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Lay Abstract 
 

People experiencing symptoms of psychiatric disorders may also engage in more 

unhealthy routines and behaviours in everyday life. Lifestyle is a construct characterized 

by behaviours and perceptions in multiple areas of life which are fundamental for the 

overall well-being of a person. The aim of this thesis was to investigate the relationship 

between multidimensional lifestyle characteristics and symptoms of depression, anxiety, 

and bipolar disorder (BD). We examined the association between multidimensional 

lifestyle and symptoms of depression and anxiety in the general populations of Spain, 

Brazil, and Canada during the COVID-19 pandemic. We also assessed the relationship 

between unhealthy behaviours and symptomatic individuals with BD in comparison to 

healthy individuals, and the importance of lifestyle interventions for improvement of 

outcomes related to BD. The findings indicated an association between multidimensional 

unhealthy lifestyles and symptoms of depression and anxiety during COVID-19. 

Unhealthy lifestyles across all domains were also seen in people with BD currently 

experiencing a mood episode, while lifestyle interventions for BD have shown promising 

results so far. A multidimensional approach to evaluating quality of lifestyle can be 

beneficial for developing preventive and treatment lifestyle strategies for common 

psychiatric disorders.  
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Abstract 
 

Introduction: Major depressive disorder (MDD), generalized anxiety disorder (GAD), 

and bipolar disorder (BD) are mental illnesses associated with socio-cognitive functional 

impairments, reduced quality of life, and increased risk of medical and psychiatric 

comorbidities. These disorders are also associated with unhealthy patterns in several 

fundamental lifestyle areas according to the current notions of lifestyle psychiatry, such 

as diet, physical activity, substance use, sleep, stress management, and social 

relationships. With the rising prevalence rates of poor mental well-being following the 

onset of the COVID-19 pandemic, it is essential to understand the relationship between a 

multifactorial lifestyle and the presence of psychiatric symptoms. Thus, the aim of this 

thesis was to assess the association between a multidimensional lifestyle and symptoms 

of MDD and GAD during the COVID-19 pandemic, and lifestyle patterns among 

symptomatic individuals with BD. We additionally reviewed the literature on lifestyle 

interventions for improvement of outcomes related to BD. 

Results: Unhealthy lifestyle behaviours were associated with symptoms of MDD and 

GAD during the COVID-19 pandemic in Spain, Brazil, and Canada. Machine learning 

analyses revealed strong predictive power for detecting the presence of these symptoms 

through lifestyle behaviours and perceptions. Individuals with BD engage in more 

unhealthy lifestyles than healthy individuals across all the core areas of lifestyle 

psychiatry, regardless of the polarity of the mood episode. Furthermore, to date, 

traditional lifestyle domains such as diet, physical activity, and sleep have been the most 
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frequently targeted domains for interventions to improve mood symptoms and functional 

outcomes of BD, while domains such as substance use, stress management and social 

relationships have been more neglected. In addition, multidimensional lifestyle 

interventions have demonstrated a higher efficacy rate of improving outcomes of BD than 

single-domain interventions, however, there has been a lack of interventions for BD 

targeting majority of the core lifestyle domains. 

Conclusion: The findings suggest that multidimensional unhealthy lifestyles are 

associated with symptoms of MDD, GAD, and BD. These results support the current 

notions of lifestyle psychiatry, indicating that a multidimensional assessment of lifestyle 

behaviours and perceptions can be a beneficial approach towards understanding the 

cumulative impact of various lifestyle patterns on psychiatric symptoms. This work 

highlights the importance of imposing a holistic approach towards studying the 

association between lifestyle factors and psychiatric disorders in order to implement 

effective, personalized preventive and treatment strategies for mental health disorders.  

 

Keywords: depression; anxiety; bipolar disorder; lifestyle psychiatry; assessment. 
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Chapter 1: Introduction 
 

1.1 Epidemiology of Mood Disorders and Anxiety 

Mental disorders have become one of the leading causes of burden worldwide. 

According to the Global Burden of Disease Study in 2019, mental disorders remain 

among the top ten leading causes of burden of disease worldwide, with a notable increase 

of 45 million disability-adjusted life-years (DALYs) due to mental disease over the last 

30 years (GBD Mental Disorders Collaborators, 2022). Mood and anxiety disorders are 

the most prevalent mental disorders in the world, associated with severe impairments in 

quality of life, cognitive and social functioning, and high rates of medical and psychiatric 

comorbidities (Cotrena et al., 2016; Druss and Walker, 2011; McKnight et al., 2016; 

Michalak et al., 2005; Plana-Ripoll et al., 2019; Rapaport et al., 2005). 

Anxiety disorders are the leading cause of mental health burden in the world, 

affecting up to 33.7% of the global population (Bandelow and Michaelis, 2015). 

Generalized Anxiety Disorder (GAD) is thought to be the broadest type of all anxiety 

disorders, in the sense that GAD can be multifocal and related to various daily activities 

and events (Rowa and Antony, 2008). The lifetime prevalence of GAD is estimated to be 

6.2% worldwide, although it is believed that there is a large under-recognition of clinical 

cases of anxiety (Bandelow and Michaelis, 2015). Symptoms of GAD are characterized 

by the presence of overwhelming feelings of worrying, difficulties in controlling the 

worry, restlessness, irritability, muscle tension, fatigue, sleep disturbance, and difficulties 

with concentration, which cause significant distress and impairments in socio-cognitive 
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functioning (American Psychiatric Association, 2013). However, many individuals may 

be experiencing symptoms of anxiety without a clinical diagnosis of GAD and the 

necessary treatments (Bandelow and Michaelis, 2015; Tylee and Walters, 2007), which 

may still lead to impairments in social and cognitive functioning, and reduced quality of 

life (Johansson et al., 2013; McKnight et al., 2016; Stillman et al., 2012). Individuals 

with a history of substance use, trauma, and/or family history of GAD are at an increased 

risk for the onset of GAD symptoms (DeMartini et al., 2019). 

Major Depressive Disorder (MDD) is a mood disorder featuring episodes of 

persistent depressed mood and/or anhedonia that may last from at least two weeks to 

months, associated with several psychophysiological changes, such as disturbances in 

sleep, appetite, psychomotor abilities, concentration, fatigue, feelings of worthlessness, 

and suicidal thoughts/attempts (American Psychiatric Association, 2013). As of 2019, 

close to 280 million people worldwide were suffering from MDD (GBD Mental 

Disorders Collaborators, 2022), a number that has likely increased during the COVID-19 

pandemic (Salari et al., 2020). The criteria for a clinical diagnosis of MDD requires the 

presence of any combination of 5 of the abovementioned symptoms, including at least 

one of the core symptoms, which are depressed mood and anhedonia (American 

Psychiatric Association, 2013). However, a large number of individuals have potentially 

suffered from symptoms of depression without a clinical diagnosis of MDD (Bandelow 

and Michaelis, 2015; Tylee and Walters, 2007). Persistent symptoms of depression 

among diagnosed and undiagnosed individuals can have detrimental short-term and long-

term effects, such as impaired social and cognitive functioning, reduced quality of life, 
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and increased comorbidities with various health complications, such as diabetes, angina, 

arthritis, and asthma (Gutiérrez-Rojas et al., 2020; Hammar and Årdal, 2009; IsHak et al., 

2011; Kupferberg et al., 2016; Williams et al., 2017). Some of the recognized risk factors 

for onset of MDD include history of substance use, poor social support, physical illness, 

and family history of the disorder (Kendler et al., 2010; Zisook et al., 2007). 

Bipolar Disorder (BD) is a severe, chronic psychiatric disorder characterized by 

episodes of mood fluctuations, with a recent yearly prevalence estimate of 2% worldwide 

(Carvalho et al., 2020; Grande et al., 2016). The main features of BD are recurrent 

episodes of mania, hypomania, depression, and mixed episodes which comprise features 

of depression and (hypo)mania simultaneously (Phillips and Kupfer, 2013). Manic 

episodes, which last at least one week, are characterized by emotional and physical 

hyperactivity, irritability, distractibility, racing thoughts, and feelings of grandiosity, 

during which affected individuals typically need less sleep and often showcase poor 

decision-making (American Psychiatric Association, 2013). Up to 68% of individuals 

experience manic episodes that are often accompanied by psychotic symptoms such as 

hallucinations and delusions, which are associated with more severe outcomes of the 

illness (Canuso et al., 2008). Furthermore, individuals experiencing manic episodes may 

also be hospitalized due to the severe symptoms, requiring clinical monitoring and 

attentive care for adequate recovery from the mood episode (American Psychiatric 

Association, 2013; van Lankeren et al., 2020). In contrast, hypomanic episodes last at 

least four consecutive days, and are characterized by milder intensity of manic symptoms 

that are not accompanied by psychotic symptoms, not severe enough to cause marked 
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impairment in social or occupational functioning, or to require hospitalization (American 

Psychiatric Association, 2013). This disorder is associated with emotional dysregulation, 

neurocognitive deficits, decrease in overall functioning and quality of life in affected 

individuals, and increased rates of comorbidities with other physical and mental health 

conditions (Johnson et al., 2016; McIntyre et al., 2020; Sanchez-Moreno et al., 2009; 

Solé et al., 2017). There are many risk factors involved in the onset and clinical trajectory 

of BD, including genetic factors (family history of BD) and environmental risk factors, 

such as substance abuse and stressful life events (de Lima Bach et al., 2021; Kilbourne et 

al., 2007; Lalli et al., 2021; Marangoni et al., 2016; Post and Leverich, 2006). 

Moreover, various stressful life events such as perceived health danger, family 

disagreements, financial difficulties, divorce/separation, social rhythm disruptions, and 

loss of a significant one, among others, are associated with the appearance of symptoms 

of depression, anxiety, and BD (Aldinger and Schulze, 2017; Faravelli et al., 2012; 

Kendler et al., 2010; McLaughlin and Hatzenbuehler, 2009). These unexpected events 

may cause significant changes in the everyday lifestyle routines and functioning of the 

person, which can further aggravate the mental health symptoms, and possibly lead to 

clinically significant distress. Timely prediction of risk factors associated with the 

appearance of symptoms is essential for devising preventive strategies as well as adaptive 

coping mechanism for existent symptoms. Recent developments of machine learning 

techniques have proven to be an extremely beneficial, promising approach for detecting 

risk factors predictive of the onset of mental health symptoms (Shatte et al., 2019; Walsh 

et al., 2017). Advancements in the use of machine learning techniques have provided an 
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efficient method of statistical big data analysis for early detection of mental health 

symptoms (Dadi et al., 2021; Rahman et al., 2020). 

 

1.2 Mental Health Challenges during the COVID-19 Pandemic 

The onset of the widespread severe acute respiratory symptom coronavirus-2 

(SARS-CoV-2) in 2019 led to major changes from every aspect around the world. Due to 

the severe threat on people’s health imposed by the exposure to the SARS-CoV-2 virus, 

also referred to as COVID-19, people around the world were required to make drastic 

changes to their everyday routines. The implementation of necessary guidelines for 

containing the transmission of the fatal COVID-19 virus led to extreme increases in 

global rates of social isolation, loneliness, psychological distress, and unhealthy lifestyle 

behaviours (Balanzá–Martínez et al., 2020; Hwang et al., 2020; Pfefferbaum and North, 

2020). Consequently, many countries around the world reported increased prevalence 

rates of psychiatric symptoms, such as depression and anxiety, among the general 

population and healthcare workers, and increases in the severity of psychiatric symptoms 

among individuals with pre-existing psychiatric conditions (Vindegaard and Benros, 

2020). During the early stages of the COVID-19 pandemic, the presence of symptoms of 

depression and anxiety among the general population around the world had risen 

exponentially, where a systematic review including studies conducted in various 

countries reported prevalence rates of up to 31.9% for anxiety and 33.7% for depression 

(Salari et al., 2020). In Canada, the prevalence rates of anxiety among during the early 

stages of the pandemic had quadrupled in comparison to before the pandemic (from 5% 
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to 20%), while the percentage of depressive symptoms more than doubled during this 

period (from 4% to 10%) (Dozois, 2020). According to the World Health Organization, 

the global numbers of cases had increased by 27.6% for MDD and 25.6% for anxiety 

during the first year of the pandemic, indicating a massive increase of affected 

individuals during a short period of time (World Health Organization, 2022). In addition 

to the fear and uncertainty among the public during these times, several psychological 

and lifestyle risk factors were associated with increased risk of symptoms of depression 

and anxiety, such as poor sleep quality, perceived stress and maladaptive coping 

strategies, and lack of social support (Vindegaard and Benros, 2020). Furthermore, 

individuals with a mental health diagnosis prior to the onset of the COVID-19 pandemic 

were subjects to higher levels of psychological distress and worsening of their symptoms 

(Alonzi et al., 2020; Vindegaard and Benros, 2020). Following the onset of the COVID-

19 pandemic, individuals with a prior diagnosis of BD reported that they engaged in more 

negative lifestyle changes, while also experiencing higher levels of emotional distress and 

poor sleep quality due to the social distancing measures (Dalkner et al., 2022). 

Individuals with BD also reported significant increases in subjective cognitive 

dysfunctions that were associated with severe symptomatology, increased rates of 

suicidal thoughts, and reduced quality of life, further demonstrating the relationship 

between stressful life changes and the severe progression of clinical and functioning 

impairments in BD during this time (Karantonis et al., 2021). The major changes in 

everyday life during the COVID-19 pandemic affected every person in some way, with 

the stress-inducing changes potentially leading to severe mental health challenges in the 
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absence of healthy coping mechanisms (Balanzá–Martínez et al., 2020). The 

implementation of healthy coping strategies instead of maladaptive behaviours is an 

essential factor for strengthening psychological resilience during stressful life events, 

such as the COVID-19 pandemic. Positive coping strategies, such as practicing stress 

management techniques, having good social support, and practicing religious faith were 

found to be beneficial factors for improving psychological well-being and reducing 

symptoms of depression and anxiety, while maladaptive behaviours such as substance 

abuse, physical inactivity, and unhealthy dietary patterns were predictors of mental health 

symptoms (Ammar et al., 2021; Budimir et al., 2021). Formation of unhealthy lifestyle 

routines during the COVID-19 confinement periods has been associated with poor mental 

health (Blom et al., 2021), emphasizing the need for a timely identification of unhealthy 

patterns to preserve the mental well-being of individuals. Unhealthy lifestyle behaviours 

are major contributors to physical and mental health challenges (Farhud, 2015), and 

failure in preventing the rise of unhealthy behaviours during the COVID-19 pandemic 

may further increase the global burden of mental disease. Furthermore, different 

countries and populations around the world were affected by high transmission rates of 

COVID-19 at different stages of the pandemic. However, the psychological well-being of 

the general populations was influenced by the same factors across the countries, such as 

social isolation and loneliness due to the health guidelines in place at the time being. 

Hence, detection of unhealthy behaviours became highly important for predicting and 

preventing the development of poor mental health around the world, considering the 

impact of unhealthy lifestyles as risk factors for psychiatric symptoms. 
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 1.3 Lifestyle and Mental Health 

Chronic psychiatric disorders, such as anxiety, depression, and BD are associated 

with severe clinical outcomes, such as increased rates of comorbidity with poor physical 

health, suicidality, and pre-mature morbidity (GBD Mental Disorders Collaborators, 

2022; Scott and Happell, 2011; Thornicroft, 2011). The high rates of physical health 

comorbidities, along with the poor clinical management of these problems, leads to 

extreme reductions in life expectancy, and increases in personal, social, and economic 

burdens of psychiatric disorders (Firth et al., 2019a). Unhealthy daily behaviours play a 

role in the onset of psychiatric symptoms and worsening of outcomes related to the 

symptoms, progressively impairing the quality of life of the individual (Firth et al., 

2019a, 2020). In contrast, reversal of maladaptive behaviours and development of healthy 

routines in everyday life is a promising approach to improving psychological well-being, 

increasing lifespan, and reducing pre-mature mortality (Balanzá–Martínez et al., 2020; 

Larsson et al., 2017). Lifestyle is a complex, multifactorial concept referring to the 

typical way of living of an individual or a group of people, consisting of the various 

habits, behaviours, values, perceptions, attitudes, and routines that are characteristic of 

their life. People engage in various different behaviours in their day-to-day routines that 

have an impact on their overall well-being. The fast-growing area of Lifestyle Medicine 

(LM) is a branch of medicine concentrated on prevention and treatment of chronic 

diseases by promoting healthy behaviours in several areas of lifestyle. The ideologies of 

LM first appeared in the 1990’s, suggesting that the integration of lifestyle practices into 

the modern practice of medicine can lower the risk factors for chronic disease and/or, if 
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disease is already present, serve as an adjunct in its typical therapy management (Yeh and 

Kong, 2013). According to the evidence-based guidelines suggested by experts of LM, 

there are six main modifiable pillars of lifestyle that are major contributors to prevention 

and treatment of diseases: healthy nutrition, physical activity, restorative sleep, avoiding 

risky substances, stress management, and positive social relationships (Katz and Karlsen, 

2019; Rippe, 2019). More specifically, Lifestyle Psychiatry (LP) is the subspecialty of 

LM aimed at prevention of the development of psychiatric symptoms and the treatment 

of disorders through the application of LM guidelines (Firth et al., 2019b). 

Acknowledgment of the importance of lifestyle factors in psychiatry has lagged behind 

other medical fields, as mental health professionals have been underestimating the 

contribution of these factors to various psychopathologies, and it has been more difficult 

to recognize the exact lifestyle areas in need of interventions for mental disorders in 

comparison to other areas of medicine (Firth et al., 2019b; Walsh, 2011). However, 

recent literature has emphasized the significance of focusing on difficulties in several 

lifestyle factors that are prevalent across various mental disorders. Indeed, behavioural 

risk factors such as substance use, physical inactivity, poor diet, and poor sleep quality 

are highly prevalent among people with symptoms of depression, anxiety, and BD (Firth 

et al., 2019a). Contemporary notions of the multifactorial approach to lifestyle by experts 

in the field of LP have further explored the significance of other aspects of everyday life, 

such as exposure to nature, use of technology and social media, religious and spiritual 

involvement, pet ownership, and financial stability, among others (Piotrowski et al., 
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2021; Walsh, 2011). As the current understandings of lifestyle progress, the importance 

of LP for prevention and treatment of psychiatric disorders becomes more evident.  

 

1.3.1 Lifestyle and Anxiety 

Poor lifestyle choices and perceptions related to the abovementioned areas of LP 

have been associated with the presence of symptoms of anxiety, the most prevalent 

psychiatric symptoms in the world. Correspondingly, the relationship between unhealthy 

lifestyles and symptoms of anxiety has been accentuated across many countries during 

the COVID-19 pandemic (Blom et al., 2021; Cervera-Martínez et al., 2021; De Boni et 

al., 2020). Evidence from a recent scoping review of the literature on the relationship 

between nutrition and anxiety has highlighted the association between healthy dietary 

patterns (including fruits, vegetables, omega-3 fatty acids, caloric restrictions, etc.) and 

lower levels of anxiety, while unhealthy diets (such as high-fat diet, high intake of sugar 

and refined carbohydrates) are associated with higher presence of anxiety symptoms 

(Aucoin et al., 2021). Increased physical activity has been found to positively impact a 

number of biological and psychological mechanisms related to symptoms of anxiety, 

such as lower sympathetic nervous system and hypothalamic-pituitary-adrenal (HPA) 

axis reactivity and increased self-efficacy perceptions (Anderson and Shivakumar, 2013). 

The relationship between sleep disturbances and anxiety disorders has also been 

established, with sleep disturbances becoming one of the common symptoms of 

consideration for diagnosis of GAD (Alvaro et al., 2013; Staner, 2022). In particular, 

individuals with anxiety have demonstrated poor sleep quality and sleep continuity 
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disturbances more often than other sleep problems (Baglioni et al., 2016). Furthermore, 

exposure to chronic and intense stress can induce symptoms of anxiety (Powell and 

Enright, 2015), and the implementation of stress management techniques, including 

healthy physical and cognitive relaxation, breathing exercises, and familiarization with 

emotional and cognitive disturbances has proven to be beneficial for reducing these 

symptoms (Yazdani et al., 2010). Use of risky substances is a common co-occurrence 

with symptoms of anxiety, where people with anxiety were up to 4.6 times more likely to 

have an alcohol dependence, 1.4 times more likely to be smoking cigarettes regularly, 

and 1.58 times more likely to have a nicotine addiction than individuals without these 

symptoms (Jiang et al., 2014; Smith and Randall, 2012), often leading to a worse 

prognosis of the disorder and poor responsivity to usual treatments of anxiety (Vorspan et 

al., 2015). Moreover, emotions linked to symptoms of anxiety are closely tied to the 

perceived quality of interpersonal relationships, with negative relations as predictors of 

higher levels of socially-induced anxiety (La Greca and Harrison, 2005). Evidently, the 

engagement in unhealthy lifestyle behaviours and perceptions can further aggravate the 

debilitating symptoms of anxiety and the clinical outcomes associated with them, hence, 

targeting improvements in these areas may be useful for the prevention and treatment of 

anxiety (Firth et al., 2019b).     

 

1.3.2 Lifestyle and Depression 

 Unhealthy lifestyles have also been associated with symptoms of depression prior 

to and during the COVID-19 pandemic (De Boni et al., 2020; Scott and Happell, 2011). 
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As the rates of depression are trending upwards over the last few decades (GBD Mental 

Disorders Collaborators, 2022; Patalay and Gage, 2019), it has become extremely 

important to investigate the roles of unhealthy lifestyle choices and behaviours in relation 

to depressive symptoms. Unhealthy dietary patterns, such as poor appetite, skipping 

meals and increased intake of sugars often precede symptoms of depression, while 

malnutritional choices, such as consumption of foods high in fat and sugar, are associated 

with increased symptoms of depression and cognitive functioning impairment (Rao et al., 

2008; Yılmaz et al., 2021). The role of physical activity has also been suggested as a 

preventive factor for depressive symptoms, where people with higher levels of physical 

activity were 17% less likely to develop depression than people with lower levels of 

exercise (Schuch et al., 2018). However, it appears that close to 70% of individuals with 

MDD do not meet the recommended daily and weekly physical activity guidelines, 

despite the potential of reducing the risk of cardiovascular and metabolic complications 

in MDD through exercise (Schuch et al., 2017). Sleep disturbances are another common 

feature of depression, as 75% of people with depressive symptoms experience insomnia 

and 40% experience hypersomnia, among other disturbances such as interrupted sleep 

and early morning awakenings that can severely affect the quality of life of these 

individuals, and increase the risk of relapse and recurrence of episodes (Nutt et al., 2022). 

Furthermore, nearly one third of patients with MDD are also diagnosed with substance 

use disorders, a comorbidity that may lead to higher risks of suicidality and greater 

clinical and functional impairments (Davis et al., 2008). Likewise, chronic and acute 

stress in daily life situations can be another significant contributor to the onset of 
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depressive episodes (Hammen et al., 2009), however, physical and cognitive relaxation 

techniques can be very beneficial for reducing the impact of these stressful events on 

depressive symptoms (Yazdani et al., 2010). Prevention of the onset of depressive 

symptoms is also reliant on healthy social relationships at different stages of the 

individual’s life, such as parental support, spousal support, and relationships with peers 

(Gariépy et al., 2016). Evidently, there are strong associations between different lifestyle 

domains and symptoms of depression, where the absence of preventive measures can 

further aggravate the well-being of an individual. Indeed, people with overall unhealthy 

lifestyles have presented more symptoms of depression and lower quality of life, while 

individuals with healthier lifestyles had a decreased presence of depression (Savolainen 

et al., 2014). 

 

1.3.3 Lifestyle and Bipolar Disorder 

BD is another mental disorder that leads to severe functional impairment and low 

quality of life in affected individuals, even during their euthymic phase (McIntyre et al., 

2020; Sanchez-Moreno et al., 2009). The increased rates of medical and psychiatric 

comorbidities with BD further highlight the relevance of maintaining a healthy lifestyle 

and the consequences associated with unhealthy behaviours (McIntyre et al., 2020). BD 

is associated with poor nutritional and exercise habits, such as high-

fat/sugar/carbohydrate diets and infrequent physical activity engagements, which are 

correlated with worse physical and mental health outcomes and comorbidities (Beyer and 

Payne, 2016; Vancampfort et al., 2013). In contrast, prompting healthier behaviours in 
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these areas has demonstrated promising results for more favourable clinical and 

functional outcomes (Kilbourne et al., 2012; Sylvia et al., 2013). Sleep disturbances are a 

common feature of BD across all mood states, where 1) people in depressive states 

experience problems such as insomnia, interrupted sleep, early morning awakenings, and 

hypersomnia (Plante and Winkelman, 2008), 2) sleep deprivation is a recognized marker 

of mania and people in (hypo)manic states have a decreased need for sleep that leads to 

further distress (Plante and Winkelman, 2008), and 3) poor sleep quality has been 

reported in up to 70% of euthymic patients with BD (Harvey et al., 2005). Moreover, 

substance abuse is a major risk factor for the development of BD and the onset of 

(hypo)manic symptoms (Lalli et al., 2021), and plenty of previous studies suggested that 

the co-occurrence of substance use disorders and BD present a negative impact on the 

cognitive functioning of affected individuals (Gogia et al., 2022). In addition, the 

comorbidity of these disorders may have severe implications on clinical outcomes of BD, 

such as more frequent and prolonged affective episodes, decreased compliance with 

treatment, lower quality of life, and increased suicidal behaviour (Cerullo and 

Strakowski, 2007). Furthermore, chronic stress related to stressful life events as well as 

family, peer, and romantic relationships is associated with reduced improvement of mood 

symptoms and poor responsivity to treatments in early-onset BD (Kim et al., 2007). 

Consequently, individuals with BD are more likely to engage in maladaptive stress 

coping mechanisms, such as substance use, behavioural disengagement, and self-blame 

(Bridi et al., 2018), therefore, the development of healthy stress management routines and 

positive social interactions may prove very beneficial for improvement of mood 
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symptoms and overall well-being in BD. The implementation of preventive and 

interventive lifestyle strategies in BD could be an effective approach to improving quality 

of life, reducing physical and psychiatric comorbidities, and reducing the severity and 

frequency of mood episodes in BD (Bauer et al., 2016; Maripuu et al., 2019; Russell and 

Browne, 2005; Sylvia et al., 2013).  

 

1.3.4 Clustering of health behaviours 

 The abovementioned lifestyle risk factors for mental disorders such as anxiety, 

depression and BD are not mutually exclusive. Everyday routines consist of complex 

combinations of patterns and behaviours characteristic of different lifestyle domains, 

which are intertwined and dependent on each other. The daily co-occurrence of multiple 

unhealthy behaviours, such as unhealthy eating, physical inactivity, and use of risky 

substances has been associated with high levels of psychological distress and lower 

quality of life, which in turn leads to engaging in maladaptive coping mechanisms (Conry 

et al., 2011; Deasy et al., 2015). The cumulative effect of various unhealthy behaviours 

could lead to more severe mental distress. Indeed, prestigious health agencies such as the 

WHO and the Royal College of Psychiatrists have declared that clustering of health-risk 

behaviours leads to greater lifetime risk of mental illnesses, as well as other social, 

behavioural, financial, and general health problems (Royal College of Psychiatrists, 

2010). The accumulation of multiple unhealthy habits has been linked to symptoms of 

mood disorders, such as depression and BD, and anxiety disorders (Vermeulen-Smit et 

al., 2015). Considering the effects of poor behaviours on each lifestyle domain in relation 
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to symptoms of these disorders, it is likely that the cumulative effect of these behaviours 

could lead to detrimental short and long-term clinical outcomes of the affected 

individuals.  

In contrast, the formation of healthy habits across different lifestyle domains could be 

very beneficial for the overall well-being of an individual. The clustering of healthy 

behaviours was found to be associated with lower levels of psychological distress, higher 

levels of vitality, and significantly lower risk of mood and anxiety symptoms than people 

with unhealthier lifestyle patterns (Conry et al., 2011; Vermeulen-Smit et al., 2015). 

Collective improvements of lifestyle areas proposed by lifestyle psychiatry may lead to 

better functioning, quality of life, reduced rates of comorbidities, and more favorable 

clinical outcomes for populations at risk and individuals diagnosed with mental disorders 

(Firth et al., 2019b, 2019a). Hence, it is important to study the interactions between these 

lifestyle factors, and the combined effects of these factors for prevention and treatment of 

symptoms of mental disorders. 

 

1.3.5 Interventions for lifestyle 

Considering the impact of lifestyle routines on the physical and psychological 

well-being of individuals with mental disorders, the implementation of effective lifestyle 

interventions could change the course of common mental disorders through alterations in 

lifestyle patterns. The main advantage of lifestyle interventions is the notion that lifestyle 

risk factors are modifiable, such that behaviours characteristic of the key lifestyle areas 
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can be adjusted towards healthier lifestyle patterns. Research on the associations between 

these modifiable lifestyle domains and psychiatric symptoms has led to the development 

of various interventions promoting healthy behaviours for affected individuals. Many 

interventions have proven to be effective and beneficial for improving mental health 

outcomes through their respective targeted domains, such as Mediterranean diet for 

nutrition (Ventriglio et al., 2020), aerobic and anaerobic moderate-to-vigorous exercises 

for physical activity (Czosnek et al., 2019), cognitive behavioural therapy (CBT) for 

insomnia in psychiatric disorders (Jansson-Fröjmark and Norell-Clarke, 2016), nicotine 

replacement therapy (NRT) for smoking cessation (Tidey and Miller, 2015), and 

interpersonal and social rhythm therapy (IPSRT) for management of stressful life events 

and social disruptions (Steardo et al., 2020), among others. However, there is still high 

heterogeneity in effectiveness rates of lifestyle interventions for mental disorders, 

possibly due to the interactions with pharmacological treatments, effectiveness of usual 

care, methods of intervention delivery, adherence to interventions, and heterogeneity of 

populations. Perhaps, differences in neglected lifestyle areas among affected individuals 

can also account for the heterogeneity in effectiveness of lifestyle interventions for 

mental health disorders, as some lifestyle domains may require more intense 

interventions than others. It is important to evaluate the extent to which each lifestyle 

area is affected, as behaviours in some domains may be unhealthier and more destructive 

than other behaviours, and therefore require more attentive care. Assessment of lifestyle 

across the key modifiable domains can reveal the areas in need of nurture and guide 
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towards a more personalized approach to lifestyle interventions for mental health 

disorders.  

Furthermore, although each of the abovementioned essential areas of lifestyle are 

important for mental well-being and associated with severe health consequences, there 

may be an imbalance in the proportion and efficacy of interventions targeting each 

domain. A recent meta-review on digital lifestyle interventions targeting chronic diseases, 

including psychiatric disorders, revealed that nutrition and physical activity were the 

most commonly targeted domains, while sleep and social relationships were the least 

targeted (Castro et al., 2021). Interventions targeting nutrition and physical activity are 

well established due to their importance for chronic physical and mental health problems 

and the feasibility of measuring objective outcomes associated to these domains (e.g., 

BMI, weight, biochemical measures) (Castro et al., 2021). In contrast, other domains, 

including lifestyle areas outside of the six main areas suggested by LM, may be targeted 

less often by lifestyle interventions due to prioritization of other domains and the lack of 

objectively measured outcomes associated to them (Castro et al., 2021; Firth et al., 

2019a; Piotrowski et al., 2021). Given the importance of each modifiable lifestyle factor, 

maintaining healthy routines in all areas is crucial for achieving the most favorable 

clinical outcomes associated with mental disorders. 

Accordingly, given the clustering of unhealthy behaviours across different areas, 

and the imbalance in proportions of targeted lifestyle areas for promoting healthy 

behaviours, there is a need for a multidimensional approach to lifestyle evaluations and 

interventions. Seeing that lifestyle is a multifactorial concept, a more holistic approach to 
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evaluating lifestyle quality and promoting healthy behaviours in multiple areas could 

possibly have a greater effect on improvements in functioning, quality of life, and other 

meaningful outcomes of mental disorders. To date, there has been a scarcity of evidence 

on the multidimensional approach to lifestyle-based assessments and interventions for 

common mental disorders that are in line with the current notions of LP. 

 

1.4 Aims and Objectives  

 Given the association between lifestyle and mental disorders such as depression, 

anxiety, and BD, the general aim of this thesis was to 1) identify the association between 

multidimensional patterns of lifestyle and symptoms of depression, anxiety, and the 

diagnosis of BD, and 2) investigate the availability and efficacy of lifestyle interventions 

for BD.  

More specifically:  

1. Chapter 2 is presenting a study aimed to investigate the predictive effect of 

different lifestyles as factors associated with the presence of symptoms of 

depression and anxiety during the early stages of the COVID-19 pandemic. We 

sought to develop machine learning models using lifestyle variables in the 

Spanish general population, that would be predictive of symptoms of depression 

and anxiety in the Brazilian general population. 

2. Chapter 3 includes a study aimed to investigate the association between unhealthy 

lifestyle behaviours and symptoms of depression and anxiety during the COVID-
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19 lockdown period in Canada, using a multidimensional lifestyle evaluation 

specifically adapted to lifestyle during the COVID-19 confinement period. 

3. Chapter 4 is presenting a study aimed to investigate the differences between 

individuals with BD in a current depressive, (hypo)manic, or mixed episode, and 

healthy controls on combined multidimensional lifestyle patterns within 7 

essential lifestyle areas. 

4. Chapter 5 includes a review of the existing literature on lifestyle interventions for 

BD, investigating the most frequently targeted lifestyle domains, the prevalence 

of multidimensional lifestyle interventions, and the efficacy of the interventions 

for major clinical outcomes of BD.  

 

1.5 Hypotheses 

The hypotheses for each of the abovementioned objectives are as follows: 

1. Given the early reports of COVID-19 pandemic impacts on common mental 

health symptoms, and the promising implementation of machine learning in 

psychiatry, we predicted that the machine learning models based on lifestyle 

behaviours would be able to predict symptoms of depression and anxiety in Spain 

and Brazil. 

2. Based on findings reported from other countries during the COVID-19 pandemic, 

we expected to find an association between unhealthy lifestyle behaviours and 
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symptoms of depression and anxiety among Canadians during the pandemic-

related confinement period. 

3. Previous literature has suggested associations between independent lifestyle risk 

factors and symptoms of BD. In Chapter 4, we hypothesized significantly worse 

lifestyles among people with BD than HC on overall lifestyle quality and on 

lifestyle patterns within each of the 7 lifestyle areas. 

4. In light of previous research focus on lifestyle areas as independent risk factors 

for BD, we expected to observe a higher number of interventions focusing on a 

single lifestyle domain for BD than multiple domains. Furthermore, we expected 

to observe higher rates of improvements in clinical and functional outcomes in 

BD following lifestyle interventions in comparison to usual treatment and other 

non-lifestyle interventions. 
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Abstract 

Introduction: Recent research has suggested an increase in the global prevalence of 

psychiatric symptoms during the COVID-19 pandemic. This study aimed to assess 

whether lifestyle behaviours can predict the presence of depression and anxiety in the 

Brazilian general population, using a model developed in Spain. 

Methods: A web survey was conducted during April-May 2020, which included the 

Short Multidimensional Inventory Lifestyle Evaluation (SMILE) scale, assessing lifestyle 

behaviours during the COVID-19 pandemic. Depression and anxiety were examined 

using the PHQ-2 and the GAD-7, respectively. Elastic net, random forest, and gradient 

tree boosting were used to develop predictive models. Each technique used a subset of 

the Spanish sample to train the models, which were then tested internally (vs. the 

remainder of the Spanish sample) and externally (vs. the full Brazilian sample), 

evaluating their effectiveness. 

Results: The study sample included 22,562 individuals (19,069 from Brazil, and 3,493 

from Spain). The models developed performed similarly and were equally effective in 

predicting depression and anxiety in both tests, with internal test AUC-ROC values of 

0.85 (depression) and 0.86 (anxiety), and external test AUC-ROC values of 0.85 

(depression) and 0.84 (anxiety). Meaning of life was the strongest predictor of 

depression, while sleep quality was the strongest predictor of anxiety during the COVID-

19 epidemic. 

Conclusions: Specific lifestyle behaviours during the early COVID-19 epidemic 

successfully predicted the presence of depression and anxiety in a large Brazilian sample 
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using machine learning models developed on a Spanish sample. Targeted interventions 

focused on promoting healthier lifestyles are encouraged. 

Keywords: Mental health, SARS-CoV-2, lifestyle, machine learning, pandemic. 
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2.1 Introduction 

The widespread global COVID-19 crisis continues to affect people in different 

ways, with many people becoming vulnerable to mental health challenges during the 

pandemic.1 Since the onset of this pandemic, fears arising from uncertainties about their 

well-being have led to major changes in people’s lifestyles around the world.2 The 

sudden deviation from daily routines has resulted in increased prevalence of psychiatric 

symptoms relative to before the COVID-19 pandemic.1 In particular, online web-surveys 

have been used to assess symptoms of mental disorders and have found an increase of the 

prevalence of symptoms of common mental disorders such as depression and anxiety in 

the general population in many countries, such as China, Italy, and Denmark, among 

others.3-5 

Two of the most severely affected countries in the world were Spain and Brazil, 

where citizens experienced high levels of psychological distress in the early stages of the 

COVID-19 epidemic.6,7 Using online assessment tools, research studies conducted during 

the initial stages of the pandemic in Spain indicated a high prevalence of depressive 

symptoms, ranging between 18.7%8 and 41%9, as well as of anxiety symptoms, ranging 

between 21.6%8 and 25%9 among the general population. Similarly, a study in Brazil 

conducted during the COVID-19 epidemic found anxiety and depression to be the most 

commonly prevalent psychiatric symptoms in the general population, with a staggering 

81.9% of participants indicating symptoms of anxiety, and 68% presenting symptoms of 

depression.10 Furthermore, another Brazilian study found a positive association between 

psychological symptoms (i.e. depression and anxiety) and social isolation variables (i.e. 
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loneliness, days in isolation, level of concern about the COVID-19 situation in Brazil), 

suggesting the impact that these challenging routine changes may have had on the mental 

well-being of people.11 

The major lifestyle adjustments people have had to make during this pandemic 

might be considered as risk factors for the appearance of unstable psychological 

symptoms during the quarantine period.2 Unhealthy behaviours, such as poor dietary 

habits, poor sleep quality, and lack of exercise, to name a few, have been found to 

contribute to the burden of mental health around the globe.12,13 Given the unusual 

circumstances people across the world have been affected by, it is not uncommon for 

people to have developed unhealthy behaviours during the quarantine period that may 

trigger stress-related symptoms of depression and anxiety.2 

A recent systematic review including studies from various countries suggests a 

global increase in prevalence of psychiatric symptoms during the COVID-19 pandemic,1 

with changes in everyday routines potentially playing a major role in this regard. 

However, it is not clear which specific changes to lifestyle behaviours and daily routines 

have had the greatest impact in triggering symptoms of depression and anxiety in people 

in highly affected countries. Further examination of this question is important in order to 

plan effective strategies to target prevention of mental health issues. A significant 

component of the present study relies on using machine learning techniques to analyze 

the importance of different lifestyle variables for predicting depressive and anxiety 

symptoms. Machine learning has become an efficient and accurate instrumental 

technique for analyzing big data.14 Thus, the aim of the present study was to analyze the 
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predictive effect of different lifestyle behaviours as risk factors for depression and 

anxiety in the general Spanish and Brazilian populations during the COVID-19 

pandemic. 

2.2 Methods 

 

Data were used from web surveys conducted from April 15 to May 15, 2020 

(Spain) and from April 20 to May 20, 2020 (Brazil), as detailed elsewhere.15,16 Briefly, 

individuals aged 18 years or older, living in Brazil or Spain, and having access to the 

Internet were recruited via social networks (Facebook, WhatsApp, and Twitter) using a 

snowball technique and sponsored social network advertisements. Individuals who agreed 

to participate after reading the information and terms of the study provided electronic 

informed consent. Subsequently, they answered a 101-question questionnaire covering 

demographics, COVID-19 experience, lifestyle, self-rated health, and previously 

diagnosed medical and psychiatric conditions, and including brief screenings for 

depression, anxiety, and risky drinking. 

The study was approved by the Ethics Committee at the Hospital Universitari i 

Politècnic La Fe in Valencia, Spain, and by the Comissão Nacional de Ética em Pesquisa 

(CONEP, Brazil –3.968.686). 

2.2.1 Predictors assessed 

Sociodemographic predictors included age, sex, employment status, educational 

level, number of people living in the household, and country of residence (Brazil or 

Spain). Information related to COVID-19 included questions such as, “Did a health 
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professional formally diagnose you with COVID-19?” and “Have you lost a loved one 

during the pandemic?” 

The main predictors of interest were lifestyle behaviours during the COVID-19 

quarantine period. These were assessed using the Short Multidimensional Inventory 

Lifestyle Evaluation (SMILE) scale, a 43-item, self-rated questionnaire comprising 7 

lifestyle domains (Diet and Nutrition, Substance abuse, Physical activity, Stress 

management, Restorative sleep, Social support, and Environmental exposures) developed 

for multidimensional 30-day lifestyle assessment.15 On the SMILE scale, response 

options are measured with a 4-point Likert scale (Always, Often, Seldom, Never) and the 

final score is obtained by summing the scores for all questions (noting that some 

questions are reverse-scored). The higher the score, the better (healthier) the lifestyle. In 

addition, self-rated health (SRH) was measured using the question “How would you rate 

your health in general?”, with response options of “Very good”, “Good”, “Regular”, 

“Bad”, and “Very bad”, scored from 1 to 5, respectively. For the purpose of the present 

study, all the items were independently included in the model. 

2.2.2 Outcome 

Our main outcome was presence of a positive screening result for depression or 

anxiety. Current depression and anxiety were assessed using Patient Health 

Questionnaire-2 (PHQ-2)17 for depression, with a cut-off of ≥ 3, and the Generalized 

Anxiety Disorder 7-item (GAD-7)18 scale for anxiety, with a cut-off of ≥ 10. Two 

dichotomous variables were created, where scores on the two scales that were equal to or 

above the cut-offs were defined as “Positive Depression” and “Positive Anxiety”. 
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2.2.3 Dealing with non-responses 

First, all participants that had missing variables, which would prevent us from 

building the final model, were excluded from the analysis. Secondly, columns containing 

more than 5% of missing data were removed. Finally, the remaining variables were 

imputed as follows: (1) for every variable, the mode, in case of categorical, or the mean, 

in case of continuous data, was computed from the training set; (2) the internal test set 

was imputed with the previously computed modes and means; (3) the same was done for 

the external test set (Brazil). 

2.2.4 Statistical analysis 

The statistical analyses performed to compare groups in terms of 

sociodemographic and clinical characteristics were conducted using SPSS 21. 

Independent variables were described by outcome and compared using chi-square tests 

and Student’s t test for independent samples. All variables, with the exception of SMILE 

scores, were categorized and analyzed using chi-square tests between the respective 

outcome groups. For SMILE scores, the samples were compared using Student’s t test. 

All machine learning experiments were conducted using R software (version 4.04), and 

the caret library (version 6.0-86).19 The data were analyzed using 3 different machine 

learning algorithms: elastic net, random forest, and gradient tree boosting (extreme 

gradient boosting [XGBoost] library). Elastic net is a regularized linear model that 

penalizes high weights, and thus is focused on generalization of the model for unseen 

samples.20 Random forest is a machine learning algorithm that combines and averages the 

predictions of multiple decision trees with random subsets of features and instances, 
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resulting in a single predictive model.21 XGBoost is a scalable technique that creates a 

predictive model by efficiently adding new models to correct the errors of existing 

models (also known as ‘gradient boosting’), until the best possible model is reached.22 

The dataset was trained and tested with each of the three models separately to examine 

their performance in comparison to each other. For each model, the data from Brazil were 

separated from the dataset and were not used until testing time; referred to as the external 

test. Then, the Spain dataset was split into two (75% for a training sample and 25% for an 

internal test) using class-stratified sampling. The training sample was then used to train 

the model, according to the training procedures for each machine learning technique. For 

each model, a grid search with the caret default hyperparameters was used to identify the 

best model in a 10-fold cross-validation procedure. Downsampling of the majority class 

was used to fix class imbalance. Variables with more than 5% missing data were 

removed and the remaining variables were imputed by either the mode (for categorical 

variables) or the mean (for numeric variables). Generalization of the model was then 

assessed in the internal test sample, and used to generate all performance metrics (e.g., 

accuracy, sensitivity, and others) for the Spanish sample. Finally, the model was 

evaluated on every individual from the Brazilian sample without any retraining or fine 

tuning. Model predictions were also used to create risk quintiles. Participants were sorted 

by their corresponding predicted probabilities and separated into five groups (20% 

highest predictions allocated to group 1, 20-40% allocated to group 2, and so on), then, 

the percentage of participants with presence of the outcome was calculated. This 
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approach provides a broad idea of how predicted probabilities translate into actual 

probabilities of the outcome in test data (i.e. model calibration). 

2.2.5 Data availability 

The data that support the findings of this study are available from the 

corresponding author upon reasonable request. 

2.3 Results 

2.3.1 Sample size and sociodemographic characteristics 

The final sample for this study comprised 22,562 individuals, with 19,069 

subjects from Brazil and 3,493 subjects from Spain. The sociodemographic 

characteristics were analyzed separately for each country (Brazil or Spain) and further 

differentiated based on the current clinical symptoms of the individuals, as evaluated by 

the PHQ-2 and GAD-7 for depression and anxiety symptoms, respectively. The 

comparisons were performed within the specific subsets of the sample, leading to 4 main 

comparisons: depression vs. no depression in Brazil, depression vs. no depression in 

Spain, anxiety vs. no anxiety in Brazil, and anxiety vs. no anxiety in Spain. The 

sociodemographic differences are described in Table 1 (depression screening) and Table 

2 (anxiety screening).  

2.3.2 Model performance 

Model performance was assessed using several metrics. Table 3 presents all the 

metrics for the elastic net, random forest, and XGBoost models, comparing the results 

when the Brazilian sample is used for testing and when the Spanish sample is used for 
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testing. The 3 models performed very similarly for the internal and external tests. 

Differences can be perceived between the performance with the internal test set (Spain) 

and external test set (Brazil), although, overall, the results are reliable in both scenarios. 

For instance, the main differences between the two tests were in the positive and negative 

predictive values (PPV and NPV), where the external tests had higher PPV, but lower 

NPV than the internal tests for depression and anxiety. Despite these differences, the 

balanced accuracy, sensitivity, and specificity values were consistent for all models 

across the internal and external tests for depression and anxiety. 

The elastic net model was used for subsequent analyses because of its 

effectiveness, interpretability, and simplicity. The elastic net AUC-ROC for depression 

was 0.85 for both the internal and external test (Figure 1A). Its AUC-ROC values for the 

anxiety model were 0.86 and 0.84 for the internal and external test, respectively (Figure 

1B). In both cases, the curves for the internal and external sets are very similar, with 

performance for the Spain data being slightly better overall. 

The calibration of the model was also analyzed, by evaluating the concentration 

of the outcome within the percentiles of predictions. In Figures 1C and 1D, significant 

differences were identified between the countries. In order to generate the image, 

participants were sorted by their predicted value into 5 defined quintiles of predictions. 

For each of these groups, the percentage of participants that had the outcome with respect 

to the total number of individuals with the outcome were assessed. More specifically, 

almost 60% of the participants with depression (first red bar) are within the 20% highest 

predictions (Figure 1C). In other words, a high prediction from the model is highly 
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predictive of the outcome. However, a reduction was observed in the Brazilian sample. 

Notably, around 35% of the participants within the 20% highest predictions have 

depression. This may indicate signs of prediction bias coming from the Spanish sample. 

Almost the exact same pattern is observed for anxiety (Figure 1D). 

 In addition, the importance of each question on the SMILE scale was examined as 

an independent lifestyle variable for predicting the presence of depression and anxiety 

symptoms. Each question was separately evaluated for its projective capacity to suggest 

presence of depression and presence of anxiety symptoms in the Spanish sample. All 

questions considered were based on respondents’ daily routines and feelings within the 

last month. Analysis of the predictors of depression identified the question, “Do you feel 

that your life has a meaning?” as the most important predictor of the disorder, followed 

by the question, “How would you rate your health in general?” (from the SRH) and “Do 

you use sleeping pills?” (Figure 2A). With regards to the predictors of anxiety, the most 

important SMILE question to predict the presence of the disorder was, “Do you feel 

rested with the number of hours you sleep?”, followed by “Do you use sleeping pills?” 

and “Do you feel that you have a good work-life balance?” (Figure 2B). 

2.4 Discussion 

Findings from this study indicate that variables related to lifestyle, as assessed by 

the SMILE scale, successfully predicted common mental disorders such as depression 

and anxiety in a Brazilian sample using a machine learning model developed on a 

Spanish sample during the early stages of the COVID-19 epidemic. Additionally, the 

results highlight the importance of different lifestyle factors and general self-concerns as 
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predictors of these disorders, with perception about meaning of life, self-rated health, and 

use of sleeping pills being the most important predictors of depression, and restful sleep, 

use of sleeping pills, and perception about work-life balance being the most important 

predictors of anxiety. 

The COVID-19 epidemic started at different times in Spain and Brazil, where the 

population of Spain was affected by the first wave of the contagious virus prior to 

escalation of the outbreak in the Brazilian population. By assessing lifestyle behaviours 

in the early stages of the epidemic in Spain using a multidimensional lifestyle 

questionnaire (SMILE), we developed predictive models with three different machine 

learning methods using a subset of the Spanish sample. The models were then tested 

internally (with the remaining subset of the Spanish sample) and later tested externally 

with the full Brazilian sample. The consistency in performance metrics between the 

different methods, as well as the similarities between the internal and external tests 

suggest that the internally developed models were able to predict the presence of 

depression and anxiety during the COVID-19 pandemic in the external set, which is the 

main, novel finding from this research study. 

To our knowledge, this is the first study to develop machine learning models in 

one country that are equally effective in predicting the presence of common mental health 

disorders in a different country. Implications from this study indicate that elastic net, 

random forest, and XGBoost are reliable techniques for transnational prediction of 

common mental disorders such as depression and anxiety. The cross-fertilization of 

independent analyses carried out in different contexts is a much-desired goal of 
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contemporary epistemology, decision science, and computer science, among other fields 

of knowledge. Prior literature has found many similarities in lifestyle factors that 

correlate to presence of mental disorders such as depression and anxiety in 

underdeveloped, developing, and developed countries.23,24 Recent studies conducted 

during the COVID-19 outbreak have also indicated higher prevalence of depression and 

anxiety symptoms in the general population during this period.25,26 Considering the 

severe consequences of the pandemic in highly affected countries such as Brazil and 

Spain, a recent study conducted in these regions found an association between unhealthy 

lifestyle changes and presence of depression and anxiety among essential workers during 

the COVID-19 pandemic.16 With this in mind, taking into consideration the similarities 

across different countries in lifestyle adversities due to the COVID-19 crisis, it is possible 

that the models developed and used in this study may be able to reliably capture 

predictive factors of the presence of common mental disorders in different regions of the 

world. 

We also assessed the importance of each lifestyle variable on the SMILE scale as 

independent factors associated with presence of depression and anxiety using machine 

learning methods. We used the Spain training sample to evaluate the importance of each 

independent question in predicting presence of the mental disorders of interest. 

Intriguingly, we found the answers to the question, “Do you feel that your life has a 

meaning?” to be the predictor most associated with presence of depression. Prior studies 

have reported an inverse relationship between self-perceived meaning of life and 

symptoms of depression, concurring with the current findings of our study.27,28 However, 
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we believe this to be the first study indicating that perception of meaning of life carries 

greater significance in predicting symptoms of depression than other lifestyle factors. The 

high importance factor seen in this variable could be due to the cumulative contribution 

of many different aspects of lifestyle towards a sense that life is meaningless during the 

COVID-19 pandemic. Self-rated health was the second most important predictor of 

presence of depression in this sample during the pandemic, with prior literature also 

suggesting a strong association between subjective well-being and symptoms of 

depression.29,30 Among the rest of the factors, sleep medications and sleep quality were 

found to be among the strongest predictors of depression, which has also been suggested 

in previous findings.31,32 

Furthermore, we assessed the importance of each lifestyle variable on the SMILE 

scale as independent predictors of anxiety in the Spanish training sample. The leading, 

most significant predictor of presence of anxiety was the answer to the question, “In the 

last month, how often do you feel rested with the number of hours you sleep?”. Similarly, 

the second most important predictor was related to daily use of sleeping medications 

during the COVID-19 pandemic. It is known that sleep disturbances and anxiety are 

bidirectionally associated,33 and this association was expectedly evident during the early 

stages of the pandemic.34 Stressful life events, such as the COVID-19 pandemic, which 

threaten one’s psychological and physical well-being are likely to cause increased sleep 

disturbances in the population.35 Indeed, sleep problems have been highly prevalent 

during COVID-19, with approximately 40% of the general population reporting poor 

sleep quality in the early stages of the pandemic.36 The confinement period during the 
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pandemic has led to changes in social and environmental cues important for circadian 

rhythms and the sleep-wake cycle, including the lack of fixed schedules for working, 

eating, exercising, socializing, and similar daily routines.35 Changes in the sleep-wake 

cycle can result in desynchronization between the circadian rhythm and important 

immune functions, which can affect a person’s physical and mental well-being.35,37 In 

particular, reduced sleep quality was associated with higher levels of depression and 

anxiety symptoms early on during the COVID-19 lockdown in Italy.38 Similarly, our 

findings indicate that sleep disturbances may be the most important factor in predicting 

presence of anxiety in the general population in different countries during the COVID-19 

pandemic. Additionally, perception of work-life balance, meaning of life, and 

consumption of fast food were other variables from the SMILE scale related to the 

presence of anxiety, corresponding with previous studies indicating associations between 

these variables and anxiety.39-41 

Findings from our study could have essential clinical implications for clinical 

professionals and researchers around the world. Considering the effectiveness of our 

models across different countries, the method developed could be adapted and used 

across a vast number of countries, especially when countries are in similar situations such 

as during the global COVID-19 pandemic. In addition, to our knowledge, this is the first 

study using machine learning methods to predict which lifestyle behaviours are able to 

accurately indicate positive screening for depression and anxiety, two of the most 

common mental disorders globally. Observing the most prevalent lifestyle behaviours 

among people with depression and anxiety using this model could be the first step 
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towards creating a protocol of targeted interventions addressing unhealthy lifestyle 

behaviours that increase the likelihood of presence of these symptoms, such as sleep 

hygiene. 

The main limitation of our study is the cross-sectional design. Considering that 

the lifestyle behaviours (predictors) and the presence of depression/anxiety symptoms 

(outcomes) were assessed at the same point in time, inference of a causal relationship 

between the variables is limited. Instead, it depicts a snapshot of a very dynamic process 

(comprising both the dynamics of the epidemic itself and how people cope with the 

challenges it poses over time). Furthermore, it is important to highlight that presence of 

anxiety and depression was assessed using a screening test, and replication of this data 

assessing them using a structured, albeit much more labor-intensive, clinical interview is 

encouraged. There are also limitations regarding the lack of fine-tuning of the model for 

the Brazilian sample; although we showed that the model performs similarly in both 

countries, the model was not further trained on a subset of Brazilian data, which could 

potentially improve the model for that sample. In contrast, a major advantage of this 

study is the consistency in performance metrics across three highly reliable machine 

learning methods for development of predictive models, which also achieved high AUC-

ROC values for the internal and external tests. In addition, another major advantage is 

that the trained sample of the model was from Spain, one of the first countries affected by 

the pandemic, which was then tested in Brazil, where the epidemic started at a later 

period. This is an encouraging sign for development of prevention guides using this 

model. Lastly, the findings from this paper are in accordance with previous research 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

56 
 

indicating important mental health burdens related to lifestyle behaviours, especially 

during the COVID-19 pandemic. 

Implications from this study could be highly significant in the approach towards 

developing targeted approaches to promote healthy lifestyles that might help reducing the 

burden of common mental disorders. 
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2.8 Figures and Tables 

 

Figure 1. Results for depression and anxiety by training with the Spain sample and testing it in the Spain internal set and the 

Brazil external set: 

 

 

 

                               

 

 

 

 

 

 

                                  

                                              

Figure 1A: ROC curves of the internal (AUC-ROC = 0.85) and external (AUC-ROC = 0.85) tests for presence of depression. 
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Figure 1B: ROC curves of internal (AUC-ROC = 0.86) and external (AUC-ROC = 0.84) tests for presence of anxiety. 
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Figure 1C: Percentage of individuals with symptoms of depression by defined quintiles of predicted risk; 
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Figure 1D: Percentage of individuals with symptoms of anxiety by defined quintiles of predicted risk. 
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Figure 2. Importance of different variables as predictors of depression and anxiety according to the Spain sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Indicates in the last 30 days. 

 

Figure 2A: Predictors of depression. 
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* Indicates in the last 30 days. 

 

Figure 2B: Predictors of anxiety. 
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Table 1: Sociodemographic and clinical variables in the Brazilian and Spanish samples based on presence of depression. 

  Brazil  Spain  

  Depression  Depression  

  N=22562 

Yes 

(9816) 

No 

(9253) p-value 

Yes 

(728) 

No 

(2765) p-value 

Sex    <0.001   <0.001 

Female 15379 6930 (70.6%) 6064 (65.5%)  537 (73.8%) 1848 (66.8%)  

Male 7183 2886 (29.4%) 3189 (34.5%)  191 (26.2%) 917 (33.2%)  

Age    <0.001   <0.001 

18-41 13687 7466 (76.1%) 4337 (46.9%)  514 (70.6%) 1370 (49.5%)  

42 or more 8875 2350 (23.9%) 4916 (53.1%)  214 (29.4%) 1395 (50.5%)  

 

Educational Attainment    <0.001   <0.001 

Fundamental/High School 5749 2945 (30.0%) 1601 (17.3%)  328 (45.1%) 875 (31.6%)  

University 11463 4988 (50.8%) 5073 (54.8%)  258 (35.4%) 1144 (41.4%)  

Graduate School 5349 1883 (19.2%) 2578 (27.9%)  142 (19.5%) 746 (27.0%)  

 

People in the household    <0.001   0.151 

1 2856 1169 (11.9%) 1335 (14.4%)  71 (9.8%) 281 (10.2%)  

2 or 3 12976 5641 (57.6%) 5408 (58.5%)  382 (52.5%) 1545 (56.0%)  

4 to 9 6695 2988 (30.5%) 2499 (27.0%)  274 (37.7%) 934 (33.8%)  

 

Working    <0.001   <0.001 

No 8653 4043 (41.2%) 3201 (34.6%)  389 (53.4%) 1020 (36.9%)  

Yes 13135 5336 (54.4%) 5900 (63.8%)  286 (39.3%) 1613 (58.3%)  

Lost job during the pandemic 774 437 (4.5%) 152 (1.6%)  53 (7.3%) 132 (4.8%)  

 

Essential worker (Yes) 3717 1193 (22.4%) 1626(27.6%) <0.001 135 (47.2%) 763 (47.3%) 0.975 

 

Frontline worker (Yes) 1266 369 (30.9%) 443 (27.2%) 0.033 73 (54.1%) 381 (49.9%) 0.375 

 

Studying (Yes) 3508 1930(47.6%) 888 (27.7%) <0.001 250 (64.1%) 440 (42.8%) <0.001 
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* = Yes, diagnosed within the last 12 months 

 

 

 

 

 

  

 

Self-isolated (Yes) 17388 8260 (84.8%) 7459 (81.1%) <0.001 408 (56.7%) 1261 (45.9%) <0.001 

 

Diagnosed with COVID-19 215 80 (0.8%) 69 (0.7%) 0.587 18 (2.5%) 48 (1.7%) 0.196 

 

Lost someone in the pandemic (Yes) 1724 771 (7.9%) 617 (6.7%) 0.002 60 (8.3%) 276 (10.0%) 0.161 

 

Chronic disease*  6958 3009 (30.9%) 3002 (32.6%) 0.009 220 (30.5%) 727 (26.5%) 0.032 

 

Mental Health Disorder*  7070 4386 (46.3%) 2126 (23.2%) <0.001 224 (32.0%) 334 (12.2%) <0.001 

 

Infectious Disease*  762 439 (4.5%) 310 (3.4%) <0.001 4 (0.6%) 9 (0.3%) 0.373 

 

Depression Diagnosis*  3884 2672 (28.0%) 944 (10.3%) <0.001 135 (19.1%) 133 (4.8%) <0.001 

 

Anxiety Diagnosis*  6451 4059 (42.7%) 1885 (20.6%) <0.001 205 (29.0%) 302 (11.0%) <0.001 

Alcohol Abuse 19257 4811 (48.7%) 3976 (42.4%) <0.001 234 (32.0%) 855 (30.6%) 0.469 

 

Self-rated health (Good/Very good) 16323 5953 (60.7%) 7863 (85.0%) <0.001 363 (50.1%) 2144 (77.4%) <0.001 

 

SMILE (Mean, standard deviation) 15822 115.6 (12.3) 105.4 (11.6) <0.001 114.5 (11.1) 106.2 (10.3) <0.001 
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Table 2: Sociodemographic and clinical variables in the Brazilian and Spanish samples based on presence of anxiety. 

  Brazil  Spain  

  Anxiety  Anxiety  

  N=22355 

Yes 

(9400) 

No 

(9492) p-value 

Yes 

(716) 

No 

(2747) p-value 

Sex    <0.001   <0.001 

Female 15192 6789 (72.2%) 6045 (63.7%)  537 (75.0%) 1821 (66.3%)  

Male 7163 2611 (27.8%) 3447 (36.3%)  179 (25.0%) 926 (33.7%)  

Age    <0.001   <0.001 

18-41 13592 6970 (74.1%) 4750 (50.0%)  502 (70.1%) 1370 (49.9%)  

42 or more 8763 2430 (25.9%) 4742 (50.0%)  214 (29.9%) 1377 (50.1%)  

 

Educational Attainment    <0.001   <0.001 

Fundamental/High School 5667 2674 (28.4%) 1804 (19.0%)  295 (41.2%) 894 (32.5%)  

University 11365 4796 (51.0%) 5178 (54.6%)  275 (38.4%) 1116 (40.6%)  

Graduate School 5322 1930 (20.5%) 2509 (26.4%)  146 (20.4%) 737 (26.8%)  

 

People in the household    <0.001   <0.001 

1 2804 992 (10.6%) 1466 (15.6%)  50 (7.0%) 296 (10.8%)  

2 or 3 12889 5448 (58.1%) 5528 (58.3%)  372 (52.0%) 1541 (56.2%)  

4 to 9 6626 2945 (31.4%) 2483 (26.2%)  294 (41.0%) 904 (33.0%)  

 

Working    <0.001   <0.001 

No 8520 3645 (38.8%) 3485 (36.7%)  352 (49.2%) 1038 (37.8%)  

Yes 13066 5355 (57.0%) 5822 (61.3%)  313 (43.7%) 1576 (57.4%)  

Lost job during the pandemic 769 400 (4.3%) 185 (1.9%)  51 (7.1%) 133 (4.8%)  

 

Essential worker (Yes) 3692 1281 (23.9%) 1518 (26.1%) 0.009 160 (51.1%) 733 (46.5%) 0.136 

 

Frontline worker (Yes) 1257 441 (34.4%) 365 (24.0%) <0.001 88 (55.0%) 363 (49.5%) 0.209 

 

Studying (Yes) 3459 1688 (46.2%) 1087 (31.2%) <0.001 235 (66.4%) 449 (42.9%) <0.001 

 

Self-isolated (Yes) 17220 7810 (83.7%) 7759 (82.2%) 0.007 365 (51.6%) 1286 (47.1%) 0.033 
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* = Yes, diagnosed within the last 12 months 

 

 

 

 

 

 

 

 

Diagnosed with COVID-19 212 83 (0.9%) 65 (0.7%) 0.122 23 (3.2%) 41 (1.5%) 0.002 

 

Lost someone in the pandemic (Yes) 1712 782 (8.3%) 596 (6.3%) <0.001 65 (9.2%) 269 (9.8%) 0.593 

 

Chronic disease*  6886 2991 (32.1%) 2956 (31.3%) 0.254 225 (31.8%) 714 (26.2%) 0.003 

 

Mental Health Disorder*  6987 4433 (48.8%) 2005 (21.4%) <0.001 247 (36.0%) 302 (11.1%) <0.001 

 

Infectious disease*  751 420 (4.5%) 319 (3.4%) <0.001 5 (0.7%) 7 (0.3%) 0.071 

 

Depression Diagnosis* 3836 2564 (28.0%) 1006 (10.7%) <0.001 133 (19.3%) 133 (4.9%) <0.001 

 

Anxiety Diagnosis*   6379 4176 (45.9%) 1702 (18.1%) <0.001 233 (33.7%) 268 (9.8%) <0.001 

Alcohol Abuse 19257 4670 (48.7%) 4117 (42.6%) <0.001 218 (30.1%) 871 (31.1%) 0.602 

 

Self-rated health (Good/Very good) 16203 5710 (60.8%) 8000 (84.3%) <0.001 376 (52.7%) 2117 (77.2%) <0.001 

 

SMILE (Mean, standard deviation) 15822 115.0 (12.6) 106.3 (11.9) <0.001 114.0 (11.2) 106.4 (10.4) <0.001 
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Table 3. Performance metrics presented based on the results of 3 different models. Results for Spain represent the internal test 

set results, while those for Brazil are the external set results. 

 Test Spain Test Brazil 

Metric Elastic net RF XGB Elastic net RF XGB 

Depression       

   Balanced accuracy 0.79 0.78 0.77 0.76 0.76 0.76 

   Sensitivity 0.78 0.74 0.74 0.74 0.74 0.75 

   Specificity 0.79 0.81 0.80 0.78 0.79 0.77 

   PPV 0.49 0.51 0.49 0.78 0.79 0.77 

   NPV 0.93 0.92 0.92 0.74 0.74 0.74 

Anxiety       

   Balanced accuracy 0.78 0.78 0.77 0.75 0.74 0.75 

   Sensitivity 0.78 0.78 0.77 0.73 0.78 0.74 

   Specificity 0.79 0.78 0.78 0.77 0.71 0.77 

   PPV 0.49 0.48 0.48 0.76 0.73 0.76 

   NPV 0.93 0.93 0.93 0.74 0.76 0.75 

       

Legend: RF: Random Forest; XGB: XGBoost; PPV: Positive Predictive Value; NPV: Negative Predictive Value. 
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Abstract 

 

Objective: The aim of our study was to investigate the association between lifestyle 

behaviours and symptoms of depression and anxiety during the COVID-19 pandemic in 

Canada.  

Methods: A web survey was conducted between July 3-August 3, 2020, across Canada. 

The main outcomes considered were a positive screening for depression, as evaluated by 

the PHQ-2 and positive screening for anxiety, as evaluated by the GAD-7. Lifestyle 

behaviours were assessed using the Short Multidimensional Lifestyle Inventory 

Evaluation – Confinement (SMILE-C), an instrument adapted for lifestyle behaviours 

during the COVID-19 pandemic.  

Results: The total sample size included 404 participants, of which 24.3% had a positive 

screen for depression, 20.5% for anxiety, and 15.5% for both. We found significant 

differences in SMILE-C scores between individuals with a positive and individuals with a 

negative screen for depression (p<0.001). Likewise, there were significant differences in 

SMILE-C scores between individuals with a positive and individuals with a negative 

screen for anxiety (p<0.001). 

Discussion: We found an association between unhealthy lifestyle behaviours and 

symptoms of depression and anxiety during the COVID-19 lockdown in Canada. The 

findings highlight the importance of lifestyle medicine education and targeted lifestyle 

interventions to promote healthy behaviours and help reduce the burden of mental 

disorders. 
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3.1 Introduction 

The global coronavirus disease 2019 (COVID-19) pandemic has taken a toll on 

the mental well-being of individuals from various regions in the world. The unpredictable 

longevity of the pandemic has forced many countries to apply various restrictions on 

everyday activities for their citizens, including Canada.1 Since the onset of the COVID-

19 pandemic, people have been advised to limit in-person social interactions and adjust 

their day-to-day routines in order to contain the spread of the novel Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) virus. In addition to the 

documented physical health consequences of the virus, the sudden lifestyle changes have 

resulted in rising uncertainty, fear, stress, and higher levels of mental health challenges 

among the general population.2 During this time, online tools and web surveys have been 

widely used to collect data and investigate the psychological well-being of the general 

population.3,4 Among the most pronounced mental health challenges are the increased 

prevalence of depression and anxiety, with recent reports combining data from multiple 

countries indicating symptoms of anxiety in 31.9% and symptoms of depression in 33.7% 

of the general population.5,6  

As in other countries, people in Canada have also been affected by the COVID-19 

pandemic in this sense; the percentage of high anxiety among Canadians has quadrupled 

(5% to 20%), while the percentage of severe symptoms of depression has more than 

doubled during this period (4% to 10%).7 Another study in Canada reported very high 

prevalence of symptoms of anxiety (47.2%) and depression (44.1%),8 demonstrating the 

serious level of concern in Canada and beyond. In addition, the high mental health burden 
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is significantly present among some of the most overwhelmed essential workers in 

Canada, critical care nurses, with 57% of them reporting mild to severe symptoms of 

depression, and 67% reporting mild to severe symptoms of anxiety.9 

Seeking to contain the transmission of the SARS-CoV-2 virus, many people had 

to change their everyday routines and lifestyles relative to before the onset of the 

pandemic. Diet, physical activity, sleep, substance use, and many other essential lifestyle 

behaviours are strongly linked to symptoms of common mental disorders, such as 

depression and anxiety.10–12 In accordance with surges of COVID-19, the provincial 

governments of Canada have continuously adjusted the lockdown measures required to 

contain the spread of the virus since March of 2020. The restrictive measures put in place 

have led to Canadians becoming less physically active, having more sleep difficulties, 

fewer social interactions, and other negative lifestyle changes detrimental to physical and 

psychological well-being.7,13,14 The relationship between these factors with mental health 

symptoms and disorders has been further emphasized during the COVID-19 pandemic, 

with the home-confinement measures introduced around the world leading to lifestyle 

changes in North Africa, Western Asia, and Europe.15,16 The urgency to suddenly change 

many aspects of these lifestyle behaviours has led to serious negative impacts on people’s 

overall mental well-being. In Brazil, a study found a positive association between the 

presence of psychological symptoms (e.g., depression, anxiety, stress) and social 

isolation variables (e.g., days of isolation, loneliness, social distancing) adopted for 

containment of the wide-spreading virus.17 Furthermore, unhealthy lifestyle patterns 
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during COVID-19 were found to increase the likelihood of depression and anxiety among 

essential workers in Brazil and Spain.18  

The significant focus on different lifestyle behaviours during this period stems from 

the scope of Lifestyle Medicine (LM), an area of medicine that studies how daily habits 

and behaviours impact short and long-term health and quality of life, and uses evidence-

based approaches to prevent and treat the progression of chronic diseases.19,20 According 

to the American College of Lifestyle Medicine, LM is particularly focused on six lifestyle 

domains: diet, physical activity, avoiding substance use, sleep, social relationships, and 

stress management.21 These domains are deemed to be ‘modifiable factors’, meaning, 

targeting prevention or improvement of unhealthy daily lifestyle behaviours could help in 

reducing the risk for development of poor mental health and other chronic diseases.19,22 

Maintaining a healthy lifestyle can be a protective factor for many physical and mental 

health challenges, especially during times of adversity, such as the COVID-19 pandemic.  

Although recent studies have reported increased prevalence of depression and 

anxiety in Canada during the pandemic, the role of unhealthy lifestyle habits on people’s 

mental well-being, associated with the changes in daily routines during this period, has 

not been investigated. In this sense, the aim of this study was to examine the association 

between several lifestyle behaviours and the presence of symptoms of depression and 

anxiety during the COVID-19 pandemic in a Canadian sample.  
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3.2 Methods 

3.2.1 Study Design:  

A cross-sectional web survey was conducted from July 3 to August 3, 2020, 

across all regions in Canada. The web survey was created using SurveyGizmo®,23 and 

included questions regarding demographics, COVID-19 experience, lifestyle behaviours, 

substance use, self-rated health status and previously diagnosed conditions, as well as 

current symptoms of depression and anxiety. The usability and technical functionality of 

the survey were tested prior to the start of recruitment. 

3.2.2 Ethical Aspects: 

 The study was approved by the Hamilton Integrated Research Ethics Board 

(HiREB) under protocol #10870. 

3.2.3 Study Population and Recruitment: 

A convenience sample of individuals living in Canada that were 18 and older, had 

access to the internet, and agreed to participate in the study after reviewing the informed 

consent form, was recruited to complete the web survey. The weblink to the online 

survey was available on a Facebook page (fb.me/lifestyleandcovid19) created for this 

project. Advertising boost to promote the questionnaire was prepared using multiple key 

words (i.e., healthy lifestyles, sad, happiness, fear, physical exercise, stress, well-being 

etc.). In addition, the study was shared through other social media outlets, such as 

Instagram (instagram.com/lifestyleandcovid19), Twitter (twitter.com/LifestyleCovid), 

WhatsApp, and email. Individuals who reported they had already previously completed 

the online questionnaire were excluded. 
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3.2.4 Independent Variables: 

 Demographic information included questions regarding sex, age, educational 

level, number of people living in the household, current studying and current working 

status (essential/frontline worker). Age groups were dichotomized according to the 

median age of the sample (62) into age groups 18-61 and 62 and over. 

Questions related to COVID-19 experience included ‘Have you been under 

quarantine (self-isolation) due to the COVID-19 outbreak?’, ‘Did a health professional 

formally diagnose you with COVID-19?’ and ‘Have you lost a significant one during the 

COVID-19 pandemic?’ Possible answers were yes/no.  

Lifestyle behaviours were assessed using the Short Multidimensional Inventory 

Lifestyle Evaluation – Confinement (SMILE-C), which assesses the extent of one’s 

healthy lifestyle behaviours during the previous 30 days.24 The SMILE-C scale is 

comprised of 27 items evaluating 7 different lifestyle domains: Diet and Nutrition, 

Substance abuse, Physical activity, Stress management, Restorative sleep, Social support, 

and Environmental exposures. Response options are measured on a 4-point Likert scale 

(always, often, seldom, never), resulting in a maximum possible score of 108. Higher 

scores indicated healthier lifestyle patterns. After the questions of each domain, an 

additional question exploring the perceived change in lifestyle patterns during the 

pandemic as compared to previous, regular behaviours of participants, was added, with 

possible answer choices of ‘Completely’, ‘Moderately’, ‘Slightly’, and ‘Not at all’. For 

the purposes of statistical analysis, the responses ‘Completely’ and ‘Moderately’ were 

combined as a ‘Yes’ answer, and the responses ‘Slightly’ and ‘Not at all’ were combined 
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as a ‘No’ answer. The additional questions regarding change in lifestyle patterns during 

the pandemic were not included as part of the SMILE-C assessment or the SMILE-C 

scoring; they were considered as individual and independent questions in addition to the 

assessment. Self-rated health (SRH) was evaluated using the question `How would you 

rate your health in general?’, with possible answer choices of ‘Very bad`, ‘Bad’, 

‘Regular’, ‘Good’ and ‘Very good'. The responses ‘Good’ and ‘Very Good’ were 

combined for the analysis.  

Previously diagnosed conditions were assessed using the question ‘In the last 12 

months, have you been diagnosed by a medical doctor or health professional, or received 

treatment for any of the following conditions?’ The investigated health problems were 

combined into chronic diseases, mental health disorders, and infectious diseases. History 

of chronic diseases included a diagnosis or treatment in the past 12 months of any one or 

more of the following: diabetes, heart disease, hypertension, asthma, anemia, bronchitis, 

cancer, cirrhosis, and renal disease. Positive mental health disorders screening included a 

diagnosis or treatment of depression, anxiety, schizophrenia, bipolar disorder, and/or 

anorexia/bulimia nervosa. For infectious diseases, we combined cases of participants 

diagnosed or treated for HIV/AIDS and/or tuberculosis in the past 12 months.  

3.2.5 Outcomes: 

 Two outcomes were considered: positive screening for depression and positive 

screening for anxiety. Depression was screened using the Patient Health Questionnaire-2 

(PHQ-2; cut-off ≥ 3), and anxiety was screened using the Generalized Anxiety Disorder 

7-item (GAD-7; cut-off≥10).   
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3.2.6 Statistical Analysis: 

The statistical analysis was conducted using the IBM® SPSS® 27.25 All 

variables, with the exception of SMILE-C scores, were categorized and analyzed using 

chi-square tests between the respective outcome groups. In addition, we calculated the 

prevalence ratio (PR) for the significant associations between independent factors and 

symptoms of depression and anxiety using Epi InfoTM. Due to the normal distribution of 

SMILE-C scores, the groups were compared using a student t-test for independent 

samples. Box plot graphs of the analyses were created using Prisma GraphPad 6.0. Then, 

multivariate logistic regression analyses were performed to reach the final models for 

depression and anxiety screening as the two outcomes of interest. The analyses included 

as independent factors those variables that presented an association of p<0.20 in the 

bivariate analysis. The final models were reached using a manual stepwise removal of 

each non-statistically significant variable. Statistical significance was set at p<0.05. 

3.3 Results 

 A total of 471 participants completed the online web survey. Of those, 62 

participants were excluded because they had already completed the survey previously, 3 

participants were excluded because they lived outside of Canada, and 2 participants were 

excluded for being under the age of 18. The final sample size included 404 participants, 

of which most were female (83.9%), with median age of 62 (IQR: 50 – 69), had a 

college/university diploma (76.8%), and were currently unemployed (63.9%). The 

sample characteristics are described in Table 1. 
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 The prevalence of positive screenings among the total sample was 24.3% for 

depression and 20.5% for anxiety, while 15.5% of the sample had positive screenings for 

both depression and anxiety. Table 2 describes the sociodemographic and clinical 

characteristics of the sample across the groups of screening for depression. There was an 

association between age and symptoms of depression in our sample (p<0.001), where 

individuals aged 18-61 years old were 2.21 times (PR: 2.21 [95% CI: 1.51 - 3.22]) more 

likely to present symptoms of depression than older individuals (62 years old or older). 

There was also a statistically significant association between employment status and 

screening for depression in our sample (p=0.006). We conducted an additional analysis 

comparing individuals who were currently working and those not working, and found 

that people currently working were 1.63 times (PR: 1.63 [95% CI: 1.14 - 2.33]) more 

likely to present symptoms of depression than people that were not working (p=0.008). 

Moreover, when comparing individuals who had lost their job during the pandemic with 

people currently not working, we found that people who had lost their job during the 

pandemic were 2.17 times (PR: 2.17 [95%CI: 1.21 - 3.90]) more likely to have symptoms 

of depression than people that were not working (p=0.019). There was no difference 

between groups (positive/negative screening for depression) when comparing people who 

had lost their job during the pandemic and people that were currently working. There was 

an association between a previous mental health diagnosis/treatment within the past 12 

months and symptoms of depression in our sample (p<0.001), where people with a 

previous diagnosis were 2.15 times (PR: 2.15 [95% CI: 1.53 - 3.03]) more likely to 

present symptoms of depression than people without a previous mental health diagnosis. 
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We also found an association between SRH and symptoms of depression (p=0.001), 

where people that rated their health as bad/very bad were 1.83 times (PR: 1.83 [95% CI: 

1.30 - 2.58]) more likely to present symptoms of depression than those who rated it as 

'very good/good'. Furthermore, individuals who presented complete or moderate changes 

in their lifestyle patterns were more likely to present symptoms of depression in 

comparison to people with slight changes or no changes are all in their patterns. This 

included changes in dietary patterns (PR: 1.60 [95% CI: 1.13 – 2.25], p=0.008), 

substance use (PR: 1.97 [95% CI: 1.24 – 3.13], p=0.011), restorative sleep (PR: 1.89 

[95% CI: 1.35 – 2.65], p<0.001), and social support (PR: 2.13 [95% CI: 1.47 – 3.09], 

p<0.001).  

Table 3 describes the sociodemographic and clinical characteristics of the sample 

across the groups of screening for anxiety. Similarly, there was an association between 

age and symptoms of anxiety in our sample (p<0.001), where individuals aged 18-61 

years old were 2.56 times (PR: 2.56 [95% CI: 1.64 - 3.97]) more likely to present 

symptoms of anxiety than older individuals (62 and over). There was also a statistically 

significant association between employment status and screening for anxiety in our 

sample (p=0.022). Additional analyses revealed that when comparing individuals who 

had lost their job during the pandemic with people currently not working, people who had 

lost their job during the pandemic were 2.42 times (PR: 2.42 [95% CI: 1.29 - 4.55]) more 

likely to present symptoms of anxiety than people who were not working (p=0.019). 

There were no differences between groups (negative/positive screening for anxiety) when 

comparing people who were currently working and those not working, as well as the 
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comparison between people who had lost their job during the pandemic and people 

currently working. There was an association between a previous mental health 

diagnosis/treatment within the past 12 months and symptoms of anxiety in our sample 

(p<0.001), where people with a previous diagnosis were 3.21 times (PR: 3.21 [95% CI: 

2.17 - 4.74]) more likely to present symptoms of anxiety than people without a previous 

mental health diagnosis. We also found an association between SRH and symptoms of 

anxiety (p=0.002), where people that rated their health as bad/very bad were 1.85 times 

(PR: 1.85 [95% CI: 1.25 - 2.73]) more likely to present symptoms of anxiety than those 

who rated it as 'very good/good'. Furthermore, individuals who presented complete or 

moderate changes in their lifestyle patterns were more likely to present symptoms of 

anxiety in comparison to people with slight changes or no changes are all in their 

patterns. This included changes in dietary patterns (PR: 1.55 [95% CI: 1.05 – 2.29], 

p=0.029), restorative sleep (PR: 2.42 [95% CI: 1.66 – 3.54], p<0.001), and social support 

(PR: 1.96 [95% CI: 1.30 – 2.96], p<0.001). 

Individuals with symptoms of depression showed significantly lower SMILE-C 

scores (mean: 73.65; S.D. 8.12) as compared to individuals without symptoms of 

depression (mean: 82.85; S.D. 7.28, p<0.001) (Figure 1A). The difference in scores 

between the groups indicates significantly unhealthier lifestyle behaviours in people with 

symptoms of depression during the COVID-19 pandemic. 

Similarly, participants with symptoms of anxiety also had lower scores in the 

SMILE-C (mean: 73.63; S.D. 8.25) as compared to participants without symptoms of 

anxiety (mean: 82.46; S.D. 7.63, p<0.001) (Figure 1B). This difference suggests 
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significantly unhealthier lifestyle behaviours in people with symptoms of anxiety during 

the COVID-19 confinement period. 

Table 4 presents the final multivariate model for depression, while table 5 

presents the final multivariate model for anxiety. In the final multivariate models for 

depression and anxiety, being between the ages of 18-61 was associated with an 

increased prevalence of depression (adjusted odds ratio (OR): 2.64; 95% CI: 1.46 to 4.76) 

as well as anxiety (OR: 2.57; 95% CI: 1.34 - 4.94), as compared to individuals aged 62 or 

older. Furthermore, complete or moderate changes in social support during the pandemic 

were associated with increased likelihood for both depression (OR: 2.91; 95% CI: 1.61 - 

5.24), and anxiety (OR: 2.11; 95% CI: 1.11 - 4.01), as compared to mild or no changes in 

social support during the pandemic. A mental health diagnosis within the past 12 months 

increased the likelihood for anxiety (OR: 2.71; 95% CI: 1.45 - 5.05), as did complete or 

moderate changes in sleep patterns (OR: 2.31; 95% CI: 1.22 to 4.38). Lower SMILE-C 

scores remained associated with symptoms of depression (OR: 0.86; CI: 0.82 to 0.89) and 

anxiety (OR: 0.89; CI: 0.85 to 0.92) in the final multivariate models. 

3.4 Discussion  

To the best of our knowledge, this is the first study indicating an association 

between lifestyle behaviours and mental health symptoms during the COVID-19 

confinement period in Canada, where people with symptoms of depression or anxiety 

engaged in more unhealthy lifestyle patterns than individuals with a negative screen for 

these symptoms. Findings from our study are in line with reports previously discussed, 

highlighting the relationship between different lifestyle domains, such as diet, physical 
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activity, social relationships, and sleep quality, and symptoms of common mental health 

problems,11,26–28 which have been further emphasized during the COVID-19 pandemic 

around the world.15,16  

In correspondence to our findings, unhealthy lifestyle changes measured using the 

SMILE-C scale were also associated with depression and anxiety among essential 

workers in Brazil and Spain at the early stages of the pandemic.18 Recent evidence 

suggests that the bidirectional relationship between lifestyle behaviours and mental health 

that has emerged during the pandemic will persist over a long period, as overall lifestyle 

quality worsened among Spanish citizens as the confinement period continued.29 

Findings from our study are in line with these reports, highlighting the association 

between unhealthy lifestyle behaviours and mental health symptoms during the COVID-

19 lockdown in Canada. Generally, adults that had experienced complete or moderate 

changes in their sleep and social support pattens, and reported overall unhealthier 

lifestyle behaviours during the confinement period were more likely to present symptoms 

of depression and anxiety during the COVID-19 pandemic. 

Furthermore, our findings suggest an association between some 

sociodemographic factors and symptoms of depression and anxiety. In our sample, we 

found that older individuals were less likely to report symptoms of depression and 

anxiety than younger adults, a trend which has been suggested by reports from other 

countries during the pandemic.30,31 It is possible that younger adults have experienced 

greater changes in their everyday life during the COVID-19 pandemic, leading to 

psychological distress and feelings of loneliness, while older adults may have had fewer 
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pandemic-based life disruptions and may be more psychologically resilient in the face of 

stressful events.32,33 In addition, we found that individuals who reported changes in their 

social support during the pandemic were more likely to present with symptoms of 

depression and anxiety. With the social isolation measures that have been put in place 

since the onset of the COVID-19 pandemic, many people have experienced loneliness 

and have had to adjust their social communication methods, leading to elevated levels of 

mental health symptoms.33 Indeed, reports from the early stages of the pandemic found 

an inverse relationship between social support and symptoms of depression and anxiety,34 

highlighting the impact of the isolation measures on the global mental health burden. We 

also found that individuals who reported changes in their sleep patterns were more likely 

to present with symptoms of anxiety during the pandemic in Canada. The association 

between poor sleep quality and anxiety is well-established,35 and has been documented 

during the COVID-19 pandemic in Canada and worldwide.36,37 As the pandemic 

progresses and affects people around the globe, more resources will be needed to help 

people with sleep disturbances. Furthermore, individuals with a previous mental health 

diagnosis or treatment within the past 12 months were more likely to have a positive 

screen for anxiety at the time of the survey. The ongoing concerns and challenges related 

to the pandemic, as well as the decline in access to care at the beginning of the pandemic, 

may have led to more severe psychological impacts in people with pre-existing 

psychiatric conditions than those without a pre-existing condition.38 Just as we have seen 

a rise in the incidence rates of anxiety during the pandemic, individuals with pre-existing 
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anxiety in Canada have experienced clinically significant worsening of these symptoms, 

suggesting the need for urgent interventions in this population.38  

The frequency of unhealthy lifestyle behaviours in this study was detected using 

the SMILE-C scale, which is an instrument specifically designed to identify unhealthy 

patterns during the COVID-19 pandemic using a multidimensional approach.24 The 

importance of lifestyle domains in relation to mental health has traditionally been 

evaluated through separate assessments for each individual domain, such as the Food 

Frequency Questionnaire,39 International Physical Activity Questionnaire,40 and the 

Pittsburgh Sleep Quality Index,41 to name a few. However, the fast-growing perspective 

of lifestyle medicine implies that the combined focus on different lifestyle behaviours 

could have a greater effect on prevention and treatment of psychiatric symptoms and 

disorders.42,43 Domains included in the SMILE-C scale are considered to be modifiable 

factors that have the potential to improve both physical and mental well-being, as well as 

possibly prevent the onset of common mental health disorders.44 Considering the sudden, 

distressing changes of various lifestyle areas during the COVID-19 confinement period, a 

multidimensional approach to lifestyle assessment could help us better understand the 

combined effect of various unhealthy behaviours on the appearance of psychological 

symptoms in the general population.  

Findings from this study should be interpreted considering some limitations. The 

cross-sectional design of the study limits our ability to attribute the symptoms of 

depression and anxiety to the unhealthy lifestyle behaviours indicated by the SMILE-C. 

However, an association between these variables is suggested. Also, considering that the 
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collection of data was completed using a web-survey, and the sample was not 

probabilistic, any generalization of the results must be made with caution. For instance, 

our sample consisted predominantly of older adults (median age 62), unemployed 

individuals, and females, which is not representative of the general population of Canada 

and could potentially impact the interpretation of the findings. Lastly, the assessment of 

psychological symptoms was completed using self-report screening tests such as the 

PHQ-2 and GAD-7; the replication of this data using a structured clinical interview is 

encouraged.  

3.4.1 Conclusion 

This is the first study to examine the association between lifestyle behaviours and 

symptoms of common mental disorders during the COVID-19 pandemic in Canada. Our 

findings revealed an association between self-reported unhealthy lifestyle behaviours and 

positive screenings for symptoms of depression and anxiety during the COVID-19 

lockdown period in Canada. These findings are concurrent with reports from various 

parts of the world, further demonstrating the global importance of the relationship 

between lifestyle and mental health challenges during the COVID-19 pandemic. In 

addition, the multidimensional approach to lifestyle assessments and treatments is 

gaining attraction and becoming more frequent along with the field of lifestyle medicine. 

Unhealthy behaviours in different lifestyle domains tend to cluster and have a cumulative 

effect on the mental well-being of a person,45 however, most epidemiological studies to 

date have considered unhealthy behaviours as independent risk factors of mental health 

disorders. Therefore, it is important to raise awareness and educate the public, as well as 
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healthcare providers, on the significance of cumulative, modifiable, lifestyle factors for 

population mental health, especially during the ongoing pandemic.46–48 Findings from this 

study highlight the need for developing targeted approaches to promote healthy lifestyles, 

which could help in reducing the burden of common mental disorders in Canada and 

worldwide. 
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3.7 Figures and Tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1A: Mean SMILE-C scores categorized based on screening for depression. 

Legend: SMILE-C: Short Multidimensional Inventory Lifestyle Evaluation - Confinement 
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Figure 1B: Mean SMILE-C scores categorized based on screening for anxiety. 

Legend: SMILE-C: Short Multidimensional Inventory Lifestyle Evaluation - Confinement 
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Table 1: Sociodemographic and clinical characteristics of the total sample.  

 

  Total (n=404) 

Sex  

Female 339 (83.9%) 

Male 65 (16.1%) 

Age  

18-61 196 (48.5%) 

62 or more 208 (51.5%) 

 

Educational Attainment  

Elementary/High School 94 (23.3%) 

College/University 258 (63.9%) 

Graduate School 52 (12.9%) 

 

People in the household  

1 106 (26.2%) 

2 or 3 236 (58.4%) 

4 to 9 61 (15.1%) 

 

Working  

No 258 (63.9%) 

Yes 127 (31.4%) 

Lost job during the pandemic 19 (4.7%) 

 

Essential worker (Yes) 33 (8.2%) 

Frontline worker (Yes) 15 (3.7%) 

 

Studying (Yes) 42 (10.4%) 

 

Self-isolated (Yes) 60 (14.9%) 

 

Lost someone in the pandemic (Yes) 22 (5.4%) 
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Chronic disease*  173 (42.8%) 

 

Mental Health Disorder*  111 (27.4%) 

 

Infectious Disease*  2 (0.5%) 

 

Self-rated health (Good/Very good) 248 (61.4%) 

Changed dietary habits during the 

pandemic (Yes) 129 (31.9%) 

Changed substance use habits during 

the pandemic (Yes) 27 (6.7%) 

Changed physical activity routine 

during the pandemic (Yes) 202 (50.0%) 

Changed stress management 

strategies during the pandemic (Yes) 142 (35.1%) 

Changed sleep pattern during the 

pandemic (Yes) 111 (27.5%) 

Changes in social support during the 

pandemic (Yes) 191 (47.3%) 

Changed indoor/outdoor time 

pattern during the pandemic (Yes) 233 (57.7%) 

 

SMILE-C (Mean, S.D.) 80.65 (S.D. 8.53) 

* = Yes, diagnosed/treated within the last 12 months 
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Table 2: Sociodemographic and clinical variables based on presence of depression. 

 Depression Screen 

p-value 

  

Yes 

(n= 97) 

No 

(n= 302) 

Sex   0.134 

Female 77 (79.4%) 259 (85.8%)  

Male 20 (20.6%) 43 (14.2%)  

Age   <0.001 

18-61 66 (68.0%) 130 (43.0%)  

62 or more 31 (32.0%) 172 (57.0%)  

 

Educational Attainment   0.817 

Elementary/High School 23 (23.7%) 69 (22.8%)  

College/University 60 (61.9%) 196 (64.9%)  

Graduate School 14 (14.4%) 37 (12.3%)  

 

People in the household   0.370 

1 29 (29.9%) 74 (24.6%)  

2 or 3 57 (58.8%) 178 (59.1%)  

4 to 9 11 (11.3%) 49 (16.3%)  

 

Working   0.006 

No 49 (50.5%) 204 (67.5%)  

Yes 40 (41.2%) 87 (28.8%)  

Lost job during the pandemic 8 (8.2%) 11 (3.6%)  

 

Studying (Yes) 11 (11.3%) 31 (10.3%) 0.764 

 

Self-isolated (Yes) 

 

16 (16.7%) 

 

43 (14.2%) 

 

0.560 

 

Lost someone in the pandemic (Yes) 7 (7.2%) 13 (4.3%) 0.253 

 

Chronic disease*  43 (44.3%) 129 (42.7%) 0.780 

    



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

105 
 

Mental Health Disorder*  43 (44.3%) 67 (22.2%) <0.001 

 

Infectious Disease*  0 2 (0.7%) 1.000 

 

Self-rated health (Good/Very good)  45 (46.4%) 199 (65.9%) 0.001 

 

Changed dietary habits during the 

pandemic (Yes) 42 (43.3%) 87 (28.8%) 0.008 

Changed substance use habits during 

the pandemic (Yes) 12 (12.4%) 15 (5.0%) 0.011 

Changed physical activity routine 

during the pandemic (Yes) 56 (57.7%) 142 (47.0%) 0.061 

Changed stress management 

strategies during the pandemic (Yes) 35 (36.1%) 105 (34.8%) 0.795 

Changed sleep pattern during the 

pandemic (Yes) 40 (41.2%) 68 (22.5%) <0.001 

Changes in social support during the 

pandemic (Yes) 63 (64.9%) 125 (41.4%) <0.001 

Changed indoor/outdoor time 

pattern during the pandemic (Yes) 64 (66.0%) 167 (55.3%) 0.064 

 

SMILE-C (Mean, S.D.) 73.65 (S.D. 8.12) 82.85 (S.D. 7.28) <0.001 

* = Yes, diagnosed/treated within the last 12 months 
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Table 3: Sociodemographic and clinical variables based on presence of anxiety. 

 Anxiety Screen 

p-value 

  

Yes 

(n= 80) 

No 

(n= 310) 

Sex   0.260 

Female 64 (80.0%) 264 (85.2%)  

Male 16 (20.0%) 46 (14.8%)  

Age   <0.001 

18-61 57 (71.3%) 135 (43.5%)  

62 or more 23 (28.8%) 175 (56.5%)  

 

Educational Attainment   0.136 

Elementary/High School 25 (31.3%) 65 (21.0%)  

College/University 47 (58.8%) 203 (65.5%)  

Graduate School 8 (10.0%) 42 (13.5%)  

 

People in the household   0.231 

1 16 (20.0%) 83 (26.9%)  

2 or 3 54 (67.5%) 176 (57.0%)  

4 to 9 10 (12.5%) 50 (16.2%)  

 

Working   0.022 

No 42 (52.5%) 205 (66.1%)  

Yes 31 (38.8%) 95 (30.6%)  

Lost job during the pandemic 7 (8.8%) 10 (3.2%)  

 

Studying (Yes) 9 (11.3%) 32 (10.3%) 0.809 

 

Self-isolated (Yes) 13 (16.5%) 46 (14.8%) 0.721 

 

Lost someone in the pandemic (Yes) 3 (3.8%) 18 (5.8%) 0.654 

 

Chronic disease*  36 (45.0%) 130 (41.9%) 0.621 

 

Mental Health Disorder*  43 (53.8%) 65 (21.0%) <0.001 
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Infectious Disease*  1 (1.3%) 1 (0.3%) 0.875 

 

Self-rated health (Good/Very good) 37 (46.3%) 202 (65.2%) 0.002 

 

Changed dietary habits during the 

pandemic (Yes) 34 (42.5%) 92 (29.7%) 0.029 

Changed substance use habits during 

the pandemic (Yes) 9 (11.3%) 17 (5.5%) 0.063 

Changed physical activity routine 

during the pandemic (Yes) 40 (50.0%) 154 (49.7%) 0.920 

Changed stress management 

strategies during the pandemic (Yes) 25 (31.3%) 113 (36.5%) 0.425 

Changed sleep pattern during the 

pandemic (Yes) 38 (47.5%) 68 (21.9%) <0.001 

Changes in social support during the 

pandemic (Yes) 50 (62.5%) 132 (42.6%) 0.001 

Changed indoor/outdoor time 

pattern during the pandemic (Yes) 48 (60.0%) 175 (56.5%) 0.567 

 

SMILE-C (Mean, S.D.) 73.63 (S.D. 8.25) 82.46 (S.D. 7.63) <0.001 

* = Yes, diagnosed/treated within the last 12 months 
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Table 4: Multivariable logistic regression examining the associations between depression and sociodemographic variables (n = 

365). 

  Depression  

  Multivariable Adjusted  

 Variable  OR 95% CI p-value 

Age     

 62 or more 1   

 18 to 61 2.64 1.464 to 4.762 0.001 

Changes in social 

support during the 

pandemic 

 

   

 No 1   

 Yes 2.909 1.613 to 5.245 <0.001 

 

SMILE-C 

 

0.859 0.824 to 0.896 <0.001 

Legend: OR: Odds Ratio; CI: Confidence Interval.  
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Table 5: Multivariable logistic regression examining the associations between anxiety and sociodemographic variables (n = 

355). 

  Anxiety  

  Multivariable Adjusted  

 Variable  OR 95% CI p-value 

 

Age 

 

   

 62 or more 1   

 18 to 61 2.575 1.342 to 4.940 0.004 

 

Mental Health 

Disorder*  

 

   

 No 1   

 Yes 2.707 1.453 to 5.046 0.002 

Changed sleep pattern 

during the pandemic 

 

   

 No 1   

 Yes 2.311 1.219 to 4.382 0.010 

Changes in social 

support during the 

pandemic (Yes) 

 

   

 No 1   

 Yes 2.112 1.113 to 4.007 0.022 

 

SMILE-C 

 

0.887 0.851 to 0.925 <0.001 

Legend: OR: Odds Ratio; CI: Confidence Interval. * = Yes, diagnosed/treated within the last 12 months 
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Abstract 

 

Background: Modifiable lifestyle behaviours are important factors for improving mental 

health, yet there has been a lack of research studying lifestyle as a multidimensional 

construct in bipolar disorder (BD). The aim of this cross-sectional study was to compare 

the lifestyle patterns of individuals with BD in a current mood episode with healthy 

controls (HC) using the Short Multidimensional Inventory Lifestyle Evaluation (SMILE).  

Materials and Methods: The sample consisted of 46 individuals with BD currently 

experiencing a depressive, manic, or mixed episode and 50 HC, assessed using the MINI 

International Neuropsychiatric Interview, Montgomery-Asberg Depression Rating Scale 

(MADRS), and the Young Mania Rating Scale (YMRS). The SMILE scale assesses 

lifestyle across seven domains: diet and nutrition, substance abuse, physical activity, 

stress management, restorative sleep, social support, and environmental exposures. 

Between-groups comparisons were performed based on the presence of a psychiatric 

diagnosis and the type of BD episode.  

Results: We found significant differences in the total SMILE score (r=0.75, p<0.001) 

and in scores from each domain of the scale between BD and HC (p<0.05), where 

individuals with BD in a depressive or manic/mixed episodes reported worse lifestyle 

across all domains. Differences between individuals with BD in different mood episodes 

across domains on the SMILE scale were non-significant.  

Conclusion: Findings from this study highlight the presence of unhealthy lifestyle 

patterns in people with BD regardless of the polarity of their mood episode. 
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Implementation of multidimensional lifestyle assessments is an essential step towards 

detecting the clustering of unhealthy lifestyle patterns in BD.  

Keywords: lifestyle, bipolar disorder, depressive, manic, mixed, mood episode. 
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4.1 Introduction 

 Bipolar disorder (BD) is a severe psychiatric disorder, with an estimated annual 

prevalence rate of 2% worldwide.1 BD is associated with severe functional impairments 

in work, family and social settings, as well as with a lower quality of life across all mood 

states.2,3 The accumulating evidence on challenges in everyday functioning of people 

with BD,4 along with the high comorbidity rates with other physical and mental health 

disorders,5 has raised awareness to the burden of BD and the immediate need for 

effective strategies to reduce it.6 

 There is growing interest in the field of Lifestyle Medicine (LM), an area of 

medicine that focuses on improving everyday lifestyle behaviours using evidence-based 

strategies in order to prevent and intervene on the progression of chronic physical and 

mental health challenges.7 Unhealthy behaviours in different areas of everyday life can 

aggregate and have a detrimental cumulative effect on short and long-term health 

outcomes, such as cardiovascular complications, respiratory diseases, and the risk of 

mortality.8–10 Lifestyle Psychiatry (LP) is a subspecialty of LM focused on the 

application of preventive and treatment strategies for mental illnesses following the LM 

guidelines.11 Recognizing the importance of lifestyle factors for mental health has lagged 

behind other subspecialties of medicine, although recent reports have shed light on the 

significance of these factors for reducing the burden of mental disease.12 For many years, 

different lifestyle areas have been regarded as independent risk factors for mental 

disorders. However, the fast-growing area of LP suggests a multidimensional focus on 

lifestyle behaviours for achieving a significant improvement of mental health outcomes.11 
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According to the American College of Lifestyle Medicine (ACLM), there are six main 

areas to be targeted: diet, physical activity, avoiding substance use, restorative sleep, 

stress management, and social support.13  

 There is evidence showing the close association of symptoms and clinical 

outcomes of BD with unhealthy behaviours.12 Unhealthy behaviours related to dietary 

patterns,14 physical activity levels,15 substance abuse,16 sleep quality,17 chronic stress 

management,18 and social support19 are each linked to poorer clinical outcomes in BD, 

such as metabolic and cardiovascular diseases, and increased risk of mortality. To date, 

majority of lifestyle assessments and interventions for BD have been directed to a single 

lifestyle domain at a time. However, following recent suggestions from the ACLM and 

findings related to lifestyle and mental health,20,21 supported by evidence from the field of 

LP, a multidimensional approach can help better understand the various lifestyle areas 

affected in people with BD, and the clustering of unhealthy behaviours. Moreover, people 

suffering from BD may need help in different lifestyle areas depending on the current 

mood state they are experiencing. Hence, an approach that takes into account the 

multidimensional nature of lifestyle and its likely changes across clinical mood states can 

pave the way for more personalized, tailored lifestyle interventions to improve the 

clinical and functional outcomes of individuals suffering from severe mental health 

conditions, such as BD.  

 Therefore, the aim of this study was to compare the lifestyle patterns between 

people with BD in a current mood episode and healthy controls using a multidimensional 

lifestyle assessment. We also aim to compare the seven lifestyle domains (diet and 
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nutrition, substance abuse, physical activity, stress management, restorative sleep, social 

support, and environmental exposures) across people with BD in different mood states. 

4.2 Methods 

 

4.2.1 Study Design and setting 

This is a cross-sectional study conducted between October 2021 and July 2022 as 

part of a larger, cross-sectional study validating a new questionnaire evaluating emotional 

states in people with BD in a current mood episode. Study interviews were administered 

at the Mood Disorders Clinic in St. Joseph’s Healthcare Hamilton (SJHH) in Hamilton, 

Canada, or using online video platforms, such as Zoom. Depending on the current 

COVID-19 restrictions at SJHH and the preference of interested participants, the 

screening process and data collection were conducted either in-person or remotely. The 

study was approved by the Hamilton Integrated Research Ethics Board (HiREB) under 

protocol #8193. 

4.2.2 Participants 

Potential participants that were 18 and older were invited for an interview to 

determine their eligibility for the study according to the inclusion and exclusion criteria, 

which differed for the BD and HC groups. Participants from the BD and HC groups were 

matched by age and sex at the time of recruitment. For the current study, the inclusion 

criteria for BD were 1) a diagnosis of BD according to DSM-5 criteria using the Mini 

International Neuropsychiatric Interview (MINI),22 and 2) currently experiencing a 

depressive, (hypo)manic, or mixed episode according to the MINI. Exclusion criteria for 
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the BD group were 1) severe psychotic symptoms, determined according to the presence 

of current psychotic symptoms on the MINI and the severity of these symptoms based on 

clinical judgment, (2) severe suicide risk, indicated by a score of ≥ 17 on the suicidality 

module of the MINI, and (3) severe cognitive disability that could impact on their 

understanding of the assessments based on clinical judgment. In contrast, inclusion 

criteria for healthy controls were 1) absence of any psychiatric diagnosis according to the 

MINI for DSM-5, and 2) did not demonstrate any severe cognitive disability that could 

impact their understanding of the assessments based on clinical judgment. The study was 

advertised using paper flyers in the community, as well as online advertisements posted 

on advertising websites and social media outlets (Facebook, Instagram, Reddit, and 

Kijiji). After receiving verbal and written information about the study, all participants 

provided informed consent prior to the screening interview. Assessments consisted of a 

diagnostic interview, clinical assessments of current mood state, and lifestyle 

assessments.  

4.2.3 Measurements 

 Demographic information was collected for all participants, which included 

questions regarding the individual’s age, sex, years of education, highest educational 

degree attained, and current occupational status (working/studying). In this study, we 

only included sociodemographic variables that were assessed in the larger study based on 

previous validation studies. 
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4.2.3.1  Clinical Assessments 

All clinical assessments were conducted by a trained PhD candidate with 

extensive data collection experience using these instruments.  

The MINI was used to evaluate for the presence of psychiatric diagnosis 

according to the DSM-5.22 For the purpose of the current study, participants in the BD 

group had to satisfy the criteria for BD, as well as the criteria for a current depressive 

and/or (hypo)manic episode according to the MINI. In contrast, participants in the HC 

group were eligible if they did not have a positive screening on any module on the MINI. 

Presence of psychotic symptoms and suicide risk was also assessed using the MINI.  

The Montgomery-Åsberg Depression Rating Scale (MADRS) was used to 

evaluate the severity of current depressive symptoms.23 The MADRS consists of 10 items 

that are rated from 0 to 6, evaluating features related to a depressive state within the past 

week (e.g., sadness, lassitude, pessimism, etc.). The 10 items combine for a total score 

between 0 and 60. The cut-off score of ≥ 7 for a current depressive episode was an 

inclusion criterion in the larger study.24 

The Young Mania Rating Scale (YMRS) was used to evaluate the severity of 

current (hypo)manic symptoms.25 The YMRS is an 11-item scale used to assess the 

severity of (hypo)manic symptoms within the past week. There are 4 items graded on a 0 

to 8 scale, and 7 items graded on a 0 to 4 scale, each one assessing a different feature 

associated with a manic mood state (e.g. irritability, motor activity, decreased need for 

regular sleep, etc.). The 11 items combine for a total score between 0 and 60. The cut-off 
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score of ≥ 7 for a current (hypo)manic episode was an inclusion criterion in the larger 

study.26,27 

Participants were considered to be in a current depressive episode if they satisfied 

the current depressive episode, but not the current (hypo)manic episode criteria on the 

MINI. Likewise, participants were regarded as currently experiencing a (hypo)manic 

episode if they satisfied those criteria, but not the criteria for a depressive episode on the 

MINI. Participants that satisfied the criteria for both depressive and (hypo)manic episode 

were considered to be experiencing a mixed episode. We grouped manic and mixed states 

together as there were only 9 participants exclusively in a manic state. 

4.2.3.2 Lifestyle Assessments 

Lifestyle in the previous 30-days was assessed using the Short Multidimensional 

Inventory Lifestyle Evaluation (SMILE).20 The SMILE is comprised of 43 items 

evaluating 7 different lifestyle domains: diet and nutrition, substance abuse, physical 

activity, stress management, restorative sleep, social support, and environmental 

exposures. Response options are measured on a 4-point Likert scale (always, often, 

seldom, never), resulting in a maximum possible score of 172 (noting that some questions 

are reverse-scored). In addition, we considered scores on each domain individually for 

subanalysis of differences between the groups. Higher scores on the total SMILE scores, 

as well as on the diet and nutrition (7-28), substance abuse (4-16), physical activity (4-

16), stress management (9-36), restorative sleep (5-20), social support (10-40), and 

environmental exposures (4-16) domains indicated healthier lifestyle.  
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4.2.4 Statistical Analysis 

The data were collected directly on REDCap, a secure web platform for collection 

and storage of data.28 After, the data were transferred to SPSS v.28.0 where the statistical 

analyses were performed.29 We tested the normality of continuous variables using the 

Shapiro-Wilk test for normality.30 To describe the sample characteristics between the two 

groups, HC vs BD, we performed chi-square and Mann-Whitney U tests, for categorical 

variables and nonparametric continuous data, respectively. We also performed a Mann-

Whitney U test to analyze these two groups on the total SMILE scores. We used a non-

parametric test for the bivariate analysis because the distribution of the outcome (SMILE 

scores) was asymmetric. We used Student’s t-test for the comparisons of the domains 

with normal distributions of the scores, and Mann-Whitney U test for the comparisons 

with asymmetric distribution of the scores. We created two box plot graphs using the 

Prism GraphPad v.9 to demonstrate the findings of the comparison between HC and BD, 

and the comparison between HC, BD in a depressive episode, and BD in a manic/mixed 

episode across the different SMILE domains (Figures 1 and 2). We also calculated effect 

size of the differences between the groups using r values for nonparametric comparisons 

and Cohen’s d for parametric comparisons. We calculated the post hoc statistical power 

of the main comparison using Epi InfoTM. Multivariate linear regression was performed 

to evaluate the effect of independent factors (predictors) on the SMILE score. The 

analyses included variables that presented an association of p<0.20 with the outcome 

(SMILE scores). We did not include the ‘highest degree of education’ variable in this 

analysis, as it measures the same construct as the years of education variable. The final 
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model was reached using a manual stepwise removal of each non-statistically significant 

variable. Furthermore, we compared total scores on the SMILE scale, as well as scores 

for each domain of the SMILE across HCs, BD in a current depressive episode, and BD 

in a current manic/mixed episode. Significance for all comparisons was set at p<0.05. 

4.3 Results 

4.3.1 Sample Characteristics and group differences 

The total sample of this study consisted of 96 participants (46 BD and 50 HC). 

The sociodemographic characteristics of the sample are described in Table 1. There were 

no significant differences between groups regarding sex (p=0.957) or age (p=0.445). 

Consistent with the well-known educational and occupational burden of BD, the HC 

group had completed significantly more years of education (p<0.001), attained a higher 

educational degree (p < 0.001), and were more likely to be working/studying (88.0%) at 

the time of assessment than the BD group (60.9%, p = 0.002). The groups also differed in 

scores on the clinical assessments, as expected. The HC group had significantly lower 

median scores on the MADRS (2.0, IQR: 0 – 3.0) and on the YMRS (1.0, IQR: 0 – 2.0) 

than the BD group (MADRS: 24.0, IQR: 20.0 – 30.5, p < 0.001; YMRS: 8.5, IQR: 2.75 – 

17.5, p < 0.001).  

4.3.2 Lifestyle across diagnostic groups 

Our analysis revealed significant differences with a large effect size on the total 

SMILE score between the HC (median: 133.5 [IQR: 125.75 – 141.25]) and BD (median: 

103.5 [IQR: 95.0 - 114.25], r = 0.75, p<0.001) groups (Figure 1). The post hoc statistical 

power for the comparison between BD and HC was 100%. These differences indicate a 
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significantly worse lifestyle among individuals with BD than healthy controls. 

Furthermore, our analysis revealed significantly lower scores in BD in comparison to HC 

with a large effect size across all domains on the SMILE scale:  

• Diet and nutrition (BD: median: 17.5 [IQR: 14.75 – 20.0], HC: median: 

22.0 [IQR: 19.0 – 23.0], r = 0.53, p<0.001)  

• Substance use (BD: median: 13.0 [IQR: 12.0 – 16.0], HC: median: 16.0 

[IQR: 15.0 – 16.0], r = 0.45, p<0.001) 

• Physical activity (BD: median: 8.0 [IQR: 7.0 – 9.0], HC: median: 11.0 

[IQR: 9.0 – 12.0], r = 0.53, p<0.001)  

• Stress management (BD: mean: 19.3 (+/- 4.07), HC: mean: 26.58 (+/- 

4.01), Cohen’s d = 1.87, p<0.001)  

• Sleep (BD: median: 12.0 [IQR: 10.0 – 13.0], HC: median: 15.0 [IQR: 14.0 

– 17.0], r = 0.63, p<0.001)  

• Social support (BD: median: 26.5 [IQR: 22.0 – 29.0], HC: median: 34.0 

[IQR: 30.0 – 37.0], r = 0.66, p<0.001) 

• Environmental exposures (BD: mean: 8.48 (+/- 2.04), HC: mean: 10.28 

(+/- 2.23), Cohen’s d = 0.85, p<0.001).  

In the final adjusted linear regression model, we included years of education, current 

working/studying status, and diagnosis (HC or BD) as predictors of SMILE scores. After 

the removal of the least significant factor in the model (currently working/studying), we 

performed another linear regression with years of education and SMILE scores. Years of 
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education was also non-significant in the model, and after the removal of this factor, 

diagnosis (HC/BD) remained as the only significant predictor of total SMILE scores, 

where a diagnosis of BD was predictive of worse scores on the SMILE. The multivariate 

linear regression models are presented in Supplementary Material 1. 

4.3.3 Lifestyle across mood states 

For the analysis of scores on the SMILE scale across different mood states, we 

included 26 participants in a depressive state, 20 participants in a manic/mixed state 

(manic = 9, mixed = 11), and 50 healthy controls. In addition to the total SMILE scores, 

we analyzed the scores of the 7 subdomains of the SMILE scale across the 3 groups 

(Table 2, Figure 2). Once again, participants in both BD groups had significantly lower 

median scores on the total SMILE scale, as well as all 7 subdomains of the scale than HC 

(p < 0.05). In contrast, BD in a depressive episode and BD in a manic/mixed episode did 

not show any differences in total SMILE scores or in any of the subdomains of the scale.  

4.4 Discussion 

To our knowledge, this is the first cross-sectional study evaluating differences in 

lifestyle between healthy individuals and people with BD in a current mood episode, 

using a multidimensional lifestyle approach based on contemporary notions of lifestyle. 

Our findings revealed significantly healthier lifestyle across all domains in healthy 

controls in comparison to BD in a current depressive, manic, or mixed state. Regardless 

of the type of mood episode they were experiencing, people with BD reported unhealthier 

lifestyle than age and sex-matched healthy individuals. Intriguingly, individuals with BD 
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reported worse lifestyle across all domains on the scale, suggesting that all areas of their 

everyday life are affected during mood episodes.  

Our findings are in line with previous reports suggesting differences between BD 

and healthy individuals on these lifestyle domains. In comparison to healthy controls, 

individuals with BD have showed unhealthier dietary patterns and increased intake of 

obesogenic nutrients,31–33 significantly lower physical activity and higher rates of 

sedentary behaviour,34 and higher rates of sleep-wake and circadian rhythm 

disruptions.35,36 Moreover, previous findings have also suggested the reduced use of 

adaptive coping strategies (such as stress management techniques and social 

relationships) and increased use of maladaptive coping strategies (such as substance 

abuse) in individuals with BD in comparison to healthy controls.37 There is evidence that 

unhealthy lifestyles such as low physical activity and poor sleep quality may further 

compound the neurocognitive dysfunction associated with BD and may cumulatively 

aggravate the social and occupational disability of these patients.38  

Furthermore, the clustering of unhealthy lifestyle behaviours across different 

areas, such as unhealthy eating, physical activity, and substance use patterns, has been 

associated with an increased risk of depressive symptoms, higher levels of psychological 

distress, lower vitality, and lower quality of life.39–43 The patterns in different areas of 

everyday life are intertwined and dependent on each other, and the formation of 

unhealthy habits can lead to detrimental effects on the individual’s physical and mental 

well-being. Importantly, our analysis highlights the clustering of unhealthy lifestyle 

domains across individuals with BD in depressive, manic, and mixed episodes. 
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Importantly, previous findings have also suggested the presence of unhealthy behaviours 

in euthymic individuals with BD, such as unhealthy dietary patterns, physical inactivity, 

hindered personal relationships, and sleep disturbances.44–47  

The implementation of a multidimensional lifestyle assessment is very important 

for both detecting the clustering of unhealthy behaviours in everyday life routines of 

individuals with BD in any mood state and developing more informed and personalized 

lifestyle-based interventions. Of note, all lifestyle behaviours are modifiable, and 

growing evidence supports that multimodal strategies targeting exercise, nutrition and 

wellness are feasible and effective to improve mental and somatic health in individuals 

with BD.48,49 The clustering of unhealthy behaviours from different domains may lead to 

more severe clinical trajectories and increase the rates of physical and mental health 

comorbidities with BD. The main lifestyle areas, as recognized by LP, are deemed to be 

“modifiable” domains, with assessments and subsequent interventions in these domains 

showing promising results for improving mental health outcomes and reducing the 

burden of these disorders.11 A multidimensional approach to evaluating lifestyle 

behaviours in BD should be implemented in the clinical setting, as it allows for a more 

detailed assessment of the person’s everyday behaviours and the complex interactions 

between these behaviours and symptoms of BD, which would be an essential step 

towards developing more personalized, tailored interventions for improving clinical 

outcomes and quality of life in individuals with BD. 
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4.4.1 Limitations 

Findings from our study should be interpreted considering some limitations. 

Considering that this cross-sectional study was part of a larger study designed to validate 

an emotional reactivity scale in people with BD in a current mood episode, we did not 

include any data of euthymic individuals with BD, which would be helpful for 

understanding whether unhealthy lifestyles are associated to the disorder even when 

individuals are asymptomatic. Furthermore, 37 out of the 46 individuals in the BD group 

had a positive screening for a depressive episode, which prevented us from including a 

manic only group in our analysis and led to the grouping of individuals in a manic and 

mixed state. Also, our sample predominantly consisted of females, although this could be 

explained by the higher prevalence of females than males with BD.6 Lastly, we did not 

collect information regarding the socio-economic status, current medications use of 

participants, comorbid medical conditions and other psychiatric disorders which may be 

related to the observed behaviours on some of the SMILE domains. Despite these 

limitations, this is the first cross-sectional study to compare lifestyle across healthy 

individuals and people with BD in different mood episodes using a multidimensional 

approach based on contemporary notions of lifestyle. 

4.4.2 Conclusion 

Findings from this study confirm the association between multidimensional 

unhealthy lifestyle behaviours and symptomatic people with BD. Furthermore, this 

association is present across multiple areas of lifestyle, an important consideration for the 

onset and progression of physical and psychiatric comorbidities in BD. There is a strong 
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need for future research on implementing a multidimensional approach to lifestyle 

assessments in BD across all mood states of the disorder, including euthymia, and 

evaluating the clustering of unhealthy lifestyle behaviours across different areas of 

everyday life that could potentially lead to worse clinical and functional outcomes for the 

affected individuals.  

 

4.5 Conflict of interest: 

MS, TAC, BNF, LM, RDB, and FK have nothing to disclose. 

VB-M has been a consultant, advisor or Continuing Medical Education (CME) speaker 

over the last 3 years for the following companies: Angelini, Lundbeck, and Nutrición 

Médica, all of them unrelated to the present work. FK has been a consultant for Janssen - 

Johnson & Johnson, unrelated to the present work. 

4.6 Acknowledgments  

The authors thank all the participants involved in this study. Dr. de Azevedo Cardoso 

acknowledges her postdoctoral fellowship from the Canadian Institutes of Health 

Research (CIHR). 

4.7 Role of Funding 

This research received no specific grant from any funding agency in the public, 

commercial, or not-for-profit sectors. 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

127 
 

4.8 References 

 

1. Carvalho AF, Firth J, Vieta E. Bipolar disorder. New England Journal of 

Medicine. 2020;383:58-66. 

2. Michalak EE, Yatham LN, Lam RW. Quality of life in bipolar disorder: a review 

of the literature. Health and quality of life outcomes. 2005;3:1-17. 

3. Sanchez-Moreno J, Martinez-Aran A, Tabarés-Seisdedos R, Torrent C, Vieta E, 

Ayuso-Mateos JL. Functioning and disability in bipolar disorder: an extensive review. 

Psychotherapy and psychosomatics. 2009;78:285-97. 

4. Henry BL, Minassian A, Perry W. Everyday functional ability across different 

phases of bipolar disorder. Psychiatry research. 2013;210:850-6. 

5. Krishnan KRR. Psychiatric and medical comorbidities of bipolar disorder. 

Psychosomatic medicine. 2005;67:1-8. 

6. Ferrari AJ, Stockings E, Khoo J-P, Erskine HE, Degenhardt L, Vos T, et al. The 

prevalence and burden of bipolar disorder: findings from the Global Burden of Disease 

Study 2013. Bipolar disorders. 2016;18:440-50. 

7. Rippe JM. Lifestyle medicine. CRC Press; 2019. 

8. Loef M, Walach H. The combined effects of healthy lifestyle behaviours on all 

cause mortality: a systematic review and meta-analysis. Preventive medicine. 

2012;55:163-70. 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

128 
 

9. Nyberg ST, Singh-Manoux A, Pentti J, Madsen IE, Sabia S, Alfredsson L, et al. 

Association of healthy lifestyle with years lived without major chronic diseases. JAMA 

internal medicine. 2020;180:760-8. 

10. Wu M, Wang J, Zhu Y, Lu J, Li D, Yu Z, et al. Impact of individual and 

combined lifestyle factors on mortality in china: a cohort study. American Journal of 

Preventive Medicine. 2020;59:461-8. 

11. Firth J, Ward PB, Stubbs B. Lifestyle psychiatry. Frontiers in psychiatry. 

2019;10:597. 

12. Firth J, Solmi M, Wootton RE, Vancampfort D, Schuch FB, Hoare E, et al. A 

meta-review of “lifestyle psychiatry”: the role of exercise, smoking, diet and sleep in the 

prevention and treatment of mental disorders. World Psychiatry. 2020;19:360-80. 

13. Katz DL, Karlsen MC. The need for a whole systems approach to evidence 

evaluation: an update from the American College of Lifestyle Medicine. The Journal of 

Alternative and Complementary Medicine. 2019;25:S19-20. 

14. Gabriel FC, Oliveira M, Martella BDM, Berk M, Brietzke E, Jacka FN, et al. 

Nutrition and bipolar disorder: a systematic review. Nutritional Neuroscience. 2022:1-15. 

15. Vancampfort D, Firth J, Schuch F, Rosenbaum S, De Hert M, Mugisha J, et al. 

Physical activity and sedentary behaviour in people with bipolar disorder: a systematic 

review and meta-analysis. Journal of affective disorders. 2016;201:145-52. 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

129 
 

16. Messer T, Lammers G, Müller-Siecheneder F, Schmidt R-F, Latifi S. Substance 

abuse in patients with bipolar disorder: A systematic review and meta-analysis. 

Psychiatry research. 2017;253:338-50. 

17. Gruber J, Miklowitz DJ, Harvey AG, Frank E, Kupfer D, Thase ME, et al. Sleep 

matters: sleep functioning and course of illness in bipolar disorder. Journal of affective 

disorders. 2011;134:416-20. 

18. Kim EY, Miklowitz DJ, Biuckians A, Mullen K. Life stress and the course of 

early-onset bipolar disorder. Journal of affective disorders. 2007;99:37-44. 

19. Johnson L, Lundström O, Åberg-Wistedt A, Mathé AA. Social support in bipolar 

disorder: its relevance to remission and relapse. Bipolar Disorders. 2003;5:129-37. 

20. Balanzá-Martínez V, Kapczinski F, de Azevedo Cardoso T, Atienza-Carbonell B, 

Rosa AR, Mota JC, et al. The assessment of lifestyle changes during the COVID-19 

pandemic using a multidimensional scale. Revista de psiquiatria y salud mental. 

2021;14:16-26. 

21. De Boni RB, Balanzá-Martínez V, Mota JC, Cardoso TDA, Ballester P, Atienza-

Carbonell B, et al. Depression, Anxiety, and Lifestyle Among Essential Workers: A Web 

Survey From Brazil and Spain During the COVID-19 Pandemic. Journal of medical 

Internet research. 2020;22:e22835. 

22. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al. 

The Mini-International Neuropsychiatric Interview (MINI): the development and 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

130 
 

validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. 

Journal of clinical psychiatry. 1998;59:22-33. 

23. Davidson J, Turnbull CD, Strickland R, Miller R, Graves K. The Montgomery-

Åsberg Depression Scale: reliability and validity. Acta psychiatrica scandinavica. 

1986;73:544-8. 

24. Müller MJ, Himmerich H, Kienzle B, Szegedi A. Differentiating moderate and 

severe depression using the Montgomery–Åsberg depression rating scale (MADRS). 

Journal of affective disorders. 2003;77:255-60. 

25. Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for mania: reliability, 

validity and sensitivity. The British journal of psychiatry. 1978;133:429-35. 

26. Cunha AB, Frey BN, Andreazza AC, Goi JD, Rosa AR, Gonçalves CA, et al. 

Serum brain-derived neurotrophic factor is decreased in bipolar disorder during 

depressive and manic episodes. Neuroscience letters. 2006;398:215-9. 

27. del Mar Bonnin C, Valls E, Rosa AR, Reinares M, Jimenez E, Solé B, et al. 

Functional remediation improves bipolar disorder functioning with no effects on brain-

derived neurotrophic factor levels. European Neuropsychopharmacology. 2019;29:701-

10. 

28. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 

electronic data capture (REDCap)—a metadata-driven methodology and workflow 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

131 
 

process for providing translational research informatics support. Journal of biomedical 

informatics. 2009;42:377-81. 

29. Levesque R. SPSS programming and data management. A guide for SPSS and 

SAS Users. 2007. 

30. Razali NM, Wah YB. Power comparisons of shapiro-wilk, kolmogorov-smirnov, 

lilliefors and anderson-darling tests. Journal of statistical modeling and analytics. 

2011;2:21-33. 

31. Firth J, Stubbs B, Teasdale SB, Ward PB, Veronese N, Shivappa N, et al. Diet as 

a hot topic in psychiatry: a population-scale study of nutritional intake and inflammatory 

potential in severe mental illness. World Psychiatry. 2018;17:365. 

32. Lopresti AL, Jacka FN. Diet and bipolar disorder: a review of its relationship and 

potential therapeutic mechanisms of action. The Journal of Alternative and 

Complementary Medicine. 2015;21:733-9. 

33. Teasdale SB, Ward PB, Samaras K, Firth J, Stubbs B, Tripodi E, et al. Dietary 

intake of people with severe mental illness: systematic review and meta-analysis. The 

British Journal of Psychiatry. 2019;214:251-9. 

34. Vancampfort D, Stubbs B, Sienaert P, Wyckaert S, De Hert M, Soundy A, et al. A 

comparison of physical fitness in patients with bipolar disorder, schizophrenia and 

healthy controls. Disability and Rehabilitation. 2016;38:2047-51. 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

132 
 

35. Mondin TC, Cardoso T de A, Souza LD de M, Jansen K, da Silva Magalhães PV, 

Kapczinski F, et al. Mood disorders and biological rhythms in young adults: A large 

population-based study. J Psychiatr Res. 2017;84:98-104. 

36. Scott J, Etain B, Miklowitz D, Crouse JJ, Carpenter J, Marwaha S, et al. A 

systematic review and meta-analysis of sleep and circadian rhythms disturbances in 

individuals at high-risk of developing or with early onset of bipolar disorders. 

Neuroscience & Biobehavioural Reviews. 2022:104585. 

37. Bridi KPB, Loredo-Souza ACM, Fijtman A, Moreno MV, Kauer-Sant’Anna M, 

Ceresér KMM, et al. Differences in coping strategies in adult patients with bipolar 

disorder and their first-degree relatives in comparison to healthy controls. Trends 

Psychiatry Psychother. 2018;40:318-25. 

38. Van Rheenen TE, Lewandowski KE, Bauer IE, Kapczinski F, Miskowiak K, 

Burdick KE, et al. Current understandings of the trajectory and emerging correlates of 

cognitive impairment in bipolar disorder: An overview of evidence. Bipolar disorders. 

2020;22:13-27. 

39. Conry MC, Morgan K, Curry P, McGee H, Harrington J, Ward M, et al. The 

clustering of health behaviours in Ireland and their relationship with mental health, self-

rated health and quality of life. BMC public health. 2011;11:1-10. 

40. Griffin B, Sherman KA, Jones M, Bayl-Smith P. The clustering of health 

behaviours in older Australians and its association with physical and psychological status, 

and sociodemographic indicators. Annals of Behavioural Medicine. 2014;48:205-14. 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

133 
 

41. Cervera-Martínez J, Atienza-Carbonell B, Mota JC, Bobes-Bascarán T, Crespo-

Facorro B, Esteban C, et al. Lifestyle changes and mental health during the COVID-19 

pandemic: A repeated, cross-sectional web survey. Journal of Affective Disorders. 

2021;295:173-82. 

42. Vermeulen-Smit E, Ten Have M, Van Laar M, De Graaf R. Clustering of health 

risk behaviours and the relationship with mental disorders. Journal of affective disorders. 

2015;171:111-9. 

43. Ye Y, Wang P, Qu G, Yuan S, Phongsavan P, He Q. Associations between 

multiple health risk behaviours and mental health among Chinese college students. 

Psychology, health & medicine. 2016;21:377-85. 

44. \Lojko D, Stelmach-Mardas M, Suwalska A. Diet quality and eating patterns in 

euthymic bipolar patients. Eur Rev Med Pharmacol Sci. 2019;23:1221-38. 

45. Miranda-Pettersen K, Bezerra-Filho S, Pinheiro TB, Oliva-Costa SF, Miranda-

Scippa Â. Is there a relationship between physical activity and residual mood symptoms 

in patients with bipolar I disorder? Mental Health and Physical Activity. 2020;19:100352. 

46. Steinan MK, Krane-Gartiser K, Morken G, Scott J. Sleep problems in euthymic 

bipolar disorders: a review of clinical studies. Current Psychiatry Reviews. 2015;11:235-

43. 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

134 
 

47. Bo Q, Tian L, Li F, Mao Z, Wang Z, Ma X, et al. Quality of life in euthymic 

patients with unipolar major depressive disorder and bipolar disorder. Neuropsychiatr Dis 

Treat. 2019;15:1649-57. 

48. Bauer IE, Galvez JF, Hamilton JE, Balanza-Martinez V, Zunta-Soares GB, Soares 

JC, et al. Lifestyle interventions targeting dietary habits and exercise in bipolar disorder: 

a systematic review. Journal of psychiatric research. 2016;74:1-7. 

49. Sylvia LG, Pegg SL, Dufour SC, Janos JA, Bernstein EE, Chang WC, et al. Pilot 

study of a lifestyle intervention for bipolar disorder: nutrition exercise wellness treatment 

(NEW Tx). Journal of affective disorders. 2019;250:278-83. 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

135 
 

4.9 Figures and Tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Comparison of total SMILE scores between healthy controls (HC) and individuals with bipolar disorder (BD) in a 

current mood episode. Healthy individuals reported significantly higher median scores on the SMILE scale (median: 133.5 

[IQR: 125.75 – 141.25]) than individuals with BD in a current mood episode (median: 104.0 [IQR: 95.0 - 115.0], p<0.001), 

suggesting unhealthier behaviours in individuals with BD.  

Legend: BD = Bipolar Disorder; HC = Healthy Controls; SMILE = Short Multidimensional Inventory Lifestyle Evaluation 
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Figure 2: Comparison of SMILE scores across different lifestyle domains between healthy individuals, individuals with 

bipolar disorder in a depressive episode, and individuals with bipolar disorder in a manic or mixed episode.  

Legend: BD - D = Bipolar Disorder in a depressive episode; BD – M/M = Bipolar Disorder in a manic or mixed episode; HC = Healthy Controls; 

SMILE = Short Multidimensional Inventory Lifestyle Evaluation; * = p<0.05; ** = p<0.001. 
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Table 1: Characteristics of the sample according to the diagnostic groups. 

 

  

BD 

(n=46) 

HC 

(n=50) p-value 

Sex   0.957 

Female 37 (80.4%) 40 (80.0%)  

Male  9 (19.6%) 10 (20.0%)  

Age (MD, IQR) 35.5 (24.75 – 45.0) 29.5 (25.0 – 40.25) 0.445 

Years of Education (MD, IQR) 15.0 (13.75 – 16.0) 16.5 (16.0 – 18.0) <0.001 

 

Educational Attainment   <0.001 

Elementary/High School 16 (34.8%) 3 (6.0%)  

College/University 26 (56.5%) 31 (62.0%)  

Graduate School 4 (8.7%) 16 (32.0%)  

 

Working/Studying   0.002 

No 18 (39.1%) 6 (12.0%)  

Yes 28 (60.9%) 44 (88.0%)  

 

MADRS (MD, IQR) 24.0 (20.0 – 30.25) 2.0 (0 – 3.0) <0.001 

 

YMRS (MD, IQR) 8.5 (2.75 – 17.5) 1.0 (0 – 2.0) <0.001 

 

SMILE (MD, IQR) 103.5 (95.0 – 114.25) 133.5 (125.75 – 141.25) <0.001 

   

Legend: IQR = Interquartile Range; MADRS = Montgomery- Åsberg Depression Rating Scale; MD = Median; SMILE = Short Multidimensional 

Inventory Lifestyle Evaluation; YMRS = Young Mania Rating Scale 
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Table 2: Comparison of SMILE scores across healthy controls and individuals with BD in different mood states. 

 HC 

(n=50) 

BD - Depressive 

(n=26) 

BD - Manic/Mixed 

(n=20) 

Between groups 

comparisons 

Effect size 

SMILE Totala 133.5 (125.75 – 

141.25) 

100.5 (94.75 – 

111.5) 

106.0 (97.25 – 

118.0) 

HC > D** 

 

HC > M/M ** 

 

D = M/M 

 

0.75 

 

0.64 

 

0.18 

  

SMILE – Dieta 22.0 (19.0 – 

23.0) 

17.0 (14.75 – 

19.25) 

18.0 (14.25 – 21.75) HC > D** 

 

HC > M/M * 

 

D = M/M 

 

 0.59 

 

0.37 

 

0.12 

SMILE – Physical 

Activitya 

11.0 (9.0 – 

12.0) 

7.5 (7.0 – 9.0) 9.0 (7.25 – 9.75) HC > D** 

 

HC > M/M ** 

 

D = M/M 

 

0.55 

 

0.43 

 

0.2 

 

SMILE – 

Substance Usea 

16.0 (15.0 – 

16.0) 

14.5 (12.0 – 16.0) 13.0 (12.0 – 16.0) HC > D** 

 

HC > M/M ** 

 

D = M/M 

 

0.38 

 

0.49 

 

0.09 

SMILE – 

Restorative Sleepa 

15.0 (14.0 – 

17.0) 

12.0 (11.0 – 13.0) 11.5 (10.0 – 12.75) HC > D** 

  

HC > M/M ** 

 

0.57 

 

0.59 
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Legend: a = Data shown as median and interquartile range, between groups comparisons analyzed with Mann-Whitney U Test, effect size as r values;  
b = Data shown as mean and standard deviation, between groups comparisons analyzed with Student’s t-test, effect size as Cohen’s d values; 

* = p < 0.05; ** = p < 0.01; D = Depressive; HC = Healthy Controls; M/M = Manic/Mixed; SMILE = Short Multidimensional Inventory Lifestyle 

Evaluation 

 

 

 

 

 

 

 

 

D = M/M 

 

0.13 

SMILE – Stress 

Managementb 
26.58 (+/- 4.01) 18.54 (+/- 3.82) 20.3 (+/- 4.27) HC > D** 

  

HC > M/M ** 

 

D = M/M 

 

2.05 

 

1.52 

 

0.43 

SMILE – Social 

Supporta 

34.0 (30.0 – 

37.0) 

25.0 (22.0 – 29.0) 27.0 (21.75 – 29.75) HC > D**  

 

HC > M/M ** 

 

D = M/M 

 

0.67 

 

0.53 

 

0.11 

SMILE – 

Environment 

Exposureb 

10.28 (+/- 2.23) 8.08 (+/- 2.28) 9.0 (+/- 1.59) HC > D** 

 

HC > M/M** 

 

D = M/M 

0.92 

 

0.66 

 

0.47 
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4.10 Supplementary Material  

 

 

Table 1: Multivariable linear regression evaluating variables associated with higher SMILE scores (n = 96). 

  SMILE score  

  Multivariable Adjusted  

 Variable  B 95% CI p-value 

Years of Education  0.598 -0.634 to 1.830 0.338 

 

Currently 

working/studying  

 

   

 No 1   

 Yes 2.926 -3.221 to 9.072 0.347 

 

Diagnosis (HC/BD) 

 

HC 1   

 BD -25.981 -31.711 to -20.252 <0.001 

 

Legend: BD = Bipolar Disorder CI = Confidence Interval; SMILE: Short Multidimensional Inventory Lifestyle Evaluation; Positive B indicates 

increase in the SMILE score (better lifestyle), while negative B indicates decrease in the SMILE score (worse lifestyle). 
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Table 2: Multivariable linear regression evaluating variables associated with higher SMILE scores after removal of the variable 

‘currently working/studying’ (n = 96). 

  SMILE score  

  Multivariable Adjusted  

 Variable  B 95% CI p-value 

Years of Education  0.646 -0.581 to 1.873 0.298 

     

Diagnosis (HC/BD) HC 1   

 BD -26.685 -32.216 to -21.155 <0.001 

 

Legend: BD = Bipolar Disorder CI = Confidence Interval; SMILE: Short Multidimensional Inventory Lifestyle Evaluation; Positive B indicates 

increase in the SMILE score (better lifestyle), while negative B indicates decrease in the SMILE score (worse lifestyle). 
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Table 3: Multivariable linear regression evaluating variables associated with higher SMILE scores after removal of non-

significant predictors (n = 96). 

  SMILE score  

  Multivariable Adjusted  

 Variable  B 95% CI p-value 

     

Diagnosis (HC/BD) HC 1   

 BD -27.886 -32.927 to -22.845 <0.001 

 

Legend: BD = Bipolar Disorder CI = Confidence Interval; SMILE: Short Multidimensional Inventory Lifestyle Evaluation; Positive B indicates 

increase in the SMILE score (better lifestyle), while negative B indicates decrease in the SMILE score (worse lifestyle). 
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Abstract 

This review and meta-analysis aimed to describe the existing literature on interventions for 

bipolar disorder (BD) targeting the 6 pillars of Lifestyle Psychiatry: diet, physical activity 

(PA), substance use (SU), sleep, stress management, and social relationships (SR). 

Randomized Controlled Trials that examined the efficacy of lifestyle interventions 

targeting improvement in depressive/(hypo)manic symptom severity, lifestyle patterns, 

functioning, quality of life, and/or circadian rhythms were included. The systematic review 

included 18 studies, where the meta-analysis included studies targeting the same lifestyle 

domains and outcomes. Sleep (n=10), PA (n=9), and diet (n=8) were the most targeted 

domains, while SU, SM and SR were least targeted (n=4 each). Combined diet and PA 

interventions led to significant improvements in depressive symptoms (SMD: -0.46; 

95%CI: -0.88, -0.04; p=0.03), and functioning (SMD: -0.47; 95%CI: -0.89, -0.05; p=0.03). 

Sleep interventions also led to significant improvements in depressive symptoms (SMD: -

0.80; 95%CI: -1.21, -0.39; p<0.01). Future research should focus on developing more 

multidimensional lifestyle interventions for a potentially greater impact on clinical and 

functional outcomes of BD. 

 

Keywords: Bipolar disorder; lifestyle interventions; systematic review; meta-analysis; 

RCT; lifestyle psychiatry; lifestyle medicine; diet; exercise; substance use; stress; sleep; 

social relationships; 
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5.1 Introduction 

Bipolar Disorder (BD) is a severe mental health disorder associated with poor 

quality of life (Pascual-Sanchez et al., 2019), functional and cognitive impairment (Rosa 

et al., 2014; Van Rheenen et al., 2020), and increased suicide risk (Sverdlichenko et al., 

2020). Individuals with BD are also at an increased risk for physical health problems, 

obesity, cardiovascular problems, and early mortality (Fiedorowicz et al., 2008), often 

driven by the daily lifestyle habits of the individual (Kapczinski et al., 2017; Malhotra et 

al., 2016). Importantly, a recent large cohort study found that BD was associated with 

elevated risk of receiving disability services, emphasizing that effective early intervention 

strategies targeting the improvement of the clinical trajectory of this disorder are necessary 

(Frey et al., 2020).  

Lifestyle Medicine (LM) is an area of medicine which focuses on the prevention, 

treatment and management of chronic, non-communicable diseases using evidence-based 

behavioural interventions (Rippe, 2019). According to the American College of Lifestyle 

Medicine (ACLM), there are six essential pillars of LM: diet, physical activity, avoiding 

substance use, stress management, restorative sleep, and social relationships (Katz and 

Karlsen, 2019). The predominant focus of LM on these six domains stems from the 

perception of them as “modifiable factors”, given that daily patterns can be altered and 

promoting healthier behaviours in these areas could reduce the risk of aggregating mental 

and physical health problems (Hyman et al., 2009; Velten et al., 2014). Recent literature 

has showed that unhealthy lifestyle behaviours tend to cluster, but most interventions thus 

far have only targeted one or two lifestyle domains (mostly diet and physical activity). 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

146 
 

Evidence on the effectiveness of multidimensional interventions is scarce (Castro et al., 

2021; De Boni et al., 2021; Firth et al., 2019).  

The growing field of Lifestyle Psychiatry (LP) is aimed at the treatment and even 

prevention of severe and common mental disorders (Firth et al., 2020). The benefits of 

implementing LP interventions to improve mental health and wellbeing have been widely 

investigated. Previous literature has established the close relationships between BD and 

dietary/nutritional, physical activity, sleep, and substance abuse patterns, advising for the 

implementation of interventive strategies to improve the severity of mood symptoms, 

social functioning, and overall quality of life, among other key outcomes (Harvey et al., 

2015a; Lopresti and Jacka, 2015; Melo et al., 2016; Quello et al., 2005). Moreover, chronic 

stress management and healthy social support play a key role in maintaining mood stability 

in people with BD (Kim et al., 2007; Owen et al., 2017). Indeed, growing evidence has 

highlighted the importance of lifestyle management in patients with BD for improving rates 

of recovery (Frank et al., 1997), reducing clinical symptoms (Huang et al., 2018), and 

improving quality of life (Malhotra et al., 2016). However, most interventions in BD to 

date have approached these domains as independent risk factors for the onset and 

progression of the disorder. The multidimensional evaluation of lifestyle behaviours has 

been suggested as a possible way forward to improve health outcomes (Balanzá-Martínez 

et al., 2021; Castro et al., 2021). In this regard, the development of multidimensional 

intervention strategies, including digital interventions, holds promise to benefit people with 

BD (Firth et al., 2020). 
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To date, a systematic review by Bauer et al. (2016) found that lifestyle interventions 

targeting nutrition, exercise, and wellbeing are feasible and show promise for developing 

multi-modal interventions for patients with BD (Bauer et al., 2016). However, this previous 

review only focused on two of the six lifestyle domains, namely diet/nutrition and physical 

activity. A more recent meta-review of meta-analyses investigating effective lifestyle 

interventions for mental disorders, including BD, focused on meta-analyses of diet, 

physical activity, smoking cessation, and sleep interventions for mental disorders (Firth et 

al., 2020). However, there were no reports of any meta-analyses on interventions for BD 

across any of the four domains included in this meta-review. While there is clinical 

evidence showing the association between worse lifestyle patterns and BD (Beyer and 

Payne, 2016; Bridi et al., 2018; Vancampfort et al., 2013), to the best of our knowledge, 

there are no systematic reviews investigating the availability of interventions in all six 

domains, and the effects of multidimensional interventions for improvement of 

meaningful/relevant outcomes in BD.  

Thus, the current systematic review has four primary aims: (1) to describe which 

lifestyle domains are most frequently targeted for interventions in BD, (2) to describe the 

proportion of interventions that are targeting single versus multiple domains, (3) to 

compare the effectiveness of single vs multidimensional interventions, and (4) to describe 

the effectiveness of interventions on each domain in terms of symptom improvement, 

change in lifestyle behaviours, improvement in functioning, quality of life, and circadian 

rhythms regulation. As secondary aims, we also explored which lifestyle domains are most 
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frequently targeted together for BD, as well as the prevalence of digital lifestyle 

interventions in comparison to more traditional/conventional interventions. 

5.2 Methods 

 

5.2.1 Search Strategy and Study Selection 

 

The Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

(PRISMA) guidelines were followed for the present review (Arya et al., 2021). The 

systematic review has been registered by the International Prospective Register of 

Systematic Reviews (PROSPERO) under registration ID: CRD42022346102. 

A literature search without language or year restriction was conducted on January 

6th, 2022 using the following databases: PubMed, Embase, and Cochrane Library. We 

searched for a combination of the following search terms: (‘Bipolar Disorder’ OR ‘Bipolar 

Disorders’ OR ‘Mania’ OR ‘Bipolar Affective Disorders’ OR ‘Manic-Depressive 

Psychosis’) AND (‘Lifestyle’ OR ‘Life Style’ OR ‘Lifestyles’ OR ‘Life Styles’) AND 

(‘Intervention’ OR ‘RCT’ OR ‘Randomized Controlled Trial’). After removal of 

duplicated references, the articles were assessed for eligibility independently by two blind 

reviewers (MS and SP) who determined if studies met the inclusion criteria. Any 

disagreements between the two raters were resolved by consensus in a meeting with a third 

researcher (TAC). Firstly, the raters screened articles based on the title and abstract. Then, 

the researchers screened the selected relevant articles by full text. Finally, the reference 

lists of the selected articles after the full text screening were manually searched for any 

other studies that meet the inclusion criteria but did not appear in the electronic search. 
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5.2.2 Inclusion and Exclusion Criteria 

To determine whether an article was relevant to our study, we used the following 

PICOS inclusion criteria: 

1) Population: Adults (18+) with a clinical diagnosis of bipolar disorder;  

2) Intervention: In-person and/or digital interventions on any of the following 

lifestyle domains: diet, physical activity, substance abuse, sleep, social 

relationships, and stress management. Studies were eligible if the 

interventions were promoting healthy behaviours on one or more of the 

lifestyle domains by suggesting specific actions/goals; 

3) Comparison: No intervention or any other intervention that is not an active 

lifestyle intervention or novel medication treatments; 

4) Outcomes: Efficacy of intervention on (1) BD mood symptoms improvement, 

(2) lifestyle domain changes, (3) functioning, (4) quality of life, and/or (5) 

circadian rhythms regulation; 

5) Study Design: Randomized controlled trials. 

The exclusion criteria were any reviews, meta-analyses, case reports, observational studies, 

study protocols, articles unavailable in English language, and any other types of 

publications different from full articles, such as conference abstracts, letters, or comments 

to the editor.   
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5.2.3 Data Extraction 

 

Two researchers (MS and SP) completed the data extraction process using Excel 

spreadsheet (Microsoft 365). The developed spreadsheet was created by the researchers 

and calibrated before starting the data extraction. The following information was extracted 

from each included study: publication description (author(s), journal, year, country), 

diagnostic criteria and method of diagnosis of BD, types of BD included, current mood 

state of included participants, targeted lifestyle domains for the intervention, sample 

description of the intervention and control groups (sample size, mean age), classification 

of intervention as traditional or digital, number of intervention sessions, time points 

assessed, types of outcomes assessed and the method of assessment, and effectiveness of 

the intervention on the outcomes. Descriptions of extracted data variables are presented in 

Table 1.  

5.2.4 Quality Assessment 

 

Each manuscript included in the review was independently assessed by two blinded 

researchers (MS and SP) using the Cochrane Risk of Bias Tool for randomized controlled 

trials (Higgins et al., 2011). This tool assesses for selection bias (random sequence 

generation and allocation concealment), reporting bias (selective reporting), performance 

bias (blinding participants and personnel), detection bias (blinding outcome assessments), 

attrition bias (incomplete outcome data), and other bias (other sources of bias). 

Disagreements were resolved by consensus in a meeting with a third researcher (TAC). 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

151 
 

5.2.5 Meta-Analyses 

Random effects meta-analyses were performed using the Review Manager software 

(version 5.4, Cochrane Training). We conducted a meta-analysis to assess the efficacy of 

interventions targeting the same domains across different RCT studies. For this purpose, 

we performed multiple meta-analyses by grouping data from studies that 1) included the 

same number of lifestyle domains in their interventions, 2) targeted the same lifestyle 

domains and, 3) same outcomes of interest. Studies were eligible for inclusion in the meta-

analysis if 1) raw values of outcome assessments were available in the published article for 

baseline and endpoint measurements for each group, and 2) there were no significant 

differences (p>0.05) between the intervention and control groups on the outcome 

assessments at baseline. The values included in the meta-analysis were from the last 

timepoint of measurement for each study, as the intervention and measurement durations 

varied between the studies. We performed meta-analysis only if the studies fit these criteria, 

and if there were at least two different studies targeting the same lifestyle domain and the 

same outcome. We analyzed the reported sample sizes, means, and standard deviations for 

each outcome assessment, and used this data to compute the mean difference (if the same 

tool was used to assess the outcome across different studies) or the standardized mean 

difference (if different tools were used to assess the outcome across the studies) on the tests 

between the intervention and the control groups. Significance was set as p<0.05. 

Cochrane's Q test was performed to assess for statistical heterogeneity and the Higgins I2 

statistic was used to determine the extent of variation between sample estimates with values 

ranging from 0-100%. 
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5.3 Results 

The search strategy yielded 706 articles (PubMed= 460, Embase= 149, and 

Cochrane Library= 97), with 650 remaining after duplicate removal.  Of these, 594 studies 

were excluded as their titles and abstracts were not relevant to the research topic, leaving 

56 potentially eligible studies for which the full text was reviewed. After this stage, 42 

studies did not meet the inclusion criteria as 15 were registration trials only, 11 studies did 

not have results specifically for BD as the sample was not entirely of individuals with BD, 

6 did not include a lifestyle intervention defined by the ACLM, 4 were published as a 

conference abstract or poster only, 2 were not RCTs, 2 did not include participants with 

BD, 1 was published as a protocol only, and 1 had an overlapping sample with another 

included study. Following the full-text screening, 4 additional studies that met the inclusion 

criteria were found during the hand-searching process, resulting in a total of 18 studies to 

be included in the systematic review (Figure 1).  

5.3.1 Characteristics of Included Studies 

Table 2 provides a summary of all included studies. All RCTs were published 

between 1997 (Frank et al., 1997) and 2021 (Murray et al., 2021) with total sample sizes 

ranging from 23 (Henriksen et al., 2016) to 302 (Murray et al., 2021) participants. Among 

all included studies, 9 were conducted in the United States of America (Depp et al., 2015; 

Frank et al., 2015, 1997; Harvey et al., 2015b; Kaplan et al., 2018; Kilbourne et al., 2012; 

Miklowitz et al., 2007; Sit et al., 2018; Sylvia et al., 2019), and the rest were single studies 

conducted in Spain (Colom et al., 2003), Japan (Esaki et al., 2020), Switzerland (Gillhoff 

et al., 2010), Italy (Goracci et al., 2016), Norway (Henriksen et al., 2016), Pakistan (Husain 
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et al., 2017), New Zealand (Inder et al., 2015), Australia (Murray et al., 2021), and the 

United Kingdom (Todd et al., 2014). Although all studies aimed to investigate the effects 

of a lifestyle intervention in patients with BD, the type of intervention they employed or 

the number of domains that each intervention targeted differed between each study.  

5.3.2 Risk of Bias assessment 

The Cochrane Risk of Bias Tool for randomized controlled trials was utilized to 

assess the included studies (Table 3). We identified a high risk of performance bias in 8 

out of the 18 included RCT studies (Colom et al., 2003; Depp et al., 2015; Gillhoff et al., 

2010; Goracci et al., 2016; Harvey et al., 2015b; Husain et al., 2017; Sylvia et al., 2019; 

Todd et al., 2014). We found that performance bias may have been present in these studies 

due to improper blinding of the participants and study personnel from knowing the 

participants allocation in the intervention or control condition. In addition, we found one 

study to be at a high risk of detection bias, where the outcome assessors were not blind to 

whether the participants were part of the intervention or the control condition at the time 

of assessment (Henriksen et al., 2016). All other measures in the Cochrane Risk of Bias 

Tool showed low or unclear risk of bias for the rest of the studies.  

5.3.3 Descriptive Results of Lifestyle Interventions on individuals with BD 

Two studies seemed to target multiple lifestyle domains, but failed to indicate the 

specific lifestyle domains their respective interventions were targeting, and therefore were 

not included in any of the analysis (Depp et al., 2015; Todd et al., 2014). Both of these 

studies used digital interventions, named ‘Living with Bipolar’ (Todd et al., 2014) and 

Personalized Real-Time Intervention for Stabilizing Mood (PRISM) (Depp et al., 2015) in 
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which participants had access to digital interactive self-monitoring strategies for symptom 

management. The ‘Living with Bipolar’ intervention was more effective than treatment as 

usual for improving psychological and physical quality of life, overall wellbeing, and 

clinical recovery (Todd et al., 2014), while the PRISM condition was more effective than 

paper-and-pencil condition for improving depressive symptoms, but not manic symptoms 

or overall functioning (Depp et al., 2015). 

We found that of the 16 studies included in the descriptive analysis, 5 (31.3%) 

targeted a single domain in their interventions and 11 (68.7%) targeted multiple lifestyle 

domains in their intervention, indicating that majority of active lifestyle interventions so 

far have included at least 2 different domains (Figure 2A). Among the most targeted 

domains for lifestyle interventions were the more ‘traditional’ areas of lifestyle, such as 

sleep (n = 10), physical activity (n = 9), and diet (n = 8), while other areas such as substance 

use, social relationships, and stress management (n = 4 each) have been less included 

(Figure 2B).  

Up to January of 2022, there were 11 published RCT studies with multidimensional 

lifestyle interventions of BD, of which 4 studies targeted 2 domains (Colom et al., 2003; 

Husain et al., 2017; Kilbourne et al., 2012; Sylvia et al., 2019), 2 targeted 3 domains 

(Gillhoff et al., 2010; Kaplan et al., 2018), and 5 targeted 4 domains (Frank et al., 2015, 

1997; Goracci et al., 2016; Inder et al., 2015; Miklowitz et al., 2007). Intriguingly, there 

were no multidimensional interventions that targeted all 6 core areas of lifestyle. 
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Among the multidimensional interventions, we found that diet and physical activity 

were most commonly targeted together (8/11 studies) (Figure 2C). There was a large 

heterogeneity among the types, methods, and duration of interventions across the studies. 

The Interpersonal and Social Rhythm Therapy (IPSRT) was the most commonly 

implemented multidimensional intervention, with 3 studies including this therapy that 

promotes healthy behaviours in diet, physical activity, sleep, and social relationships 

(Frank et al., 1997; Inder et al., 2015; Miklowitz et al., 2007). 

Looking at the types of interventions used, out of the 18 studies included in this 

review only 3 (16.7%) studies used digital interventions (smartphone apps, online 

platforms) (Depp et al., 2015; Murray et al., 2021; Todd et al., 2014), while the other 15 

(83.3%) studies used a traditional/conventional intervention (in-person sessions, pen/paper 

method, phone calls, etc.) (Figure 2D).  

5.3.4 Effectiveness of Lifestyle Interventions for BD 

The efficacy of interventions targeting different numbers of domains was analyzed 

based on improvements in any of the 5 outcomes of interest in comparison to the control 

conditions. In Table 4, we described the proportion of effective interventions out of the 

total number of studies with the same number of domains in the intervention and targeting 

the same outcomes. Majority of the interventions that were considered ‘not effective’ still 

led to significant improvements within the intervention group, but there were non-

significant differences in comparison to improvements in the control conditions. Although 

there was a small number of studies within each group, there was a trend of higher efficacy 

rates among interventions targeting 3 or 4 domains in comparison to interventions aimed 
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at 1 or 2 domains. In particular, improvements in severity of depressive or manic 

symptoms, overall functioning, and circadian rhythm appear to be more likely when the 

lifestyle interventions include 3 or 4 domains relative to interventions on 1 or 2 domains. 

Furthermore, our analysis also revealed a lack of studies targeting some of the outcomes 

which are very important and greatly affected in BD, such as overall functioning, quality 

of life, and circadian rhythm regulation. 

5.3.5 Meta-analysis – Diet/Nutrition and Physical Activity 

 The 2 studies including multidimensional interventions targeting at diet and 

physical activity both included severity of BD symptoms and overall functioning as 

outcomes. For depressive symptoms, 1 study evaluated severity according to 

Montgomery–Åsberg Depression Rating Scale (MADRS), and  the other study used the 

Internal State Scale (ISS) (Kilbourne et al., 2012; Sylvia et al., 2019). The 2 studies made 

up for a total of 45 patients in the intervention group, and 45 patients in the control group. 

The meta-analysis showed significant differences between scores in the intervention and 

control groups, with a standardized mean difference of -0.46 (95% CI: -0.88, -0.04, 

p=0.03), suggesting a greater improvement of depressive symptoms in the intervention 

group in comparison to the control group (Figure 3A). Improvement of manic symptoms 

was evaluated according to the Young Mania Rating Scale (YMRS) and ISS (Kilbourne et 

al., 2012; Sylvia et al., 2019). There were no significant differences in improvement of 

manic symptoms between the 2 groups, with a standardized mean difference of -0.46 (95% 

CI: -1.18, 0.25, p=0.20) (Figure 3B). Improvement in overall functioning was assessed 

using the World Health Organization Disability Assessment Scale (WHODAS) and the 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

157 
 

Longitudinal Interval Follow-up Evaluation-Range of Impaired Functioning Tool (LIFE 

RIFT). There were significant differences between the groups in overall functioning at the 

last assessment point, with a standardized mean difference of -0.47 (95% CI: -0.89, -0.05, 

p=0.03) (Figure 3C), suggesting a reduction in functional impairment among the 

intervention group.  

5.3.6 Meta-analysis – Sleep 

Among the single-domain interventions, 2 focused solely on the sleep domain 

aiming to improve severity of depressive symptoms and change in sleep patterns. To 

evaluate improvement in depressive symptoms, 1 study used the MADRS scale, and the 

other study the Inventory of Depressive Symptomatology: Clinician (IDS-C) assessment 

(Esaki et al., 2020; Harvey et al., 2015b). The studies combined for a total of 51 patients 

in the intervention group, and 50 in the control group. We found a significant difference 

between the groups in scores on the abovementioned assessments, with a standardized 

mean difference of -0.80 (95% CI: -1.21, -0.39, p<0.01), suggesting greater reduction in 

severity of depressive symptoms in the intervention group in comparison to the control 

group (Figure 3D).  

The 2 studies also aimed to improve sleep disturbances in this sample, both of 

which used the Insomnia Severity Index (ISI) to assess the efficacy of their interventions 

(Esaki et al., 2020; Harvey et al., 2015b). However, we did not find any differences 

between the intervention and the control group in the scores on this scale, with a mean 

difference of -3.43 (95% CI: -8.04, 1.19, p=0.15) (Figure 3E).  
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5.4 Discussion 

To our knowledge, this is the first systematic review and meta-analysis 

investigating the availability and efficacy of lifestyle interventions for BD, focusing on the 

six essential domains of lifestyle psychiatry. In this systematic review, we found that 

majority of the RCT studies on lifestyle interventions for BD have targeted more than one 

lifestyle domain, however, none of them have included an intervention on all six core areas 

of lifestyle. According to the current guidelines of LP, a multidimensional approach to 

interventions focused on various lifestyle behaviours can be more beneficial for psychiatric 

symptoms and the overall clinical trajectory of the disorder (Firth et al., 2019). Based on 

the analysis of the current review, multidimensional interventions including a higher 

number of domains appear to have a higher probability of being effective in improving the 

outcomes of interest relative to interventions focused on one or two domains. 

  Our descriptive analyses revealed that sleep, diet, and physical activity were the 

most frequently targeted lifestyle domains. These findings are in line with previous 

literature, considering the significance of sleep disturbances in BD, and the focus on diet 

and physical activity as fundamental factors for promoting a healthy lifestyle. Sleep 

disturbance is indeed a common symptom of BD which appears frequently across any 

mood state of the disorder (Harvey et al., 2009; Plante and Winkelman, 2008), hence a lot 

of attention has been aimed at developing effective sleep management strategies for 

affected individuals. Moreover, in addition to diet and physical activity being the key areas 

for a healthy lifestyle (Castro et al., 2021; Koehler and Drenowatz, 2019), extensive 

literature has suggested the combined efforts for improving physical activity and nutrition 
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may have a greater effect on the clinical trajectory of BD, such as decreased severity of 

mood episodes, improved overall functioning and cognitive functioning, and reduced risk 

of cardiovascular comorbidities (Balanzá-Martínez et al., 2020; Bauer et al., 2016; 

Kilbourne et al., 2007; Miskowiak et al., 2022). These results are in line with our findings, 

considering that 8 studies in our review had included an intervention targeting both diet 

and physical activity (Frank et al., 2015, 1997; Gillhoff et al., 2010; Goracci et al., 2016; 

Kilbourne et al., 2007; Miklowitz et al., 2007; Sylvia et al., 2019). In contrast, we found 

that substance use, stress management, and social relationships were less targeted, with 

only 4 interventions aimed at each one of these domains separately, an unexpected finding 

considering the close association between these domains and BD. Given that substance 

abuse is a known risk factor for the development of BD and triggering the onset of 

(hypo)manic symptoms (Lalli et al., 2021), more focus is needed on preventing and 

improving this domain. Likewise, chronic stress in everyday life is associated with reduced 

improvement of mood symptoms in BD (Kim et al., 2007), and people with BD are more 

likely to engage in maladaptive coping mechanisms during stressful periods (Bridi et al., 

2018). Promoting healthy stress management techniques should be considered as an 

essential part of lifestyle treatment strategies. Furthermore, social support is another 

extremely important area for improvement of the clinical trajectory of BD, since lack of 

quality social support may increase the risk of relapse in BD (Cohen et al., 2004; Johnson 

et al., 2003). The development and inclusion of more interventions targeting these domains 

is essential for improving symptom reoccurrence, functioning, and quality of life of 

individuals with BD. 
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Another interesting finding was the relatively small number of RCT studies with 

digital lifestyle interventions for BD, with only 3 studies looking at the efficacy of digital 

interventions (Depp et al., 2015; Murray et al., 2021; Todd et al., 2014). With the recent 

rise of digital health, it is important to develop standardized, effective lifestyle 

interventions that are easily accessible to individuals in need. This approach is particularly 

significant following the COVID-19 pandemic, which demonstrated the importance of 

instant access to helpful, cost-effective interventions and the increased use of technology 

for those needs (Castro et al., 2021). Although promising, further work is required to refine 

the existing digital techniques for improving the essential lifestyle behaviours that are 

necessary for long-term mental health outcomes. In line with this idea, findings from a 

recent meta-analysis on smartphone-based interventions for BD conducted by the 

International Society for Bipolar Disorders (ISBD) Big Data task force did not find any 

evidence supporting the idea that smartphone interventions may reduce the severity of 

mood symptoms in BD, reporting high heterogeneity among existing studies and 

interventions, and suggesting the need for a more standardized approach of studies before 

making conclusive statements on their effectiveness (Anmella et al., 2022).   

Despite the small number of studies included in our meta-analyses, we found 

promising results for the efficacy of diet, physical activity, and sleep interventions on 

reducing depressive symptoms and improving overall functioning in BD. These findings 

further support the existing evidence of the relationships between healthy dietary, physical 

activity, and sleep behaviours with improvement in severity of depressive symptoms 

(Archer et al., 2014; Cervera-Martínez et al., 2021; Gee et al., 2019; Ljungberg et al., 2020). 
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Moreover, it appears that engaging in healthier dietary and exercising patterns also 

improves overall functioning across different areas of everyday life for individuals with 

BD. However, more RCT studies involving all six lifestyle domains are needed to evaluate 

the effectiveness of lifestyle interventions on a larger scale, and the potential for long-term 

positive impacts in these clinical and functional outcomes.  

 Given the lack of consensus of the concept of lifestyle, in addition to the complex 

nature of symptoms in BD, further work is required for the development of effective 

lifestyle interventions for BD. Perhaps a more personalized approach to assessment, 

treatment, and prevention of unhealthy lifestyle behaviours may be more efficient when 

addressing symptoms of BD. The need for a personalized assessment of behaviours across 

different lifestyle areas has progressed with the development of comprehensive 

assessments such as the Short Multidimensional Inventory Lifestyle Evaluation (SMILE), 

which evaluates behaviours across all six domains as recommended by the ACLM 

(Balanzá-Martínez et al., 2021). An assessment such as the SMILE scale has the ability to 

simultaneously evaluate multiple lifestyle domains and indicate the primary focus for 

improvement. Close monitoring different lifestyle domains would allow for finding the 

most effective intervention strategies for each affected individual (Castro et al., 2021).  

 Our findings should be interpreted considering some limitations. First, we detected 

a high risk of performance bias in 8 of the 18 studies included, although this type of bias is 

expected in RCT studies assessing psychological interventions, considering that it is 

difficult to blind who is delivering and who is receiving the intervention. Another limitation 

is the small number of studies included in the meta-analysis, having included 2 studies for 
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each analysis. However, despite of these limitations, this is the first systematic review and 

meta-analysis describing the efficacy of interventions for BD targeting the six fundamental 

lifestyle domains according to contemporary views and showing the differences in efficacy 

of the interventions across different domains and outcomes. Moreover, our systematic 

review emphasizes the importance of promoting healthy behaviours across multiple 

domains of lifestyle using multidimensional interventions and highlights the need for more 

interventions targeting important areas for BD, such as substance use, stress management, 

and social support. 

Considering the complexity of symptoms associated with BD, along with the 

complex interactions of different areas of everyday life, it is important to develop 

assessments and interventions for BD with a more holistic approach to lifestyle factors. 

The implementation of multi-modal lifestyle assessments could be beneficial for 

investigating the relationship between multiple lifestyle factors to clinical symptoms of 

BD, which would open the opportunity for more personalized interventions attending to 

each individual’s specific needs. 
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5.7 Figures and Tables  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: PRISMA flow chart. 
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Figure 2: Descriptive analysis of Randomized Controlled Trial studies on lifestyle 

interventions for bipolar disorders. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2A is showing the proportion of single-domain (5/16, 31.3%) and 

multidimensional (11/16, 68.7%) lifestyle interventions. 
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PA = Physical Activity; S = Sleep; SM = Stress Management; SR = Social Relationships; SU = 

Substance Use 

Figure 2B is number of studies targeting each domain. Sleep was the most targeted 

domain (n = 10), followed by PA (n = 9) and diet (n = 8). SM, SU, and SR were all 

targeted equally (n = 4). 
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PA = Physical Activity; S = Sleep; SM = Stress Management; SR = Social Relationships; SU = 

Substance Use 

Figure 2C is showing the domains targeted together in multidimensional interventions: 2 

studies targeted diet and PA, 2 studies targeted SU and SM, 1 study targeted diet, PA, and 

SM, 1 study targeted sleep, PA, and SR, 3 studies targeted diet, PA, sleep, and SR, and 3 

studies targeted diet, PA, sleep, and SU. 
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Figure 2D is showing the proportion of interventions using digital (16.7%) vs traditional 

techniques (83.3%). 
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Figure 3: Meta-analysis results per lifestyle domain and outcome.  

 

 

 

 

 

A) Diet & Physical Activity – Depressive symptoms 

 

 

 

 

 

B) Diet & Physical Activity – Manic symptoms 
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C) Diet & Physical Activity – Functioning 

 

 

 

 

 

D) Sleep – Depressive Symptoms 
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E) Sleep – Change in Sleep patterns 
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Table 1: Description of extracted variables. 

Item Description/classification 

 

Publication Description • Author(s) 

• Year of Publication 

• Journal 

• Country 

Diagnosis of BD • How was BD diagnosed? 

• BD type(s) 

o BD-I 

o BD-II 

o BD-NOS 

o Any 

• Mood state(s) included 

o Euthymic 

o Depressive 

o (Hypo)manic 

o Mixed 

Lifestyle Domain • Nutrition/diet 

• Physical activity 

• Substance use 

• Stress management 

• Sleep 

• Social relationships 

Intervention Group Sample and 

Description 
• Sample size of intervention group 

• Mean and standard deviation of age 

• Traditional/digital 

• Number of sessions and duration 

• Time points 

Comparison Group Sample and 

Description 
• Sample size of intervention group 

• Mean and standard deviation of age 

• Usual care/other intervention for BD 

• Traditional/digital (if applicable) 

• Number of sessions and duration (if 

applicable) 
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Outcome • Symptoms improvement 

• Change in lifestyle domains 

• Functioning 

• Quality of life 

• Circadian rhythm regulation 

Outcome Description • Assessments used (e.g., scales, 

objective measurements, actigraphy, 

anthropometry) 

• Clinical measurements 

Effectiveness • Yes/No 

• Describe effectiveness results 

 

Legend: BD: Bipolar Disorder; BD-NOS: BD-not otherwise specified.  
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Table 2: Characteristics of the included studies. 

 

Author(s), 

Year; 

Country 

BD eligibility 

(Method of 

diagnosis); 

BD type; 

Mood state 

Targeted 

Lifestyle 

Domain (s) 

Intervention 

sample size 

(age +/- std) 

Description of 

intervention 

(Method; 

Assessment 

period; 

Traditional or 

digital) 

Comparison sample 

size (age +/- std) 

Description 

of 

comparison 

(Method; 

assessment 

period; 

Traditional 

or digital) 

Outcomes Outcome 

measurements 

(Assessments, 

clinical 

measurements)  

Effectiveness of 

intervention 

Colom et al., 

2003; Spain 

Psychiatrist 

(DSM-IV); BD-

I; Euthymic 

SM, SU 25 (35.36 ± 

10.87) 

PE; 90-minute 

session/week 

for 20 weeks; 

traditional 

25 (34.48 ± 7.8) TAU BD Symptoms SCID I/II, YMRS, 

HDRS 

- Less recurrence of 

depressive/total 

episodes* 

- Higher time-to-

relapse*  

- Less 

hospitalizations* 

Depp et al., 

2015; USA 

Psychiatrist; 

BD-I and BD-

II; Any 

Not 

specified 

41 (46.9 ± 

11.8) 

PRISM 

Interactive web-

based system; 2 

surveys/day; 4 

sessions for 10 

weeks; digital 

41 (48.1 ± 12.9) 

 

Mood charts; 

1/day for 10 

weeks; 

traditional 

BD Symptoms; 

Functioning 

MADRS, YMRS; IIS - Greater decline in 

depressive symptoms 

during treatment* 

- No differences in 

manic symptoms or 

functioning 

Esaki et al.,  

2020; Japan 

Psychiatrist 

(DSM-V); BD-I 

and BD-II; 

Euthymic  

Sleep 21 (44.1 ± 

11.8) 

BB glasses; 8:00 

pm to bedtime 

for 2 weeks; 

traditional 

22 (41.1 ± 10.4) TAU BD Symptoms; 

Change in sleep; 

Circadian rhythms 

regulation 

CGI, MADRS, 

YMRS;  

VAS, ISI, 

actigraphy, sleep 

diary;  

- No differences in BD 

symptoms or sleep 

quality 
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Author(s), 

Year; 

Country 

BD eligibility 

(Method of 

diagnosis); 

BD type; 

Mood state 

Targeted 

Lifestyle 

Domain (s) 

Intervention 

sample size 

(age +/- std) 

Description of 

intervention 

(Method; 

Assessment 

period; 

Traditional or 

digital) 

Comparison sample 

size (age +/- std) 

Description 

of 

comparison 

(Method; 

assessment 

period; 

Traditional 

or digital) 

Outcomes Outcome 

measurements 

(Assessments, 

clinical 

measurements)  

Effectiveness of 

intervention 

MEQ - Improvements in 

circadian rhythms 

regulation* 

 

Frank et al., 

1997; USA 

Psychiatrist; 

BD-I; 

(hypo)manic 

or depressive 

Diet, PA, 

Sleep, SR 

18 (38.3 ± 8.5) IPSRT; 1 

log/week log for 

1 year; 

traditional 

20 (38.1 ± 10.2) CSSRT; 

traditional 

BD Symptoms;  

Change in lifestyle 

behaviours; 

Circadian Rhythms 

Regulation 

HDRS, BRMS; SRM  - Greater stability of 

daily routines/social 

rhythms* 

- No difference in BD 

symptoms 

Frank et al., 

2015; USA 

Psychiatrist; 

BD-I; 

Euthymic 

Diet, PA, SU, 

Sleep 

58 (41.8 ± 9.5) IRRI; 1 hour 

session/week 

for the first 5-6 

months 

followed by 

weekly and 

additional 

monthly 

sessions for 18 

months; 

traditional 

56 (41.4 ± 9.7) PCMM; 

traditional 

Change in lifestyle 

behaviours 

BMI - Greater rate of 

decrease in BMI over 

time* 

Gillhoff et 

al., 2010; 

MINI (DSM-

IV); BD-I and 

Diet, PA, 

Stress 

26 (48.1 ± 

11.5) 

QoL-BD; 

sessions = 7 

(lifestyle), 4 

24 (48.9 ± 12.0) TAU Change in lifestyle 

behaviours 

BMI - Lower BMI* 
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Author(s), 

Year; 

Country 

BD eligibility 

(Method of 

diagnosis); 

BD type; 

Mood state 

Targeted 

Lifestyle 

Domain (s) 

Intervention 

sample size 

(age +/- std) 

Description of 

intervention 

(Method; 

Assessment 

period; 

Traditional or 

digital) 

Comparison sample 

size (age +/- std) 

Description 

of 

comparison 

(Method; 

assessment 

period; 

Traditional 

or digital) 

Outcomes Outcome 

measurements 

(Assessments, 

clinical 

measurements)  

Effectiveness of 

intervention 

Switzerland BD-II; 

Euthymic 

(nutrition), 

weekly (physical 

activity) for 5 

months; 

traditional 

Gorraci et 

al., 2016; 

Italy 

SCID; BD-I 

and BD-II; 

Euthymic 

Diet, PA, SU, 

Sleep 

105 across 

intervention 

and control 

(N/A) 

HLI; 12 45- to 

60-minute, 

sessions; 

traditional 

105 across 

intervention and 

control (N/A) 

TAU BD Symptoms;  CGI-S/I, PHQ-9, 

YMRS 

- Lower percentage of 

relapses* 

- Lower risk of 

relapse* 

 

Harvey et 

al., 2015; 

USA 

DSM-IV-TV, 

SCID; BD-I; 

Euthymic 

Sleep 30 (37.7 ± 

12.4) 

CBTI-BP; 8 50- 

to 60-minute 

sessions for 6 

months; 

traditional 

28 (35.5 ± 9.3) PE; 

traditional 

BD Symptoms; 

Change in lifestyle 

behaviours; 

Functioning; QoL 

SCID, YMRS, IDS-

C; DSISD, ISI, PSQI, 

PROMIS-SD, 

PROMIS-SRI, sleep 

journal, 

pharmaco- 

therapy tracking 

log; SDS; Q-LES-Q-

SF  

- Lower 

mania/hypomania 

relapse rates*  

- Less time spend BD 

episodes* 

- Reduced insomnia 

severity* 

- No differences in 

functioning or QoL 

  



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

188 
 

Author(s), 

Year; 

Country 

BD eligibility 

(Method of 

diagnosis); 

BD type; 

Mood state 

Targeted 

Lifestyle 

Domain (s) 

Intervention 

sample size 

(age +/- std) 

Description of 

intervention 

(Method; 

Assessment 

period; 

Traditional or 

digital) 

Comparison sample 

size (age +/- std) 

Description 

of 

comparison 

(Method; 

assessment 

period; 

Traditional 

or digital) 

Outcomes Outcome 

measurements 

(Assessments, 

clinical 

measurements)  

Effectiveness of 

intervention 

 

Henricksen 

et al., 2016; 

Norway 

MINI (DSM-

IV); any BD 

type; 

(Hypo)manic 

Sleep 12 (43.0 ± 

11.0) 

BB glasses; 6:00 

pm - 8:00 am 

for 7 

consecutive 

days; traditional 

11 (49.8 ± 13.8) Clear-lensed 

glasses; 

traditional 

BD Symptoms; 

Circadian Rhythms 

regulation 

YMRS, actigraph - Lower scores on 

YMRS* 

- No differences in 

actigraphy scores 

Husain et al., 

2017; 

Pakistan 

Psychiatrist 

(DSM-IV); any 

BD type; 

Euthymic 

SM, SU 18 (34.5) CaPE; 1-hour 

session/week 

for 12 weeks; 

traditional 

16 (34.5) TAU BD symptoms; QoL YMRS, BDI; 

EuroQoL  

- Lower scores on 

YMRS and BDI* 

- Better scores on 

EuroQoL* 

Inder et al.,  

2015; New 

Zealand 

SCID I and 

SCID II; any 

BD type; any 

mood state 

Diet, PA, 

Sleep, SR 

49 (26.6 ± 5.9) IPSRT; weekly 

(0-3 months), 

biweekly (3-6 

months), bi-

weekly or 

monthly (6-18 

months) 

sessions; 

traditional 

51 (26.5 ± 6.0) SSC; 

traditional 

BD Symptoms; 

Change in lifestyle 

behaviours; 

Functioning  

LIFE; SAS - No differences 

between groups 

Kaplan et al., 

2018; USA 

SCID (DSM-

IV) ; BD-I; 

Euthymic 

PA, Sleep, 

SR 

20 (39.3 ± 

14.2) 

CBT-BP with 

RISE-UP sleep 

inertia routine; 

traditional 

20 (35.4 ± 8.9) PE; 

traditional 

Change in lifestyle 

behaviours; 

Circadian rhythms 

regulation 

Sleep diary, SSS-

EMA; actigraph 

- Decreased sleep 

inertia duration* 
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Author(s), 

Year; 

Country 

BD eligibility 

(Method of 

diagnosis); 

BD type; 

Mood state 

Targeted 

Lifestyle 

Domain (s) 

Intervention 

sample size 

(age +/- std) 

Description of 

intervention 

(Method; 

Assessment 

period; 

Traditional or 

digital) 

Comparison sample 

size (age +/- std) 

Description 

of 

comparison 

(Method; 

assessment 

period; 

Traditional 

or digital) 

Outcomes Outcome 

measurements 

(Assessments, 

clinical 

measurements)  

Effectiveness of 

intervention 

- Improved sleep 

inertia severity* 

- Greater activity 

during 1st hour post 

waking up* 

Kilbourne et 

al., 2012; 

USA 

Psychiatrist; 

Any BD type ; 

Any mood 

state 

Diet; PA 32 (47.2 ± 

11.8) 

LGCC; 4 2-hour 

session/week 

for 6 months; 

traditional 

33 (43.4 ± 13.6) enhanced 

TAU 

BD symptoms; 

Functioning; QoL 

BMI, systolic BP, 

diastolic BP; ISS; 

WHODAS; SF-36 

- No differences 

between groups 

Miklowitz et 

al., 2007; 

USA 

SCID, MINI 

(DSM-IV) ; 

BD-I and BD-

II; Depressive 

Diet, PA, 

Sleep, SR 

62 (N/A) IPSRT: 30 

sessions over 9 

months; 

traditional 

130 (N/A) CC; 3 50-

minute 

sessions over 

6 weeks; 

traditional 

BD Symptoms CMF, MADRS, 

YMRS 

- Greater recovery 

rate* 

- Less time to 

recovery* 

- More likely to be 

clinically well* 

Murray et 

al., 2021; 

Australia 

MINI (DSM-

IV) ; Any BD 

type; 

Euthymic 

SM 152 (44.5 ± 

10.9) 

Orbit 2.0;  1 

module/week 

for 4 weeks + 1 

extra week; 

digital 

150 (44.6 ± 12.4) PE; digital BD Symptoms; 

Quality of Life 

MADRS, QIDS-SR, 

DASS-21; QoL-BD 

- No differences 

between groups 
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Author(s), 

Year; 

Country 

BD eligibility 

(Method of 

diagnosis); 

BD type; 

Mood state 

Targeted 

Lifestyle 

Domain (s) 

Intervention 

sample size 

(age +/- std) 

Description of 

intervention 

(Method; 

Assessment 

period; 

Traditional or 

digital) 

Comparison sample 

size (age +/- std) 

Description 

of 

comparison 

(Method; 

assessment 

period; 

Traditional 

or digital) 

Outcomes Outcome 

measurements 

(Assessments, 

clinical 

measurements)  

Effectiveness of 

intervention 

Sit et al.,  

2018; USA 

SCID ; BD-I 

and BD-II; 

Depressive 

Sleep 23 (45.7 ± 

14.3) 

Active bright 

white light 

therapy; 15-

minute 

session/day 

(increased by 15 

minutes each 

week) for 4-6 

weeks; 

traditional 

23 (43.7 ± 15.0) Inactive red 

dim light 

therapy 

BD Symptoms; 

Change in lifestyle 

behaviours; 

Functioning 

SIGH-ADS; CGI-

BD; HDRS; PSQ; 

GAF, SPQ 

- Higher remission 

rates at weeks 4-6* 

- Lower depression 

scores* 

- Improved global 

functioning* 

 

Sylvia et al., 

2019; USA 

MINI ; BD-I 

and BD-II; 

(Hypo)manic 

and 

Depressive 

Diet; PA 19 (39.7 ± 

12.5) 

NEW Tx; 18 

sessions over 20 

weeks; 

traditional 

19 (44.3 ± 11.9) TAU BD Symptoms; 

Change in lifestyle 

behaviours; 

Functioning 

MADRS, CGI-BD, 

YMRS; weight, 

BMI, exercise 

duration; LIFE-

RIFT 

- Improvements in 

overall functioning* 

- No differences in 

weight loss or mood 

symptoms between 

the groups 

Todd et al.,  

2014; UK 

Self reported 

clinical 

diagnosis; BD-

I and BD-II; 

any mood 

state 

Not 

specified 

61 (42 ± 10.3) LWB; 10 

modules over 6 

months; digital 

61 (45 ± 11.9) 

 

TAU BD Symptoms; 

Functioning; QoL 

BRQ; ISS; SASS; 

QoL-BD; WHOQOL 

- Improvements in all 

outcomes* 

 

Legend: * = p ≤ 0.05;  
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BB = Blue-blocking; BDI = Beck Depression Inventory; BMI = Body Mass Index; BP = Blood Pressure; BRMS = Bech-Rafaelsen Mania Scale; BRQ = Bipolar Recovery 

Questionnaire; CaPE = Culturally Adapted Psychoeducation; CBT = Cognitive Behavioural Therapy; CBT-BP = Cognitive Behavioural Therapy, Bipolar Disorder Specific; 

CBTI-BP = Cognitive Behavioural Therapy for Insomnia, Bipolar Disorder Specific; CC = Collaborative Care; CGI = Clinical Global Impressions Scale; CGI-BD = Clinical 

Global Impressions Scale for Persons with Bipolar Disorder; CGI-S/I = Clinical Global Impression – Improvement scale; CMF = Clinical Monitoring Form; CSSRT = Clinical 

Status and Symptom Review Treatment; DASS-21 = Depression, Anxiety and Stress Scale - 21 Items; DSISD = Duke Structured Interview for Sleep Disorder; ESS = 

Epworth Sleepiness Scale; EuroQoL = European Quality of Life Scale; FFT = Family Focused Treatment; GAF = Global Assessment of Functioning; HDRS = Hamilton 

Depression Rating Scale; HLI = Healthy Lifestyle Intervention; IDS-C = Inventory of Depressive Symptomatology: Clinician; IIS = Illness Intrusiveness Scale; IPSRT = 

Interpersonal and Social Rhythm Therapy; IRRI = Integrated Risk Reduction Intervention; ISI = Insomnia Severity Index; ISS = Internal State Scale; LGCC = Life Goals 

Collaborative Care; LIFE = Longitudinal Interval Follow-up Evaluation; LIFE-RIFT = Longitudinal Interval Follow-up Evaluation-Range of Impaired Functioning Tool; LWB 

= Living with Bipolar; MADRS = Montgomery–Åsberg Depression Rating Scale; MEQ = Multidimensional Emotion Questionnaire; NEW Tx = Nutrition, Exercise, and 

Wellness Treatment; ORBIT = Online Recovery-Focused Bipolar Individual Treatment; PA = Physical Activity; PCMM = Psychiatric Care with Medical Monitoring; PE = 

Psychoeducation; PHQ-9 = Patient Health Questionnaire; PPAQ = Paffenbarger Physical Activity Questionnaire; PROMIS-SD = Patient-Reported Outcomes 

Measurement Information System-Sleep Disturbance; PROMIS-SRI = Patient-Reported Outcomes Measurement Information System-Sleep-Related Impairment; PSQ = 

Personality Structure Questionnaire; PSQI = Pittsburgh Sleep Quality Index; Q-LES-Q-SF = Quality of Life Enjoyment and Satisfaction Questionnaire; QoL-BD = Quality 

of Life for Persons with Bipolar Disorder; QUID-SR = Quick Inventory of Depressive Symptomatology – Self Report; SAS = Social Adjustment Scale; SASS = Social 

Adaptation Self-Evaluation Scale; SCID = Structured Clinical Interview for DSM Disorders; SDS = Self-Directed Search; SF-12 = 12-Item Short Form Survey; SF-36 = Short 

Form Health Survey; SIGH-ADS = Structured Interview Guide for the Hamilton Depression Rating Scale with Atypical Depression Supplement; SM = Stress 

Management; SPQ = Social Problems Questionnaire; SR = Social Relationships; SRM = Social Rhythm Metric; SSC = Specialist Supportive Care; SSS-EMA = Stanford 

Sleepiness Scale via Ecological Momentary Assessment; SU = Substance Use; TAU = Treatment as Usual; VAS = Visual analogue scales; WHODAS = World Health 

Organization Disability Assessment Scale; WHOQOL = World Health Organisation Quality of Life; WSAS = Work and Social Adjustment Scale; YMRS = Young Mania 

Rating Scale
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Table 3: Risk of Bias according to Cochrane Risk of Bias Tool for RCTs. 

 

Author(s), 

Year 

Random 

Sequence 

Generation 

(Selection 

Bias) 

Allocation 

Concealment 

(Selection 

Bias) 

Selective 

Reporting 

(Reporting 

Bias) 

Blinding 

Participants 

and Personnel 

(Performance 

Bias) 

Blinding 

outcome 

assessment 

(Detection 

Bias) 

Incomplete 

Outcome 

Bias 

(Attrition 

Bias) 

Other 

Sources 

of Bias 

(Other 

bias) 

Colom et al., 

2003; 
Low Low Low High Low Unclear Low 

Depp et al., 

2015; 
Low Low Low High Low Low Low 

Esaki et al., 

2020; 
Low Low Low Low Low Low Low 

Frank et al., 

1997; 
Unclear Unclear Low Low Unclear Low Low 

Frank et al., 

2015; 
Low Low Low Low Low Low Low 

Gillhoff et al., 

2010; 
Unclear Unclear Low High Low Low Low 

Gorraci et al., 

2016; 
Unclear Unclear Low High Unclear Low Low 

Harvey et al., 

2015; 
Low Low Low High Low Low Low 

Henricksen et 

al., 2016; 
Low Low Low Low High Low Low 

Husain et al., 

2017; 
Low Low Low High Low Low Low 

Inder et al., 

2015; 
Low Low Low Low Low Low Low 

Kaplan et al., 

2018; 
Low Low Low Low Low Low Low 

Kilbourne et 

al., 2012; 
Low Low Low Unclear Unclear Low Low 

Miklowitz et 

al., 2007; 
Low Low Low Low Low Low Low 

Murray et al., 

2021; 
Low Low Low Low Low Low Low 

Sit et al., 

2018; 
Low Low Low Low Low Low Low 

Sylvia et al., 

2019; 
Unclear Unclear Low High Low Low Low 

Todd et al., 

2014; 
Low Low Low High Low Low Low 
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Table 4: Proportion of effective interventions for improving outcomes of interest in comparison 

to control conditions based on number of domains targeted. Values indicate the number of 

effective interventions out of the total number of interventions targeting that outcome within 

each column;  

 

 Domains Targeted 

 1 Domain 

(n = 5) 

2 Domains 

(n = 4) 

3 Domains 

(n = 2) 

4 Domains 

(n = 5) 

BD Symptom 

Improvement 3/5 (60%) 3/4 (75%) 1/1 (100%) 3/4 (75%) 

 

Change in Lifestyle 3/3 (100%) 1/1 (100%) 1/1 (100%) 3/4 (75%) 

 

Functioning 1/2 (50%) 1/2 (50%) -  1/1 (100%) 

 

Quality of Life 
0/2 (0%) 1/2 (50%) -  -  

 

Circadian Rhythm 
1/2 (50%) -  1/1 (100%) -  

 

Legend: BD = bipolar disorder. 
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Appendix 

 

Description of Interventions 

 

Intervention Description 

Psychoeducation (PE) Program that focuses on symptom monitoring, 

treatment adherence, and illness management 

skills. 

PRISM Interactive Web-based System Personalized questionnaires capable of 

delivering pre-programmed interactive 

algorithm-based responses based on reported 

symptoms or early warning signs. 

Blue-blocking (BB) Glasses Glasses that virtually eliminate blue 

wavelengths. 

CSSRT – Clinical Status and Symptom 

Review Treatment  

Program that focuses on provision of support 

and education while assessing the presence of 

depressive or manic symptoms and 

medication side effects.  

PCMM – Psychiatric Care with Medical 

Monitoring 

Consists of two components: (i) psychiatric 

treatment by a study psychiatrist; and (ii) 

assessment and referral by a psychiatric 

research nurse for medical treatment provided 

by the patient’s own primary care physician. 

Interpersonal and Social Rhythm Therapy 

(IPSRT) 

Disorder-specific psychotherapy based on the 

instability model of BD and addresses three 

mechanisms of relapse: medication non-

adherence, disrupted social rhythms, and 

interpersonal-related life events.  

Integrated Risk Reduction Intervention (IRRI) Program that focuses on enhancing regularity 

of sleep/wake cycles, increasing regularity of 
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social rhythms, activities and meals, 

increasing physical activity, improving eating 

habits, and improving management of 

cardiometabolic risk factors and/or disease. 

Quality of Life for Persons with Bipolar 

Disorder Program (QoL-BD) 

Program that focuses on controlling weight 

and relapse prevention, balancing nutrition, 

and engaging in regular physical activity.  

Healthy Lifestyle Intervention (HLI) Comprehensive, standardized, and integrated 

manualized program that helps patients to 

develop and maintain a healthy and active 

lifestyle. 

Cognitive Behavioural Therapy for Insomnia, 

Bipolar Disorder Specific (CBTI-BP) 

Modification of CBT for insomnia, focused 

on improving safety and targeting the unique 

features of sleep in bipolar disorder by 

integrating elements from IPSRT, 

chronotherapy, and motivational interviewing. 

Culturally Adapted Psychoeducation (CaPE) Psychoeducation program that is culturally 

adapted to the Pakistani community.  

Specialist Supportive Care (SSC) Combination of supportive psychotherapy and 

PE, with the focus of each session initiated by 

the patient. 

Cognitive Behavioural Therapy, Bipolar 

Disorder Specific (CBT-BP)  

Cognitive Behavioural Therapy for 

individuals with bipolar disorder. This type of 

psychotherapy in which negative patterns of 

thought about the self and the world are 

challenged. 

Life Goals Collaborative Care (LGCC) Program that consists of sessions that have 

guided discussions and exercises designed to 

help patients set personal self-management 

goals. 
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Enhanced TAU Monthly mailings on wellness topics, 

available mental health care, and referral to 

off-site primary care services. 

Family Focused Treatment (FFT) Psychoeducational treatment for patients with 

BD and their families, focused on alleviation 

of mood symptoms, relapse prevention and 

enhanced psychosocial functioning 

Collaborative Care (CC) PE material to develop a treatment contract.  

Online Recovery-Focused Bipolar Individual 

Treatment (ORBIT) 

Online intervention addressing five 

overlapping skills: mindfulness, values and 

committed action, acceptance, self-

compassion, and defusion. 

Nutrition, Exercise, and Wellness Treatment 

(NEW Tx) 

CBT-based intervention with three main 

modules: Nutrition, Exercise, and Wellness. 

Living with Bipolar (LWB) 

 

Online interactive recovery informed self-

management intervention, broadly based on 

the principles of CBT and PE.  
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Chapter 6: General Discussion 

 

6.1 Summary of Findings 

 This thesis examined the importance of lifestyle in association to symptoms of 

common mental disorders such as anxiety, depression, and BD. Unhealthy behaviours in 

fundamental lifestyle domains, such as diet/nutrition, physical activity, restorative sleep, 

substance use, stress management, social relationships, and environmental exposures 

have been linked with more severe symptoms, socio-cognitive functional deficits, and 

higher prevalence of comorbidities in mental disorders (Fagiolini et al., 2015; Noordsy, 

2019; Scott and Happell, 2011). Prior reports have studied the relationships between each 

lifestyle risk factor and these disorders, however, the literature on multidimensional 

assessments of healthy and unhealthy lifestyle patterns in core domains of lifestyle 

psychiatry has been scarce. Moreover, there has been very limited research on the impact 

of accumulating unhealthy lifestyle behaviours during the COVID-19 pandemic for 

symptoms of common mental disorders, a crucial risk factor for the global burden of 

mental disease during and post-pandemic. 

 In the first study, described in Chapter 2, we used data from lifestyle variables 

associated with symptoms of depression and anxiety in Spain to develop three different 

machine learning models that accurately predicted the presence of symptoms of 

depression and anxiety in a Brazilian sample during the early stages of the COVID-19 

pandemic. Implementation of the SMILE scale for evaluating lifestyle behaviours and 

perceptions showed strong predictive power of lifestyle as a multidimensional construct 
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for detecting symptoms of common mental disorders (anxiety and depression). In 

addition to the high accuracy of the machine learning models to predict the presence of 

mental health symptoms in both Spain and Brazil, a novel finding of this study was that 

the models using lifestyle variables were developed in a Spain, a country where people 

were severely impacted by the pandemic already, which were able to predict the presence 

of these symptoms in Brazil, a country severely affected by the pandemic at a later time. 

Findings from this study suggest that unhealthy lifestyle behaviours and perceptions can 

be used as risk factors for transnational prediction of symptoms of common mental 

disorders such as depression and anxiety.  

Moreover, in the aforementioned study, we analyzed the importance of specific 

lifestyle behaviours and perceptions associated with symptoms of depression and anxiety. 

The analysis suggested that the question on the SMILE scale regarding the 

meaningfulness of their life was the most significant predictor of symptoms of 

depression, while factors related to the sleep domain, such as restfulness after sleep and 

use of sleeping pills, were the most significant predictors of symptoms of anxiety. 

Findings from the secondary analysis of this study further contribute to the literature on 

specific lifestyle factors important for predicting and preventing, as well as for the 

treatment of common mental health symptoms during the COVID-19 pandemic. 

 Subsequent to the findings of the study presented in Chapter 2, the aim of our 

study in Chapter 3 was to investigate the relationship between lifestyle and symptoms of 

depression and anxiety during the COVID-19 lockdown period in July and August of 

2020 in Canada. For this study, we used the SMILE-C scale, which only included 
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questions within the 7 lifestyle domains that were relevant to behaviours and perceptions 

during the confinement period in Canada. We found significant inverse relationships 

between lifestyle quality and symptoms of depression and anxiety, where individuals 

indicating symptoms of anxiety or depression were more likely to be engaged in 

unhealthy lifestyle behaviours and perceptions according to the SMILE-C scale than 

individuals without reports of symptoms of anxiety or depression. Furthermore, in this 

study we presented some novel sociodemographic trends related to symptoms of 

depression and anxiety in Canada during this period. For instance, we found that older 

adults were less likely to report symptoms of depression and anxiety, while people who 

had lost their job during the pandemic were more likely to present symptoms of 

depression and anxiety. Changes from typical patterns prior to the pandemic in lifestyle 

domains, such as diet, sleep, and social support, were associated with common mental 

health symptoms in our sample. Findings from this study once again emphasize the 

importance of detecting unhealthy lifestyles for prevention and treatment of symptoms 

and outcomes associated with depression and anxiety.  

 Chapter 4 presents a cross-sectional study comparing the overall lifestyle as well 

as lifestyle patterns across each of the 7 domains of the SMILE scale among individuals 

with BD in a depressive, (hypo)manic, or mixed episode, and healthy controls. 

Regardless of the current mood episode they were experiencing, individuals with BD 

reported worse overall lifestyle and worse lifestyle patterns across each domain of the 

scale than healthy individuals. Further comparisons among individuals with BD 

suggested equal levels of unhealthy lifestyles in people in depressive states, and people in 
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(hypo)manic or mixed states. Implications from this study support the idea for evaluating 

lifestyle across multiple modalities in individuals with BD, advocating for close 

monitoring of lifestyle patterns across the different mood states for more effective 

treatment strategies. 

 In Chapter 5, we reviewed the literature of RCTs evaluating the efficacy of 

lifestyle interventions for individuals with BD in comparison to usual treatments or non-

lifestyle interventions. The focus on lifestyle interventions in this review was directed 

towards interventions targeting the six core domains of lifestyle psychiatry. Up to 

January 6, 2022, sleep, diet, and physical activity were the most targeted domains for 

interventions, while substance use, stress management, and social relationships were less 

targeted.  

A major focus of the study presented in Chapter 5 was the proportion and efficacy 

of multidimensional interventions in comparison to single-domain interventions. We 

found that majority of the included RCTs had a multidimensional approach to their 

respective interventions, which also indicated higher efficacy rates for improving clinical 

and functional outcomes in comparison to single-domain interventions. However, none of 

the RCTs included a multidimensional intervention that comprised of active suggestions 

to promote healthy behaviours on all six core domains of lifestyle. Furthermore, findings 

from our meta-analyses revealed that interventions on sleep, diet and physical activity are 

effective for reducing the severity of depressive symptoms in BD and improvement in 

overall functioning, although in a relatively small sample size of studies. Overall, 

implications from this study point to the promising efficacy of lifestyle interventions for 
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BD, however, further research on more multidimensional interventions is needed for 

assessing the possibility of greater improvements in symptoms and outcomes of BD. 

 

6.2 Significance and General Discussion 

 Overall, the work presented in this thesis emphasizes the importance of 

multimodal lifestyle assessments for common mental disorders such as depression, 

anxiety, and BD. The positive and negative contributions of various lifestyle behaviours 

have been well-established over the years, however, recent progressions in the field of 

lifestyle psychiatry have raised attention towards the impact of lifestyle as a 

multifactorial construct for prevention, and even treatment of psychiatric disorders (Firth 

et al., 2019b). The four studies comprising this thesis further illustrate the cumulative 

significance of multiple lifestyle areas for psychiatric symptoms.  

 Throughout the COVID-19 pandemic, various countries around the world 

reported increased prevalence rates of depression and anxiety in their general population 

following the sudden life-changing pandemic-related events (Salari et al., 2020; Xiong et 

al., 2020). While adding to this body of literature, demonstrating the rise of these 

symptoms in Spain, Brazil, and Canada during COVID-19, the studies in Chapters 2 and 

3 also indicate an association between unhealthy lifestyles and these symptoms. These 

findings are concurrent with similar reports from China, Sweden, and Spain reporting the 

presence of unhealthy lifestyle behaviours and negative lifestyle changes in association to 

poor subjective mental well-being and psychiatric symptoms in the general population 
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(Blom et al., 2021; Cervera-Martínez et al., 2021; Hu et al., 2020). A major, novel 

contribution from the study in Chapter 2 towards the relationship between lifestyle and 

mental health symptoms is the implementation of machine learning analysis. Prior studies 

have explored the effectiveness of machine learning for diagnosis, prognosis, and 

treatment of mental health (Shatte et al., 2019), however, this was the first study to use 

machine learning algorithms for transnational prediction of common mental health 

symptoms using lifestyle variables. In addition to affirming the importance of lifestyle 

behaviours for mental health, this study suggests the possibility of using big data analysis 

for large-scale investigations of lifestyle risk factors as predictors of psychiatric 

symptoms. Furthermore, reports from Chapters 2 and 3 also shed light on the significance 

of evaluating pandemic-related changes in lifestyle which could lead to harmful effects 

on the person’s well-being. Considering the possibility of long-lasting consequences on 

psychological distress following the pandemic, it is important to recognize the lifestyle 

factors impacting the individual’s well-being (Veldhuis et al., 2021). Timely recognition 

and intervention on these risk factors could help reduce the rise of the global mental 

health burden during and after the COVID-19 pandemic.  

 Chapters 4 and 5 direct the attention to the importance of lifestyle for BD, a 

complex mood disorder with a detrimental clinical trajectory for a subset of affected 

individuals (Kapczinski et al., 2017). Similar to previous reports (Firth et al., 2019a; 

Huang et al., 2018; Karantonis et al., 2021; Kasper, 2004; Zhang et al., 2006), the study 

in Chapter 4 also found unhealthy lifestyle behaviours among individuals with BD in a 

depressive, (hypo)manic, and mixed state. While prior literature has indicated the 
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presence of unhealthy behaviours during these episodes, Chapter 4 presents a novel 

approach to evaluating lifestyle behaviours in BD using a multidimensional scale. Given 

the vast differences in emotions and behaviours characteristic of each mood episode in 

BD, a multifactorial assessment of the fundamental areas of lifestyle psychiatry provides 

the opportunity to monitor different lifestyle domains simultaneously and the co-

occurrence of unhealthy behaviours across these domains in each mood episode. We 

found similar levels of unhealthy lifestyle behaviours and perceptions across individuals 

in a depressive episode and those in a (hypo)manic or mixed episode, in line with 

previous reports of unhealthy lifestyles across both depressive and (hypo)manic states 

(Firth et al., 2019a; Lopresti et al., 2013). Although the prevalence of behavioural risk 

factors in BD has been established (Firth et al., 2019a), a closer look into specific areas 

and behaviours can be very beneficial for prognosis and treatment of the disorder. 

Lifestyle behaviours may be affected differently based on the severity of the mood 

episode and the presence of overlapping features of depressive and (hypo)manic 

episodes, further emphasizing the importance of detailed monitoring of the extent to 

which multiple areas of everyday life are affected.  

 Following the findings of the study in Chapter 4, we explored the existing 

literature on lifestyle-based interventions for improvement of mood symptoms, quality of 

life, and functional outcomes of BD. To date, the most impactful review of this area has 

been a meta-review of meta-analyses on diet, physical activity, sleep, and substance use 

interventions for mental disorders, including BD (Firth et al., 2020). However, there were 

no reports of meta-analyses on interventions for BD across any of the four domains 
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included in this meta-review. Moreover, a systematic review by Bauer et al. (2016) 

examined the therapeutic effectiveness of interventions focused on nutrition and physical 

activity for improvement of symptoms and outcomes in BD (Bauer et al., 2016). This 

review consisted of 6 studies, 3 of which were recognized as RCT studies. The overall 

findings from this systematic review suggest a beneficial effect of interventions on diet, 

physical activity, self-motivation, and beliefs surrounding wellbeing for outcomes such as 

mood improvement, weight, blood pressure, metabolic lipid profile, physical activity and 

overall wellbeing. The main implications from this review were that diet and physical 

activity interventions are feasible and efficacious in individuals with BD, and could 

potentially lead to improvements in long-term management of BD, keeping in mind these 

implications were based on a small number of RCTs (Bauer et al., 2016). However, to 

date, there has been a lack of systematic reviews and meta-analyses exploring the 

efficacy of interventions for BD across all the core domains of lifestyle psychiatry, and 

the efficacy of multimodal interventions for improvements in major clinical and 

functional outcomes associated to BD. Our review and meta-analysis presented in 

Chapter 5 found promising rates of efficacy of lifestyle interventions, and emphasizes the 

focus on diet, physical activity, sleep, and the types of multidimensional interventions 

implemented so far. Moreover, in Chapter 5 we highlight fundamental missing aspects 

for the progression in our understanding of lifestyle psychiatry contributions, such as the 

lack of focus on substance use, stress management, and social relationships interventions, 

and the lack of interventions targeting majority of the core lifestyle domains 

simultaneously. Research on multidimensional lifestyle interventions for BD is still in the 
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early stages, although these findings have demonstrated promising signs for 

implementing lifestyle strategies in the long-term management of the disorder. 

 A significant step forward for the field of lifestyle psychiatry is the application of 

multimodal lifestyle evaluations for clinical and at-risk populations. The wide-spread 

acceptance of lifestyle as a multifactorial construct beyond the traditional areas of diet, 

physical activity and sleep has raised the need for a rapid evaluation of recent lifestyle-

related behaviours and perceptions (Balanzá-Martínez et al., 2021). Studying the extent to 

which an individual’s habits and routines are characteristic of a healthy lifestyle has been 

a topic of interest for decades. However, majority of the focus on lifestyle assessments 

has been directed towards creating and implementing assessments specific to a single 

lifestyle area. Although the importance of each lifestyle area has been evident for many 

years, there has been a lack of widely implemented instruments assessing all the domains 

simultaneously for psychiatric disorders. The early stages of interest in multimodal 

lifestyle lead to the development of the Health Promoting Lifestyle Profile (HPLP), one 

of the first renowned assessments to cover multiple factors of modern notions of lifestyle 

(Walker et al., 1987). The original version of this instrument consisted of questions rated 

on a 4-point Likert scale (never, sometimes, often, routinely) regarding self-actualization, 

health responsibility, exercise, nutrition, interpersonal support, and stress management. 

Over the next several years, new research findings and feedback on the original scale led 

to refinements of the questions and development of a newer version, HPLP-II, 

comprising of newly adapted domains such as nutrition, physical activity, stress 

management, interpersonal relations, spiritual growth, and health responsibility (Walker 
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et al., 1995). This version of the scale was subsequently validated in various countries 

around the world and served as the basis of other lifestyle questionnaires (Gillis, 1997; 

Kuan et al., 2019; Pinar et al., 2009; Tanjani et al., 2016). The ability to detect unhealthy 

lifestyle behaviours in association to mental health symptoms using the HPLP-II has been 

demonstrated across several studies, reporting inverse relationships between scores on the 

HPLP II and symptoms of depression, supporting the idea of assessing lifestyle 

comprehensively in individuals with mental illnesses (Jensen et al., 2006; Safaie et al., 

2020). With the progression of research findings over the years, our understanding of 

modifiable factors of lifestyle has deepened and led to the exploration of more specific 

lifestyle behaviours, identifying core lifestyle domains, and further evaluating their 

association to psychiatric symptoms. While many instruments have been created and 

widely used for evaluating quality of behaviours specific to one lifestyle domain, there 

are no known widely validated and implemented questionnaires for a comprehensive, 

multidimensional evaluation of all lifestyle areas recognized by present day ideologies of 

lifestyle psychiatry. The SMILE and SMILE-C scales, used in Chapters 2, 3 and 4, 

provide a holistic overview of lifestyle as well as a closer look at behaviours in specific 

domains associated to psychiatric symptoms. In comparison to the HPLP-II, the SMILE 

scales have incorporated seven domains, replacing spiritual growth and health 

responsibility with sleep, substance use, and environmental exposures, which are more in 

line with contemporary evidence-based strategies of lifestyle psychiatry. Answers on the 

HPLP-II scale are based on the individual’s ‘present way of living’, susceptible to a 

subjective interpretation of the time frame for each question, while the SMILE scale is 
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focused on lifestyle behaviours within the past 30 days. Items on the SMILE scale are 

also more specific to behaviours and perceptions in mental disorders, as they have been 

designed and approved by clinicians and researchers practicing lifestyle psychiatry. 

Furthermore, with the lifestyle adversities following the onset of the COVID-19 

pandemic, it is important to consider lifestyle behaviours adapted to routines during and 

post-pandemic, which is made possible through the SMILE-C scale (Balanzá-Martínez et 

al., 2021). The quantification of unhealthy lifestyle behaviours also enables assessors to 

analyze the correlation between these behaviours and severity of psychiatric symptoms 

on widely validated psychiatric instruments, such as the PHQ-9, MADRS, YMRS, and 

GAD-7 (Davidson et al., 1986; Kroenke et al., 2003; Spitzer et al., 2006; Young et al., 

1978). Detection of unhealthy behaviours using the SMILE scales was an instrumental 

element of this thesis, particularly in Chapters 2-4, making it possible to study patterns 

across multiple distinguished areas of lifestyle psychiatry through a holistic, yet detailed 

assessment tool.  

 One of the major advantages of the SMILE scale is the ability to detect the 

clustering of unhealthy behaviours across different domains using a single instrument. 

This scale has proven to be a rapid, feasible method of detecting unhealthy lifestyles in 

the general and clinical populations. Considering the severe implications associated to 

clustering of unhealthy behaviours, the rapid multidimensional detection of unhealthy 

lifestyles provides an opportunity for early recognition of lifestyle areas in need of 

improvement. In particular, the clustering of unhealthy behaviours in the general 

population during the COVID-19 pandemic could lead to an increased prevalence of 
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depression and anxiety symptoms, as demonstrated in Chapters 2 and 3, potentially 

increasing the already large global burden of these disorders (Campion et al., 2020). The 

clustering of unhealthy behaviours among people with BD, reported in Chapter 4, could 

further aggravate the severity of symptoms and outcomes associated with the mood 

episodes, lead to shorter relapse of episodes, and increase the risk of comorbidities for 

these individuals. Furthermore, the lifestyle behaviours assessed by the SMILE scales are 

also established risk factors for the onset of psychiatric symptoms (Firth et al., 2020), 

which may be especially important with the accumulation of unhealthy behaviours in 

these areas during and post-COVID-19 pandemic. People may also be engaging in some 

unhealthy lifestyle patterns subconsciously, where increased mindfulness to the 

differences between healthy and unhealthy lifestyles and the effects of unhealthy 

behaviours could incite better decision-making among the general population and 

potentially decrease the rates of psychiatric symptoms. Therefore, the implementation of 

a practicable multidimensional lifestyle assessment is highly valuable for timely 

prevention and treatment of psychiatric symptoms.  

 The findings from Chapters 2-5 all highlight the importance of developing 

multimodal lifestyle-based interventions for a combined effect of improvements in 

multiple lifestyle areas. In Chapters 2 and 3, we emphasize the need for focusing on 

preventive and treatment strategies for the cumulative effects of multiple unhealthy 

lifestyle factors associated with symptoms of depression and anxiety during the COVID-

19 pandemic. Chapters 4 and 5 highlight the importance of focusing on multiple lifestyle 

areas for improvement of symptoms in BD, where findings from Chapter 5 suggest 
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promising rates of efficacy of multidimensional interventions so far. These findings and 

suggestions are in agreement with major principles of lifestyle psychiatry, advocating for 

more attention to combined lifestyle interventions to further understand their prospective 

impact on long-term psychiatric outcomes (Firth et al., 2019b; Walsh, 2011). Combined 

interventions could have a greater cumulative effect on the well-being of the individual, 

with promising signs that maintaining healthy behaviours can result in increased mood 

stability and long-term improvements in psychological and cognitive well-being (Conry 

et al., 2011; Merrill and Small, 2011; Vermeulen-Smit et al., 2015). Given the complex 

symptomatology of psychiatric disorders, and the heterogeneity in treatment responses of 

usual therapeutic strategies, lifestyle interventions can be implemented complementary to 

usual care for a greater effect on outcomes, or even as alternatives to pharmacotherapy 

for depressive and anxiety disorders (Manger, 2019; Noordsy, 2019). In contrast to usual 

pharmacotherapies for mental disorders, lifestyle-based interventions are associated with 

fewer side effects and can also serve as neuroprotective factors and reduce the risk of 

subsequent age-related cognitive deficits (Manger, 2019; Walsh, 2011). Moreover, 

lifestyle interventions can be cost-effective alternatives to pharmacotherapies, especially 

in low- and middle-income countries where there is a scarcity of easily-attainable, 

conventional psychiatric services (Firth et al., 2020; Manger, 2019; Walsh, 2011).  

However, the implementation of lifestyle interventions is not simple. Unhealthy 

lifestyle behaviours may stem from various social risk factors, such as social isolation, 

unemployment and financial distress, lower levels of education, and living arrangements 

(World Health Organization and Calouste Gulbenkian Foundation, 2014). A notable 
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drawback to the idea of lifestyle interventions are the challenges in implementation of 

these evidence-based interventions in a clinical setting. The translation from research 

findings to clinical practice has not been straight-forward, as it depends on many factors, 

such as the delivery, availability and openness to these therapeutic strategies in mental 

disorders (Deenik et al., 2020). One of the reasons for the under-exploitation of lifestyle 

interventions is that it can be a challenging process for the patients, the clinicians, and 

even society as it is (Walsh, 2011). Changes in lifestyle may seem like a process 

requiring a lot of effort, motivation, and discipline, which could be challenging for the 

patient. The implementation of lifestyle treatment strategies can be a challenging process 

for the therapist as well, as it may be more time intensive and require significant 

knowledge in each lifestyle domain. Moreover, many industries in society are prone to 

promoting unhealthy behaviours, such as the fast food industry and the easy accessibility 

to harmful substances (Walsh, 2011). One of the major proposals of this thesis is the 

move towards more personalized lifestyle interventive strategies, designed based on the 

presence and extent of unhealthy behaviours across the proposed areas of lifestyle 

psychiatry for each individual. Perhaps, a multidisciplinary team comprised of various 

professionals such as a psychiatrist, social worker, dietitian, exercise physiologist, 

psychologist, nurse, and other trained lifestyle experts could be very beneficial for 

improving long-term outcomes in individuals suffering from mental illness (Manger, 

2019). Alternatively, the recent rise in digital health makes it possible to monitor and 

obtain data on lifestyle behaviours of the general and clinical populations and provide 

instant access to personalized suggestions for lifestyle improvements, as suggested in 
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Chapter 5. Digital lifestyle interventions could prove to be a cost-effective method of 

providing multidimensional lifestyle care, however, there is currently a lack of strong 

evidence on the efficacy of digital delivery methods for depression, anxiety, and BD 

(Anmella et al., 2022; Castro et al., 2021). 

 

6.3 Strengths 

 The specific strengths of each study presented in this thesis are described in detail 

within each chapter. Overall, the findings from each study contribute towards the current 

understandings of lifestyle psychiatry, and the combined importance of multiple lifestyle 

areas in association to psychiatric disorders. Collectively, these novel findings 

corroborate previous reports on the significance of perceiving lifestyle as a multifactorial 

concept for the prevention and treatment of depression, anxiety, and BD, and provide 

new considerations for future research and clinical directions. In addition, the studies 

presented in Chapters 2-4 used the SMILE scale, the only quantifiable multidimensional 

lifestyle assessment examining domains following contemporary notions of lifestyle 

psychiatry.  

 The machine learning models developed and utilized in Chapter 2 provide a novel 

approach to predicting symptoms of depression and anxiety using multidimensional 

lifestyle behaviours as predictors. In this innovative study, we showed the performance of 

elastic net, random forest, and XGBoost, three of the most frequently used machine 

learning techniques, for training a model in different ways to predict symptoms of the 
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most globally prevalent psychiatric disorders with high accuracy. The significant findings 

of this study promote the opportunity of using these machine learning models for 

predicting psychiatric symptoms using lifestyle behaviours and perceptions on a larger 

scale and progressing our understanding for necessary globally preventive strategies. 

 The study presented in Chapter 3 was the first study to investigate the associations 

between multifactorial unhealthy lifestyles and symptoms of depression and anxiety in 

Canada. In fact, this was not the case only during the COVID-19 pandemic; this was the 

first ever study to apply a multidimensional lifestyle evaluation following the current 

notions of lifestyle psychiatry in association to symptoms of depression and anxiety in a 

Canadian population. This is a significant step forward for tackling the burden of mental 

disorders in Canada, especially considering the increased prevalence rates of depression 

and anxiety associated to lifestyle changes following the onset of the pandemic.  

 Another essential part of this thesis is the analysis of lifestyle behaviours per 

mood episode in BD, described in Chapter 4. For many years, it has been known that 

lifestyle factors are associated with symptoms of BD, however, this is the first study to 

provide a closer comparison between overall lifestyle behaviours and perceptions during 

depressive and (hypo)manic or mixed states, as well as the core domains of lifestyle 

psychiatry individually. While the results did not indicate any differences in lifestyle 

quality between the groups, this approach to evaluating multiple lifestyle areas in BD 

opens the door for future investigations of changes in lifestyle across different mood 

states. The ability to closely identify changes in specific behaviours could potentially 
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predict the onset of symptoms in the future and lead to more effective preventive and 

treatment strategies.  

 The systematic review and meta-analysis presented in Chapter 5 emphasize the 

current gaps in RCT studies of lifestyle interventions for BD. Similar to the 

abovementioned chapters, this is the first study to investigate the availability and efficacy 

of interventions for BD in all of the core domains of lifestyle psychiatry. This detailed 

overview on the frequency of interventions in each domain, multidimensional 

interventions, and the efficacy of these interventions provides the necessary information 

for detecting the missing steps in research for the progression towards more 

comprehensive intervention strategies for BD. 

  

6.4 Limitations 

The limitations of each individual study are elaborated within each chapter of this 

thesis. The overall limitations of this thesis are highlighted below.  

The SMILE scale is a self-report assessment of lifestyle within the past 30 days, 

meaning, it is possible that participants did not report their behaviours with maximum 

accuracy. Perhaps, memory bias and social desirability may have contributed to their 

perceived behaviours during this period. However, it is important to note that the SMILE 

scales were used in the studies presented in Chapters 2-4, which were conducted during 

the COVID-19 confinement periods at a time where web surveys were the main method 

of data collection. Although objective lifestyle measurements could minimize inaccuracy 



Ph.D. Thesis – M. Simjanoski; McMaster University – Neuroscience. 

214 
 

in lifestyle data, the SMILE scale has still proven to be a strong, rapid multidimensional 

assessment tool. In addition, the screenings for depression and anxiety in the studies 

presented in Chapters 2 and 3 were conducted using self-report measures, the PHQ-2 and 

GAD-7. These widely validated questionnaires are often used in research studies for 

detecting symptoms of depression and anxiety, however, assessment of symptoms using a 

structured clinical interview is needed in future studies for more detailed and accurate 

evaluation of current symptomatology. The cross-sectional design of the studies in 

Chapters 2-4 has also limited the interpretations of any causal relationships attributing 

unhealthy lifestyles to psychiatric symptoms, but the current findings still shed light to 

the important associations between the variables. Moreover, the samples included in the 

studies in Chapters 2 and 3 preclude the generalization of these results to the total 

Brazilian, Spanish, and Canadian populations, which was a predicted challenge of studies 

using web-surveys for data collection during the pandemic (De Boni, 2020). The sample 

in the study in Chapter 4 was also selected by convenience, and further generalization of 

these findings should be carefully examined. 

An important limitation to the studies presented in this thesis was the lack of 

information obtained on the current use of medications of the participants. It is possible 

that participants diagnosed with depression, anxiety, or BD were receiving 

pharmacological therapies at the time of participation. Certain prescribed medications for 

these disorders could interfere with patterns and behaviours on some of the SMILE 

domains, such as diet, physical activity, and sleep. Furthermore, we did not account for 

the presence of any medical or psychiatric comorbidities in participants with BD included 
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in the study from Chapter 4. Given the presence of high rates of comorbidities in BD, it is 

important to consider the effects of potential co-occurring physical and psychiatric 

symptoms during lifestyle evaluations. Also, the non-inclusion of euthymic individuals 

with BD was a limitation in Chapter 4, which prevented the complete analysis of lifestyle 

behaviours across all mood states of BD.  

In Chapter 5, it is possible that some RCTs eligible for inclusion according to the 

criteria were not captured during the literature search and the subsequent hand search of 

references, which could be the case due to the differences in conceptualization of 

‘lifestyle’ and the domains that fall under the umbrella of lifestyle.   

 

6.5 Future Directions 

 The research presented in this thesis contributes to the basis of future research and 

clinical implementations of lifestyle psychiatry. Considering the relative novelty of the 

multidimensional lifestyle approach to preventive and treatment strategies for psychiatric 

disorders, there are still several major concerns to address in this field in future 

investigations. The primary proposition of the studies in this thesis for future research is 

the adaptivity of a multifactorial lifestyle approach to assessments and interventions for 

improving our understanding of lifestyle as a multimodal construct, and investigating the 

potentially greater effect of multidimensional interventions for individuals with mental 

health challenges. Lifestyle changes can be very complex and temporary, so there is a 

need for more longitudinal studies monitoring lifestyle behaviours, short-term impact of 
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interventions, adherence to treatment guidelines, and long-term assessments of clinical 

and functional outcomes following the interventions. Namely, there has been a high 

heterogeneity of types of interventions, outcomes assessed, duration, populations 

included, and the improvement of outcomes following the interventions, which makes it 

difficult to draw certain conclusions about the effectiveness of this approach (Firth et al., 

2020). Future work is needed on a more detailed, standardized approach to evaluating 

lifestyle interventions and preventive strategies for depression, anxiety, and BD. 

Furthermore, in complex psychiatric disorders such as BD, it is important to 

monitor lifestyle behaviours across all mood states, including euthymia, to understand the 

changes in behaviours, perceptions, and routines across the mood states, as suggested in 

Chapter 4. Further longitudinal research of multidimensional assessments can be very 

beneficial for the development of preventive and treatment strategies for BD. However, 

another major consideration for future research is the interactions between medications 

and lifestyle behaviours during lifestyle assessments and interventions. Perhaps, the 

current pharmacological therapies could be a factor contributing towards unhealthier 

lifestyle behaviours and interfering with the effectiveness of non-pharmacological 

therapies. Future studies should investigate this relationship in order to establish the 

effectiveness of lifestyle interventions as complementary treatment strategies to usual 

pharmacological care.     

However, as mentioned above, the translation from research findings to clinical 

implementations is not straight-forward, and there are several obstacles to overcome. The 

dissemination and implementation stages of interventions can be impeded by many 
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factors, such as the motivation and willingness of the patient to adopt the suggested 

strategies, adequate knowledge on necessary interventions, and environmental and 

organizational factors (Deenik et al., 2020; Firth et al., 2019b). Implementation studies 

are needed for investigating the acceptability, adoption, fidelity, implementation costs, 

and sustainability of lifestyle interventions in clinical practice (Deenik et al., 2020). 

Furthermore, future studies should also investigate the burden of implementing these 

strategies on clinicians, such as time required for attending to the needs of each 

individual to ensure the effectiveness of the treatments (Walsh, 2011). Wide-scale 

adoption of lifestyle interventions may also rely on public health systems, educational 

and marketing campaigns to raise awareness of unhealthy lifestyle choices to reduce the 

burden of mental disorders (Walsh, 2011). 

The widespread use of digital technologies has become an alternative for easier 

monitoring of lifestyle behaviours, gathering data from participants, and providing 

preventive and treatment interventions for mental disorders (Firth et al., 2020, 2019b). 

While this appears like a possibility for a large-scale, cost-effective delivery of lifestyle 

interventions, there is still a need for further research the standardization, 

operationalization, and effectiveness of digitally delivered lifestyle interventions for 

psychiatric disorders (Castro et al., 2021; Firth et al., 2020, 2019b).  

The relatively novel field of lifestyle psychiatry holds great promise for reducing the 

rates of mental health symptoms, however, future work is needed across many levels to 

reach the desired effects of lifestyle interventions. 
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6.6 Conclusion 

The work in this thesis highlights the association between multidimensional 

lifestyle behaviours and perceptions and common psychiatric disorders, such as anxiety, 

depression, and BD. We found that the presence of symptoms related to anxiety, 

depression, and/or (hypo)mania is associated with detrimental clustering of unhealthy 

lifestyle patterns across areas such as diet, physical activity, substance use, sleep, stress 

management, social relationships, and environmental exposures. Additionally, we found 

promising results for multidimensional lifestyle interventions for improvement of clinical 

and functional outcomes in BD. Overall, this thesis suggests that a multidimensional 

lifestyle approach can be very beneficial for the development of preventive and treatment 

strategies for anxiety, depression, and BD. 
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