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Background: The 2016 wildfires in Fort McMurray (Alberta, Canada) led to a massive displacement of 88,000 people and destroyed 2,400 homes. Although no direct human fatality resulted, many individuals feared for their lives or those of their loved ones.

Objectives: (1) To estimate the prevalence of post-traumatic stress, major depressive, insomnia, generalized anxiety, and substance use disorders in the adult population of Fort McMurray 1 year after the evacuation; (2) To identify pre-, peri-, and post-disaster correlates of mental health disorders.

Methods: A phone survey using random digit sampling was used to survey evacuees. A total of 1,510 evacuees (response rate = 40.2%, 55.5% women, mean age = 44.11, SD = 12.69) were interviewed between May 9th and July 28th, 2017. Five validated scales were administered: the PTSD Symptoms Checklist (PCL-5), the Insomnia Severity Index (ISI), the depression and anxiety subscales of the Patient Health Questionnaire (PHQ-9, GAD-7), and the CAGE Substance Abuse Screening Tool.

Results: One year after the wildfires, 38% had a probable diagnosis of either post-traumatic stress, major depressive, insomnia, generalized anxiety, or substance use disorder, or a combination of these. Insomnia disorder was the most common, with an estimated prevalence of 28.5%. Post-traumatic stress, major depressive and generalized anxiety disorders were almost equally prevalent, with ~15% each. The estimated prevalence of substance use disorder was 7.9%. For all five mental health disorders, having a mental health condition prior to the fires was a significant risk factor, as well as having experienced financial stress or strain due to the economic decline already present in Fort McMurray. Five post-disaster consequences were significant predictors of four of the five disorders: decrease in work, decrease in social life, poorer current health status, increase in drug and alcohol use, and higher level of stress experienced since the fires.

Conclusion: One year after the fires, more than one third of the evacuees had clinically significant psychological symptoms, including those of insomnia, post-traumatic stress, depression, anxiety, and substance use. This study helped identify individuals more at risk for mental health issues after a natural disaster and could guide post-disaster psychosocial support strategies.
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INTRODUCTION

In a natural disaster, physical injuries and material losses go alongside emotional distress, psychosocial problems as well as mental health disorders which can linger years after the event. The mental health consequences of natural disasters are increasingly recognized, although they remain difficult to assess and to address. Systematic reviews indicate that up to 40% of individuals exposed to a natural disaster will develop stress-related or adjustment disorders such as post-traumatic stress disorder (PTSD), major depression, substance use disorders (SUD), insomnia, or complicated bereavement (1, 2). A general consensus in the disaster-related literature is that mental health issues should be an integral part of the medical and emergency response (2). Monitoring the long-term consequences of disasters on mental health and providing ongoing psychosocial support and specialized mental health care to individuals and communities has been identified as a critical gap by a panel of disaster management experts convened by the World Health Organization in 2018 to identify key emergency and disaster research needs (3).

In North America, wildfires causing damage and evacuations in urban areas have been increasing in the past 30 years, a trend that is thought to continue due to climate change (4). The long-term mental health impacts of wildfires have received relatively limited attention to date. After the 2003 California fires, one study showed that two-thirds of participants had reported having feared for their own life or for the life of a loved one; 3 months after the fires, one quarter of respondents met the criteria for PTSD, and one third met the criteria for major depression (5). One study noted a significant increase in anxiolytic drug consumption after a wave of wildfires in Spain (6). Compared to a control group, persons exposed to wildfires in Greece were observed to have significantly higher somatization, depression and anxiety symptoms, and higher levels of paranoia, hostility, and phobic anxiety (7, 8). Three to 4 years after the Victorian Black Saturday bushfires in Australia (2009), 16–22% of individuals in communities affected by the fires were still found to meet the criteria for PTSD and 13% suffered from major depression (9), indicating that mental health effects are still measurable several years after the event. These studies report precious epidemiological data, but are less informative of the predictors of the development of mental disorders.

In May 2016, a major wildfire affected the Fort McMurray area in Alberta, Canada, destroying 2,400 homes and businesses (10). Approximately 88,000 persons were evacuated. Although there were no deaths directly linked to the wildfire, two persons lost their lives in an accident during the evacuation, and many individuals had to face potential threat to their life or that of their loves ones, for example, by evacuating on roads with fire on both sides, seeing houses on fire or collapsing. A significant number of people were separated from loved ones or experienced important issues with communicating with family members during the evacuation (Thériault, Belleville, Ouellet, and Morin, submitted). Many families were relocated for several months and incurred significant material losses and financial stress.

Three to 5 months after the Fort McMurray fires (July-September 2016), our team collected data on a sample of 379 evacuees with an online questionnaire and conducted standardized psychodiagnostic interviews (in-person or by phone) with a subsample of 55 individuals (11). Although this was a convenience sample, 62.5% were found to have clinically significant symptoms of post-traumatic stress disorder (PTSD) as measured by the PTSD Symptoms Checklist (PCL-5). Among those who completed the psychodiagnostic interview, 29.1% met the criteria for PTSD, 25.5% for major depression, and 43.6% for an insomnia disorder. Another team evaluated 486 residents 6 months after the fires and found that 13% suffered from probable PTSD (15% in females vs. 9% in males) and 20% suffered from probable Generalized Anxiety Disorder (GAD) (12). Taken together, these results indicate rates of mental health issues in the first few months after the disaster that were significantly higher than in the general population.

According to Bonanno (13, 14), reactions to traumatic events are quite heterogeneous and evolve differently across individuals: while many initially experience intense psychological reactions which subside more or less rapidly, other individuals are resilient throughout the aftermath, others still may experience delayed reactions or gradual recovery and some can unfortunately develop chronic mental health issues. Predicting who will develop more serious and pervasive mental health issues requiring clinical attention or psychosocial support is important to increase the preparedness of communities in dealing with the long-term mental health consequences of wildfires and other natural disasters. The level of exposure to the disaster itself and the consequences of the disaster (peri and post-disaster factors) are known to be linked to psychological outcomes. Six months following the Fort McMurray fires, Agyapong et al. (12) found that having witnessed houses being destroyed by the fire, being relocated, and having little support from the family or government were linked to the presence of symptoms of GAD and/or PTSD. Having experienced physical or mental health issues prior to the disaster also increased the risk for mental health issues post-disaster (12, 15). Importantly, the consequences of a natural disaster are often superimposed onto ongoing problems or chronic issues affecting the community (and as such add stress on the individuals), for example, economic uncertainty, psychosocial problems, and difficulties with access to health services, which can interact with post-disaster individual impacts such as job stress, or job relocation (16). In sum, individual and collective psychosocial factors are known to contribute to psychological adaptation after disasters (17).

In a recent review including 40 disasters having occurred between 1982 and 2017, Lowe and colleagues (18) identified several recurring predictors of post-disaster mental health issues: female gender, being at a socioeconomic disadvantage, high exposure during the disaster (e.g., seeing damage or injury first-hand), and having more limited psychosocial resources (18). This review was however limited to PTSD and depression symptoms. Several other mental health outcomes need to be examined including anxiety, insomnia and substance use. Furthermore, it remains unclear which factors are common to the emergence of difference types of psychopathology. It is essential to obtain a clearer picture of the various types of psychological problems that emerge and to identify the predictors of mental health issues, especially potentially modifiable factors which could be intervened upon. Indeed, identifying individuals at greater risk of developing mental health disorders in the long-term after a disaster could help communities better organize psychosocial support or interventions to foster resilience. Such knowledge could be precious in a preventive perspective as wildfires will continue to affect communities in the future. The present study thus aimed to evaluate multiple mental health issues after a disaster and to examine a large spectrum of potential predictors, including pre-, peri, and post-traumatic factors. The specific objectives of this study were (1) to document the presence of probable mental health disorders in the adult population of Fort McMurray 1 year after the evacuation, namely PTSD, major depression, insomnia, GAD and substance misuse and; (2) to identify pre- peri and post-disaster sociodemographic, health and disaster-related factors accounting for symptom severity.



METHOD


Participants and Procedure

To participate in this study, respondents had to be aged 18 or older, be fluent in English, be physically or mentally able to complete the interview and be a current or former Fort McMurray resident who had been evacuated from their home during the 2016 fires. A professional interview firm (BIP Research) drew a random sample of 10,000 home phone numbers and 10,000 mobile phone numbers in Fort McMurray, using the ASDE Sampling Software (ASDE Inc.). Forty-five interviewers worked on the project, supervised by two BIP supervisors as well as the PI (GB), a psychologist specialized in PTSD and a co-PI (MCO), also a certified psychologist. To ensure validity and standardization of the calls, 15% of interview hours were reviewed by a supervisor (315 h). A total of 12,318 numbers were called between May 9th and July 28th, 2017. The response rate was 40.2% and average length of interview was 26.4 min (Table 1). The institutional review board of Université Laval approved the research protocol, and participants provided informed consent.


Table 1. Data collection.
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Measures

We developed questions to assess the respondents' socio-demographic characteristics (age, gender, ethnicity, membership in a First Nation, marital status, level of education, work status before the fires, and number of persons depending on the respondent such as children or persons with restricted mobility). Variables describing the status of participants before the fires included: health status (on a 5-point scale ranging from poor to excellent), presence of a serious physical (such as diabetes, heart problems, or cancer), and mental health problems (such as depression, anxiety, or alcohol or drug abuse), and whether the respondent was experiencing financial strain or stress due to the economic turndown in Fort McMurray. Eight questions assessed participants' experience of the fires and evacuation (peri-traumatic variables): we assessed the subjective level of fear experienced during the evacuation (on a 0–10 scale), and whether the respondent was on duty as a first responder. Level of exposure to the traumatic event was assessed by six yes/no questions asking whether the respondent smelled smoke or fire, saw buildings or surroundings on fire, feared for the safety of a loved one, saw explosions or buildings collapsing, feared for their own safety, or was separated from a loved one. Consequences of the fires (or post-traumatic variables) included the subjective level of material loss or damage and the subjective level of stress experienced since the fires (on a 0–10 scale), the number of days evacuated, whether they suffered loss or damages to their household content, their house or apartment, sentimental possessions, car or truck, pets, or other things, changes in work status, whether they returned to live in the same home, activity decrease in work, in sports and leisure, or in social life, current health status (on a 5-point scale ranging from poor to excellent), whether they were having problems with finances and money or with insurance claims, and whether they had increased their alcohol and/or drug use. Descriptive data are presented in Table 2.


Table 2. Sample characteristics.
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We used five validated self-report questionnaires to estimate the prevalence of post-traumatic stress, major depressive, insomnia, generalized anxiety and substance use disorders. The PTSD Checklist for DSM-5 (PCL-5) (19) is a self-reported questionnaire that assesses post-traumatic symptoms in the last month. It includes 20 items rated on a 5-point Likert scale. Total severity scores range from 0 to 80, with a higher score indicating greater severity. A cutoff score of 33 discriminates between people with or without PTSD and was used to indicate probable PTSD. The Insomnia Severity Index (ISI) (20) is a self-reported questionnaire that assesses insomnia symptoms in the last month. It includes seven items scored on a 5-point Likert scale assessing sleep difficulties related to falling asleep, maintaining sleep and early morning awakenings, satisfaction with sleep, interference of problems with daily functioning, the perceptibility of the difficulties associated with sleep problems as well as the level of distress related to the sleep problems. Total severity scores range from 0 to 28, with a higher score indicating greater severity. A cutoff score of 10 is optimal to detect insomnia in a community sample (21) and was used to indicate probable insomnia disorder. The Patient Health Questionnaire Depression Scale (PHQ-9) (22) is a self-reported questionnaire that assesses depressive symptoms in the last 2 weeks. It includes nine items on a 4-point Likert scale (from 0 = Not at all to 3 = Nearly every day). Total severity scores range from 0 to 27, with a higher score indicating greater severity. A cutoff score of 10 has been documented as optimal to detect probable Major Depressive Disorder (MDD). The Patient Health Questionnaire Generalized Anxiety Disorder Scale (GAD-7) is a 7-item self-reported scale used to identify probable cases of GAD and assess anxiety symptom severity in clinical practice and research (23). It includes seven items rated on a 4-point Likert scale (from 0 = Not at all to 3 = Nearly every day). Total severity scores range from 0 to 21, with a higher score indicating greater severity. A cutoff score of 10 is optimal to screen for GAD in clinical settings (23) and was used to indicate probable GAD. The CAGE (Cut down, Annoyed, Guilty, and Eye-opener) (24) is a short 4-item self-reported screening tool to assess substance misuse. Items are answered by no (0) or yes (1). Scores range from 0 to 4, a higher score being an indication of alcohol problems. A total score of two or greater is considered clinically significant.



Data Analysis

Descriptive statistics were used to describe the study variables. Means and standard deviations (SD) were reported for continuous variables. Frequencies and proportions were reported for categorical variables. The proportions of respondents meeting the cut-off scores as described in the previous section on the various measures were reported to estimate the rates of probable mental disorders in the sample. Generalized linear models (GLM) were used to determine the factors associated with symptom severity (PCL-5, PHQ-9, ISI, GAD-7, and CAGE total scores). Univariate GLM models were first used to determine the factors associated with the outcome variables. Collinearity was checked for the factors, and if the factors were correlated, only one of the factors was used in the model. Standard model building strategies were used to determine the most parsimonious model. Variables significant at p < 0.10 level were entered into the multivariate model. The final model for each of the outcome variables was based on statistical significance, with the exception of age, gender, ethnicity, and membership in a First Nation, which were included in all multivariate models regardless of univariate statistical significance. A p-value < 0.05 was used to indicate statistical significance. Bonferroni and Holm-Bonferroni (25) corrections were also computed to provide the p-values adjusted for multiple testing for each symptom severity. SPSS version 25 (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.) was used for all statistical analyses.




RESULTS


Prevalence of Mental Health Disorders

Figure 1 presents the prevalence of probable mental health disorders in the sample. PTSD, MDD and GAD were almost equally represented, with an estimated prevalence of ~15% each. Insomnia disorder was the most common probable diagnosis with a prevalence of 28.5%, while the prevalence of probable SUD was 7.9%.


[image: Figure 1]
FIGURE 1. Prevalence estimates of post-traumatic stress, major depressive, insomnia, generalized anxiety, and substance use disorders.


More than one third of the sample (37.7%) had at least one probable diagnosis, and 20% had more than one (Figure 2). Among individuals with probable PTSD, 87.1% presented with at least one other probable diagnosis. Among individuals with probable MDD or GAD, this figure increased to 94.3 and 94.0%, respectively. The proportion of individuals with at least one other probable diagnosis was 61.7% among individuals with probable Insomnia Disorder, and 60.0% among individuals with probable SUD.


[image: Figure 2]
FIGURE 2. Estimated number of probable diagnoses per person.




Correlates of Mental Health Disorders

Variables associated with univariate or multivariate effects on post-traumatic stress, depressive, insomnia, and anxiety symptom severity, as well as increased risk of drug or alcohol dependency are listed in Tables 3–7, respectively, and summarized in Table 8. For all five mental health disorder symptom severity, having a mental health condition prior to the fires was a significant risk factor, as well as having experienced financial stress or strain due to the economic decline already present in Fort McMurray. After applying Bonferroni and Holm-Bonferroni corrections for multiple testing, the predictive value of prior mental health condition remained statistically significant. Financial stress remained significant only for anxiety after applying the Bonferroni correction. With the Holm-Bonferroni correction, financial stress was predictive of insomnia, anxiety and risk of drug and alcohol dependence. Five post-disaster consequences were significant predictors of four of the five disorder symptom severity: a higher level of stress experienced in the year following the fires, decrease in work, decrease in social life, poorer current health status, and increase in drug and alcohol use. All predictors remained significant after applying corrections for multiple testing, except for decrease in social life, which was no longer a significant predictor of depressive and insomnia symptoms.


Table 3. Association between sample characteristics and PTSD symptom severity (PCL-5).
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Table 4. Association between sample characteristics and depression symptom severity (PHQ-9).
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Table 5. Association between sample characteristics and Insomnia Symptom Severity (ISI).
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Table 6. Association between sample characteristics and anxiety symptom severity (GAD-7).

[image: Table 6]


Table 7. Association between sample characteristics and increased risk of alcohol or drug dependency (CAGE).
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Table 8. Summary of regression models.
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The variables with predictive power in three of the five models included one sociodemographic characteristic, i.e., being single, separated, or divorced (for models explaining the severity of depressive and insomnia symptoms and the risk of drug or alcohol dependency), and one variable describing the peri-traumatic experience, i.e., having seen explosions or buildings collapse during evacuation (for models explaining the severity of post-traumatic stress, depressive and insomnia symptoms). After applying corrections for multiple testing, marital status remained a significant predictor of depressive symptoms only, and having seen explosions remained a significant predictor of post-traumatic stress and insomnia symptoms.

Socio-demographic characteristics mostly made significant contributions in the multivariate model explaining the risk of drug or alcohol dependency. Interestingly, female gender, a predictor of more severe symptoms in four univariate models, was no longer a significant predictor in multivariate models; on the contrary, female gender had a protective effect in models explaining the severity of anxiety symptoms (no longer apparent after corrections for multiple testing) and the risk of drug or alcohol dependency. Identifying as White was a multivariate predictor of more severe anxiety (no longer apparent after corrections for multiple testing) and depressive symptoms. Membership in a First Nation was associated with more severe symptoms in all five univariate models, but no effect was demonstrated in the multivariate models.




DISCUSSION

This study aimed to estimate the prevalence of post-traumatic stress, major depressive, insomnia, generalized anxiety and substance use disorders in the adult population of Fort McMurray in a sample of 1,510 evacuees surveyed 1 year after the fires. Insomnia disorder was the most common probable diagnosis, with a prevalence of 28.5%. PTSD, MDD, and GAD were almost equally represented, with an estimated prevalence of ~15% each. The prevalence of probable SUD was 7.9%. All in all, more than one third of the sample (37.7%) had at least one probable diagnosis.

These figures are similar to those reported 6 months after the fires by Agyapong and his colleagues who observed 12.8% PTSD (26) and 19.8% GAD (12) in a smaller and less representative sample of the general adult population in Fort McMurray. The same team evaluated the mental health impacts in several specific Fort McMurray population subgroups 18 months after the fires. In a sample of 3,070 adolescents (grade 7–12), they found 46% of all adolescent students met the criteria for at least one diagnosis 18 months after the disaster (PTSD, depression, GAD or substance misuse (27). In school staff, prevalence rates for probable PTSD were 10.2%, 18.3% for major depression, and 15.7 % for GAD (26). In college students, PTSD affected 11%, major depression 23.4% and GAD 18.7% (28). In primary care patients this time, these researchers rates similar to ours with 13.6% suffering from probable PTSD, and 18% from GAD, but they observed slightly higher prevalence of major depression with 24.8 % in these patients (29).

Our results are also in line with prevalence rates of PTSD (16–22%) and depression (13%) documented 3–4 years after the 2009 bushfires in Australia (9). Taken together, our findings indicate much higher rates of psychopathology among evacuees from forest fires than among the general Canadian population. As a reference, 12-month prevalence rates in Canada for persons 15 and older were of ~4.7% for major depression, 2.6% for GAD, and 4.4% for substance use disorders in 2012 (30). The 1-month prevalence rate for PTSD in Canada was estimated at 2.4% by van Ameringer et al., in 2008 (31). Our study goes further by including insomnia as an important outcome. The vast majority of studies assessing the mental health impacts of fires have focused only on PTSD and depression (32). In a review of 160 studies examining the impacts of disasters reviewed by Norris and collaborators (33), only 10 measured sleep. There is however more and more evidence that persistent sleep problems are among the most frequent reactions after a traumatic event (11, 34–37).

The second objective of the present study was to identify pre-, peri-, and post-traumatic correlates of different mental health disorders. Two pre-existing conditions, that is the presence of a mental health condition and financial problems, were significant predictors of all five types of psychopathology. Not surprisingly, having a mental health condition prior to the fires was a significant predictor in all five models. In non-disaster settings, it is well-known that having a history of mental issues strongly predicts future episodes of psychopathology (38, 39). This seems to be even more true in the context of disasters. As such, particular attention should be given to individuals who are already known to have experienced mental health issues in the past, because their condition can be reactivated or exacerbated. Milligan and McGuinness (40) advocate for early identification of persons suffering from mental illness by first responders in order to ensure that proper referrals are made and appropriate follow-ups are put into place to minimize high-risk behaviors (e.g., suicidal ideation). Furthermore, these authors underscore that individuals with a psychiatric history are in need of specific efforts to stabilize their social environment and ensure they achieve a sense of community. They also suggest that health professionals already involved with these patients can play a pivotal role to help them prepare for the consequences of the disaster. However, one important issue in a disaster such as the one seen in Fort McMurray is that health professionals themselves may have significant needs for psychosocial support as they are part of the affected community (L. Serrano, FuseSocial, personal communication, May 2017).

Having experienced financial stress or strain due to the economic decline already present in Fort McMurray before the fires was another pre-existing condition predicting all five types of psychopathology, although this effect was less resistant to statistical corrections for multiple testing. Several studies have documented that the financial consequences of disasters have an impact on mental health (32): already being in a situation of financial precariousness before facing a disaster also seems important to consider. Before the fires, the Fort McMurray region was already experiencing an economic downturn due to the recession in the Canadian oil sands regions, which was already affecting the use of mental health services (41). The negative impact of economic hardship on mental health (42) and sleep (43) has been documented. The present results go further by suggesting that the financial difficulties present before the fires are crucial in the development of mental health problems, even more so than the direct damage and losses associated with the fires. Future research could investigate whether financial assistance programs contribute reduce the impact of disasters on mental health.

Five post-disaster consequences were significant predictors of four of the five disorders, most often post-traumatic stress, depression, insomnia and anxiety. Decrease in work, decrease in social life, poorer current health status, increase in drug and alcohol use, and the level of stress experienced since the fires were all associated with more severe symptoms, and most of these effects were robust to statistical adjustment for multiple testing. Thus, the results point to the importance of paying particular attention to the level of burden that affects individuals in the year following a natural disaster, whether it be stress, physical health hassles or withdrawal from professional or recreational activities. In fact, in the present study, the level of stress experienced in the year following the fires was found a significant predictor in four psychopathologies vs. two for the level of fear experienced during the event per se. This was perhaps because the intensity and the nature of threat to oneself or loved ones could have been considered lower than in other disasters. Indeed, the city of Fort McMurray is surrounded by wilderness, and the city's population is accustomed to the annual presence of forest fires in its vicinities, either wildfires or prescribed burn1. In 2016, the wildfires first appeared under control but unexpectedly and rapidly reached the populated areas because of high winds (44). Only an hour after the evacuation was announced, the fire reached the city and blocked one of its two main routes out (45). Another aspect of this event is that although the entire city (~88,000 people) was urgently evacuated, there were no deaths directly related to the fires (although two people died in a car accident while evacuating). In disasters involving more property damage than casualties, post-disaster stress level may be a more important predictor of symptom severity.

The cross-sectional design prevented any conclusion on the causal relationships between significant predictors of the models and the outcomes. It was not possible to determine whether the consequences of fires triggered the symptoms or whether the symptoms led to more severe consequences. For example, did a higher level of perceived stress increase the risk of developing GAD or could it be that the intolerance of uncertainty characterizing people suffering from GAD led to an inflated perception of stress? Another example lies in decreased activity levels and depression which could influence each other bidirectionally and even constitute a vicious cycle. Longitudinal studies with assessments at varying time points post-disaster would be needed to clarify the causal relationships between predictors and mental health outcomes. It would also be important for future studies to distinguish pre-existing conditions from direct psychological consequences of the traumatic event.

It is interesting to note in our sample that female gender, although predicting more severe symptoms in four univariate models, was no longer a significant predictor in the multivariate models. Similarly, First Nations membership was associated with more severe symptoms in all five univariate models, but no effect was demonstrated in the multivariate models. These results contrast with those of other studies that showed that socio-demographic characteristics, particularly female gender, was a predictor of mental health problems such as post-traumatic stress (46), anxiety (47), depression (48), and insomnia (49). Female gender was commonly found a predictor of mental health problems after a disaster (18). When multivariate models are used, however, these sociodemographic characteristics seem to have less predictive power, possibly due to shared variance with other variables.

Our findings suggest the need to provide victims of a natural disaster with effective support and stress management strategies after the more acute phase of the disaster. Multiple clinical practice guidelines, meta-reviews and meta-analyses indicate that psychotherapy, particularly cognitive-behavior therapy (CBT), is an effective and cost-efficient treatment option for PTSD, generalized anxiety, depression, substance misuse, and insomnia. Access to psychotherapy, however is an important preoccupation, especially in the aftermath of a disaster, and there is still limited research indicating how therapy protocols for various mental health issues should be adapted to populations having experienced different types of disasters or other mass traumatic events. Although there are empirically supported treatments for a variety of mental health issues, modalities to increase access to larger numbers of people are still under researched. For example, the potential of online evidence-based interventions could be harnessed, if at all possible to implement, in the longer term after a disaster. This however requires important resources and expertise.

Even if effective treatments are developed for individuals, however, only part of the problem would be solved. Larger-scale social and psychosocial intervention programs are also needed to increase the resilience and preparedness of communities at higher risk of disasters. It is probably reasonable to propose that programs targeting some of the predictors identified in the present study, those which are modifiable at least, could have a positive impact on mental health outcomes: teaching effective stress management techniques, allowing individuals a healthy processing of the fear they experienced during the event, alleviating financial burden, providing opportunities and strategies to return to productive and social activities, providing guidance to healthier consumption of drugs and alcohol, ensuring optimal physical health follow-ups. Furthermore, social and health care systems could identify individuals known to be more vulnerable and who would be in need of closer monitoring in the event of a disaster. Even more important, specific plans could be devised for post-disaster large scale mental health screening and trajectories for accessing mental health support or services. This position echoes that of Rebmann and colleagues who already suggested in 2008 that preventive measures should be put into place to establish plans for accessing mental health before a disaster occurs (50). This seems particularly advisable in urban areas where wildfires could be expected to continue to occur or in other communities known to be more at risk for other types of disasters (e.g., flooding). There is still much work to be done in this area however since a systematic review by Roudini et al. in 2017 (51) indicated that very few studies yet have documented community mental health preparedness for disasters or tools that persons or communities could use to prepare themselves for a disaster. These authors suggest that with the increasing numbers of countries facing disasters, local governments and mental health agencies should strive to develop operational plans to intervene, for example by informing different individuals about normal reactions to a disaster and about their potential roles and responsibilities during and after a disaster. The development and evaluation of formal programs which could be implemented at regional or even national levels will need much future work and could focus on educating the public and specific responders or stakeholders on how to best prepare and react in the event of a disaster and in the following years. There is a need to use the growing scientific evidence to support strong advocacy to adopt policies that will build and support community resilience. The present COVID-19 crisis may in fact help us in this regard, since governments are presently rapidly mobilizing themselves to increase access to basic mental health information, self-help tools, crisis helplines, and are identifying resources able to deliver mental health services (52–54).

The results of this study must be interpreted in light of certain limitations. The main one is that sensitive data were collected by interviewers without clinical experience over the phone. Although a portion of the interviews were reviewed by psychologists specializing in the assessment of mental disorders who gave feedback to the interview firm manager, the large number of interviews conducted in a short period of time required a large number of interviewers with a variety of experience level. However, the interview questions and their order were standardized. Also, because the measures were self-reported and targeted potentially sensitive subjects, a social desirability bias cannot be ruled out. Self-reported questionnaires may also overestimate the prevalence of mental health problems when compared to diagnostic interviews, especially in non-clinical populations (55). Last, the cross-sectional design prevented any conclusion on the causal relationships between significant predictors of the models and the outcomes. Despite these limitations, the study built on and extended previous findings by relying on a large randomly selected representative sample. This method made it possible to reach people who had not yet returned to their homes after the disaster (3.4% of the sample), a population that is very difficult to trace in the study of disaster consequences. Finally, the study looked at five mental health outcomes, all of which were assessed using validated instruments.

In conclusion, 1 year after the fires, more than a third of the evacuees showed clinically significant psychological symptoms, including insomnia, post-traumatic stress disorder, depression, anxiety, and substance abuse. This study identified those most at risk for mental health problems after exposure to a natural disaster and could guide the development of psychosocial support strategies after a disaster and increase preparedness for more vulnerable individuals. These results indicate that attention must be paid to the psychiatric past, financial situation and consequences following the traumatic event.
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Characteristic

Age
Female gender
Ethnicity: White
Mermbership in a First Nation
Mental health problem
Financial strain or stress
Level of fear
Feared for the safety of a loved one
Saw explosions or buildings colapsed
Level of stress
Decrease in work
Decrease in social e
Health status (compared to Excellent)
Poor
Fair
Good
Very good
Problems with finances or money
Problems with insurance

Univariate analysis

B (95% CI)

0.02 (-0.04 - 0.08)
4.45 (2.89 - 6.01)
352 (1.75 -5.29)
6.12(2.89 - 9.35)
10.43 (8.05 - 12.80)
8.44 (6.63 - 10.25)
252 (2.28-2.76)
11.08 (9.40 - 12.66)
8.88(7.16 - 10.61)
3.10 (2,90 - 331)
11.25 (9.65 - 12.85)
14.74 (13.33 - 16.16)

2753 (23.95 - 31.10)
2172 (19.41 - 24.03)
937 (7.54 - 11.20)
3.89(1.92 - 5.86)
18.81(12.22 - 16.40)
859 (6.88 - 10.31)

p-value

0476
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Multivariate analysis

B (95% CI)

0.03 (-0.01 - 0.08)
0.43 (-0.75 - 1.61)
027 (1.04-1.58)
1.08 (-1.21 -337)
3.94 (2.21-5.66)
1.54 (017 - 2.91)
0.69(0.44 - 0.94)
1.73(0.40 - 3.06)
3.34(2.07 - 4.61)
1.43(1.19 - 1.67)
2.84(1.56 - 4.12)
5.47 (4.21-6.79)

12.59 (9.57 - 15.61)
12.47 (9.53 - 15.42)
11.24 (8.43 - 14.06)
3.94(0.96 - 6.91)
1.91(0.47 - 3.34)
1.04 (:0.24 -2.31)

p-value

0.156
0479
0.690
0.356
<0.0001
0.028
<0.0001
0.011
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001

<0.0001

<0.0001
0.009
0.009
0111

Veriables associated with more severe PCL-5 symptoms in univariate analyses: greater number of persons depending on the respondent, single, divorced or widowed (compared to
martied or pertnership), poorer heaith status before the fires, saw buildings or surroundings on fire, fearedfor their own safety, separated from a loved one, greater level of material loss,
damage to household content, to house, to sentimental possessions, o cars or trucks, to pets, other damage, work status change, did not retun to live in same home, decrease in
sports and leisure, increase in alcohol o drug use, greater number of days evacuated.
Variables without univariate or multivariate effect: level of education, work status, physical health problem, smelled smoke or fire, on duty as first responder, work status change.

Bonferroni p-value = 0.003: Holm-Bonferroni p-value

.008.





OPS/images/fpubh-09-655357-t004.jpg
Characteristic

Age
Female gender
Ethnicity: White
Membership in a First Nation
Single, separated, divorced or widowed
Mental health problem
Financial strain or stress
Saw explosions or buidings collapsed
Level of stress
Number of days evacuated
Decrease in work
Decrease in sports and leisure
Decrease in social e
Health status (compared to Excellent)
Poor
Fair
Good
Very good
Problems with finances or money
Increase in alcohol or drug use

Univariate analysis

B (95% CI)

0.003 (~0.019 - 0.025)
0.91(0.35-1.47)
0.15(-0.48 - 0.79)
1.88(0.78-8.02)
1.59 (096 -2.22)
5.19(4.36 - 6.01)
2.92 (2.28-357)
235 (1.73-2.98)
088 (0.80-0.96)
0.02 (0.01-0.03)
3.64 (3.06 - 4.21)
4.14(3.59 - 4.69)
4.22 (3,69 - 4.75)

11.35 (10.09 - 12.60)
7.50 (6.68 - 10.09)
3.36 (2.72 - 4.00)
1.48 0.78 - 2.17)
4.40 (3.82-4.98)
4.74(3.83 - 5.66)

p-value

0791
0.001
0.635
0.001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Multivariate analysis
B (95% CI)

0.01 (~0.01 -0.03)
0.02 (~0.42 - 0.46)
0.80 (0.20 - 1.31)
027 (<0.61 - 1.16)
0.81(0.32 - 1.30)
2.98 (2.31-3.65)
0.72 (0.19 - 1.25)
0.67 (0.19-1.16)
0.40 (0.32 - 0.49)
0,006 (0.001 - 0.012)
1.01(0.51 - 1.51)
087 (0.33 - 1.40)
0.72 (020~ 1.25)

6.62(5.45-7.79)
3.73 (2,95 - 4.51)
0.87 (0.27 - 1.47)
0.44 (~0.17 - 1.05)
0.77 (0.22 - 1.33)
2.13(1.40-2.87)

p-value

0.184
0.933
0.002
0.643
0.001
<0.0001
0.008
0.007
<0.0001
0.027
<0.0001
0.001
0.007

<0.0001

<0.0001
0.004
0.153
0.007

<0.0001

Variables associated with more severe PHQ-9 symptoms in univariate analyses: greater number of persons depending on the respondent, poorer health status before the fires, greater
level of fear, saw buildings or surroundings on fire, feared for the safety of a loved one, feered for their own safety, seperated from a loved one, greater level of material loss, damage to
household content, to house, to sentimental possessions, to cars or trucks, to pets, other damage, work status change, did not return to live in same home, problems with insurance.

Variables without univariate or multivariate effect: level of education, work status, physical health problem, smelled smoke or fire, on duty as fist responder
Bonferroni p-value = 0.0026; Holm-Bonferroni p-value = 0.006.
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Collection dates: May 9th to July 28th 2017
Interview mean duration: 26 min
Total phone numbers: 12,318

Frequency Total
A. Invalid phone numbers 6,237
Out of service 5738

Non-residential 316

Fax/Modem 183

B. Exclusion 1,739
Language £

Unable to complete the 9

interview

(Age/Disease/Incapacity)

Duplicate (cellular /wired) 115

Has not been evacuated 1,221

<18 years old 59

Qut of sector 151

C. Undetermined 1,530
admissibility

No answer/Voice mail® 571

Refusal before assessment 959
of admissiollity

D. Admissible 1,302
respondents without

complete interviews

Prolonged absence 0
Incomplete interview 17

Appointment after the end 40
of data collection

Refusal after confirmation of 1,245
admissibility
E. Complete interviews 1,510

Response rate®®  goore & = 1510 0.402
%A phone number is categorized as no answer” if it has aways been unanswered
throughout the data collection. For example, an incomplete interview for which there
was subsequently no answer at the time of the second appointment is categorized as
“incomplete interview” and not s “no answer'.

bComputed according to the Canadian Marketing Research and Intelligence Association
norms (https://mria-arim.ca/).

CAdmissibility Rate (A.R) = g2%E¢ = 382

0.62.
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Sociodemographic characteristics

M SD
Age 44.11 12.69
n %
Gender
Female 838 55.50
Male 672 4450
Other/Prefer not to say 0 0
Ethnicity
White 1,116 73.9
Asian or Pacific Islander 159 105
Black or African American 65 43
Native American or American Indian 57 38
Hispanic or Latino 38 25
Metis 27 18
Other or Prefer not to say 48 32
Member in a First Nation 9 62
Marital Status
Married or domestic partnership 1,105 732
Single, separated, divorced or widowed 399 26.4
Level of Education
Primary 36 2.4
Secondary 403 267
Post-secondary without bachelor degree 597 395
Bachelor 342 226
Master 113 75
Doctoral 15 1.0
Work Status (before the fires)
Full or part ime work 1,159 768
Homemaker 109 72
Retired 87 58
Unemployed/out of work/welfare 87 57
Student 38 25
Sick leave/invalicity 29 1.9

Number of persons depending on the respondent (e.g., children,

persons with restricted mobility)

None 611 405
1 276 183
2 303 201
3 174 15
4-9 139 9.2
Status before the fires (pre-traumatic)
n %
Health Status
Excellent a47 296
Very good 410 272
Good 531 352
Fair 88 58
Poor 34 23
Physical health problem 148 98
Mental health problem 177 17
Financial strain or stress due to economic tumdown 346 229
Experience of the fires (peri-traumatic)
M sD
Subjective level of fear (0-10) 651 2.88
n %
Level of exposure
Smelled smoke or fire 1,456 9.4
Saw buildings or surroundings in fire 1,220 80.8
Feared for the safety of a loved one 1,070 70.9
Saw explosions or buiidings collapsing 390 258
Feared for their own safety 856 56.7
Separated from a loved one 762 505
On duty as first responder o7 4.4
Consequences of the fires (post-traumatic)
M sD
Subjective level of material loss or damages (0-10) 270 328
Subjective level of stress since the fires (0~10) 564 3.06
Number of days evacuated® Mean: 4657  38.89
Median: 35
Mode: 30
Range: 0~
420
n %
Loss or damages
Household content 698 462
House or apartment 427 283
Sentimental possessions 210 139
Gar or truck 183 12.4
Pets 6 44
Other® 188 125
Work status change 252 167
Retumned to live in the same home 1,264 83.7
Activity decrease
Work 461 305
Sports and leisure 516 342
Sodial lfe 596 395
Health status (current)
Excellent 336 223
Very good 375 248
Good 526 348
Fair 209 138
Poor 64 42
Problems with finances or money 427 283
Problems with insurance claims 401 266
Alcohol/drug use increase 145 96

451 (3.4%) respondents had not returned home yet at the time of the survey.
Pincluding, in descending order of representtivity: Backyard equipment, Lost everything,
Recreational vehicles, Rental property, Food, and Clothes.
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Characteristic Univariate analysis Multivariate analysis

B (95% CI) p-value B(95% CI) p-value
Age ~0.006 (~0.011 - 0.002) 0.007 —0.004 (~0.008 - 0.000) 0,028
Female gender —0.28(~0.39-0.17) <0.0001 —0.26 (~0.36 - 0.17) <0.0001
Ethnicity: White 0,07 (-0.08-0.22) 0342 0.11(-0.02 - 0.24) 0,091
Membership in a First Nation 0.36(0.13-0.58) 0,002 0.18(~0.2-0.38) 0073
Single, separated, divorces of widowed 031(0.19-0.44) <0.0001 0.13(0.02-0.24) 0,021
Full time or part time work 0.15(0.01-0.29) 0.037 0.14(0.02 - 0.26) 0.021
Health status before the fires (compared to Excellent)
Poor 076 (0.31-1.22) 0,001 047 (0.09-0.86) 0016
Fair 0.24 (~0.01 -0.49) 0.064 0.18 (~0.04 - 0.40) 0.109
Good 0.08(-0.07 -0.22) 0290 ~0.02(~0.14 - 0.10) 0777
Very good 0.04(-0.11-0.19) 0594 ~0.02(~0.14-0.11) 0.782
Mental health problem 046 (0.29 - 0.63) <0.0001 0.33(0.18-0.48) <0.0001
Financial strain or stress 0.24(0.10-0.38) 0.001 0.17(0.05 -0.29) 0,005
Increase in alcohol or drug use 1.33(1.19- 1.47) <0.0001 126 (1.12-1.39) <0.0001

Variables associated with higher CAGE score in univariate analyses: lower level of education, greater level of materialloss, damage to sentimental possessions, work status change,
greater level of stress, decrease in work, in social life, in sports and leisure, poorer current health status, problems with finances or money, problems with insurance.

Veriables without univariate or mulivariate effect: number of persons depending on the respondent, physical health problem, level of fear, smelled smoke or fire, saw buildings or
surroundings on fire, feared for the safety of a loved one, saw explosions or buicings collapsed, feared for their own safety, separated from a loved one, on duty as fist responder,
damage to house or apartment, to household content, to cars or trucks, to pets, other damage, return to lve in same home, number of days evacuated.

Bonferroni p-value = 0.004; Holm-Bonferroni p-value = 0.006.
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Characteristic

Age
Female gender
Ethnicity: White
Membership in a First Nation
Single, separated, divorces of widowed
Mental health problem
Financial strain or stress
Saw explosions or buildings collapsed
Separated from a loved one
Level of stress
Number of days evacuated
Decrease in work
Decrease in sports and leisure
Decrease in social lfe
Health status (compared to Excellent)
Poor
Fair
Good
Very good
Increase in alcohol or drug use

Univariate analysis

B (95% Cl)

0.01(—0.02 - 0.04)
1.22 (067 - 1.88)
0.33(-0.42 - 1.08)
1.74(0.38-3.09)
1.29(0.55 - 2.04)
454 (3.55-5.54)
305 (2.28 -3.81)
288 (2.14-361)
2.21(1.56 - 2.86)
1.00(0.91 - 1.10)
0.023 (0.014 - 0.031)
3.83(3.15-4.52)
4.66(4.01-531)
4.65 (4.02 - 5.28)

11.51 (9.96 - 13.06)
8.12(7.12-9.12)
4.18(3.39 - 4.98)
2.50 (1.64 - 3.36)
5.01(3.92-6.09)

p-value

0.401

<0.0001
0.388

0.012

0.001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Multivariate analysis

B (95% CI)

0.02 (~0.00 - 0.04)
0.18(~0.39 - 0.74)
0.42 (-0.24 - 1.08)
~0.36 (~1.48- 0.81)
0.70(0.07 - 1.34)
2.26(1.38-3.18)
098 (031 - 1.65)
1.06 (0.43 - 1.69)
086 (0.31 - 1.40)
0.49 (0.38 - 0.59)
0.007 (0.000 - 0.014)
1.16(053-1.79)
1.06 (0.36 - 1.75)
0.84(0.16 - 1.62)

5.91(4.39-7.42)
3.93(2.92 - 4.94)
1.38(0.16-2.16)
1.28(0.44 - 2.02)
252 (1.56 - 3.47)

p-value

0.008
0.538
0.210
0.566
0.030
<0.0001
0.004
0.001
0.002
<0.0001
0.059
<0.0001
0.003
0.015

<0.0001
<0.0001
<0.0001
0.002

<0.0001

Variable associated with more severe IS! symptoms in univariate analyses: greater number of persons depending on the respondent, poorer health status before the fires, physical health
problem, greater level of fear, smelled smoke or fire, saw buildings or suroundings on fire, feared for the safety of a loved one, feared for their own safety, greater level of material loss,
damage to household content, to house, to sentimental possessions, to cars or trucks, to pets, other demage, work status chenge, did not retur to live in same home, problems with

finances or money, problems with insurance.

Variable without univariate or multivariate effect: level of education, work status, on duty as first responder.
Bonferroni p-value = 0.0026; Holm-Bonferroni p-value = 0.007.
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Female gender
Ethnicity: White
Membership in a First Nation
Mental health problem
Financial strain or stress
Level of fear
Level of stress
Number of days evacuated
Damage to house or apartment
Decrease in work
Decrease in social e
Health status (compared to Excellent)
Poor
Fair
Good
Very good
Problems with insurance
Increase in alcohol or drug use

Univariate analysis

B (95% CI)

—0.01 (-0.03-0.01)
0.86 (0.33 - 1.38)
039 (-0.21 -0.98)
1.7 (0.69 - 2.84)
4.09(3.30 - 4.88)
2.75 (2.14 -3.35)
066 (0.58 -0.75)
0.88 (0.81 -0.96)
0020 (0013 - 0.026)
279 (2.23 -3.36)
338 (2.84-3.92)
4.08 (359 - 4.58)

929 (8.08 - 10.49)
6.97 (6.19-7.75)

1.25 (059~ 1.92)
2.73(2.16-331)
4.43(358-5.29)

p-value

0232
0.001
0.203
0.001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Multivariate analysis

B (95% CI)

~0.01 (-0.03 - 0.01)
—0.47 (~0.90 -—0.04)
0.62(0.13-1.10)
0.11(~0.73-0.96)
215 (1.51 - 2.80)
0.81(0.31 - 1.30)
0.16(0.08 - 0.25)
0.40 (0.31 - 0.49)
0.005 (~0.001 - 0.010)
0.76 (0.27 - 1.24)
0.94 (0.47 - 1.40)
1.19/(0.73 - 1.66)

5.27 (4.15 - 6.38)
3.51(2.76-4.25)
0.62(0.05 - 1.19)

0.16(~042-0.74)

052 (0.04 - 1.00)
1.99 (1.29-2.69)

p-value

0.176
0032
0.013
0.796
<0.0001
0.001
<0.0001
<0.0001
0.075
0.002
<0.0001
<0.0001

<0.0001

<0.0001
0.033
0.588
0.033

<0.0001

Variables associated with more severe GAD-7 symptoms in univariate analyses: greater number of persons depending on the respondent, single, divorced or widowed (compered to
martied or pertnership), poorer health status before the fires, saw buicings or surroundings on fire, feared for the sefety of a loved one, saw explosions or buildings collapsed, feared for
their own safety, separated from a loved one, greater level of materialloss, damage to household content, to sentimental possessions, to cars or trucks, to pets, other damage, work

status change, did not return to live in same home, decrease in sports and leisure, problems with finances or money.

Variables without univariate or multivariate effect: level of education, work status, physical health problem, smelled smoke or fire, on duty as first responder.
Bonferroni p-value = 0.0028; Holm-Bonferroni p-value = 0.0086.
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Number of persons depending on the respondent

PTSD

Depression

Predicted variables

Insomnia

N

Anxiety

X
Xt

Drug/Alcohol

Xt

X

Xt

Status before the fires (pre-traumatic)
Poorer health status (before the fires)

Physical health problem

Mental health problem

Financial strain or stress due to economic turndown

X

X

Xt

X

Xt

Experience of the fires (peri-traumatic)
Subjective level of fear
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Feared for the safety of a loved one
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X

X
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Problems with finances or money

Problems with insurance clairms.

Increase in alcohol or drug use

Unadjusted statistical significance p < 0.05.

*No longer significant when adfusted for multiple testing (Bonferroni and Holm-Bonferron).
1 Significant when adjusted with Holm-Bonferroni correction, not with Bonferroni correction.
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