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Abstract 

What makes a person more likely to experience adverse health outcomes caused by extreme 

weather events? Can we identify those individuals at high risk before an extreme event 

happens? Natural hazards can lead to death and physical injury, as well as non-specific 

psychological distress, post-traumatic stress disorder, depression, and anxiety. By now, we 

have a good understanding of the main outcomes and some group-level risk factors 

associated with these events, such as low socioeconomic status, certain health conditions, and 

older age. These risk-factors are often used to develop vulnerability indices that can identify 

people at risk of adverse outcomes during an extreme event. However, these indices can be 

highly inefficient because not all individuals within each group live with the same 

vulnerability. Thus, it is essential that we use real-time, clinical, and demographic 

information to identify individuals at risk before an extreme weather event happens instead 

of relying on general group membership. The goals of this thesis are a) to understand the risk 

and protective factors that place older adults at higher risk of adverse health outcomes caused 

by natural hazards, and b) to develop indices to identify those individuals at highest risk. To 

achieve these goals, the thesis uses clinical assessments and focuses on acute, short-term 

health complications often a result of heat-related events and wildfire smokes. The thesis is 

divided in 3 studies and all studies used data from the interRAI Home Care and interRAI 

Contact Assessment instruments, which are comprehensive assessments to evaluate the 

person’s health needs and strengths. 
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Study 1 is an empirical investigation of the risk factors that place older adults at odds of 

living in homes with inadequate heating or cooling. The study uses longitudinal data and 

generalized estimating equations to explore risk factors such as demographic and social-

economic characteristics as well as availability and quality of informal caregiver support for 

older adults with complex medical needs in Canada. These factors were used to identify 

geographic locations in Ontario with high percentages of home care clients living with 

inadequate heating or cooling at home. This is the first study that addresses the risks and 

protective factors associated with the thermal environment in home care clients, which is a 

population at high risk of adverse health outcomes during heat waves and cold spells. 

Study 2 presents a new index to identify individuals that could be at risk of health 

complications during extreme weather events. The Brief Risk Index (BRI) was derived from 

data elements present in a screener that supports home care intake from community and 

hospital. It focuses on items indicating that individuals receiving home care services would 

have difficulty evacuating their homes during a time of crisis (e.g., cognitive impairment and 

difficulty performing activities of daily living). When compared with another tool that has 

been used in real-life situations, the BRI showed similar performance but with less items. 

This is the first index that targets the whole home care population in Canada, not only those 

receiving long-term services. Therefore, the BRI can be a game changing in emergency 

preparedness because of its efficiency and large target population.  

Study 3 uses a similar approach as in Study 2 but focuses on home care clients at high risk of 

health complications caused by poor air quality. While the BRI is a more general tool, the 
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Cardiorespiratory Vulnerability index (CRV) contains 16 items from a standardized 

assessment for home care clients and includes clinical characteristics often associated with 

negative health outcomes caused by poor air quality, such respiratory and heart diseases. This 

is the first index related to risks associated with air quality available in vulnerable 

populations in Canada, and one of the few worldwide. The study makes an important 

contribution to public health because climate change is accelerating the conditions under 

which wildfires and their adverse effects on air quality are more likely to happen. 

 Identifying individuals at high risk before an extreme weather event happens is a 

pressing problem in our society. This is particularly important today because of our aging 

population combined with the increase of the frequency, duration, and severity of extreme 

weather events caused by climate change. This thesis advances our knowledge of the risk and 

protective factors associated with extreme weather events and provides ready-to-use 

predictive tools to identify individuals that are more likely to experience health 

complications. The indices developed here can also be used to identify regions 

(neighborhoods) with higher concentration of people at risk, meaning that long-term, climate 

adaptation programs can be applied not only for individuals but also for geographic regions. 

Thus, the results from the three studies in this thesis represent a unique perspective in how 

our public health system could prepare for climate change, avoid negative outcome to 

vulnerable populations and show new directions for research. 
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1.1 The relevance of extreme weather events to public health 

 According to the World Health Organization (WHO), climate change is the greatest health 

threat of the 21st century (World Health Organization, 2024). This statement is based on two facts. First, 

climate change has increased the frequency, severity, and duration of extreme weather events (IPCC, 

2023). Second, these events can negatively affect human health (World Health Organization, 2024).  

In the last 50 years, the number of natural hazards increased about five times worldwide (IEP, 

2020; Keim, 2020; World Health Organization, 2024). In Canada, the number of days where the 

maximum temperature exceeded 30°C has increased three times, and the area burned by wildfires 

doubled from the 1970s to the 2000s (Berry & Schnitter, 2022; Jain et al., 2024). In addition, there has 

been an expansion of zoonotic diseases (e.g., Lyme disease) because of warmer conditions (Berry & 

Schnitter, 2022). Almost 50% of Canadians indicated that they had a personal experience with natural 

hazards in a survey conducted in 2014, and 75% of those indicated that the disaster was large enough to 

disrupt their regular daily routine (Ibrahim, 2016). 

 Because of these events, essential elements necessary for a good health are being threatened 

(e.g., safe shelter and clean air; World Health Organization, 2024). It is now estimated that climate 

change will cause approximately 250,000 additional deaths per year globally between 2030 and 2050, 

with costs around US$ 2-4 billion per year by 2030 (World Health Organization, 2024). Air pollution 

will cause 7 million deaths per year and between 2 to 3.5 billion people will reside in areas that are 

unlivable due to heat (Nikitin, 2021; World Health Organization, 2023a). 

 These estimates should not be surprising given the frequency of natural hazards and their 

adverse health effects. From 1969 to 2018, there were 22,173 disasters (including not only natural, but 

also man-made such as terrorism and technological disasters), an average of 443 disasters per year or 

1.2 disasters per day. About 50% of these disasters were climate related and they were responsible for 

95% of all people affected, causing over 2 million deaths and 4 million cases of diseases with over 7 
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billion people requiring immediate assistance (Keim, 2020). Natural hazards account for roughly 45% 

of all reported deaths and 74% of all reported economic losses from all types of disasters combined 

(IEP, 2020; WMO, 2021). Floods (47%) and tropical cyclones (30%) were the most common events. 

Tropical cyclones, droughts, and floods were responsible for the highest number of deaths (39%, 34% 

and 16%, respectively) and cold weather, floods, and tropical cyclones caused the highest morbidity 

(47%, 31%, and 18%, respectively; Keim, 2020). On average, all disasters combined killed 115 people 

and caused US$ 202 million in losses daily (IEP, 2020; WMO, 2021). 

 The adverse health effects of natural hazards and climate change led the WHO to recently 

declare the development of more climate-resilient health systems as their first major goal (World 

Health Organization, 2024). Moreover, adaptation and increased resilience to climate change are 

common targets in many of the UN Sustainable Development Goals, such as Goal 1 - End poverty in 

all its forms everywhere; Goal 2 - End hunger, achieve food security and improved nutrition and 

promote sustainable agriculture; Goal 11-Sustainable Cities and Communities; and Goal 13 - Climate 

Action (United Nations, 2023). Adaptation is particularly important when considering that some people 

are disproportionally affected by climate change, such as older adults, children, indigenous people 

(First Nations, Inuit, and Métis peoples in Canada), low income individuals, and people with chronic 

illnesses (Neria et al., 2008; Rhodes et al., 2010; Goldmann & Galea, 2014; North, 2017; Ursano et al., 

2017; Berry & Schnitter, 2022). This means that without adaptation, these groups will be more affected 

than the general population. Thus, it is paramount that we develop a public health strategy to adapt our 

current public health system to this new scenario and promote resilience of those most affected (Noji, 

2000; Watts et al., 2015). This thesis contributes to these goals by improving our understanding of the 

risk factors associated with adverse health outcomes caused by natural hazards in a population living 

with vulnerability and by developing empirically based indices that could be used to identify 

individuals at risk of adverse health outcomes. 
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1.2 The theoretical foundations 

 The theoretical investigations of the effects of natural hazards on human health started with a 

purely hazard-oriented approach, where the goal was to understand where events happened and who 

would be more sensitive to natural hazards (e.g., older adults and children; Schneiderbauer & Ehrlic, 

2004). One example is the risk-hazard conceptual framework, which states that the impact of a natural 

hazard is a function of the exposure of broad classes of individuals (e.g., older adults) to a given hazard 

and their sensitivity (Ciurean et al., 2013; Turner et al., 2003). One criticism of this approach is that 

there are additional social, cultural, and political factors that could make an individual even more likely 

to experience adverse effects caused by hazards (i.e., some individuals are more vulnerable; Hilhorst & 

Bankoff, 2004; Birkmann, 2006; Hilhorst & Bankoff, 2022). As a response to this criticism, new 

theoretical frameworks emerged to explicitly introduced the idea of vulnerability. For example, the 

pressure-and-release model developed in the 1990s (Blaikie et al., 1994; Turner et al., 2003) equates 

risk with perturbation, added to the vulnerability of individuals, where vulnerability encompasses the 

social, political, and economic conditions that make exposure unsafe (Turner et al., 2003). The hazards-

of-place model of vulnerability is another well-known example of the introduction of the idea of 

vulnerability in disaster research (Cutter, 1996; Cutter et al., 2003). The main goal of this model is to 

equate vulnerability to the social and demographic characteristics and risk perception of those at risk, in 

addition to the hazard exposure and sensitivity (Cutter, 1996; Cutter et al., 2003). 

 While social sciences perspective informed the development of theoretical approaches to 

disaster research in the 1980s and 1990s, ecological ideas (including human ecology) drove the next 

round of developments (Turner et al., 2003; Cutter et al., 2008). In the 2000s, the concept of 

vulnerability was expanded to include the different ways by which humans and their natural 

environment are tightly interconnected (this feedback loop between natural and humans is a main 

concept in human ecology; Hawley, 1986). This means that nature affects humans (natural hazards), but 
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humans can also affect nature (climate change), which can in turn further affect humans (increase in the 

frequency of natural hazards; Turner et al., 2003). Moreover, there was an increasing emphasis in 

ecological theories of resilience to promote adaptive capacity of individuals, populations, and 

communities (Cutter et al., 2008). 

 One example of this new theoretical development is the coupled human-environment system, 

where vulnerability is a function of the exposure, sensitivity and resilience of the individuals, 

populations, and communities affected (Turner et al., 2003). Although there are many ways by which 

these terms are defined, broadly speaking, sensitivity refers to proneness to hazards or the degree to 

which a system is modified or affected by perturbations. Adaptive capacity refers to 

adaptation/resilience, or the ability of a system to evolve to accommodate environmental hazards or 

policy change. Exposure refers to the idea that people are vulnerable to an adverse experience or event 

and is often defined as the nature and degree to which a system involves environmental stress (e.g., the 

magnitude, frequency, duration and areal extent of the hazard; Adger, 2006). 

 Today, most if not all conceptual frameworks in disaster research incorporate the idea of 

vulnerability and equates vulnerability to at least one of these three elements: exposure, sensitivity, and 

adaptive capacity (Turner et al., 2003; Adger, 2006; Cheng et al., 2021). This is also true in the 

application of the concept of vulnerability, i.e., the indices created to measure and identify the most 

vulnerable. For example, in a recent literature review, the most common theoretical framework used to 

develop heat-related vulnerability indices was the ‘population vulnerability to environmental hazards’ 

(30% of the articles), which states that vulnerability is a function of sensitivity, exposure, and adaptive 

capacity (Cheng et al., 2021). 

 Although there has been progress in the theory and application of the concept of vulnerability, 

there are also several criticisms around the use of these approaches. These include the lack of clear 
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definition, and the fact that indices created based on these models are too broad to identify those at risk 

(Birkmann, 2006; Ciurean et al., 2013; Wolf et al., 2013). 

1.2.1 What is vulnerability and why it matters? 

 Vulnerability is a key concept in disaster research and health emergency that helps to identify 

those individuals, populations or communities who are most likely to experience adverse health 

outcomes during natural hazards. It also pertains to the need to adapt our public health system to the 

health effects of climate change (Birkmann, 2006; Wolf et al., 2013; Wisner, 2016). Identifying those 

who are in danger allows governments and public health agencies to take steps towards building a more 

resilient community.   

 Despite the relevance of the concept of vulnerability to disaster research, there is no shortage of 

criticism around the definition and use of vulnerability (Levine, 2004; Thywissen, 2006; Birkmann, 

2006; Schroeder & Gefenas, 2009; Katz et al., 2020). These criticisms can be grouped into two 

different non-exclusive categories: a) problems with definition, and b) the vague nature of the group-

membership approach when trying to identify individual living with vulnerability.   

1.2.1.1 Vulnerability is not clearly defined  

 Maybe the most prominent issue with vulnerability is the lack of clear definition. For many, 

vulnerability cannot be defined (Hurst, 2008), or that attempts to define vulnerability created a 

“Babelonian confusion” (Thywissen, 2006) because of the lack of clarity in key terms. Moreover, the 

application of the vulnerability concept has been called a paradox because one cannot measure 

something that is not defined (Birkmann, 2006). 

 One of the main reasons for these criticisms is the fact that the term vulnerability has been used 

by different disciplines in different contexts (Cutter, 1996; Levine, 2004; Adger, 2006; Wolf et al., 

2013). For example, vulnerability is common in biomedical research, where the main goal is to identify 

those who could be target for clinical trials (Schroeder & Gefenas, 2009) and in social sciences, where 
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the concern is with people who might not be in position to make informed decisions (Brown et al., 

2017). 

 It is also the case that some fields have concepts that are very similar to the ones used in 

disaster research but with a different terminology. For instance, in gerontology, there has been much 

debate around the idea of frailty to identify older adults with reduced function that are more likely to 

experience adverse health outcomes (Clegg et al., 2013; Heckman et al., 2021). It is interesting that, as 

in the case of vulnerability, there are many discussions about the definition of frailty (Rockwood, 2005; 

Proietti & Cesari, 2020; Zhao et al., 2023) and how to measure it (Heckman et al., 2021; Zhao et al., 

2023). 

 In disaster research, there have been attempts to solve the definition problem by looking at the 

common elements present in different definitions of vulnerability, such as sensitivity, adaptive capacity, 

and exposure (Adger, 2006; Schroeder & Gefenas, 2009; Hufschmidt, 2011; Wisner, 2016). Although 

this seems to be a promising approach, it only transfers the definition problem from vulnerability to its 

components. This is because defining exposure, sensitivity and adaptive capacity has also been difficult 

(Wolf, 2010; Wolf et al., 2013) and it is not uncommon that the same metric is used to measure more 

than one element of the concept of vulnerability. 

1.2.1.2 Reliance on broad group membership to define vulnerability 

 Most tools available to identify vulnerable individuals and groups use a broad group 

membership strategy. These vulnerability measures are often based on broad social, economic, 

physical, and environment indicators (Centers for Disease Control and Prevention, 2015; Levine, 

2004). For example, The Center for Disease Control and Prevention identify groups living with 

vulnerability based on 4 domains: socioeconomic status (e.g., below poverty line, no high school 

diploma, unemployed), household composition and disability (e.g., age, single-parent), minority status, 
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language, housing (e.g., mobile homes, crowding), and transportation (e.g., no vehicle; Centers for 

Disease Control and Prevention, 2015). 

 One potential problem with this approach is that during extreme-weather events, when public 

health agencies and governments need to deploy resources to support people, group membership can be 

very ineffective. Heterogeneity of individuals within each group is inevitable. For example, not all 

older adults or children are vulnerable to the consequences of heat waves (Foster, 1988; Forster et al., 

2001; Levine, 2004; Kailes & Enders 2007). This means that vulnerability indices are often imprecise 

and can over-identify a larger number of individuals that rarely require assistance (Forster et al., 2001). 

This can make the application of interventions largely inefficient and sometimes logistically impossible 

(Forster et al., 2001; Levine, 2004; Kailes & Enders, 2007; Schroeder & Gefenas, 2009). In addition, 

while demographic reports on the populations at broad risk may be informative for general policy 

purposes, such reports cannot identify specific individuals who need help during a natural disaster. 

1.2.2 One solution: the individual-empirical approach 

 One of the main reasons for the criticisms around the concept of vulnerability is that 

vulnerability is not a predetermined state, as assumed in most, if not all uses of the concept. Instead, 

vulnerability is context-dependent and dynamic (Vogel & O’Brien, 2004; Birkmann, 2006; Cutter et al., 

2008). For example, individuals who are considered vulnerable might change in time and space and in 

relation to different threats. A child might be vulnerable to the effects of a heat wave today, but not in 2 

or 3 years. A person might be vulnerable to a wildfire, but not to a flood or a heat wave (Cardona, 

2013). Someone might be vulnerable because of a physical problem (e.g., coronary disease) but not 

vulnerable to mental health problems (e.g., no history of depression or post-traumatic stress disorder). 

  One way to minimize this problem is to identify the characteristics of individuals that place 

them at risk of adverse outcomes. This more analytical approach uses specific attributes of individuals 

to identify those who live with vulnerability (DeBruin, 2004). For example, functional needs, 
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communication impairments, medical needs, and cognitive factors such as dementia may affect the 

person’s ability to respond to environmental hazards (Kailes & Enders, 2007).  

 This thesis uses this analytical approach as a basis for identifying those living with 

vulnerabilities that could place than in danger during an extreme weather event instead of relying on 

the historically broad conventions based on exposure, sensitivity, and adaptive capacity. One of the 

benefits of this individual-empirical framework is that, with enough data, one can calculate specific 

individual-level probabilities of risk. These probabilities are calculated at given point in time and space, 

and not in an absolute, fixed way. One example of this approach that has already being applied 

successfully is the Vulnerable Persons at Risk algorithm (van Solm et al., 2017). 

1.2.2.1 The Vulnerable Persons at Risk algorithm 

The Vulnerable Persons at Risk scale (VPR) was developed to identify home care clients that might be 

at high risk of an adverse health outcome caused by a natural hazard. The VPR is based on the interRAI 

Home Care assessment (interRAI HC; van Solm et al., 2017) and is a valid and reliable algorithm that 

uses real-time information and allows for a rapid identification of individuals living in the community. 

The VPR considers functional status, medical complexity, sensory-perceptual problems, cognition, 

social isolation, and dependence on medical technologies. The algorithm allows emergency responders 

to prioritize and allocate resources that can help those at risk during a natural hazard. A similar version 

of the VPR has already been successfully used in real life situation (earthquake in New Zealand in 

2011; Health New Zealand, 2011) and the VPR has been shown to have a strong association with 

mortality, long-term care admission, and hospitalization in the context of an ice storm event in Toronto, 

Canada (van Solm et al., 2017). 

 Despite the potential for the use of the VPR in emergency preparedness, the VPR has a few 

limitations. First, the algorithm can only be applied for those assessed with the interRAI HC receiving 

supports for more than about 2 months (i.e., long-term home care clients). Despite the interRAI HC 
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being a broad, clinician-led assessment used in home care, many other vulnerable older adults living in 

the community are not assessed with the interRAI HC and could also be at risk. Second, the VPR was 

developed in the context of earthquakes and tested in relation to an ice storm. However, the algorithm 

has never been tested with other natural hazards like heat events and air quality problems related to 

forest fires, which may need different solutions. Thus, there is a need to develop new indices to prepare 

our public health system to deal with a broader range of extreme weather events. 

1.3 Background: what are the adverse health outcomes caused by extreme weather 

events? 

Natural hazards have been shown to have serious adverse consequences for physical and mental health. 

There is no shortage of recent examples that support this statement. The 2023 earthquake that affected 

Turkey and Syria resulted in more than 55,000 deaths, about four million people without homes, and 30 

million people in need of immediate assistance (World Health Organization, 2023b; Mavrouli et al., 

2023). In 1992, during a hurricane in Hawaii, there was an increase of almost 600% (1,353 people) in 

the number of people injured compared to the same period in the previous year (Hendrickson et al., 

1997). The number of people with severe mental illness in New Orleans, USA doubled between 2003 

and 2006 following the Hurricane Katrina (Kessler et al., 2006). In 2017, about 15% out of 1,510 study 

participants showed indications of major depression and anxiety disorders following devastating 

wildfires in Fort McMurray, Canada. These levels are about five times higher than the country average 

(Belleville et al., 2021). The prevalence of post-stress traumatic disorder was also about five times 

higher in Fukushima residents who experienced a severe tsunami compared to residents in two other 

cities in Japan that were not affected by the tsunami (Ben-Ezra et al., 2015). 

1.3.1 The physical health burden of extreme weather events 

Maybe the most severe health consequence of natural hazards are death and severe physical injury 

(e.g., brain damage and amputation). Some reports estimate that, in average, 40,000 to 50,000 people 
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die because of natural hazards every year (average for the last decades; Ritchie et al., 2022). However, 

these numbers can be misleading. As stated above, in 2023 a single event (the earthquake that affected 

Turkey and Syria), resulted in more than 55,000 deaths. In Canada, the decade average death associated 

with natural hazards in the 1990’s was 13, jumping to170 in 2020 (a 1,239% increase), mainly caused 

by heat-related events (163 cases; Ritchie et al., 2022). 

 In addition to these most severe health outcomes, people who experience extreme weather 

events might develop other types of physical injuries. Pain, environmental exposures to chemical 

contaminants, and the spread of infections diseases are common in the time around a natural hazard 

(Beinin, 2012). The type of injury caused by extreme weather events varies greatly depending on the 

type of event. Earthquakes often cause limb, head, and torso injuries, while other types of natural 

hazards are linked to minor injuries, which can include cuts and lacerations (Ardagh et al., 2012; 

Bartholdson & von Schreeb, 2018). Flooding increases the risk of fecal-oral route transmitted diseases, 

which is not the case in earthquakes (except if there is infrastructure damage to sewer and water 

systems; Cook et al., 2008). It is also common that the risk of physical injuries persists during the 

clean-up phase after the earthquake has passed (Johnston et al., 2014). 

 Cardiovascular and respiratory diseases, hypertension, and diabetes are the most frequently 

reported long-term adverse health consequences of natural hazards (Cook et al., 2008; Beinin, 2012; 

Leppold et al., 2022). Wildfires are well-known for causing chronic respiratory conditions because of 

exposure to smokes and toxicant substances (Henderson et al., 2011; Brauer et al., 2012; Grant & 

Runkle, 2022). A study in 500 cities in the US from 2001 to 2005 found that extreme climate events 

were associated with poor self-rated physical health, high blood pressure, and asthma (Hahn et al., 

2022). 

 Long-lasting effects on people’s physical health may also occur mainly via the development or 

aggravation of chronic physical illnesses because of the disruption of public services (Galea et al., 
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2007; Cook et al., 2008; Rhodes et al., 2010; Grant & Runkle, 2022; Hahn et al., 2022). For example, 

after the Hurricane Iniki in Hawaii in 1992, there was an increase in the number of asthma cases 

reported in hospitals and emergency departments because the power outrage stopped many asthma 

patients from using their home nebulizers (Hendrickson et al., 1997; Cook et al., 2008). Another 

interesting long-term effect of extreme weather events is the increase in physician visits (Bell et al., 

2018), even when no specific problems can be found with the patients (van den Berg et al., 2005; 

Galea, 2007). This last problem may be related to the mental health effects of natural disasters, which 

will be discussed next. 

1.3.2 The mental health burden of extreme weather events 

 Most people who are affected by natural hazards will be able to resume their lives at a later 

stage depending on the severity of the disaster and its consequences (Morganstein & Ursano, 2020). 

However, some individuals will experience non-specific psychological distress, increased health risk 

behaviours, and they might even develop psychopathologies. In some cases, the psychological distress 

associated with an environmental hazard may be resolved within days or weeks. On the other hand, 

more severe psychological disorders might persist for weeks to months or even years with the need for 

specific mental health interventions, including pharmacological and non-pharmacological treatments. 

Many of these mental health issues can appear within the first hours or days after a disaster, but some 

may appear later with long-lasting effects. 

 Nonspecific psychological distress or distress reactions (e.g., sleep disturbance) usually happen 

within hours or days after a disaster and are the most common mental health issue caused by natural 

hazards (Fan et al., 2017; Morganstein & Ursano, 2020; Tang et al., 2018). A recent systematic review 

found that insomnia (63%-72.5%) and nightmares (33.3%-46.5%) were the most prevalent sleep 

disturbances after wildfires (Isaac et al. 2021). A less common distress response is somatization, but 
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many studies have shown an increase in “medically unexplained complaints” (North 2017) in the 

weeks after a natural hazard. 

 Sometimes people engage in behaviours that pose health risks. It is believed that these 

behaviours emerge as a way to cope with emotions during times of distress, but these behaviours 

sometimes have a negative effect on mental health (Morganstein & Ursano, 2020). This can create a 

feedback loop that can be difficult to break (i.e., people change their behaviour to cope with a negative 

emotion, but this new behaviour causes more negative emotions). Common health risk behaviours 

presented by individuals after an extreme weather event are the increase in tobacco and alcohol 

consumption and increase in the use of illicit drugs (Flory et al., 2009; Beaudoin, 2011; Fullerton et al., 

2013). However, the incidence of initiation of substance use by new users is less common (North et al., 

2011). 

 Several other adverse behaviours have been linked to natural hazards, such as individual 

conflict and violence, especially among family members, difficulties balancing life and work, and even 

suicidality (North, 2017; Ursano et al., 2017). For example, a systematic review indicated an increase 

in suicide attempts after the 2011 Tōhoku earthquake and tsunami in Fukushima (Terayama et al., 

2021). 

 Persistent psychiatric disorders are the least frequent adverse mental health outcome associated 

with disasters and sometimes the ones that take the longest to appear. However, they can cause 

substantial increases in morbidity and mortality and may require intensive treatments (Morganstein & 

Ursano, 2020). 

 The most common psychiatric disorders linked to extreme weather events are post-traumatic 

stress disorder (more recently acute stress disorder), mood disorders (e.g., major depressive disorder) 

and generalized anxiety disorder (Norris et al., 2002; Goldmann & Galea, 2014; North, 2017; Ursano et 

al., 2017; Morganstein & Ursano, 2020; Novia et al., 2020, Saeed & Gargano, 2022). Post-traumatic 
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stress disorder is often triggered by a feeling of horror or intense fear by those who experience 

traumatic experiences in life, such as natural disasters (Van der Kolk, 2000). Levels of post-traumatic 

stress disorder among the general population vary between 5-10% (Goldstein et al., 2016) while levels 

among those exposed to natural hazards are around 30% (Norris et al., 2002, Ursano et al., 2017). After 

an earthquake in Mexico in 2017, the prevalence of post-traumatic stress disorder was 35% (Zuñiga et 

al., 2019). Post-traumatic stress disorder among survivors of the hurricane Katrina in US was about 

45% two months after the hurricane, stayed stable around 30% from seven months to 5 years post-

disaster (Galea et al., 2007) and dropped to 17% after 12 years (Galea et al., 2007; Paxson et al., 2012; 

Raker et al., 2019). 

 It is important to note that exposure to extreme weather events could also lead to positive 

mental health outcomes both at the individual and community levels. Community bonding might 

increase because of shared experiences and increase in resources available to the community 

(Morganstein & Ursano, 2020). At the individual level, reports of personal growth and personal 

rebuilding are common and even levels of suicidality that usually increase after a natural hazard, have 

been reported to be lower in the few months after a disaster (Kessler et al., 2006). In some cases, closer 

relationships may develop with loved ones and there may be confidence that disaster victims can 

rebuild their lives (Kessler et al., 2006). However, this “honeymoon phase”, both at the individual and 

community levels, seems to last no more than a few months (Zunin & Myers, 2000; Madianos & Evi 

2010; Kõlves et al., 2013), coinciding with the end of additional help and resources to the community 

(Madianos & Evi, 2010). 

1.3.3 Risk factors 

Although risk factors associated with extreme weather events vary by the type of the negative health 

outcome, there has been some common risk factors reported in the literature, such as low 

socioeconomic status, proximity and severity of the disaster (e.g., personal injury, witnessing loss of 
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life, specially of family members, and loss of property) and previous mental health problems, 

particularly post-traumatic stress disorder (Fothergill & Peek, 2004; Goldmann & Galea, 2014; North, 

2017; Ursano et al., 2017). Many studies showed that individuals living in poor areas or without a 

stable job before the Hurricane Katrina were the ones with the worst negative mental health outcomes 

(Kessler et al., 2006; Neria et al., 2008; Morris & Deterding, 2016; Nguyen et al., 2023). Similar 

patterns have been found in other places, such as the floods in 2010-2011 in Queensland, Australia 

(Clemens et al., 2013) and the 2006 Typhoon Xangsane in Vietnam (Brown et al., 2013). 

 Other risk factors related to natural hazards include minority ethnic status, female gender, lack 

of social network or poor relationships, being single and having children (Kosatsky, 2005; Goldmann & 

Galea, 2014; North, 2017; Ursano et al., 2017). For some older adults, lack of a primary caregiver and 

isolation (e.g., living alone) are important risk factors (van Solm et al., 2017). Advanced age has also 

been identified as an important risk factors, but the specific role of age is not clear (Morganstein & 

Ursano, 2020). For example, some argue that the health problems usually associated with age, such as 

cognitive, visual and hearing impairment and mobility issues are more important than age per se 

(Vandentorren, et al. 2006; Morganstein & Ursano, 2020). 

 For older adults, cognitive problems can be both a risk factor (Adelman & Legg, 2010, Ojo & 

Juba, 2024; Peterson et al., 2024) and an outcome of an extreme weather event (Thompson & Vasefi 

2025). As a risk factor, dementia can impair the ability to interpret risks associated with natural 

hazards, follow directions without assistance, and manage stress that comes with potential relocation. 

In more advanced stages, individuals living with dementia might not even understand what actions they 

need to take to minimize the chances of harm (Adelman & Legg, 2010, Ojo & Juba, 2024; Peterson et 

al., 2024) or might not be able to rely on their physiological defense mechanisms. For example, older 

adults often experience lack of thirst and might be unaware that they are dehydrated and unable to 

express their discomfort (Conti et al, 2007). As an outcome, a recent literature review found evidence 
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that natural hazards increased the risks of cognitive decline in older adults by 25% (Thompson & 

Vasefi 2025). Hurricanes, earthquakes, tsunami, and heat waves were among the natural hazards with 

the greatest effects (Thompson & Vasefi 2025).  

1.4 Study rationale 

The goals of this thesis are to: a) understand the risk and protective factors associated adverse health 

outcomes caused by extreme weather events, and b) develop indices to identify individuals that could 

be at risk of adverse health outcomes because of these events. To achieve these goals, the thesis focuses 

on acute, short-term health complications often a result of heat-related events and wildfire smoke. The 

rationale for this approach is threefold. First, by using short-term effects to understand and identify 

those at risk before an event happens, long-term effects could also be minimized. Second, short-term 

effects happen at or around the time of the natural hazard, making it easier to investigate the causal 

relationship between them and health problems. Finally, in Canada, deaths and health complications 

caused by heat-related events and poor air quality related to wildfires have drastically increased (Berry 

& Schnitter, 2022; Balmes & Holm, 2023). In 2023, heatwaves were responsible for 99% of total 

deaths caused by extreme weather events in Canada. In Québec alone, direct health care costs of 

extreme high temperature will increase up to 5-fold from the historic 15 million dollars a year 

(Boudreault et al., 2025). More than 30,000 people were affected by wildfires in Canada (Ritchie et al., 

2022). Between 2013 and 2018, up to 2,500 premature deaths could be attributable to short and long-

term exposure to poor air quality from wildfire smoke, with health costs up to $1.8 billion per year 

(Matz et al., 2020). Although estimates for Canada are not available, in US the 2023 Canadian wildfire 

season resulted in an increase of 17% in emergency room visits because of asthma (McArdle, 2023). 

This estimate includes all geographic regions, but some regions observed increases up to 60% (Chen et 

al., 2023). Thus, our health system ought to deal with the health complications caused by these two 

natural hazards that are increasing in frequency, duration, and intensity because of climate change.  
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 The main population of interest in the thesis is older adults (i.e., individuals 65 years and older). 

This choice was motivated by the fact that older adults are often the most affected demographic group 

during and after natural hazards (Ngo, 2001, Benevolenza & DeRigne, 2019; Ebi et. al, 2021; Durak, 

2023; Kim et al., 2024). In the context of wildfire smoke and heat waves, older adults have complex 

medical needs, high incidence of chronic diseases, reduced social connections, and cognitive 

impairment that can reduce their ability to properly respond to these whether events. For example, 

older adults have reduced sweating capacity and reduced amount of water in their bodies, which 

compromised their ability to thermoregulate. Moreover, some medications (anticholinergic drugs and 

non-selective beta-blockers) can interfere with their ability to perceive temperature and thermoregulate 

properly (Hospers et al. 2024). They have higher rates of chronic diseases that are risk factors for both 

poor air quality and extreme temperature, such as cardiovascular and respiratory diseases (Henderson et 

al., 2011; De Vita et al., 2024). They have physical problems and small social network that might 

interfere with their ability to move to a safer place or ask and receive support (Bogdan et al., 2024). 

They have high levels of depression, which might interfere with their motivation to respond to a natural 

hazard but might also leave them isolated or less aware of the health problems caused by extreme 

weather (Karim et al, 2024). Finally, cognitive impairment and dementia can make it more difficult to 

understand risk and take actions to be safe (Adelman & Legg, 2010; Ojo & Juba, 2024; Peterson et al., 

2024). Finally, emergency preparedness is low among older adults (Liao & Hu, 2025), including older 

adults in Canada (Bogdan et al., 2024). Therefore, older adults should be the focus of interventions that 

can minimize the adverse health outcomes caused by extreme weather event.  

1.5 General approach 

The general approach of this thesis was to use individual data about the strengths and needs of 

individuals, as well as social-demographic information to identify those who could be at high risk of 

adverse health outcomes cased by natural hazards. Data were obtained with clinical assessments 
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developed by the interRAI network, which is a not-for-profit, multinational network of over 100 

researchers, clinicians, and policy experts from over 40 countries. The interRAI assessments are 

person-centred, completed during routine clinical practices and used in different Canadian health care 

sectors (Hirdes et al., 2008). For this dissertation, most data come from Ontario because it had the 

broadest and most established implementation of the two key interRAI systems used in this study. 

 There are two main sources of data, the interRAI Home Care (interRAI HC) and the interRAI 

Contact Assessment (interRAI-CA). The interRAI HC is a comprehensive assessment of a person’s 

health, function, social support, diagnoses, service use, and health related quality of life (Hirdes et al., 

1999; Morris et al., 2000; Poss et al., 2008). These assessments target individuals receiving long-term 

(> 2 months) home care services. Assessment information is obtained from diverse sources such as 

medical records, clinical observations and interviews with clients and collected by trained nurses or 

social workers. The interRAI-CA (only used in study 3) is a screener applied prior to the interRAI HC. 

It is completed either by phone or in-person for all individuals expected to be eligible for home care 

services. Although the interRAI-CA is a much shorter instrument, it covers a larger population 

compared to the interRAI HC, i.e., all potential home care clients and not only those already receiving 

home care services. It is estimated that around 25% of the individuals in Ontario assessed with the 

interRAI-CA also receive the interRAI HC assessment (Sinn et al., 2022). 

 A common approach was used to develop the two indices in this thesis, the Brief Risk Index and 

the Cardiorespiratory Vulnerability index: a) identifying items in the interRAI instruments that have 

been frequently associated with health complications caused by natural hazards; b) combining these 

items into an index and specifying cut-point values to indicate different levels of risk; c) validating the 

index against important health outcomes, such as hospitalizations, physician visits, and death; and d) 

applying the index in a real population of older adults living with vulnerability to understand the 

distribution of individuals at risk and their geographic locations. These indices were not, however, 
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validated against extreme weather events, which can be undertaken in future research. The main reason 

for this was the lack of interRAI data linked with hospital and physician data at the time this research 

was undertaken. Although this is a limitation, it is also the case that if individuals in the study 

population are more likely to experience adverse health outcomes during normal environmental 

conditions, then they would be at much higher risk during natural hazards. Moreover, linking 

environmental conditions with clinical, individual information has several methodological and ethical 

challenges that are beyond the focus of this thesis. 

1.6 Study objectives 

1.6.1 Summary of the studies 

Study 1. Inadequate thermal environment at home of older adults with complex medical needs 

Background: Extreme variation in temperature, either hot or cold, can trigger several health problems, 

including cardiovascular and respiratory diseases, mental health symptoms, and death. Older adults are 

at high risk not only because they often have high medical needs, but also because they tend to spend 

long hours indoors, where most health complications happen during extreme temperature events. 

Despite this, we have little information about the risk and protective factors associated with the quality 

of the thermal environment in this population. 

Research question. This study investigates the association between thermal environment at home with 

demographic and socioeconomic characteristics as well as availability and quality of informal caregiver 

support. Moreover, study 1 also investigates if the rates of houses with poor thermal environment were 

different during the study period and across different geographic regions in Canada 

Methods: This study used data from 388,429 unique older adults with complex medical needs in 

Canada who also received home care services. Because of the longitudinal nature of the data, statistical 

approaches were used to avoid unbiased estimates, such as generalized estimating equation models. To 
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our knowledge, this is the first investigation that quantified the risk factors linked to adverse health 

outcomes caused by poor thermal environment in older adults. 

 

Study 2. A new index to identify individuals at risk of adverse health outcomes during extreme 

weather events 

Identifying individuals at risk during extreme weather events is an essential step in adapting our health 

system to the increasing effects of climate change.  

Research question: To address this issue, we developed the Brief Risk Index (BRI), an algorithm 

based on the interRAI-Contact Assessment, a screener used to support home care intake from 

community and hospital. 

Methods: From this screener, we used 14 items related to impairment (e.g., activities of daily living), 

social isolation (e.g., living alone) and caregiver information (e.g., having an informal caregiver). For 

each individual, we identified whether the client had a problem in each item and then assigned a value 

of 1, or 0 if no problem was identified. To construct the index, we found cut-point values to construct a 

4-point scale. We compared the performance of the BRI with an algorithm that had already been used 

to identify those at risk during an earthquake and then calculated the percentage of people in the 

interRAI Contact Assessment that could be at risk according to the BRI. This new index targets all 

individuals potentially eligible to receive home care services, which is a population with medical needs 

that could prevent them from properly respond to a natural hazard. 

 

Study 3. Using interRAI assessments to identify older adults at risk during periods of poor air 

quality 

Air pollution can negatively affect human health, especially older adults with multi-morbidity and 

geriatric syndromes, such as frailty and cognitive impairment. One important contributor of poor air 
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quality is wildfire smoke, which has increased in frequency, intensity, and duration because of climate 

change. Combined with an aging population, an increasing number of people could be at risk of health 

complications caused by wildfire smoke. Thus, it is important to equip our public health system and 

emergency preparedness agencies with ways to identify those individuals. 

Research question: Study three aims to identify older adults living in the community that would be at 

higher risk of health complications during periods of poor air quality. 

Methods: To address the research question, we developed the Cardiorespiratory Vulnerability index. 

The index used 16 items from the interRAI HC assessment. These items are clinical characteristics and 

health conditions that have been identified in the literature to be risk factors related to poor air quality. 

These items were dichotomized and, for each individual, added so that high scores indicated higher 

risk. Generalized estimating equations were used to understand the association of the CRV index with 

hospital admissions, emergency department, and physician visits, and poor self-rated health. Public 

health organizations could use this new index in the Spring to obtain an updated list of individuals that 

could be in trouble during forest fires and, therefore, improve their emergency preparedness.  
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2.1 Introduction 

The home environment is an important determinant of health (Burdette et al., 2011; Howden-Chapman 

et al., 2011; 2017; Lee et al., 2020; Riva et al., 2022; Clair & Baker, 2022; Alidoust & Huang, 2023; 

Liu et al., 2024; McClatchey et al., 2025). Evidence suggests that substandard housing (houses with 

toxins, damp, mould, and overcrowding) is associated with the incidence of infection diseases, asthma, 

and other respiratory problems (Krieger & Higgins, 2002; Riva et al., 2022), as well as anxiety, 

depression (Krieger & Higgins, 2002; Suglia et al., 2011; Kim et al., 2021), and psychological distress 

(Hopton & Hunt, 1996). More recently, the home environment was found to be a determinant of mental 

health during the COVID-19 pandemic (Amerio et al., 2020) and poor housing was associated with 

increased incidence of COVID-19 cases and mortality (Ahmad et al., 2020).   

 An important aspect of the home environment is the thermal environment, which is determined 

by temperature and the conditions that influence heat transfer, such as relativity humidity, air velocity, 

and even human behaviour (e.g., clothing insulation and activity; Kim et al, 2018a; 2018b; Thomson et 

al., 2013; Wang et al., 2021; Liu et al., 2024). People living in poor thermal environment are more 

likely to be exposed to extreme temperatures, which have well-known adverse health consequences, 

such as cardiovascular and respiratory diseases, increase in symptoms of many mental health problems, 

and death (Kosatsky, 2005; Baccini et al., 2008; Gasparrini et al., 2015; Lima et al., 2020; Tham et al., 

2020; Ebi et al., 2021; Henderson et al., 2022; Thompson et al., 2023). Thus, it is important to 

understand what are the factors that can increase the chances of having a poor thermal environment at 

home. 

 Extreme heat is considered one of the most hazardous natural disasters in many countries 

(Forzieri et al., 2017). Under extreme heat, the heart pumps more blood, which redistribute blood flow 

towards the skin (vasodilation) and improve heat transfer (Kenny et al., 2018). This process can be 

dangerous for people with heart-related diseases or if temperatures are too high for a prolonged period, 
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compromising our ability to thermoregulate. Cold weather can also be dangerous to our health and 

mortality attributable to low temperature is often higher than mortality attributable to high temperature 

(Collins, 1986; Gasparrini et al., 2015; Chen et al., 2016; Petkova et al., 2021; Masselot et al., 2023). 

Cold air can inflame the lungs and inhibit circulation, exacerbating the symptoms of respiratory and 

heart conditions (e.g., asthma, chronic obstructive pulmonary disease, ischaemic heart disease, stroke, 

and coronary heart disease; Janssen et al., 2023; Liu et al., 2024; Umishio et al., 2019). In addition, 

cold houses can also lead to mental health problems because of the stress associated with experiencing 

cold, feelings of lack of autonomy over the environment, and lack of sleep (Weilnhammer et al., 2021; 

Clair & Baker, 2022). Unfortunately, only 35% of the world population uses any kind of space-

cooling/heating devices, and the use is highly concentrated among those high-income household in rich 

countries (Pavanello et al., 2021). Thus, the increase in the frequency, intensity, and duration of 

extreme temperatures caused by climate change combined with inadequate heating or cooling, will 

likely increase the adverse health outcomes caused by poor thermal environment at home (Fouillet et 

al., 2006; Egilson 2022).  

The thermal environment is particularly important for people with complex medical needs 

because of their fragile health, physical inactivity, and a tendency to spend more time indoors 

(Thomson et al., 2013; Mulliner et al., 2020; E et al. 2024). Older adults have a diminished ability to 

thermoregulate (e.g., reduced sweating capacity and reduced amount of water in their bodies) and 

higher rates of chronic diseases (e.g., cardiovascular and respiratory diseases) that interfere with 

thermoregulation. For those older adults living in the community, the risks associated with poor thermal 

environment are even higher because they might not have the same type and quality of support 

compared to older adults living in care facilities (e.g., nursing homes). Given that interventions 

targeting energy efficiency in homes can improve overall health (Thomson et al., 2013; Ahrentzen et 

al., 2016), identifying older adults with complex medical needs living in the community with poor 
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thermal environment is essential to targeting assistance during periods of extreme temperature 

variation. 

  The primary objective of this study is to examine risk and protective factors associated with 

inadequate home thermal environment among older adults receiving home care services in Canada. We 

also investigated if the rates of houses with poor thermal environment were different during the study 

period and across different geographic regions in Canada. 

2.2 Methods 

2.2.1 Data 

In Canada, provinces and territories offer community-based home care services to older adults and 

people of all ages with complex medical needs, persons with disabilities, and those requiring palliative 

care. Services available include personal care, home nursing, and limited rehabilitation. In Ontario, 

British Columbia, Alberta, Newfoundland and Labrador, and Yukon Territory, every client who receives 

home care service must be assessed with the RAI home care (RAI-HC) instrument (Hirdes et al., 2008). 

This is a comprehensive, person-centred, and internationally validated assessment with about 250 items 

designed to understand the needs, strengths, and preferences of each client (Hirdes et al., 2008). These 

assessments also collect demographic and socioeconomic information. Assessments are conducted by a 

trained person (usually a nurse or social worker) every 6-12 months or when there is a clinically 

important change in the client’s health. The RAI-HC assessment also considers the home environment, 

including one item about the thermal environment (‘inadequate heating/cooling’ hereafter). Assessors 

can rely on their own observations (e.g., too hot in the summer or too cold in the winter) or use 

information given by the client and/or family members. Since 2018, Ontario has adopted the updated 

version of the RAI-HC (interRAI Home Care), and this transition is now underway in the rest of the 

country. Therefore, we examined only items present in both versions (RAI-HC and interRAI Home 

Care) or items with available crosswalks. We removed individuals younger than 65 years old because 
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they represent only about 12% of the total clients in the RAI-HC and interRAI Home Care (interRAI 

HC; as up to 2023). Because we want to understand the risk factors associated with poor thermal 

environment of older adults with complex medical needs living in the community, we excluded those 

clients who could receive care services beyond those offered by the home care program, such as clients 

living in care facilities or grouping living. Thus, we analyzed 531,880 assessments from 388,429 

unique older adults who receive support at home because of their medical needs from 01-January-2019 

to 31-December-2022. 

 We used demographic, socioeconomic, and lifestyle variables to investigate the risk and 

protective factors associated with inadequate heating/cooling (Table 2.1). We choose variables that 

were available in the assessments and have been shown to be associated with adverse health outcomes 

caused by poor thermal environment at home. Demographic variables were selected based on a 

literature review (Thomson et al., 2013) and included age, sex assigned at birth, primary language, 

province/territory, and geographic region (urban or rural). Economic situation (whether the client made 

trade-offs because of limited funding) was used as a socioeconomic variable because people with lower 

financial resources might not afford to keep an optimal thermal environment at home (Thomson et al., 

2013). Lifestyle factors included living situation (living alone or with others), isolation (whether the 

client spent more than 2 hours alone at home), and whether the client (or family member) believed they 

would be better-off in another setting (e.g., long-term care). This last item is important because it could 

indicate that the thermal environment is inadequate. Because informal caregivers (friends or family 

members who provide unpaid care) have important roles in the lives of older adults with complex 

medical needs (Carretero et al., 2009), we also included the presence of an informal caregiver, whether 

there were signs of caregiver distress (e.g., caregiver is unable to continue with care or show signs of 

stress, anger, or depression), and signs of abuse of the client (e.g., fearful of family members, 

unexplained injuries, neglect, poor hygiene, and physically restrained; Table 2.1). Inflation and house 
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affordability became important economic issues in Canada since the COVID-19 pandemic, therefore, 

we also entered year as a covariate to investigate if there was an increase in houses with inadequate 

heating/cooling during the study period (2019-2022). 

 To better understand the overall health profile of our study population, we used the Armstrong 

Frailty Index, which is a cumulative deficit index calculated as the ratio of deficits or health problems 

to the total numbers of deficits considered (Armstrong et al., 2010). We also used the Cognitive 

Performance Scale (CPS), which is a validated scale to measure cognitive impairment with values 

ranging from 0 (no impairment) to 6 (severe) cognitive impairment (Morris et al., 2000). 

2.2.2 Statistical analysis 

 To understand the association between inadequate heating/cooling in the house and our 

explanatory variables, we used a generalized estimating equation model. Inadequate heating/cooling 

was the response variable (yes or no) and age, sex assigned at birth, primary language, 

province/territory, economic situation, living situation, isolation, whether the client or family believed 

that the client would be better-off in another setting, presence of an informal caregiver, signs of 

caregiver distress, and indications of abuse (physical abuse, neglected, or mistreated) and year were 

used as explanatory variables. Client identification was entered as the grouping factor with an 

autoregressive correlation structure. Because inadequate heating or cooling could be observed more 

frequently during times when the outside temperature was too high (e.g., summer) or too low (e.g., 

winer), we also entered season as an explanatory variable. We tested the interactions between sex and 

living situation and sex and the presence of an informal caregiver because historically, women are more 

likely to live alone than men (Klinenberg, 2013; Stepler, 2016; Henning-Smith, 2016; Tang et al., 2019) 

and women are more likely to be an informal caregiver (Lee & Tang, 2015; Navaie-Waliser et al., 

2002). We also tested for interactions between age and living situation and age and caregiver because 

age is frequently associated with the presence of a caregiver and living alone (Reher & Requena, 2018). 
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Finally, we tested for the interaction between sex and age because women tend to live longer than men 

(Zarulli et al., 2018). To investigate what levels were different from each other in all interactions, we 

used a post-hoc pairwise comparison with Tukey adjustment for multiple comparisons after obtaining 

the estimated marginal means (least-squares means) for each level. The interactions between sex and 

caregiver, age and living situation and sex and age were not statistically significant (p>0.1) and were 

removed from the final model. We also used a post-hoc pairwise comparison to understand rates of 

inadequate heating/cooling and home by province/territory. We used forward sortation area (FSA), 

which is a geographical unit based on the first three characters of the Canadian postal code, as the 

geographic unit to map the percentage of assessments with inadequate heating/cooling in each FSA.  

 Analyses were conducted in R v4.3.2 (R Core Team, 2024). We used the geepack package to 

perform the generalized estimating equation model (Højsgaard et al., 2006), the pROC package to 

obtain the area under the curve (Robin et al., 2011), and the emmeans package (Russell, 2018) to 

perform the post-hoc comparison among levels of all interactions. 

2.3 Results 

We found that 2,938 assessments (0.6% of the total sample) from 2,119 unique individuals (0.6%) had 

features of inadequate heating/cooling at home (Table 2.1; Figure 2.1). Summer was the season with 

the highest number of houses identified as having inadequate heating or cooling (Figure 2.1). The area 

under the curve was 0.8 for the full model. Having inadequate heating/cooling was positive associated 

with older adults who had to make economic trade-offs (OR = 5.28, 95% CI = 4.69-5.94), with those 

who had signs of abuse (OR = 3.35, 95% CI = 2.94-3.82), who lived in rural areas (OR = 2.22, 95% CI 

= 2.04-2.42), who answered that they would be better-off in another setting (OR = 2.06, 95% CI = 

1.90-2.23), who spent long hours alone at home (OR = 1.54, 95% CI = 1.40-1.69), males (OR = 1.70, 

95% CI = 1.31-1.52), and with those whose caregivers showed signs of distress (OR = 1.44, 95% CI = 

1.32-1.57; Table 2.2, Figure 2.3). The odds of having inadequate heating/cooling at home was not 
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statistically different between 2019, 2020, and between 2019 and 2021 (Table 2.2, Figure 2.3), but in 

2022 we found that the odds of having a house with inadequate heating/cooling was 17% higher than in 

2019 (OR = 1.17, 95% CI = 1.07-1.29). Among the provinces and one territory investigated, living in 

Yukon Territory and Newfoundland and Labrador increased the odds of having inadequate 

heating/cooling compared to Ontario, British Columbia, and Alberta (Figure 2.3 and 2.4). There was no 

statistical difference in having a house with inadequate heating/cooling when comparing English 

speakers with those whose primary language was not English (Table 2.2, Figure 2.3). 

 We found significant interactions between sex at birth and living situation and between age and 

the presence of an informal caregiver (Table 2.2, Figure 2.5 and 2.6). For those living alone, the odds of 

having a house with inadequate heating/cooling were higher for males than for females. For those with 

informal caregiver, the odds of having inadequate heating/cooling at home decrease with age (Figure 

2.6).  

2.4 Discussion 

The results of our analysis demonstrate that a combination of demographic and socioeconomic 

characteristics, as well as the presence of informal caregivers were associated with inadequate 

heating/cooling at home in older adults receiving health support at home. To our knowledge, this is the 

first study addressing the risks and protective factors associated with thermal environment in home care 

clients, which is a population at high risk of adverse health outcomes during heat waves and cold spells 

(Ebi et al., 2021; Arsad et al., 2022). Although any older adult could be living with vulnerabilities that 

place them at risk of the adverse effects of extreme temperature because of the high incidence of health 

problems and tendance to spend more time indoors, those receiving services at home might not have 

the financial means to buy, operate, and maintain heating and cooling systems. Moreover, home care 

clients might not have the cognitive capacity to understand the effects that an inadequate thermal 

environment might have on their health. Older adults living in care facilities, such as nursing homes, 
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can rely on healthcare works and other support workers to take care of their needs, making them 

potentially less vulnerable than those living in the community. Thus, older adults living in the 

community should be a priority group in initiatives to minimize the adverse health effects of extreme 

temperatures. 

 Older adults who had to make economic trade-offs were more than 5 times more likely to have 

inadequate heating or cooling at home. This is not surprising given that people experiencing economic 

problems are usually unable to buy and maintain heating and cooling systems and/or maintain proper 

house isolation. This result is concerning when considering that indoor temperature in houses without 

air conditioning can be higher than outdoor temperatures during heat waves (Lee & Lee, 2015; Nguyen 

et al., 2014; Henderson et al., 2022; Oetomo et al., 2022), placing older adults at high risk of health 

complications and death.  

One way to solve this issue is to invest in housing upgrades. For example, small investments 

from Governments could have a positive impact on the thermal environment because improvements in 

energy efficiency can improve people’s health, specially for those with inadequate heating or cooling at 

home and those with chronic respiratory disease (Thomson et al., 2013; Ahrentzen et al., 2016). These 

investments are small compared to the public costs of heat waves and cold spells. For example, in 

Ontario, a full subsidy program for all houses with inadequate heating/cooling in our population would 

cost around $12 million (809 clients; assuming the cost of an installed heat pump about $15,000 CAD). 

The cost of premature nursing home placements, where problems in the home environment are a driver, 

would be around $197 million (assuming a basic type of accommodation, for a low-income person at 

$66.95 per person, per day, for a period of 10 years, which is the average life expectancy of a heat 

pump; Ontario, 2024). Additional possible costs savings are related to acute hospitalizations from 

cardio-respiratory problems and dehydration.    
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 Older adults with indications of abuse (physical abuse, neglected, and mistreated) were about 

three times more likely to have inadequate heating or cooling at home. Unpaid services that family 

members and friends provide to older adults are essential to the health of older adults, not only because 

it can keep them at home, but also because informal caregivers are an essential source of support 

(Gaugler et al., 2003). However, having an informal caregiver can result in negative outcomes, 

specially if the informal caregiver is under distress. Therefore, support for informal caregivers can also 

have positive effects on the thermal environment of home care clients and should be considered when 

thinking about climate change adaptation.   

 Our analysis indicated that having an informal caregiver was the most important protective 

factor, specially for those older than 75 years. For example, some older adults might not be able to 

maintain or operate heating/cooling systems or keep the house insulated with windows and doors at 

good working condition. An older adult who does not have a caregiver might not be able to perform 

regular maintenance and a caregiver that neglects the care recipient might place them at risk. It is not 

surprising that the importance of caregivers increases with age-related declines in cognition and 

function (Black & Rush, 2002; Mehta et al., 2002).   

 We found that living situation (living alone or with others) only increased the odds of having 

poor thermal environment if clients were male, but sex seemed unimportant for those clients living with 

others. These results suggest that females might be better able to maintain their house in working 

condition regardless of their living situation. This is supported by several facts. First, unmarried men or 

men living alone tend to have earlier onset of frailty than women (Kojima et al., 2020a; Trevisan et al., 

2016). Second, women tend to improve both physical and mental health after their husbands die 

(Trevisan et al., 2016; Kojima et al., 2020a; 2020b) and life satisfaction increases for women after 

divorce (although this might be true only for women in low quality marriages; Bourassa et al., 2015). 

Finally, because women are more likely to live alone than men (Henning-Smith, 2016; Klinenberg, 
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2013; Stepler, 2016; Tang et al., 2019), they might be better able to maintain a house with a proper 

thermal environment.  

 Yukon and Newfoundland and Labrador had more assessments indicating poor thermal 

environment compared to the other provinces. Also, within each province and territory, the number of 

cases was not equally distributed. Instead, houses with inadequate heating or cooling were highly 

concentrated in some areas. Other studies also showed that there are geographical “hot spots” of 

adverse health outcomes associated with natural hazards. For example, 74% of deaths during the 2021 

heat dome in British Columbia occurred in 2 out of 5 health authorities (Egilson, 2022). In British 

Columbia the effects of high temperature could be particularly important because it is estimated that 

only 33% of the houses have air conditioner (Government of Canada, 2023). Thus, our results provide 

essential information that can be used to public health agencies to concentrate efforts in “hot spots” 

areas before, during, and after periods of extreme temperature. 

 We found that 0.6% of houses of home care older adults in Canada were identified to have 

inadequate heating and cooling. To our knowledge, there is no estimate for this population available in 

Canada or elsewhere. Estimates for the general population can vary greatly depending on the metric, 

method used, and demographics. For example, energy poverty is often used to measure thermal 

environment, and it is defined as houses with inadequate levels of essential energy services that are 

needed to maintain a comfortable indoor environment (Riva et al., 2021). For Canada, estimates of 

energy poverty can vary between 6% and 19% depending on the metric, geographic region, age, and 

income (Riva et al, 2021; Das et al., 2022). Estimates for older adults are often higher compared to the 

general population (Tardy & Lee, 2019; Riva et al., 2021; Das et al., 2022), suggesting that we might 

have missed many houses with poor thermal environment. Conversely, in Canada, energy poverty is 

less than 1% in households with a yearly income higher than $75,000 CAD (Tardy & Lee, 2019). This 

suggests that our population might be in better financial situation than the average Canadian. Indeed, 
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only 2% of our sample indicated financial constrains resulting in economic trade-offs between food, 

shelter, clothing, and necessary medications or health care. Future studies should try to combine 

subjective measures of thermal environment, such as energy poverty and inadequate heating or cooling 

at home with other metrics such as indoor temperature and humidity. In addition, it would be helpful to 

determine whether inadequate heating or cooling in the home is associated with higher discharge rates 

from home care to hospital, long term care or death.   

 In addition to measurements at the population level, the evidence reported here could also be 

used as a basis for targeting individuals already identified as having inadequate home thermal 

environment. The interRAI assessments are comprehensive and provide reliable and high-quality data. 

Individual information is updated at least every 12 months, meaning that the risk factors are also 

updated as the person’s needs change. Data are collected by health professionals and geocoded, which 

allows public health agencies to locate each individual client to plan pre-emptively. Finally, every 

home care client is assessed, providing full coverage for this population. 

2.5 Limitations 

 The main limitation of our study is the fact that the question about inadequate heating or 

cooling at home was based on a snapshot of personal observations of the assessor. Although these 

assessors are trained to complete the instrument, the fact that they have only a snapshot in time could 

result in an underestimate of the true number of houses with thermal problems in our population. When 

assessments are conducted during periods of hot and cold weather (e.g., summer and winter), 

inadequate heating or cooling might be easy to detect because the house would feel too hot or cold to 

the assessor. However, during periods of mild temperature, the assessor might need to rely on the 

client’s perception or information from family members and friends. Many older adults do not 

thermoregulate properly because of changes in their physiology (e.g., diminished sweating capacity or 

less fat below the skin) or because medications interfere with thermoregulation (e.g., diuretics). Thus, 
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information provided by clients might be insensitive to the dangers associated with extreme variation in 

indoor temperature. Another limitation is that indicators used here were not validated in terms of 

temperature-related health outcomes, even though they were selected based on literature. It would be 

important to use data from older adults who receive home care services and experienced adverse health 

outcomes because a heat- and cold-related events and investigate the frequency of these items in that 

population. 

2.6 Conclusions 

We found that having inadequate heating or cooling at home were associated with financial problems, 

informal caregiver (the presence of a caregiver, caregiver distress, and signs of abuse), isolation (living 

alone or spending long hours alone at home), sex, age, and geographic location (rural areas, Yukon, and 

Newfoundland). Considering the high risk of adverse health outcomes during extreme-weather events 

in this population, our results provide essential information to identify individuals at risk and develop 

interventions to minimize the negative effects of climate change. This is particularly important because 

a growing number of older adults will be at risk during periods of extreme temperature and wildfires in 

the next few years, given the aging population, the negative effects of climate change on health, and the 

fact that the odds of having a house with inadequate heating or cooling tended to increase during the 

study period (2019-2022). 
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Table 2-1 Characteristics of the study population. Data were collected from 01 January 2019 to 31 

December 2022 (N = 388,429 unique individuals).  

Item Scores Inadequate heating/cooling Total 

  No Yes  

FRAILTY (ARMSTRONG SCALE) 
0 = No frail 
1 = Pre-frail 
2 = Frail 

114,959 (99.4%) 
94,555 (99.4%) 
179,959 (99.5%) 

678 (0.6%) 
566 (0.6%) 
875 (0.5%) 

115,474 (29.7%) 
95,121 (24.5%) 
177,834 (45.8%) 

COGNITIVE PERFORMANCE SCALE 

0 = Intact (0) 
1-2 = Mild impairment (1-2) 
3-6 = Moderate/severe 
impairment (3-6) 

91,788 (99.5%) 
232,909 (99.4%) 
61,613 (99.5%) 

488 (0.5%) 
1,309 (0.6%) 
322 (0.5%) 

92,274 (23.8%) 
234,218 (60.3%) 
61,935 (16.0%) 

DEMOGRAPHIC VARIABLES     

Age 
65-74 
75-84 
85+ 

74,566 (99.1%) 
141,281 (99.4%) 
170,463 (99.6%) 

657 (0.9%) 
867 (0.6%) 
595 (0.3%) 

75,223 (19.4%) 
142,148 (36.6%) 
171,058 (44.0%) 

Sex 
Female 
Male 

233,456 (99.5%) 
152,854 (99.3%) 

1,088 (0.5%) 
1,031 (0.7%) 

234,544 (60.4%) 
153,885 (39.6%) 

Language 
English 
Other language 

317,262 (99.4%) 
69,048 (99.6%) 

1,869 (0.6%) 
250 (0.4%) 

319,131 (82.2%) 
69,298 (17.8%) 

Province 

Ontario 
British Columbia 
Alberta 
Newfoundland and Labrador 
Yukon Territory 

262,204 (99.5%) 
77,655 (99.4%) 
31,275 (99.4%) 
14,695 (99.0%) 
481 (95.4%) 

1,326 (0.5%) 
440 (0.6%) 
182 (0.6%) 
148 (1.0%) 
23 (4.6%) 

263,530 (67.8% 
78,095 (20.1%) 
31,457 (8.1%) 
14,843 (3.8%) 
504 (0.13%) 

Urban or rural location 
Urban 
Rural 

322,507 (99.5%) 
63,803 (99.0%) 

1,502 (0.5%) 
617 (0.9%) 

324,009 (83.4%) 
64,420(16.6%) 

SOCIOECONOMIC VARIABLES     

Economic trade-offs 
No 
Yes 

378,858 (99.5%) 
7,452 (95.5%) 

1,772 (0.5%) 
347 (4.4%) 

380,630 (98.0%) 
7,799 (2.0%) 

LIFESTYLE     

Living situation 
Alone 
Not alone 

145,108 (99.2%) 
241,202 (99.6%) 

1,161 (0.8%) 
958 (0.4%) 

146,269 (37.7%) 
242,160 (62.3%) 

Social isolation 
Less than 1-2 hours a day 
Long periods of time 

205,946 (99.6%) 
180,364 (99.2%) 

747 (0.4%) 
1,372 (0.7%) 

206,693 (53.2%) 
181,736 (46.8%) 

Better-off 
No 
Yes 

303,19 (99.5%) 
83,12 (98.9%) 

1,238 (0.4%) 
881 (1.0%) 

304,428 (78.4%) 
84,001 (21.6%) 

INFORMAL CAREGIVER     

Presence of caregiver 
No 
Yes 

11,113 (98.0%) 

375,197 (99.5%) 
 

227 (2.0%) 

1,892 (0.5%) 
 

11,340 (2.9%) 
377,089 (98.1%) 

Caregiver distress 
No 
Yes 

225,68 (99.5%) 

160,63 (99.3%) 
 

1,090 (0.5%) 

1,029 (0.6%) 
 

226,770 (58.4%) 
161,659 (41.6%) 

Abuse 
No 
Yes 

379,254 (99.5%) 

7,056 (96.9%) 
 

1,898 (0.5%) 

221 (3.0%) 
 

381,152 (98.1%) 
7,277 (1.9%) 

SEASONS Spring 95,940 (99.5%) 480 (0.5%) 96,420 (24.8%) 

 Summer 92,275 (99.3%) 667 (0.7%) 96,942 (23.9%) 

 Fall 95,798 (99.5%) 479 (0.5%) 96,277 (24.8%) 

 Winter 102,297 (99.5%) 493 (0.5%) 102,790 (24.5%) 

YEAR     

2019 
2020 
2021 
2022 

 

147,104 (99.5%) 
69,898 (99.5%) 
79878 (99.4%) 
89,43 (99.4%) 

749 (0.5%) 
356 (0.5%) 
451 (0.6%) 
563 (0.6%) 

147,853 (38.1%) 
70,254 (18.1%) 
80,329 (20.7%) 
89,993 (23.2%) 

 

Note: Armstrong Frailty Scale grouping: 0: < 0.26 1: >= 0.26 < 0.36 2: >= 0.36.    
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Table 2-2 Adjusted odds ratio and 95% confidence interval (CI) for having a home with inadequate 

heating or cooling (yes or no). Values were obtained with a generalized estimating equation (area under 

the curve = 0.8). Values between parentheses are reference levels (N = 531,880 assessments). 

Categories Variable OR 2.5% CI 97.5% CI 

DEMOGRAPHIC VARIABLES     

Age (ref=65-74) 75-85 1.17 0.90 1.52 

 85+ 0.84 0.59 1.20 

Sex (ref=Female) Male 1.70 1.53 1.88 

Language (ref=English) Other language 0.92 0.81 1.04 

Province (ref=Ontario) British Columbia 1.03 0.94 1.13 

 Newfoundland 0.91 0.80 1.03 

 Alberta 1.30 1.13 1.49 

 Yukon 4.24 2.88 6.24 

Urban or rural location (ref=Urban) Rural 2.22 2.05 2.42 

     

SOCIOECONOMIC VARIABLES     

Economic trade-offs (ref=No trade-off) Trade-off 5.28 4.69 5.94 

     

LIFESTYLE     

Living situation (ref=Not alone) Alone 0.77 0.68 0.86 

Social isolation (ref=No) Yes 1.54 1.40 1.69 

Better-off (ref=No) Yes 2.06 1.90 2.23 

     

INFORMAL CAREGIVER     

Presence of caregiver (ref=No) Yes 0.58 0.47 0.71 

Caregiver distress (ref=No) Yes 1.44 1.32 1.57 

Abuse (ref=No) Yes 3.35 2.94 3.82 

     

YEAR (ref=2019) 2020 0.94 0.84 1.05 

 2021 1.10 0.99 1.21 

 2022 1.16 1.05 1.28 

     

SEASONS (ref=SPRING) Summer 1.35 1.22 1.49 

 Fall 1.01 0.91 1.13 

 Winter 1.06 0.95 1.18 

     

INTERACTIONS     

Sex:Living Situation (ref=Female:Alone) Male:Not alone 0.70 0.60 0.81 

Age:Caregiver (ref=65-74:Caregiver) 75-84: Caregiver 0.68 0.51 0.90 

 85+: Caregiver 0.60 0.41 0.87 

 

Note: Full comparison of interactions is available in Figures 2.3, 2.4, and 2.5. 
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A. 

 
 

 

B. 

 

 
 

 

Figure 2-1 Percentage of home care clients with inadequate heating and cooling in each Province (A), 

and Yukon Territory (B) by season. Percents were calculated as the number houses with inadequate 

heating and cooling in each season, divided by the total number of houses assessed in that season. 
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A.  

 

 
Figure 2-2 Map of Ontario with the percentage of people with inadequate heating or cooling at home 

in each forward sortation area (A). Blue lines represent the geographic location of houses with 

inadequate heating or cooling for Central Ontario (B), and the red lines represent this geographic 

location for Kitchener-Waterloo region (C).  
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Note: Forward sortation area is a geographical unit based on the first three characters of the Canadian 

postal code. Darker colours indicate a higher number of cases. 
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Figure 2-3 Adjusted odds ratios (dots) and 95% confidence interval (CI; bars) for having a home with 

inadequate heating or cooling (yes or no; N = 531,880 assessments). Values were obtained with a 

generalized estimating equation. 

Note: Black points are reference values, red points represent a significant positive association between 

the variable and inadequate heating/cooling, blue points represent a negative association, and grey 

points represent no significant association. Odds-ratio values and 95% CI are available in Table 2.2. 
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Figure 2-4 Adjusted odds ratio for having a home with inadequate heating or cooling from a post-hoc 

pairwise comparison and 95% confidence interval (bars) between the 4 Provinces and 1 Territory. 

Values were based on estimates from a generalized estimating equation.  

Note: The first Province/Territory in the y-axis is the reference value, e.g., Yukon (YT) had a higher 

odds of having a house with inadequate heating or cooling than Ontario (ON). ‘BC’ refers to British 

Columbia and ‘AB’ refers to Alberta. 
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Figure 2-5 Adjusted odds ratios for having a home with inadequate heating or cooling from a post-hoc 

pairwise comparison based on the interaction between sex and living situation from a generalized 

estimating equation model (N = 532,021 assessments). 

Note: The first sex-living situation combination in the y-axis is the reference value, e.g., ‘M Alone’ had 

a higher odds of having a house with inadequate heating or cooling than ‘M Not alone’. ‘F’ refers to 

females, ‘M’ to males, ‘Alone’ to individuals who lived alone and ‘Not alone’ to individuals who did 

not live alone.     
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Figure 2-6 Adjusted odds ratio for having a home with inadequate heating or cooling from a post-hoc 

pairwise comparison based on the interaction between age and presence of informal caregiver from a 

generalized estimating equation model (N = 532,021 assessments). 

Note: The first year-presence of informal caregiver combination in the y-axis is the reference value, 

e.g., ‘85+ No’ had a higher odds of having a house with inadequate heating or cooling than ‘85+ Yes. 

‘No’ refers to absence of informal caregiver and ‘Yes’ refers to the presence of informal caregiver.  
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3.1 Introduction 

Extreme weather events can negatively affect human health. Death and physical injury are often the 

most immediate concerns; however, weather events can also lead to the spread of infections diseases, 

displacement, homelessness, economic struggles, and adverse mental health outcomes. For example, 

the earthquake that affected Turkey and Syria in 2023 resulted in more than 55,000 deaths, but about 4 

million people lost their houses, and about 30 million needed assistance (World Health Organization, 

2023b; Mavrouli et al., 2023). In addition to the physical harms, experiencing an extreme weather 

event can result in mental health problems, such as non-specific psychological distress (e.g., sleep 

disturbances), changes in health risk behaviours (e.g., increase in alcohol and recreational drugs 

consumption), and psychopathologies (e.g., post-traumatic stress disorder and mood disorders; 

Lawrance et al., 2022; Morganstein & Ursano, 2020; Saeed & Gargano, 2022; Thompson et al., 2023; 

Zunin & Myers, 2000). Climate change has increased the frequency, intensity, and duration of extreme 

weather events such that the World Health Organization (WHO) now considers climate change the 

greatest health threat of the 21st century (World Health Organization, 2024). Consequently, developing 

more climate-resilient health systems is the first major goal in the WHO’s 2024 strategic plan (World 

Health Organization, 2024) 

 One way to minimize the impact of extreme weather events is to develop targeting mechanisms 

to identify individuals at increased risk when exposed to environmental challenges (Cheng et al., 2021; 

Polcari et al., 2022; Szagri et al., 2023). The great majority of available measures of this type are based 

on membership in general at-risk groups defined by social, economic, physical, and environment 

indicators. For example, older adults and children are often considered vulnerable (Benevolenza & 

DeRigne, 2019). However, these general high-risk groups are not homogeneous and relying simply on 

a group membership approach can result in many people being wrongly classified as at risk. For 

example, not all older adults would be at risk of health complications because of a heat wave. This 
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could create logistic problems when assisting those in need during a time of a crisis (Forster et al., 

2001; Levine, 2004; Kailes & Enders, 2007; Schroeder & Gefenas, 2009). 

 Alternatively, it is also possible to develop indices using personal clinical and demographic 

information to calculate the individual risk of experiencing adverse health outcome during a natural 

hazard. One of the few examples of this approach is the Vulnerable Persons at Risk algorithm (VPR), a 

valid and reliable instrument that uses real-time information for a rapid identification of individuals that 

could be at risk (van Solm et al., 2017). The risk calculated by the VPR relies on information associated 

with health outcomes (e.g., health instability, cognitive impairment), social isolation (e.g., living alone 

and limited access to informal caregivers), and dependence on medical technologies (e.g., oxygen 

therapy). This information is collected with the interRAI Home Care assessment (interRAI HC; Hirdes 

et al., 2008; van Solm et al., 2017). However, one major limitation of the VPR is the narrow coverage 

of the target population, i.e., individuals receiving long-term home care services. Because many other 

vulnerable older adults living in the community might also be at risk, it is important to develop 

measures that could cover a wider population. 

 To address this issue, we created the Brief Risk Index (BRI). The BRI contains 14 items from 

the interRAI Contact Assessment (interRAI-CA), 6 of which are items similar to the ones present in the 

VPR. The interRAI-CA is used in the community and hospitals, including emergency rooms, to support 

home care intake, i.e., individuals transitioning between different levels of care. It is more broadly 

applied to all home care clients, including short-stay cases and it could be applied as a screening tool in 

other contexts. We chose to use the VPR as a point of reference for the BRI because a similar version 

has already been successfully used in real life situation (earthquake in New Zealand in 2011), and the 

VPR has a strong association with mortality, long-term care admission, and hospitalization in the 

context of an ice storm event in Toronto, Canada (van Solm et al., 2017). In addition, the population 

and items covered in the two assessments (interRAI-CA and interRAI HC) overlaps because the 
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interRAI-CA is used to inform the decision of who requires the full interRAI HC in-person assessment. 

Hence, the interRAI-CA provides a rapid basis for early identification of risk levels that can be verified 

with more comprehensive evaluation later. 

3.2 Methods 

3.2.1 Data 

We first developed and tested the performance of the BRI compared to the VPR using data collected 

with the interRAI HC assessment to ensure that the two measures would be congruent with each other. 

The interRAI HC evaluates the strengths, preferences and needs of long-stay (usually > 60 days) home 

care clients (Carpenter & Hirdes, 2013; Gray et al., 2009; Morris et al., 2013). The instrument is used 

in most provinces and territories in Canada. Eligibility is mostly based on needs (individuals with 

complex medical needs such as chronic conditions, disabilities, and in palliative care). A trained health 

professional, usually a nurse, conducts the interRAI HC assessment every 6-12 months or when there is 

an important change in the client’s health. We constrained our analysis to Ontario, Canada because both 

the interRAI HC and interRAI-CA are mandated in Ontario, meaning that we have a full coverage of 

this population. We used data from 2018 or later because Ontario adopted a newer version of the 

interRAI HC at that time. Finally, we removed individuals younger than 18 years because there were 

only 135 observations in this group. Our dataset contained 1,253,349 observations from 514,745 

unique individuals assessed from 01 January 2018 to 31 March 2023. 

  We tested the performance of the BRI with the interRAI-CA using data collected from Ontario. 

The interRAI-CA is a screener used prior to the interRAI HC to inform decisions related to home care 

intake and service initiation at the start of an episode of care. It is completed either by phone or in-

person for all individuals expected to be eligible for home care services, including short-stay clients 

(usually less than 60 days). The interRAI-CA is a much shorter instrument (about 50 items compared to 

about 250 items in the interRAI HC). It covers a population of almost 1 million people in Ontario. 
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Around 25% of the individuals in Ontario assessed with the interRAI-CA also receive the interRAI HC 

assessment (Sinn et al., 2022). This dataset contained 1,134,593 observations from 750,755 unique 

individuals assessed from 01 January 2018 to 31 March 2023, about 70% more individuals than those 

assessed with the interRAI HC. 

3.2.2 Development of the BRI 

To develop the BRI, we first found common items between the interRAI HC and interRAI-CA that 

were used to develop the VPR (Table 3.1). If an item in the VPR was not present in the interRAI-CA, 

we looked for similar items that could be used as an alternative. Of the 21 items in the VPR, 6 of them 

were similar between the VPR and BRI, 8 were replaced with a similar item, and 8 were not included 

in the BRI because there was no comparable measure in the interRAI-CA (Table 3.1). For example, the 

Cognitive Performance Scale (CPS) measures cognitive impairment and is part of the VPR, but it is not 

fully present in the interRAI-CA. However, the items “Cognitive skills for decision making”, and 

“Ability to understand others” are in the interRAI-CA (one of the items is part of the Cognitive 

Performance Scale) and, therefore, were used as replacements. The Changes in Health, End-stage 

disease, and Symptoms and Signs (CHESS) scale measures frailty and health instability, and it is a 

good predictor or mortality (Hirdes et al., 2014). We used the CHESS to test the BRI against the VPR 

but then replaced the CHESS with the CHESS-CA to use the BRI with the interRAI-CA (the CHESS-

CA is a similar scale developed for the interRAI-CA; Sinn et al., 2020). 

3.2.3 Statistical analysis 

We first investigated the association between each item used to create the BRI and the question “Client 

or primary caregiver feels that client would be better off in another living environment.”, which was 

one of the indicators used to develop the VPR. The rationale for using this question was that, if the 

environment was considered inadequate under normal circumstances, it would be a problem during a 

natural hazard (van Solm et al., 2017). We then investigated the association between the BRI and the 
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VPR with a generalized estimating equation where the VPR was entered as response variable and the 

BRI as an explanatory variable. The VPR is a 3-point scale (low risk, mild risk and high risk). For 

simplicity, we dichotomized the VPR in our analysis (0 if the individual was classified as low risk and 

1 if classified as medium or high risk). Client identification was used as the grouping factor with an 

auto-regressive correlation structure. We obtained cut-point values for the BRI based on hospital 

admissions and the VPR using two methods: the Youden index and the maximum product of sensitivity 

and specificity method (Hassanzad & Hajian-Tilaki, 2024). The Youden index is defined as Jmax = maxt 

[sensitivity (t) + specificity (t) – 1], where t denotes the classification threshold that maximizes J 

(Ruopp et al. 2008). The maximum product of sensitivity and specificity is defined as Prodmax = maxt 

(sensitivity(t)) * (specificity(t)), where t denotes the threshold that maximizes Prod. Our goal was to 

create a 4-level scale to understand the distribution of risks within our study population. Therefore, we 

also calculated cut-point values for those who scored above and below the first cut-point obtained with 

the whole population. 

 To understand the association between the BRI and potential adverse health outcomes, we used 

a generalized estimating equation with hospital admissions as response variable and the BRI as 

explanatory variable. Hospital admissions were coded as 0 if the client had no admissions in the last 90 

days or 1 if they had 1 or more visits in the same period. Client identification was used as the grouping 

factor with an auto-regressive correlation structure. We also used a cox-regression model to investigate 

the 1-year survival probability of those classified as at risk (low, mild, medium, and high risk) 

according to the BRI.   

 All statistical models had age, sex assigned at birth, and geographic region (Local Health 

Integration Networks - LHINs) as co-variates. Analyses were conducted in R v4.3.2 (R Core Team, 

2024). Generalized estimating equations were conducted with the geepack package (Højsgaard et al., 

2006), the cox-regression survival analysis was conducted with the survival package (Therneau, 2023), 
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and the Youden index was calculated with the cutpointr package (Thiele & Hirschfeld, 2021). We used 

the tidyverse package (Wickham et al., 2019) for data filtering and cleaning. Figures were made with 

the tidyverse and the survminer package (Kassambara, 2021). 

3.3 Results 

About a third of the population assessed with the interRAI HC were 85 years and older (Table 3.2), and 

between 20%-30% had problems with frailty and health instability (measured with the CHESS scale) 

and problems with activities of daily living (ADL) and instrumental activities of daily living (IADL; 

44% indicated problems with meal preparation; Table 3.2). Only 4% of individuals did not have an 

informal caregiver, and among those, 38% had caregivers with signs of distress (Table 3.2). 

 For the interRAI-CA, the percentage of people 85 years and older were lower (24%) than the 

interRAI HC population (37%). Rates of individuals indicating problems with ADL and IADL, mood, 

and problems with cognition were overall higher in the interRAI-CA (Table 3.2). Although a similar 

percentage of individuals indicated that they had an informal caregiver in both instruments, rates of 

caregiver distress were lower in the interRAI-CA (Table 3.2). 

 Of the 14 items used to develop the BRI, 13 had a positive association with the question of 

whether the client would be better off in another environment (Table 3.3). Having an informal caregiver 

decreased by 8% the chances of indicating that the client would be better off in another setting (OR = 

0.91, 95% CI = 0.91-0.92; Table 3.3). The strongest associations were found with the two items related 

to informal caregiver distress. Individuals who had caregivers with signs of distress were 3 times more 

likely to answer that they would be better off in another setting (OR = 2.92, 95% CI = 2.89-2.95 and 

OR = 2.85, 95% CI = 2.82-2.89 for caregiver who is unable to continue and show signs of stress, 

respectively; Table 3.3). For each point increase in the BRI, there was a 32% increase in the odds of 

answering that the client would be better off in another setting (OR = 1.32, 95% CI = 1.32-1.33). 
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 We found a strong positive association between the VPR and our newly developed BRI (OR = 

3.92, 95% CI = 3.90-3.95; Table 3.4). For each unit increase in the BRI score, the chances of being 

classified as at risk by the VPR were almost 4 times higher than not being classified as at risk. We also 

found a positive association between hospitalization and greater BRI scores, meaning that for each 

point increment in the BRI, the chances of being hospitalized increased by 17% (OR = 1.14, 95% CI = 

1.14-1.14; Table 3.4). 

 The average cut-point was 4.25 for those classified as at risk. Among those with scores 4 or 

lower, the average cut-point was 2.75 and 6.5 for those with scores 4 or higher. These cut-points were 

used to created four ranges in the BRI (Table 3.5), indicating low risk (score = 0), mild risk (score 

between 1 and 3), moderate risk (score between 4 and 6) and high risk (score of 7 or higher). About 

43% of unique individuals in the interRAI HC population were classified as at risk according to the 

VPR, while 51% were classified as at some level of risk according to the BRI (Table 3.5). The 1-year 

survival probability was higher for all three BRI ranges compared to those classified at low risk (Table 

3.4 and Figure 3.1). Individuals at high risk were 67% more likely to die than those classified at now 

risk (HR = 1.67, 95% CI = 1.61-1.72; Table 3.6 and Figure 3.1). 

 The distribution of individuals assessed with the interRAI-CA who were classified as at risk 

according to the BRI was similar to the distribution obtained with the interRAI HC population (30.6%, 

45.6%, and 13.2%, for low, medium, and high risk, respectively; Table 3.4). These values were 

influenced by the geographic region (i.e., health region or LIHN; Table 3.7). The Waterloo Wellington 

region had the highest percentage of individuals classified at high risk (23.4%) while the North West 

region had only 625 individuals (3.3%) classified at high risk (Table 3.6). 

3.4 Discussion 

We developed a new index to identify people at risk of adverse health outcomes caused by extreme 

weather events. The BRI uses real time, updated information about the clinical condition, functional 
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abilities, preferences, and needs of individuals transitioning between different levels of care. All the 

items used to develop the BRI were associated with the question of whether the client would be better-

off in another setting, suggesting that the items in the BRI indicated potential health risks if individuals 

stayed in their homes during a natural hazard. The BRI also performed similarly to the VPR, a reliable 

and valid instrument based on an index that has already been used in real-life situation (van Solm et al., 

2017). Finally, individuals classified as at risk with the BRI are at higher odds of being hospitalized and 

have a higher chance of dying within a 1-year period. Taken together, these results suggest that the BRI 

is likely to correctly identify those in need of support before, during, and after a natural hazard. 

 Although the BRI performed similarly compared to the VPR, the BRI has the advantage of 

being a simpler instrument and it targets a larger population. The BRI uses less items than the VPR 

with similar performance, permitting the index to be used with less complex assessments, such as the 

interRAI-CA. The interRAI-CA population in our sample (individuals assessed in Ontario from 2018-

2023) is about 70% larger than the population in the interRAI HC and has the potential to increase if 

more organizations adopted the instrument. On the other hand, the interRAI HC is mandated in most 

provinces and territories and focus on the narrower long-stay home care population. Therefore, the 

interRAI-CA and the BRI have the potential to increase capacity for disaster preparedness by reaching 

larger populations at earlier stages using less complex assessment protocols than the interRAI HC. 

 Our results might suggest that the BRI can replace the VPR in the interRAI CA. However, the 

BRI is not a replacement for the VPR in the interRAI-HC. This is because the interRAI HC is a more 

precise and comprehensive system to support care planning and service delivery based on direct, in-

person assessment by regulated health professionals. Using the BRI at the beginning of an episode of 

care and then the VPR with those who transitioned to long-stay home care services have two clear 

advantages. First, it allows public health organizations to target a larger population. Second, it allows 

the use of more precise information to identify risks from those with higher complex medical needs. 
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This stepped approach to screening and assessment is a cost-effective solution to identifying 

populations at risk due to natural hazards because individuals can receive interventions at different 

‘steps’ according to their needs (amount and type of treatment; Richards et al, 2012). Thus, the 

adoption of standardized clinical assessments, such as the interRAI-CA, is key in preparing our health 

system to the impact of natural hazards on people’s health (Ebi et al., 2021b; Patel et al., 2022). 

 In addition to identify individuals, the BRI could be used in urban planning by identifying 

geographic areas that need more investments on climate change adaptation. There has been increasing 

evidence that physical and social environment of neighbourhoods are associated with health status and 

behaviours (Mouratidis, 2021). Studies have found links between neighbourhood and mental health 

outcomes, disease prevalence, overall mortality, as well as diet and physical activity (Yen et al., 2009). 

Our results indicated that the percentage of those classified at risk was highly influenced by the 

geographic location. Therefore, using the BRI, provinces and cities could identified areas with high 

percentage of individuals at risk and provide cost-effect actions to minimize the risk of health 

complications caused by natural hazards. This is important because the costs to adapt to climate change 

are much lower than the costs associated with the negative effects of climate change (Ahmed, 2014). 

3.5 Strengths and limitations 

Our results suggest that the BRI has the potential to correctly identify individuals at risk of adverse 

health outcomes during extreme weather events in a large population living with vulnerabilities. 

However, we validated the BRI based on adverse health outcomes (e.g., hospitalization and death) that 

were not associated with extreme weather events. We adopted this approach because if an individual is 

in trouble during normal environmental conditions, they would be at even higher risk during a natural 

hazard. Nevertheless, it would be important to validate the BRI against different health outcomes 

observed during and after a natural hazard to understand if the BRI performs better in some kinds of 

weather events.  
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Another limitation of the BRI is the number of items in the interRAI-CA. The interRAI HC has 

about 250 items that collect detailed information about the individuals’ preferences, needs, and their 

clinical condition. On the other hand, the interRAI-CA has less than 50 items used to determine their 

level of care and, therefore, whether the person will need to be assessed with the interRAI HC. The 

interRAI HC is done in-person by health professionals, so it may also be a more precise measure of the 

person’s needs. Therefore, the BRI could be less efficient, potentially identifying too many false 

positives, i.e., people wrongly classified as at risk. Although a more sensitive index is not necessarily a 

disadvantage when trying to provide support to people during a natural hazard, more work should be 

done to improve the BRI, specially with tests in real-life situations. 

Finally, all items in the BRI have the same weight, i.e., each one contribute to one point in the 

scale. However, it is possible that some items might be more important than others when classifying 

individuals at risk. For example, for older adults, cognitive decline and dementia might be more 

important than ADL and IADL. This is because individuals with cognitive impairment could be in good 

physical condition, but unable to understand the threats of natural hazards or identify actions to 

minimize health complications (Adelman & Legg, 2010; Ojo & Juba, 2024; Peterson et al., 2024). 

Physical problems might also unable a person to properly react to a threat, but if they have their 

cognition intact, they can plan ahead and take precautions to be ready when the threat happens. The 

BRI includes two items on cognition, but further developments of the index should consider if they 

need to receive more weight when the BRI is applied to real populations.   

3.6 Conclusion 

The BRI is a simple algorithm with a strong association with the VPR and was a good predictor of 

hospitalizations and death. Because of the larger target population assessed with the interRAI-CA and 

the use of real-time information, the BRI is likely to correctly identify those at high risk of 

experiencing adverse health outcomes during natural hazards. The BRI can be used as an early warning 
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system for those who will receive home care services and, therefore, better prepare them to deal with 

extreme weather events. Moreover, public health organizations can apply the BRI to support urban 

planning and identify geographic regions based on percentage of people at risk and deploy programs 

towards climate change adaptation. Thus, this new index can add to the tools available to public heath 

organizations to adapt our health system to the consequences of climate change. 
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Table 3-1 Crosswalk between interRAI Home Care and interRAI-Contact Assessment instruments. In the ‘Mapping’ column, ‘SI’ indicates items that 

were similar or the same between the two instruments, ‘RE’ indicates a replacement item, and ‘NA’ indicates that no item in the interRAI-CA could be 

used to replace the item present in the interRAI HC. 

Home Care Contact Assessment  Mapping 

Name and Description Code Name and Description Code v9.2  

Impaired Capacity   

Cognitive Performance Scale (CPS) 
CPS=2+ 
              

Cognitive skills for decision making 
Ability to understand others 

C1=3+ 
D2=3+ 

RE 

Frailty/health instability (CHESS) CHESS=3+ CHESS-CA CHESS_ca=3+ RE 

Vision impairment D1=3+ NA NA NA 

Impairment in activities of daily living (ADL)     

ADL Self Performance 
       - Transfer 
       - Locomotion in home 
       - Toilet use 

 
G2g=3+ 
G2f=3+ 
G2h=3+ 

ADL Self Performance 
- Bath transfer 
- Locomotion 
- Hygiene 

 
C2a=1 
C2d=1 
C2b=1 

 
RE 
SI 
RE 

IADL Difficulty 
       - Medication management 
       - Meal preparation 

 
G1db=6 
G1ab=6 

IADL Capacity 
- Manage medications 
- Meal preparation 

 
D4c=1 
D4a=1 

 
SI 
SI 

Social Isolation   

Who lived with at referral A14a=1 Expected residential status during service provision 
B3=1 
 

RE 

Isolation F3a=3 NA NA NA 

Has primary helper P1b1=8 Informal helper D19aA=9 SI 

Shows withdrawal from activities E1i=3 Self-reported mood D3=1 RE 

Has reduced social interaction E1j=3 NA NA NA 

Caregiver Support   

A caregiver is unable to continue caring activities P2a=1 Family or friends overwhelmed D20b=1 RE 

Primary caregiver is not satisfied with support received from family and friends* P2c   NA 

Any signs of caregiver distress P2b=1 Helper: Feelings of Distress, Anger or Depression D20a=1 SI 

Client openly expresses conflict with family/friends F1d=1 NA NA NA 

Primary mode of locomotion indoors G3a NA NA NA 

Oxygen N2e=2+ Oxygen D15c=2,3 SI 

Dialysis N2b=2+ NA NA NA 

Wheelchair H4b NA NA NA 

 

* This item has been removed from the new version of the interRAI Home Care assessment and from recent implementations of the Vulnerable Persons 

at Risk.
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Table 3-2 Characteristics of the population assessed with the interRAI Home Care and 

interRAI-Contact Assessment instruments. Data from 01 January 2018 to 31 March 2023.  

Variable Level Home Care Contact Assessment 
Age (years) <65 75,089 (14.6%) 190,214 (25.3%) 

 65-74 88,554 (17.2%) 166,325 (22.2%) 

 75-84 162,544 (31.6%) 214,461 (28.6%) 

 85 188,558 (36.6%) 179,755 (23.9%) 

Sex Female 306,210 (59.5%) 331,800 (44.2%) 

 Male 208,535 (40.5%) 418,955 (55.8%) 

Cognitive impairment No 420,412 (81.7%) 570,433 (76.0%) 

 Yes 94,333 (18.3%) 180,322 (24.0%) 

Frailty/health instability No 368,332 (71.6%) 542,015 (72.2%) 

 Yes 146,413 (28.4%) 208,740 (27.8%) 

Living alone No 337,849 (65.6%) 486,469 (64.8%) 

 Yes 176,896 (34.4%) 264,286 (35.2%) 

ADL Self performance    

Transfer (on/off toilet or bath) No 395,883 (76.9%) 342,926 (45.7%) 

 Yes 118,862 (23.1%) 407,829 (54.3%) 

Locomotion (inside home) No 405,117 (78.7%) 532,859 (71.0%) 

 Yes 109,628 (21.3%) 217,896 (29.0%) 

Toilet use / hygiene No 373,776 (72.6%) 571,608 (76.1%) 

 Yes 140,969 (27.4%) 179,147 (23.9%) 

IADL Difficulty    

Managing medication No 395,535 (76.8%) 486,469 (64.8%) 

 Yes 119,210 (23.2%) 264,286 (35.2%) 

Meal preparation No 290,752 (56.5%) 241,676 (32.2%) 

 Yes 223,993 (43.5%) 509,079 (67.8%) 

Presence of caregiver Yes 491,573 (95.5%) 713,196 (95.0%) 

 No 231,72 (4.5%) 37,559 (5.0%) 

Caregiver distress No 320,850 (62.3%) 539,976 (71.9%) 

 Yes 193,895 (37.7%) 210,779 (28.1%) 

Mood disturbance No 467,530 (90.8%) 646,936 (86.2%) 

 Yes 47,215 (9.2%) 103,819 (13.8%) 

Oxygen therapy No 491,836 (95.5%) 710,903 (94.7%) 

 Yes 22,909 (4.5%) 398,52 (5.3%) 

Total  514,745 (100%) 750,755 (100%) 

 

Note: For ADL and IADL, ‘No’ indicates no difficulty performing the tasks. For ADL self-

performance, the interRAI Home Care asks about transfer on and off toilet and toilet use the 

interRAI-CA asks about transfer in and off bath and overall hygiene. 
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Table 3-3 Unadjusted odds ratios and 95% confidence interval for individuals being rated as 

better-off in another environment. Values were obtained with generalized estimating 

equations (N = 1,134,593 assessments). 

Variable  OR 2.5% - 97.5% CI 

Cognitive skills for decision making (RE) D2 = 3,4   1.79 1.70 - 1.80 

Ability to understand others (RE) C1 = 3,4,5 1.80 1.79 - 1.81 

CHESS (SI) CHESS >= 3 1.32 1.31 - 1.32 

ADL transfer (RE) G2g >= 3 1.26 1.25 - 1.26 

ADL locomotion (SI) G2f >= 3 1.23 1.23 - 1.24 

ADL toilet use (SI) G2h >= 3 1.30 1.29 - 1.30 

IADL meal preparation (SI) G1ab = 6 1.32 1.32 - 1.33 

IADL manage medication (SI) G1db = 6 1.35 1.34 - 1.35 

Living Situation (RE) A14a = 1 1.09 1.08 - 1.09 

Mood (RE) E1i = 3 1.17 1.16 - 1.18 

Informal caregiver (SI) P1b1 = 8 0.91 0.91 - 0.92 

A caregiver is unable to continue caring activities 
(RE) 

P2a = 1 2.92 2.89 - 2.95 

Any signs of caregiver distress (SI) P2b = 1 2.85 2.82 - 2.89 

Oxygen (SI) N2e >= 1 1.08 1.07 - 1.08 

 

Note: Values between parentheses: ‘SI’ indicates items that were similar or the same between 

the two instruments, ‘RE’ indicates a replacement item, and ‘NA’ indicates that no item in the 

interRAI Contact Assessment could be used to replace the item present in the interRAI Home 

Care.  
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Table 3-4 Distribution of individuals classified at low and risk according to the Vulnerable 

Person Algorithm (VPR), and at low, mild, moderate, and high risk according to the Brief 

Risk Index (BRI). Distributions include both the interRAI Home Care and interRAI Contact 

Assessment instruments.  

Item Level Value 
Home Care   

VPR Low risk (0) 293,511 (57.0%) 

 Risk (1,2) 221,234 (43.0%) 

BRI Low risk (0) 58,630 (11.4%) 

 Mild risk (1-3) 197,590 (38.4%) 

 Moderate risk (4-6) 188,519 (36.6%) 

 High risk (7+) 70,006 (13.6%) 

Total  514,745 (100%) 

   

Contact Assessment   

BRI Low risk (0) 79,519 (10.6%) 

 Mild risk (1-3) 229,709 (30.6%) 

 Moderate risk (4-6) 342,163 (45.6%) 

 High risk (7+) 99,365 (13.2%) 

Total  750,755 (100%) 

 

Note: Values between parentheses in the ‘Level’ column represent the grouping level of the 

VPR or BRI used to classified individuals at risk.  
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Table 3-5 Adjusted odds ratio and 95% confidence interval (CI) from two different 

generalized estimating equations for three outcomes of interest: triggering Vulnerable 

Persons at Risk algorithm (VPR; model 1), and hospitalizations (model 2). The area under 

the curve was 0.95 and 0.60 for Model 1 and Model 2, respectively). In models 1 and 2, the 

non-grouped Brief Risk Index (BRI; ranging from 0-13) was used as an explanatory variable 

(N = 1,134,593 assessments). 

Variable OR 2.5% CI 97.5% CI 

Model 1: VPR    

Intercept 0.07 0.06 0.07 

BRI 3.92 3.90 3.95 

Age (years) 1.00 1.00 1.00 

Sex (Reference = Female) 1.17 1.15 1.19 

Model 2: Hospitalizations    

Intercept 0.52 0.50 0.54 

BRI 1.14 1.14 1.14 

Age 0.99 0.99 0.99 

Sex (Reference = Female) 1.02 1.00 1.03 

 

Note: Adjusted odds ratios comparing each health regions (reference = Erie St Clair): 

Model 1 VPR: Varied from 0.43 (95% CI = 0.41-0.46) to 1.09 (95% CI = 1.04-1.04)   

Model 2 Hospitalizations: Varied from 0.86 (95% CI = 0.84-0.88) to 1.22 (95% CI = 1.18-

1.26)   
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Table 3-6 Hazard ratio and 95% confidence interval (CI) from a cox-regression model with 

individuals classified as at low, mild, moderate and high risk according to the BRI (N = 

1,134,593 assessments).  

Variable OR 95% CI 

Survival (Reference = Low risk)   

BRI – mild risk 1.10 1.06 - 1.13 

BRI – moderate risk 1.26 1.23 - 1.30 

BRI – high risk 1.67 1.61 - 1.72 

Age (years) 0.99 0.99 - 0.99 

Sex (Reference = Female) 1.02 1.00 - 1.03 

 

Note: Adjusted odds ratio comparing each health regions (reference = Erie St Clair) varied 

from 0.85 (95% CI = 0.81-0.89) to 1.06 (95% CI = 1.02-1.11).  
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Table 3-7 The number and percentage of people in each health region in Ontario (local 

health integration networks; LIHN) classified as at risk based on the 4-point Brief Risk Index 

(BRI). 

LIHN Low risk Mild risk Moderate Risk High risk Total 

Central 6,350 (8.7%) 15,449 (21.1%) 35,056 (47.9%) 16,265 (22.2%) 73,120 (9.7%) 

Central East 9,677 (10.2%) 24,439 (25.9%) 48,344 (51.2%) 11,969 (12.7%) 94,429 (12.6%) 

Central West 3,516 (9.4%) 9,614 (25.6%) 18,688 (49.8%) 5,734 (15.3%) 37,552 (5.0%) 

Champlain 6,962 (9.2%) 22,830 (30.3%) 33,881 (45.0%) 11,608 (15.4%) 75,281 (10.0%) 

Erie St Clair 3,240 (7.8%) 13,016 (31.4%) 20,261 (48.9%) 4,958 (12.0%) 41,475 (5.5%) 

Hamilton Norfolk 7,915 (9.5%) 25,792 (31.0%) 36,918 (44.3%) 12,644 (15.2%) 83,269 (11.1%) 

Mississauga Halton 5,696 (9.6%) 20,149 (33.9%) 26,747 (45.0%) 6,881 (11.6%) 59,473 (7.9%) 

North East 6,840 (14.2%) 18,734 (38.9%) 19,216 (39.9%) 3,428 (7.1%) 48,218 (6.4%) 

Simcoe Muskoka 2,577 (9.8%) 6,038 (23.0%) 12,187 (46.5%) 5,396 (20.6%) 26,198 (3.5%) 

North West 4,036 (21.6%) 8,341 (44.6%) 5,697 (30.5%) 625 (3.3%) 18,699 (2.5%) 

South West 7,249 (15.0%) 26,321 (54.4%) 11,653 (24.1%) 3,143 (6.5%) 48,366 (6.4%)  

South East 7,694 (15.0%) 27,087 (52.7%) 12,794 (24.9%) 3,847 (7.5%) 51,422 (6.8%) 

Toronto Central 7,345 (9.4%) 24,471 (31.2%) 37,177 (47.4%) 9,380 (12.0%) 78,373 (10.4%) 

Waterloo Wellington 422 (2.8%) 2,167 (14.6%) 8,804 (59.2%) 3,487 (23.4%) 14,880 (2.0%) 

Total 79,519 (10.6%) 229,709 (30.6%) 342,162 (45.6%) 99,365 (13.2%) 750,755 
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Figure 3-1 Survival curves for the 1-year survival analysis with the comparison between 

those classified at low risk, mild, moderate, and high risk with the Brief Risk Index (BRI; N 

= 750,755 unique individuals).  

Note: The table below the curves shows the number of individuals classified in each category 

of the BRI for 0, 100, 200, 300, and 400 days according to the 1-year survival analysis.   

 

Number of individuals at risk
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Figure 3-2 Map of the percentage of clients who were identified as at high risk of adverse 

health outcomes based on the Brief Risk Index (BRI) in each of the 12 health regions (i.e., 

local health integration networks, LHIN) in southern Ontario. 

Note: Darker shade of blue indicates a higher percentage of individuals at risk of adverse 

health outcomes within each local health integration network (LHIN). 
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4.1 Introduction 

Air pollution is a major risk factor for adverse health outcomes, including death (Brauer et 

al., 2012, Landrigan et al., 2018; Sun & Zhu, 2019; Dominski et al., 2021; Balmes et al., 

2025; Bolan et al., 2025). The World Health Organization (WHO) have estimated that 9 

million people die every year because of air pollution (World Health Organization, 2023a). 

This represents 16% of all deaths worldwide, making it the second highest risk factor for 

noncommunicable diseases (Landrigan et al., 2018; World Health Organization, 2023a). This 

is not surprising considering that in 2019, most of the world’s population lived in areas where 

air quality was below the WHO guidelines (World Health Organization, 2021). Also, acute 

and long-term exposure to polluted air is associated with several adverse health outcomes, 

especially cardio-respiratory problems like stroke or chronic obstructive pulmonary disease 

(Dominski et al., 2021; Kampa & Castanas, 2008; Sun & Zhu, 2019; World Health 

Organization, 2021; World Health Organization, 2023a). 

 Although there are many types of pollutants in the air, such ambient carbon 

monoxide, ozone, and nitric oxide, particles with an aerodynamic diameter below 2.5 μm 

(PM2.5) and 10 μm (PM10) are the leading causes of adverse health outcomes related to air 

pollution (Henderson et al., 2011; Johnston et al. 2012; Landrigan et al., 2018; Sanyal et al., 

2018; Cong Liu et al., 2019; Dominski et al., 2021; Balmes et al., 2025; Bolan et al., 2025). 

The Global Burden of Disease study estimates that 4.2 million people died every year 

because of air pollution caused by particulate matter, compared to 0.3 million deaths caused 

by ambient ozone (GBD 2015 Risk Factors Collaborators, 2016; Landrigan et al., 2018). 

These particulate matters are formed via fuel combustion, (e.g., motor vehicles and industrial 
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facilities) or agricultural burning, and forest fires. Although the release of PM2.5 and PM10 

has been steadily decreasing in many parts of the world (e.g., Europe and North America) 

some studies suggest that wildfire smoke might become the dominant source of PM2.5 and 

PM10 during the fire season (Ford et al., 2018; Chen et al., 2021; Burke et al., 2023; 

Cunningham et al., 2024) and might cause a reverse in the historical decline observed in the 

last decades. This has important public health consequences because wildfires are expected to 

increase because of climate change, which will likely increase the levels of PM2.5 and PM10 

in the air in the next few decades. Moreover, we might observe a higher frequency of acute 

episodes of poor air quality that are often deadly for people with certain health conditions. 

 Older adults are at high risk of health complications during poor air quality because 

heart and respiratory problems become common with age (Akgün et al., 2012; van Riet et al., 

2016). Half of deaths cased by air pollution are from cardiovascular diseases, and around half 

of these deaths occur among people over the age of 65 years (Chang et al. 2022). Even low to 

moderate levels of outdoor air pollution can result in adverse health outcomes in older adults 

(Curtis et al., 2006; Melton et al., 2023). For example, hospitalizations for chronic 

obstructive pulmonary disease in elderly was positively associated with low levels of PM2.5 

in Vancouver, Canada (Chen et al., 2004), and short-term exposures to PM2.5 below the 

national standards was associated with increased risk of mortality in older adults in the USA 

(Di et al., 2017). Climate change promotes the conditions under which fire might happen, 

such as dryer years and longer fire season (Jones et al., 2020; Pausas & Keeley, 2021; Burke 

et al., 2023, Cunningham et al., 2024). Hence, identifying older adults at risk of health 



 

71 

complications during acute episodes of poor air quality is an essential step in adapting our 

health system to the negative effects of climate change. 

 Here we used clinical assessments of older adults with complex medical needs living 

in the community to develop a cardiorespiratory vulnerability index able to identify 

individuals who are more likely to experience health complications during periods of poor air 

quality. This population is likely the most at risk not only because of their clinical needs, but 

also because they live in the community and might not have the support needed during times 

of crisis, such as older adults living in nursing homes. To understand whether our index was a 

good predictor of health problems in our population, we investigated the association between 

the index and four health outcomes. We then calculated how many individuals in Ontario 

would be classified at risk during the summer of 2023, the worst wildfire season registered in 

Canada. 

4.2 Methods 

4.2.1 Data 

In Ontario, any person with complex medical needs (e.g., chronic conditions, disabilities, and 

those in palliative care) is eligible to receive publicly funded health services including 

community-based home care. Since 2002, interRAI assessments have been used to evaluate 

the strengths, preferences and needs of all long-stay home care clients (Gray et al., 2009; 

Carpenter & Hirdes, 2013; Morris et al., 2013). Assessments are conducted by a trained 

health professional (e.g., nurse, social worker) every 6-12 months or when there is an 

important change in the client’s health. For this analysis, we considered only older adults (65 



 

72 

years or older) because they are often the most vulnerable individuals among the home care 

clients and represent 85% (489,582 individuals) of our sample. Our dataset contained 

942,439 observations from 416,008 unique individuals collected from May 2018 to 

December 2023. In 2023 alone, there were 157,573 observations from 56,835 unique 

individuals. We constrained our analyses to 2018 or later because Ontario adopted a newer 

version of the interRAI Home Care (interRAI HC) assessment at that time. The interRAI HC 

provides additional items on health vulnerabilities and many items include a more granular 

response set than older instruments. 

 To develop the Cardiorespiratory Vulnerability index (CRV), we used all items (16) 

in the interRAI HC assessment that have been directly associated with poor health outcomes 

during poor air quality (Table 4.1). Recent reviews of the effects of air pollution on health 

have identified respiratory (e.g., chronic obstructive pulmonary disease and pneumonia) and 

cardiovascular diseases (e.g., ischemic heart disease and ischemic stroke) as the most studied 

outcomes (Sun & Zhu 2019, Dominski et al., 2021). Those 16 items (Table 4.1) were the 

ones available in the interRAI HC that could indicate a diagnosis of respiratory (e.g. 

pneumonia) and/or cardiovascular disease (e.g., chronic obstructive pulmonary disease; 

COPD). We also used items related to health conditions often associated with these diseases, 

such as chest pain or flare-up of a chronic condition (e.g., a sudden period of shortness of 

breath in someone with a history of asthma), and identified individuals who had trouble 

clearing airway secretions, and those who smoke cigarettes daily. In addition, we included 

four treatments and procedures (oxygen therapy, suctioning, tracheostomy care, and 
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ventilator or respirator) that could be related to respiratory and/or cardiovascular problems 

(Table 4.1). We combined all four treatments and procedures and the aspiration item into one 

variable called ‘respiratory problems’ if the client had at least 1 of the 4 treatments presented 

or ordered in the last three days or the presence of aspiration in the last three days. Aspiration 

refers to the inhalation of food or fluid into the lungs. All variables were coded as present or 

absent (Table 4.1). We then used these 12 items and, for each individual sum them up to 

create a scale from 0 to 12, where 0 indicated absence of problems and 12 indicated that the 

individual had problems in all items.  

4.2.2 Statistical analysis 

We used the Pearson correlation coefficient to calculate the correlation among each of the 12 

items described above as well as their correlation with the overall CRV. To understand the 

association between the CRV and potential adverse health outcomes, we used generalized 

estimating equation models with four health outcomes as response variables: hospital 

admissions, emergency department and physician visits, and self-rated health. Client 

identification was entered as the grouping factor with an auto-regressive correlation structure. 

Hospital admissions and emergency department were coded as 0 if the client had no 

visits/admissions in the last 90 days (from the day of the assessment) or 1 if they had 1 or 

more visits in the same period. Self-rated health was coded as 0 if the client rated their health 

as excellent, good, or fair, and 1 if they rated as poor. Physician visit was coded as 0 if they 

had 1 or less visits in the last 90 days or 1 if they had 2 or more visits in the same period. We 

coded physician visits differently from hospital admissions and emergency department visits 
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because most individuals in our sample had at least one visit in the last 90 days (476,778 

observations or about 50% of the total) while 0 hospital admissions (839,261 or 89%) and 0 

emergency department visits (659,707 or 77%%) were more frequent in the dataset. 

 To investigate how many clients could be at risk in Ontario, we first obtained cut-

point values for the Cardiorespiratory Vulnerability index using the Youden index, defined as 

Jmax = maxt [sensitivity (t) + specificity (t) – 1], where t denotes the classification threshold 

that maximizes J (Ruopp et al., 2008). We averaged the cut-points based on the Youden index 

for all outcomes to obtain a single cut-point for the Cardiorespiratory Vulnerability index. We 

then used this value to calculate the number and percentage of older adults classified as at 

risk during the summer of 2023 in each health region in Ontario (i.e., local health integration 

networks; LHIN). 

 All analysis were conducted in R v4.3.2 (R Core Team, 2024). Generalized estimating 

equations were conducted with the geepack package (Højsgaard et al., 2006), correlations 

were calculated with the corrplot package (Wei et al., 2013), and the Youden index was 

calculated with the cutpointr package (Thiele & Hirschfeld, 2021). We used the tidyverse 

package (Wickham et al., 2019) for data filtering and cleaning, and figures. Maps were made 

with the sf package (Pebesma, 2018). 

4.3 Results 

From the 416,008 unique individuals in this study, 41% were 85 years and older, 41% were 

married, 44% were widowed and 86% lived in urban areas (Table 4.1). The lowest 

percentage of issues were observed among items related to treatments and procedures (e.g., 
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oxygen therapy and ventilation) while the highest percentages were related to respiratory 

problems and flare-up (Table 4.1). 

The correlations among the 12 items used to develop the Cardiorespiratory 

Vulnerability index were between 0.03 (smoke and congestive heart failure) and 0.29 

(dyspnea and pulmonary disease; Figure 4.1). The correlations between the Cardiorespiratory 

Vulnerability index and the 12 items ranged between 0.21 for pneumonia and smoke and 0.59 

for fatigue (see Figure 4.1). All correlations were significant (p-value<0.05).  

 All four health outcomes were positively associated with the Cardiorespiratory 

Vulnerability index (Figure 4.2). Each single point increment in the Cardiorespiratory 

Vulnerability index increased the odds of a client being admitted to a hospital in the 90 days 

before the assessment by at least 25% (OR = 1.26, 95% CI = 1.25-1.26; Table 4.2), by 12% 

the odds of visiting a physician (OR = 1.12, 95% CI = 1.12-1.13; Table 4.2), by 16% the odds 

of going to the emergency room (OR = 1.16, 95% CI = 1.16-1.17; Table 4.2), and by 37% the 

odds of rating their health as poor (OR = 1.37, 95% CI = 1.36-1.38; Table 4.2). 

 The best cut-points based on the Youden index were 3 for all 4 health outcomes 

investigated. About 36% (19,547) of unique individuals in 2023 were classified as at 

increased risk (Table 4.3; Figure 4.3). The number of clients at risk in each health region 

(LHIN) varied between 292 (33.4% of the total clients in the North West health region) and 

3,644 (44.3%, Hamilton Niagara; Table 4.3; Figure 4.3). 
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4.4 Discussion 

We used clinical information of older adults with complex medical needs living in the 

community to construct a 12-item risk index. This new index, the CRV, was associated with 

major adverse outcomes, such as hospitalizations and self-rated health. When applied to the 

home care population, the CRV identified 20,000 residents who were at much higher risk of 

being hospitalized during or after a major poor air quality event. This represented 

approximately 35% of individuals who required home care services in 2023 in Ontario. Thus, 

our results suggest that the CRV could correctly identify those at risk and would allow for 

targeted programs and services prior to and during acute deterioration of air quality. 

Moreover, because the interRAI HC assessment is already mandated in Ontario, using this 

tool would improve the ability of health care organizations to prepare for wildfires without 

needing additional assessment resources.  

 The ability to identify individuals at risk during periods of crisis can give public 

health agencies time to prepare and prioritize the use of resources. Our CRV could be 

important in early spring to obtain a list of clients potentially in danger during the wildfire 

seasons (usually between May through September in Canada). Preventive interventions could 

be applied early and targeted to minimize the adverse health outcomes in this population. For 

example, the information provided by the CRV could be shared with primary care providers 

and other community providers to monitor clients and prepare for early intervention during 

periods of poor air quality. 



 

77 

 In addition to the use at the individual level, the CRV could also inform broader, 

population-level actions. We identified geographic regions, measured by health regions, with 

higher proportion of older adults at risk in Ontario. With postal code, it would be also 

possible to identify neighbourhoods with high frequency of individuals at risk. These 

geographic “hot-spots” should be the focus of community emergency preparedness initiatives 

related to the health risks associated with wildfire smokes. 

 We believe that the use of routine clinical information is a promising way to identify 

individuals living with vulnerabilities during wildfire season and other natural hazards (van 

Solm et al., 2017). First, detailed clinical information from each home care client is already 

available to public health agencies in many Provinces in Canada, as well as other countries. 

This means that there is no need to create additional resources, such as local registries of 

people with disabilities and chronic health issues (Fox et al., 2007). More recently, there has 

been attempts to use social media and text analysis to identify those at risk in areas affected 

by natural hazards (Ragini et al., 2018; Khatoon et al., 2022). The problem with this 

approach is that although social media use has been increasing among older adults, is still 

much less common compared to the younger population (Cotten et al., 2022), i.e. many older 

adults at risk would not be identified. Moreover, this approach could only be used during the 

time of the disaster, not in preparation of the disaster, such as our index. Second, because the 

interRAI assessments collect detailed and updated clinical information, our index has a 

greater chance of correctly identifying those individuals at risk, compared to other methods 

that might not be so complete nor are regularly updated. Finally, given the use of interRAI 
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systems internationally (Vesentini et al., 2011, Carpenter & Hirdes, 2013; Schluter et al., 

2016) this solution could be employed in other countries using these assessments. 

 The CRV identified around 20,000 people at risk only among home care clients in 

Ontario, in 2023. This number will likely be much higher in the next couple of decades 

because of the concurrent trends in population aging and climate change that increases the 

risk of wildfire (Jones et al., 2020). The area burned by wildfires double in Canada from the 

1970s to the 2000s (Berry & Schnitter, 2022; Jain et al., 2024). From 2001 to 2021, the 

number of people 85 years and older doubled and it is expected to triple by 2046 (Hallman, 

2022). Thus, it is essential that we develop approaches to protect older adults who might be 

living with vulnerabilities to the negative effects of wildfire smoke. 

4.5 Limitations 

 One of the limitations of our study is that only home care clients can be identified by 

our index. There might be older adults living in the community who do not receive publicly 

funded community services who are equally vulnerable to the adverse effects of air pollution. 

Older adults with complex medical needs might also live in care facilities (e.g., nursing 

homes, hospitals), which are not covered by our data. Thus, it would be important to extend 

the use of Cardiorespiratory Vulnerability index to other settings, especially those places 

where individuals are assessed with similar interRAI instruments (e.g., nursing homes). 

Another limitation of our study is the lack of data to evaluate its performance directly in the 

context of changes in air quality. Once the 2023 interRAI HC data are linked to 

hospitalization and emergency department databases, it will become possible to conduct a 
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direct evaluation. For example, it will be possible to compare individuals who were identified 

as at risk by our index with adults who were admitted to hospitals or went to emergency 

departments because of health complications caused by poor air quality. The challenge with 

such analysis is that many older adults live alone and might not seek help during periods of 

crisis, which would underestimate the real number of those at risk. 

4.6 Conclusions 

 Our results indicate that the CRV can correctly identify individuals at risk of adverse 

health outcomes during periods of wildfire smoke and could also use to identify geographic 

locations with higher frequency of those at risk. The correct identification of individuals 

living with vulnerability in the community who might also be at high risk of health 

complications because of natural hazards is an essential step to adapt our health system to the 

adverse effects of climate change on our physical and mental health. Climate change is 

increasing the frequency, intensity, and duration of some natural phenomena that can 

negatively impact our health, such as heat waves and floods (Romanello et al., 2023). 

Particularly important for air quality is the increase in the conditions under which wildfires 

might happen, such as hot and dry years (Jones et al., 2020). It is expected that acute periods 

of poor air quality might become routine under this scenario, which will certainly affect the 

health of older adults with complex medical needs. The CRV developed here represents an 

important tool to support public health organizations in the adaptation of our public health 

system to this new scenario. 
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Table 4-1 List of the 16 items used to develop the Cardiorespiratory Vulnerability index 

(CRV) based on interRAI Home Care assessment and their prevalence among the studied 

population (N = 416,008 unique individuals). 

Item Code N 

Age 65-74 90,397 (21.7%) 

 75-84 153,274 (36.8%) 

 85+ 172,337 (41.4%) 

Marital Status Married 169,484 (40.7%) 

 Not married 64,077 (15.4%) 

 Widowed 182,447 (43.9%) 

Rural/Urban Rural 58,444 (14%) 

 Urban 357,564 (86.0%) 

Disease diagnosis   

COPD 0 = absent; 1 = diagnosis  58,569 (14.1%) 

Coronary Heart Disease 0 = absent; 1 = diagnosis 127,232 (30.6%) 

Congestive Heart Failure 0 = absent; 1 = diagnosis  55,810 (13.4%) 

Pneumonia 0 = absent; 1 = diagnosis  11,320 (2.7%) 

Diabetes 0 = absent; 1 = diagnosis  121,194 (29.1%) 

   

Health conditions   

Chest Pain 0 = absent; 1 = present (exhibited or not) in the last 3 days  29,983 (7.2%) 

Difficulty Clearing Airway Secretions 0 = absent; 1 = present (exhibited or not) in the last 3 days  26,095 (6.3%) 

Dyspnea 
0 = absent; 1 = present at rest, in day-to-day and moderate 
activities 

 85,463 (20.5%) 

Fatigue 0 = absent or minimal; 1 = moderate or severe 167,679 (40.3%) 

Flare-up 0 = absent; 1 = present 137,823 (33.1%) 

Smoke 0 = absent; 1 = smokes tobacco daily  27,608 (6.6%) 

Aspiration 0 = absent; 1 = present (exhibited or not) in the last 3 days   5,682 (1.4%) 

   

Treatments and procedures   

Oxygen therapy 0 = absent; 1 = ordered or occurred in the last 3 days  18,841 (4.5%) 

Suctioning 0 = absent; 1 = ordered or occurred in the last 3 days    1,124 (0.3%) 

Tracheostomy care 0 = absent; 1 = ordered or occurred in the last 3 days       933 (0.2%) 

Ventilator or respirator 0 = absent; 1 = ordered or occurred in the last 3 days    1,429 (0.3%) 

 

Note: ‘COPD’ refers to chronic obstructive pulmonary disease, ‘Flare up’ refers to sudden 

worsening of a chronic condition, ‘Smoke’ refers to individuals who smoke cigarettes daily, 

and ‘Aspiration’ refers to the inhalation of food or fluid into the lungs. 



 

81 

Table 4-2 Unadjusted odds ratios and 95% confidence interval (CI) for individuals being 

admitted to a hospital (model 1), visiting a physician (model 2), going to the emergency 

room (model 3), and rating their health as poor (model 4; N = 942,439 assessments). Values 

were obtained with 4 different generalized estimating equations, one for each model. The 

area under the curve was 0.59, 0.57, 0.61, and 0.65 for models 1, 2, 3, and 4, respectively.   

 

Variable OR 95% CI 

Model 1: Hospitalization   

Intercept 0.28 0.27 – 0.28 

Cardiorespiratory Vulnerability index 1.26 1.25 – 1.26 

Model 2: Physician Visits   

Intercept 1.97 1.95 – 1.98 

Cardiorespiratory Vulnerability index 1.12 1.12 – 1.13 

Model 3: Emergency room   

Intercept 0.22 0.22 – 0.22 

Cardiorespiratory Vulnerability index 1.16 1.16 – 1.17 

Model 4: Self-rate health   

Intercept 0.08 0.08 – 0.08 

Cardiorespiratory Vulnerability index 1.37 1.36 – 1.38 
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Table 4-3 The number (and percentage) of people in each health region in Ontario (local 

health integration networks; LIHN) in 2023 classified as at risk of health complications based 

on a score of 3 or more on the Cardiorespiratory Vulnerability index (CRV).  

 Cardiorespiratory Vulnerability index  

Health Region <3 >=3 Total 

Central 4,415 (70.1%) 1,883 (29.9%) 6,298 (11.1%) 

Central East 5,128 (66.4%) 2,594 (33.6%) 7,722 (13.6%) 

Central West 1,691 (62.1%) 1,032 (37.9%) 2,723 (4.8%) 

Champlain 3,116 (64.8%) 1,695 (35.2%) 4,811 (8.5%) 

Erie St. Clair 1,978 (63.4%) 1,142 (36.6%) 3,120 (5.5%) 

Hamilton Niagara 4,583 (55.7%) 3,644 (44.3%) 8,227 (14.5%) 

Mississauga Halton 2,553 (73.7%) 913 (26.3%) 3,466 (6.1%) 

North East 1,593 (60.7%) 1,032 (39.3%) 2,625 (4.6%) 

North Simcoe Muskoka 1,154 (57.3%) 859 (42.7%) 2,013 (3.5%) 

North West 582 (66.6%) 292 (33.4%) 874 (1.5%) 

South East 1,382 (57.7%) 1,015 (42.3%) 2,397 (4.2%) 

South West 4,230 (70.5%) 1,774 (29.5%) 6,004 (10.6%) 

Toronto Central 2,367 (75.7%) 759 (24.3%) 3,126 (5.5%) 

Waterloo Wellington 2,516 (73.4%) 913 (26.6%) 3,429 (6.0%) 

Total 37,288 (65.6%) 19,547 (34.4%) 56,835 

 

Note: The cut-point value of 3 or more items was calculated using the Youden index. The 

map with each health region and percentages is shown in Figure 4.3. 
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Figure 4-1 Correlation matrix with all 12 items used to develop the Cardiorespiratory 

Vulnerability index (N = 942,439 assessments).  

Note: Numbers inside the rectangles are Pearson correlation coefficients. Darker shades of 

blue indicate greater correlation coefficient. ‘Heart failure’ refers to congestive heart failure, 

heart disease’ refers to coronary heart disease, ‘COPD’ refers to chronic obstructive 
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pulmonary disease, ‘Airway’ refers to difficulty clearing airway secretions, ‘Flare up’ refers 

to a sudden worsening of a chronic condition, and ‘Smoke’ refers to individuals who smoke 

cigarettes daily.  
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Figure 4-2 Association between the Cardiorespiratory Vulnerability index and four health 

outcomes investigated in this study. 

Note: Figures were created with a random selection of 20,000 observations for better 

visualization. ‘ER’ means emergency room. Blue points indicate observations and red points 

indicate mean. The horizontal line within each box represents the median value, the edges are 

C
a

rd
io

re
s
p

ir
a

to
ry

 V
u

ln
e

ra
b

ili
ty

 i
n
d

e
x
 

C
a

rd
io

re
s
p

ir
a

to
ry

 V
u

ln
e

ra
b

ili
ty

 i
n
d

e
x
 



 

86 

25th and 75th percentiles, the whiskers extend to the most extreme data points, and black 

points on top of the whiskers are potential outliers. 
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Figure 4-3 Map with the percentage of clients who were identified as at risk based on the 

Cardiorespiratory Vulnerability index (CRV) in all 14 health regions (i.e., local health 

integration networks; LHIN) in Ontario in 2023.   

Note: Darker shade of blue indicates a higher percentage of individuals at risk within each 

LHIN. 
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Chapter 5 

 

 

General discussion and conclusions 
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5.1 Introduction  

In 2023, the United Nations’ Intergovernmental Panel on Climate Change published a report 

indicating that global warming will reach 1.5°C above pre-industrial levels in the next 

decades (IPCC, 2023). At 1.5°C, extreme weather events are expected to drastically increase 

in frequency, duration, and intensity (IPCC, 2023; in 2024, the global average temperature 

was 1.6°C; Goessling et al., 2025). As discussed in this thesis, these events often result in 

large human suffering and financial costs to our public health system (Leppold et al. 2022). 

Older adults are among those who are most affected (Bell et al., 2020; Durak, 2023) because 

of the high incidence of multi-morbidity and geriatric syndromes among those 65 years and 

older (Durak, 2023). Moreover, older adults with multi-morbidity use health care more 

frequently than other age groups, and natural disasters can lead to interruptions in health care 

and prevent access to infrastructure (Bell et al., 2020; Durak, 2023). Unfortunately, this 

scenario will only become more aggravated as the proportion of older adults increases in the 

next decades (UN DESA, 2023). 

 In Canada, the situation is not different. People experience several adverse health 

complications associated with extreme high temperatures and wildfires (Berry & Schnitter, 

2022; Lulham et al., 2023; Jain et al., 2024). Every year, the health costs of these extreme 

events in the billions of dollars (Matz et al., 2020, Boudreault et al., 2025). We have now 

around 7 million Canadians aged 65 and older, a 20% increase since 2011. By 2046, we 

might reach 3 million Canadians 85 years and older. At the same period, the growth rate 

among the youngest (below 15 years) was 6 times slower (Statistic Canada, 2022). Thus, 

around the world and in Canada, climate change and an aging population are creating the 
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conditions under which an increasing number of people will be at risk of adverse health 

outcomes. This thesis aimed to provide solutions to promote the adaptation of our public 

health system to this new scenario. 

5.2 Summary of findings 

 The three studies in the thesis used clinical, demographic, and social-economic data 

collected at the individual level to: a) understand what places older adults at higher odds of 

living in houses with inadequate heating or cooling, and b) develop indices to identify 

individuals at high risk of health complications caused by extreme weather events. 

 Study 1 investigated, for the first time, the risk and protective factors associated with 

inadequate thermal environment in a population of home care clients in Canada. Using data 

from older adults who receive support at home because of their medical needs, the findings 

from this study indicate that older adults with financial problems, lack of informal caregiver 

or caregiver experiencing abuse or distress, and those living in rural areas and Yukon were 

more likely to live in houses with inadequate heating or cooling. Age was a protective factor, 

but only for older individuals within our population (75+). Not living alone was also a 

protective factor for males, but not for females. These results are concerning because poor 

thermal environment has been associated with both adverse physical and mental health 

outcomes, such as incidence of infection diseases, asthma, anxiety, depression, and 

psychological distress. Investments to provide proper heating or cooling to this population 

are a fraction of the current public costs of heat waves and cold spells, such as acute 

admission to care facilities (e.g., long-term care) and hospitalizations from cardio-respiratory 



 

91 

problems and dehydration. Thus, the results in study 1 can inform climate adaptation 

strategies, such as cost-effective investments to improve the thermal environment of those at 

risk. 

 Study 2 presented a new index to identify those at high risk of adverse health 

complications during extreme weather events. The goal of the index was to identify 

individuals that would be in trouble if they had to evacuate their houses during a natural 

hazard. Analysis showed that all the items and the new scale were associated with clients 

indicating that they would be better off in another environment. The rational for using this 

question is that if clients believe that they should not be in their current home under normal 

circumstances, their situation could be much worse during a natural hazard. The new index, 

the BRI, was associated with hospitalizations and death regardless of the environmental 

conditions, suggesting that individuals identified by the BRI could be in real trouble during a 

crisis. The main advantage of the new index is that it contains less items than a similar tool, 

the VPR, an algorithm that has been successfully used in the context of an earthquake. 

Despite having less items, the BRI showed similar performance compared to the VPR. The 

BRI could be used with assessments that cover a larger population, such as the interRAI-CA, 

which includes potential long-stay home care clients. Therefore, the BRI is also ideal to 

guide conversations with potential home care clients about how they could better prepare to 

minimize health risks during natural hazards. 

 Study 3 also developed a new index, but a more specific one to be applied during 

periods of poor air quality, which are becoming more frequently because of wildfire smoke. 

The 12-point scale includes items that are well-known risk factors associated with poor air 
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quality, such as respiratory and heart diseases. For this study, data came from home care 

clients living in Ontario. The results indicate that the index might perform well in a time of 

crises given that it was positively associated with hospital admissions, emergency department 

and physician visits, and poor self-rated health. When applied the study population actively 

reviving services in 2023 (the year of the worse wildfire season registered in Canadian 

history), the index indicated that 35% of the clients could be at risk of health complications. 

This is essential information for public health. For example, home care providers could adopt 

actions to better prepared those at risk, such as conversations about what to do during periods 

of poor air quality. In addition, the index could identify geographic locations (e.g., 

neighbours) with high incidence of individuals at risk, and support the development of public 

health initiatives to increase emergency preparedness about poor air quality in these areas.   

 Together, the three studies in this thesis represent a unique perspective about how our 

public health system could prepare for climate change and show new directions for research. 

Up to now, most studies aiming to understand the health consequences of natural hazards 

have used health data combined with environmental data (Leppold et al., 2022; Grant & 

Runkle, 2022) to find associations between health outcomes (e.g., hospital admissions for 

asthma) and environmental events (e.g., wildfire smoke). Study 1 in this thesis presents a 

different perspective because it shows how detailed information about the individual and 

their environment can shed new light into the reasons people might experience adverse health 

outcomes during a natural hazard. The novelty of study 1 relies on the combined use of 

clinical, demographic, environmental, and social-economic data to understand the conditions 

under which people are more likely to live in houses with poor thermal environment. Thus, 
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study 1 provides information about actions that could be taken before an event happen 

instead of investigating what happened with people after the event already occurred. For 

emergency preparedness, knowing the consequences of natural hazards and how to prevent 

human suffering are both essential information. While we have good studies on the health 

outcomes of heat-related events, study 1 is one of the few that use clinical and environmental 

data to provide information about the risk factors associated with poor home thermal 

environment in older adults with complex medical needs. 

 The approach taken in study 1 is aligned with more recent studies on the health 

consequences of climate change. For example, some researchers are placing thermometers 

inside of people’s house (or using available online data) to understand the temperature 

variation that people could be exposed at home during hot days (Henderson et al., 2022). 

Thus, study 1 moves into the same direction of the newest studies in the field, where the goal 

is to have a more refined understanding of the causes that place people at risk. 

 Studies 2 and 3 present two new “vulnerability” indices. Considering the high number 

of indices available, it is fair to ask what are the contribution of study 1 and 2 to the field of 

disaster research and emergency preparedness. First, the CRV and the BRI do not rely on ill-

defined notions of vulnerability, which has been a main criticism of the use of these indices. 

Second, the CRV and the BRI do not use group-level risk factors, which can be very 

imprecise when trying to support people in need during the time of a disaster. Instead, the 

indices were developed using the same high quality, individual and clinical level data used in 

study 1. 
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5.2.1 The use of clinical dimensions 

 The use of different clinical dimensions, instead of vague categories (e.g., older 

adults) has the advantage of being more precise and allow individuals to be located before, 

during and after a natural hazard. For instance, the items used in the three studies in this 

thesis are often associated with adverse health outcomes caused by extreme weather events. 

Individuals with cognitive impairment and dementia have difficulty interpreting risks, taking 

actions to protect themselves, and managing stress during relocation. Study 2 and 3 have 

three different items that measure cognitive impairment. Problems with ADL and IADL, such 

as difficult managing medication, preparing meals, and moving around the house can create 

physical challenges and reduce the ability to move and leave the house or navigating through 

evacuation processes. The BRI has items on both ADL and IADL. Many older adults have 

high medical needs that make them more sensitive to perturbations like extreme temperature 

change, and loss of water supply. This means that older adults rely more heavily on health 

services that might be unavailable during a natural hazard. All studies in this thesis included 

several items related to medical complexity, such as coronary heart disease, congestive heart 

failure, and pneumonia. Frail individuals have lower capacity to maintain homeostasis in the 

context of stressors, including heat waves and cold spells. The BRI includes an item related 

to frailty (CHESS-CA). Individuals living with vulnerability often rely on support of others, 

such as informal caregivers. If the support is not available during a natural hazard, or if 

somebody lives alone and are incapacitated, they may not get the assistance they need to deal 

with the environmental and logistical challenges posed by a natural hazard. All three studies 

have living arrangements (living alone) in their analyses. Finally, depression can be 
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associated with fatigue, loss of motivation, and lack of social engagement. This may lead to 

lack of awareness of risk events, reduced motivation to respond, lack of energy when they 

need it to get out of harms way. The BRI has a mood disorder item that captures symptoms of 

depression.  

 Considering all the advantages of using clinical data, it is surprisingly that they have 

been largely underutilized in emergency preparedness. This is paradoxical given the 

abundance of individual data in our society today and the calls for a more unified health 

system. Indeed, there has been much discussion about interoperability in healthcare, where 

data can be shared across providers, researchers, patients, and public health organizations 

regardless of their geographic location (Gordon & Catalini, 2018). The studies in this thesis 

used assessments compatible across different levels of care, aligned with the calls for 

interoperability. 

5.3 Implications for policy 

 In Canada, we have a real opportunity to change emergency preparedness and create 

more effective ways to provide support for people in need during time of crisis. The studies 

presented in this thesis contribute to this change in 2 main different ways. First, the BRI and 

the CRV could be applied to identify people in need with no additional costs beyond those 

already incurred to complete interRAI assessment systems. interRAI assessments and the 

VPR are already available in many provinces and public health organizations in Canada and 

countries around the world. Where interRAI HC and interRAI-CA are already adopted, it 

would be possible to add the BRI and the CRV as additional tools. This means that these 
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organizations would have at least 3 different tools to address different types of extreme 

weather events. 

 Second, the indices presented here can indicate geographic regions and specific 

individual homes eligible to receive support for climate adaptation. One example already 

discussed in this thesis is the use of financial incentives to improve the indoor thermal 

environment for older adults. This approach has been shown to be a cost-effective solution to 

minimize the adverse health effects of extreme temperature variation. In addition, these same 

geographic regions and homes could be the target of specific policies addressing people’s 

awareness about what to do in the case of an extreme weather event. Because costs related to 

adaptation are much smaller than climate change costs, the use of indices such as the BRI 

and the CRV could contribute to a more cost-effective public health system. Thus, the studies 

in this thesis are aligned with the first major goal of WHO, which is to develop more climate-

resilient health systems. 

 Policy makers should expand the use of standardized instruments, such as the ones 

interRAI developed, and, consequently, the use of the indices presented here. This policy 

change would result in more people being assessed and potentially being able to receive 

support during a time of crisis. As more data become available, the existent indices could be 

improved, and new ones develop (please see item 5.5. Implications for research and future 

directions). Moreover, the BRI and the CRV can also be used for planning. Climate-change 

adaptation policies could be first applied in areas where the BRI and the CRV identified as 

having a higher concentration of people at risk. 
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5.4 Implications for practice  

The indices develop here have an advantage in terms of application compared to the 

demographic reports on the populations at broad risk such as older adults and children. 

Although these reports can be useful for general policy purposes, they cannot identify 

specific individuals who need to be supported during a disaster. Another advantage of the 

BRI and CRV that include clinical information collected by standardize assessments is to find 

people at risk before, during, and after an extreme weather events. 

Maybe the best way of explaining how this thesis can inform important changes in 

practices is to describe a real application of the VPR and some of the motivations to develop 

the BRI. One of the organizations in British Columbia (BC-Island Health) uses the VPR to 

identify people that could be at risk because of heat-related events (E. Heffel, personal 

communication, January 27th, 2025). The main motivation for using the VPR was the heat 

dome that killed more than 600 people in 2021 in British Columbia. To avoid the adverse 

heath effects of another heat dome, people at BC-Island Health uses the VPR to first identify 

only those at very high risk (VPR = 2). Then case managers review each case and identify a 

subset of individuals that they believe are in real trouble. Finally, people at BC-Island Health 

call each of these individuals to create another subset that would need immediate help (e.g., 

re-location). The organization took this approach in the spring of 2024. Out of 934 active 

home care clients assessed with the interRAI HC, 245 clients were identified as at risk by the 

VPR. Case managers further identified 18 highly critical cases, who where all contacted by 

phone. Four clients were classified at extremely risk in the case of a heat wave (E. Heffel, 

personal communication, January 27th, 2025). 
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 BC-Island Health also identified some limitations of the VPR, such as smaller target 

population. The need to address a larger population was one of the reasons behind the 

development of the BRI. The organization already committed to include the BRI as soon as 

the scale is available and is interested in learning more about the CRV to include in their 

emergency preparedness toolkit (E. Heffel, personal communication, January 27th, 2025). 

Therefore, using the BRI and the CRV just before natural disasters are more likely to happen 

(e.g., spring for heat waves) could become routine practice in the organizations that already 

adopted the interRAI-HC and the interRAI-CA. For example, the Canadian Institute for 

Health Information and other health organizations should recommend that vendors build the 

CRV and the BRI into their specifications. As these indices become part of the system, 

reporting the results of CRV and BRI should also become part of CIHI common practice. 

5.5 Limitations 

 Maybe the most important limitation of this thesis is the fact that validation of the 

indices created was not done against a population that experienced adverse health outcomes 

caused by natural hazards. In addition, the studies here did not investigate specific outcomes 

that are related to natural hazards. Instead, study 2 and 3 used general health outcomes, such 

as survival, hospital admissions, and physicians’ visits. For example, we did not look at 

hospital admissions because of asthma during the wildfire smoke of 2023. Although the 

outcomes used in study 2 and 3 are likely to be relevant for many different types of natural 

hazards, an important next step is to validate the BRI and the CRV against specific health 

outcomes (e.g., asthma for the CRV). Moreover, the BRI should be validated against different 
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types of natural events (e.g., heat waves, wildfires, snowstorms, and floods). This could 

inform whether a general tool such as the BRI is precise regardless of the type of hazard, or if 

there is a need to develop specific tools to address each type of extreme weather event, such 

as the CRV for wildfires. 

 Individuals might not be at risk if they do not live in areas affected by natural hazards. 

For example, a frail older adult might be identified as at risk during a wildfire according to 

the CRV, but they might not live in an area that is being affected by the event. This means 

that trying to provide support for people who do not live in risk areas is not cost-effective. 

One solution to mitigate this limitation is to obtain maps of environmental risk areas and 

overlap these maps with individual postal code of those classified as at risk. Although this 

could be done by public health organizations, it would be more challenging for researchers 

given that postal code is often not available in health data in Canada due to privacy concerns. 

 The studies in this thesis cover a population of almost 1.5 million individuals living 

with some kind of vulnerability; however, they still represent a small portion of our 

population (i.e., home care clients or those being considered to receive this service). There 

could be more individuals at risk living in the community that might not be in our sample, 

such as older adults receiving private care and many older adults with less physical and 

mental health challenges. Although these populations should also be included in future 

investigations, it is also the case that older adults who are not receiving home care services 

might have other supports, such as good social network and good family connections. Thus, 

despite this limitation, the thesis addressed the needs of older adults who are most likely to 

be at risk of health complications because of extreme weather events. 



 

100 

 In addition to older adults, many other populations could be at risk in the case of a 

natural hazard. For example, this thesis did not include children and those with low social-

economic status. In Canada, First Nations, Inuit, and Métis peoples are at very high risk of 

health complications, both physical and mental, because of climate change (Ford, 2012). 

Future studies should aim to broader the scope of the investigations presented in this thesis. 

One potential area of future research is to use the interRAI instrument for child and youth 

(Stewart et al., 2022) to investigate climate change effects on this population and created 

tools like the ones presented here. 

 Finally, this thesis addresses only short-term effects of extreme weather events. The 

rationale for this is that by addressing short-term effects, long-term effects will likely to be 

minimized. However, a new line of investigation is required to properly understand the links 

between extreme events and poor health outcomes that might occur months or even years 

after the event happened. This is because items included in indices such as the BRI and the 

CRV might be very different when investigating long-term effects. For example, the distance 

from the event or witnessing somebody suffering during an event might be more important 

for long-term effects than for short-term effects. This would be particularly important for 

mental health given that many studies have shown the long-lasting effects of natural hazards 

on people’s mental health. 
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5.6 Implications for research and future directions 

In addition to new areas of research indicated in the previous section, the results of 

the three studies presented in this thesis indicate areas of future research that are ready or 

nearly ready to happen. 

5.6.1 A suite of risk indices based on interRAI assessments 

 Study 2 and 3 successfully demonstrated how clinical, demographic, environmental, 

and social-economic data about individuals can be used to calculate risks of adverse health 

outcomes associated with natural hazards. This area of research has been highly underutilized 

given the wealth of interRAI assessments.    

 Over the past 30 years, interRAI has developed several instruments, including 

comprehensive and short assessments, screeners, and indicators covering both research and 

applied areas. These instruments were created to serve different populations, from older 

adults with complex medical needs to child and youth and people experiencing mental health 

problems. The application of these instruments also covers several settings, from hospitals 

and long-term care facilities to people’s home. There are hundreds of items available and 

more recent versions of these instruments contain many common elements, promoting 

continuity of care and interoperability. Only in Canada, interRAI has over 20 million 

assessments completed. The use of these instruments to develop new indices could represent 

a game-changing in disaster research and emergency preparedness given the wide coverage 

of these assessments in relation to populations, geographic locations, and settings. 

 One example already mentioned is the youth and child assessment (Stewart et al. 

2022). As in the case of older adults, children are often considered a population at risk during 
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natural hazards. The BRI and CRV could be adapted to the child and youth instrument in a 

similar approach that the BRI was adapted from the VPR in study 2. In addition, studies have 

indicated that young adults are experiencing high levels of anxiety, depression and overall 

distress with climate-related problems (Clayton, 2020). Items related to mental health in the 

child and youth instrument could be linked to environmental data to measure the mental 

health effect of extreme weather events in this population.    

 In addition to the adoption of the indices discussed in this thesis (VPR, BRI, and 

CRV), new indices could be created. There is an urgency to understand and identify people 

that could be in trouble because of heat-related and wildfire events in Canada. Because 

extreme temperature can aggravate the conditions of those with heart and respiratory 

problems, priority should be given to instruments targeting populations more likely to have 

these health issues, such as those serviced by the interRAI HC and interRAI-CA, but also by 

the interRAI-Long Term Care Facility, used in nursing homes. 

 The mental health suit of assessment could also be considered to investigate the short 

and long-term health effects of climate change. For example, the interRAI Mental Health 

assessment for in-patient psychiatry is used in all admissions to psychiatry beds in Ontario. 

Because this assessment contains detailed information about the physical and mental status of 

individuals, it is a great tool to be linked with environmental data. This could shed new lights 

into how and why there has been a clear association between extreme weather events and 

increase in hospital admissions for mental health issues (Lawrance et al., 2022). 
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5.6.2 Extreme weather events and climate change related items in current interRAI 

instruments 

 Although there are several types of interRAI instruments, there are three barriers 

when using them in the context of disaster research. First, there is no interRAI instrument 

specific to understand the physical and mental problems that usually happen because of 

natural hazards. For example, young adults are among those who are suffering the most with 

climate change and although there are assessments available to measure the effects of climate 

change in this population, interRAI has not developed its own version. 

 The second problem of using interRAI instruments for disaster research is that there 

are very few items in the current assessments that evaluate the environment, or needs, 

strengths, and preferences of individuals related to extreme weather events. Post-traumatic-

stress disorder is one of the most common psychiatry disorder associated with extreme 

weather events, but only the newest version of the interRAI HC and interRAI-LTCF (version 

10) include post-traumatic-stress disorder diagnosis. Moreover, the few items present in the 

assessments need improvements. The only item that evaluates the house environment in the 

interRAI assessments (the item that was used in this thesis), has no more than 5 questions 

and the answers are dichotomized (yes or no). The consequence is that only extreme cases 

are identified (e.g., houses extremely dirty or invested by rats and insects), leading to a very 

low frequency of responses indicating any problem, often less than 5%. Instead, the item 

could include a scale to measure the home environment, which would provide a better 

distribution of poor home environment within the target population. There should also be 

items measuring important aspects that link health and home environment, such as number of 
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people per square footage, presence of mould, quality of indoor air (e.g., second-hand smoke, 

strong smells). 

The third problem is related to how the interRAI assessments measure thermal home 

environment. Here I used a subjective metric based on the assessor observation, i.e., 

inadequate heating or cooling at home. However, I also showed that this metric was 

influenced by seasons, i.e., assessments conducted in the summer where more likely to 

identify that the house had inadequate heating or cooling. This means that I might have 

underestimated the real number of home care clients that live in houses with poor thermal 

environment. Although the use of precise tools, such as thermometers, could potentially solve 

this problem, the thermal environment is not only influenced by temperature, but also by 

people’s behaviour and even by their physiology. For example, many older adults do not 

thermoregulate properly and perceive temperature differently than the rest of the population. 

They might also have cognitive impairment that stop them from taking actions that would 

cool their bodies, such as using air conditioners, wear llightweight fabrics, and avoid going 

outside during a heat wave. interRAI assessors can obtain subjective information via their 

own observation and talking to the client and family members, which would not be possible 

with the use of a thermometer. Nevertheless, it would be important to combine the interRAI 

assessor’s judgment with more precise metrics to better understand the thermal environment 

of older adults.  
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5.6.3 Linking interRAI based indices with broader scope data 

 An important area of future investigations is to expand the approach used in this 

thesis beyond interRAI instruments. This is important because, as discussed here, not only 

the populations represented in the interRAI instruments are experiencing health 

complications because of extreme weather events. Moreover, people might experience all 

kinds of limitations during and after a natural hazard, such as loss of propriety, being forced 

to evacuate and permanently move, and overall economic burden, which interRAI does not 

assess. Thus, important future research would be to understand how broader data, collected 

with the general population, could be included in the developments of the indices, such as the 

BRI and the CRV. 

 One important source of data is Statistics Canada. The datasets maintained by 

Statistical Canada could complement the detailed health information in the interRAI 

assessments. For example, with Statistics Canada data, indices could include a more detailed 

description of the social and economic conditions of those identified as at risk, adding to 

these indices not only the health burden, but also potential financial costs associated with 

natural hazards. This approach could facilitate the linkage of health data present in the 

interRAI assessments with risk environmental areas to address a limitation already discussed 

here (i.e., this thesis did not identify geographic hot-spot areas related to different types of 

natural hazards). 

5.6.4 Improvements of current indices via application 

 The use of indices such as the VPR in Vancouver (and likely the BRI and the CRV in 

2026) are essential to the improvement of current indices. The case of the application of the 
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VPR by BC-Island Health represents a unique opportunity. It would be important to 

investigate what criteria case managers are using to select a subset of clients from the group 

identified by the VPR in 2024 and 2025, and the BRI in 2026. This information could then 

help to improve the VPR and the BRI by either removing or adding items according to the 

case managers criteria. It could also be the case that some items should be given more 

weight. For example, one information that has been used by case managers to subset the 

clients identified by the VPR is whether the client live alone or not (E. Heffel, personal 

communication, January 27th, 2025). Therefore, this item (living arrangements) could be 

more important to determined individual’s risk. 

 Finally, the recent increase in heatwaves and wildfires in Canada (e.g., the heat-dome 

of 2021 in BC and the 2023 wildfire season in Ontario) represent a unique opportunity to link 

detailed information about people’s health status and adverse health outcomes. This could be 

done by applying the indices developed here to the active population receiving interRAI 

assessments at the time of the event. This linked dataset would then identify those who 

experienced adverse health outcomes during the extreme event and were identified as at risk 

by the BRI. This validation process could then inform improvements in the BRI because 

researchers would be able to identify the items in the index that were more important in 

correctly classifying people at risk. 

5.7 Conclusion 

 Extreme weather is a new reality. Heat waves, wildfires, droughts, floods and extreme 

low temperatures are not rare events anymore. Added to an aging population, that are more 
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likely to experience adverse health outcomes because of extreme weather, an increasing 

number of people will need assistance. Thus, it is essential that we adapt our public health 

system to this new reality. Identifying individuals that could be at high risk before an extreme 

weather event happens is a key step in this process. 

 This thesis contributes to this goal by using readily available, individual-level data 

and producing applied knowledge that can help public health organizations to prepare for 

natural hazards with no additional costs. The studies presented here improve our 

understanding of what places older adults at higher risk of having a house with poor thermal 

environment, which is essential information to guide cost-effective public health initiatives to 

adapt homes to the new reality of extreme weather. Moreover, the thesis provides two 

additional tools that could be applied before natural hazards at both individual and population 

level. Instead of group-level risk factors, these new indices use individual information and, 

therefore, are likely to be more precise in identifying those at high risk. These improvements 

represent a unique approach to emergency preparedness and opens several new areas of 

research and application towards a more sustainable health system.   
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