 Length of Residence in Canada Results

Table A8 Adjusted logistic model results for length of residence and health outcomes

Exposure model Health outcome Immigrant Length of Total population
population OR residence in Immigrant
(95% CI)' Canada variables OR
(95% CI)"2
High temperature Asthma?® 1.04 (0.48 — 2.26) | < 10 years 0.27*** (0.13-
(Celsius)® 0.55)
> 10 years 0.40*** (0.26-
0.60)
Cardiovascular 1.01 (0.99-1.03) <10 years 0.66 (0.23-1.84)
outcome*
> 10 years 0.90 (0.67-1.20)
Mental disorder® 0.91 (0.59-1.39) <10 years 0.52 (0.25-1.08)
> 10 years 0.69* (0.50-0.94)
Low temperature Asthma 1.05 (0.48-2.32) <10 years 0.27*** (0.13-
(Celsius)’ 0.56
> 10 years 0.39*** (0.26-
0.59)
Cardiovascular 1.09 (0.84-1.41) <10 years 0.65 (0.23-1.82)
outcome
> 10 years 0.89 (0.67-1.19)
Mental disorder 0.93 (0.62-1.40) <10 years 0.51 (0.24-1.05)
> 10 years 0.67* (0.49-0.92)
Average Asthma 1.10 (0.50-2.44) <10 years 0.27*** (0.13-
temperature 0.55)
(Celsius) > 10 years 0.39*** (0.26-
0.60)
Cardiovascular 1.01 (0.99-1.03) <10 years 0.65 (0.23-1.84)
outcome
> 10 years 0.90 (0.67-1.20)
Mental disorder 0.91 (0.60-1.37) <10 years 0.51 (0.25-1.05)
> 10 years 0.67* (0.49-0.92)
Average daily Asthma 1.11 (0.50-2.48) <10 years 0.27*** (0.13-
maximum 0.56)
temperature > 10 years 0.39*** (0.26-
(Celsius)® 0.59)
Cardiovascular 1.01 (0.99-1.03) <10 years 0.66 (0.23-1.85)
outcome
> 10 years 0.90 (0.67-1.21)
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Mental disorder 0.91 (0.60-1.37) <10 years 0.52 (0.25-1.08)
> 10 years 0.69* (0.50-0.94)
Average daily Asthma 1.06 (0.48-2.35) <10 years 0.27*** (0.13-
minimum 0.56)
temperature > 10 years 0.40*** (0.26-
(Celsius)’ 0.60)
Cardiovascular 1.01 (0.99-1.03) <10 years 0.65 (0.23-1.85)
outcome
> 10 years 0.90 (0.67-1.20)
Mental disorder 0.91 (0.61-1.38) <10 years 0.50 (0.24-1.05)
> 10 years 0.67* (0.49-0.91)
Average diurnal Asthma 1.09 (0.50-2.37) <10 years 0.27*** (0.13-
temperature 0.56)
range (Celsius) > 10 years 0.39*** (0.26-
0.60)
Cardiovascular 1.01 (0.99-1.03) <10 years 0.65 (0.23-1.85)
outcome
> 10 years 0.90 (0.67-1.20)
Mental disorder 0.90 (0.60-1.36) <10 years 0.52 (0.25-1.08)
> 10 years 0.69* (0.50-0.94)
Average PMzs Asthma 1.08 (0.49-2.40) <10 years 0.27*** (0.13-
(ug/m?3) 0.55)
> 10 years 0.40*** (0.26-
0.60)
Cardiovascular 1.01 (0.99-1.03) <10 years 0.67 (0.24-1.88)
outcome
> 10 years 0.89 (0.67-1.20)
Mental disorder 0.91 (0.60-1.37) <10 years 0.51 (0.25-1.06)
> 10 years 0.69* (0.51-0.95)
Average NO2 Asthma 1.11 (0.49-2.49) <10 years 0.27*** (0.13-
(ppb) 0.55)
> 10 years 0.39*** (0.26-
0.59)
Cardiovascular 1.01 (0.99-1.03) <10 years 0.62 (0.22-1.77)
outcome
> 10 years 0.88 (0.66-1.18)
Mental disorder 0.90 (0.60-1.34) <10 years 0.51 (0.25-1.06)
> 10 years 0.68* (0.50-0.93)
Average Os (ppb) | Asthma 1.04 (0.47-2.31) <10 years 0.26*** (0.13-

0.55)
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> 10 years 0.39*** (0.26-
0.60)
Cardiovascular 1.01 (0.99-1.03) <10 years 0.64 (0.22-1.81)
outcome
> 10 years 0.88 (0.66-1.18)
Mental disorder 0.90 (0.60-1.35) <10 years 0.52 (0.25-1.08)
>10 years 0.68* (0.50-0.93)
Average wildfire Asthma 0.88 (0.39-2.02) <10 years 0.25*** (0.13-
smoke (PMz2s 0.49)
pg/m?) > 10 years 0.45*** (0.30-
0.68)
Cardiovascular 1.02 (1.00-1.04) <10 years 0.37 (0.11-1.28)
outcome
> 10 years 0.86 (0.62-1.18)
Mental disorder 0.97 (0.61-1.54) <10 years 0.45 (0.20-1.02)
> 10 years 0.65* (0.46-0.91)

***p<0.001, **p<0.01, *p<0.05
Sources: Canadian Urban Environmental Health Research Consortium [1], National Air Pollution Surveillance
Program [2] and the Canadian Community Health Survey linked to Longitudinal Immigration Database [3,4,5].

1 Adjusted for age, sex, marital status, household size, self-perceived health, sense of belonging to the community,
cultural/racial background, education level, BMI, household income, geographical location (urban or rural), smoking
status and length of residence in Canada. PM2.s, O3, NO2 and wildfire smoke exposure models were also adjusted for
average temperature, cardiovascular outcome models were adjusted for high blood pressure and diabetes, and
mental disorder models were adjusted for self-perceived mental health. Results are for immigrants who have been in

Canada for 10 plus years compared to those who have been in Canada for less than 10 years.

2 These models are for the total population, using similar variables to the immigrant models. In some cases,
immigrant models included variables that were recategorized due to cell size issues.
3 Total population asthma models used a categorical length of residence variable.

4 Total population cardiovascular outcome models used a continuous length of residence variable.

5 Total population mental disorder models used the natural log of the continuous length of residence variable.

6 High temperature is the annual single highest temperature that individuals were exposed to. The average daily
maximum temperature is the annual average of all daily maximum temperatures individuals were exposed to.

7 Low temperature is the annual single lowest temperature that individuals were exposed to. The average daily
minimum temperature is the annual average of all daily minimum temperatures individuals were exposed to.
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Appendix 9 Sensitivity Analysis Results

Table A9 Sensitivity analysis for all populations and outcomes

Exposure type and | Exposure Total Total Total Immigrant
outcome level population population population population
OR (95% C1)!' | adolescent OR | older adults | OR (95%
(95% CI)? OR (95% CI)! | CI)®
PM25V5 (ug/m3), Very low Reference
asthma Low 1.17 1.03 1.08 0.81
(0.90-1.50) (0.56-1.88) (0.65-1.77) (0.35-1.90)
Medium 1.17 0.83 0.83 0.53
(0.89-1.53) (0.45-1.55) (0.51-1.35) (0.24-1.19)
High 0.95 1.28 0.66 0.60
(0.71-1.26) (0.66-2.46) (0.39-1.12) (0.22-1.66)
PM25V5 (ug/m?3), Very low Reference
cardiovascular Low 1.00 (0.73- - 1.18 (0.78- 1.02 (0.43-
outcomes 1.36) 1.78) 2.45)
Medium 1.01 (0.75- - 1.10 (0.77- 1.27 (0.61-
1.35) 1.57) 2.63)
High 1.09 (0.78- - 1.25 (0.82- 1.00 (0.48-
1.51) 1.92) 2.10)
PM25V5 (ug/m?3), Very low Reference
mental disorders Low 1.03 (0.78- 0.75 (0.27-2.05) | 1.17 (0.69- 0.96 (0.31-
1.35) 1.99) 2.98)
Medium 0.77 (0.58- 0.61 (0.24-1.56) | 0.95 (0.57- 0.90 (0.28-
1.01) 1.57) 2.89)
High 0.79 (0.58- 0.56 (0.20-1.60) | 1.17 (0.70- 1.01 (0.30-
1.07) 1.95) 3.45)

Sources: Canadian Urban Environmental Health Research Consortium [1] and the Canadian Community Health

Survey linked to Longitudinal Immigration Database [2,3,4].
1 Adjusted for age, household income, population type (immigrants or non-immigrants), geographical location (urban
or rural), sex, marital status, household size, cultural/racial background, self-perceived health, sense of belonging to

the community, smoking type, education level, BMI, average temperature and corresponding exposure.
Cardiovascular outcome models were also adjusted for high blood pressure and diabetes and mental disorder
models were adjusted for self-perceived mental health.
2 Adjusted for household income, population type (immigrants or non-immigrants), geographical location (urban or
rural), sex, household size, cultural/racial background, self-perceived health, sense of belonging to the community,
smoking type and BMI, average temperature and corresponding exposure. Cardiovascular outcome models were
also adjusted for high blood pressure and diabetes and mental disorder models were adjusted for self-perceived

mental health.

3 Adjusted for household income, geographical location (urban or rural), sex, household size, cultural/racial
background, self-perceived health, sense of belonging to the community, smoking type and BMI, length of residence
in Canada, average temperature and corresponding exposure. Cardiovascular outcome models were also adjusted
for high blood pressure and diabetes and mental disorder models were adjusted for self-perceived mental health.

188



References

1. The Canadian Urban Environmental Health Research Consortium. [Internet]. Available from:
https://canue.ca/

2. Government of Canada. Canadian community health survey - annual component (CCHS) [Internet].

2023 Dec 29. Available from:
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3226

3. Government of Canada. Longitudinal immigration database (IMDB) [Internet]. 2021. Available from:

https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=5057

4. Government of Canada. Linkage of the Canadian community health survey (2003-2014) to the
longitudinal immigration database (1980-2013) [Internet]. 2018. Available from:
https://www.statcan.gc.ca/en/microdata/data-centres/data/cencchs-imdb

189



	Abstract
	Preface
	Acknowledgements
	List of Tables
	List of Figures
	Chapter 1: Introduction
	1. Background
	1.1 Climate Change and Air Pollution
	1.2  Interactions Between Climate Change and Air Pollution
	1.3  Health Impacts of Climate Change and Air Pollution
	1.4  Populations at Risk
	1.5  Geographic Variability
	1.6 Alberta
	1.7  Statement of the Problem
	1.8  Research Aims and Objectives

	References
	Chapter 2: Health-Related Impacts of Climate Change and Air Pollution on Immigrants and Refugees Globally
	Abstract
	1. Introduction
	2. Materials and Methods
	2.1  Research Questions
	2.2  Search Methods
	2.3  Screening
	2.4  Data Extraction and Presentation

	3. Results
	3.1  Study Findings

	4. Discussion
	4.1  Health Impacts of Climate Change Exposures in Immigrant Populations
	4.2  Limitations

	5. Conclusions and Gaps in the Literature
	Acknowledgements
	Declarations
	Supplementary Information
	References
	Chapter 3: Health Impacts of Climate Change and Air Pollution on Immigrants and Non-Immigrants in Alberta
	Abstract
	1. Introduction
	1.1 Climate Change and Air Pollution
	1.2  Climate Change, Weather and Air Pollution in Alberta
	1.3  Health Impacts of Climate Change and Air Pollution Exposures
	1.4  At-Risk Populations
	1.5  Statement of the Problem and Objectives

	2. Methods
	2.1 Study Design, Population, and Location
	2.2 Health and Sociodemographic Data
	2.3 Weather and Air Pollution Exposures
	2.3.1 Weather Exposures
	2.3.2 Air Pollution Exposures

	2.4 Statistical Analysis
	2.4.1 Sample Size of Prevalence in Population
	2.4.2 Variable Selection and Data Linkage
	2.4.3 Descriptive Statistics
	2.4.4 Multivariable Logistic Regression
	2.4.4.1 Total Population
	2.4.4.2 Immigrant Population



	3. Results
	3.2 Descriptive Summary
	3.2.1 Population and Health Outcomes
	3.2.2 Exposures

	3.3 Associations with Weather Exposures
	3.3.1 High Temperature
	3.3.1.1 Total Population
	3.3.1.2 Immigrant Population

	3.3.2 Low Temperature and Daily Minimum Temperature
	3.3.2.1 Total Population
	3.3.2.2 Immigrant Population

	3.3.3 Average Diurnal Temperature Range
	3.3.3.1 Total Population
	3.3.3.2 Immigrant Population


	3.4 Associations with Air Pollution Exposures
	3.4.1 Wildfire Smoke
	3.4.1.1 Total Population
	3.4.1.2 Immigrant Population

	3.4.2 Ozone
	3.4.2.1 Total Population
	3.4.2.2 Immigrant Population

	3.4.3 Fine Particulate Matter (PM2.5)
	3.4.3.1 Total Population
	3.4.3.2 Immigrant Population


	3.5 Other Associations: Comparisons Across Populations
	3.6 Sensitivity Analysis
	3.7 Model Fit

	4. Discussion
	4.2 Summary of Findings
	4.3 Weather Exposures
	4.3.1 High Temperature
	4.3.1.1 Total Population
	4.3.1.2 Immigrant Population
	4.3.1.3 Immigrant and Non-Immigrant Comparison

	4.3.2 Low temperature and Daily Minimum Temperature
	4.3.2.1 Total Population
	4.3.2.2 Immigrant Population

	4.3.3 Diurnal Temperature Range
	4.3.3.1 Total Population
	4.3.3.2 Immigrant Population


	4.4  Air Pollution Exposures
	4.4.1 Wildfire Smoke
	4.4.1.1 Total Population
	4.4.1.2 Immigrant Population

	4.4.2 Ozone
	4.4.2.1 Total Population
	4.4.2.2 Immigrant Population

	4.4.3 Particulate Matter 2.5
	4.4.3.1 Total Population
	4.4.3.2 Immigrant Population


	4.5 Immigrant and Non-Immigrant Health Outcome Comparison
	4.5.1 Asthma
	4.5.2 Cardiovascular Outcomes
	4.5.3 Mental Disorders

	4.6 Strengths and Limitations

	5. Conclusion
	References
	Chapter 4: Conclusions
	1. Summary of Thesis Findings
	2. Gaps in the Literature and Contributions
	3. Recommendations and Next Steps
	4. Conclusion
	References
	Bibliography
	Appendices
	Appendix 1: Protocol and Detailed Search Strings for Scoping Review
	Appendix 2: Extraction Template for Scoping Review
	Appendix 3 Data Dictionary for Exposures, Characteristics and Health Outcomes
	Appendix 4 Sample Size Estimation: Population Prevalence
	Appendix 5 Exposure Descriptive Summary
	Appendix 6 Weather and Air Pollution Results
	Appendix 7 Immigrant Compared to Non-Immigrant Results
	Appendix 8 Length of Residence in Canada Results
	Appendix 9 Sensitivity Analysis Results

