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Abstract 

 

The overarching aim of this thesis was to more comprehensively examine the relationship 

between physical activity (PA), stress, and mental health in adolescents and young people, 

by using a range of sophisticated analytical techniques to investigate factors explaining the 

relationship.  Chapter 1 provides an overview of literature related to PA and stress. In order 

to examine the overarching thesis aims and to address some of the issues highlighted in 

Chapter 1, Chapter 2 used path analysis to examine potential factors explaining the 

relationship between PA and stress in adolescents. Specifically, the hypothesised model 

examined whether the relationship between PA and stress was indirect via self-esteem, 

stress appraisals, and distress tolerance. During the course of the PhD, the COVID-19 

pandemic was declared, which allowed for the examination of the association between PA, 

stress, and mental health under these novel and unprecedented circumstances. Chapter 3 

of the thesis aimed to examine the extent to which PA could protect against any negative 

impact of Coronavirus concerns on stress and indicators of mental health and wellbeing 

during lockdown. Building on the earlier cross-sectional work in the thesis demonstrating 

the indirect relationship between PA and stress via self-esteem, stress appraisals and 

distress tolerance, Chapter 4 aimed to understand the association between PA and stress 

further by investigating how the variables explaining the indirect relationship (identified in 

Chapter 2) related to PA and stress longitudinally. Over a 4-month period, data were 

collected at three timepoints (which also happened to occur during different levels of 

COVID-19 restrictions) and were analysed using Multilevel Modelling analysis. Finally, 

Chapter 5 provided a scoping review of existing literature to determine the relationship 

between PA, as well sedentary behaviour, and stress over a variety of differing time frames, 

ranging from concurrent associations to assessing PA and stress over the course of a year. 
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The thesis concludes with a discussion of the collective findings from the body of research, 

along with highlighting the implications and presenting considerations and suggestions for 

future research. This thesis represents a novel contribution to the literature and contributes 

to the understanding of the association between PA and stress, presenting how additional 

factors can alter these associations using a range of methodological and analytical 

approaches.  
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Stress 

Stress has been in the collective consciousness of society for decades and has been 1 

seen to be highly prevalent across the lifespan. It has been found that up to 45% of 2 

adolescents report feeling stressed (Roy et al., 2015), and 60% of young people (18-24-year-3 

old) report feeling stressed due to pressure to succeed (Mental Health Foundation, 2018a). 4 

This increase in stress prevalence continues further into adulthood with 74% of adults 5 

feeling so stressed that they feel unable to cope in the past year (Mental Health Foundation, 6 

2018a). Therefore, it is important that we find ways by with we can support people to be 7 

able to cope with stress.    8 

Stress can be induced by both physical and psychological stimuli. Physical stress for 9 

example can come in the form of exercise (Mastorakos et al., 2005) or extreme 10 

temperatures (Lloyd & Havenith, 2016), whereas psychological stress can come in the form 11 

of life events but also daily hassles (Segerstrom & O’Connor, 2012). Both physical and 12 

psychological stress cause physical reactions such as increased breathing, heart rate and 13 

adrenaline, preparing the body to be able to cope with the presenting stress (O'Connor et 14 

al., 2021). In addition to physical responses, there are also psychological responses to stress 15 

such as feeling overwhelmed, tense and worried (Mind, 2022). The term stress is often used 16 

interchangeably for both physical and psychological stress, which can make it difficult to 17 

conceptualise stress. 18 

Given the difficulty in conceptualising stress due to the different types of stress 19 

stimuli and responses, it is perhaps unsurprising there is no single definition of stress. While 20 

early efforts such as “stress is the nonspecific response of the body to any demand made 21 

upon it” (Selye, 1974, p. 137) attempt to define stress, this is a very broad definition as it 22 

focuses on nonspecific actions and demands, encompassing everything and yet not 23 
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narrowing into the stress experience. While as described above stress can be physical, when 24 

considering stress, it is largely the psychological components of stress that tend to be at the 25 

forefront of thought, largely due to the detrimental effects on mental health and well-being 26 

(discussed below) and as evidenced above the high prevalence of stress across society. 27 

Psychological stress is also becoming a public health issue, with effects on public services 28 

such as the NHS (NHS Digital, 2022)and stress related ill-health being a leading cause of lost 29 

work days (HSE, 2023)  Therefore, for this thesis, the focus will be on psychological stress. 30 

One definition that seems to encompass psychological stress is posed by Fink (2016), who 31 

suggests psychological stress is the feeling when demands of a situation outweigh the 32 

individual’s ability to cope with these demands. This definition is more specific than that 33 

provided by Selye (1974), and allows for individualisation of the stress response based on a 34 

person’s perceptions of a situation or stressor, and better encompasses the idea of 35 

psychological stress. Therefore, for the purposes of this thesis when defining stress, the 36 

focus will be upon psychological stress, using Fink (2016)’s definition.  37 

Responses to Stress 38 

Stressful stimuli can be acute or chronic by nature. Acute (or short term) stress can 39 

be defined as a single instance of stress (Chu et al., 2021), which is short in duration (often 40 

60 minutes or under) and could be in response to an external stimuli, such as in preparation 41 

for an important exam. Chronic (or long term) stress, can be defined as the prolonged 42 

exposure to stress (Chu et al., 2021)  and could relate to a number of long term stimuli such 43 

as sustained pressure at school or work, major life changes or illness. The body reacts to 44 

both acute and chronic psychological stress in a number of ways. First, some of the 45 

physiological responses will be briefly described, with psychological consequences of stress 46 

to be discussed later.  47 
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In reaction to psychological stress, the hypothalamic-pituitary-adrenocortical axis 48 

(HPA) and the sympathetic-adrenal-medullary (SAM) system are activated by psychological 49 

stress (Cohen et al., 2007). This activation induces the release of cortisol and 50 

catecholamines, which subsequently influence other bodily functions including anti-51 

inflammatory responses and regulation of the cardiovascular system, such as increase in 52 

heart rate and blood pressure. These acute responses to stress are beneficial for the 53 

individual, by preparing the individual to react to a situation. Acute stress for example can 54 

lead to improvements in concentration (Degroote et al., 2020), and response time (Shields 55 

et al., 2019), as well as  improved performance in sporting activities (Jones & Hardy, 1989). 56 

However, prolonged activation of the HPA axis and the SAM system, for example as a result 57 

of chronic psychological stress, can interfere with the physiological processes controlled by 58 

the HPA and SAM systems, increasing the risk of both physical and psychiatric disorders 59 

(Cohen et al., 2007). It is perhaps unsurprising therefore, that stress has been linked to a 60 

large number of physical health conditions, including but not limited to, increased 61 

prevalence of cardiovascular disease (Kivimäki & Steptoe, 2018) as well as stomach ulcers 62 

and sleep disfunction (Chu et al., 2021), all of which have a negative impact on the health of 63 

the individual. In addition to physiological consequences, exposure to stress can result in 64 

engaging in various negative behaviours including the consumption of more unhealthy and 65 

less healthy foods (Hill et al., 2022) and increased alcohol consumption (Keyes et al., 2011) 66 

as a way to cope with the stress that the individual is under. Stress has also been seen to be 67 

associated with decreased physical activity (Stults-Kolehmainen & Sinha, 2014) with all of 68 

these behaviours having additional negative consequences for general health. These 69 

negative implications for general health have wider reaching implications, with associated 70 
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implications of eating unhealthily, being physically inactive and drinking too much alcohol 71 

putting additional strain on an already stretched NHS and other public health resources.  72 

Psychological Responses to Stress 73 

In addition to physiological and behavioural response of psychological stress 74 

exposure, there are also psychological responses to both acute and chronic stress exposure. 75 

For example, stress has been seen to be associated with increased irritability and angry 76 

outbursts in relation to experienced acute stressors (Repetti & Wang, 2017). Meta-analysis 77 

has concluded that acute psychological stress has also seen to been to impair memory 78 

retrieval (Shields et al., 2017). Acute psychological stress has also been seen to promote 79 

increased effort and proactive coping (Jamieson et al., 2018), suggesting that experiencing 80 

acute psychological stress is not always a negative. Chronic psychological stress can have a 81 

negative influence on indicators of well-being. For example, student participants with higher 82 

levels of perceived stress have been reported to be less happy than those with lower stress 83 

(Schiffrin et al., 2009). Similarly, it has been found that higher levels of perceived stress are 84 

associated with lower life satisfaction (Puri et al., 2016). As well as negative implications for 85 

well-being, chronic psychological stress has been seen to have negative consequences for 86 

mental health. 87 

The term mental health is often used synonymously for mental illness (Manwell et 88 

al., 2015), however this is problematic. By not making a distinction between mental health 89 

and mental illness, mental health is often regarded as negative within society. However, this 90 

interpretation lacks many of the facets of mental health, with mental health not just being 91 

mental illness, but also encompassing ideas of mental wellness, ability to function and 92 

ability to cope with daily stressors (World Health Organization, 2004). One definition 93 

however that appears to capture the complex nature of mental health comes from Galderisi 94 
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et al. (2015, pp. 231-232), who suggest that “mental health is a dynamic state of internal 95 

equilibrium”. An internal equilibrium presents the idea of a psychological balance within the 96 

individual, with “dynamic” encompassing different stages of life, such as adolescence or 97 

retirement, that may demand changes to the equilibrium (Galderisi et al., 2015, pp. 231-98 

232). Mentally healthy people still experience both positive and negative emotions. The 99 

presence of any negative emotion is not automatically enough to make a person mentally 100 

unhealthy. It is when negative emotions consistently outweigh the positive, damaging the 101 

internal equilibrium, that a person may become mentally unhealthy. This lack of equilibrium 102 

could result in negative states of mental health, such as anxiety and depression. It is this 103 

with this definition that mental health is a dynamic state of equilibrium in mind that mental 104 

health will be discussed within this thesis. The term psychological well-being is also used in 105 

the literature and throughout this thesis. Within this thesis, psychological well-being will be 106 

defined as the elements of mental health that are not specifically mental health 107 

conditions/problems. While these elements also come under the general umbrella of 108 

mental health, it is for clarity and distinction that they will be referred to as psychological 109 

well-being.  110 

Anxiety can be defined as a mental health condition, characterised by prolonged 111 

periods of intense and excessive worry and fear, often manifesting as physiological 112 

symptoms such as panic attacks (World Health Organisation, 2023). It has been previously 113 

found that 6 in 100 people in any given week are diagnosed with generalised anxiety 114 

disorder (McManus et al., 2016), as this is just one potential presentation of an anxiety 115 

disorder, the number of diagnoses is likely to be higher. In a recent survey, 20% of UK adults 116 

surveyed reported feeling anxious most or all of the time (Mental Health Foundation, 2023). 117 

While this figure does not necessarily represent diagnoses of anxiety disorders, it is still a 118 
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concerning figure, highlighting the prevalence of non-clinical anxiety in the UK. Depression is 119 

a mental health condition, characterised by prolonged periods of low mood, lack of interest 120 

and pleasure in activities and feelings of emptiness (World Health Organisation, 2020) It has 121 

previously been found that 3 in every 100 people receive a diagnosis of depression 122 

(McManus et al., 2016), with a recent survey suggesting that around 16% of adults report 123 

moderate to severe depressive symptoms (Office for National Statistics, 2023). These 124 

figures, although non-clinical, also add to the evidence that depression and depressive 125 

symptoms are prevalent and problematic in the UK.  126 

Anxiety and depression can already be evident early in life. A large number of young 127 

people experience mental health conditions, with nearly one third of 16-24 year olds 128 

reporting symptoms of anxiety or depression (Office for National Statistics, 2020). Children 129 

and adolescents are also at risk, with research suggesting that 1 in 6 experience a mental 130 

health condition (Newlove-Delgado et al., 2021).  People experiencing either anxiety or 131 

depression are likely to have issues with social outcomes including avoidance of social 132 

activities, reduced friendship quality, loneliness and social withdrawal (Achterbergh et al., 133 

2020; Etkin et al., 2022) which all have negative impacts on the individual.  134 

Stress is likely to contribute to the prevalence of both anxiety and depression. A 135 

survey by the Mental Health Foundation (2018a) found that adults who reported feeling 136 

stressed, also reported feeling symptoms of anxiety (61%) and depression (51%). Research 137 

has also found that exposure to stress is a risk factor to the development of anxiety and 138 

depression (Kalin, 2020). In addition to anxiety and depression, those who have experienced 139 

stress also reported self-harm, suicidal thoughts and feelings as well as loneliness (Mental 140 

Health Foundation, 2018a). Given the high prevalence of stress, which as discussed at the 141 

beginning of this chapter, is prevalent across the lifespan, combined with the negative 142 
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mental health consequences associated with stress, makes stress a key area to address to 143 

support mental health, particularly anxiety and depression.   144 

In England in 2021/22, 13.8% of local NHS funding allocation was spent on mental 145 

health services. Despite this investment, people can be left waiting up to 229 days for access 146 

to talking therapies and support (Baker & Kirk-Wade, 2023), with this delay having the 147 

potential to cause mental health conditions to worsen. In addition to these waiting times, 148 

the NHS has seen an increase in referrals for talking therapies by 24.5%, from 1.46 million in 149 

2020-1 to 1.81 million in 2021-22 (NHS Digital, 2022), putting demand on available 150 

resources. Issues surrounding mental health also have an effect on other areas of society, 151 

with approximately half of all cases of time taken off work due to ill health, being related to 152 

stress, anxiety or depression, with a total of 17.1 million working days being lost to stress, 153 

depression or anxiety in 2022/23 (HSE, 2023).   154 

Therefore, it is essential to help reduce the burden of mental health issues, both for 155 

individuals and society as a whole. One potential way to help reduce the burden of mental 156 

health issues could be to intervene early, prior to the need to access mental health care or 157 

services. Due to the apparent influence that stress can have in relation to mental health as 158 

described above, reducing the impact of stress could be a beneficial way of providing early 159 

intervention for mental health. 160 

Altering the Impact of Stress 161 

  There are many potential ways to alter the impact of stress on individuals and thus 162 

the influence it can have on mental health. A number of methods have focussed on trying to 163 

reduce the stress, for example spending time in nature (Kondo et al., 2018) or removing the 164 

source of the stress. While these examples are useful and may remove or reduce stress to a 165 

degree, it is not always possible or appropriate to completely remove all stress from life. For 166 
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example, while it may be possible to remove some work-based stressors (e.g., by delegating 167 

tasks), it may not be possible to remove stressors such as family illness. Additionally, it may 168 

not be desirable to remove all sources of stress. Some highly positive experiences in an 169 

individuals’ life, such as having and raising children, developing and maintaining long term 170 

relationships and a dream career, can all also induce stress (Crum et al., 2020). However, 171 

these are types of stress that help an individual achieve and flourish in the type of life they 172 

want through personal growth, making these stresses essential and even desirable for an 173 

individual’s development (Crum et al., 2020). Therefore, instead of trying to remove stress 174 

entirely, it would be beneficial to find ways to lessen the potential negative impact of stress 175 

when it does occur, in order to reduce the negative effect, it could have on mental health 176 

and well-being.  177 

One way to reduce the negative impact of stress could be to change the way that 178 

stress is appraised. In their widely cited and highly regarded Transactional Model of Stress 179 

and Coping (TMSC), Lazarus and Folkman (1984), posit that how someone copes with stress 180 

is dependent on how they appraise it. The TMSC suggests that in the face of a stressful 181 

situation, the individual performs an evaluation of the situation, examining it as either an 182 

opportunity for growth/gain, which can be referred to as a challenge appraisal, or as the risk 183 

of harm/loss, which can be referred to as a threat appraisal. The appraisal of the situation as 184 

a challenge or a threat is proposed to depend on the resources available to an individual 185 

(Lazarus & Folkman, 1984). This is supported by the biopsychosocial (BPS) model (Blascovich 186 

& Tomaka, 1996). The BPS model suggests that the appraisal of task demands is weighed up 187 

against an individual’s perceived available resources, with this process occurring either 188 

consciously or subconsciously (Blascovich & Mendes, 2000). When an individual perceived 189 

that their resources meet or exceed the demands of a situation they appraise the task as a 190 
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challenge and when perceived resources do not meet or exceed the demands of a situation 191 

it is appraised as a threat (Blascovich & Mendes, 2000). Key factors proposed to influence 192 

the perceived resources an individual has (and thus whether they enter a challenge or 193 

threat state) include dispositions such as a person’s confidence (i.e., greater confidence 194 

typically being associated with greater levels of perceived resources; (Blascovich et al., 195 

2004). The degree to which a challenge or threat appraisal is experienced determines the 196 

individuals ability to cope, with those experiencing a challenge appraisal more able to better 197 

cope with situational demands, where those experiencing a threat appraisal are not as able 198 

to cope with the demands (Nicholls et al., 2012). To this end, research in adults involved in 199 

sports has shown that a challenge appraisal is associated with both lower levels of perceived 200 

stress and higher proactive coping, whereas a threat appraisal has been seen to be 201 

associated with higher perceived stress and lower proactive coping (Beevor et al., 2023). 202 

Additionally, challenge appraisal has been seen to be associated with improved 203 

performance in various contexts than compared with threat appraisal (Hase et al., 2019). 204 

Therefore, it would be beneficial to facilitate a challenge appraisal within individuals to help 205 

cope with stressful situations, so it is important to find a way to push a person towards a 206 

challenge appraisal.  207 

The TMSC benefits from being applicable on an individual level by focusing on how 208 

an individual interacts with the environment to create stress, and not focusing solely on the 209 

environment or stressor(Biggs et al., 2017)This allows for differences in what is considered 210 

to be a stressor and how the stressor is coped with. Additionally, the TMSC is dynamic in 211 

nature, allowing for each stressor to be repeatedly appraised, depending on the resources 212 

has available to them at the time of the stressor presentation(Biggs et al., 2017). The TMSC 213 

is widely cited and respected and has been instrumental in the development of the stress 214 
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and coping literature (Biggs et al., 2017). The TMSC also provides a base for other theories 215 

to potentially be integrated, for example, the TMSC emphasises the importance of 216 

resources, therefore theories relating to development of resources could be linked to the 217 

TMSC. Therefore, this thesis will use the TMSC to underpin the suggestion that altering the 218 

impact of stress could be done through how stress is appraised. 219 

The Potential Role of Self-Esteem  220 

  In order to help facilitate a challenge appraisal as opposed to a threat appraisal, it is 221 

important to increase an individuals’ available resources. According to Juth et al. (2008), 222 

self-esteem magnifies the perception an individual has of their available resources. Self-223 

esteem can be defined as an individuals’ appraisals of themselves, including subjective 224 

opinions on their own self-worth and self-respect, (Sedikides & Gress., 2003) ultimately 225 

culminating in how positive or negative a person feels about themselves (Sonstroem, 1998).  226 

Self-esteem has been seen to be relatively stable, with slow development across the 227 

lifespan, leading self-esteem to often be considered as a trait disposition (Abdel-Khalek, 228 

2016). However, some research suggests that self-esteem can be affected by short term 229 

fluctuations in response to threats to components such as self-worth (Heatherton & 230 

Wyland, 2003). Additionally, systematic reviews and meta-analyses indicate that it is 231 

possible to apply interventions such as cognitive behavioural therapy and physical activity to 232 

actively increase self-esteem (Liu et al., 2015; Niveau et al., 2021). Therefore, although self-233 

esteem is often seen to be largely stable, it is important to acknowledge that it can undergo 234 

changes in response to individual situation or intervention.  235 

Benefits of high self-esteem include that those possessing higher self-esteem have 236 

been seen to be more confident in their abilities to succeed in a challenging situation 237 

(Pruessner et al., 1999). Furthermore, self-esteem has the potential to influence an 238 
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individual’s confidence – a proposed predictor of perceived resources (Blascovich & 239 

Mendes, 2000) – with self-esteem having been seen to positively predict levels of self-240 

confidence (Coudevylle et al., 2011).  Linking back to the TMSC, this literature suggests that 241 

self-esteem magnifies the perception of available resources (Juth et al., 2008) and thus 242 

higher levels of self-esteem are likely to be associated with greater levels of perceived 243 

resources, meaning and individual is more likely to appraise stressful situations as a 244 

challenge. In support of this notion, from a physiological perspective, greater self-esteem 245 

has been seen to be associated with lower cortisol and autonomic stress reactivity (Seeman 246 

& Lewis, 1995), both of which are more reflective of a challenge rather than a threat 247 

appraisal (Meijen et al., 2020). Based on the literature described above, facilitating a 248 

challenge appraisal could be accomplished through greater resources, with perceived 249 

resources being inflated by self-esteem, making self-esteem a key variable in altering the 250 

impact of stress.   251 

Self-esteem has also been seen to be associated with a higher ability to tolerate 252 

distress (Abdullah et al., 2020), a key factor in helping to reduce overall stress. Self-esteem 253 

has been seen to be directly associated with stress, for example, one study showed that low 254 

self-esteem was associated with higher reports of stressful thoughts and more severe 255 

perceptions of stress in response to stressful experiences (Juth et al., 2008). Additionally, a 256 

meta-analysis of longitudinal studies found that low self-esteem predicted both anxiety and 257 

depression (Sowislo & Orth, 2013), showing the importance of self-esteem for promoting 258 

mental health. Therefore, it would be beneficial to find ways to increase self-esteem in 259 

order to both directly improve stress and mental health, but also to increase resources and 260 

facilitate a challenge appraisal, with a challenge appraisal being associated with lower 261 

stress.  262 
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As discussed above, stress has been found to be associated with both higher anxiety 263 

and higher depression, so finding a way to combat stress, such as through increased self-264 

esteem or more facilitative (challenge) stress appraisals would be highly beneficial. One way 265 

that has been previously seen to be associated with self-esteem, reduced stress, and 266 

improved mental health is physical activity. 267 

Physical Activity  268 

 Physical activity (PA) can be defined as any body movements that result in the 269 

expenditure of energy, above and beyond that of a resting rate (Caspersen et al., 1985). 270 

Physical activity can be performed at different intensities. Intensities of PA are divided into 271 

categories based upon the metabolic equivalent of the task (MET), which is based upon the 272 

energy expenditure used to perform PA (Bull et al., 2020). Light intensity PA is defined as 273 

activity that is performed at a rate of between 1.5 and 3 METs, which is equivalent to a rate 274 

of perceived exertion (RPE) of 2-4 on a scale from 0-10 (0 being low exertion). This rate of 275 

exertion is characterised by a non-substantial increase in heart rate and breathing. An 276 

example of light intensity PA is slow walking (Bull et al., 2020). Moderate intensity PA refers 277 

to activities performed at between 3 and <6 METs, equating to an RPE of 5-6 out of 10 (Bull 278 

et al., 2020). This moderate PA is characterised by breathing becoming more difficult than 279 

usual, such as light lifting or regular paced cycling (Craig et al., 2003). Vigorous intensity PA 280 

is defined as PA that is performed at 6 or more METs with a RPE of 7-8 out of 10 (Bull et al., 281 

2020). Vigorous  PA is characterised by high physical effort and breathing becoming much 282 

harder than normal, with activities including vigorous cycling or heavy lifting (Craig et al., 283 

2003).  284 

Exercise is a specific type of PA, and is defined as planned, structured PA that has an 285 

aim such as actively seeking to improve or maintain physical fitness (Caspersen et al., 1985). 286 
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Consequently, while all exercise could be classed as a form of PA, not all PA is exercise. 287 

While investigating both PA and exercise have their benefits, PA captures both lifestyle 288 

activities and exercise, making it more all-encompassing for examination. Additionally, 289 

examining relationships between PA and stress and well-being may be beneficial for the 290 

development of any future intervention for reducing stress. While structured exercise may 291 

seem intimidating, and following a structured exercise plan may seem unattainable, 292 

particularly to those who are largely inactive, focusing on increasing (light) PA may seem a 293 

more feasible start point. Therefore, this thesis will focus on the relationship between PA 294 

and stress.  295 

Physical Activity and Physical and Mental Health 296 

There is ample evidence for the health benefits of PA, including reduced risk for 297 

physical health conditions, e.g., cardiovascular disease, type 2 diabetes, colon cancer, and 298 

hypertension (Warburton & Bredin, 2019). Evidence even suggests that there is no 299 

minimum PA threshold to obtain these health benefits, that just moving more would have 300 

beneficial effects (Warburton & Bredin, 2017). Especially for those with low levels of PA, 301 

increasing  light intensity PA is associated with reduced risks for cardiometabolic health 302 

issues and mortality (Chastin et al., 2019). These health benefits are reflected in UK PA 303 

guidelines: adults are  recommended to undertake  at least 150 minutes of moderate-304 

intensity  PA per week for optimal health benefits, while also stating that ‘some is good, 305 

more is better’ to recognise the benefits of any type of PA for health (Department of Health 306 

and Social Care, 2019). 307 

In addition to the positive benefits for physical health, PA  has been found to be 308 

associated with psychological health. Physical activity has been found to be associated with 309 

a reduction in many negative mental health conditions, including anxiety and depression. A 310 
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recent review of systematic reviews highlights the benefits of PA for both anxiety and 311 

depression in the general population, people  with diagnosed mental health conditions and 312 

people with chronic health conditions (Singh et al., 2023). Medium effects for anxiety and 313 

depression reductions were found across all included populations, with all intensities of PA, 314 

particularly higher intensities, being beneficial (Singh et al., 2023). In addition, Wipfli et al. 315 

(2008) found that exercise was as effective for reducing anxiety as cognitive behavioural 316 

therapy (CBT) – a common method for treating anxiety.  317 

Similarly, in a systematic review and meta-analysis into PA and depression, Gianfredi 318 

et al. (2020), found that based on the analysis of data from studies using a range of designs, 319 

PA was associated with lower depression with a review of evidence from randomised 320 

control trials finding that exercise was as effective for depression as antidepressant 321 

medication compared with control groups in non-severe depression (Recchia et al., 2022). 322 

Rebar et al. (2015), supported the findings outlined above in their meta-meta-analysis, with 323 

PA being found to reduce anxiety and depression in non-clinical populations. Collectively, 324 

these findings highlight the benefits of PA for reducing anxiety and depression. It is 325 

therefore not surprising that  the NHS recommends PA as a treatment for both anxiety and 326 

depression (NHS, 2022a, 2022b). . 327 

However, when suggesting the use of PA for mental health benefits, it is important 328 

to consider the PA domain. Physical activity can be completed across many different 329 

domains, for example during leisure time, commuting or at the workplace. It is important to 330 

consider the domain of PA when examining any relationship between PA and mental health 331 

as some domains of PA may yield better mental health outcomes. For example, in their 332 

meta-analysis White et al. (2017) found that while leisure time PA and PA for transport were 333 

both positively associated with mental health,  leisure time PA and school sport were 334 
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inversely associated with mental ill health. However, PA in the workplace was found to be 335 

positively associated with mental ill health, while no associations were found between 336 

household PA or physical education classes and mental health. Therefore, the domain of PA 337 

is important to consider, when examining the PA and mental health relationship.   338 

Physical activity is also cited to have influences on positive elements of psychological 339 

well-being, including increased happiness (Zhang & Chen, 2019), subjective vitality (Dodge 340 

et al., 2022), and life satisfaction (An et al., 2020). Physical activity is also associated with 341 

increased self-esteem. In their systematic review into PA and mental health in children and 342 

adolescents, Lubans et al. (2016) propose three hypotheses for how PA relates to mental 343 

health. These are the neurobiological hypothesis, which proposes that PA enhances mental 344 

health through changes in brain function and structure; the behavioural hypothesis, which 345 

suggests that PA leads to behaviours, such as improved sleep, that are associated with 346 

better mental health, and the psychosocial hypothesis. The psychosocial hypothesis 347 

suggests that PA is related to better mental health through a range of psychosocial 348 

determinants, with a key determinant being self-esteem. While Lubans et al. (2016) present 349 

evidence that PA is associated with self-esteem through other factors such social 350 

connectedness and self-perceptions, they also highlight a direct relationship between PA 351 

and increased self-esteem, highlighting the importance of PA for self-esteem.  352 

Examining the Association between Physical Activity and Stress  353 

Physical activity has also been found to be associated with lower stress, with PA also 354 

used as a way of managing stress. Indeed, when interviewing a group of physicians, PA was 355 

specifically cited as a way in which participants managed their stress post work (Lemaire & 356 

Wallace, 2010). In support of this, in their systematic review and meta-analysis of the PA, 357 

and mental health literature, Rodriguez-Ayllon et al. (2019) present a range of research 358 
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involving pre-schoolers, children and adolescents (ages 2 through to 18). Cross-sectionally, a 359 

total of 4 studies examining cross-sectional associations between PA and stress were 360 

examined, with all 4 studies finding PA was associated with reduced stress (Rodriguez-Ayllon 361 

et al., 2019).  However, despite these findings all supporting a beneficial relationship 362 

between PA and stress, the cross-sectional evidence is not unequivocal. For example, when 363 

examining the relationship between PA and stress in college students, Hubbs et al. (2012) 364 

found that there was no association. Similarly, Chacón-Cuberos et al. (2019) also found no 365 

association between PA and academic stress. While these are not an exhaustive set of 366 

examples of the different types of PA and stress relationship, these studies do highlight that 367 

the PA and stress relationship is not as simple as PA is beneficial for stress.  368 

Additionally, in their systematic review on stress and PA, Stults-Kolehmainen and 369 

Sinha (2014) present evidence indicating that the relationship between PA and stress is 370 

bidirectional, with PA predicting stress and stress predicting PA. When examining data 371 

collected at a single time point (encompassing cross-sectional, retrospective and qualitative 372 

data), Stults-Kolehmainen and Sinha (2014) found equivocal results. Of the studies utilising 373 

cross-sectional studies, 67% reported that higher stress was associated with lower levels of 374 

PA. Of the remaining 33% of cross-sectional studies, 26% found no association between 375 

stress and PA and 14% found a positive association between stress and PA (Stults-376 

Kolehmainen & Sinha, 2014). All studies utilising qualitative or retrospective methods 377 

however, showed that stress was associated with reduced PA  (Stults-Kolehmainen & Sinha, 378 

2014). 379 

Studies have also examined the PA and stress relationship longitudinally. In their 380 

review in children and adolescents, Rodriguez-Ayllon et al. (2019) included 2 studies utilising 381 

longitudinal analysis. One study spanned 5 years, with PA being reported yearly and stress 382 
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only being reported at the final assessment at the end of the 5 years, whereas the other 383 

study took place over the course of a year, with a PA measurement being taken at time one, 384 

and a stress measurement at time two. Both studies found that higher levels of PA predicted 385 

lower levels of stress at the final time point (Rodriguez-Ayllon et al., 2019). Similarly, when 386 

examining studies with multiple time points ranging from 2 weeks to years in the future 387 

Stults-Kolehmainen and Sinha (2014) found in approximately 77% of all studies included that 388 

stress was associated with lower PA. However, approximately 15% and 18% respectively 389 

found either no association or a positive association between stress and PA (Stults-390 

Kolehmainen & Sinha, 2014), also showing that although the most common relationship 391 

between stress and PA is negative, this is not consistent.  392 

Improving stress through the use of PA has also been the target of interventions. A 393 

randomised control trial in adults examining the effect of PA on stress, however reflected 394 

benefits. Participants receiving a 24-week aerobic (heart rate at between 50% and 75% of 395 

max) and weight training activity intervention, reporting significantly less stress than adults 396 

in a control group not receiving the PA programme (Atlantis et al., 2004). However,  a non-397 

randomised intervention examining Tai-Chi for stress reduction, found that there was no 398 

significant difference in stress between pre- and post-intervention (Lee et al., 2013). The 399 

difference in findings between these two interventions could be as a result of the lack of 400 

randomisation in the study by Lee et al. (2013). Additionally, there are also differences in 401 

the type of PA used across the two interventions, with Tai-Chi used by Lee et al. (2013) 402 

typically being at a much lower intensity than the aerobic activity offered by Atlantis et al. 403 

(2004).  404 

Other interventions have examined the effect of different intensities of PA on stress. 405 

For example, in two interventions examining vigorous intensity PA, one found an effect of 406 
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vigorous PA on decreased stress (Norris et al., 1992), whereas the other found no effect 407 

(Rotheram-Borus et al., 2016). Interventions examining moderate-vigorous PA, again had 408 

differing results, for example with one intervention found moderate-vigorous PA found 409 

decreased stress (Baghurst & Kelley, 2014) and where another found no effect (Khalsa et al., 410 

2012). An intervention examining moderate PA and stress was also been found to reduce 411 

stress (Norris et al., 1992). While there is evidence from cross-sectional, longitudinal and 412 

intervention studies that there can be a relationship between PA and lower stress, this is far 413 

from consistent. This could be as a result of the intensity of the PA, or potentially a factor 414 

that is not being measured within the studies that is altering or driving the relationships.  415 

One potential reason for the inconsistent associations seen when examining the PA 416 

and stress relationship is the way in which the relationships are examined. One issue with 417 

the way in which PA and stress is examined is the lack of consideration for variables that 418 

could underpin the relationship. It is possible that a relationship between PA and stress only 419 

exists as the result of another variable. For example, as discussed earlier, reappraising stress 420 

through a challenge appraisal, driven by self-esteem, has the potential to alter how stress is 421 

viewed and thus the impact of stress on mental health and well-being. Additionally, it is 422 

possible that PA only relates to stress when that stress is having a negative impact on a 423 

persons’ mental health and well-being. For example, as mentioned earlier, some forms of 424 

stress, such as raising children may be seen as positive (Crum et al., 2020), thus PA may not 425 

have an impact on stress or stress appraisals in this instance. Examining additional variables 426 

such as stress appraisals and how these variables may function within the PA and stress 427 

relationship would be beneficial to more thoroughly understand the PA and stress 428 

relationship as a whole. 429 
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One potential way to examine how these variables may influence the associations 430 

between PA and stress is through path analysis. Path analysis allows for the inclusion of 431 

multiple variables in addition to the main relationship of interest, allowing for the 432 

examination of multiple direct and indirect effects simultaneously (Byrne, 2010). Path 433 

analysis also allows for the creation of a visual interpretation of the proposed relationships 434 

in the format of a path model, (Byrne, 2010), providing clarity on not just whether variables 435 

are associated, but how these variables are associated and how they work together in a 436 

sequential manner. For example, based on the assumption that there are additional factors, 437 

such as challenge and threat appraisals, underpinning the PA and stress relationship, a path 438 

model allows for these factors to be examined at the point in the relationship they are 439 

proposed to function.   440 

 Another limitation of previous studies examining PA and stress research (or a factor 441 

not considered when interpreting the findings) is how stress and PA are measured. Studies 442 

often use measures that are a reflection over a period of time (e.g., over the course of a 443 

month) of overall stress and overall PA, taken at a single time point. However, it is known 444 

that both PA and stress fluctuate over time (Shang et al., 2018; von der Embse & Mankin, 445 

2021). These fluctuations in PA and stress cannot be observed using the reflective 446 

measurements described above, potentially meaning that existing associations are not 447 

captured. To properly examine these potential fluctuations in PA and stress, relationships 448 

between the two need to be examined in a more sophisticated manner.  449 

One potential way to do this is through multilevel analysis. Multilevel analysis not 450 

only allows for the examination of relationships over time, but it also allows for the 451 

examination of both between- person (deviation from a group mean) and within-person 452 

(deviation from individual mean) relationships simultaneously (Hoffman, 2015). Between-453 
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person analysis examines the relationships in more general terms, for example if overall 454 

levels of PA are related to the overall levels of stress (Hoffman, 2015). Between-person 455 

associations are generally the relationships traditionally seen when examining PA and stress 456 

relationships (as described above). Within-person analysis allows the researcher to capture 457 

how the PA and stress relationship functions on an individual level, so it can examine 458 

whether a person doing more PA on a given day relates to their stress levels of that given 459 

day  (Hoffman, 2015). Multilevel analysis also allows for an exploration of other factors that 460 

can influence the associations between PA and stress (Hoffman, 2015).  461 

Examining the PA and stress relationship in the more sophisticated way described 462 

above (path analysis and multilevel analysis), allows for a more meaningful, comprehensive 463 

understanding of the PA and stress relationship above and beyond classic analyses. When 464 

utilising these techniques to examine the PA and stress relationship, it is also important to 465 

consider populations in which examining these relationships would be particularly beneficial 466 

in order to appropriately measure any potential mechanisms for example. One key 467 

population that could benefit from reducing stress is adolescents and young people.  468 

Adolescents and Young People 469 

 As previously mentioned, stress is prevalent across the lifespan. Adolescents, 470 

defined by the World Health Organisation (2018) as those aged 10-19-years-old, are a 471 

population that suffer from stress. As previously mentioned, up to 45% of adolescents 472 

report feeling stressed (Roy et al., 2015). Similarly, 60% young people (aged 18-24- years-473 

old) have also reported feeling so stressed that they cannot cope (Mental Health 474 

Foundation, 2018a). These statistics are perhaps not surprising as both adolescents and 475 

young people experience many different sources of stress. For example, adolescents have a 476 

lot of academic pressures including school and GCSE and A level examinations (Chamberlain 477 
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et al., 2011; Roome & Soan, 2019), as well as developing a sense of self and identity. Young 478 

adults have the added stresses of starting university or employment and leaving home for 479 

the first time (van Sluijs et al., 2021), with these conditions meaning they can no longer rely 480 

on parents or caregivers as much for support with daily living tasks such as cooking. 481 

 As previously stated, stress can have a negative impact on mental health, with the same 482 

being true for adolescents and young people (Gianfredi et al., 2020; Rodriguez-Ayllon et al., 483 

2019; Stults-Kolehmainen & Sinha, 2014). In fact, it was estimated that globally, more than 484 

13% of adolescents were living with a diagnosed mental health condition (Keeley, 2021), 485 

with UK statistics in those aged 17-24 suggesting a 22% prevalence rate for mental health 486 

conditions (Newlove-Delgado et al., 2022). During the month of August in 2023, nearly 487 

415,000 people were in contact with children and young people’s NHS mental health 488 

services, with the majority of these being under the age of 18 (NHS England, 2023), showing 489 

the sheer demand on mental health services for this age group.  A large scale, global meta-490 

analysis has suggested that almost 50% of first occurrences of mental health problems 491 

emerge before the age of 18 (Solmi et al., 2022). As it has been found that 75% of all mental 492 

health conditions emerge before the age of 24 (Mental Health Foundation, 2018a), it is 493 

essential to help prevent mental health conditions before they occur. This could potentially 494 

be done through helping to manage the impact of stress on this age group.  495 

Physical Activity, Self-Esteem, Stress and Mental Health in Adolescents and Young People 496 

 As discussed above, PA has been seen to be associated with reduced stress, and 497 

lower mental health problems such as anxiety and depression. These associations can also 498 

be seen in adolescents and young people. In their review of reviews into PA and adolescent 499 

mental health, Biddle et al. (2019) found that PA interventions show a moderate effect size 500 

for the reduction of depression and varied but significant effect sizes for reductions in 501 
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anxiety. Additionally, Rodriguez-Ayllon et al. (2019)‘s review found that in adolescence, PA is 502 

associated with significantly lower stress. It is also important to note the role that PA in 503 

adolescence could play in preventing mental health problems. Evidence from a 20 year 504 

cohort study states that being persistently active from time point 1 (aged 9-15) through to a 505 

follow up 20 years later resulted in at least a 50% reduction in risk of developing depression 506 

(McKercher et al., 2014). Similarly, a meta-analysis including children, adolescents and 507 

young adults found that higher levels of self-reported PA were protective against later 508 

anxiety (measured at least 1 year later) (Schuch et al., 2019). Combined, these findings 509 

demonstrate the potential protective nature of PA from both anxiety and depression. This 510 

further emphasises the benefits of PA for adolescents and young adults in order to improve 511 

mental health and reduce the associated public health issues such as NHS waiting times and 512 

further mental health problems later in life.  513 

 Despite the evidence presented above that shows the benefits of participating in PA 514 

for self-esteem, stress and mental health problems in adolescence and young adulthood, 515 

evidence suggests that this population may not be may not be sufficiently physically active. 516 

It is recommended that adolescents should participate in 60 minutes of moderate intensity 517 

PA per day (NHS, 2021b), but evidence suggests that less than 50% of under 18-year-olds 518 

are meeting PA guidelines (Sport England, 2021), with there being suggestion that 80% of 519 

adolescents globally not being sufficiently active (van Sluijs et al., 2021). Generally young 520 

adults appear to be better at meeting PA guidelines of at least 150 minutes per week (across 521 

4-5 days) (NHS, 2021a), with one survey suggesting 76% of students aged 16-24 reported 522 

that they met PA guidelines (ukactive Research Institute, 2020). However, as discussed 523 

above, 60% of this age group report being highly stressed (Mental Health Foundation, 524 
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2018a), suggesting that it may not be PA alone that is beneficial for stress, and there could 525 

be other factors underpinning the PA and stress relationship. 526 

As discussed above, PA has been found to be associated with increased self-esteem. 527 

For example, in their review, Lubans et al. (2016) found that PA was associated with 528 

increased self-esteem, both directly, and indirectly through factors such as increased self-529 

perceptions. Self-esteem has also been found to be associated with elements of mental 530 

health. Orth et al. (2008) found that low self-esteem is predictive of depression in 531 

adolescents and young adults when examined longitudinally between the ages of 15/16 532 

through to 21. Similar findings have also been evidenced in clinical adolescent populations 533 

where high levels of self-esteem at baseline, predict lower levels of anxiety and depression 3 534 

years later (Henriksen et al., 2017). Low self-esteem has also been seen to be associated 535 

with higher perceived stress in 18–24-year-olds (Piekarska, 2020). There is also evidence in 536 

adolescence that individuals with low self-esteem are more vulnerable to the negative 537 

effects of stressful situations (Orth et al., 2009). Thinking back to the TMSC, self-esteem is 538 

also likely to play a role in the development of resources (Juth et al., 2008) necessary to 539 

adopt the challenge appraisal associated with lower perceived stress in university students 540 

(Beevor et al., 2023). These associations demonstrated above suggest that self-esteem 541 

could play an important role in the development of good mental health. The evidence 542 

suggests that PA is beneficial for self-esteem, and self-esteem is beneficial for stress, anxiety 543 

and depression. However, to my knowledge, there is no evidence that links PA, self-esteem, 544 

stress, and mental health, despite self-esteem appearing to be a key variable that could 545 

explain the PA, stress, and mental health relationships.  546 
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Therefore, it would be beneficial to examine the PA and stress relationship within this 547 

population to understand how this relationship, and any underpinning factors may be 548 

associated with stress.  549 

Summary, Aims and Overview of the Thesis  550 

 The evidence presented in the present chapter highlights the negative impact that 551 

stress can have on mental health and well-being and the subsequent impact poor mental 552 

health has on both the individual, as well as on society as a whole. It also details how stress 553 

is appraised may be associated with lower levels of stress and better mental health (and 554 

could also explain the relationship between PA and stress levels). Additionally, it is clear that 555 

adolescents and young people experience many sources of stress and that this stress has a 556 

negative impact upon them and their mental health. With 75% of all mental health 557 

conditions emerging before the age of 24 (Mental Health Foundation, 2018a), research in 558 

this population is vital and findings could help to act as a preventative measures for 559 

reducing the incidence of mental health conditions. While there is evidence that there is a 560 

relationship between PA, stress, and mental health, the findings are not consistent. These 561 

inconsistencies in the literature could be a result of how the PA and stress relationship is 562 

examined, or the influence of other variables explaining the relationship which are 563 

overlooked. To be able to develop future interventions that aim to use PA to improve stress 564 

and subsequent mental health, it is important to first understand how the PA and stress 565 

relationship functions. Therefore, the overarching aim of this thesis was to conduct an 566 

innovative examination of the relationship between PA and stress and associations with 567 

mental health in adolescents and young people, by exploring potential factors underpinning 568 

the relationship by using a variety of sophisticated analytical techniques.  569 
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 In order to address these aims, both empirical research and a review of the existing 570 

literature was undertaken. To begin, Chapter 2 investigated a series of potential 571 

mechanisms explaining the PA and stress relationship in adolescents, as well as the 572 

subsequent association of stress with the mental health outcomes of anxiety and depressive 573 

symptoms. Drawing on the stress appraisal and coping literature, a theoretical model was 574 

developed based on existing frameworks, proposing that more PA would be related to lower 575 

perceived stress through higher self-esteem, greater perceived resources and challenge 576 

appraisal tendencies, lower threat appraisal tendencies, and more distress tolerance. The 577 

model was tested using path analysis, with cross-sectional data from 244 adolescent 578 

participants aged 15-19.  579 

During the completion of the research presented in this thesis, the unprecedented 580 

COVID-19 pandemic struck. As a result of the pandemic, a novel series of conditions were 581 

experienced by individuals, including the implementation of stay at home orders and closing 582 

of sports and PA facilities (UK Government, 2020), which resulted in different opportunities 583 

for PA and lower levels of PA in the populations targeted by this thesis (López-Valenciano et 584 

al., 2021; Rossi et al., 2021). In addition, the pandemic provided its own unique set of 585 

challenges in respect to this thesis, for example the inability to engage face to face with 586 

participants. However, the pandemic did provide a novel set of circumstances, acting almost 587 

as a naturally occurring intervention, allowing for the examination of the PA and stress 588 

relationship under these unique conditions.  589 

 Based on the onset of the COVID-19 pandemic, Chapter 3 sought to examine the 590 

extent to which PA was associated with adolescent mental health alongside a novel and 591 

stressful life event (i.e., the COVID-19 pandemic). Specifically, the study aimed to examine 592 

the extent PA could protect against any negative impact of Coronavirus concerns on mental 593 
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health and well-being during lockdown. A secondary aim was to investigate any effect of 594 

gender on these variables.  Cross-sectional data was collected from 165 adolescent 595 

participants from the United Kingdom (UK) in May 2020 during the first wave of the COVID-596 

19 pandemic with the most stringent restrictions. Hierarchical liner regressions were utilised 597 

to address these research aims.  598 

Chapter 4 looked to extend on the findings of Chapter 2 and 3 by examining the PA 599 

and stress relationship longitudinally, with measurements of PA and stress being taken at 600 

different levels of COVID-19 restrictions during wave 2 of the COVID-19 pandemic between 601 

October 2020 and January 2021. Chapter 4 also aimed to re-examine similar proposed 602 

factors to Chapter 2, i.e., self-esteem, stress appraisals, to see if these relationships were 603 

also present during longitudinal examination. These aims were addressed using multilevel 604 

analyses of data from 90 participants aged 18-24. 605 

 Chapters 2 and 3 examined the PA and stress relationship at one time point, 606 

whereas Chapter 4 examined the PA and stress relationship over the course of a few 607 

months. However, as previously mentioned, PA and stress both fluctuate within and 608 

between days, making it necessary to examine the relationship in a way that can capture 609 

these fluctuations. Chapter 5 presents a scoping review investigating the PA and stress 610 

relationship, with the inclusion of the sedentary behaviour (SB) and stress relationship. The 611 

specific aims of the Chapter were  to establish what, if any, concurrent (a measurement of 612 

PA/SB and stress, taken at the same time, reflecting the same time period e.g., daily 613 

averages), and prospective (associations between PA/SB or stress at one time point, with 614 

stress or PA/SB at a later time point, e.g., the association between stress measured on the 615 

hour, and PA measured 30 minutes later) relationships between PA/SB and stress (and vice 616 

versa) exist. To address these aims, studies included within the review had to utilise an 617 
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ecological momentary assessment methodology, a method collecting multiple assessments 618 

of data in real time (Shiffman et al., 2008), to collect data on the PA/SB and stress 619 

relationship. This methodology allows for the examination of between and within-person 620 

associations (as explained above in relation to multilevel analysis) as well as concurrent and 621 

prospective associations.    622 
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Abstract 643 

In older adolescence, stress has been found to be prevalent. It has been seen that higher 644 

physical activity relates to lower stress levels, which in turn relate to fewer anxiety and 645 

depressive symptoms (internalising symptoms). However, how these associations function is 646 

not fully understood. Physical activity is strongly associated with greater self-esteem in 647 

adolescents. As greater self-esteem is thought to aid better coping with stress and has been 648 

seen as beneficial for mental health in adolescents, physical activity may be associated with 649 

lower stress and better mental health through self-esteem and more adaptive stress 650 

appraisals. Therefore, the aim of the study was to examine the relationships between 651 

physical activity, self-esteem, stress, and mental health. A cross-sectional design was 652 

employed, and path analysis was implemented. Physical activity, self-esteem, stress 653 

appraisals, distress tolerance, perceived stress, anxiety, and depression, were assessed 654 

using online questionnaires from 244 adolescent participants from the United Kingdom 655 

(aged 15-19, M = 16.75 [SD = .82], 145 female). Path analysis revealed that physical activity 656 

was associated with lower perceived stress through increased self-esteem, adaptive 657 

appraisals, and higher distress tolerance (total standardised indirect effect; p = .007 (-.25 – -658 

.11). Moreover, lower perceived stress was associated with lower anxiety (standardised 659 

direct effect; p <.001 (2.65 – 4.0) and depressive symptoms (standardised direct effect; p 660 

<.001 (.33-.63). Findings suggest that higher physical activity could be an effective in 661 

improving mental health in older adolescents, due to its association with perceived stress 662 

through higher self-esteem and more adaptive appraisals of stress. 663 

Key Words: Mental Health, Stress, Adolescence, Stress Appraisals, Self-Esteem, Path 664 

Analysis 665 
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Introduction 666 

Adolescence is an incredibly stressful time, characterised by periods of change (e.g., 667 

puberty, changing schools), academic pressures (e.g., examinations), as well as beginning 668 

the transition into adulthood (Byrne et al., 2007; Pascoe et al., 2020). Worryingly in the UK, 669 

an estimated 20-45% of adolescents report feeling stressed (Roy et al., 2015). Older 670 

adolescence is defined by the World Health Organisation (2018) as those adolescents who 671 

are between the ages of 15 and 19 years old. This particular age group are likely to be at risk 672 

of elevated stress levels due to added academic pressures from GCSE and A-level 673 

examinations, applying for university or post-education employment, and establishing an 674 

identity (Chamberlain et al., 2011; Roome & Soan, 2019). Indeed, research demonstrates 675 

that older adolescents report higher perceived stress than their younger counterparts (Tully 676 

et al., 2009). The prevalence of stress in these adolescents has only been exacerbated in 677 

recent years by the COVID-19 pandemic (Paschke et al., 2021) due to factors such as school 678 

closures, cancelled examinations, social isolation resulting from stay-at-home restrictions, as 679 

well as fear of the COVID-19 virus (Alimoradi et al., 2022; McCluskey et al., 2021; Wright et 680 

al., 2021), with older adolescents reporting higher posttraumatic stress reactions than 681 

younger adolescents (Schwartz et al., 2021).  682 

Stress is a predictor of poor mental health such as increased anxiety (Schneider et 683 

al., 2021) and depression (Hammen, 2005), meaning the exacerbated stress experienced in 684 

older adolescence is likely a key contributor to the prevalent levels of poor mental health 685 

observed in this population. Globally approximately 14% of older adolescents are predicted 686 

to have a mental health disorder (UNICEF, 2021) and UK based adolescents (17-19) have 687 

seen increases in probable mental health conditions from 1 in 10 17-19 year olds in 2017, to 688 

as many as 1 in 4 17-19 year olds in 2022 (Newlove-Delgado et al., 2022). Additionally, as 689 
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discussed in the thesis introduction, adolescents make up a large proportion of those 690 

accessing mental health care services (NHS England, 2023). A large scale meta-analysis 691 

suggests that nearly 50% of all first instances of mental health problems occurs before the 692 

age of 18 (Solmi et al., 2022), making it vitally important to intervene in an adolescent 693 

population. Considering it is not always possible to remove stressors, it is vital to identify 694 

ways to help older adolescents cope with stress to lead to better well-being and reduced 695 

mental health problems such as decreased anxiety and depression.  696 

The literature presents many theories and frameworks to explain how better coping 697 

with stress arises. One of the most prevalent and well supported frameworks is Lazarus and 698 

Folkman (1984) Transactional Model of Stress and Coping (TMSC), which proposes that how 699 

someone copes with stress is determined by how they appraise it. The TMSC proposes that 700 

when an individual is confronted with a stressful situation, they evaluate the potential for 701 

either growth/gain or harm/loss (Lazarus & Folkman, 1984). Harm or loss is described as 702 

threat appraisal while growth or gain refers to challenge appraisal. The TMSC (Lazarus & 703 

Folkman, 1984) suggests that while challenge and threat appraisals are not mutually 704 

exclusive, the degree to which someone experiences a challenge or threat appraisal can 705 

determine how they cope, with stress appraisaed as a challenge leading to more adaptive 706 

coping (Nicholls et al., 2012). In contrast, a threat appraisal is associated with more 707 

debilitative coping, lower distress tolerance (i.e., lower ability to tolerate distress) and 708 

higher perceived stress (Nicholls et al., 2012). Consequently, challenge appraisals are 709 

thought to be associated with greater distress tolerance and lower percieved stress (Lee et 710 

al., 2018; Trotman et al., 2018). 711 

The TMSC proposes an indivdual experiencing a challenge appraisal is likely to feel 712 

more capable of drawing on available resoruces (Lazarus & Folkman, 1984). The contextual 713 
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model of stress and coping proposes that the appraisal of stressful events is influenced by 714 

three factors: 1) the nature of the event, 2) the social context that the event occurs, and 3) 715 

stable aspects of the self (DeLongis & Holtzman, 2005). Self-esteem (i.e., how positive a 716 

person feels about themselves; (Sonstroem, 1998) is a stable aspect of the self that has 717 

been proposed to be a key resource that individuals use when exposed to stressful 718 

situations (Taylor & Stanton, 2007). In support, research has demonstrated associations 719 

between self-esteem, and secondary appraisals of stress (the extent the stress exceeds 720 

perceived resources; (Juth et al., 2008). Specifically, Juth et al. (2008) explained “self-esteem 721 

thus appears to serve to magnify the perception of available resources, their perceived 722 

effectiveness or potency, or itself functions as a resource during secondary appraisal” 723 

Furthermore, individuals with higher levels of self-esteem are likely to possess greater 724 

confidence in their ability to succeed in a challenging situation (Pruessner et al., 1999) and a 725 

more positive sense of self or greater self-esteem has been associated with lower 726 

autonomic and cortisol stress reactivity (Seeman & Lewis, 1995) – these characteristics are 727 

reflective of appraising stressful scenarios as a challenge rather than a threat (Meijen et al., 728 

2020). Collectively, this research suggests that adolescents displaying greater self-esteem 729 

are likely to exhibit greater perceived resources and be more likely to appraise stressful 730 

scenarios they encounter as a challenge rather than a threat, which in turn relates to being 731 

better able to cope with and tolerate stress.  In support of this proposal, adolescent 732 

research shows that higher self-esteem is associated with a greater distress tolerance 733 

(Abdullah et al., 2020), and greater distress tolerance is associated with lower perceived 734 

stress (Ozcan, 2019). Therefore, based on the TMSC, it can be proposed that higher levels of 735 

self-esteem will be associated with lower perceived stress through more adaoptive stress 736 

appraisals and greater distress tolerance. As such, identifing factors associated with greater 737 
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self-esteem in adolesents appears to be highly beneficial for trying to elicit more adaptive 738 

appraisal and coping with stress. This is likely to relate to lower anxiety and depressive 739 

symptoms (Lee et al., 2018; McHugh et al., 2014).  740 

One activity that has been consistently linked to higher self-esteem in adolescents is 741 

engagment in physical activity (PA). Lubans et al. (2016) stated that while a wealth of 742 

litearture desmonstrates the relationship between PA and mental health and well-being in 743 

children and adolescents, the underlying mechanisms have yet to be established. 744 

Conseuqently, they conducted a systematic review of the literature after presenting a 745 

conceptual model proposing 3 hypotheses for how PA could benfit adolescent and young 746 

people’s mental health and well-being. The three proposed hypotheses were: (1) the 747 

neurobiological hypothesis (PA enhances cognition and mental health via changes in brain 748 

structural and functional composition), (2) the behavioural hypothesis (PA leads to  changes 749 

in behaviors that are related to better mental health such as improved sleep), and (3) the 750 

psychosocial hypothesis (PA relates to better mental health via psychosocial determinants). 751 

Results of the systematic review showed the strongest evidence for the psychosocial 752 

hypothesis with PA being associated with greater self-esteem. Although this was in part 753 

through mechanisms such as self-perceptions and social connectedness, evidence from the 754 

review also indicated direct effects from PA to increased self-esteem independent of other 755 

mechanisms (Lubans et al., 2016). The positive relationship between PA and self-esteem has 756 

also been evidenced in another systematic reviews in adolescents (Biddle et al., 2019), with 757 

research suggesting improved self-esteem being experienced following just one single bout 758 

of exercise (Wood et al., 2013). Therefore, PA appears an important behaviour likely to be 759 

associated with greater self-esteem and better mental health and well-being.  760 
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Lubans et al. (2016) psychosocial hypothesis suggests adolescent PA relates to 761 

greater self-esteem which reflects better mental health and well-being. Drawing on the 762 

TMSC (Lazarus & Folkman, 1984), it can also be proposed that this greater self-esteem, 763 

arising from PA, may also relate to better mental health through enabling adolescents to 764 

more adaptively appraise and cope with the day to day stress they encounter. However, to 765 

our knowledge, research has not yet examined whether Lubans et al.’s (2016) psychosocial 766 

hypothesis of PA can be integrated with the TMSC (Lazarus & Folkman, 1984). Therefore, 767 

the aim of the present study was to integrate these two theories and examine the indirect 768 

relationship between PA, perecived stress, and anxiety and depressive symtoms in an 769 

adolescent population via self-esteem, perceived resources, challenge and threat appraisals, 770 

and distress tolerance.  771 

Hypothesised Model 772 

The full hypothesised model is presented in Figure 2.1a. Based on the 773 

aforementioned theories in the liteature, physical activity was hypothesised to positively 774 

relate to self-esteem, which was in turn expected to be positively associated with perceived 775 

resources, challenge appraisal, and distress tolerance, while being negatively associated 776 

with threat appraisal and perceived stress. Resources were predicted to be negatively 777 

associated with threat appraisal and positively associated with challenge appraisal, while 778 

threat appraisal was hypothesised to be negatively associated with distress tolerance and 779 

positively with perceived stress, and challenge appraisal positively associated with distress 780 

tolerance and negatively with perceived stress. Distress tolerance was predicted to be 781 

negatively associated with perceived stress (Ozcan, 2019), anxiety and depressive symptoms 782 

(McHugh et al., 2014), while perceived stress was expected to be positively associated with 783 

anxiety and depressive symptoms (O'Connor et al., 2010). Due to the often co-morbid 784 
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nature of anxiety and depression (Aina & Susman, 2006) it is likely that there are similarities 785 

in how PA relates to both of these constructs. In order to examine any subtle differences in 786 

the proposed mechanisms through which PA relates to anxiety and depressive symptoms, 787 

the proposed model was tested separately with anxiety and depressive symptoms as 788 

outcome variables (see Figure 2.1a).   789 
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Figure 2.1a: Hypothesised models for the relationships between physical activity and anxiety and physical activity and depressive symptoms. 806 

Note: solid lines indicate a predicted positive relationship and dashed lines indicate a predicted negative relationship. For visual simplicity, age 807 

and gender control variables and the correlation between challenge and threat appraisal are not depicted.808 
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Methods 809 

Participants  810 

In total, 273 participants aged 15-19 in UK school year 11 and above were recruited 811 

via emails to schools and other adolescent targeted organisations (e.g., youth orchestras, 812 

sports clubs, youth groups, cadets, youth theatres etc.) across the United Kingdom (UK) as 813 

well as social media posts from the research team. Emails were sent by the research team to 814 

over 300 schools and organisations throughout England and Wales with the aim of 815 

recruiting a diverse sample of adolescents that didn’t focus on just one type of person (e.g., 816 

those playing sport). The study gained ethical approval from the University Ethics 817 

Committee.  All participants provided consent, and where appropriate (i.e., if the participant 818 

was under 16 years old), a parent/guardian gave informed consent prior to participating in 819 

the study. 820 

Questionnaires 821 

Physical Activity 822 

A single item was used to measure PA, whereby participants were asked to select the 823 

level which represented their usual level of PA (Jurca et al., 2005). Participants selected the 824 

level of PA from five possible levels (1-5), with higher numbers indicating higher levels of PA.  825 

Level 1 indicated “Inactive or little activity other than usual daily activities”; Level 2: 826 

“Regularly (≥5 d/wk) participate in physical activities requiring low levels of exertion that 827 

result in slight increases in breathing and heart rate for at least 10 minutes at a time”; Levels 828 

3-5 were phrased as participation in “aerobic exercises such as brisk walking, jogging, or 829 

running at a comfortable pace, or other activities requiring similar levels of exertion” with 830 

level 3 being for 20 – 60 minutes per week, level 4: 1-3 hours per week and level 5 for 3 831 

hours+ per week. This item has been used as part of a test of non-exercise estimation of 832 
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cardio-respiratory fitness (CRF), where it was found that it provided a good indication of CRF 833 

when compared to actual exercise testing (Jurca et al., 2005). Similar single-item measures 834 

of PA have been found to be reliable and valid assessments of PA in adolescents, including 835 

when compared with objective accelerometer data (Scott et al., 2015). 836 

Self-Esteem  837 

A 4-item version of the Rosenberg Self-Esteem Scale (Guddal et al., 2019) was used 838 

to assess self-esteem. Participants were asked to rate each item (e.g., “I have a positive 839 

attitude towards myself”) on a 4-point Likert scale from 1 (strongly disagree) to 4 (strongly 840 

agree). Two items were negatively worded so were reverse scored before summing all items 841 

to give an overall self-esteem score (range 4-16), with a higher score indicating a higher 842 

level of self-esteem. The 4-item version of the Rosenberg Self-Esteem Scale has been 843 

previously used in adolescents and has good internal reliability (Guddal et al., 2019), and 844 

was strongly correlated with the full scale (Tambs & Røysamb, 2014), with the full scale 845 

having good validity (Rosenberg, 1965). In the present study the questionnaire 846 

demonstrated good internal reliability with a Cronbach alpha of .78. 847 

Resources, Challenge and Threat Appraisals  848 

The stress appraisal measure for adolescents (Rowley et al., 2005), was used to 849 

measure perceived resources, challenge appraisal and threat appraisal tendencies. The 850 

measure consists of 3 subscales: challenge appraisal (4 items, e.g., “I have the ability to 851 

overcome stress”), threat appraisal (7 items, e.g., “I perceive stress as threatening”) and 852 

resources (3 items, e.g., “I have the resources available to me to overcome stress”). 853 

Participants were asked to rate the extent to which they generally think or feel each 854 

statement when encountering a stressful event. Responses were made on a 5-point Likert 855 

scale from 0 (not at all) to 4 (a great amount). Scores for each subscale were then averaged, 856 



40 
 

with a higher score indicating a greater tendency towards a challenge, or a threat appraisal, 857 

and greater resources. Adequate reliability has been found for all subscales and the 858 

questionnaire has been validated for an adolescent population (Rowley et al., 2005). In the 859 

present study the questionnaire demonstrated good internal reliability for challenge and 860 

threat with the Cronbach alpha’s being .85 and .80 respectively. The resources subscale 861 

demonstrated acceptable reliability with the Cronbach alpha being .67. 862 

Distress Tolerance 863 

The Distress Tolerance Scale (DTS; (Simons & Gaher, 2005) is a 15-item scale, 864 

measuring individual components of and an overall level of distress tolerance. The DTS is 865 

comprised of 4 subscales: tolerance (3 items, e.g., “Feeling upset or distressed is unbearable 866 

to me”), appraisal (6 items, e.g., “I can tolerate being distressed or upset as well as most 867 

people”), absorption (3 items, e.g., “When I feel distressed or upset, all I can think about is 868 

how bad I feel”), and regulation (3 items, e.g. “I’ll do anything to avoid feeling distress or 869 

upset”). Participants rated the extent to which they agreed with each statement. Ratings are 870 

typically made on a 5-point Likert scale from 1 (strongly agree) to 5 (strongly disagree). 871 

However, for continuity with other questionnaires in the pack, the scoring was reversed to 1 872 

(strongly disagree) to 5 (strongly agree). Subscale means were then calculated. For the 873 

present study, a higher order (overall) distress tolerance factor was used to provide an 874 

overall representation of distress tolerance. This higher order distress tolerance subscale 875 

was calculated by taking the mean of all subscale scores. The higher order subscale and has 876 

been found to be a valid and reliable measure of general distress tolerance (Simons & 877 

Gaher, 2005). Higher scores represent higher distress tolerance. The DTS has been found to 878 

be reliable in adolescents (Wolitzky‐Taylor et al., 2015). In the present study the 879 
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questionnaire demonstrated excellent internal reliability with the Cronbach alpha’s being 880 

.90.  881 

Perceived Stress 882 

The 10-item version of the perceived stress scale (PSS; (Cohen et al., 1983) assessed 883 

how stressed participants had felt in the past month. Participants were asked to read and 884 

respond to each item (e.g., “How often have you felt nervous and stressed?") on a 5-point 885 

Likert scale from 0 (never) to 4 (very often). Items that were positively worded (e.g., How 886 

often have you felt that you were on top of things?) were reverse scored. A mean of all 887 

items was calculated, with a higher overall score indicating higher levels of perceived stress. 888 

In adolescent populations, the PSS has been reported to have good internal reliability 889 

(Carlozzi et al., 2010) and has been validated for both younger (Yarcheski & Mahon, 1999) 890 

and older (Cohen et al., 1983) adolescents. In the present study the questionnaire 891 

demonstrated good internal reliability with the Cronbach alpha’s being .85. 892 

Anxiety and Depressive Symptoms 893 

The 14-item Hospital Anxiety and Depression Scale (HADS; (Zigmond & Snaith, 1983) 894 

was used to measure general anxiety (7 items, e.g., “Worrying thoughts go through my 895 

mind”) and depressive symptoms (7 items, e.g., “I feel as if I am slowed down”) experienced 896 

in the past month. Each item is scored from 0-3. Each subscale is summed, with scores 897 

ranging from 0-21, where a higher score indicates higher levels of anxiety and depressive 898 

symptoms. The HADS provides valid and reliable anxiety and depressive symptoms scores in 899 

an adolescent population (White et al., 1999). In the present study the questionnaire 900 

demonstrated good internal reliability for anxiety and acceptable internal reliability for 901 

depression with the Cronbach alpha’s being .80 and .69 respectively. 902 

 903 
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Procedures  904 

Schools and organisations willing in supporting the research distributed information 905 

sheets explaining the nature of the study and the links to participate to adolescents and 906 

their parents to give them the opportunity to take part. Prior to consenting to take part, 907 

participants were given the opportunity to contact the researchers with any questions they 908 

had. Questionnaires were completed either through an online questionnaire platform 909 

(SmartSurvey) or using paper hardcopies. If participants aged 16 and above decided they 910 

wanted to take part, they could access the study consent form and questionnaire pack 911 

online directly by clicking a link from the online information sheet. Participants aged 15 also 912 

had to gain consent from a parent/guardian to take part in the study, with the link for the 913 

questionnaire being sent to the adolescent to complete via an email address provided by 914 

their parent/guardian. Participants who completed the pack via hardcopy were provided 915 

with a copy of the consent form and questionnaire pack by their school to complete in their 916 

own time before returning to the school (the consent form also contained the parental 917 

consent form to be completed by parents of adolescents under 16). The hardcopy 918 

questionnaires and consent forms were then collected from the schools by the researchers. 919 

The questionnaire pack contained items relating to demographic information, PA, self-920 

esteem, stress appraisals, distress tolerance, perceived stress, anxiety, and depressive 921 

symptoms. The questionnaire pack took approximately 30 minutes to complete, and data 922 

were collected between November 2019 and March 2020. 923 

Data Analysis 924 

Analysis was conducted using SPSS (IBM, Version 26) and AMOS (IBM, Version 26). 925 

Data were screened and cleaned to check for missing values and outliers.  Four participants 926 

were removed due to not being in Year 11 or above. Three participants who had not 927 
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completed at least one entire questionnaire, were deemed to have not completed the study 928 

sufficiently and were removed from all analyses. A further three participants did not 929 

complete the questionnaire pack correctly and were excluded. Path analysis was used to 930 

examine the models as this allowed for the examination of both direct and indirect effects 931 

and on observed data and is an approach used successfully in previous cross-sectional data 932 

(Harvey et al., 2022). Examining direct and indirect effects with cross-sectional data is 933 

appropriate in this case as the aim was to establish the existence of the hypothesised 934 

relationships and not whether they were causal (Cain et al., 2018). To examine indirect 935 

effects and obtain their confidence intervals and significance values, a full data set is 936 

required to enable bootstrapping to provide this information (IBM, 2018). Therefore, 937 

assuming any missing data of remaining participants was missing completely at random, this 938 

would be imputed to ensure a complete data set. To establish if missing data was missing 939 

completely at random, Little’s MCAR test was run (Little, 1988). Little’s MCAR indicated that 940 

less than 5% of the data was completely missing at random, so the expectation 941 

maximisation method was used to complete the data set (Tabachnick & Fidell, 2013). 942 

Inspection of the Mahalanobis distance at p <.05 identified 19 multivariate outliers, which 943 

were removed from the analysis. Therefore, the final sample size was 244, with all having 944 

complete data.   945 

Descriptive statistics on the final sample were generated, and Pearson correlations 946 

were run to examine the extent to which PA was associated with the other model variables 947 

(i.e., self-esteem, resources, challenge appraisal, threat appraisal, distress tolerance, 948 

perceived stress, anxiety, and depressive symptoms). In order to develop the final 949 

hypothesised models for both anxiety and depressive symptom multiple versions of each 950 

model were tested using the variables of interest. The first version of the models began with 951 
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the basic proposed relationships of PA-stress-anxiety/depressive symptoms. Additional 952 

variables were added at each version of the models based on the TMSC and the 953 

psychosocial hypothesis, to ensure the added variables made good theoretical sense. At 954 

each iteration of the model, the goodness of model fit was tested using the chi-square 955 

statistic (χ²). Due to a non-significant value rarely being found, additional fit indices were 956 

used. The root mean square error of approximation (RMSEA) and the standardised root 957 

mean square residual (SRMR) were used to indicate absolute fit (values of .06 and ≤.08 958 

respectively indicating adequate fit). The comparative fit index (CFI) and Tucker-Lewis Index 959 

(TLI) were also used to indicate incremental fit (values >.90 indicate adequate fit and >.95 960 

indicating excellent model fit; (Hu & Bentler, 1999). Mediation analysis was used to explore 961 

indirect effects (Hayes, 2018). Bootstrapping was performed at 2000 samples with 962 

confidence intervals at 95%. In addition to examining the model fit indices, the AMOS (IBM, 963 

Version 26) software also makes suggestions as to what additional relationships could 964 

improve the fit of the model. If these suggestions also made theoretical sense with 965 

reference to the TMSC and the psychosocial hypothesis, these suggestions were 966 

incorporated into the next version of the model.   The final iterations of the hypothesised 967 

models predicting anxiety and depressive symptoms were tested using the same approach 968 

and fit criteria. These models as highlighted in Figure 2.1a were chosen based on a 969 

combination of model fit and theoretical backing.  Both models controlled for age and 970 

gender and standardized estimates were reported for direct and total indirect effects. 971 

Specific indirect effects were also examined and reported as unstandardized estimates. 972 

Estimates are unstandardized as these are measured from unstandardised path coefficients 973 

so cannot produce standardized estimates (Crowson, 2021).  974 
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To determine the extent to which the relationships between PA and stress, and 975 

between PA and anxiety/depressive symptoms were indirect via self-esteem, stress 976 

appraisals, and distress tolerance, both models were also tested with additional direct 977 

pathways from PA to perceived stress and from PA to anxiety/depressive symptoms (Figure 978 

2.1b). Non-significant pathways between PA and stress and PA and anxiety/depressive 979 

symptoms would suggest the relationship to be operating through self-esteem, stress 980 

appraisals, and distress tolerance.981 
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Figure 2.1b: Hypothesised models for the relationships between physical activity and anxiety and physical activity and depressive symptoms, 998 

including direct pathways from physical activity to perceived stress, anxiety, and depressive symptoms. Note: solid lines indicate a predicted 999 

positive relationship, and dashed lines indicate a predicted negative relationship. For visual simplicity, age and gender control variables and the 1000 

correlation between challenge and threat appraisal are not depicted.1001 
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Results 1002 

Participant Characteristics  1003 

A final sample of 244 participants from school years 11 – 14 participated in the study 1004 

(for breakdown of participant characteristics, please see Table 2.1). Participants came from 1005 

a total of 41 different schools located in the North, South, East, and West of England as well 1006 

as Wales. Schools’ participants attended included private, state, and grammar. 1007 

 1008 

Table 2.1: Participant Characteristics 1009 

 1010 

 1011 

 1012 

 1013 

 1014 

 1015 

 1016 

 1017 

 1018 

 1019 

 1020 

 Means and standard deviations for PA, self-esteem, perceived resources, challenge 1021 

appraisal, threat appraisal, distress tolerance, perceived stress, anxiety, and depressive 1022 

symptoms are reported in Table 2.2. Correlation coefficients between all model variables 1023 

were all found to be significant and are reported in Table 2.2 along with the p values and 1024 

95% confidence intervals.  1025 

Characteristic Frequency 

Age (M = 16.5; SD = 0.82)  

15 4 (1.6%) 

16 101 (41.4%) 

17 95 (38.9%) 

18 39 (16%) 

19 5 (2.0%) 

Gender  

Male 97 (39.8%) 

Female 145 (59.4%) 

Unspecified 2 (0.8%) 

School Year  

11 15 (6.1%) 

12 128 (52.5%) 

13 89 (36.5%) 

14+ 3 (1.2%) 

Not specified 9 (3.7%) 
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Table 2.2: Means, standard deviations and Pearson’s correlations between all model variables. 1026 

Note: Unless stated otherwise, p < .001 1027 

  Correlations Coefficient (95% CI) and p value   

 Mean (SD) 
Physical 
Activity 

Self-Esteem Resources Threat Challenge 
Distress 

Tolerance 
Perceived 

Stress 
Anxiety 

Physical 
Activity 

3.50  
(1.42) 

- - - - - - - - 

Self-Esteem 
10.98 
(2.92) 

.32  
(.20, .43) 

- - - - - - - 

Resources 
 2.88  
(0.70) 

.15  
(.03, .27),  
p = .016 

.40  
(.29,.50) 

- - - - - - 

Threat 
2.26  

(0.75) 
-.21 

 (-.33, -.09), 
-.48  

(-.57,-.38) 
-.31  

(-.42, -.19) 
- - - - - 

Challenge 
 2.25  
(0.88) 

.30  
(.18, .41), 

.63  
(.55, .70) 

.49  
(.38, .58) 

-.54  
(-.63, -.45)  

- - - - 

Distress 
Tolerance 

 2.98  
(0.74) 

.14  
(.01, .26), 
 p = .029 

.47 
 (.36, .56)  

.35  
(.24, .46)  

-.60  
(-.68, -.51)  

.53  
(.43, .56)  

- - - 

Perceived 
Stress 

 2.24 
 (0.63) 

-.26  
(-.37, -.14), 

-.63  
(-.70, -.54)  

-.38  
(-.49, -.27)  

.64 (.56, .71) 
-.69  

(-.75, -.61)  
-.61  

(-.68, -.52) 
- - 

Anxiety 
 9.73  
(4.20) 

-.14  
(-.26, -.02),  

p = .026 

-.54  
(-.62, -.44)  

-.30  
(-.41, -.18) 

.61  
(.52, .68) 

-.54  
(-.62, -.44) 

-.60 
 (-.67, -.51) 

.69  
(.62, .75) 

- 

Depressive 
Symptoms 

 5.64  
(3.25) 

-.16  
(-.28, -.04),  

p = .011 

-.40  
(-.50, -.29) 

-.34  
(-.45, -.23) 

.38  
(.26, .48) 

-.35 
 (-.45, -.23) 

-.34 
 (-.45, -.23)  

.48  
(.38, .57)  

.42  
(.31, .52) 
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Hypothesised Model for Anxiety  1028 

To test the hypothesised model in predicting anxiety, regression paths were drawn 1029 

from PA to self-esteem, and from self-esteem to resources, challenge appraisals, and threat 1030 

appraisals. Regression paths were also drawn from resources to challenge and threat 1031 

appraisals. Challenge and threat appraisals then had regression paths drawn to distress 1032 

tolerance and perceived stress, with distress tolerance having a regression path into 1033 

perceived stress. There was also a direct pathway to perceived stress from self-esteem.  1034 

Finally, perceived stress and distress tolerance then each had a regression path to anxiety. 1035 

Due to the relationship between challenge and threat appraisals, a correlation was also 1036 

included between their variances similar to previous research (Williams & Cumming, 2012). 1037 

The hypothesised model is displayed in Figure 2.2. The model was found to be a good fit to 1038 

the data, χ² (12) = 28.06, p = .005, CFI = .98, TLI = .93, SRMR = .03, RMSEA = .07 (90% CI = 1039 

<.04 – .11). Furthermore, all paths within the model were significant (p’s <.05) except for the 1040 

path between self-esteem and distress tolerance (p = .074). The model indicated that PA 1041 

positively predicted self-esteem, which was positively associated with greater resources and 1042 

more adaptive stress appraisals (i.e., lower threat appraisals and higher challenge 1043 

appraisals). The more adaptive stress appraisals were then associated with greater distress 1044 

tolerance and lower levels of perceived stress. These in turn predicted lower levels of 1045 

anxiety. Furthermore, total indirect effects were identified as being significant including an 1046 

indirect effect between PA and perceived stress (p = .007) and PA and anxiety (p = .007). All 1047 

specific indirect effects were found to be significant. See Figure 2.2 for the final model and 1048 

all standardised direct effects while Table 2.3 contains all standardised total indirect effects. 1049 

The specific indirect effects through the different potential pathways when examined in 1050 

isolation are also reported in Appendix 1. 1051 
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 1055 

 1056 

 1057 

 1058 

 1059 

 1060 

 1061 

 1062 

 1063 

 1064 

 1065 

 1066 

 1067 

Figure 2.2: Final model for the relationship between physical activity and anxiety.  1068 

Note: * p <.001, ** p = .019, *** p = .003, + = p = .072. Solid lines indicate a significant relationship, dashed lines indicate a non-significant 1069 

relationship. For visual simplicity, age and gender control variables, error terms and the correlation between challenge and threat are not 1070 

presented in this model. Regression weights standardised.   1071 
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.29* 
(.31 -.83) 

.41*  
(.07 -.13) 

-.42*  
(-.14 - -.07) 

.49* 
(.12 - .18) 

-.15** 
(-.30- -.03) 

 

.28* 
(.24 - .47) 

.11+ 
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-.43* 
 (-.50- -.26) 

 

.20*** 

(.02 -.27) 

 

-.21* 
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.26* 
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-.27* 
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(2.65 - 4.0) 
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Table 2.3: Standardised estimates (95% confidence intervals) and p values of the anxiety model for total indirect effects 1072 

 Resources Threat Challenge 
Distress 

Tolerance 
Perceived Stress Anxiety 

Physical Activity 
.12 (.09 - .19) 

p = .006 
-.14 (-.21 - -.07) 

p = .006 
.17 (.11 - .25) 

p = .006 
.13 (.08 -.19) 

p = .005 
-.17 (-.25 - -.11) 

p = .007 
-.12 (-.18 - -.07) 

p = .007 

Self-Esteem  
-.06 (-.12 - -.03) 

p = .015 
.115 (.08 - .17) 

p = .005 
.32 (.23 -.42) 

p = .009 
-.38 (-.47 - -.31) 

p = .005 
-.42 (-.48 - -.33) 

p = .013 

Resources    
.12 (.05 -.17) 

p = .011 
-.14 (-.19 - -.09) 

p = .004 
-.11 (-.15 - -.06) 

p = .009 

Threat     
.08 (.03 - .13) 

p = .005 
.29 (.22 - .38) 

p = .006 

Challenge     
-.04 (-.08 - -.01) 

p = .006 
-.22 (-.30 - -.15) 

p = .007 

Distress 
Tolerance 

     
-.09 (-.16 - -.04) 

p = .009 

Note: Predictor Variables are in the left-hand column, Outcome Variables are across the top of the table 1073 

 1074 

 1075 
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Hypothesised Model for Depressive Symptoms  1076 

The proposed regression pathways for the hypothesised model in predicting 1077 

depressive symptoms were the same as those in the anxiety model, but with depressive 1078 

symptoms taking the place of anxiety as the outcome variable (i.e., the regression pathways 1079 

from perceived stress and distress tolerance were drawn to depressive symptoms; see 1080 

Figure 2.3). The model was found to be a good fit to the data, χ² (12) = 22.43, p = .033, CFI = 1081 

.99, TLI = .96, SRMR = .03, RMSEA = .06 (90% CI = <.02 – .10). Like the anxiety model, PA was 1082 

a positive predictor of self-esteem which was positively associated with the more adaptive 1083 

stress appraisals, which in turn were associated with higher distress tolerance and lower 1084 

levels of perceived stress. Lower levels of perceived stress then predicted lower levels of 1085 

depressive symptoms. The pathways between self-esteem and distress tolerance (p =.074) 1086 

and distress tolerance and depressive symptoms, however, was found to be non-significant 1087 

(p = .243), but all other pathways were significant (p’s <.05). Total indirect effects were 1088 

found between PA and perceived stress (p = .007) and PA and depressive symptoms (p = 1089 

.007), (see Figure 2.3 for standardised direct effects and Table 2.4 for all standardised total 1090 

indirect effects). Specific indirect effects were also all found to be significant, except where 1091 

the pathway contained a direct path between distress tolerance and depressive symptoms 1092 

(see Appendix 1 for the specific indirect effects).  1093 
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 1098 

 1099 

 1100 
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 1104 

 1105 

 1106 

 1107 

 1108 

Figure 2.3: Final model for the relationship between physical activity and depressive symptoms.  1109 

Note: * p <.001, ** p = .019, *** p = .003, + = p = .072, ++ p = .246. Solid lines indicate a significant relationship, dashed lines indicate a non-1110 

significant relationship. For visual simplicity, age and gender control variables, error terms and the correlation between challenge and threat 1111 

are not presented in this model. Regression weights standardised. 1112 
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(.16 - .39) 

.41*  
(.28 - 52) 

-.42* 
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 (-.32 - -.10) 

 

.26*  

(.12 - .37) 
 

-.30*  
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Table 2.4: Standardised estimates (95% confidence intervals) and p values of the depressive symptoms model for total indirect effects 1114 

Note: Predictor Variables are in the left-hand column, Outcome Variables are across the top of the table 1115 

 
 

Resources Threat Challenge 
Distress 

Tolerance 
Perceived Stress 

Depressive 
Symptoms 

Physical Activity 
.12 (.09 - .19) 

p = .006 
-.14 (-.21 - -.07) 

p = .006 
.17 (.11 - .25) 

p = .006 
.13 (.08 - .19) 

p = .005 
-.17 (-.25 - -.11) 

p = .007 
-.09 (-.14 - -.05) 

p = .007 

Self-Esteem  
-.06 (-.12 - -.03) 

p = .015 
.115 (.08 - .17) 

p = .005 
.32 (.23 - .42) 

p = .009 
-.38 (-.47 - -.31) 

p = .005 
-.32 (-.39- -.24) 

p = .015 

Resources    
.12 (.05 - .17) 

p = .011 
-.14 (-.19 - -.09) 

p = .004 
-.08 (-.12 - -.05) 

p = .004 

Threat     
.08 (.03 - .13) 

p = .005 
.20 (.14 - .28) 

p = .034 

Challenge     
-.04 (-.08 - -.01) 

p = .006 
-.17 (-.26 - -.13) 

p = .005 

Distress 
Tolerance 

     
-.09 (-.15 - -.03) 

p = .003 
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Direct Pathways between Physical Activity, Stress, Anxiety and Depressive Symptoms 1116 

Anxiety and depressive symptoms models were rerun with the addition of direct 1117 

pathways from PA to perceived stress and PA to anxiety or depressive symptoms 1118 

(dependent on the model being run, see Figure 2.1b). The models for both anxiety (χ² [10] = 1119 

26.76, p = .003, CFI = .98, TLI = .93, SRMR = .03, RMSEA = .08 [90% CI = <.05 – .11]) and 1120 

depressive symptoms (χ² [10] = 20.60, p = .024, CFI = .99, TLI = .94, SRMR = .03, RMSEA = .07 1121 

[90% CI = <.02 – .11]) were found to be a good and similar fit to the data as the 1122 

hypothesised models. However, the direct pathways from PA to perceived stress (p = .792), 1123 

PA to anxiety (p = .393), and PA to depressive symptoms (p = .303), were all non-significant. 1124 

Discussion 1125 

The aim of the present study was to integrate Lubans et al. (2016) psychosocial 1126 

hypothesis and Lazarus and Folkman (1984)’s TMSC and examine the psychological 1127 

pathways underlying the relationships between PA, stress, and mental health problems (in 1128 

the form of anxiety and depressive symptoms) in older adolescents. The specific models 1129 

tested examined the extent to which PA was associated with stress and anxiety or 1130 

depressive symptoms indirectly via self-esteem, stress appraisals, and distress tolerance. All 1131 

hypothesised pathways in both hypothesised models were supported (except the pathway 1132 

from self-esteem to distress tolerance [both models] and distress tolerance to depressive 1133 

symptoms) and the data provided a good fit for both models. Physical activity was positively 1134 

associated with self-esteem, which in turn was positively associated with perceived 1135 

resources and challenge appraisal, and negatively associated with threat appraisal and 1136 

perceived stress. Resources were positively associated with challenge appraisal and 1137 

negatively associated with threat appraisal. Challenge appraisal was then positively 1138 

associated with distress tolerance and negatively associated with perceived stress, with the 1139 
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reverse found for threat appraisal. Distress tolerance was negatively associated with 1140 

perceived stress and anxiety, perceived stress was positively associated with anxiety and 1141 

depressive symptoms.    1142 

Bivariate correlations in the present study demonstrated that greater levels of PA 1143 

were associated with lower levels of stress, anxiety, and depressive symptoms, supporting 1144 

existing literature (Biddle et al., 2019; Hammen, 2005; O'Connor et al., 2010). However, 1145 

when alternate models which included direct relationships between PA and perceived 1146 

stress, and PA and anxiety and depressive symptoms were tested, these relationships were 1147 

non-significant. Collectively these findings support the notion that PA is indirectly related to 1148 

perceived stress, and anxiety/depressive symptoms through self-esteem and the 1149 

associations self-esteem has with stress appraisals, and perceived stress, as well as the 1150 

relationship between perceived stress and anxiety or depressive symptoms.  1151 

The findings of the present study provide support for the psychosocial hypothesis 1152 

presented by Lubans et al. (2016). Physical activity was seen to be positively associated with 1153 

self-esteem, suggesting PA is associated with better mental health through greater self-1154 

esteem. In addition, although the present study was cross-sectional, results appear to offer 1155 

some support to the TMSC (Lazarus & Folkman, 1984). Lazarus and Folkman (1984) 1156 

proposed that personal characteristics such as self-esteem are likely to influence resource 1157 

appraisals which determine challenge and threat appraisals, and in turn these can impact 1158 

coping with stress. Although the findings in the present study are correlational, they do 1159 

suggest the importance of self-esteem being associated with more adaptive stress 1160 

appraisals in lower perceived stress and internalising symptoms.  1161 

Collectively the results from the present study appear to support the integration of 1162 

Lubans et al.’s (2016) psychosocial hypothesis and the TMSC by Lazarus and Folkman (1984). 1163 
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Specifically, the relationship between PA and perceived stress operated indirectly through 1164 

self-esteem and stress appraisals. The direct association between greater self-esteem and 1165 

lower perceived stress also supported previous literature (Abdullah et al., 2020). The fact 1166 

that perceived stress was associated with lower anxiety and depressive symptoms suggests 1167 

an extension of Lubans et al. (2016)’s psychosocial hypothesis. Rather than physical activity 1168 

leading to better mental health by being associated with greater self-esteem, the present 1169 

study suggests in that the higher self-esteem may also lead to improved mental health 1170 

through more adaptive stress appraisals and lower perceived stress. Given the prevalence of 1171 

stress in older adolescents and the impact that stress can have on adolescent mental health, 1172 

higher levels of self-esteem arising from physical activity to protect against stress and the 1173 

negative impact it can have on mental health seems like a logical hypothesis. The present 1174 

study suggests this could be somewhat through higher self-esteem being associated with 1175 

appraising stress more adaptively. However, it is important to note that this is merely a 1176 

suggestion. The present findings are limited in being correlational meaning future research 1177 

needs to test this hypothesis causally.           1178 

While the current study took a psychological perspective to investigate how physical 1179 

activity relates to better mental health in adolescents, it is important to note that there are 1180 

likely to be other in direct effects to consider. A wealth of literature has evidenced other 1181 

benefits of PA that may play a role in improving mental health. For example, research has 1182 

shown that PA interventions are associated with physiological outcomes indicative of more 1183 

adaptive responses to stress such as decreased levels of the stress hormone cortisol (De Nys 1184 

et al., 2022; Moraes et al., 2018) or more attenuated blood pressure (Chen et al., 2022; 1185 

Farah et al., 2021). Additionally, in their systematic review, Lubans et al. (2016) provide 1186 

some evidence for other avenues including neurobiological mechanisms in which PA could 1187 
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enhance mental health through changes in functional composition and structure of the 1188 

brain for example (Davis et al., 2011; Hillman et al., 2014). Consequently, while the present 1189 

study suggests self-esteem, more adaptive stress appraisals, and lower perceived stress are 1190 

one explanation for how PA is related to better mental health, it is important for future 1191 

research to investigate some of the other likely indirect effects explaining the PA mental 1192 

health relationship.  1193 

Additionally, the context in which PA is performed has the potential to strengthen or 1194 

weaken the relationship between PA and self-esteem, perceived stress, and internalising 1195 

symptoms in different ways. For example, previous research has suggested that the 1196 

increases in self-esteem post-PA are greater when PA is performed in green space (Barton et 1197 

al., 2012). Additionally, individual characteristics can also influence the PA and self-esteem 1198 

relationship. When examining adolescents participating in various levels of sport, individuals 1199 

having a goal-orientation was more beneficial than a win-orientation, and more important 1200 

than athletic ability level in the PA improving self-esteem (Findlay et al., 2009). It has also 1201 

been seen that those who are autonomously or intrinsically motivated to be physically 1202 

active have higher self-esteem than those who are more externally motivated (Wilson & 1203 

Rodgers, 2002). Therefore, future work should consider the different personal and 1204 

situational factors that may impact the effect of PA on self-esteem, perceived stress, and 1205 

internalising symptoms and establish how PA could be tailored best to have the most 1206 

positive impact in the context of these factors.  1207 

Strengths and Limitations 1208 

One key strength of the present study was the use of path analysis to explore 1209 

multiple relationships between variables and indirect pathways simultaneously. This 1210 

allowed for a more comprehensive understanding of how the variables relate and 1211 
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contribute to each other.  An additional strength of the study is the large and varied sample 1212 

of adolescents recruited from various types of school (e.g., private and state schools) and 1213 

organisations (e.g., sports clubs, music societies, youth theatre, cadets etc), with 1214 

representation in the sample from across the country. It is not possible however to calculate 1215 

an exact response rate, as many organisations or schools (e.g., school contacts) did not 1216 

always respond to the researchers’ contact emails, but survey responses were received from 1217 

participants associated with some of these organisations or schools suggesting information 1218 

about the study must have been circulated to the adolescents and their parents if under 16. 1219 

The use of social media as a recruitment method also broadened the reach of the survey, 1220 

but it is not possible to determine the exact number of responses gained as a result.  1221 

Limitations of the study include the use of a cross-sectional design which cannot 1222 

infer causation. While the use of cross-sectional data in path analysis is often debated, as 1223 

the intention of the study was to examine the existence of the relationships in the 1224 

hypothesised model, not whether these relationships are causal, cross-sectional data is 1225 

appropriate (Cain et al., 2018). In providing support for the proposed relationships, findings 1226 

expand on existing suggestions from the literature e.g., Lazarus and Folkman (1984) and 1227 

Lubans et al. (2016), laying the foundations for future research to test these associations in 1228 

a more causal manner. A further limitation is the use of a self-report single item measure of 1229 

PA, however, single item self-report measures of PA have previously been found to be a 1230 

reliable and valid measure of PA in adolescent populations (Scott et al., 2015). Despite this, 1231 

future research should re-examine these relationships using an objective measure of PA 1232 

such as accelerometer data. An additional limitation is the slightly low reliability score for 1233 

the resources subscale in the stress appraisal measure for adolescents’ (.67), and the 1234 

depressive symptoms subscale from the HADS (.69) which mean results for these scales 1235 
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must be interpreted with caution. However, the resources subscale only has three items 1236 

which is likely to have contributed to the slightly low reliability score and the depression 1237 

subscale of the HADS has been extensively validated and previously found to be reliable in 1238 

this population (White et al., 1999; Zigmond & Snaith, 1983). It must also be noted that the 1239 

bivariate correlations presented between PA and other model variables are all significant, 1240 

despite low effect sizes. While this demonstrates the study had sufficient power to detect 1241 

significant associations, the size of some of the associations were not as meaningful as 1242 

others.  1243 

Implications and Applications of the Findings 1244 

The findings of the present study highlight important relationships between PA, self-1245 

esteem, perceived stress, and anxiety and depressive symptoms. As PA is a relatively cheap 1246 

and accessible method to potentially facilitate improvements in self-esteem and subsequent 1247 

stress and mental health, it is likely to be an important tool and focus of mental health and 1248 

self-esteem interventions. While there are other potential interventions available that have 1249 

seen success in increasing self-esteem, such as mindfulness-based interventions (Randal et 1250 

al., 2015) or therapeutic options such as rational emotive behaviour therapy (Sælid & 1251 

Nordahl, 2017), it is often seen that adolescents fail to access mental health support (Radez 1252 

et al., 2021). This can be for a variety of reasons including perceived stigma and 1253 

embarrassment, lack of access to professional services, or negative perceptions of mental 1254 

health practitioners, including perceived lack of confidentiality (Radez et al., 2021). 1255 

Therefore, potential interventions that do not require accessing mental health services or 1256 

professionals, such as PA, that can be completed when convenient and in a way that is 1257 

enjoyed, could be more easily used by adolescents to increase their self-esteem.   1258 
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The findings from the present study highlight a novel integration of two existing 1259 

theories,  Lubans et al. (2016) psychosocial hypothesis and  Lazarus and Folkman 1260 

(1984)TMSC. To the best of my knowledge, this set of relationships underpinning the overall 1261 

PA and stress relationship has not been investigated previously. The presented associations 1262 

between PA, self-esteem, appraisals, and stress provide key contributions to the PA and 1263 

stress literature that could begin to explain some of the inconsistent relationships found 1264 

between PA and stress that are described earlier in this thesis, while also providing the 1265 

foundation for further exploration into the relationships between the presented variables.  1266 

Future Research Directions 1267 

Addressing some of the limitations in the present study’s cross-sectional design, it 1268 

would be beneficial for future research to investigate how the relationships between PA, 1269 

stress, and anxiety/depressive symptoms change over time and whether different types and 1270 

levels of perceived stress change the relationships. Examining these relationships overtime 1271 

could help provide focus to potential interventions, for example at what point before a pre-1272 

determined stressor (e.g., an exam) would PA need to be implemented for best effects. 1273 

Given that research has found associations between longer sedentary time and poorer 1274 

mental health in adolescents, including higher depression and anxiety and lower self-esteem 1275 

(Hoare, Milton, Foster, Allender, et al., 2016), it is important future research consider the 1276 

effects of sedentary behaviour on these variables.  1277 

Future research could also examine if the present study findings are applicable to 1278 

younger adolescents. With the World Health Organisation (WHO) defining adolescence as 1279 

the period from age 10-19 (World Health Organisation, 2018), the current study does not 1280 

address the 10-14 portion of this age group. As Rodriguez-Ayllon et al. (2019) note, PA has 1281 

different associations with mental health in different developmental periods, and with 1282 



62 
 

UNICEF (2021), suggesting up to 13.5% of adolescents in this age group experience a 1283 

probable mental health condition, it is important to see if the findings from this study in 1284 

older adolescents apply to younger adolescents. Additionally, although the World Health 1285 

Organisation (2018), identifies older adolescence as ages 15-19 years old, this is still quite a 1286 

large age range. Future research could break down this age group further to examine the 1287 

relationships between smaller age brackets, or how relationships change over time within 1288 

the 15–19-year-old period. Similarly, future research should look to extend the findings of 1289 

the current study into young adults (18-24). Approximately 75% of all mental health issues 1290 

begin before the age of 24 (Kessler et al., 2005), with this age group experiencing numerous 1291 

stress-evoking life transitions (e.g., moving away from home for the first time, whether this 1292 

is to university or work, and having to take on the responsibility of becoming adults). 1293 

Therefore, it is essential to extend the current research into this next age bracket, to see 1294 

whether similar mechanisms are in pay to explain PA’s benefits on mental health.    1295 

Conclusions 1296 

In conclusion, the present study examined the relationships between PA, stress, 1297 

anxiety, and depressive symptoms in older adolescents. Findings demonstrated that PA is 1298 

associated with increased self-esteem, adaptive stress appraisals and higher distress 1299 

tolerance, which were associated with reduced stress, which in turn was related to lower 1300 

anxiety and depressive symptoms. Collectively this research provides an insight into how PA 1301 

may relate to lower stress and better mental health in older adolescents through increased 1302 

self-esteem which is associated with more adaptive stress appraisal. Future research should 1303 

further examine these relationships assessing PA objectively and investigate how the 1304 

PA/stress relationship changes over time.   1305 
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Physical Activity Protects Against the Negative Impact of Coronavirus Fear on Adolescent 1312 

Mental Health and Well-Being During the COVID-19 Pandemic 1313 

 1314 

 1315 

 1316 

This chapter is published under the following reference:  1317 

 1318 

 1319 

Wright, L. J., Williams, S. E., & Veldhuijzen van Zanten, J. J. (2021). Physical activity protects 1320 

against the negative impact of coronavirus fear on adolescent mental health and well-being 1321 

during the COVID-19 pandemic. Frontiers in psychology, 12, 580511. 1322 

  1323 
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Abstract 1324 

The severity of the Coronavirus pandemic has led to lockdowns in different countries to 1325 

reduce the spread of the infection. These lockdown restrictions are likely to be detrimental 1326 

to mental health and well-being in adolescents. Physical activity can be beneficial for mental 1327 

health and well-being; however, research has yet to examine associations between 1328 

adolescent physical activity and mental health and well-being during lockdown. The aim of 1329 

the present study was to examine the effects of adolescent perceived Coronavirus 1330 

prevalence and fear on mental health and well-being and investigate the extent to which 1331 

physical activity can be a protective factor against these concerns. During United Kingdom 1332 

lockdown restrictions, 165 participants (100 female, aged 13–19) completed an online 1333 

questionnaire assessing perceived Coronavirus prevalence and fear, physical activity, and 1334 

indicators of mental health and well-being (stress, anxiety, depression, fatigue, vitality, and 1335 

perceived health). Separate hierarchical multiple linear regression analyses (with age, 1336 

gender, perceived Coronavirus prevalence, and fear entered in step 1, and physical activity 1337 

in step 2) were run to predict each well- being outcome. Regression analyses indicated that 1338 

in general, while Coronavirus fear was a negative predictor, physical activity was a positive 1339 

and stronger predictor of enhanced mental health and well-being outcomes. Findings 1340 

suggest that physical activity during the Coronavirus pandemic can counteract the negative 1341 

effects of Coronavirus fear on adolescent mental health and well-being. Therefore, physical 1342 

activity should be promoted during lockdown to support good mental health and well-being.  1343 

Keywords: anxiety, COVID-19, exercise, fatigue, stress, youth  1344 
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Introduction 1345 

The first cases of the COVID-19 Coronavirus (SARS-CoV-2) were discovered in Wuhan 1346 

Province of China at the end of December 2019, and by 11th March 2020 the World Health 1347 

Organisation declared this new Coronavirus a pandemic (World Health Organization, 2020). 1348 

To combat the spread of the virus, unprecedented regulations were put in place for people 1349 

displaying symptoms (self-isolation) or having been in contact with people with symptoms 1350 

(quarantine), and most countries applied community-wide restrictions on movement and 1351 

daily activities (commonly referred to as lockdowns). For example, during the UK lockdown, 1352 

people were only allowed to leave the house for basic necessities (e.g., seeking medical 1353 

attention, food shopping), to go to work if this was essential and could not be done from 1354 

home, and to exercise once a day (UK Government, 2020). While these measures were 1355 

deemed necessary to limit the spread of the Coronavirus, such restrictions are likely to have 1356 

a negative impact on mental health.  1357 

Quarantine and larger scale lockdowns leads to separation from loved ones, fear 1358 

over the health of oneself, family, and friends, and a need to cope with the new situation 1359 

(Cava et al., 2005). All these things can influence mental health and well-being. Indeed, 1360 

research shows that restrictions during previous epidemics and pandemics have led to 1361 

increased stress (and even post-traumatic stress disorder), depression, anxiety, emotional 1362 

exhaustion, and fear (Brooks et al., 2020; Jiménez-Pavón et al., 2020; Xiang et al., 2020). 1363 

Individuals also experienced numerous stress-evoking factors during lockdown and 1364 

quarantine such as fear of infection and death, loss of social contacts, confinement, 1365 

helplessness, as well as experienced stress, depression, anxiety, panic attacks, and even 1366 

suicidality (Brooks et al., 2020; Jiménez-Pavón et al., 2020; Xiang et al., 2020). Emerging 1367 

studies relating to the COVID-19 Coronavirus pandemic observe similar patterns, in that 1368 
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large proportions of healthcare workers and the general public surveyed have reported 1369 

symptoms of depression, anxiety, and distress (Huang & Zhao, 2020; Lai et al., 2020; 1370 

Rodríguez-Rey et al., 2020). In addition to these reported symptoms, research in frontline 1371 

health care workers also indicates high levels of both physical and psychological fatigue 1372 

(Sasangohar et al., 2020), and vitality was seen to be reduced in personal trainers (Bratland-1373 

Sanda et al., 2020), suggesting an impact on psychological well-being that needs to be 1374 

further investigated.  1375 

Specifically, fears and concerns surrounding pandemics during lockdowns and 1376 

quarantine (e.g., fear of infection, fear of becoming ill) can have a particularly negative 1377 

impact on mental health and well-being. Research shows that fear of becoming ill was 1378 

evident in over 20% of people who had been quarantined during severe acute respiratory 1379 

syndrome (SARS) epidemic (Reynolds et al., 2008). In line with this, perceived severity of the 1380 

current Coronavirus, as well as being in close contact with someone diagnosed with the 1381 

Coronavirus have both been found to be associated with increased stress, anxiety, and 1382 

depression in adults (Rodríguez-Rey et al., 2020). Furthermore, fear of the current 1383 

Coronavirus was associated with higher levels of anxiety in the general population (Harper 1384 

et al., 2020). This research suggests that concerns about the current Coronavirus are likely 1385 

to be detrimental to mental health and well-being. 1386 

Most research relating to the COVID-19 Coronavirus has focused on adult 1387 

populations, with less attention to adolescent populations. This is somewhat surprising 1388 

given the high prevalence of mental health problems in adolescents (Sadler et al., 2018). 1389 

Furthermore, lockdown restrictions leading to sudden school closures, a switch to online 1390 

and more independent learning, and the cancelation of end of year final exams were all 1391 

likely to contribute to stress and anxiety. Adolescents were also confined to home, 1392 
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organised sports and group physical activity stopped and they were no longer able to 1393 

socialise in person with others outside their household. It is therefore not surprising that 1394 

initial Coronavirus pandemic research in adolescents found a high prevalence of depressive 1395 

and anxiety symptoms (Chen et al., 2020; Zhou et al., 2020). Therefore, it is important that 1396 

effective strategies are identified to promote mental health and well-being to protect 1397 

adolescents against the negative effects of the Coronavirus.  1398 

One effective way to enhance mental health and well-being is physical activity. More 1399 

physically active individuals exhibit lower levels of stress, anxiety, depression, and fatigue as 1400 

well as greater vitality and well-being in adults and adolescents (Biddle et al., 2019; 1401 

Gianfredi et al., 2020; O'Connor & Puetz, 2005; Petruzzello et al., 1991; Rodriguez-Ayllon et 1402 

al., 2019; Stults-Kolehmainen & Sinha, 2014). Physical activity can have a beneficial effect, 1403 

equal to or greater than, a range of common mental health treatments, such as cognitive 1404 

behavioural therapy for anxiety (Wipfli et al., 2008), and is comparable to antidepressant 1405 

medication for depression (Dinas et al., 2011). Importantly, it is not only more physical 1406 

activity that can improve mental health. A sudden decrease in physical activity can 1407 

negatively impact on depressive symptoms, anxiety, fatigue, and energy levels (Weinstein et 1408 

al., 2017). In sum, there is ample evidence that being and staying physically active results in 1409 

benefits for mental health and well-being. 1410 

Previous research suggests that during the Coronavirus pandemic, physical activity 1411 

could contribute to better mental health and well-being in adolescents. Moreover, physical 1412 

activity’s importance has been acknowledged by governments in several countries, by 1413 

allowing physical activity to be one of the few reasons people could leave their homes 1414 

during lockdown. Despite this, lockdown restrictions make physical activity more 1415 

challenging, with research suggesting reduction in adult physical activity levels during the 1416 
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Coronavirus compared to pre-Coronavirus (Ammar et al., 2020). However, research 1417 

conducted during the Coronavirus pandemic on adults has shown that physical activity is 1418 

related to better mental health, such as lower levels of depression, stress, and anxiety 1419 

(Rodríguez-Rey et al., 2020). Additionally, self-reported reductions in physical activity since 1420 

the onset of the Coronavirus have been associated with higher stress, depression, and 1421 

anxiety (Stanton et al., 2020). Conversely, in a sample of less physically active individuals, 1422 

those who report engaging in more physical activity during lockdown restrictions report 1423 

lower anxiety than those who report being less physically active during lockdown (Lesser & 1424 

Nienhuis, 2020).  1425 

When investigating physical activity, mental health, and well-being, it is important to 1426 

take gender differences into consideration. For example, there is evidence that males are 1427 

more physically active than females (Bann et al., 2019). Furthermore, females tend to report 1428 

higher levels of anxiety, depression, and stress than their male counterparts (Murray et al., 1429 

2011; Sadler et al., 2018). In addition, in the context of Coronavirus, there is evidence for 1430 

higher stress and anxiety levels in females (Fitzpatrick et al., 2020; Lai et al., 2020; Mazza et 1431 

al., 2020). Consequently, when examining the associations between physical activity and 1432 

mental health and well-being, it is important to investigate the impact on gender.     1433 

In sum, although there is substantial evidence of the detrimental effects of 1434 

quarantine and lockdown on mental health and well-being, less is known about the factors 1435 

impacting mental health and well-being in adolescents. While concerns related to the 1436 

Coronavirus may adversely affect mental health, physical activity is likely to be beneficial. 1437 

However, this is yet to be examined in an adolescent population. Therefore, the present 1438 

study aimed to examine the effects of Coronavirus concerns on mental health and well-1439 

being in adolescents and the extent to which physical activity can protect against the 1440 
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negative impact of these Coronavirus concerns on mental health and well-being during 1441 

lockdown. A secondary aim was to investigate the effect of gender on these variables. 1442 

 1443 

Methods 1444 

Participants  1445 

In total 100 female and 65 male participants aged between 13 and 19 years old (M = 1446 

15.90, SD = 1.48) took part in the study, 94.6 % identified their ethnicity as white. 1447 

Participants were recruited predominately through emails to schools, sports clubs, and 1448 

other organisations targeted at adolescents (e.g., Scouts) across the UK. The study was also 1449 

advertised via the social media of the research team All participants lived in England. None 1450 

of the participants reported as having tested positive for COVID-19. The study obtained 1451 

ethical approval from the University ethics committee, and all participants, and where 1452 

appropriate, a parent/guardian, provided informed consent. Power analyses showed that a 1453 

sample of 165 participants would allow for the detection of a small to medium effect with 1454 

power at .90 (Faul et al., 2009). 1455 

Procedures 1456 

 Data collection took place from 1st May 2020 to the 25th May 2020 in the UK using an online 1457 

questionnaire platform (SmartSurvey). Participants then completed an online questionnaire 1458 

pack including the demographic information, and measures to assess perceived fear and 1459 

prevalence of the Coronavirus, physical activity, perceived stress, anxiety, depression, 1460 

fatigue, vitality, and general health. Coronavirus restrictions and school closures had been in 1461 

place for 5 weeks at the onset of data collection and remained unchanged during data 1462 

collection.  1463 

Questionnaires  1464 
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All questionnaires were phrased so that the time period they related to was during 1465 

the last month, which coincided with the period of the UK lockdown restrictions.  1466 

Coronavirus Inventory 1467 

 The Coronavirus inventory was developed for the present study by modifying the 1468 

Swine Flu Inventory (SFI) items (Wheaton et al., 2012).The SFI is a 10-item questionnaire 1469 

which assessed things such as individuals’ concerns about the spread of H1N1 influenza, 1470 

perceptions of likelihood of contracting the infection, and severity of the infection. Items 1471 

were modified in the present study to refer to the Coronavirus that causes COVID-19 rather 1472 

than H1N1 influenza, and any reference to the US was altered to refer to the UK (e.g., “How 1473 

quickly do you believe contamination from Swine Flu is spreading in the U.S.?” was modified 1474 

to “How quickly do you believe the Coronavirus is spreading in the U.K.?”). Small wording 1475 

modifications were also made to ensure items were understandable by an adolescent 1476 

population. Two further items “to what extent has the threat of the Coronavirus influenced 1477 

your well-being” and “to what extent has the threat of the Coronavirus increased your 1478 

stress levels” in order to better tap some of our variables of interest, namely stress and well-1479 

being and how they relate to the threat of the Coronavirus (see Appendix 2 for all items). 1480 

Participants rated the extent to which they agreed with each item on a 5-point Likert scale 1481 

ranging from 0 (very little) to 4 (very much).  1482 

To reduce the items to a number of meaningful factors, principle axis factoring with 1483 

oblimin rotation was conducted on the 12 items (Tabachnick & Fidell, 2013). The initial 1484 

solution identified four factors with eigenvalues ranging from 1.02 to 3.92, collectively 1485 

accounting for 63.67% of the variance. However, one item (item 6) failed to load onto any 1486 

factor and one item (item 8) cross loaded highly on more than one factor. These two items 1487 

were removed from the second iteration which revealed three factors. The third factor 1488 
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consisted of only two items which poorly loaded on their subscale (items 9 and 10). These 1489 

two items were dropped for the third run which yielded a final two factor solution with 1490 

eigenvalues of 1.34 and 3.25, accounting for 57.36% of the variance. Each factor consisted 1491 

of four items and factor loadings were all above .45 (Tabachnick & Fidell, 2013). One factor 1492 

contained items assessing perceived prevalence and likelihood of becoming infected with 1493 

the Coronavirus (e.g., “How likely do you think it is that you could become infected with the 1494 

Coronavirus?”). This subscale was named perceived Coronavirus prevalence. The other 1495 

factor contained items tapping concerns about the coronavirus and impact it could have on 1496 

health and well-being (e.g., “If you did become infected with the Coronavirus, to what 1497 

extent are you concerned that you will be severely ill?”). This subscale was named 1498 

Coronavirus fear. The final 8 items and their factor loadings are reported in Table 3.1, 1499 

Cronbach alpha coefficient values demonstrated good reliability for Coronavirus concerns 1500 

(.78) and slightly low reliability for perceived Coronavirus prevalence (.68).  Mean scores for 1501 

each subscale were calculated so a higher score indicated a greater perceived Coronavirus 1502 

prevalence or Coronavirus fear.   1503 
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Table 3.1. Coronavirus Inventory Factor Loadings for a Two-Factor Solution 1504 

 1505 

 1506 

 1507 

 1508 

 1509 

 1510 

 1511 

 1512 

 1513 

 1514 

 1515 

 1516 

 1517 

 1518 

 1519 

 1520 

Physical Activity 1521 

Physical activity was measured using a single item in which participants selected 1522 

which level represented their physical activity (Jurca et al., 2005). The question asked 1523 

participants to rate their usual pattern of activity. In the present study this was altered to 1524 

ask participants their usual pattern of activity in the last month. Participants selected one of 1525 

five possible levels with each increasing level indicating a higher amount of physical activity 1526 

(Level 1: “Inactive or little activity other than usual daily activities; Level 2: “Regularly (≥5 1527 

d/wk) participate in physical activities requiring low levels of exertion that result in slight 1528 

increases in breathing and heart rate for at least 10 minutes at a time”; Level 3-5: 1529 

participation in “aerobic exercises such as brisk walking, jogging, or running at a comfortable 1530 

Item 
Coronavirus 

Fear 
Coronavirus 
prevalence 

To what extent has the threat of the Coronavirus 
increased your stress levels? 

.817  

To what extent are you concerned about the 
Coronavirus? 

.690  

To what extent has the threat of the Coronavirus 
influenced your well-being? 

.679  

If you did become infected with the Coronavirus, to 
what extent are you concerned that you will be 
severely ill? 

.483  

   

How quickly do you believe the Coronavirus is 
spreading in the UK? 

 .634 

To what extent do you believe that the Coronavirus is 
prevalent in the UK? 

 .601 

How likely do you think it is that you could become 
infected with the Coronavirus? 

 .546 

How likely is it that someone you know could become 
infected with the Coronavirus? 

 .495 
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pace, or other activities requiring similar levels of exertion” for 20 – 60 minutes per week 1531 

(level 3), 1-3 hours per week (level 4) or over 3 hours per week (level 5)). The item has been 1532 

used as an element of a non-exercise estimate of cardio-respiratory fitness (CRF) which was 1533 

found to be a good estimation of CRF when compared to actual exercise testing (Jurca et al., 1534 

2005). Single item physical activity measures have been found to provide reliable and valid 1535 

assessments of physical activity in adolescents (Scott et al., 2015).  1536 

Perceived Stress  1537 

The 10-item Perceived Stress Scale (PSS;(Cohen et al., 1983) assessed how stressed 1538 

individuals felt over the past month. Participants read each item (e.g., “How often have you 1539 

felt nervous and “stressed”?”) and respond on a 5-point Likert scale from 0 (never) to 4 1540 

(very often). Positively worded items are reverse scored, and a mean score is calculated of 1541 

all items so that a higher score indicates a higher level of perceived stress. The PSS has been 1542 

reported to have good internal reliability in adolescent populations (Carlozzi et al., 2010). 1543 

The present study demonstrated good internal reliability (α = .88).  1544 

Anxiety and Depressive Symptoms 1545 

The Hospital Anxiety and Depression Scale (HADS; (Zigmond & Snaith, 1983) 1546 

assessed general levels of anxiety (7 items, e.g. “I get sudden feelings of panic”) and 1547 

depressive symptoms (7 items, e.g. “I feel as if I am slowed down”), with items being scored 1548 

on a scale of 0-3. Each subscale is summed with scores ranging from 0 to 21, with higher 1549 

scores indicating higher levels of anxiety or depressive symptoms. A score of 8-10 indicates 1550 

mild anxiety/depressive symptoms, a score of 11-15 indicates moderate anxiety/depressive 1551 

symptoms where a score of 16 or above indicates severe anxiety/depressive symptoms. The 1552 

HADS has been validated for use in adolescents to assess anxiety and depressive symptoms 1553 
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(White et al., 1999). The present study demonstrated good internal reliability for anxiety (α 1554 

= .84) and depression (α = .81).  1555 

Fatigue 1556 

The 20-item Multidimensional Fatigue Inventory (MFI-20; (Smets et al., 1995) was 1557 

used to measure general fatigue (e.g. “I feel tired”), physical fatigue (e.g. “Physically I feel 1558 

only able to do a little”), reduced activity (e.g. “I get little done”), mental fatigue (e.g. “It 1559 

takes a lot of effort to concentrate on things”), and reduced motivation (e.g. “I don’t feel 1560 

like doing anything”). Each subscale consisted of 4 items. Participants rated the extent to 1561 

which they agree or disagree with each item on a 5-point Likert scale from 1 (yes, that is 1562 

true) to 5 (no, that is not true). Positively worded items were reverse scored and scores for 1563 

each subscale were summed to create a total score for each subscale with higher scores 1564 

representing greater fatigue The MFI-20 is a valid and reliable measure to assess fatigue 1565 

(Smets et al., 1995), used successfully in adolescent populations (Vantieghem et al., 2018). 1566 

The present study demonstrated good internal reliability for all subscales (α ≥ .75).  1567 

Vitality  1568 

The Subjective Vitality Scale (SVS; (Ryan & Frederick, 1997) is a 5-item questionnaire 1569 

(e.g. “I feel I have a lot of energy”) assessing how energetic a person feels. Participants rate 1570 

the extent to which they agree with each statement on a 7-point Likert scale from 1 (not at 1571 

all true) to 7 (very true). Items are then averaged with higher scores indicative of greater 1572 

vitality. The SVS has been found to be a valid and reliable measure of vitality in adolescents 1573 

(Reinboth et al., 2004). The current study demonstrated a good internal reliability (α = .89).  1574 

General Health 1575 

Perceptions of general health was measured using a single item taken from the Short 1576 

Form Health Survey-12 (Ware Jr et al., 1996). Participants rated their perceived health on a 1577 
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5-point scale: poor, fair, good, very good, excellent. This single item measure for perceived 1578 

health has been found to be as valid and reliable as a multi-item scale (Macias et al., 2015) 1579 

and has also been used effectively in adolescents (Herman et al., 2015).  1580 

Data Analysis 1581 

All data was analysed using SPSS (IBM, Version 26). First, data were screened and 1582 

cleaned to check for missing data and outliers. As Little’s MCAR test showed less than 5% of 1583 

data were missing at random (p >.05), the expectation maximisation method was used to 1584 

complete the data set (Tabachnick & Fidell, 2013). Inspection of the Mahalanobis distance at 1585 

p < .001 identified no multivariate outliers so all data were retained for the analysis. 1586 

Descriptive statistics were generated for males and females and a series of one-way 1587 

ANOVAs conducted to examine gender differences in all relevant outcomes. Pearson 1588 

correlations were then run to examine the relationships between perceived Coronavirus 1589 

prevalence, Coronavirus fear, and physical activity, with each other as well as the mental 1590 

health and well-being outcomes (i.e., perceived stress, anxiety, depressive symptoms, 1591 

different fatigue subscales, vitality, and perceived general health). Finally, separate 1592 

hierarchical multiple linear regressions were run to predict each well-being outcome. To 1593 

determine the extent to which perceived Coronavirus prevalence and Coronavirus fear 1594 

predicted each well-being outcome, these two variables were entered in step 1 along with 1595 

control variables gender and age. Then physical activity was added at step 2 to determine if 1596 

it was an independent predictor of each mental health and well-being outcome. The alpha 1597 

level was set at .05 for all analyses and standardized beta values are reported for all 1598 

regression analyses.  1599 

 1600 
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Results 1601 

Participant Characteristics  1602 

Means and standard deviations of perceived Coronavirus prevalence, Coronavirus 1603 

fear, physical activity, and mental health and well-being outcomes for both males and 1604 

females are reported in Table 3.2. One-way ANOVAs revealed that males reported 1605 

significantly lower Coronavirus fear, perceived stress, anxiety, general fatigue, physical 1606 

fatigue, and mental fatigue, as well as higher vitality and general health. No gender 1607 

differences were seen for depressive symptoms, perceived Coronavirus prevalence, or 1608 

reduced activity. There was no significant difference in physical activity levels between male 1609 

and female participants. The mean score for anxiety in female participants falls into the 1610 

“mild anxiety” category based on the HADS scale (i.e., a score of 8-10 (Zigmond & Snaith, 1611 

1983)) with 65% of females being classified as displaying at least mild anxiety. 1612 

Correlational Analyses 1613 

 Correlation analysis between perceived Coronavirus prevalence, Coronavirus fear, 1614 

physical activity, and well-being outcomes are displayed in Table 3.3. Perceived Coronavirus 1615 

prevalence was associated with higher levels of Coronavirus fear, but physical activity was 1616 

not associated with either perceived Coronavirus prevalence or Coronavirus fear.  1617 

Coronavirus fear was associated with higher levels of perceived stress, anxiety, depressive 1618 

symptoms, general fatigue, reduced activity, mental fatigue, and reduced motivation, and 1619 

was associated with lower levels of vitality and general health. Coronavirus prevalence was 1620 

not associated with any of the well-being outcomes. Higher levels of physical activity were 1621 

associated with lower levels of perceived stress, depressive symptoms and all five fatigue 1622 

subscales, as well as higher levels of vitality and perceived general health.  1623 
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Table 3.2. Mean (SD) of perceived Coronavirus prevalence, Coronavirus fear, physical 1624 

activity, and wellbeing outcomes for male and female participants. 1625 

Note: degrees of freedom: 1,164, F value relates to gender differences ANOVA. 1626 

 1627 

 1628 

 1629 

 1630 

 1631 

 1632 

 1633 

 1634 

 1635 

 1636 

 1637 

 1638 

 1639 

 1640 

 1641 

 1642 

 1643 

 Male 

Mean (SD) 

Female 

Mean (SD) 
F value p value 

Perceived Coronavirus 

prevalence 
2.39 (0.876) 2.57 (0.67) 2.17 .143 

Coronavirus Fear 1.62 (0.96) 2.19 (0.97) 14.44 <.001 

Physical Activity 3.41 (1.35) 3.42 (1.3) <0.01 .958 

Perceived Stress 1.85 (.691) 2.32 (0.67) 18.73 <.001 

Anxiety 6.62 (3.55) 9.35 (4.71) 16.13 <.001 

Depressive symptoms 5.17 (3.78) 6.27 (3.92) 3.23 .074 

Vitality 3.94 (1.40) 3.28 (1.32) 9.66 .002 

General Health 3.44 (0.906) 3.08 (1.13) 4.59 .034 

General Fatigue 11.33 (3.28) 12.66 (3.96) 5.11 .025 

Physical Fatigue 8.79 (3.53) 10.25 (3.91) 5.99 .015 

Reduced Activity 11.67 (4.31) 11.88 (4.54) 0.09 .763 

Mental Fatigue 12.33 (3.55) 13.92 (3.74) 7.45 .007 

Reduced Motivation 11.52 (3.97) 12.39 (4.09) 1.87 .173 
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Table 3.3 Correlations between perceived Coronavirus prevalence, Coronavirus fear, 1644 

physical activity, and wellbeing outcomes 1645 

Note: *p <.05, **p <.001 1646 

 1647 

Multiple Linear Regressions 1648 

Results of the multiple linear regression analyses are reported in tables 3.4 and 3.5. 1649 

Step one of these analyses explored the independent associations between Coronavirus fear 1650 

and perceived coronavirus prevalence with the different measures of mental health and 1651 

well-being, while correcting for age and gender, with physical activity being added as a 1652 

predictor at step two. Results for all regressions, except when predicting depressive 1653 

symptoms, showed perceived Coronavirus prevalence was not independently associated 1654 

with any mental health and well-being outcomes.  1655 

Step 1 and Step 2 of the regressions predicting stress, anxiety, and depressive 1656 

symptoms accounted for a significant portion of the variance (except anxiety step 2). 1657 

 Perceived 
Coronavirus 
prevalence 

Coronavirus Fear Physical Activity 

Perceived Coronavirus 
prevalence 

1   

Coronavirus Fear .41** 1  

Physical Activity .01 -.09 1 

Perceived Stress .10 .40** -.26** 

Anxiety .11 .47** -.15 

Depressive symptoms -.10 .17* -.31** 

Vitality .02 -.18* .34** 

General Health -.05 -.25** .33** 

General Fatigue .07 .24** -.38** 

Physical Fatigue .11 .25** -.58** 

Reduced Activity <-.01 .07 -.54** 

Mental Fatigue .01 .20** -.23** 

Reduced Motivation .09 .19* -.32** 
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Coronavirus fear was a significant predictor in step 1 and 2, with higher levels predicting 1658 

more perceived stress, anxiety, and depressive symptoms. Physical activity was a significant 1659 

negative predictor for stress and depressive symptoms, with higher levels of physical activity 1660 

predicting lower levels of these outcomes. 1661 

The regressions for the fatigue subscales showed step 1 accounted for a significant 1662 

portion of the variance and Coronavirus fear was a significant positive predictor of these 1663 

subscales (with the exception of reduced activity and reduced motivation). Step 2 accounted 1664 

for a significant proportion of the variance and physical activity was a significant negative 1665 

predictor of all 5 fatigue subscales. Furthermore, Coronavirus fear became a nonsignificant 1666 

predictor in all regressions except general fatigue.  1667 

Step 1 and Step 2 of the regressions predicting vitality and general health accounted 1668 

for a significant proportion of the variance. In step 1 and step 2, Coronavirus fear was a 1669 

significant negative predictor of general health but not vitality. In step 2, physical activity 1670 

was a positive predictor of both variables so that higher levels of physical activity were 1671 

associated with greater vitality and perceived health. 1672 
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Table 3.4. Regressions between perceived Coronavirus prevalence and fear, physical activity, stress, anxiety, depressive symptoms, vitality, & 1673 

general health 1674 

Note: a: degrees of freedom are 4,161, b: degrees of freedom are 1,160 1675 

  1676 

 
Perceived Stress Anxiety 

Depressive 
Symptoms 

Vitality General Health 

Step One ΔR2=.23, F =11.72a, 
p <.001 

ΔR2=.27, F =14.59a,  
p <.001 

ΔR2=.08, F =3.35a,  
p =.012 

ΔR2=.11, F =4.89a,  
p =.001 

ΔR2=.09, F =4.18a,  
p =.003 

 ß p ß p ß p ß p ß p 

Gender .25 .001 .19 .010 .11 .187 -.23 .004 -.13 .114 

Age .13 .071 .05 .504 .06 .445 -.18 .021 -.14 .059 

Perceived Coronavirus 
Prevalence 

-.09 .263 -.11 .136 -.21 .014 .12 .144 .08 .366 

Coronavirus Fear .36 .000 .47 <.001 .23 .009 -.16 .068 -.24 .006 

           

Step 2 ΔR2=.05, F =10.55b,  
p =.001 

ΔR2=.01, F =2.50b,  
p =.12 

ΔR2=.08, F= 15.87b,  
p <.001 

ΔR2=.10, F =20.62b,  
p <.001 

ΔR2=.09, F =17.20b,  
p <.001 

Gender .25 .001 .19 .009 .11 .142 -.24 .002 -.13 .080 

Age .11 .096 .04 .564 .04 .575 -.16 .030 -.13 .083 

Perceived Coronavirus 
Prevalence 

-.07 .340 -.10 .162 -.19 .020 .10 .203 .06 .485 

Coronavirus Fear .33 .000 .45 <.001 .19 .022 -.12 .154 -.20 .016 

Physical Activity -.22 .001 -.11 .116 -.29 <.001 .32 <.001 .30 <.001 
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Table 3.5. Regressions between perceived Coronavirus prevalence and fear, physical activity, and fatigue. 1677 

Note: a: degrees of freedom are 4,161, b: degrees of freedom are 1,160 1678 

 General Fatigue Physical Fatigue Reduced Activity Mental Fatigue Reduced Motivation 

Step One ΔR2=.10, F =4.50a, 
p =.002 

ΔR2=.09, F =3.86a,  
p =.005 

ΔR2=.04, F =1.66a,  
p =.16 

ΔR2=.07, F =3.21a,  
p =.015 

ΔR2=.04, F =1.75a,  
p =.14 

 ß p ß p ß p ß p ß p 

Gender .14 .074 .14 .072 .04 .670 .17 .034 .07 .418 

Age .17 .023 .10 .173 .19 .018 .05 .550 .06 .476 

Coronavirus 
Prevalence 

-.04 .601 <-.01 .984 -.05 .569 -09 .292 .01 .902 

Coronavirus Fear .22 .012 .21 .017 .07 .417 .19 .030 .16 .064 

           

Step 2 ΔR2=.12, F =25.36b,  
p <.001 

ΔR2=.31, F =83.40b,  
p <.001 

ΔR2=.28, F =65.15b,  
p <.001 

ΔR2=.04, F =7.94b,  
p =.005 

ΔR2=.09, F =17.02b,  
p <.001 

Gender .15 .043 .16 .016 .05 .491 .18 .026 .07 .345 

Age .15 .032 .07 .258 .16 .021 .03 .659 .04 .617 

Coronavirus 
Prevalence 

-.02 .798 -.04 .598 -.01 .853 -.07 .365 .03 .705 

Coronavirus Fear .17 .034 .14 .055 <.01 .952 .16 .058 .13 .139 

Physical Activity -.35 <.001 -.56 <.001 -.22 <.001 -.21 .005 -.31 <.001 
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Discussion 1679 

This study aimed to examine the extent to which Coronavirus prevalence and 1680 

Coronavirus fear predicted adolescents’ mental health and well-being during lockdown, and 1681 

the extent to which physical activity can protect against the negative impact of these 1682 

Coronavirus concerns on mental health and well-being. Despite perceived Coronavirus 1683 

prevalence and fear being associated with each other, higher Coronavirus fear was 1684 

associated with higher levels of stress, anxiety, depressive symptoms, and fatigue, as well as 1685 

lower vitality and general health, which is in line with research in adults (Brooks et al., 2020; 1686 

Harper et al., 2020; Rodríguez-Rey et al., 2020). Perceived Coronavirus prevalence was only 1687 

significantly associated with lower depressive symptoms. The seemingly surprising negative 1688 

relationship between perceived Coronavirus prevalence and depressive symptoms could 1689 

perhaps be explained by behavioural disengagement (Horwitz et al., 2011): adolescents with 1690 

higher depressive symptoms may not engage with media related to Coronavirus, making 1691 

them less aware of its prevalence. Collectively, the findings demonstrate that Coronavirus 1692 

fear is a more consistent predictor of poorer mental health compared to perceived 1693 

Coronavirus prevalence. This is similar to research in adult populations demonstrating fear 1694 

of the current Coronavirus to be associated with higher anxiety and depressive symptoms, 1695 

and fear of infection during periods of quarantine from other viruses to be associated with 1696 

stress (Brooks et al., 2020; Harper et al., 2020). By extending these relationships into other 1697 

indicators of health and well-being, the results of the present study suggest that it is not the 1698 

prevalence of the Coronavirus but rather the fear of the impact it could have on health 1699 

which is associated with poorer adolescent mental health.  1700 

An important novel finding of the current study is that physical activity counteracted 1701 

the negative impact of Coronavirus fear on mental health and well-being in adolescents. 1702 
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Moreover, the size of the beta weights in the regressions predicting depression, vitality, 1703 

perceived health, and fatigue (particularly physical fatigue and reduced activity) 1704 

demonstrate that physical activity was a stronger predictor than Coronavirus fear. Indeed, 1705 

physical activity is suggested to impact mental health in different ways, and some of these 1706 

pathways might be especially relevant during the Coronavirus pandemic (Matias et al., 2020; 1707 

Mikkelsen et al., 2017). For example, physical activity can have an immediate positive effect 1708 

on mood and feelings of energy (Liao et al., 2017) and physical activity can be a distraction 1709 

from negative thoughts and stress related to the Coronavirus fear (Mikkelsen et al., 2017). 1710 

Physical activity can also bring a structure or daily routine to life, which is likely to be heavily 1711 

disturbed as a result of the lockdown. As such, it can provide a sense of control and mastery, 1712 

which can also impact on well-being (Mikkelsen et al., 2017).  1713 

The associations between physical activity and more positive mental health and well-1714 

being may in part be due to the environment of the activity. Although physical activity 1715 

location was not assessed in the current study, in other studies during the Coronavirus, 1716 

outdoor physical activity has been reported in over 90% of individuals (Lesser & Nienhuis, 1717 

2020). During the data collection in the present study, physical activity was one of the few 1718 

reasons adolescents could leave the house. Furthermore, data from May-July 2020 indicates 1719 

that more adolescents were being active outdoors, with the number of people going for a 1720 

walk and cycling for fun or fitness being higher compared with the same period in 2019 1721 

(Sport England, 2021). Consequently, it could be suggested that a number of the study 1722 

participants may have been doing most of their physical activity outdoors. Outdoor physical 1723 

activity is generally associated with lower depression, tension, anger, and confusion 1724 

compared to indoor physical activity (Bowler et al., 2010; Dunton et al., 2015), and has been 1725 

associated with improved emotional well-being, including in adolescents (Pasanen et al., 1726 
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2014). Moreover, adults who spent more time doing physical activity outdoors during the 1727 

current Coronavirus displayed better well-being (described as “flourishing”(Lesser & 1728 

Nienhuis, 2020)). Therefore, the simple act of being able to leave the confinements of the 1729 

house to exercise may have had an additional benefit to mental health. However, data also 1730 

suggests an increase in adolescent participation in gym and fitness during this same time 1731 

compared with 2019 (Sport England, 2021). Considering that public gyms were closed as 1732 

part of lockdown restrictions, it is likely that these gym and fitness activities were 1733 

undertaken at home (e.g., live streamed workouts). Given that the location of the physical 1734 

activity was not assessed in the present study, these suggestions are purely speculative.   1735 

Although physical activity significantly predicted lower perceived stress, Coronavirus 1736 

fear was the strongest independent predictor of stress. This is not surprising given that 1737 

literature shows infection fear can induce stress during periods of quarantine or lockdown 1738 

(Brooks et al., 2020). A bi-directional relationship between stress and physical activity has 1739 

been reported, with stress leading to less physical activity and less physical activity leading 1740 

to more stress (Stults-Kolehmainen & Sinha, 2014) . Importantly, the present study shows 1741 

that despite the strong association between Coronavirus fear and perceived stress, physical 1742 

activity was still a significant negative predictor of stress. Interestingly, during the SARS 1743 

outbreak in Hong Kong in 2003, especially those who experienced more stress at home and 1744 

worry about the virus reported to have increased their time spend being physically active 1745 

(Lau et al., 2005; Lau et al., 2006). Therefore, it is possible that physical activity is also used 1746 

by adolescents as a way to cope with the stress of the COVID-19 Coronavirus and to have a 1747 

sense of control over their health.  1748 

A somewhat surprising result from the present study was that physical activity was 1749 

not associated with anxiety. This contradicts work outside of pandemic settings, where 1750 
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higher levels of physical activity are associated with lower anxiety in children and 1751 

adolescents (Ahn & Fedewa, 2011). During the current Coronavirus pandemic, the 1752 

associations between physical activity and anxiety appear complex. Similar to the present 1753 

study, other Coronavirus related studies have shown no association between anxiety and 1754 

physical activity (Zhang et al., 2020), and no difference in anxiety between those who are 1755 

active and non-active (Lesser & Nienhuis, 2020; Zhang et al., 2020). However, other studies 1756 

have shown that those who are more physically active during the pandemic displayed lower 1757 

levels of anxiety (Antunes et al., 2020). It is difficult to know why the relationship between 1758 

physical activity and anxiety appears to be inconsistent during the current Coronavirus, but 1759 

it may be that anxiety experienced during this time is different in nature to the anxiety 1760 

typically experienced in the absence of such pandemics. During disease outbreaks, a 1761 

number of people experience clinical levels of fear and anxiety (Taylor, 2019), and recent 1762 

research suggests that individuals can experience specific dysfunctional Coronavirus anxiety 1763 

(Lee et al., 2020). Although findings in the current study do not suggest specifically high 1764 

levels of anxiety compared to non-pandemic situations, anxiety may be caused by other 1765 

factors which influence its associations with physical activity. Other studies during the 1766 

Coronavirus pandemic have shown a reduction in physical activity compared to pre-1767 

Coronavirus is associated with higher anxiety, and inactive people who became more active 1768 

during the Coronavirus displayed lower anxiety than those who become less active (Lesser & 1769 

Nienhuis, 2020), suggesting it could be the change in physical activity that is more closely 1770 

associated with anxiety in such times. However, further research is needed to fully 1771 

understand the relationship between physical activity and anxiety during lockdowns due to 1772 

pandemics.  1773 
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Coronavirus fear, perceived stress, and anxiety were all significantly higher in 1774 

females, which is in line with Coronavirus research in adult populations (Fitzpatrick et al., 1775 

2020; Lai et al., 2020; Mazza et al., 2020). As adolescent females have been found to have 1776 

higher levels of stress and anxiety (Murray et al., 2011; Sadler et al., 2018) under regular 1777 

circumstances, it is perhaps expected that their levels would also be higher under a 1778 

pandemic scenario. The present study suggests that females may also display greater fear 1779 

associated with the Coronavirus. In addition, general, physical, and mental fatigue were 1780 

higher, and vitality lower in females, which has been reported before in adults (Engberg et 1781 

al., 2017), but not during the Coronavirus pandemic. To our knowledge, this is the first study 1782 

to find this in adolescents. Interestingly, there was no gender difference in physical activity. 1783 

This is perhaps surprising given that a number of studies report males displaying 1784 

significantly higher levels of physical activity compared with females (Bann et al., 2019). 1785 

However, other studies (albeit in college students) have also found no gender differences in 1786 

certain types of physical activity during lockdown (Zhang et al., 2020). Thus, commonly 1787 

reported gender differences in adolescent physical activity (Bann et al., 2019), could be 1788 

influenced by lockdown restrictions – indeed, research suggests that most individuals report 1789 

experiencing a reduction in physical activity compared to pre-lockdown (Stanton et al., 1790 

2020).  1791 

The findings of the study indicate the clear benefits of physical activity to help to 1792 

counteract the negative mental implications of Coronavirus fear in adolescents. The data 1793 

suggests positive benefits for mental health with physical activity in adolescents.  UK 1794 

physical activity guidelines recommend adolescents to participate in 60 minutes of 1795 

moderate to vigorous physical activity per day (Department of Health and Social Care, 1796 

2019). Although the measure of physical activity used in the current study does not allow for 1797 
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comparison of levels of physical activity against the physical activity guidelines, it does 1798 

confirm with general physical activity guidelines that being more physically active is 1799 

associated with better (mental) health.  1800 

Despite its novel contributions, the study is not without limitations. First, the cross-1801 

sectional design cannot imply causation. The study also uses a self-report single item 1802 

measure of physical activity; however, this method has been previously validated (Jurca et 1803 

al., 2005; Scott et al., 2015). Third, our measure of Coronavirus prevalence and fear was 1804 

designed for the purpose of the study and has thus not been extensively validated. 1805 

However, items underwent exploratory factory analysis based on the recommendations in 1806 

the literature and the results support the existence of two separate subscales (Tabachnick & 1807 

Fidell, 2013). Finally, our sample’s ethnicity was predominately white. Given the reported 1808 

ethnicity differences in risk of mortality relating to the Coronavirus (Price-Haywood et al., 1809 

2020), it would be interesting to explore these associations in a wider range of ethnicities.  1810 

In conclusion, the present study found that while Coronavirus fear was associated 1811 

with higher levels of stress, anxiety, depressive symptoms, fatigue, and lower vitality and 1812 

general health, physical activity was an independent predictor of lower stress, depressive 1813 

symptoms, and fatigue, and higher vitality and perceived health. Moreover, physical activity 1814 

was often a stronger predictor than Coronavirus fear. Therefore, this was the first study to 1815 

show that physical activity during the Coronavirus pandemic can counteract the negative 1816 

effects of fear of the Coronavirus on adolescent mental health and well-being. Findings 1817 

highlight the significance of physical activity during the Coronavirus pandemic and 1818 

emphasise the importance of governments letting individuals continue to leave the house 1819 

for physical activity during periods of lockdown. 1820 



88 
 

Chapter 4  1821 
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 1825 

Longitudinal Associations between Physical Activity and Stress in University Students  1826 
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Abstract 1827 

In Chapter 2, it was found that physical activity (PA) was indirectly associated with lower 1828 

stress through self-esteem and challenge and threat appraisals. Research has also suggested 1829 

that proactive coping could play a role in the PA and stress relationship. However, the 1830 

research presented in Chapter 2 was only conducted at one time point, so it is as yet 1831 

unknown whether this relationship is consistent when measured overtime. It is also 1832 

unknown if PA intensity makes a difference in the relationship with stress or if proactive 1833 

coping has any influence on the associations. This study therefore aimed to explore 1834 

longitudinal associations between PA intensities and stress, and to examine whether the 1835 

added variables of self-esteem, stress appraisals and proactive coping made a difference to 1836 

the associations. Data was collected at three time points across the course of a university 1837 

semester, during different levels of COVID-19 lockdown. Participants completed a 1838 

questionnaire pack at each time point containing questions about their PA, perceived stress, 1839 

self-esteem, stress appraisals and proactive coping. Date was analysed using multilevel 1840 

analyses. PA intensities (other than moderate intensity) were significantly associated with 1841 

stress at a between-person level when independently entered into the model, however 1842 

there was no significant within-person association. When the additional variables of self-1843 

esteem, challenge appraisal, threat appraisal and proactive coping were added to the 1844 

model, no significant associations were found. Self-esteem, challenge appraisal, threat 1845 

appraisal and proactive coping were found to be independently significantly associated with 1846 

stress. No significant interaction effects were found. Findings suggest that while PA intensity 1847 

was associated with stress when entered independently into the model, when additional 1848 

variables were added this was not the case. This could have been due to the conditions of 1849 
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COVID-19 or the overall time frame. Future research should focus on different time frames 1850 

to more fully understand how time can influence the PA and stress relationship. 1851 

Key Words: Multilevel analysis, stress, longitudinal, young adult  1852 
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Introduction 1853 

Young adults (aged 18-24) are particularly prone to stress with this time of life being 1854 

associated with periods of transition, such as moving away from home for the first time, 1855 

going to university, and the associated pressures to succeed and meet expectation 1856 

(Kumaraswamy, 2013; Pascoe et al., 2020; Ramón-Arbués et al., 2020). Indeed 60% of 18–1857 

24-year-olds reported feeling so stressed due to pressures to succeed that they felt 1858 

overwhelmed or unable to cope (Mental Health Foundation, 2018b). As stress as has been 1859 

found to be associated with characteristics reflective of poor mental health such as 1860 

increased anxiety (Schneider et al., 2021) and depression (Hammen, 2005), the high levels of 1861 

stress experienced by young adults can be highly problematic.  1862 

Stress and poor mental health can be increased from certain life events. One 1863 

worldwide phenomenon that could be considered a life event to most young adults is the 1864 

COVID-19 pandemic.  The COVID-19 pandemic aggravated mental health issues. Measures 1865 

needed to contain the virus, such as lockdowns and reduced social contacts, have been 1866 

suggested  to increase stress, anxiety, and depression (Rodríguez-Rey et al., 2020). Indeed, 1867 

increases across facets of poor mental health including stress, depression, and anxiety have 1868 

been reported since the start of the COVID-19 pandemic, with some evidence that this 1869 

increase in poor mental health, takes current levels to higher than pre-pandemic levels 1870 

(Kauhanen et al., 2023). In a post pandemic survey, it was estimated that 22% of 17-24 year-1871 

olds have a probable mental health condition in the United Kingdom (UK) (Newlove-Delgado 1872 

et al., 2022), emphasising the need for methods to help decrease mental health issues in 1873 

young adults. One potential way to improve mental health is by reducing perceived stress 1874 

and providing methods to help cope with stress that does occur. It has been suggested that 1875 

one potential way to achieve this is through physical activity (PA). 1876 
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PA is largely supported to be beneficial for physical and mental health outcomes, for 1877 

example improved outcomes in diabetes and prevention of cardiovascular disease 1878 

(Anderson & Durstine, 2019), and reduced depression (Gianfredi et al., 2020) and anxiety 1879 

(Wipfli et al., 2008). Evidence shows that PA can influence stress (Mikkelsen et al., 2017), 1880 

but stress can also influence PA (Stults-Kolehmainen & Sinha, 2014), suggesting a 1881 

relationship that is bi-directional in nature. Cross-sectional studies as presented in reviews 1882 

by Stults-Kolehmainen and Sinha (2014) and Rodriguez-Ayllon et al. (2019) largely support 1883 

this notion of a bi-directional relationship between PA and stress, with Stults-Kolehmainen 1884 

and Sinha (2014) reporting that around two thirds of cross-sectional studies found higher 1885 

stress was associated with lower levels of PA. Rodriguez-Ayllon et al. (2019)  found that 1886 

higher levels of PA were associated with lower stress when examined cross-sectionally. 1887 

Similarly, as evidenced in Chapter 3, in adolescents surveyed during the height of the 1888 

COVID-19 pandemic, physical activity was seen to be a negative predictor of stress similar to 1889 

pre-pandemic associations between these variables.  Additionally, Vogel et al. (2022) found 1890 

that those who were more physically active during a lockdown reported being less stressed 1891 

as well as using PA specifically to manage their stress.  1892 

Beyond these cross-sectional findings between PA and stress, when looking at 1893 

longitudinal associations, Stults-Kolehmainen and Sinha (2014) also found that higher levels 1894 

of stress were associated with lower levels of PA. However there was also some evidence 1895 

that higher stress could result in higher levels of subsequent PA which was suggested to be a 1896 

type of behavioural activation – potentially a coping strategy to deal with the higher levels 1897 

of stress (Stults-Kolehmainen & Sinha, 2014). These studies reviewed included a mix of 1898 

intervention, observational, and diary type studies over time periods as short as 5 days to up 1899 

to 10 years, with factors such as age and gender influencing the relationship. The review 1900 
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found that studies examining large (n>100), mixed gender samples of older adults were 1901 

more likely to find higher stress being associated with lower PA.  1902 

Although findings appear to be similar when comparing cross-sectional and 1903 

longitudinal associations between PA and stress, examining these relationships 1904 

longitudinally has some advantages, such as the ability to examine both between (deviation 1905 

from group mean) and within-person (deviation from personal mean) associations. By using 1906 

a combination of between and within-person measures, it allows the researcher to examine 1907 

whether any associations are driven by general levels (between-person) or temporal 1908 

deviations at an individual level (within-person), allowing for comprehensive analysis and 1909 

discovery of directional relationships. However, researchers do not often utilise the ability 1910 

to examine between and within-person associations, and instead often focusing on just the 1911 

between-person associations. There is some evidence suggesting that when examining 1912 

within-person associations, PA is associated with lower subsequent stress (Schultchen et al., 1913 

2019) and stress is associated with lower subsequent PA (Do et al., 2021). Additionally, 1914 

there is evidence in that individual characteristics, beyond regularly controlled for covariates 1915 

(e.g., age, gender), can influence the relationships between PA and stress. For example, 1916 

Nägel et al. (2015) found that stress was associated with lower subsequent PA in those with 1917 

low motivation to exercise, but stress was associated with higher subsequent PA in those 1918 

with higher motivation to exercise. These findings suggest a need for personal 1919 

characteristics and dispositions to be taken into account when examining the PA and stress 1920 

relationship.  1921 

One such characteristic is self-esteem. Self-esteem (how positive a person feels 1922 

about themselves; (Sonstroem, 1998) is a stable characteristic of the self and those with 1923 

higher self-esteem are thought to possess the belief they are better able to cope with 1924 
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challenging or stressful situations (Pruessner et al., 1999). The Transactional Model of Stress 1925 

and Coping (TMSC;(Lazarus & Folkman, 1984) suggests that when an individual experiences 1926 

a stressful situation, they evaluate the situation as one that either facilitates growth/gain (a 1927 

challenge appraisal) or harm/loss (a threat appraisal). While Lazarus and Folkman (1984) 1928 

indicate that challenge and threat states are not mutually exclusive, the way in which an 1929 

individual appraises the situation can be instrumental in coping with stress. Indeed, seeing 1930 

stress through a challenge appraisal is more likely to result in adaptive coping and lower 1931 

stress (Nicholls et al., 2012), whereas a threat appraisal is likely to be associated with more 1932 

debilitative coping and therefore higher stress (Nicholls et al., 2012). Self-esteem has been 1933 

seen to be associated with lower cortisol and autonomic stress reactivity (Seeman & Lewis, 1934 

1995), both of which are reflective of a challenge rather than threat appraisal (Meijen et al., 1935 

2020), suggesting those with higher self-esteem are better placed to have a more adaptive 1936 

stress appraisal. 1937 

Self-esteem therefore is likely to be an important method to aid in creating a 1938 

challenge appraisal and therefore reduce subsequent stress. Therefore, increasing self-1939 

esteem is likely to be beneficial for mental health. One of the proposed hypotheses on how 1940 

PA is beneficial for mental health and well-being is the psychosocial hypothesis, which states 1941 

that PA is linked to psychosocial determinants of mental health (Lubans et al 2016). Self-1942 

esteem was suggested as one of these psychosocial determinants. In addition to PA and self-1943 

esteem being related through additional mechanisms such as social connectedness, Lubans 1944 

et al. (2016) presented evidence for the relationship between PA and self-esteem to be 1945 

direct and independent of other mechanisms. Additionally, PA is often reported to be used 1946 

as a method of coping with stress (Lemaire & Wallace, 2010). This could make PA a method 1947 

of proactive coping, i.e., efforts undertaken to help to help prevent or modify the stressful 1948 
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outcome before it occurs (Aspinwall & Taylor, 1997). Proactive coping has also been stated 1949 

to be important in the development of skills and personal resources that help to cope with 1950 

stress (Aspinwall & Taylor, 1997). Therefore, by developing personal resources through 1951 

proactive coping, a person’s stress appraisals could be influenced towards a challenge 1952 

appraisal. This suggests the importance of considering proactive coping when examining 1953 

stress.  1954 

The findings in Chapter 2, provide evidence for a synthesis of Lubans et al. (2016) 1955 

psychosocial hypothesis of how PA can relate to self-esteem and self-esteem’s links with 1956 

stress appraisals according to Lazarus and Folkman (1984) transactional model of stress and 1957 

coping.  The findings from the model (Chapter 2), as well as previous research (e.g., Stults-1958 

Kolehmainen and Sinha (2014) review) suggest relationships between PA and stress through 1959 

these mechanisms (i.e., self-esteem and stress appraisals). However, the model only 1960 

provides support for these relationships cross-sectionally. The model also does not consider 1961 

the effect of PA intensity on the relationships presented, which is important as other 1962 

research suggests that PA intensity can play a role in the PA-stress relationship. For 1963 

example, Jones et al. (2017) found that while low intensity PA was associated with lower 1964 

subsequent stress there was no association between moderate-vigorous PA (MVPA) and 1965 

subsequent stress. Contrastingly, Gerber et al. (2014) found vigorous intensity exercise to be 1966 

associated with lower stress. The contrast in findings between these two studies (one 1967 

supporting vigorous PA for stress, the other not) suggests that the relationship between PA 1968 

intensity and stress is complex and should be considered when examining any associations.  1969 

The findings of the previously discussed literature leads to the following questions: 1970 

1) how do the relationships underpinned by the TMSC (Lazarus & Folkman, 1984) and the 1971 

psychosocial hypothesis of PA and self-esteem (Lubans et al., 2016), presented in the 1972 
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Chapter 2’s model hold up longitudinally, 2) what, if any, impact does proactive coping have 1973 

on stress and, 3) Does PA intensity play any role in the aforementioned relationships. 1974 

Therefore, the present study aimed to explore longitudinal associations between stress and 1975 

different intensities of PA, as well as how predictor variables (self-esteem, challenge and 1976 

threat appraisals and proactive coping) could potentially influence these associations. The 1977 

study also aimed to examine if there were any interaction effects between PA intensities 1978 

and other predictor variables on stress.  1979 

Hypotheses 1980 

 It was hypothesised that increased PA across all intensities (walking, moderate PA, 1981 

vigorous PA, and total PA) would predict lower stress at both a within and between-person 1982 

level. It was also expected that higher levels of self-esteem, challenge appraisals and 1983 

proactive coping would predict lower levels of stress at both a between and within-person 1984 

level. Higher threat appraisal was expected to predict higher stress. It was also predicted 1985 

that there would be interaction effects between all intensities of PA and predictor variables 1986 

at between and within-person levels. For example, PA would interact with self-esteem to 1987 

predict lower stress than PA or self-esteem independently.  1988 

Methods 1989 

Participants 1990 

In total, 297 participants were recruited. Participants were undergraduate, 1991 

University of Birmingham students, (M age= 19.27, 62% female) predominately from the 1992 

School of Sport, Exercise and Rehabilitation Sciences. Participants were recruited through a 1993 

short advertisement video, containing details of the study and an accompanying summary 1994 

sheet, provided to students completing one of two modules within the school. The summary 1995 

sheet contained the contact details of the lead researcher, and interested participants were 1996 
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asked to email the lead researcher for more information or to sign up to the study. Course 1997 

credit was offered to students for completion of the study. To be eligible to take part in the 1998 

study, participants had to be university students, aged 18-24, able to read English, and have 1999 

no current self-reported medically diagnosed mental health conditions.  The study gained 2000 

ethical approval from the University STEM Ethics Committee.  2001 

Procedures 2002 

Participants who were interested in taking part in the study were emailed the link to 2003 

the online questionnaire pack (SmartSurvey). The questionnaire pack contained the study 2004 

information sheet, detailing the requirements of the study and contact details of the lead 2005 

researcher in order for participants to ask any questions. Those agreeing to participate gave 2006 

informed consent to take part in the study in the same online questionnaire pack. 2007 

Participants completed the questionnaire pack using the online software at three time 2008 

points. These time points were between 8th October – 5th November 2020 (time point 1), 2009 

18th November – 1st December 2020 (time point 2), and 12th – 21st January 2021 (time point 2010 

3). These time points were chosen to reflect different points of an academic semester, a 2011 

settling in period at the start of a new semester, a settled point mid-semester, and exam 2012 

season. During time point 1, although the three tier lockdown system (Brown & Kirk-Wade, 2013 

2021) was announced, the UK was largely allowed to leave the house and organised PA was 2014 

allowed to take place across all tiers providing that guidance relating to distancing was 2015 

observed. During time points 2 and 3, the UK was placed in a full lockdown comparable to 2016 

the initial March 2020 lockdown (Brown & Kirk-Wade, 2021), which prevented groups of 2017 

people gathering and gyms were closed (UK Government, 2020). At each time point, 2018 

consent to participate was taken, along with an email address the participant would like the 2019 

next pack sending to. The questionnaire pack contained questions relating to participants’ 2020 
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physical activity, perceived stress, self-esteem, stress appraisals and proactive coping 2021 

(specific measures described below). The pack took approximately 30 minutes to complete.  2022 

Questionnaires 2023 

Physical Activity.  2024 

 The short form International Physical Activity Questionnaire (IPAQ; (Craig et al., 2025 

2003)) was used to assess participants’ physical activity levels of the last 7 days. Participants 2026 

were asked how many times in the last 7 days they had completed at least 10 minutes of 2027 

vigorous physical activity (e.g., fast cycling), moderate physical activity (e.g., easy swimming) 2028 

and how many days they had walked. For each intensity, participants were also asked to 2029 

state the duration (hours and minutes) of their average physical activity session. Total 2030 

weekly minutes of activity were then calculated for each intensity as well as overall (e.g., if a 2031 

person completes vigorous physical activity 3 times per week, for 30 minutes each time, 2032 

total minutes = 30x3 = 90 minutes). The IPAQ scoring allows for a bout of up to 180 minutes 2033 

(or 1260 minutes per week) at each time point, therefore any individual bout lengths of over 2034 

this duration were truncated to the maximum of 180 minutes (Forde, 2018). Metabolic 2035 

Equivalents (METS) were then calculated by multiplying the total minutes for each intensity 2036 

by the appropriate MET value: 8 (vigorous physical activity), 4 (moderate physical activity) 2037 

and 3.3 (walking). This would mean for example, a participant who completed 90 minutes 2038 

vigorous PA (90*8 = 720), 90 minutes of moderate PA (90*4 = 360) and 480 minutes of 2039 

walking (480*3.3 = 1584), would have completed a total of 660 minutes of activity per week 2040 

for a total METS of 2664 (720+360+1584). METS were then standardised by dividing the 2041 

calculated METS by 1000. Using the example above, this would mean vigorous METS would 2042 

become 0.72 (720/1000), moderate METS would become 0.36 (360/1000), walking would 2043 

become 1.58 (1584/1000), with a total standardised METS of 2.66 (2664/1000). This was 2044 
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done to bring the METS scores to an equivalent value with scores from other 2045 

questionnaires. The short form IPAQ has been found to be reliable and valid in similar 2046 

university/college age participants (Dinger et al., 2006). 2047 

Perceived Stress  2048 

The 10-item version of the perceived stress scale (PSS; (Cohen et al., 1983), was used 2049 

to assess how stressed participants had felt in the past month. Participants rated items (e.g., 2050 

“How often have you felt nervous and stressed?") on a 5-point Likert scale (0 = never, to 4 = 2051 

very often). Positively worded items (e.g., How often have you felt that you were on top of 2052 

things?) were reverse scored. The mean of all items was calculated, with higher overall 2053 

scores indicating higher levels of perceived stress. The use of the PSS in a student 2054 

population has been found to be reliable and valid (Denovan et al., 2019; Roberti et al., 2055 

2006). The present study showed good reliability, with a Cronbach’s alpha of > .82 at each 2056 

time point. 2057 

Self-Esteem 2058 

Self-Esteem was assessed using the 4-item version of the Rosenberg Self-Esteem 2059 

Scale (Guddal et al., 2019). Participants were asked to rate items (e.g., “I have a positive 2060 

attitude towards myself”) on a 4-point Likert scale from 1 (strongly disagree) to 4 (strongly 2061 

agree). Negatively worded items were reverse scored.  All items were summed to give an 2062 

overall score (range 4-16); a higher score indicated higher self-esteem. The full Rosenberg 2063 

Self-Esteem scale demonstrates good validity (Rosenberg, 1965), and the 4-item scale 2064 

strongly correlates with the full scale (Tambs & Røysamb, 2014). Additionally, the 4-item 2065 

scale has been seen to have good internal reliability (Guddal et al., 2019). The present study 2066 

showed good reliability, with a Cronbach’s alpha of > .73 at each time point. 2067 

Stress Appraisals  2068 
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The two subscale Cognitive Appraisal Scale (CAS; (Skinner & Brewer, 2002)) is an 18-2069 

item questionnaire that was employed to measure challenge (8 items, e.g., I believe that 2070 

most stressful situations contain the potential for positive benefits) and threat appraisal 2071 

tendencies (10 items, e.g., I feel that difficulties are piling up so that I cannot overcome 2072 

them). Participants rated items on a 6-point Likert scale from 1 (Strongly disagree) to 6 2073 

(Strongly agree). Separate subscale means were then calculated with higher scores 2074 

indicating higher challenge/threat appraisal tendencies. The CAS has been used previously 2075 

in participants of a similar age group and was found to be valid and reliable across both 2076 

subscales (Williams & Cumming, 2012). The present study showed good reliability for both 2077 

challenge and threat appraisal tendencies, with Cronbach’s alpha scores of > .79 and > .93 2078 

respectively at each time point. 2079 

Proactive Coping  2080 

The Proactive Coping Scale (PCS; (Greenglass et al., 1999)) is a subscale of the 2081 

Proactive Coping Inventory (PCI; (Greenglass et al., 1999)). The scale comprises 14-items 2082 

(e.g., When I experience a problem, I take the initiative in resolving it). Responses to each 2083 

item were made on a 4-point scale from 1 (Not at all true) to 4 (Completely true). Negatively 2084 

worded items were reverse scored, and all items were summed to create an overall score. 2085 

Higher scores were representative of a higher tendency towards proactive coping. The scale 2086 

has previously been shown to have good internal reliability (Vernon et al., 2009) and validity 2087 

(Greenglass et al., 1999), with the present study also showing good reliability. Cronbach’s 2088 

alpha scores of > .76 were seen at each time point in the present study. 2089 

Data Analysis 2090 

Analysis was conducted using SPSS (IBM Version 26). Data was screened and cleaned 2091 

to check for missing values and outliers. To be included in the final sample, participants had 2092 
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to have completed at least two of the three time points, including time point one, as well as 2093 

having complete IPAQ data. Those with unrealistic IPAQ data (e.g., durations or frequencies 2094 

that were too high to be true), while taking into account that participants were largely 2095 

sports students so likely to be more active, were excluded from the final sample. From the 2096 

298 participants that started the study, 90 were included in the final sample. Physical 2097 

activity METS were seen to be significantly higher in those that did not complete the study 2098 

than those in the final sample across all intensities (vigorous PA, p =.001, moderate PA, p 2099 

=.006, walking METS, p =.001, total METS, p>.001), however as unrealistically high PA was 2100 

an exclusion criteria, this was to be expected. Participants excluded were seen to have 2101 

broadly similar characteristics and variable scores as those presented in the results. There 2102 

were no significant age (p = .65) or gender (p =.61) differences between those who were 2103 

included in the final sample and those who were not. There were no significant differences 2104 

in self-esteem (p =.80), challenge appraisal (p =.06) or threat appraisal (p =.49) between 2105 

participants in the final sample and those who were not. Proactive coping however was 2106 

found to be significantly higher (p =.002) in the participants not included in the final sample. 2107 

At each time point, Little’s MCAR test (Little, 1988) showed that less than 5% of the data 2108 

was missing completely at random. Expectation Maximisation was therefore used to 2109 

complete the data set (Tabachnick & Fidell, 2013). Imputation was completed for each time 2110 

point individually to prevent imputed values being influenced by scores at other time points.  2111 

Multilevel analyses were used to examine if there were any changes in the variables 2112 

over time, i.e., between time points 1, 2 and 3. A series of multilevel analyses were then 2113 

completed to examine within- and between-person associations between stress, vigorous, 2114 

moderate, and total PA, walking, self-esteem, challenge appraisal, threat appraisal and 2115 

proactive coping. Within-person (level 1) predictors were person-mean centred, reflecting 2116 
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the variation in score for each participant compared to the participants own mean. 2117 

Between-person (level 2) predictors were grand-mean centred, reflecting the mean value 2118 

for each participant in relation to the overall mean of the sample. Age and gender were 2119 

entered as covariates in all analyses. The covariates were grand-mean centred (age), or a 2120 

dummy variable was used (gender: 0 = female). The intercept in the models therefore 2121 

represents the estimated stress of a female of average age.  2122 

Results 2123 

Participant Characteristics 2124 

The final sample consisted of 90 participants (mean age = 19.22 years, SD= 0.49, 60% 2125 

female), of which 78 participants (87% of final sample) had completed all three time points. 2126 

Mean (SD) scores for stress, PA intensities, and other predictor variables at each time point 2127 

are reported in Table 4.1.  2128 

Analyses of Changes over Time  2129 

Multilevel analyses were run to establish if there were any changes in variables 2130 

across the time points. It was found that total PA significantly decreased between T1 and T2 2131 

(p <.001), between T1 and T3 (p <.001), and between T2 and T3 (p <.001). Vigorous PA also 2132 

significantly decreased between T1 and T2 (p <.001) and between T1 and T3 (p <.001) but 2133 

not between T2 and T3 (p =.348. Self-Esteem significantly increased between T1 and T3 (p 2134 

=.031) but did not change between T1 and T2 (p =.462) or T2 and T3 (p =.077). Stress, 2135 

challenge appraisal, threat appraisal, proactive coping, moderate PA, and walking did not 2136 

change over time (see Table 4.1).   2137 

 2138 

 2139 

 2140 
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Table 4.1: Estimated mean METS (SD)[minutes] of weekly physical activity, stress, and 2141 

additional dependant variables at each time point. 2142 

Note: PA = Physical Activity, physical activity and walking means are presented as 2143 

standardised METs ((total minutes per week*METS equivalent)/1000).  2144 

 2145 

Longitudinal Analyses Predicting Stress 2146 

Physical Activity Predicting Stress 2147 

 Separate multilevel models were run for total, vigorous PA, moderate PA, and 2148 

walking predicting stress at between and within person levels. It was found that total PA, 2149 

vigorous PA, and walking predicted stress at a between-person level, but not at the within-2150 

person level, meaning that being more physically active compared to sample mean, 2151 

increases the likelihood of being less stressed, but an individual being more physically active 2152 

compared with their personal mean does not mean they are likely to be less stressed. 2153 

Moderate intensity PA did not predict stress at either between or within-person level (see 2154 

Table 4.2).  2155 

 2156 

 T1 T2 T3 

Total PA  3.25 (1.73) 
[643] 

2.27 (1.45) 
[514] 

1.42 (1.05) 
[504] 

Vigorous PA 1.77 (1.36) 
[221] 

0.86 (0.91) 
[107] 

0.96 (1.07) 
[103] 

Moderate PA 0.50 (0.52) 
[125] 

0.40 (0.55) 
[99] 

0.90 (4.06) 
[225] 

Walking 0.98 (0.90) 
[297] 

1.02 (0.89) 
[308] 

0.95 (0.99) 
[225] 

Stress 1.93 (0.54) 1.93 (0.71) 1.82 (0.64) 

Self-Esteem 11.94 (2.36) 12.06 (2.44) 12.35 (2.64) 

Challenge Appraisal 4.48 (0.64) 4.53 (0.64) 4.46 (0.66) 

Threat Appraisal 3.80 (1.07) 3.77 (1.14) 3.69 (1.16) 

Proactive Coping 2.99 (0.36) 2.96 (0.40) 2.97 (0.39) 
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Other Predictor Variables Predicting Stress 2157 

 Separate multilevel models were run for self-esteem, challenge appraisal, threat 2158 

appraisal and proactive coping predicting stress. Models contained the independent 2159 

variable (e.g., self-esteem) at both between and within-person levels. Self-esteem, challenge 2160 

appraisal, threat appraisal and proactive coping were found to be predictors of stress at 2161 

both the between and within-person levels. This means that, for example, having higher 2162 

self-esteem compared to sample mean, increases the likelihood of being less stressed, and 2163 

an individual with higher self-esteem compared with their personal average means they are 2164 

likely to be less stressed (see Table 4.3). 2165 
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Table 4.2:  Associations between Physical Activity Intensity (predictor variables) and stress (outcome variables)  2166 

 Model 1 
Total PA 

β(SE)  

Model 2 
Vigorous PA 

β(SE) 

Model 3 
Moderate PA 

β(SE) 

Model 4 
Walking 

β(SE) 

Fixed Effects     

Intercept 2.03 
(0.07) 

2.03 
(0.07) 

2.03 
(0.07) 

2.02 
(0.07) 

Level 2 Predictors     

Age -0.03 
(0.05) 

-0.02 
(0.05) 

-0.03 
(0.05) 

-0.04 
(0.05) 

Gender -0.33* 
(0.11) 

-0.33* 
(0.11) 

-0.32* 
(0.11) 

-0.30* 
(0.11) 

Between-person 
Differences  

0.11* 
(0.05) 

0.12* 
(0.06) 

0.01 
(0.04) 

0.19* 
(0.09) 

Level 1 Predictor     

Within-person Differences 0.11 
(0.02) 

-0.05 
(0.03) 

0.02 
(0.01) 

0.05 
(0.03) 

Model Fit     

-2 restricted LL 383.67 383.87 388.75 382.72 

AIC 397.67 397.87 402.75 396.72 

Note: *p <.05, *** p <.001, LL= log likelihood, AIC= Akaike’s Information Criterion.   2167 



106 
 

Table 4.3: Self-Esteem, Challenge Appraisal, Threat Appraisal and Proactive Coping predicting Stress. 2168 

2169 

Note: *p <.05, ***, p =.001, p <.001, LL= log likelihood, AIC= Akaike’s Information Criterion.  2170 

 Model 1 
Self-Esteem  

β(SE) 

Model 2 
Challenge Appraisal 

β(SE) 

Model 3 
Threat Appraisal 

β(SE) 

Model 4 
Proactive Coping 

β(SE) 
Fixed Effects     

Intercept 1.98 
(0.05) 

1.99 
(0.06) 

1.94 
(0.06) 

2.02 
(0.06) 

Level 2 Predictors     

Age -0.01 
(0.03) 

-0.02 
(0.04) 

0.01 
(0.04) 

0.01 
(0.04) 

Gender -0.20* 
(0.81) 

-0.02* 
(0.10) 

-0.11 
(0.10) 

-0.29* 
(0.10) 

Between-person 
Differences  

-0.16*** 
(0.02) 

-0.50*** 
(0.08) 

0.31*** 
(0.04) 

-0.75*** 
(0.14) 

Level 1 Predictor     

Within-person Differences -0.10** 
(0.03) 

-0.28* 
(0.10) 

0.24** 
(0.07) 

-0.33* 
(0.16) 

Model Fit     

-2 restricted LL 316.10 348.87 338.84 376.35 

AIC 330.10 362.87 352.84 380.35 



107 
 

Physical Activity and Covariates Predicting Stress 2171 

Separate multilevel models were run for total, vigorous PA, moderate PA, and 2172 

walking predicting stress. Self-esteem, challenge appraisal, threat appraisal, proactive 2173 

coping, age, and gender were included as between-person predictors in each model. Across 2174 

all models, self-esteem and threat appraisal were found to be between-person predictors of 2175 

stress, meaning that having higher self-esteem than the group mean is likely to result in 2176 

lower stress, or that having higher threat appraisal than the group mean is likely to result in 2177 

higher stress. Total PA, vigorous PA, moderate PA, walking, challenge appraisal, proactive 2178 

coping, age, and gender were not found to be predictors at between or within-person level 2179 

(see Table 4.4).  2180 

Interaction Effects 2181 

No significant interaction effects were found between any intensity of PA and any 2182 

other predictors at any level. For example, there was no interaction found between vigorous 2183 

PA and self-esteem when predicting stress. 2184 
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Table 4.4: Longitudinal Analysis PA and additional variables predicting Stress. 2185 

 Model 1 
Total PA 

β(SE)  

Model 2 
Vigorous PA 

β(SE) 

Model 3 
Moderate PA 

β(SE) 

Model 4 
Walking 

β(SE) 

Fixed Effects     

Intercept 1.95 
(0.05) 

1.95 
(0.05) 

1.95 
(0.05) 

1.95 
(0.05) 

Level 2 Predictors     

Age 0.001 
(0.03) 

0.004 
(0.03) 

0.006 
(0.03) 

-0.003 
(0.03) 

Gender -0.14 
(0.08) 

-0.15 
(0.08) 

-0.13 
(0.08) 

-0.13 
(0.08) 

Between-person PA 0.04 
(0.03) 

0.07 
(0.04) 

-0.02 
(0.03) 

0.08 
(0.06) 

Self-Esteem -0.10*** 
(0.03) 

-0.10*** 
(0.03) 

-0.10*** 
(0.03) 

-0.10*** 
(0.03) 

Challenge Appraisal -0.14 
(0.12) 

-0.15 
(0.12) 

-0.10 
(0.12) 

-0.13 
(0.12) 

Threat Appraisal 0.14* 
(0.05) 

0.14* 
(0.05) 

0.15** 
(0.05) 

0.15* 
(0.05) 

Proactive Coping -0.02 
(0.18) 

-0.01 
(0.18) 

-0.03 
(0.18) 

-0.01 
(0.18) 

Level 1 Predictor     

Within-person PA -0.01 
(0.02) 

-0.05 
(0.03) 

0.02 
(0.01) 

0.05 
(0.03) 

Model Fit     

-2 restricted LL 312.032 309.793 312.953 310.064 

AIC 334.032 331.793 334.953 332.064 

Note: *p <.05, ** p =.001 *** p <.001, LL= log likelihood, AIC= Akaike’s Information Criterion, PA= physical activity.  2186 
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Discussion 2187 

 Multilevel analysis was used to examine the within- and between-person 2188 

associations between PA intensities (total, vigorous, moderate, and walking), predictor 2189 

variables (self-esteem, challenge and threat appraisals and proactive coping) and stress in 2190 

university students over a 3-month period during varying levels of COVID-19 lockdown 2191 

restrictions. It was found that walking, total PA, and vigorous PA predicted stress at a 2192 

between-person level, but when covariates of self-esteem, challenge appraisal, threat 2193 

appraisal, and proactive coping were included in the models, PA no longer predicted stress. 2194 

Across all PA intensity models, self-esteem consistently predicted lower perceived stress at 2195 

a between-person level, whereas threat appraisal predicted higher perceived stress across 2196 

all models at a between-person level. Contrary to hypotheses, no interaction effects were 2197 

found between PA intensities and any predictor variable at either between or within-person 2198 

levels.  2199 

 PA intensities (except moderate PA) were found to predict stress only at a between-2200 

person level. While a between-person association was expected based on previous research 2201 

(as seen in Chapter 2), this did not extend to within-person level associations, despite prior 2202 

research suggesting the existence of this association across various time frames from same 2203 

day to 2 years later (Jones et al., 2017; Jonsdottir et al., 2010). The existence of between-2204 

person relationships but no within-person associations suggests that the overall levels of 2205 

these intensities of PA are more consistently associated with overall levels of perceived 2206 

stress, whereas fluctuations in PA at an individual level are not predictive of fluctuations in 2207 

stress levels. However, it should be acknowledged that, in the current study, the 2208 

fluctuations in both PA and stress were marginal, which could be a reason for the lack of 2209 

within-person associations. This suggestion could account for the associations between 2210 
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vigorous PA, total PA, and walking and stress at between, but not within-person level, 2211 

however this warrants further investigation.  2212 

Moderate intensity PA was not found to be associated with stress at either the 2213 

between or within-person level. At a within-person level, this could be due to levels of 2214 

moderate PA not changing much over time, therefore there may not have been enough 2215 

variation in moderate PA to see an association, similar to the other PA intensities. A 2216 

moderate intensity PA intervention implemented during the COVID-19 initial lockdown 2217 

found that a 6-week course of moderate intensity training reduced stress (Borrega-2218 

Mouquinho et al., 2021), indicating that moderate PA does have the potential to reduce 2219 

stress. The levels of moderate PA prescribed by Borrega-Mouquinho et al. (2021) in their 2220 

intervention were higher than the values reported in the present study (approx. 240 2221 

minutes per week compared with approx. 150 minutes per week in the present study), 2222 

suggesting that maybe more moderate intensity activity is needed to see an effect. Similarly 2223 

to the present study, high intensity activity was found by Borrega-Mouquinho et al. (2021) 2224 

to reduce perceived stress, but the amount of high intensity activity was higher than in the 2225 

present study (approx. 240 minutes per week compared with approx. 144 minutes per week 2226 

in the present study). Unlike the present study however, Borrega-Mouquinho et al. (2021) 2227 

did not find a difference in the relationships between moderate and vigorous activity and 2228 

stress. This could suggest that for the present study, the metabolic expenditure is more 2229 

important to the stress relationship than time spent undertaking an activity. This is 2230 

supported by the finding that although on average, participants spent more time walking 2231 

(approx. 277 minutes per week) than any other intensity of activity, the reported average 2232 

METS are higher than those for moderate PA. However, this is just speculation, and more 2233 
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research is needed to establish whether metabolic expenditure or time in an activity is more 2234 

important when examining the PA and stress relationship.  2235 

 It is also possible that there are differences in perceptions of what moderate PA 2236 

amounts to. Where Borrega-Mouquinho et al. (2021) asked participants to exercise to an 2237 

rate of perceived exertion of 4-6 out of 10, this rating is likely to differ across participants 2238 

based on elements like physical ability. Some participants may actually have been 2239 

completing these activities at a higher intensity than others. The same point can be made 2240 

for the current study, with it not being possible to measure actual PA intensity as the PA 2241 

measure used was solely self-report. Therefore, some moderate PA could actually have 2242 

been incorrectly classified as vigorous PA for example, skewing the results towards a 2243 

vigorous PA and stress relationship. It is important therefore for more accurate measures of 2244 

PA intensity to be taken beyond self-report, for example the use of accelerometer data, to 2245 

fully understand the relationship between PA intensity and stress.  2246 

Despite total PA, vigorous PA, and walking predicting stress at a between-person 2247 

level, these associations were no longer evident when covariates were added to the model. 2248 

Within these models, only self-esteem and threat appraisal were found to predict stress. 2249 

While it is perhaps surprising that threat appraisal is a predictor of stress where challenge 2250 

appraisal is not due to the close conceptual links between challenge and threat appraisals, 2251 

research has found that threat appraisal is more closely associated with stress than 2252 

challenge appraisal (Beevor et al., 2023), providing support for the current finding. Self-2253 

esteem has previously been found to be beneficial for stress, so this result is perhaps not 2254 

surprising, with self-esteem being suggested to reduce stress through providing increased 2255 

resources to enable coping with stress (Pruessner et al., 1999) and by lowering physiological 2256 

elements of stress such as cortisol reactivity (Seeman & Lewis, 1995). As resources and 2257 
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physiological factors are not measured in this study this is speculation, but appears a logical 2258 

assertion based upon previous research. Future research could benefit from examining both 2259 

the psychological and physiological elements of self-esteem and stress simultaneously to 2260 

confirm these theories.  2261 

Indeed, previous research has shown that in college students vigorous exercise was 2262 

found to be associated with a higher stress tolerance (Bland et al., 2014). Similarly, during 2263 

the COVID-19 pandemic, it has been seen that active individuals were likely to use PA as a 2264 

coping mechanism to manage stress (Vogel et al., 2022). In the present study however, 2265 

proactive coping is not associated with stress when included in the model with PA 2266 

intensities, but it is independently associated with stress and a between and within-person 2267 

level. There is a difference however in how both proactive coping and PA are measured in 2268 

the current study and by Vogel et al. (2022). Where Vogel et al report that people who are 2269 

physically active (using a binary measure) are more likely to use PA as a way to cope with 2270 

stress, the current study shows that displaying a more proactive coping disposition is not 2271 

associated with the amount of PA, with proactive coping not being specifically measured in 2272 

the context of PA. This suggest that people may need to be educated on how best to use PA 2273 

as a way to cope with stress.   2274 

As shown in Chapter 2’s model, associations between PA, self-esteem, stress 2275 

appraisals, and stress are present at a cross-sectional, between-person level. The present 2276 

study, however, ran with a number of weeks between each data collection point and did not 2277 

find associations at a similar between-person level, or at a within-person level. While there 2278 

may not be between or within-person associations over the presently studied time period, it 2279 

is possible that there could be associations over other periods of time. For example, a study 2280 

examining PA and stress 2 years apart found that those who had higher levels of light or 2281 
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MVPA at time point 1, were less likely to report high perceived stress at time point 2 2282 

(Jonsdottir et al., 2010). Additionally, within the current study, although there are 3 2283 

separate time points, at each point data is collected from participants reflecting back over a 2284 

week, providing only a general snapshot of the stress and PA completed in this time. This 2285 

approach will not capture any associations between PA and stress over much shorter 2286 

periods, e.g., between hours or over a day or two.  Evidence from studies utilising ecological 2287 

momentary assessment (EMA) methodology (collection of data using a repeated sampling 2288 

method (Shiffman et al., 2008)), suggest that some PA intensities can predict stress at a 2289 

within-person level in time frames as short as 15 minutes later (Jones et al., 2017), to 2.5 2290 

hours later (Schultchen et al., 2019) or the following day (daSilva et al., 2021). These findings 2291 

could suggest that the PA/stress association is more instantaneous, something which is not 2292 

captured using the current study method which asks participants to reflect back over the 2293 

week. However, this is speculation and further research is needed to examine whether this 2294 

is the case.  2295 

Data was collected during different stages of the COVID-19 pandemic, with varying 2296 

levels of restriction at each time point. Throughout the study, COVID-19 restrictions became 2297 

more strict, going from largely free movement, through to severely reduced freedoms 2298 

similar to those seen during the initial March 2020 lockdown (Brown & Kirk-Wade, 2021), 2299 

which prevented groups of people gathering and gyms were forced to close (UK 2300 

Government, 2020). Within the study, it was seen that total PA, decreased across all three 2301 

time points and vigorous PA reduced from time 1 to time 2 and 3. As moderate PA and 2302 

walking did not change overtime, the overall decrease in PA was likely driven by the 2303 

decrease in vigorous PA. This suggests that the lockdown acted as a natural intervention to 2304 

decrease PA across our sample, by restricting PA opportunities in organised settings that can 2305 
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facilitate more vigorous types of PA, such as fitness classes, gyms, or organised sports.  2306 

Despite previous evidence suggesting that the COVID-19 pandemic increased stress in adults 2307 

(Rodríguez-Rey et al., 2020), this was not evidenced within our sample who maintained a 2308 

moderate level of stress across the all three time points. The levels of stress seen in the 2309 

current sample are also comparable to the levels of stress seen in adolescents surveyed in 2310 

Chapter 3 and university students completing the same stress questionnaire (PSS) prior to 2311 

the pandemic (Denovan et al., 2019). This suggests that the COVID-19 pandemic may not 2312 

have affected the stress levels of the current participants to the extent it did in other 2313 

samples.  2314 

Self-esteem was seen to significantly increase between T1 and T3, but not between 2315 

T2 and T3. While previous research has suggested that self-esteem is largely stable (Abdel-2316 

Khalek, 2016), there is evidence that suggests self-esteem can be temporarily altered by 2317 

external circumstances that threaten components of self-esteem such as self-worth or self-2318 

confidence (Heatherton & Wyland, 2003). At T1, participants were either starting university 2319 

for the first time, or returning after the disruption of COVID-19 to their previous year. This 2320 

could have resulted in a lower-than-normal level of self-esteem, potentially due to lower 2321 

self-confidence as a result of the unknown circumstance. This lower-than-normal level of 2322 

self-esteem could have persisted into T2 but resolved back to normal levels at T3 after a 2323 

period of settling and building self-confidence back up. This could potentially account for 2324 

the increase in self-esteem from T1-T3, but not T2 – T3, however this is speculation based 2325 

on evidence that self-esteem can fluctuate (Heatherton & Wyland, 2003), but may not have 2326 

been the case in this sample. Future research could benefit from examining self-esteem 2327 

more frequently, to examine potential fluctuations in more depth. It would also be 2328 

beneficial to collect data around events occurring (such as exams or deadlines) around the 2329 
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time of each measurement of self-esteem to provide the context for any fluctuation. 2330 

Previous research has found that EMA has the potential to be used the measure self-esteem 2331 

(Hank & Baltes-Götz, 2019), so this could be a key next step.   2332 

Strengths and Limitations 2333 

One key strength of the present study is the use of a longitudinal design which 2334 

allows the examination of fluctuations of variables over time. This design also allowed for 2335 

the use of both between- and within-person analysis. One limitation of the study however is 2336 

that although this method allows the examination of fluctuations in variables over a longer 2337 

period of time, it does not pick up much smaller fluctuations that occur during or between 2338 

individual days. This could result in associations that are present on a more short-term basis 2339 

being missed. Additionally, the study only has a small sample size. This could mean that the 2340 

results did not have sufficient power to show small, subtle fluctuations. 2341 

 The study participants were also predominantly students studying sports related 2342 

courses, and who were largely very physically active. This makes it difficult to generalise the 2343 

results of the study to a more general population or even a regular student population, who 2344 

likely have very different PA behaviours. Therefore, results should be treated with caution 2345 

when not applied to a similar sample. The findings of the current study, however, could be 2346 

relevant to similar highly active students, such as student athlete populations, so still have 2347 

their benefits.  2348 

Proactive coping was seen to be significantly lower in the final sample than in the 2349 

total sample. Both mean values however were found to be low (final sample =2.99, total 2350 

sample = 3.13 out of a possible total score of 14), and similar, suggesting that the difference 2351 

being significant could be down to the difference in sample size, or potentially a type one 2352 
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error due to the multiple comparisons between groups. However, this is just speculation 2353 

and further research is needed to clarify this theory.  2354 

Future Research Directions 2355 

 Future research could focus on examining the associations between the discussed 2356 

variables over shorter time periods. One potential way to do this would be to use EMA to 2357 

examine the associations between variable fluctuations within and between individual days. 2358 

Research could also examine these relationships over a longer period of time, with repeated 2359 

sampling over a number of years in order to establish whether attributes such as challenge 2360 

and threat appraisal are more stable or if they change in relation to factors such as age. 2361 

Additionally, it could be useful to re-examine the relationships presented outside of COVID-2362 

19 restrictions, allowing for more natural levels of PA to be examined. 2363 

 As discussed previously, the sample was predominately students from a sports 2364 

related background and were found to be highly active. It would therefore be beneficial to 2365 

re-examine the relationships from the study in less active student populations. There is also 2366 

scope for further research to provide comparisons between student athletes and non-2367 

student athletes to see if/where there are similarities or differences in the findings.   2368 

Conclusions 2369 

 In conclusion, it was found that under the circumstances presented in this study, PA 2370 

intensity (except moderate intensity) was associated with stress at a between-person (but 2371 

not a within-person level) when entered independently into the model, but not when self-2372 

esteem, challenge and threat appraisal and proactive coping were added to the model. 2373 

Additionally, self-esteem and threat appraisal were seen to be consistent predictors of 2374 

stress at a between-person level across all PA intensities. While many of the findings were 2375 

not as hypothesised, it is possible that factors such as the COVID-19 pandemic and the 2376 



117 
 

timescale the variables were measured over contributed to the largely non-significant 2377 

associations found. Future research could focus on examining these relationships over 2378 

different time frames, including on a within-day basis using methodology such as EMA.   2379 



118 
 

Chapter 5 2380 

 2381 

 2382 

 2383 

 2384 

Associations between Physical Activity, Sedentary Behaviour, and Stress using Ecological 2385 

Momentary Assessment: A Scoping Review 2386 
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Abstract 2394 

Physical activity (PA) and sedentary behaviour (SB) have previously been seen to be 2395 

associated with stress. However, observed associations have been inconsistent in direction. 2396 

Research tends to examine associations at one given time point without considering how 2397 

these constructs change over time. Ecological momentary assessment (EMA) is one 2398 

potential method to examine how the relationships between PA or SB and stress change 2399 

over time taking variations in PA/SB and stress within and between days into consideration. 2400 

This scoping review aimed to examine the concurrent and prospective relationships 2401 

between PA/SB and stress and vice versa, using EMA methodology. 5 online data bases 2402 

were used to search for EMA research that included measures of PA/SB and stress, where a 2403 

PA/SB-stress relationship was examined. Searches were run up until February 2022. Papers 2404 

were assessed for eligibility for inclusion, with 33 papers found to fit the required criteria. 2405 

28 of the included studies focussed on PA, with 2 focussing on SB, and 3 on both PA and SB. 2406 

Studies used a mix of between- and within-person analyses as well as examining 2407 

associations over concurrent and/or prospective time frames. Taking into consideration 2408 

analyses and time frame, results were inconclusive, with approximately half of the studies 2409 

finding no association. Overall findings appear to be mixed. However, some evidence on a 2410 

within-person level suggests that stress is associated with subsequent lower levels of PA, as 2411 

well as PA being associated with lower levels of subsequent stress. Future research should 2412 

investigate the impact of the way stress is quantified, different intensities of PA and the 2413 

context of both PA and SB in order to get a better understanding of the associations 2414 

between PA/SB and stress. In addition, more detailed studies are needed to explore 2415 

personal and contextual factors that could influence these associations is warranted. 2416 

Keywords: Exercise, Physical Inactivity, Mental Health, Distress, Experience Sampling. 2417 
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Introduction 2418 

Stress is highly prevalent in society, with a survey suggesting that 74% of UK adults 2419 

felt so stressed that they were unable to cope (YouGov, Mental Health Foundation, 2018). 2420 

Stress can be defined as the response to a situation when the demands of that situation 2421 

exceed an individuals perceived ability to cope (Fink, 2016). It can include life events or 2422 

person centred stresses (Segerstrom & O’Connor, 2012). Although stress can at times be 2423 

beneficial, such as improving performance, effort, and proactive coping (Jamieson et al., 2424 

2018), there is also ample evidence that both acute and chronic stress can have a negative 2425 

impact on physical and mental well-being, such as cardiovascular disease (Kivimäki & 2426 

Steptoe, 2018; Song et al., 2019) and depression (Hammen et al., 2009; Parrish et al., 2011). 2427 

Therefore, it is important to find ways to reduce the negative implications of stress in order 2428 

to sustain good mental and physical health and well-being.  2429 

As discussed throughout this thesis, physical activity (PA) has long been promoted 2430 

for the promotion of positive physical health outcomes such as the prevention of 2431 

cardiovascular disease and improved outcomes in type 2 diabetes mellitus (Anderson & 2432 

Durstine, 2019). PA has also been seen to be associated with improved mental health, such 2433 

as reduced anxiety (Wipfli et al., 2008) and depression (Gianfredi et al., 2020). However, 2434 

when discussing PA, it is also important to consider the role of sedentary behaviour (SB). 2435 

Sedentary behaviour is any waking behaviour that is characterised by a sitting or reclining 2436 

posture, expending ⩽1.5 METs (Sedentary Behaviour Research Network, 2012). While there 2437 

is a common misconception that SB is simply the lack of PA or being physically inactive, in 2438 

reality, SB is more complex and a behaviour distinct from PA. In the past, those who did not 2439 

meet PA guidelines were considered to be sedentary (Sedentary Behaviour Research 2440 

Network, 2012), however, research now states that it is possible to be both physically active 2441 



121 
 

and sedentary (Owen et al., 2010). A person can meet PA guidelines, while also spending a 2442 

large percentage of their time in sedentary behaviours such as driving, working on the 2443 

computer or watching television (Owen et al., 2010). Therefore, it would be interesting to 2444 

explore PA and SB as separate behaviours in relation to stress and well-being. 2445 

 Both PA and SB have been suggested as health behaviours associated with stress. 2446 

Reviews have reported stress as a predictor of PA, but also PA as a predictor of stress 2447 

(Mikkelsen et al., 2017; Stults-Kolehmainen & Sinha, 2014), potentially suggesting that the 2448 

PA-stress association is bi-directional in nature. There is also evidence that SB is associated 2449 

with stress, with reviews finding that more time spent in sedentary behaviours, such as 2450 

screen time and sitting, predict increased risk of anxiety and depression (Allen et al., 2019; 2451 

Wang et al., 2019). Also, SB is related to other indicators of negative mental health. For 2452 

example, a systematic review into SB and mental health in adolescence has been found 2453 

increased time spent in sedentary activities, particularly screen time, to be associated with 2454 

higher depressive symptoms, higher psychological distress and lower self-esteem (Hoare, 2455 

Milton, Foster, & Allender, 2016) 2456 

When examining SB in their systematic review Teychenne et al. (2019) find mixed 2457 

results. The review examines a variety of different methodological approaches, namely 2458 

cross-sectional, longitudinal, clinical trials, pilot interventions and direct observations. 2459 

Across all of the study types 37% of studies found that increased SB was associated with 2460 

increased stress, 10% found that increased SB was associated with decreased stress, and the 2461 

remaining 53% found no association, leading Teychenne et al. (2019) to the conclusion that 2462 

there is not sufficient evidence to come to a conclusion on the SB and stress relationship. 2463 

The equivocal nature of the evidence relating to the relationship between SB and stress 2464 

suggests that more detailed investigation into the relationship is warranted. 2465 
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One possible reason for the equivocal results found for the PA/SB and stress 2466 

relationship is the way that the studies are conducted. In the Stults-Kolehmainen and Sinha 2467 

(2014) review approximately two thirds of the studies included examined a single time 2468 

point. Of these papers examining stress and PA at a single time point, two thirds of papers 2469 

found higher stress was associated with lower PA. However, within the same review, when 2470 

examining if stress could predict PA from 2 weeks to multiple years in the future, Stults-2471 

Kolehmainen and Sinha (2014) found equivocal results. When examining SB, the Teychenne 2472 

et al. (2019) review predominately examined single time point studies but in contrast to 2473 

Stults-Kolehmainen and Sinha (2014) found equivocal results. Additionally, within the Stults-2474 

Kolehmainen and Sinha (2014) review, single time point studies and prospective studies 2475 

returned different associations. As PA/SB and stress fluctuate between and within days 2476 

(Shang et al., 2018; von der Embse & Mankin, 2021) this is perhaps to be expected, but is 2477 

largely overlooked when studies ask participants to report their PA/SB and stress as general 2478 

levels over several days or weeks. Therefore, it is important to use a methodology that 2479 

allows for the examination of these relationships taken into consideration fluctuations 2480 

within and between days, and not just at a single time point, to gain a more comprehensive 2481 

overview of the existence and direction of a PA/SB-stress relationship. 2482 

One methodology that could be used to examine the PA/SB-stress relationship over 2483 

time is Ecological Momentary Assessment (EMA). EMA is a method which uses repeated 2484 

sampling of participant behaviour, feelings, and experiences in real time while participants 2485 

go about their normal lives (Shiffman et al., 2008). Capturing data in participants’ free-living 2486 

environment over several days allows researchers to examine how fluctuations in PA/SB,  2487 

both between and within days, are related to fluctuations in stress over the same time 2488 

period (Dunton, 2017; Shiffman et al., 2008). Collecting data in this way allows for the 2489 
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separation of between-person (deviation from average group level) and within-person 2490 

(deviation from individuals own average) associations. In other words, it enables 2491 

researchers to explore if the associations are mainly driven by variations in general levels of 2492 

PA/SB/stress (i.e., deviation from average group level) or temporal variations in 2493 

PA/SB/stress at an individual level (i.e., deviation from individual own average) (Curran & 2494 

Bauer, 2011; Dunton, 2017). Using EMA also provides a good opportunity to assess both 2495 

concurrent and prospective associations. Concurrent associations refer to relationships 2496 

between PA/SB and stress occurring at the same time such as overall day levels. Prospective 2497 

associations refer to how PA/SB at one time point is associated with stress at a subsequent 2498 

time point. For example, prospective associations could explore the associations between 2499 

PA in the morning with stress that afternoon. Being able to examine between and within-2500 

person associations between PA/SB and stress, as well as simultaneously examining the 2501 

concurrent and prospective associations would allow for a more comprehensive 2502 

examination of the existence and direction of potential PA/SB-stress relationships.  2503 

While EMA has previously been used to explore variations within and between days 2504 

in stress, as well as objective and subjective PA/SB, the extent of this research is not known. 2505 

Little is also known to what extent EMA has been used to examine the PA/SB and stress 2506 

relationship when both variables have been measured using EMA assessments or 2507 

continuous monitoring, or what the outcomes of this research are. A scoping review would 2508 

be beneficial as it would allowed for the examination of what evidence is already available 2509 

relating to the area of interest (PA/SB and stress relationships using the EMA methodology), 2510 

as well as providing an overview of which research designs have been used to explore these 2511 

associations, and how the relevant concepts (PA/SB and stress) have been examined. In 2512 

addition a scoping review can be used  to highlight any potential gaps in this area that need 2513 
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to be investigated in order to progress the field (Munn et al., 2018; Peters et al., 2015).  2514 

Given the increased availability of wearable technology to track behaviour in real-life 2515 

setting, it is timely to provide an overview of the existing literature. For these reasons, a 2516 

scoping review was chosen as an appropriate method to examine the literature investigating 2517 

PA/SB and stress relationships using EMA methodology. 2518 

Aims and Research Questions 2519 

The current scoping review aimed to examine the research currently available that 2520 

utilises EMA to investigate the relationships between PA/SB and stress. While stress can be 2521 

conceptualised in different ways, in this review, psychological stress is conceptualised as 2522 

reported perceptions, feelings and experiences of psychological stress. Key characteristics of 2523 

EMA methodology are the ability to examine between and within-person association, as 2524 

well as concurrent and prospective associations. Therefore, this scoping review aimed to 2525 

identify studies that examine whether PA/SB is associated with stress using EMA 2526 

methodology and address the following research questions: What are the concurrent 2527 

associations between PA/SB and stress and vice versa in studies using EMA methodologies?   2528 

What are the prospective associations between PA/SB and stress and vice versa in studies 2529 

using EMA methodologies?   2530 

Methods 2531 

The review was guided by the PRISMA scoping review extension checklist (Tricco et 2532 

al., 2018).  This checklist, which specifies where/how the review complies with these 2533 

guidelines is included as supplementary data. The scoping review framework presented by 2534 

Peters et al. (2015) was also used to guide the entire review process, and this is reflected in 2535 

the reporting of the results (e.g., flow chart, which data to report and how to report the 2536 

data).  2537 
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Eligibility Criteria 2538 

Papers were eligible for inclusion if they met the following criteria: used an 2539 

ecological momentary assessment methodology of any length and contained a measure of 2540 

stress. Papers also had to include a measure of PA OR SB. Study participants could be from 2541 

any age group. Articles could be from any date up until the end of February 2022, published 2542 

in English. Papers were excluded from the review based on the following exclusion criteria: 2543 

the participants in the study were from a current clinical population as it was deemed that 2544 

clinical  factors may impact on PA levels, a relationship between PA/SB and stress was not 2545 

examined, PA/SB and stress were only presented as a baseline value, conference abstract 2546 

only available, or studies if they were presented without results (see Table 1 for further 2547 

guidance on inclusion criteria). 2548 

Information Sources and Search Strategy 2549 

Searches were conducted using Medline, EMBASE, PsycInfo, PubMed and the 2550 

Cochrane Library. Searches were run up until February 2022. The search terms used 2551 

comprised three main groups: ecological momentary assessment terms, PA/SB terms and 2552 

stress terms.  2553 

The search terms used were: “(ecological momentary assessment OR experience 2554 

sampl* OR ambulatory assessment OR diary) AND (physical activity OR exercise OR walk* 2555 

OR active OR movement OR sport OR sedentary* OR sitting OR television OR inactiv* OR 2556 

physical inactivity) AND (stress OR psychological stress OR mental stress OR everyday stress 2557 

OR distress).” Truncations were used to encompass multiple word endings (e.g., sampl* 2558 

would capture sample, sampling etc.).  2559 

 2560 

 2561 
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Study Screening, Paper Selection and Data Charting 2562 

Papers were downloaded into EndNote (X9.2) reference management software and 2563 

duplicate articles removed. Titles and abstracts were then screened for eligibility using the 2564 

screening guidance (Table 5.1) and any irrelevant papers excluded. All titles and abstracts 2565 

were screened by author 1, with author 3 screening a randomly assigned sample (20% of 2566 

papers). Any papers where disagreements about inclusion arose were screened in full. Full 2567 

text articles were then read to establish final inclusion, using the same process. Any 2568 

disagreements regarding inclusion were discussed by author 1 and author 3, referring back 2569 

to the inclusion and exclusion criteria to reach consensus. The final total number of papers 2570 

in the review was 33 and were agreed and read in full by authors 1 and 3 (see Figure 5.1 for 2571 

process chart, used in accordance with Peters et al. (2015) framework).  2572 

 2573 

Figure 5.1: Paper screening process for inclusion  2574 

 2575 

 2576 
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Table 5.1: Inclusion Criteria and Guidance Screening Chart 2577 

 2578 

Data was charted in table form in Microsoft Excel (version 2010), with separate Tables for 2579 

concurrent relationships (Table 5.2) and prospective relationships (Table 5.3) using 2580 

suggestions from the Peters et al. (2015) framework for guidance on data charting. Data 2581 

charted included participant characteristics, EMA duration and assessment characteristics, 2582 

PA/SB measure, stress measure, analysis used and whether relationships examined were 2583 

within or between-person.  2584 

Criteria Guidance 
Ecological Momentary 
Assessment 

Uses an ecological momentary assessment methodology of 
any length 

Physical Activity OR Sedentary 
Behaviour Measure 

Can be objective or subjective. 
Can be a continuous monitoring OR measured with EMA 
prompts. 
Must have at least one measurement (or have continuous 
measurement on each EMA day) 
Exclude if baseline measure only 

Stress Any measure of stress (e.g., perceived stress scale, daily 
hassles etc) 
Must be measured at least once per EMA day. 
Exclude if baseline measure only 

Participants Any age groups. 
Cannot be in a current clinical population (e.g., inpatient 
participants, current chemotherapy etc) 

Physical Activity/Sedentary 
Behaviour and Stress 
Relationship 

Must contain a measure of a relationship between PA/SB 
and stress (e.g., correlation, regression, multilevel 
modelling etc). 

Full Paper Availability Exclude if only conference abstract, no results available 
(e.g., feasibility studies) 

English Language Exclude if not available in English 
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Categorising the Results 2585 

Results were presented in tabular and descriptive format as suggested in the scoping 2586 

review framework proposed by Peters et al. (2015), with separate Tables for studies 2587 

reporting on concurrent and prospective associations. Within these broader categories, 2588 

papers were further split into those that use a within-person or between-person analysis 2589 

and whether the paper examined the relationship between PA/SB and stress, or stress and 2590 

PA/SB. Between-person analyses explore associations in general levels of PA/SB/stress 2591 

based on an overall average of these outcomes per participant. Within-person analyses 2592 

explore associations in temporal variations in PA/SB/stress at an individual level. A range of 2593 

statistical analyses were used to explore between-person and within-person analyses. 2594 

Correlations and regression analyses can be used to explore between-person associations. 2595 

Multilevel analyses are more commonly used to explore both between- and within-person 2596 

associations. To examine both research questions, studies were also categorised as either 2597 

“concurrent” or “prospective”. Concurrent associations were deemed to be any PA and 2598 

stress measurements taken at the same time and relating to the same time period. For 2599 

example, looking at associations between daily averages of PA and stress is concurrent. 2600 

Prospective analyses involved the assessment of associations between an assessment of an 2601 

outcome (PA/SB or stress) at a specified time and the assessment of the other outcome 2602 

(stress or PA/SB) at a later time. For example, the association between PA measured on the 2603 

hour, and stress measured as little as 15 minutes later, or longer periods such as stress 2604 

measured in an evening and the associations with PA the following day. Studies using an ‘N-2605 

of-1’ design are reported separately. These studies assessed participants for up to 1 year 2606 

and completed separate analyses per participant and then report the overall summary of 2607 

these individual analyses.  2608 
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Results 2609 

Overview 2610 

Tables 5.2 and 5.3 present the summaries of the studies reporting concurrent and 2611 

prospective associations, respectively. Table 5.4 presents an overall summary of the 2612 

associations. Most of the studies (n =28) investigated PA, two studies focussed on SB (Diaz 2613 

et al., 2018; Pinto et al., 2020) and three studies investigated both PA and SB (Jones et al., 2614 

2017; Lin et al., 2021; Zenk et al., 2017). Different measures of stress were used. Stress was 2615 

most commonly (n =17) measured relating to feelings of stress (e.g., how stressed do you 2616 

feel?), but other studies (n =10) used occurrence of hassles and stressors to assess stress 2617 

level. PA was measured in 15 studies objectively (mainly accelerometers), 13 studies used 2618 

self-report measures and 3 studies included both an accelerometer and self-report 2619 

measures. All studies investigating SB used accelerometers to measure SB, with 1 study also 2620 

including a self-report SB measure (Pinto et al., 2020). Studies varied with regards to sample 2621 

size (ranging from 14 to 605), EMA sampling rate (ranging from 1 assessment per day to 1 2622 

assessment every 45 minutes), and number of days of measurement (ranging from 1 day to 2623 

1 year). Studies tended to have a higher percentage of female participants than males.  2624 

Please see Tables 2 and 3 for more detailed information about the individual studies.  2625 

Physical Activity  2626 

Concurrent Analysis – Between-Person   2627 

None of the studies included in the review explored concurrent between-person 2628 

associations between stress and PA. None of the three studies which examined the 2629 

concurrent between-person associations of PA predicting stress reported significant 2630 

associations. A mix of accelerometer and self-report measures of PA were used alongside a 2631 

range of stress measures (see Table 2). It is worth noting that Anderson and Fowers (2020) 2632 
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found higher levels of PA were associated with lower levels of stress, but when correcting 2633 

for smoking, social interaction, socioeconomic status, and alcohol intake (Table 3), this 2634 

association was no longer significant.   2635 

Concurrent Analyses – Within-Person 2636 

Five studies examined concurrent within-person associations of stress predicting PA 2637 

in adults (n =3) and students (n =2). A mix of self-report and accelerometer measures of PA 2638 

were used, with most studies using hassles/stressors as the stress measure. Two studies 2639 

reported that high stress (measured as hassles) was associated with more overall daily PA 2640 

(Gloster et al., 2017; Zenk et al., 2017), and two studies reported no significant association 2641 

between stress and PA (Lin et al., 2021; Määttänen et al., 2021). The only study that 2642 

measured perceived stress, reported a negative association between stress and movement 2643 

during the day (daSilva et al., 2021).   2644 

 Six studies examined concurrent within-person associations of PA predicting stress in 2645 

adults (n =5) or students (n =1), using self-report measures of PA and a range of stress 2646 

measures, with the most common being feelings of stress (see Table 2). All studies reported 2647 

no within-person associations between PA and stress (Anderson & Fowers, 2020; Dalton, 2648 

2020; Igic et al., 2013; Li et al., 2020; Strahler et al., 2020; Zawadzki et al., 2015).  2649 

Prospective Analyses – Between-Person 2650 

Six studies examined the prospective between-person associations of stress 2651 

predicting subsequent PA in adults (n =3), students (n =1) or children (n =2), using 2652 

accelerometers to measure PA and feelings of stress or job demands as the stress-related 2653 

outcome (see Table 3). Five studies reported no significant associations between stress and 2654 

subsequent PA (Almeida et al., 2020; daSilva et al., 2021; Do et al., 2021; Määttänen et al., 2655 
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2021; Naya et al., 2021). However, Almeida et al. (2020) (study 2) found higher stress was 2656 

related to more PA up to 2 hours later.   2657 

Four studies examined the prospective between-person associations of PA predicting 2658 

subsequent stress in adults (n =2), students (n =1), or adolescents (n =1), using objective 2659 

measures of PA and mostly perceived stress (see Table 3). Whereas walking after work was 2660 

associated with lower stress at bedtime (Hallman & Lyskov, 2012) and PA in the previous 2661 

hour with less stress-relating eating (Smith et al., 2021), other studies reported no such 2662 

associations (daSilva et al., 2021; Jones et al., 2017).   2663 

Prospective Analysis – Within-Person 2664 

Fourteen studies examined the prospective within-person associations of stress 2665 

predicting subsequent PA in adults (n =9), students (n =3), or children (n =2). Studies used 2666 

either accelerometer or self-report measures of PA, and a mix of stress measures, but most 2667 

commonly studies measured feelings of stress (see Table 3). The findings are mixed. Seven 2668 

studies reported no associations between stress and subsequent PA (Almeida et al., 2020; 2669 

Anderson & Fowers, 2020; Calderwood et al., 2020; Lin et al., 2021; Nägel et al., 2015; Payne 2670 

et al., 2010; Sala et al., 2017). Seven studies reported associations between stress and 2671 

subsequent PA, but the direction of the associations varied. More specifically, five studies 2672 

reported that higher stress was associated with less subsequent PA (Abdel Hadi et al., 2021; 2673 

daSilva et al., 2021; Do et al., 2021; Naya et al., 2021; Schultchen et al., 2019) with 2674 

timeframes ranging from 10 minutes  to the next day. Other studies reported stress to be 2675 

associated with more PA (Almeida et al., 2020) (study 2) Jones et al. (2017) also found that 2676 

stress was associated with more PA, but this association was only evident for light PA, no 2677 

association was reported between stress and moderate to vigorous physical activity (MVPA).  2678 
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Nine studies examined the prospective within-person associations of PA predicting 2679 

subsequent stress in adults (n =5), students (n =2) or adolescents (n =2). Studies used either 2680 

accelerometer or self-report measures of PA and measures of stress were predominately 2681 

focussed on feelings of stress (see Table 3). Four studies reported no within-person 2682 

association between PA and subsequent stress levels (Kolar et al., 2020; Lee et al., 2021; 2683 

Sala et al., 2017; Smith et al., 2021). Four studies reported that PA was negatively associated 2684 

with subsequent stress up to one day later (Abdel Hadi et al., 2021; daSilva et al., 2021; 2685 

Park. et al., 2022; Schultchen et al., 2019). The only study reporting a positive association 2686 

between PA and stress found that light PA was associated with subsequent stress, whereas 2687 

MVPA was not associated with subsequent stress (Jones et al., 2017).  2688 

When examining whether PA was associated with subsequent stress, there did not 2689 

appear to be any consistent methodological differences that could account for significant or 2690 

non-significant findings (see Table 3).  2691 

N-of-1 analyses – Concurrent 2692 

The only study to examine within-person concurrent N-of-1 associations of overall 2693 

daily stress predicting self-reported PA, reported a median negative correlation at 2694 

participant level but did not conduct formal statistical analyses (Comulada et al., 2018).  2695 

N-of-1 analyses – Prospective 2696 

Burg et al. (2017), Cheung et al. (2017) and Bos et al. (2018) used N-of 1 analyses to 2697 

explore within-person associations of stress predicting PA. When looking at overall group 2698 

associations, Cheung et al. (2017) reported that if stress is experienced, a person was less 2699 

likely to exercise 2 days later, but stress was only a predictor for exercise in 5 out of 79 2700 

participants, suggesting no overall significant relationship. In line with this, Burg et al. (2017) 2701 

found there was a great deal of inter-participant variation, with data from the majority of 2702 
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participants not indicating a significant relationship between PA and stress (or vice versa). 2703 

Similarly, Bos et al. (2018) reported that more stress was associated with lower PA. 2704 

Sedentary Behaviour  2705 

Concurrent Analysis – Between-Person 2706 

No studies explored between-person associations between stress and SB or SB and 2707 

stress.  2708 

Concurrent Analysis – Within-Person 2709 

Four studies examined the concurrent within-person associations between stress 2710 

and SB  in adults (n =4), using objective measures of SB and a variety of stress measures (see 2711 

Table 2). Diaz et al. (2018) found that although stress at the end of the day was not 2712 

associated with overall sitting time, lower end of the day stress was associated with more 2713 

bouts of SB with a duration of ≥ 90 minutes. Lin et al. (2021) and Liao et al. (2015) found 2714 

that increased stress was associated with more SB, whereas Zenk et al. (2017) found that 2715 

experiencing more hassles was related to lower SB. 2716 

Prospective Analysis – Within-Person 2717 

Three studies examined the prospective within-person associations between stress 2718 

and subsequent SB in adults. Accelerometer measures of SB were used in all studies, with 2719 

Pinto et al. (2020) also using a self-report measure, and measures of stress were feelings of 2720 

stress(see Table 3). Two studies reported no associations between SB and subsequent stress 2721 

(Lin et al., 2021; Pinto et al., 2020). Jones et al. (2017) found that higher levels of stress were 2722 

associated with lower SB in the subsequent 15 minutes.  2723 

Of the two studies which examined the prospective within-person associations 2724 

between accelerometer measured SB and subsequent stress (feelings of stress), one found 2725 

that higher SB in the 15 minutes prior was associated with lower stress (Jones et al., 2017), 2726 
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but the other study reported no association between SB in the previous 3 hrs and stress 2727 

levels (Pinto et al., 2020).2728 
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Table 5.2: Concurrent Associations between Physical activity/Sedentary Behaviour, and Stress  2729 

Author 
Participants, 

EMA Duration and 
Assessments 

PA/SB  
Measure 

Stress Measure Analysis 

PA/SB-Stress 
associations from 
Between–Person 

analysis  

PA/SB-Stress 
associations from 

Within–Person 
analysis 

Stress associations with Physical Activity/Sedentary Behaviour 

       

daSilva 
et al 
(2021) 

88 students 
(m=21yrs) 
56% female 
EMA 
Characteristics: 
mean duration: 67 
days, 1 per day 
(randomly between 
9am and 8pm). 
 

Passive Mobile 
Sensoring: 
Total distance 
travelled (km) 
(Daily) 

How stressed are 
you? 
(daily) 

Two step multilevel 
vector autoregressive 
model. 

Not analysed. ↑ Stress associated 
with ↓ movement. 

Diaz et al 
(2018) 
 

79 adults 
(m=32yrs),  
57% female 
EMA 
Characteristics: 
1 year, 4x daily 
(includes an end of 
the day 
assessment) 
 

Activity Monitor 
(Fitbit): 
SB: total number of 
minutes per day 
where 0 steps and 
intensity 
classification of 0 
took place. 
 

Overall, how 
stressful was your 
day?  
Have you 
experienced any of 
the following (list of 
stressors e.g., traffic, 
other) (both end of 
day assessment) 
How stressed did 
you feel (just before 
assessment)? 
 

Random coefficients 
linear regression 
models 

Not analysed. End of day stress not 
associated with sitting 
time. ↓ end of day 
stress associated with 
↑ bouts (≥90 min) of 
SB. 
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Lin et al 
(2021) 

70 adults (m=42yrs) 
100% female 
EMA 
Characteristics: 
7 days, 5x daily 
(7am-10am, 10am-
1pm, 1pm-4pm, 
4pm-7pm, 7pm-
10pm) 
 

Accelerometer: 
Daily minutes of 
MVPA and SB 

Daily work hassles  
(last prompt of the 
day) 

Bivariate fixed effect 
regression 
Logistic fixed effects 
regression. 

Not analysed. ↑ Work hassles 
associated with ↑SB. 
No association 
between work hassles 
and MVPA 
 
 

Määttän
en et al 
(2021) 

44 adults (m=25yrs) 
77% female 
EMA 
Characteristics: 
2 days active 
measurement (take 
own physiological 
measures), 1-3 
days passive 
measurement (no 
involvement 
needed from 
participant to take 
measures) 
every 45 minutes 
(for both active 
measurement and 
passive 
measurement 
days) 

Accelerometer:  
Movement 
(measured 
acceleration) 

Has something 
stressful happened 
since the last report 
(Y/N)? 
How stressful was 
it? 
Were you in control 
of the situation? 

Linear mixed models Not analysed. No association 
between stress and 
movement. 
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Pinto et 
al (2020) 
 

20 adults (m=52yrs) 
Breast cancer 
survivors  
EMA 
Characteristics: 
12 months, 
assessments at 0, 
3, 6, 9, 12 months 
7 days EMA each 
time 
4x daily (8-11am, 
11am-2pm, 2-5pm, 
5-8pm) 

Accelerometer:  
Activity Counts (SB) 
Self-Report: 
What are you doing 
now? (includes 
leisure and non-
leisure SB) 
 

How stressed do you 
feel right now?  
 
 
 
 
 

Longitudinal 
regression models 
 

Not analysed. 
 
 
 
 
 

↑ stress associated 
with ↑ SB in 
univariate analysis 
only. 
Stress no longer 
associated with SB in 
multivariate model 
(affective valence, 
sadness, anxiety, 
stress, worry, fatigue, 
treatment, BMI, and 
ethnicity covariates). 
 

Zenk et 
al (2016) 
 

97 adults (range - 
25-65yrs) 
100% female 
EMA 
Characteristics: 
7 days, 5x daily (7-
10am, 10am-1pm, 
1pm-4pm,  
4pm-7pm, 7pm-
10pm) 
 

Accelerometer: 
Daily minutes of 
MVPA 
Daily hours of SB 
 
 

Daily hassles 
(evening 
assessment) 
 

Mixed multivariable 
linear regression 
models 
 

 Not analysed. ↑ Daily hassles 
associated with ↑ 
MVPA and ↓ levels of 
SB. 

Gloster 
et al 
(2017) 
 

108 students 
(m=21yrs), 82% 
female 
EMA 
Characteristics: 

Self-report: 
GLT – total daily 
activity score 
weighted by 

Hassles (number in a 
24-hour period) 
 

Correlations for each 
participant using 
multilevel structural 
equation models 

Not analysed.  ↑ Stress associated 
with ↑ PA. 
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First 61 days: 1 
assessment every 6 
days (reflecting on 
day of assessment) 
Final 33 days: 1 
assessment per day 

duration and 
intensity of activity. 

Physical Activity/Sedentary Behaviour associations with Stress 

Igic et al 
(2013) 
 

39 adults (17+)  
(m=32yrs), 51% 
female 
EMA 
Characteristics: 
14 days, 1 per day 
(before bed) 
 

Accelerometer: 
Time spent in PA 
(hours) 
 

Daily social stressors  
(whole day) 

Correlations per 
participants 

Not analysed. 
 

PA not associated 
with social stress.  

Lindberg 
et al 
(2018) 
 
 
 
 
 

231 adults 
(m=44yrs), 50% 
female  
EMA 
Characteristics: 
3 days (consecutive 
workdays)  
Hourly during work 
hours 
 

Accelerometer: 
Overall intensity of 
movement 
(including sitting, 
standing, walking). 
 

How tense do you 
feel? 
(at the time of 
assessment) 
 

Structural Equational 
Modelling 
 

Pathway between PA 
and stress at work 
found to be non-
significant. 

Not analysed. 
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Anderso
n & 
Fowers 
(2020) 
 

76 adults 
(m=40yrs), 58% 
female 
EMA 
Characteristics: 
14 days, 1 per day 
(released at 8pm 

Self-report: 
GLT- total daily 
activity score 
weighted by 
duration and 
intensity of activity. 

Kessler 
psychological 
distress scale 
(whole day) 

Correlations and 
mixed multilevel 
modelling  

↑ PA associated with 
↓ psychological 
distress in correlation 
analyses. In 
multilevel model, not 
associated   

No association 
between PA and 
distress in correlation 
analyses. No 
association in 
multilevel model. 
 

Dalton 
(2020) 
 

127 students 
(m=19yrs), 75% 
female 
EMA 
Characteristics: 
14 days, 1 per day 
(before bed) 
 

Self-report: 
Minutes of MVPA 
 

Daily stressors  
(whole day) 

Hierarchical linear 
modelling. 

Not analysed. 
 

No association 
between PA and 
stress. 
 

Li et al 
(2019) 
 

82 adults 
(m=35yrs), 63% 
female 
EMA 
Characteristics: 
7 days, 1 per day 
(evening) 
 

Self-report: 
GLT - total daily 
activity score 
weighted by 
duration and 
intensity of activity. 
 

Short form (4 item) 
PSS (whole day) 
 

Between and within-
person correlations  

No association 
between PA and 
stress. 
 

No association 
between PA and 
stress. 
 

Strahler 
et al 
(2020) 
 

77 adults 
(m=24yrs), ~ 49% 
female  
EMA 
Characteristics: 
4 days, 5x daily (30 
mins after waking, 

Self-report: 
Total time (mins): 
Walked, Cycled, 
worked out, active 
in household (all 
activities summed) 

I feel stressed. 
(at time of 
assessment, daily 
average calculated) 
 
 

Two level hierarchical 
linear regression 

Not analysed.  No association 
between PA and 
stress. 
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11am, 2pm, 6pm, 
9pm) 

Zawadzki 
et al 
(2015) 
 

115 adults 
(m=41yrs), 76% 
female 
EMA 
Characteristics: 
3 days (Thursday-
Saturday, 6x daily, 
randomly in 3hr 
intervals 

Self-report: 
What were you 
doing at the time of 
the prompt? 
sports, exercise, or 
recreation (yes or 
no).  

How stressed are 
you? 
PSS (4 item) 
(at the time of 
assessment) 
 

Mixed multilevel 
models. 

Not analysed.  No association 
between PA and 
stress. 
 

N-of 1 associations between Stress and Physical Activity/Sedentary Behaviour  

Comulad
a et al 
(2018) 
 

14 adults (m=31yrs) 
100% female 
EMA 
Characteristics: 
6 months, 4x daily 
(only end of day 
assessment used in 
analyses) 

Self-report: 
How many minutes 
of activity did you 
do today? (Sum of 
light, moderate and 
vigorous PA reports) 

How stressful was 
your day overall? 
(end of day 
assessment) 

Correlation Not analysed. ↑ In stress associated 
with ↓ PA. 
(correlation only, not 
indicated if 
significant). 
 

Note: EMA = Ecological Momentary Assessment PA = Physical Activity, SB = Sedentary Behaviour, MVPA = Moderate to Vigorous Physical 2730 

Activity, LTPA =Leisure Time Physical Activity, LPA= Light Physical Activity, PSS = perceived stress scale, GLT = Godin Leisure Time Exercise 2731 

Questionnaire. 2732 

  2733 
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2734 

Table 5.3: Prospective associations between Physical Activity/Sedentary Behaviour and Stress 2735 

Author 
Participants, 

EMA Duration and 
Assessments 

PA/SB 
Measure 

Stress Measure Analysis 

PA/SB-Stress 
associations from 
Between–Person 

analysis 

PA/SB-Stress 
associations from 

Within–Person 
analysis 

Associations between Stress and Physical Activity/Sedentary Behaviour 

Abdel 
Hadi et al 
(2021) 

199 adults (m = 
36yrs) 
76% female 
EMA Characteristics: 
14 days, 3x daily 

Accelerometer: 
Leisure time 
MVPA after work 
(mins) 

Job demands and 
control 
(whole day, 
completed after 
work) 
 
 

Multilevel Structural 
Equation analysis 

Not analysed. ↑Job demands 
associated with ↓ 
after work LTPA. 

Almeida 
et al 
(2020) 
Study 1 
 

Study 1:  
115 adults, (m= 
41yrs), 75% female  
EMA Characteristics: 
3 days (Thursday-
Saturday), 6x daily, 
random 2-hour 
intervals  
 

Study 1: 
Accelerometer 
Activity 
counts/minute 
(10-, 60- and 120-
minutes post 
assessment) 
 

Study 1:  
How stressed were 
you feeling? 
(since last prompt) 
 

Mixed multilevel 
models 

No association 
between perceived 
stress and PA. 

No association 
between perceived 
stress and PA. 

Almeida 
et al 
(2020) 
Study 2 
 

Study 2: 
297 adults 
(m=42yrs), 50% 
female 
EMA Characteristics: 

Study 2: 
Accelerometer 
Activity 
counts/minute 

Study 2: 
How stressed have 
you been?  
(since last prompt) 

Multilevel models ↑ Perceived stress 
associated with ↑ PA 
in the subsequent 10, 
60, and 120 minutes. 

↑ Perceived stress 
associated with ↑ PA 
in the subsequent 10, 
60, and 120 minutes. 
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2 days, every 45 
minutes, fixed 
intervals 
 

(10-, 60- and 120-
minutes post 
assessment) 
 

Calderwo
od et al 
(2020) 
 
 
 

71 adults  
(m =41yrs), 76% 
female  
EMA Characteristics: 
5 days (Monday-
Friday) 
3x daily (6am-9am, 
4pm-7pm, 9pm -
12am) 
 

Accelerometer: 
Total number of 
steps taken at 
work 
 

Daily challenge and 
hindrance stressors 
on predicting day 
(afternoon survey) 
 

Correlations Not analysed. No association 
between stress and 
PA during subsequent 
working day. 
 
 

daSilva et 
al (2021) 

88 students 
(m=21yrs) 
56% female 
EMA Characteristics: 
mean duration: 67 
days, 1 per day 
(randomly between 
9am and 8pm). 
 

Passive Mobile 
Sensoring: 
Total distance 
travelled (km) 
(daily) 

How stressed are 
you? 
(daily) 

Two step multilevel 
vector autoregressive 
model. 

No association 
between stress and 
subsequent 
movement. 

↑ Stress predicted ↓ 
movement the 
subsequent day. 
Stress did not predict 
movement 2 days 
later. 

Do et al 
(2021) 

190 children  
(m=10yrs) 53% 
female 
EMA Characteristics: 
6 bursts of 7 days 
across 3 years 
3x daily weekdays 

Accelerometer: 
MVPA 15, 30 and 
60 minutes after 
each EMA prompt 

Stress variable 
based on perceived 
stress, ability to 
manage things, and 
perceptions of 
things working out 

Multilevel structural 
equation modelling 

No association 
between stress and 
subsequent MVPA in 
subsequent 15, 30, 
and 60 minutes. 

↑ Stress associated 
with ↓MVPA in 
subsequent 15, 30, 
and 60 minutes. 
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(3pm-8pm) 
7x daily weekends 
(7am-8pm) 
 

as planned  
(right now) 

Jones et 
al (2017) 
 

105 adults, 
(m=40yrs) 
72% female 
EMA Characteristics: 
4 days (Saturday-
Tuesday), 8x daily 

Accelerometer: 
Total minutes of 
light, moderate, 
vigorous PA, and 
SB.  
 

How stressed were 
you? (right before 
the assessment) 

Mixed multilevel 
models. 
 

No associations 
between stress and 
subsequent SB, light 
PA, or MVPA. 

↑ stress associated 
with ↓ SB in 
subsequent 15 
minutes.  
↑ Stress associated 
with ↑ light PA in the 
subsequent 15 
minutes.  
No association 
between stress and 
subsequent MVPA. 
 

Lin et al 
(2021) 

70 adults (m=42yrs) 
100% female 
EMA Characteristics: 
7 days, 5x daily 
(7am-10am, 10am-
1pm, 1pm-4pm, 
4pm-7pm, 7pm-
10pm) 

Accelerometer: 
Daily minutes of 
MVPA and SB 

Daily work hassles  
(last prompt of the 
day) 

Bivariate fixed effect 
regression 
Logistic fixed effects 
regression. 

Not analysed. No association 
between work hassles 
and SB  
No association 
between work hassles 
and MVPA. 
 

Naya et al 
(2020) 
 

143 children 
(m=10yrs), 44% 
female 
EMA Characteristics: 
4 waves of data 
collection (6 months 

Accelerometer: 
Daily minutes of 
moderate to 
vigorous PA. 
 

Stress variable 
based on perceived 
stress, ability to 
manage things, and 
perceptions of 
things working out 

Mixed multilevel 
models.  

No association 
between stress and 
MVPA.  
 

↑ Stress in morning 
associated with ↓ 
MVPA during the day.  
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apart). In each wave, 
2 weekend days of 
EMA data collected 
in morning.  
 

as planned  
(right now) 

Pinto et al 
(2020) 
 

20 adults (m=52yrs) 
Breast cancer 
survivors  
EMA Characteristics: 
12 months, 
assessments at 0, 3, 
6, 9, 12 months 
7 days EMA each 
time 
4x daily (8-11am, 
11am-2pm, 2-5pm, 
5-8pm) 

Accelerometer:  
Activity Counts 
(SB) 
Self-Report: 
What are you 
doing now? 
(includes leisure 
and non-leisure 
SB) 
 

How stressed do you 
feel right now? 

Longitudinal mixed 
effects model  
Cross-lagged models. 

Not analysed. Stress not associated 
with SB in subsequent 
3 hrs  

Schultche
n et al 
(2019) 
 

51 students 
(m=24yrs), 80% 
female 
EMA Characteristics: 
7 days 
6x daily (9am, 11:30, 
2pm, 4:30pm, 7pm, 
9:30pm) 
 

Accelerometer: 
Time in minutes  
Self-Report: 
How many 
minutes have you 
been physically 
active since the 
last signal 
(sweated or out 
of breath) 
 

Perceived stress (2 
items PSS)  
“Do you feel that 
you can cope with 
things”  
“Do you feel you’re 
on top of things”, 
and do you feel 
nervous/stressed (at 
time of assessment) 
 

Hierarchical linear 
models 

Not analysed.  ↑ Stress associated 
with ↓ PA in 
subsequent 2.5 hours. 
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Anderson 
& Fowers 
(2020) 
 

76 adults (m=40yrs), 
58% female 
EMA Characteristics: 
14 days, 1 per day 
(released at 8pm) 

Self-report: 
GLT- total daily 
activity score 
weighted by 
duration and 
intensity of 
activity. 

Kessler 
psychological 
distress scale 
(whole day) 

Correlations and 
mixed multilevel 
modelling  

Not analysed.   No association 
between PA and 
distress the 
subsequent day. 
 

Nagel et 
al (2015) 

120 adults  
(m=39yrs), 51% 
female 
EMA Characteristics: 
5 days (Monday-
Friday) 
2x daily (after work, 
before bed) 
 

Self-report: 
How many 
minutes exercised 
after work? 
 

Job stressors 
(whole day) 

Multilevel modelling Not analysed. No association 
between job stressors 
and exercise  

Payne et 
al (2010) 
 

41 adults 
(no m age reported)  
45% female 
EMA Characteristics: 
14 days, 1 per day (~ 
6pm) 

Self-report: 
Sum (hours) of all 
exercise.  
For analysis, 
exercise 
dichotomised into 
exercise and non-
exercise days.  
 

Job demands 
(whole day) 

Multilevel modelling 
 

Not analysed.  No association 
between job demands 
and likelihood to 
exercise the 
subsequent day.  
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Sala et al 
(2017) 
 

129 students 
(m=20yrs), 100% 
female 
EMA Characteristics: 
7 days, 4x daily (1 
per 3-hour block) 

Self-report: 
How long did you 
exercise since 
your last check 
in? 
 
 

DASS- stress 
subscale 
(at the time of 
assessment) 

Generalised linear 
mixed model 
 

Not analysed. No association 
between stress and 
PA in subsequent 3 
hours. 
 

Associations between Physical Activity and Stress/Sedentary Behaviour 

Abdel 
Hadi et al 
(2021) 

199 adults (m=36yrs) 
76% female 
EMA Characteristics: 
14 days, 3x daily 
 

Accelerometer: 
Leisure time 
MVPA (mins) 

How stressed do you 
feel at the moment? 
(completed at 
bedtime) 

Multilevel structural 
equation analysis 

Not analysed. 
 
 

↑LTPA after work 
associated with ↓ 
evening stress. 

daSilva et 
al (2021) 

88 students 
(m=21yrs) 
56% female 
EMA Characteristics: 
mean duration: 67 
days, 1 per day 
(randomly between 
9am and 8pm). 
 

Passive Mobile 
Sensoring: 
Daily total 
distance travelled 
(km)  
 

How stressed are 
you? 
(daily) 

Two step multilevel 
vector autoregressive 
model. 

No association 
between movement 
and stress the next 
day. 

↑ movement 
associated with ↓ 
stress the next day. 
 

Hallman 
& Lyskov 
(2012) 
 

47 adults 
23 Pain Group: 
(m=41yrs), 91% 
female 
22 Healthy Control: 
(m=41yrs) 91% 
female 
EMA Characteristics: 

Activity Monitor: 
Overall intensity 
values for 24 hour 
for sitting, 
walking, standing, 
lying.  
Also split into 
values for 6pm-

Stress energy 
questionnaire 
Stress subscale: 
low and high 
activation 
adjectives (past 10 
minutes) 

Correlations  ↑ walking in the 
evening associated 
with ↓ stress at 
bedtime.  
 

Not analysed.  
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24 hours, 5x daily 10pm, first hour 
after waking, 
9am-12pm and 
12pm-4pm.  
 

Jones et 
al (2017) 
 

105 adults, 
(m=40yrs) 
72% female 
EMA Characteristics: 
4 days (Saturday-
Tuesday), 8x daily 

Accelerometer: 
Total minutes of 
light, moderate, 
vigorous PA, and 
SB 15 minutes 
before or after 
EMA assessment 

How stressed were 
you? (right before 
the assessment) 

Mixed multilevel 
models. 
 

No association 
between SB, light PA 
or MVPA and 
subsequent stress.  

↑ SB 15 minutes prior 
to stress question 
associated with ↓ 
stress. 
↑ Light PA 15 minutes 
prior to stress 
question associated 
with ↑ stress.  
No associations 
between MVPA and 
subsequent stress. 
 

Kolar et al 
(2019) 

62 adolescents  
Anorexia Nervosa: 32 
(m=16yrs) 
Healthy Control: 30 
(m=16yrs), 100% 
female  
EMA Characteristics: 
1 day (hourly 7am-
11pm) 
 

Accelerometer: 
Minutes of PA (30 
minutes prior to 
EMA 
assessments, all 
levels of PA based 
on activity 
counts). 
 

At this time, how 
intense is your 
emotional tension? 

Linear mixed model Not analysed. PA in previous 30 
minutes not 
associated with 
aversive tension (in 
either group).  
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Pinto et al 
(2020) 
 

20 adults (m=52yrs) 
Breast cancer 
survivors  
EMA Characteristics: 
12 months, 
assessments at 0, 3, 
6, 9, 12 months 
7 days EMA each 
time 
4x daily (8-11am, 
11am-2pm, 2-5pm, 
5-8pm) 

Accelerometer:  
Activity Counts 
(SB) 
Self-Report: 
What are you 
doing now? 
(Includes leisure 
and non-leisure 
SB) 
 

How stressed do you 
feel right now? 

Longitudinal mixed 
effects model  
Cross-lagged models. 

Not analysed. SB in previous 3 hours 
not associated with 
stress  

Schultche
n et al 
(2019) 
 

51 students 
(m=24yrs), 80% 
female 
EMA Characteristics: 
7 days 
6x daily (9am, 11:30, 
2pm, 4:30pm, 7pm, 
9:30pm) 
 

Accelerometer: 
Time in minutes  
Self-Report: 
How many 
minutes have you 
been physically 
active since the 
last signal 
(sweated or out 
of breath) 

Perceived stress (2 
items PSS)  
“Do you feel that 
you can cope with 
things”  
“Do you feel you’re 
on top of things”, 
and do you feel 
nervous/stressed (at 
time of assessment) 
 
 

Hierarchical linear 
models 

Not analysed.  ↑ PA associated with 
↓ stress in the 
subsequent 2.5 hrs. 

Smith et 
al (2021) 
 

77 adolescents  
(m=15yrs), 42% 
female 
EMA Characteristics: 
7 days, every 2 hours 
(3pm- 9pm 

Accelerometer:  
Total activity 
counts and 
minutes of 
moderate to 
vigorous PA 60 

Are you stressed? 
Yes/no 
Stress eating (is the 
answer yes to are 
you stressed, while 

Generalised 
estimating equations 

↑ MVPA in previous 
60 minutes 
associated ↓ stress 
eating 

MPVPA in previous 60 
minutes not 
associated with stress 
eating 
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weekdays, 10am- 
10pm weekends) 
 

minutes prior to 
stress measure. 
 

eating) (at the time 
of assessment) 
 

Lee et al 
(2021) 

478 adults (m=50yrs)  
51% female 
EMA Characteristics: 
2 weeks, 3x daily 
(7am-11:59am, 
12pm-4:59pm, 5pm-
9:59pm) 
 

Self-report: 
Did you exercise 
yesterday? (Y/N) 
(first prompt of 
the day) 

To what extent do 
you feel stressed 
right now? (daily 
average calculated) 

Fixed effect model Not analysed. No association 
between exercise on 
previous day and 
stress next day.  

Park et al 
(2022) 

605 adults (m=45yrs) 
54% female 
EMA Characteristics: 
8/9 days, 1 per day 
(7pm) 

Self-Report: 
Did you do any 
sport, exercise, or 
leisure time 
physical activity 
today? (Y/N) 
 

How stressed do you 
feel right now? 

General estimating 
equations 

 Not analysed LTPA during the day 
associated with ↓ 
stress in the evening. 

Sala et al 
(2017) 
 

129 students 
(m=20yrs), 100% 
female 
EMA Characteristics: 
7 days, 4x daily (1 
per 3-hour block) 
 
 
 
 
 

Self-report: 
How long did you 
exercise since 
your last check 
in? 
 
 
 
 

DASS- stress 
subscale 
(at the time of 
assessment) 

Generalised linear 
mixed model 
 

Not analysed. No association 
between PA and 
stress in subsequent 3 
hours.  
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N-of 1 associations between Physical Activity/Sedentary Behaviour and Stress  
Burg et al 
(2017) 
 

69 adults (m=32yrs), 
57% female 
EMA Characteristics: 
12 months 5x daily 
1 x morning, 1 x 
evening, 3 random 
prompts per day 
(between 7am and 
10pm) 
 

Activity monitor 
(Fitbit):    
PA day: a day 
with any 30-min 
period of MVPA 
Self-Report: 
How likely are 
you to exercise 
today? (AM 
assessment) 
Have you 
exercised for 30 
minutes or more 
today? (Evening 
assessment) 

how stressful do you 
expect today to be? 
(AM assessment) 
How stressful was 
your day? (evening 
assessment) 
How stressful do 
you think your day 
will be tomorrow? 
(evening) 
Key sources of stress 
(list of options)  
4 item PSS (both at 
each assessment) 
 

Random coefficient 
linear regression 
models 

Due to high individual variation, overall no 
association between physical activity and 
stress or stress and physical activity. 
  
 

Bos et al 
(2018) 

40 adults 
20 anhedonic 
(m=40yrs), 95% 
female 
20 non-anhedonic 
(m=44yrs), 95% 
female 
(matched on 
depression)  
EMA Characteristics: 
30 days, 3x daily 
 

Self-report 
“I was physically 
active” (not at all- 
very much) (since 
the last 
measurement) 

"I am upset" 
 

Vector 
autoregression (VAR) 
model with 
cumulative impulse 
response function  

Stress experience associated with ↓ PA at next 
measurement. 
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Cheung et 
al (2017) 
 

79 healthy adults 
(m=32yrs) 57% 
female 
EMA Characteristics: 
1 year, 5x daily 

Activity monitor 
(Fitbit):  
PA day: a day 
with any 30-min 
period of MVPA 
Self-Report: 
How likely are 
you to exercise 
today for 30 
minutes or more 
at MVPA? (AM 
assessment) 
Did you exercise 
today for 30 
minutes or more 
at MVPA? 
(evening 
assessment) 

How stressed did 
you feel? (just 
before assessment) 
How stressful do 
you expect today to 
be? (AM 
assessment) 
How stressful do 
you think tomorrow 
will be? (evening 
assessment) 
 

Classification decision 
tree, applied random 
forest to yield ranking 
of variable 
importance, select 
variables that lead to 
standardised 
decrease in 
classification 
accuracy. 

When stress was experienced, participants 
were less likely to be physically active 2 days 
later. 
No significant associations between PA and 
stress/stress and PA. 
 

Note: EMA = Ecological Momentary Assessment PA = Physical Activity, SB = Sedentary Behaviour, MVPA = Moderate to Vigorous Physical 2736 

Activity, LTPA =Leisure Time Physical Activity, LPA= Light Physical Activity PSS = perceived stress scale, GLT = Godin Leisure Time Exercise 2737 

Questionnaire, DASS- Depression, Anxiety and Stress Scales. 2738 

 2739 

 2740 

 2741 
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Table 5.4: Summary of the direction of findings for concurrent and prospective associations 2742 

Note: total values may add up to more than total number of studies due to multiple findings. PA=physical activity, SB=sedentary behaviour. 2743 

 2744 

 Concurrent analyses Prospective analyses 

 Between-person associations Within-person associations   Between-person associations   Within-person associations   

 Positive Negative Null Positive Negative Null Positive Negative Null Positive Negative Null 

Stress-
PA 

0 0 0 2 1 2 1 0 5 2 5 7 

PA-
Stress 

0 0 3 0 0 6 0 2 2 1 4 4 

Stress-SB 0 0 0 1 2 1 0 0 0 0 1 2 

SB-Stress 0 0 0 0 0 0 0 0 0 0 1 1 
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Discussion 2745 

The present review set out to investigate the concurrent and prospective 2746 

associations between PA/SB and stress and vice versa in studies using EMA methodologies. 2747 

For a summary of the direction of the findings for concurrent and prospective associations, 2748 

please see Table 5.4. A clear strength of EMA studies is the ability to explore the 2749 

associations between outcomes at a within-person level, and more specifically explore the 2750 

impact of stress on subsequent PA/SB or the impact of PA/SB on subsequent levels of stress. 2751 

It is therefore not surprising that within-person analyses, and in particular prospective 2752 

within-person analyses have been most frequently reported in the studies reviewed 2753 

focussing on stress and PA. The within-person associations between stress and subsequent 2754 

PA, and PA and subsequent stress were mixed. Approximately half of the within-person 2755 

studies reported no associations, while the other half reported that stress was negatively 2756 

associated with subsequent PA and PA was negative associated with subsequent stress (see 2757 

Table 4 for summary). Between-person associations between stress and subsequent PA and 2758 

PA and subsequent stress were mostly non-significant. The majority of studies exploring 2759 

concurrent associations reported no significant between- or within-person association 2760 

between stress and PA. Considerably less studies examined the associations between stress 2761 

and SB or SB and stress. The results of these studies, which only included within-person 2762 

analyses, are mixed. 2763 

The findings from prospective within-person associations between stress and 2764 

subsequent PA were equivocal. Those that report an association tended to show that stress 2765 

is related to reduced PA with lag times ranging from 30 minutes to the next day (Abdel Hadi 2766 

et al., 2021; daSilva et al., 2021; Do et al., 2021; Naya et al., 2020; Schultchen et al., 2019). 2767 

Half of the studies reported no within-person association between stress and subsequent 2768 
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PA. Measures of stress or PA, or different lag times cannot explain these different findings. 2769 

However, closer inspection showed that while these non-significant findings applied to 2770 

whole samples, personal characteristics of participants influenced the associations between 2771 

stress and subsequent PA. More specifically, there were negative associations between 2772 

stress and subsequent PA in people with low motives for exercise, whereas positive 2773 

associations were evident between stress and subsequent PA in those with higher 2774 

motivation for exercise (Nagel et al., 2015). Similarly, in participants with lower levels of 2775 

eating disorder-related symptoms (i.e., drive for thinness, bulimic symptoms, and body 2776 

dissatisfaction), stress was related to increased subsequent PA, but this relationship was not 2777 

evident in those with moderate or high levels of symptoms associated with eating disorders 2778 

(Sala et al., 2017).  Additionally, even though not prospective analyses, concurrent 2779 

associations between stress and PA were only shown in those who had strong beliefs of PA 2780 

as a way to cope with stress (Dalton, 2020). Within-person associations between PA and 2781 

subsequent stress reported an equal amount of non-significant associations as positive 2782 

associations. Again, there are no apparent systematic differences in stress or PA measures, 2783 

or lag times to explain these differences. Only one study examined interaction effects of 2784 

individual characteristics on these associations and reported a significant impact of BMI on 2785 

the association between PA and stress eating; for those with high BMI, PA was related to 2786 

lower levels of stress, whereas the reverse was found for those with low BMI. Taken 2787 

together, there is emerging evidence that individual characteristics can influence the 2788 

association between stress and PA and PA and stress. This has been previously suggested in 2789 

the review conducted by Stults-Kolehmainen and Sinha (2014), who mentioned that those 2790 

who were regular exercisers may exercise more during times of stress. Therefore, to get a 2791 

deeper understanding of the these within-person associations, it is important to take 2792 
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personal characteristics into consideration beyond the commonly examined covariates (e.g., 2793 

age, gender).  2794 

Several studies explored the bidirectional associations between stress and 2795 

subsequent PA and PA and subsequent stress in the same participants (Abdel Hadi et al., 2796 

2021; daSilva et al., 2021; Jones et al., 2017; Sala et al., 2017; Schultchen et al., 2019). It was 2797 

most commonly found that stress was related to lower PA, and PA was associated with 2798 

lower stress (Abdel Hadi et al., 2021; daSilva et al., 2021; Schultchen et al., 2019). Moreover, 2799 

PA was reported to mediate the association between job demands and perceived stress in 2800 

the evening (Abdel Hadi et al., 2021). These different sequential associations emphasise the 2801 

importance of using EMA methods to determine the associations between stress and PA, 2802 

which are not captured when participants are asked to rate their stress and PA levels as an 2803 

overall average of a period of several days or a week. Furthermore, these observed 2804 

associations also suggest that PA should be recommended as a way to reduce perceived 2805 

stress.  2806 

Two studies reported stress to be associated with increased subsequent PA (Almeida 2807 

et al., 2020; Jones et al., 2017), and one study reported PA to be associated with increased 2808 

subsequent stress (Jones et al., 2017). Closer inspection of these studies revealed a 2809 

potential impact of the type of PA (Jones et al., 2017) or the way stress is assessed (Almeida 2810 

et al., 2020). Higher levels of stress were associated with more light intensity PA but not 2811 

MVPA in the subsequent 15 minutes. Similarly, light intensity PA, but not MVPA, was 2812 

associated with more stress in the subsequent 15 minutes (Jones et al., 2017). Further 2813 

exploration of the light physical activities showed that participants generally reported doing 2814 

chores, such as getting ready for work or cooking. Therefore, the reason or purpose of this 2815 

type of activity could potentially be perceived as stressful itself and could have contributed 2816 
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to the higher stress level 15 minutes later. Unfortunately, no information was provided 2817 

about the types of activities that were conducted during moderate to vigorous PA, therefore 2818 

it is not possible to determine if the difference in associations between stress and light PA 2819 

and stress and MVPA can be contributed to the intensity of the activity or the type of 2820 

activity. In addition to the intensity or type of activity, the context in which PA is done has 2821 

not been explored in detail. The health benefits of leisure time PA have been well 2822 

documented, whereas occupational PA has been reported to be associated with negative 2823 

health implications (Bonekamp et al., 2022). Some studies have specifically focussed on PA 2824 

during work (Calderwood et al., 2020) and PA after work (e.g., Abdel Hadi et al. (2021), 2825 

Nägel et al. (2015)), but without a direct comparison it is difficult to determine if there is a 2826 

differential impact of leisure versus occupation PA on stress. Similarly, research has also 2827 

suggested that being physically active outdoors has better mental health outcomes than 2828 

being active indoors (Bowler et al., 2010; Dunton et al., 2015), so activity location could also 2829 

be important to consider. In sum, in order to get a better understanding of the associations 2830 

between stress and PA, future research is needed to explore the impact of PA intensity and 2831 

context.   2832 

Different measures of stress were used when comparing the studies included in the 2833 

review, which could potentially be a reason for some of the equivocal results. The 2834 

importance of the way stress is measured is particularly evident from one of the studies 2835 

conducted by Almeida et al. (2020). A positive association was reported between perceived 2836 

stress and subsequent PA, but when stress was quantified as an accumulation of stressful 2837 

events, it was negatively associated with subsequent PA. This suggests that the appraisal of 2838 

a stressful event has a different association with PA compared to the association of the 2839 

occurrence of a stressful event with PA. While being physically active does not remove the 2840 
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stressor, being physically active could perhaps help a person cope better with the feelings of 2841 

stress, which could in turn influence ratings of how stress is experienced. The findings 2842 

mentioned earlier that in those who had stronger beliefs that PA could be a way to cope 2843 

with stress, stress was negatively associated with PA provides some support for this 2844 

suggestion (Dalton, 2020). Positive and negative affect are also likely to play a role in the 2845 

associations between stress and PA. Previous research has suggested that negative affect is 2846 

associated with lower levels of PA (Niermann et al., 2016), and PA is associated with 2847 

increased positive affect (e.g., happiness and feeling energetic) (Liao et al., 2015). Positive 2848 

affect has also been suggested to buffer against negative stress responses (van Steenbergen 2849 

et al., 2021). Even though studies have often included both assessments of affect and stress, 2850 

the interactions between stress, PA, and affect have not been explored in detail and 2851 

warrants further investigation. 2852 

The results for the within-person associations between concurrent stress and PA 2853 

were mixed. Only when a measure of perceived stress was used, was stress significantly 2854 

associated with less PA (daSilva et al., 2021). When stress was quantified as daily work 2855 

hassles or occurrence of stressful events, stress was either not associated (Lin et al., 2021; 2856 

Määttänen et al., 2021) or more stress was associated with more PA (Gloster, 2017; Zenk et 2857 

al., 2017). However, when exploring the concurrent associations between PA and stress, no 2858 

significant associations were reported, regardless of measuring perceived stress (Anderson 2859 

& Fowers, 2020; Li et al., 2019; Strahler et al., 2020; Zawadzki et al., 2015) or number of 2860 

stressors (Dalton, 2020; Igic et al., 2013). In line with aforementioned comments made 2861 

about the prospective analyses, it is possible that the concurrent associations are influenced 2862 

by other factors that could contribute to the overall equivocal findings. However, only 2863 

Määttänen et al. (2021) explored the influence of other factors on the concurrent 2864 
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association between stress and PA. They found that social company (i.e., being with friends, 2865 

with no one, or with other people) did not impact on the association between stress and PA. 2866 

Therefore, more studies are needed to examine the impact personal and contextual factors 2867 

have on the concurrent within-person associations between stress and PA.  2868 

As mentioned earlier, a limited number of studies explored the between-person 2869 

associations between stress and PA. None of the three studies that explored concurrent 2870 

associations between PA and stress found significant between-person associations 2871 

(Anderson & Fowers, 2020; Li et al., 2020; Lindberg et al., 2018). This is in contrast with the 2872 

previous review exploring stress and PA, where, even though not confirmed by all studies, 2873 

there was stronger evidence for an association between stress and PA (Stults-Kolehmainen 2874 

& Sinha, 2014). Methodological differences in data collection could be a reason for these 2875 

differences. In the studies reported in this review, participants were asked to report on their 2876 

levels of stress and PA at a regular basis (e.g., hourly, once per day). For the between-person 2877 

analyses in the current review, measurements taken at all assessment points were averaged 2878 

to provide an overall average value for each outcome per participant. The majority of the 2879 

assessments in the previous review by Stults-Kolehmainen and Sinha (2014) included 2880 

measures that represented the participant’s reflection and memory of their overall 2881 

perceived stress in the previous week. In contrast, deriving the average value based on data 2882 

collected using EMA methods captures variations within and between days in the outcome 2883 

measures, without relying on recall of the participant, and could arguably be a better 2884 

reflection of their perceived levels of stress.  2885 

Looking at the prospective between-person analyses, stress was associated with 2886 

subsequent PA in only one study (Almeida et al., 2020), and five studies reported no 2887 

association (Almeida et al., 2020; daSilva et al., 2021; Do et al., 2021; Jones et al., 2017; 2888 
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Naya et al., 2020). Interestingly, Almeida et al. (2020) reported two separate studies with 2889 

similar designs, but only reported a significant positive association between stress and PA in 2890 

one of the studies. The associations between PA and subsequent stress were more varied, 2891 

with two studies reporting a negative association (Hallman & Lyskov., 2012; Smith et al., 2892 

2021) and two finding no association (daSilva et al., 2021; Jones et al., 2017). Again, study 2893 

designs were similar in these studies.  2894 

So far, the discussion has focussed on the associations between stress and PA. The 2895 

findings related to concurrent and prospective within-person associations between stress 2896 

and SB are equivocal. No studies reported the between-person associations of stress and SB. 2897 

Given the limited number of studies exploring stress and SB, there is not sufficient evidence 2898 

for statements about whether or not associations exist. Similar to the discussion about the 2899 

context of PA, the context of sitting is likely to influence the association between SB and 2900 

stress. More broadly, there is increasing evidence for differential health benefits of different 2901 

‘types’ of sitting. For example, mentally active sedentary behaviour (e.g., office-based work) 2902 

and mentally passive sedentary behaviour (e.g., watching tv) have differential relationships 2903 

with psychological health (Hallgren et al., 2020). In addition, other behaviours done while 2904 

sitting could influence the impact on overall well-being, such as poor diet or smoking. Only 2905 

Pinto et al. (2020) included assessments of both objective and self-report (leisure, non-2906 

leisure) measures of sitting. However, they did not report the influence of the type of SB on 2907 

perceived stress. Therefore, current data available from EMA studies is not sufficient 2908 

enough to determine the associations between stress and SB, and further research is 2909 

needed to explore the impact of different types of sitting on perceived stress.  2910 

Recommendations, Limitations and Future Research Implications 2911 
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To the best of our knowledge, this is the first scoping review to investigate the 2912 

relationship between PA and stress when using EMA, providing a valuable initial insight into 2913 

the topic area. In contrast to the previous review by Stults-Kolehmainen and Sinha (2014), 2914 

which examined a range of research designs, methodologies, and statistical approaches, and 2915 

focused mainly on the effect of stress on PA,  the current review focusses in on the specific 2916 

methodology of EMA. The current review also explored the associations between stress and 2917 

PA/SB as well as PA/SB and stress, and therefore provided additional information about the 2918 

bidirectional nature of the PA/SB and stress relationship not included in the previous 2919 

review. In addition, the current review comments on the potential influence of personal 2920 

characteristics on the PA/SB and stress relationship and highlights the use of statistical 2921 

analyses to further explore these additional characteristics. Consequently, the present 2922 

review provides more insight into the stress and PA/SB relationship.   2923 

These deeper insights into the relationships between PA/SB and stress are a key 2924 

contribution to the literature as they highlight the existing knowledge and identify key 2925 

characteristics and commonly used techniques associated with the EMA methodology. The 2926 

scoping review also highlights where there is missing information about the PA/SB and 2927 

stress relationship. The findings highlight that when examining PA/stress the results are 2928 

mixed and inconsistent, but there is some evidence for within-person associations between 2929 

PA and subsequent lower stress, and higher stress and lower subsequent PA. While from the 2930 

review, the mixed results do not appear to be the result of methodological differences, 2931 

there is some evidence that individual characteristics could play a role. Therefore, future 2932 

EMA research should examine not only the PA and stress relationship, but individual 2933 

characteristics that could also drive this relationship (such as self-esteem or stress appraisals 2934 

as discussed throughout this thesis). A further example of a gap in the literature the review 2935 
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highlights is that only a small number of studies examined SB, and the results of these 2936 

studies were inconsistent, making it not possible to conclude whether or not a SB/stress 2937 

relationship exists or the direction of any relationship. As noted, this could be related to the 2938 

context of SB, e.g., office based or leisure time SB, but the studies within this review do not 2939 

provide the relevant data to conclusively make this connection. This highlights the need for 2940 

more research into the SB/stress relationship, including the context of the SB to get a more 2941 

comprehensive understanding.  2942 

The review however is not without its limitations. In many of the studies included, 2943 

investigating the relationship between stress and PA was not the primary aim, meaning that 2944 

the stress/PA relationship may not have been fully explored (e.g., only presenting a 2945 

correlation for PA/stress when there are full lagged analyses for other variables), or the 2946 

study may not have sufficient statistical power to explore these associations. This could 2947 

mean that relationships are missed entirely or presented as non-significant, where more in 2948 

depth analysis may have shown an association. Future directions for research should aim to 2949 

address this limitation, with studies using EMA having a primary aim of looking at the 2950 

associations between PA/SB and stress to allow for a more comprehensive view. Studies 2951 

should take into consideration the number of assessments and the types of stress and 2952 

PA/SB measures used, and which participant characteristics could influence the potential 2953 

associations between PA/SB and stress. 2954 

Conclusion 2955 

In conclusion, there is a growing body of literature exploring the between and 2956 

within-person associations between stress and PA/SB and PA/SB and stress using EMA 2957 

methodologies. Overall findings appear to be mixed, however there appears to be some 2958 

evidence for stress to be associated with subsequent lower levels of PA and PA to be 2959 
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associated with lower levels of stress at a within-person level. Future research should 2960 

investigate the impact of the way stress is quantified, different intensities of PA and the 2961 

context of both PA and SB in order to get a better understanding of the associations 2962 

between stress and PA/SB at both between and within-person levels. In addition, more 2963 

detailed studies are needed to explore personal and contextual factors that could influence 2964 

these associations is warranted.    2965 
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Chapter 6  2966 

 2967 

 2968 

 2969 

 2970 

 2971 

General Discussion  2972 

  2973 
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General Discussion 2974 

The main aim of this thesis was to conduct a novel/innovative examination of the 2975 

relationship between PA, and stress and associations with mental health in adolescents and 2976 

young people, by exploring factors underpinning the relationship and by using various 2977 

analytical methodologies. The associations between PA and stress were examined across 2978 

three empirical chapters and a scoping review using a range of methodologies and analytical 2979 

techniques. 2980 

Summary of Results 2981 

For a brief summary of the thesis aims, chapter aims and key findings for each 2982 

chapter, see Figure 6.1. 2983 

Chapter 2 examined self-esteem, perceived resources, challenge and threat 2984 

appraisal tendencies, and distress tolerance as potential mechanism by which PA, stress, 2985 

anxiety, and depressive symptoms are related. Using cross-sectional data, a  model based 2986 

on integrating Lubans et al. (2016) psychosocial hypothesis and Lazarus and Folkman 2987 

(1984)’s transactional model of stress and coping was tested using path analysis. It was 2988 

found that PA was associated with lower stress indirectly through higher self-esteem, 2989 

greater perceived resources, a greater challenge appraisal tendency, and higher distress 2990 

tolerance, as well as a lower threat appraisal tendency. Lower stress was in turn associated 2991 

with lower anxiety and depressive symptoms.  2992 

Chapter 2 provided support for the theory that PA is associated with lower stress 2993 

and better mental health (e.g., anxiety and depressive symptoms). Chapter 3 took place 2994 

during the start of the COVID-19 pandemic, and therefore aimed to examine how PA 2995 

influenced the impact of an unexpected and unprecedented stressful situation (i.e., 2996 
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pandemic) on adolescent mental health. More specifically, the influence of PA on the 2997 

association between fear of COVID-19 and adolescent mental health and wellbeing, in 2998 

addition to the PA and stress relationship were explored. Hierarchical multiple linear 2999 

regressions were used to examine the associations between fear of the COVID-19 pandemic, 3000 

PA, stress and mental health and wellbeing indicators in this cross-sectional study. It was 3001 

found that while COVID-19 fear was a negative predictor of increased stress, mental health, 3002 

and wellbeing factors (such as increased depressive symptoms and reduced vitality). PA was 3003 

found to be a stronger positive predictor of mental health and wellbeing outcomes. This 3004 

suggests that PA could act as a protective factor against negative implications of COVID-19 3005 

fear on mental health and wellbeing. The findings of Chapter 2 and Chapter 3, both 3006 

highlighted that PA appears to be beneficial for both lower perceived stress and better 3007 

mental health, however, both studies only examined these relationships using cross-3008 

sectional data to support these assertions. Additionally, PA was only measured as a single 3009 

item in both of these studies which did not consider the intensity of the PA. Therefore, in 3010 

order to examine if these associations were also evident over longer time periods, and to 3011 

explore if different intensities of PA influenced the relationships between PA and stress, the 3012 

study presented in Chapter 4 was conducted.  3013 

Chapter 4 aimed to examine longitudinal associations between PA intensities 3014 

(vigorous, moderate, walking, and total PA) and stress. Additionally, similar factors 3015 

underlying the PA and stress relationship first presented in Chapter 2 (i.e., self-esteem, 3016 

challenge appraisal, and threat appraisal) were re-examined. Proactive coping was also 3017 

investigated as a potential factor, based on proactive coping aiding the development of 3018 

personal resources (Aspinwall & Taylor, 1997), with resources being seen to be linked with 3019 

self-esteem (self-esteem associated with increased resources), and challenge and threat 3020 
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appraisals (resources associated with increased challenge and decreased threat appraisal) 3021 

(in line with findings  in Chapter 2). Measurements of PA, stress, self-esteem, stress 3022 

appraisals and proactive coping were taken at three time points, approximately 4 weeks 3023 

apart, during various stages of COVID-19 lockdown restrictions in university students. 3024 

Multilevel analyses were conducted to examine these associations at between-person and 3025 

within-person levels. Separate models were run for each PA intensity predicting stress. It 3026 

was found that total PA, vigorous PA, and walking were independent predictors of stress at 3027 

a between-person, but not at within-person level. This suggests that when participants were 3028 

in general more physically active, they were also in general less likely to be stressed. 3029 

However, being more physically active compared to their personal level of physical activity, 3030 

was not associated with fluctuations in stress. Interestingly, when self-esteem, challenge 3031 

appraisal, threat appraisal and proactive coping were added to each model, PA was no 3032 

longer associated with stress at either at between-person or within-person level. The 3033 

findings from Chapters 2, 3 and 4 suggest that the relationship between PA and stress 3034 

differs depending on the time frame in which the relationship is measured. While Chapters 3035 

2 and 3 only capture PA and stress data at one time point, Chapter 4 captures data over the 3036 

course of 4 months allowing for fluctuations over time to be explored. This suggested that 3037 

study duration could influence the PA and stress relationship. However, all three chapters 3038 

asked participants to reflect on their PA and stress during the previous week. As recall could 3039 

potentially have altered the reported levels of PA and stress, investigating the more 3040 

dynamic associations between PA and stress by taking more frequent assessments will 3041 

reduce the risk of recall errors. This prompted the need for further investigation into PA and 3042 

stress associations over differing time frames, for example reports across hours or between 3043 

days, and methodologies that allow these associations to be examined. 3044 
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Therefore, Chapter 5 further explored the longitudinal associations between PA and 3045 

stress through a scoping review, specifically focusing on studies utilising ecological 3046 

momentary assessment (EMA) methodology. EMA is a methodology that allows for the 3047 

capture of data in real time, within and across days and longer (Shiffman et al., 2008). The 3048 

capture of real time data allows for the examination of the PA and stress relationship at 3049 

much shorter time frames than any of the time frames examined throughout this thesis. The 3050 

review aimed to examine the concurrent and prospective associations between PA and 3051 

stress (and vice versa), both at a between- and within-person level. Chapter 5 also examined 3052 

the concurrent and prospective associations between sedentary behaviour (SB) and stress. 3053 

The findings of the review were inconclusive, with approximately half of all included studies 3054 

not finding any associations between PA/SB and stress. However, there was some within-3055 

person evidence suggesting that PA is associated with lower subsequent stress (and that 3056 

higher stress is associated with lower subsequent PA).  3057 
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 3075 

Figure 6.1: Summary of Thesis, from top to bottom, thesis main aim, chapter aims, chapter main findings.  3076 

To conduct an innovative examination of the relationship between PA and stress, and associations with mental health in adolescents and 
young people, by exploring potential factors underpinning the relationship by using a variety of sophisticated analytical techniques. 

Chapter 2 

Examine the indirect 
relationship between PA, 
perceived stress, anxiety, 
and depressive symptoms in 
an adolescent population, via 
self-esteem, perceived 
resources, challenge and 
threat appraisals and 
distress tolerance. 

Chapter 3 

Examine the effects of 
Coronavirus concerns on 
mental health and well-being 
in adolescents, and to 
examine the extent to which 
PA could protect against 
these effects. 

 

Chapter 4 

Explore longitudinal 
associations between PA 
intensities and stress and 
whether self-esteem, stress 
appraisals and proactive 
coping influence these 
relationships. 

 

Chapter 5 

Examine the concurrent and 
prospective relationships 
between PA/SB and stress 
(and vice versa) using EMA 
methodology. 

 

Physical Activity associated 
with lower perceived stress 
through increased self-
esteem, adaptive stress 
appraisals and higher 
distress tolerance. 

Lower perceived stress 
associated with lower anxiety 
and depressive symptoms. 

 

Coronavirus fear was a 
predictor of negative mental 
health and well-being. 

Physical Activity was a 
stronger, positive predictor of 
mental health and wellbeing. 

 

All PA intensities (except 
moderate PA) were 
associated with lower stress 
at a between-person, but not 
within-person level. 

When self-esteem, stress 
appraisals and proactive 
coping were added at a 
between-person level, the 
relationship between PA and 
stress was no longer 
significant. 

Approximately half of all 
studies found no association 
between PA/SB and stress. 

Some evidence suggests 
within-person associations 
between PA and subsequent 
lower stress and stress and 
subsequent lower PA. 
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Contributions to the Literature 3077 

 Collectively, the thesis provides support for existing literature that PA is associated 3078 

with lower stress and lower anxiety and depressive symptoms in adolescents and young 3079 

people. The thesis extends the existing literature by examining a series of potential 3080 

variables, namely self-esteem, stress appraisals, proactive coping and distress tolerance, and 3081 

their contribution to the PA-stress relationship. By examining how these variables function 3082 

in the PA-stress relationship, this thesis extends past the stance of “is there a relationship?” 3083 

and begins to address the question of how the PA and stress relationship actually functions. 3084 

The findings of this thesis provide evidence that the relationship between PA and stress is 3085 

not just a direct one, and that it can in fact be underpinned by self-esteem and stress 3086 

appraisals in particular. These findings provide a solid foundation for future research to 3087 

more fully understand the PA and stress relationship in adolescents and young adults, 3088 

where future research should aim to work to further confirm the role of self-esteem and 3089 

stress appraisals.  3090 

The thesis as a whole utilises a range of progressive and complimentary analytical 3091 

approaches and techniques in order to investigate more comprehensively the association 3092 

between PA and stress (in addition to the SB stress relationship in Chapter 5). The use of 3093 

path analysis in Chapter 2 allowed for the comprehensive analysis of a novel and integrated 3094 

model, charting the indirect relationship between PA and stress, through variables including 3095 

self-esteem, challenge and threat appraisals and distress tolerance.  Establishing these 3096 

relationships in this way allowed for the progression to multilevel modelling where the 3097 

relationships between PA, stress, and other predictor variables (self-esteem, stress 3098 

appraisals and proactive coping) were examined to see if the relationships established in 3099 

Chapter 2 remained consistent with the added factor of time.  3100 
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Within this thesis, Chapters 2, 3, 4, and 5 all find relationships between PA and 3101 

stress; however, the specifics of the PA and stress relationship differs between chapters. 3102 

Chapters 2 and 3 utilise cross-sectional methodologies and both find a relationship 3103 

indicating higher PA is associated with lower stress. Chapters 4 and 5 however, examine the 3104 

PA and stress relationship over differing time periods, Chapter 4 over a period of 4 months, 3105 

and Chapter 5 includes a variety of timeframes. Chapters 2 and 4 examine largely similar 3106 

variables; they explore the influence of self-esteem, challenge appraisal, threat appraisal 3107 

and either distress tolerance (Chapter 2) or proactive coping (Chapter 4) on the associations 3108 

between PA and stress. However, despite these similarities, Chapter 2 finds PA is associated 3109 

with stress indirectly through the additional variables discussed, whereas Chapter 4 finds an 3110 

association when only PA and stress are included in the model. This difference in findings 3111 

between Chapter 2 and Chapter 4 could be due to the differences in timeframes of data 3112 

collection.  3113 

The different populations used in the studies should also be acknowledged. Chapters 3114 

2 and 3 examine adolescents whereas Chapter 4 focuses on young adults. Young adults 3115 

experience different stressors than adolescents, such as leaving home and gaining 3116 

independence (van Sluijs et al., 2021), and potentially therefore a different stress 3117 

experience. As discussed in the previous paragraph, the PA and stress relationship differs. 3118 

Unlike Chapter 2, in Chapter 4, PA is not found to be associated with self-esteem or stress 3119 

appraisals. In relation to stress appraisals, PA was associated with increased challenge and 3120 

threat appraisals indirectly via self-esteem in Chapter 2. Given that PA was not associated 3121 

with self-esteem in Chapter 4, it is perhaps not surprising that PA in Chapter 4 was also not 3122 

associated with stress appraisals. In terms of self-esteem, it has been found that it naturally 3123 

appears to decrease in adolescents and begin to pick up again around age 18 (Robins & 3124 
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Trzesniewski, 2005), so it could be that PA is associated with the development of self-3125 

esteem in adolescents as self-esteem is naturally lower at this point than in young adults, 3126 

whereas in young adults, there is no association between PA and self-esteem as self-esteem 3127 

is already naturally rising. However, this theory would need more research to examine if this 3128 

is the case.   3129 

Implications 3130 

While each chapter presented has its own individual implications, overall themes 3131 

emerged from across the chapters, and are presented below. Collectively, all chapters 3132 

provided at least some support for the presence of a relationship between PA and stress, 3133 

with evidence also suggesting reductions in mental health problems. While this support for 3134 

the suggestion that PA could be beneficial for stress and mental health problems is helpful 3135 

for providing an option for mental health support, it is also important to highlight that PA is 3136 

not the be all and end all when it comes to mental health care.  While PA could be beneficial 3137 

for some, individual needs must be taken into consideration when offering 3138 

treatments/support. For example, the severity of individual symptoms or the clinical 3139 

severity of certain mental health problems may be at a level where support such as talking 3140 

therapies or medications may be needed either as well as, or instead of PA. Additionally, 3141 

personal circumstances such as physical disabilities may limit the extent to which a person 3142 

can participate in PA, or individuals just may not be interested in doing PA, so other options 3143 

may be more beneficial for them. 3144 

Based on evidence from Chapter 2 suggesting that PA is beneficial for self-esteem, 3145 

and previous research into self-esteem indicating that self-esteem decreases in adolescence 3146 

(Robins & Trzesniewski, 2005), adolescence could potentially be a beneficial time to 3147 

implement interventions targeted at increasing self-esteem. Lubans et al. (2016) systematic 3148 
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review in children and adolescents, highlights the psychosocial hypothesis, which proposes 3149 

ways that PA can influence self-esteem in adolescence. While Lubans et al. (2016) found a 3150 

direct relationship between PA and self-esteem in some studies included in their review, PA 3151 

was also found to be indirectly related to self-esteem through other mediating variables, 3152 

such as perceived competence (Lubans et al., 2016) which should be taken into 3153 

consideration. These associations between PA and self-esteem suggest that there could be 3154 

potential to inform the basis of an intervention, with PA being used to help increase self-3155 

esteem in adolescents. However, before an intervention could be developed, additional 3156 

research is needed to support the findings of Chapter 2. Initially, it would be beneficial to re-3157 

run the study using participants of a similar age, as well as expanding the sample into 3158 

younger adolescents, as well as adolescents from a wide set of cultural and ethnic 3159 

backgrounds to ensure the findings from Chapter 2 are replicable. Additionally, it would be 3160 

beneficial to establish if the findings of Chapter 2 are consistent over time in order to ensure 3161 

that introducing an intervention would have long term benefits.  3162 

Additionally, this thesis provides a novel insight into perceived stress of adolescent 3163 

and young adults during the COVID-19 pandemic, with two of the empirical chapters 3164 

(Chapters 3 and 4) presenting research from different stages of the pandemic. While the 3165 

COVID-19 pandemic was novel in its nature and intensity, Marani et al. (2021) suggest that 3166 

there is a 38% likelihood of another pandemic similar in severity and nature to COVID-19 3167 

occurring within our lifetimes. The knowledge gained from the research presented in 3168 

Chapters 3 and 4, suggests PA can be beneficial for stress and mental health of adolescents 3169 

and young adults under the conditions of the COVID-19 pandemic and the associated 3170 

restrictions. Knowing this information is useful for preparing for and living through any 3171 

subsequent pandemics. While this evidence is a starting point to suggest that should a 3172 
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future pandemic arise, PA could be beneficial for adolescents and young adults to help 3173 

reduce their stress and mental health problems, more research is needed to support this 3174 

theory. It would be a prudent next step to conduct a systematic review and/or meta-3175 

analysis of existing literature from the COVID-19 pandemic, as well as other previous 3176 

pandemics/epidemics, such as the SARS epidemic, into the role that PA could have in 3177 

protecting the mental health of adolescents and young people. The findings of this review 3178 

could then potentially be the starting point for informing any future policy, particularly 3179 

policy with emphasis on adolescents and young adults. Additionally, research suggests that 3180 

the COVID-19 pandemic was found to have a negative impact on adolescent mental health 3181 

(Jones et al., 2021), therefore the findings of this thesis, could potentially be applied to 3182 

other life events or stressful periods of time that invoke similar feelings of stress or negative 3183 

mental health implications.  3184 

Strengths and Limitations  3185 

The individual strengths and limitations for each study have been discussed in the 3186 

respective discussion sections of each empirical chapter, with the current section presenting 3187 

overarching strengths and limitations of the thesis as a whole. To begin, a key strength of 3188 

the current thesis is that a range of analyses are used to examine the mechanisms that 3189 

contribute to the association between PA and stress, from simple correlations to path 3190 

analysis and multilevel analyses. This unique and varied set of analyses allows for the 3191 

relationships between PA and stress to be examined in different ways, highlighting the 3192 

relationship and how it can differ depending on the method of analysis, adding novel 3193 

findings to the existing PA and stress literature.  3194 

One overarching limitation of the thesis is the sole use of self-report measures of PA. 3195 

Objective measures of PA, such as accelerometers, can reduce the limitations associated 3196 
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with self-report measures, such as the risk of recall issues from participants, likely giving a 3197 

more accurate representation of PA in comparison with self-report measures, particularly at 3198 

lower intensities that are often forgotten about by participants (Fuezeki et al., 2017). 3199 

However, due to the scale of the studies, including number of participants needed, as well 3200 

as the timeframe available for conducting research, and the complications accessing and 3201 

interacting with participants as a result of COVID-19 restrictions, it was not feasible to use 3202 

accelerometers or other objective measures throughout the programme of research.  3203 

Another limitation is that the three empirical chapters utilised cross-sectional data, 3204 

which does not allow for causation to be ascertained. However, the novelty of the 3205 

combination of associations relating to PA and stress examined, specifically the influence of 3206 

self-esteem and stress appraisals, provide the grounding for future, longitudinal and 3207 

experimental research aiming to establish causality. This future research could then form 3208 

the basis for development of interventions to improve adolescent and young adult mental 3209 

health and wellbeing through reducing stress.  3210 

A further limitation of the thesis as a whole is the lack of diversity amongst 3211 

participants. Within the studies included in this thesis, participants were predominantly 3212 

white and lacked representation from other ethnic groups. This lack of representation could 3213 

have implications for the generalisability of the work, as it does not take into account 3214 

cultural differences. Future work should examine a more diverse sample in order to examine 3215 

the relationships between PA and stress across a wider range of people, as well as 3216 

examining any differences between communities.  3217 

Future Research Directions 3218 

 While suggestions for future research are presented within each chapter, some of 3219 

the broader themes and suggestions will now be discussed. Building on the cross-sectional 3220 
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associations found in Chapters 2 and 3, as well as longitudinal associations from Chapter 4 3221 

and knowledge gained from the Chapter 5 review, it would be beneficial for future research 3222 

to examine the association between PA and stress as well as the underlying factors, such as 3223 

self-esteem and stress appraisals, using an EMA methodology. As highlighted in Chapter 5, 3224 

EMA allows the examination of fluctuation in relationships across a variety of timeframes, 3225 

including within and between days (Dunton, 2017; Shiffman et al., 2008), by collecting 3226 

repeated data samples in real time as participants go about their daily lives (Shiffman et al., 3227 

2008). This would be particularly beneficial for measuring the PA and stress relationship, as 3228 

both PA and stress have been seen to fluctuate across varying timeframes, including 3229 

between and even within days (Dunton, 2017; Shang et al., 2018; von der Embse & Mankin, 3230 

2021). Future research would benefit from examining these fluctuations across time and 3231 

how associations between PA and stress may differ, particularly when personal factors such 3232 

as self-esteem and how stress is appraised are included in analyses.  3233 

Additionally, future research should look to use more objective measures of PA, such 3234 

as accelerometers. Accelerometers allow for the more precise measurement of PA intensity, 3235 

duration and frequency, while being minimally invasive to participants (often just being a 3236 

wrist or hip worn monitor) (Ainsworth et al., 2015). Using accelerometer data in conjunction 3237 

with EMA methodology could be particularly useful, as the repeated measurements taken 3238 

would allow context to be added to the accelerometer data. For example, at a time of 3239 

vigorous PA as measured by accelerometer, a participant could be asked about their current 3240 

feelings of stress or about they activity they are taking part in.  3241 

Research in young adults suggests that participating in PA as part of a group, or 3242 

participating in team sports is associated with lower depressive symptoms (Doré et al., 3243 

2018). The PA location may also have an impact, with one randomised control trial in 3244 
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adolescents suggesting that PA indoors was associated with a decrease in stress, with indoor 3245 

PA being favoured over PA in a park (Wade et al., 2020). Conversely, a study in adults 3246 

suggested that being active in green spaces such as forests or by water was beneficial for 3247 

stress reduction (Kajosaari & Pasanen, 2021). A similar result was found in a randomised 3248 

control trial in college students in that outdoor PA was better for stress reduction than 3249 

indoor PA (Bramwell et al., 2023). It would also be prudent to examine the dose-response 3250 

associations between PA and stress, in order to get the optimal benefits. Department of 3251 

Health and Social Care (2019) state that any activity is better than no activity, more activity 3252 

is still better for mental health, but recommend 60 minutes of MVPA per day for 3253 

adolescents and 150 minutes of MVPA across the week for young adults. While these 3254 

recommendations are a good place to start, it is important to consider that  individual 3255 

differences must be taken into consideration, with some reaping the benefits at less than 3256 

the recommended PA, whereas others will need to participate in more PA. Therefore, 3257 

examining objective measures of PA, alongside self-report descriptions of the type of PA 3258 

being examined would allow for a more comprehensive understanding of the PA and stress 3259 

relationships.  3260 

As illustrated throughout this thesis, stress is complex. Stress does not happen in a 3261 

vacuum with no other contributing elements. Stress can be as a result of context, e.g., work 3262 

stressors or difficulties with home life. Stress as evidenced within this thesis is also 3263 

influenced by how an individual appraises that stress, with a challenge appraisal being 3264 

associated with lower stress. Examining how the context of stress interacts with perceptions 3265 

of stress for example, gives a more in-depth picture of the stress experience than examining 3266 

either alone. Therefore, in order to more comprehensively understand stress and its impact, 3267 

instead of examining each of these elements individually, future research should consider 3268 
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factors such as whether stress is acute or chronic, the context, perceptions, and how stress 3269 

is appraised as interconnected parts of a larger system.   3270 

In addition, the COVID-19 pandemic provided a novel set of circumstances 3271 

throughout the duration of this thesis, acting as a naturally occurring intervention, putting 3272 

controls on participants natural behaviours as well as the opportunity for PA. It would be 3273 

beneficial for future research to conduct controlled interventions in various stressful 3274 

settings, such as during exam period or in clinical populations, where PA is manipulated by 3275 

researchers to examine whether an increase or decrease in PA is beneficial/detrimental 3276 

towards stress based on a pre-determined baseline level of PA.   3277 

This thesis covers at least in part the age range of 13–25-year-olds, the majority of 3278 

the participants studied were aged 15 and above. The World Health Organisation (2019) 3279 

define adolescence as the period from age 10-19, however the current thesis does not 3280 

examine the younger portion of this age group in any detail. This age group are also likely to 3281 

experience different stressors to older adolescents, with there being less of a focus on 3282 

exams for example. UNICEF (2021) suggest that up to 13.5% of 10–14-year-olds have a 3283 

probable mental health disorder, with this increasing to up to 14.1% in 15–19-year-olds. By 3284 

focusing future research on the 10-14 age group, findings could potentially not only help to 3285 

decrease the level of probable mental health conditions in this age group but help to 3286 

prevent mental health conditions in older adolescents.   3287 

While the thesis provides some begins to provide information relating to SB, this is 3288 

only covered by the scoping review presented in Chapter 5, and only in a limited way 3289 

focussed on EMA methodology. Existing evidence as referenced in the introduction to 3290 

Chapter 5 highlights that SB is a health behaviour separate to PA (Sedentary Behaviour 3291 

Research Network, 2012) therefore should be investigated as such in relation to stress and 3292 
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mental health. Current evidence from a meta-analysis of longitudinal studies in adolescents 3293 

suggests that higher SB at baseline is associated with increased depression and anxiety at 3294 

follow up (an average of 5 years later) (Zhang et al., 2022), suggesting that higher SB in 3295 

adolescence could result in increased mental health issues in young adulthood. Additionally, 3296 

context of SB may play a role in the relationships with stress and mental health. For 3297 

example, one study found that SB in the form of television watching was associated with 3298 

increased stress in adolescents (Silva et al., 2017), whereas another found that all 3299 

screentime was associated with higher stress (Fang et al., 2014). In university students, it 3300 

was found that SB for transport and occupation was not significantly associated with stress 3301 

or anxiety, but screen-based SB was associated with higher stress and anxiety (Felez-3302 

Nobrega et al., 2020), highlighting the importance of considering the SB domain when 3303 

examining the SB, stress and mental health relationships.  It may also be beneficial to 3304 

investigate the SB and stress relationship in a similar way presented for PA in this thesis. It 3305 

could be that there could also be additional underpinning factors that influence the SB and 3306 

stress relationship, but further research is needed to determine this.  3307 

Conclusions 3308 

This thesis comprises three empirical chapters and a scoping review examining the 3309 

relationship between PA and stress by examining proposed factors underpinning this 3310 

relationship in adolescent and young adult populations. It was demonstrated that in 3311 

adolescence, PA was associated with stress through self-esteem, stress appraisals, and 3312 

distress tolerance. In relation to the novel COVID-19 pandemic, PA was a protective factor 3313 

against the fear of the COVID-19 virus in relation to negative mental health implications 3314 

such as stress. When examining the PA and stress relationship longitudinally in young adults, 3315 

overall levels of PA were associated with overall levels of stress, but fluctuations in PA were 3316 
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not associated with fluctuations in stress at within-person level. When self-esteem, 3317 

challenge appraisal, threat appraisal and proactive coping were included in the analysis the 3318 

PA and stress relationship was non-significant.  In contrast, evidence from the scoping 3319 

review into the PA and stress relationship using EMA, provides some support that there are 3320 

within-person associations between PA and stress across generally shorter timeframes than 3321 

in Chapter 4, but these relationships need further exploration. The present thesis adds to 3322 

the PA and stress literature, specifically by presenting psychological mechanisms explaining 3323 

the PA and stress relationship and how these vary under differing analyses. However, the 3324 

varied nature of the results highlights the need for further exploration of the PA and stress 3325 

relationship, particularly in reference to within-person associations as well as the 3326 

examination of relationships over time. Examining these factors would help to gain a more 3327 

comprehensive understanding of the PA and stress relationship, and how PA could be best 3328 

implemented as a method of stress reduction in order to improve overall mental health.  3329 

  3330 



180 
 

 Reference List  3331 

 3332 

Abdel-Khalek, A. M. (2016). Introduction to the psychology of self-esteem. Self-esteem: 3333 

perspectives, influences, and improvement strategies, 1-23.  3334 

Abdel Hadi, S., Mojzisch, A., Krumm, S., & Hausser, J. A. (2021). Day-level relationships 3335 

between work, physical activity, and well-being: Testing the physical activity-3336 

mediated demand-control (pamdc) model. [References]. Work & Stress. 3337 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psy3338 

c18&AN=2022-07099-001 3339 

https://birmingham-3340 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&i3341 

d=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-3342 

8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=23343 

021&title=Work+%26+Stress&atitle=Day-3344 

level+relationships+between+work%2C+physical+activity%2C+and+well-3345 

being%3A+Testing+the+physical+activity-mediated+demand-3346 

control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Had3347 

i%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-3348 

001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E  3349 

Abdullah, E. S. P. S., Winarsunu, T., & Yuniardi, M. S. (2020). The Effect of Self Esteem Group 3350 

Therapy on Distress Tolerance of Broken Home Teenagers. Journal of Psychiatry and 3351 

Psychology Research, 3(5), 266-271.  3352 

Achterbergh, L., Pitman, A., Birken, M., Pearce, E., Sno, H., & Johnson, S. (2020). The 3353 

experience of loneliness among young people with depression: a qualitative meta-3354 

synthesis of the literature. BMC psychiatry, 20(1), 1-23.  3355 

Ahn, S., & Fedewa, A. L. (2011). A meta-analysis of the relationship between children’s 3356 

physical activity and mental health. Journal of pediatric psychology, 36(4), 385-397.  3357 

Aina, Y., & Susman, J. L. (2006). Understanding comorbidity with depression and anxiety 3358 

disorders. The Journal of the American Osteopathic Association, 106(5 Suppl 2), S9.  3359 

Ainsworth, B., Cahalin, L., Buman, M., & Ross, R. (2015). The current state of physical activity 3360 

assessment tools. Progress in cardiovascular diseases, 57(4), 387-395.  3361 

Alimoradi, Z., Ohayon, M. M., Griffiths, M. D., Lin, C.-Y., & Pakpour, A. H. (2022). Fear of 3362 

COVID-19 and its association with mental health-related factors: systematic review 3363 

and meta-analysis. BJPsych Open, 8(2), e73.  3364 

Allen, M. S., Walter, E. E., & Swann, C. (2019). Sedentary behaviour and risk of anxiety: a 3365 

systematic review and meta-analysis. Journal of affective disorders, 242, 5-13.  3366 

Almeida, D. M., Marcusson-Clavertz, D., Conroy, D. E., Kim, J., Zawadzki, M. J., Sliwinski, M. 3367 

J., & Smyth, J. M. (2020). Everyday stress components and physical activity: 3368 

examining reactivity, recovery and pileup. Journal of behavioral medicine, 43(1), 108-3369 

120. https://link.springer.com/content/pdf/10.1007/s10865-019-00062-z.pdf  3370 

Ammar, A., Brach, M., Trabelsi, K., Chtourou, H., Boukhris, O., Masmoudi, L., Bouaziz, B., 3371 

Bentlage, E., How, D., & Ahmed, M. (2020). Effects of COVID-19 Home Confinement 3372 

on Eating Behaviour and Physical Activity: Results of the ECLB-COVID19 International 3373 

Online Survey. Nutrients, 12(6), 1583.  3374 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psyc18&AN=2022-07099-001
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psyc18&AN=2022-07099-001
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2021&title=Work+%26+Stress&atitle=Day-level+relationships+between+work%2C+physical+activity%2C+and+well-being%3A+Testing+the+physical+activity-mediated+demand-control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Hadi%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2021&title=Work+%26+Stress&atitle=Day-level+relationships+between+work%2C+physical+activity%2C+and+well-being%3A+Testing+the+physical+activity-mediated+demand-control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Hadi%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2021&title=Work+%26+Stress&atitle=Day-level+relationships+between+work%2C+physical+activity%2C+and+well-being%3A+Testing+the+physical+activity-mediated+demand-control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Hadi%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2021&title=Work+%26+Stress&atitle=Day-level+relationships+between+work%2C+physical+activity%2C+and+well-being%3A+Testing+the+physical+activity-mediated+demand-control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Hadi%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2021&title=Work+%26+Stress&atitle=Day-level+relationships+between+work%2C+physical+activity%2C+and+well-being%3A+Testing+the+physical+activity-mediated+demand-control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Hadi%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2021&title=Work+%26+Stress&atitle=Day-level+relationships+between+work%2C+physical+activity%2C+and+well-being%3A+Testing+the+physical+activity-mediated+demand-control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Hadi%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2021&title=Work+%26+Stress&atitle=Day-level+relationships+between+work%2C+physical+activity%2C+and+well-being%3A+Testing+the+physical+activity-mediated+demand-control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Hadi%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2021&title=Work+%26+Stress&atitle=Day-level+relationships+between+work%2C+physical+activity%2C+and+well-being%3A+Testing+the+physical+activity-mediated+demand-control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Hadi%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2021&title=Work+%26+Stress&atitle=Day-level+relationships+between+work%2C+physical+activity%2C+and+well-being%3A+Testing+the+physical+activity-mediated+demand-control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Hadi%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1080%2F02678373.2021.2002971&issn=0267-8373&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2021&title=Work+%26+Stress&atitle=Day-level+relationships+between+work%2C+physical+activity%2C+and+well-being%3A+Testing+the+physical+activity-mediated+demand-control+%28pamdc%29+model.&aulast=Abdel+Hadi&pid=%3Cauthor%3EAbdel+Hadi%2C+Sascha%3C%2Fauthor%3E%3CAN%3E2022-07099-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://link.springer.com/content/pdf/10.1007/s10865-019-00062-z.pdf


181 
 

An, H.-Y., Chen, W., Wang, C.-W., Yang, H.-F., Huang, W.-T., & Fan, S.-Y. (2020). The 3375 

relationships between physical activity and life satisfaction and happiness among 3376 

young, middle-aged, and older adults. International Journal of Environmental 3377 

Research and Public Health, 17(13), 4817.  3378 

Anderson, A. R., & Fowers, B. J. (2020). Lifestyle behaviors, psychological distress, and well-3379 

being: A daily diary study. Social science & medicine, 263, 113263.  3380 

Anderson, E., & Durstine, J. L. (2019). Physical activity, exercise, and chronic diseases: A brief 3381 

review. Sports Medicine and Health Science, 1(1), 3-10.  3382 

Antunes, R., Frontini, R., Amaro, N., Salvador, R., Matos, R., Morouço, P., & Rebelo-3383 

Gonçalves, R. (2020). Exploring Lifestyle Habits, Physical Activity, Anxiety and Basic 3384 

Psychological Needs in a Sample of Portuguese Adults during COVID-19. 3385 

International Journal of Environmental Research and Public Health, 17(12), 4360.  3386 

Aspinwall, L. G., & Taylor, S. E. (1997). A stitch in time: self-regulation and proactive coping. 3387 

Psychological bulletin, 121(3), 417.  3388 

Atlantis, E., Chow, C.-M., Kirby, A., & Singh, M. F. (2004). An effective exercise-based 3389 

intervention for improving mental health and quality of life measures: a randomized 3390 

controlled trial. Preventive medicine, 39(2), 424-434.  3391 

Baghurst, T., & Kelley, B. C. (2014). An examination of stress in college students over the 3392 

course of a semester. Health promotion practice, 15(3), 438-447.  3393 

Baker, & Kirk-Wade. (2023). Mental health statistics: prevalence, services and funding in 3394 

England.  3395 

Bann, D., Scholes, S., Fluharty, M., & Shure, N. (2019). Adolescents’ physical activity: cross-3396 

national comparisons of levels, distributions and disparities across 52 countries. 3397 

International Journal of Behavioral Nutrition and Physical Activity, 16(1), 1-11.  3398 

Barton, J., Griffin, M., & Pretty, J. J. P. i. p. h. (2012). Exercise-, nature-and socially 3399 

interactive-based initiatives improve mood and self-esteem in the clinical 3400 

population. 132(2), 89-96.  3401 

Beevor, Ginty, Veldhuijzen van Zanten, & Williams. (2023). Examining the mediating role of 3402 

challenge and threat appraisal tendencies on the relationships between mastery 3403 

imagery ability, perceived stress and proactive coping. Manuscript Submitted for 3404 

Publication.  3405 

Biddle, S. J., Ciaccioni, S., Thomas, G., & Vergeer, I. (2019). Physical activity and mental 3406 

health in children and adolescents: An updated review of reviews and an analysis of 3407 

causality. Psychology of Sport and Exercise, 42, 146-155.  3408 

Biggs, A., Brough, P., & Drummond, S. (2017). Lazarus and Folkman's psychological stress 3409 

and coping theory. The handbook of stress and health: A guide to research and 3410 

practice, 349-364.  3411 

Bland, H. W., Melton, B. F., Bigham, L. E., & Welle, P. D. (2014). Quantifying the impact of 3412 

physical activity on stress tolerance in college students. College student journal, 3413 

48(4), 559-568.  3414 

Blascovich, J., & Mendes, W. B. (2000). Challenge and threat appraisals: The role of affective 3415 

cues.  3416 

Blascovich, J., Seery, M. D., Mugridge, C. A., Norris, R. K., & Weisbuch, M. (2004). Predicting 3417 

athletic performance from cardiovascular indexes of challenge and threat. Journal of 3418 

Experimental Social Psychology, 40(5), 683-688.  3419 

Blascovich, J., & Tomaka, J. (1996). The biopsychosocial model of arousal regulation. In 3420 

Advances in experimental social psychology (Vol. 28, pp. 1-51). Elsevier.  3421 



182 
 

Bonekamp, N. E., Visseren, F. L., Ruigrok, Y., Cramer, M. J., de Borst, G. J., May, A. M., & 3422 

Koopal, C. (2022). Leisure-time and occupational physical activity and health 3423 

outcomes in cardiovascular disease. Heart.  3424 

Borrega-Mouquinho, Y., Sánchez-Gómez, J., Fuentes-García, J. P., Collado-Mateo, D., & 3425 

Villafaina, S. (2021). Effects of high-intensity interval training and moderate-intensity 3426 

training on stress, depression, anxiety, and resilience in healthy adults during 3427 

coronavirus disease 2019 confinement: a randomized controlled trial. Frontiers in 3428 

psychology, 12, 643069.  3429 

Bos, F., Blaauw, F., Snippe, E., Van der Krieke, L., De Jonge, P., & Wichers, M. (2018). 3430 

Exploring the emotional dynamics of subclinically depressed individuals with and 3431 

without anhedonia: an experience sampling study. Journal of affective disorders, 3432 

228, 186-193. https://core.ac.uk/download/pdf/153217471.pdf  3433 

Bowler, D. E., Buyung-Ali, L. M., Knight, T. M., & Pullin, A. S. (2010). A systematic review of 3434 

evidence for the added benefits to health of exposure to natural environments. BMC 3435 

public health, 10(1), 456.  3436 

Bramwell, R. C., Streetman, A. E., & Besenyi, G. M. (2023). The Effect of Outdoor and Indoor 3437 

Group Exercise Classes on Psychological Stress in College Students: A Pilot Study with 3438 

Randomization. International Journal of Exercise Science, 16(5), 1012.  3439 

Bratland-Sanda, S., Mathisen, T. F., Sundgot-Borgen, C., Sundgot-Borgen, J., & Tangen, J. O. 3440 

(2020). The Impact of Covid-19 Pandemic Lockdown During Spring 2020 on Personal 3441 

Trainers' Working and Living Conditions. Frontiers in Sports and Active Living, 2, 3442 

589702.  3443 

Brooks, S. K., Webster, R. K., Smith, L. E., Woodland, L., Wessely, S., Greenberg, N., & Rubin, 3444 

G. J. (2020). The psychological impact of quarantine and how to reduce it: rapid 3445 

review of the evidence. The Lancet.  3446 

Brown, J., & Kirk-Wade, E. (2021). Coronavirus: A history of English lockdown laws. House of 3447 

Commons Library Briefing Paper, 9068.  3448 

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., Carty, C., 3449 

Chaput, J.-P., Chastin, S., & Chou, R. (2020). World Health Organization 2020 3450 

guidelines on physical activity and sedentary behaviour. British journal of sports 3451 

medicine, 54(24), 1451-1462.  3452 

Burg, M. M., Schwartz, J. E., Kronish, I. M., Diaz, K. M., Alcantara, C., Duer-Hefele, J., & 3453 

Davidson, K. W. (2017). Does stress result in you exercising less? Or does exercising 3454 

result in you being less stressed? Or is it both? Testing the bi-directional stress-3455 

exercise association at the group and person (N of 1) level. Annals of Behavioral 3456 

Medicine, 51(6), 799-809. 3457 

https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi23458 

08BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwa3459 

gggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTT3460 

xDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-3461 

j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-3462 

eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8y3463 

ilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3143464 

5b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-3465 

gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22Syj3466 

BKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQ3467 

elTuV2PPD7uLj4yGFXJ1A0-3468 

https://core.ac.uk/download/pdf/153217471.pdf
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R


183 
 

TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-3469 

2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-3470 

llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe643471 

5_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-3472 

tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw3473 

7pz68t8_r1DCmNQ3lylZGtmNc-3474 

knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3Ip3475 

X8-3476 

krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL13477 

4R  3478 

Byrne, B. M. (2010). Structural equation modeling with AMOS: basic concepts, applications, 3479 

and programming (multivariate applications series). New York: Taylor & Francis 3480 

Group, 396(1), 7384.  3481 

Byrne, D. G., Davenport, S., & Mazanov, J. (2007). Profiles of adolescent stress: The 3482 

development of the adolescent stress questionnaire (ASQ). Journal of adolescence, 3483 

30(3), 393-416.  3484 

Cain, M. K., Zhang, Z., & Bergeman, C. (2018). Time and other considerations in mediation 3485 

design. Educational and psychological measurement, 78(6), 952-972.  3486 

Calderwood, C., Gabriel, A. S., Ten Brummelhuis, L. L., Rosen, C. C., & Rost, E. A. (2020). 3487 

Understanding the relationship between prior to end-of-workday physical activity 3488 

and work–life balance: A within-person approach. Journal of Applied Psychology.  3489 

Carlozzi, B. L., Winterowd, C., Harrist, R. S., Thomason, N., Bratkovich, K., & Worth, S. (2010). 3490 

Spirituality, anger, and stress in early adolescents. Journal of religion and health, 3491 

49(4), 445-459.  3492 

Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985). Physical activity, exercise, and 3493 

physical fitness: definitions and distinctions for health-related research. Public health 3494 

reports, 100(2), 126.  3495 

Cava, M. A., Fay, K. E., Beanlands, H. J., McCay, E. A., & Wignall, R. (2005). The experience of 3496 

quarantine for individuals affected by SARS in Toronto. Public Health Nursing, 22(5), 3497 

398-406. https://onlinelibrary-wiley-3498 

com.ezproxyd.bham.ac.uk/doi/pdfdirect/10.1111/j.0737-1209.2005.220504.x  3499 

Chacón-Cuberos, R., Zurita-Ortega, F., Olmedo-Moreno, E. M., & Castro-Sánchez, M. (2019). 3500 

Relationship between academic stress, physical activity and diet in university 3501 

students of education. Behavioral Sciences, 9(6), 59.  3502 

Chamberlain, S., Daly, A. L., & Spalding, V. (2011). The fear factor: Students’ experiences of 3503 

test anxiety when taking A-level examinations. Pastoral Care in Education, 29(3), 3504 

193-205.  3505 

Chastin, S. F., De Craemer, M., De Cocker, K., Powell, L., Van Cauwenberg, J., Dall, P., Hamer, 3506 

M., & Stamatakis, E. (2019). How does light-intensity physical activity associate with 3507 

adult cardiometabolic health and mortality? Systematic review with meta-analysis of 3508 

experimental and observational studies. British journal of sports medicine, 53(6), 3509 

370-376.  3510 

Chen, F., Zheng, D., Liu, J., Gong, Y., Guan, Z., & Lou, D. (2020). Depression and anxiety 3511 

among adolescents during COVID-19: A cross-sectional study. Brain, Behavior, and 3512 

Immunity.  3513 

https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://watermark.silverchair.com/12160_2017_article_9902.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMz5dw_qyTTxDCZn-_AgEQgIICoho9RDSBcIT_QG5MgCS03w7c4Su0ZnIDSEqm3kw0swi-j2AJOaec2j1xbN7T5IVQqybcfh-_GmElx5J6p4zuCbH6v96-QiiS_inBOEE-eBgdWpbOMaVGgvWglOv71e3eoHlETLHQAha7y6eFUMwfFL5mywjfWpgJ46t9o5K8yilizdXozRC3RuqPcIC8BLs3x6B99pAe8Z_XDZMGTb4vTVmRvhIvh9uaCyT00UntZfnFI3145b9sbk1z6NGbnoKixAzI7b5RYJuc-wsYPkdzg14YvBalpAPWteM-gcaDgf9lKO9z4nhaZgn_hgd4QNinLr3v2hSbctiq8JOFxiw3Boi1kLpykCFT24XCK8o22SyjBKNUJnbuYheFEShUQ1ZCHUHtSQAkll19UJnvqaZMRkmT63RnozEfzGM0OUJ9W7xaQelTuV2PPD7uLj4yGFXJ1A0-TwCK3UWlp4knNaF0oNNu8TTPVZwKYwqvy5A0sq1s6A5jE6CJ7KEh8QmZLL30Z-YZ-2dwMKX9KwPhGBaO1_Ze7MNrE13tIv2lNe-llloJHxUsggGRCnbZmx0ldxopdaNvUWE9b86Kd8B4A1XZdv2zyjcEbix6fz7wfXKMRDe645_scw2SbQGJQM09MaYQaS7gaLLj7_gNZj0tGBJTP2oRy-tABp4rPHhGBD7hzuMIvuSgnKnYcJ9PJMYrNV_UnSBUXoJPFMQumC3mEKKLIgIPtXgw7pz68t8_r1DCmNQ3lylZGtmNc-knsg6B6bciHvNfzNzxr3AYfOvva55uQsFMQnuqHH7BqhyQtifbQZsOY5KPcWX0i5Xd3IpX8-krcnISHNoayDqdm5F885y7VPyZG5LVjc2J5rzO9zpvxGMtHHSDYCaOaH0oCzyxOSRxL14R
https://onlinelibrary-wiley-com.ezproxyd.bham.ac.uk/doi/pdfdirect/10.1111/j.0737-1209.2005.220504.x
https://onlinelibrary-wiley-com.ezproxyd.bham.ac.uk/doi/pdfdirect/10.1111/j.0737-1209.2005.220504.x


184 
 

Chen, W. J., Mat Ludin, A. F., & Farah, N. M. (2022). Can acute exercise lower cardiovascular 3514 

stress reactivity? Findings from a scoping review. Journal of Cardiovascular 3515 

Development and Disease, 9(4), 106.  3516 

Cheung, Y. K., Hsueh, P.-Y. S., Qian, M., Yoon, S., Meli, L., Diaz, K. M., Schwartz, J. E., Kronish, 3517 

I. M., & Davidson, K. W. (2017). Are nomothetic or ideographic approaches superior 3518 

in predicting daily exercise behaviors? Methods of information in medicine, 56(06), 3519 

452-460.  3520 

Chu, B., Marwaha, K., Sanvictores, T., & Ayers, D. (2021). Physiology, stress reaction. In 3521 

StatPearls [Internet]. StatPearls Publishing.  3522 

Cohen, S., Janicki-Deverts, D., & Miller, G. E. (2007). Psychological stress and disease. Jama, 3523 

298(14), 1685-1687.  3524 

Cohen, S., Kamarck, T., & Mermelstein, R. (1983). A global measure of perceived stress. 3525 

Journal of health and social behavior, 385-396.  3526 

Comulada, W. S., Swendeman, D., Rezai, R., & Ramanathan, N. (2018). Time Series 3527 

Visualizations of Mobile Phone-Based Daily Diary Reports of Stress, Physical Activity, 3528 

and Diet Quality in Mostly Ethnic Minority Mothers: Feasibility Study. JMIR formative 3529 

research, 2(2), e11062.  3530 

Coudevylle, G. R., Gernigon, C., & Ginis, K. A. M. (2011). Self-esteem, self-confidence, 3531 

anxiety and claimed self-handicapping: A mediational analysis. Psychology of Sport 3532 

and Exercise, 12(6), 670-675.  3533 

Craig, C. L., Marshall, A. L., Sjöström, M., Bauman, A. E., Booth, M. L., Ainsworth, B. E., Pratt, 3534 

M., Ekelund, U., Yngve, A., & Sallis, J. F. (2003). International physical activity 3535 

questionnaire: 12-country reliability and validity. Medicine and science in sports and 3536 

exercise, 35(8), 1381-1395.  3537 

Crowson, M. (2021). Testing specific indirect effects in AMOS via user-defined estimands 3538 

[Powerpoint Slides]. The University of Oklahoma. Retrieved 03/03/2023 from 3539 

https://drive.google.com/file/d/17KA7rBzllyD7dR_IMbXw1_KD1hrJXMKz/edit 3540 

Crum, A. J., Jamieson, J. P., & Akinola, M. (2020). Optimizing stress: An integrated 3541 

intervention for regulating stress responses. Emotion, 20(1), 120.  3542 

Curran, P. J., & Bauer, D. J. (2011). The disaggregation of within-person and between-person 3543 

effects in longitudinal models of change. Annual review of psychology, 62, 583-619. 3544 

https://www.annualreviews.org/doi/pdf/10.1146/annurev.psych.093008.100356  3545 

Dalton, E. D. (2020). Exercise-related coping beliefs predict physical activity levels in 3546 

response to naturally occurring stress: A daily diary study of college students. Journal 3547 

of American College Health, 1-9.  3548 

daSilva, A. W., Huckins, J. F., Wang, W., Wang, R., Campbell, A. T., & Meyer, M. L. (2021). 3549 

Daily perceived stress predicts less next day social interaction: Evidence from a 3550 

naturalistic mobile sensing study. Emotion, 21(8), 1760-1770. 3551 

https://doi.org/10.1037/emo0000994  3552 

Davis, C. L., Tomporowski, P. D., McDowell, J. E., Austin, B. P., Miller, P. H., Yanasak, N. E., 3553 

Allison, J. D., & Naglieri, J. A. (2011). Exercise improves executive function and 3554 

achievement and alters brain activation in overweight children: a randomized, 3555 

controlled trial. Health Psychology, 30(1), 91.  3556 

De Nys, L., Anderson, K., Ofosu, E. F., Ryde, G. C., Connelly, J., & Whittaker, A. C. (2022). The 3557 

effects of physical activity on cortisol and sleep: A systematic review and meta-3558 

analysis. Psychoneuroendocrinology, 105843.  3559 

https://drive.google.com/file/d/17KA7rBzllyD7dR_IMbXw1_KD1hrJXMKz/edit
https://www.annualreviews.org/doi/pdf/10.1146/annurev.psych.093008.100356
https://doi.org/10.1037/emo0000994


185 
 

Degroote, C., Schwaninger, A., Heimgartner, N., Hedinger, P., Ehlert, U., & Wirtz, P. H. 3560 

(2020). Acute stress improves concentration performance. Experimental psychology.  3561 

DeLongis, A., & Holtzman, S. (2005). Coping in context: The role of stress, social support, and 3562 

personality in coping. Journal of personality, 73(6), 1633-1656.  3563 

Denovan, A., Dagnall, N., Dhingra, K., & Grogan, S. (2019). Evaluating the Perceived Stress 3564 

Scale among UK university students: implications for stress measurement and 3565 

management. Studies in Higher Education, 44(1), 120-133.  3566 

Department of Health and Social Care. (2019). UK Chief Medical Officers' physical activity 3567 

guidelines. UK Retrieved from 3568 

https://assets.publishing.service.gov.uk/media/5d839543ed915d52428dc134/uk-3569 

chief-medical-officers-physical-activity-guidelines.pdf 3570 

Diaz, K. M., Thanataveerat, A., Parsons, F. E., Yoon, S., Cheung, Y. K., Alcántara, C., Duran, A. 3571 

T., Ensari, I., Krupka, D. J., & Schwartz, J. E. (2018). The influence of daily stress on 3572 

sedentary behavior: group and person (N of 1) level results of a 1-year observational 3573 

study. Psychosomatic medicine, 80(7), 620. 3574 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6113063/pdf/nihms969457.pdf  3575 

Dinas, P., Koutedakis, Y., & Flouris, A. (2011). Effects of exercise and physical activity on 3576 

depression. Irish journal of medical science, 180(2), 319-325.  3577 

Dinger, M. K., Behrens, T. K., & Han, J. L. (2006). Validity and reliability of the International 3578 

Physical Activity Questionnaire in college students. American journal of health 3579 

education, 37(6), 337-343.  3580 

Do, B., Mason, T. B., Yi, L., Yang, C. H., & Dunton, G. F. (2021). Momentary associations 3581 

between stress and physical activity among children using ecological momentary 3582 

assessment. Psychol Sport Exerc, 55. 3583 

https://doi.org/10.1016/j.psychsport.2021.101935  3584 

Dodge, T., Vaylay, S., & Kracke-Bock, J. (2022). Subjective vitality: a benefit of self-directed, 3585 

leisure time physical activity. Journal of Happiness studies, 23(6), 2903-2922.  3586 

Doré, I., O'loughlin, J. L., Schnitzer, M. E., Datta, G. D., & Fournier, L. (2018). The longitudinal 3587 

association between the context of physical activity and mental health in early 3588 

adulthood. Mental Health and Physical Activity, 14, 121-130.  3589 

Dunton, G. F. (2017). Ecological momentary assessment in physical activity research. 3590 

Exercise and sport sciences reviews, 45(1), 48. 3591 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5161656/pdf/nihms819740.pdf  3592 

Dunton, G. F., Liao, Y., Intille, S., Huh, J., & Leventhal, A. (2015). Momentary assessment of 3593 

contextual influences on affective response during physical activity. Health 3594 

Psychology, 34(12), 1145.  3595 

Engberg, I., Segerstedt, J., Waller, G., Wennberg, P., & Eliasson, M. (2017). Fatigue in the 3596 

general population-associations to age, sex, socioeconomic status, physical activity, 3597 

sitting time and self-rated health: the northern Sweden MONICA study 2014. BMC 3598 

public health, 17(1), 654.  3599 

Etkin, R. G., Silverman, W. K., & Lebowitz, E. R. (2022). Anxiety and social functioning: the 3600 

moderating roles of family accommodation and youth characteristics. Research on 3601 

Child and Adolescent Psychopathology, 1-14.  3602 

Fang, L., Zhang, V. F., Poon, H. L. M., Fung, W. L. A., & Katakia, D. (2014). Lifestyle practices, 3603 

psychological well-being, and substance use among Chinese-Canadian youth. Journal 3604 

of Ethnic And Cultural Diversity in Social Work, 23(3-4), 207-222.  3605 

https://assets.publishing.service.gov.uk/media/5d839543ed915d52428dc134/uk-chief-medical-officers-physical-activity-guidelines.pdf
https://assets.publishing.service.gov.uk/media/5d839543ed915d52428dc134/uk-chief-medical-officers-physical-activity-guidelines.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6113063/pdf/nihms969457.pdf
https://doi.org/10.1016/j.psychsport.2021.101935
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5161656/pdf/nihms819740.pdf


186 
 

Farah, N. M., Amran, A. D., & Che Muhamed, A. M. (2021). Attenuation of stress-induced 3606 

cardiovascular reactivity following high-intensity interval exercise in untrained males. 3607 

Journal of sports sciences, 39(24), 2755-2762.  3608 

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2009). Statistical power analyses using G* 3609 

Power 3.1: Tests for correlation and regression analyses. Behavior research methods, 3610 

41(4), 1149-1160.  3611 

Felez-Nobrega, M., Bort-Roig, J., Briones, L., Sanchez-Niubo, A., Koyanagi, A., Puigoriol, E., & 3612 

Puig-Ribera, A. (2020). Self-reported and activPALTM-monitored physical activity and 3613 

sedentary behaviour in college students: Not all sitting behaviours are linked to 3614 

perceived stress and anxiety. Journal of sports sciences, 38(13), 1566-1574.  3615 

Findlay, L. C., Bowker, A. J. J. o. y., & adolescence. (2009). The link between competitive 3616 

sport participation and self-concept in early adolescence: A consideration of gender 3617 

and sport orientation. 38(1), 29-40.  3618 

Fink, G. (2016). Stress, definitions, mechanisms, and effects outlined: Lessons from anxiety. 3619 

In Stress: Concepts, cognition, emotion, and behavior (pp. 3-11). Elsevier.  3620 

Fitzpatrick, K., Harris, C., & Drawve, G. (2020). Fear of COVID-19 and the mental health 3621 

consequences in America. Psychological Trauma: Theory, Research, Practice and 3622 

Policy.  3623 

Forde, C. (2018). Scoring the international physical activity questionnaire (IPAQ). University 3624 

of Dublin, 3.  3625 

Fuezeki, E., Engeroff, T., & Banzer, W. (2017). Health benefits of light-intensity physical 3626 

activity: a systematic review of accelerometer data of the National Health and 3627 

Nutrition Examination Survey (NHANES). Sports medicine, 47, 1769-1793.  3628 

Galderisi, S., Heinz, A., Kastrup, M., Beezhold, J., & Sartorius, N. (2015). Toward a new 3629 

definition of mental health. World psychiatry, 14(2), 231.  3630 

Gerber, M., Brand, S., Herrmann, C., Colledge, F., Holsboer-Trachsler, E., & Pühse, U. (2014). 3631 

Increased objectively assessed vigorous-intensity exercise is associated with reduced 3632 

stress, increased mental health and good objective and subjective sleep in young 3633 

adults. Physiology & behavior, 135, 17-24.  3634 

Gianfredi, V., Blandi, L., Cacitti, S., Minelli, M., Signorelli, C., Amerio, A., & Odone, A. (2020). 3635 

Depression and objectively measured physical activity: a systematic review and 3636 

meta-analysis. International Journal of Environmental Research and Public Health, 3637 

17(10), 3738.  3638 

Gloster, A. T.-.-M., A. H.-//-Witthauer, C.-//-Lieb, R.-//-Mata, J. (2017). 'I feel better when...': 3639 

An analysis of the memory-experience gap for peoples' estimates of the relationship 3640 

between health behaviours and experiences. Psychol Health, 32(9), 1152-1166. 3641 

https://doi.org/10.1080/08870446.2017.1327586  3642 

Gloster, A. T., Meyer, A. H., Witthauer, C., Lieb, R., & Mata, J. (2017). ‘I feel better when…’: 3643 

An analysis of the memory-experience gap for peoples’ estimates of the relationship 3644 

between health behaviours and experiences. Psychology & health, 32(9), 1152-1166.  3645 

Greenglass, E., Schwarzer, R., Jakubiec, D., Fiksenbaum, L., & Taubert, S. (1999). The 3646 

proactive coping inventory (PCI): A multidimensional research instrument. 20th 3647 

international conference of the stress and anxiety research society (STAR), Cracow, 3648 

Poland,  3649 

Guddal, M. H., Stensland, S. Ø., Småstuen, M. C., Johnsen, M. B., Zwart, J.-A., & Storheim, K. 3650 

(2019). Physical activity and sport participation among adolescents: associations with 3651 

mental health in different age groups. Results from the Young-HUNT study: a cross-3652 

https://doi.org/10.1080/08870446.2017.1327586


187 
 

sectional survey. BMJ open, 9(9), e028555. 3653 

https://bmjopen.bmj.com/content/bmjopen/9/9/e028555.full.pdf  3654 

Hallgren, M., Owen, N., Stubbs, B., Vancampfort, D., Lundin, A., Dunstan, D., Bellocco, R., & 3655 

Lagerros, Y. T. (2020). Cross-sectional and prospective relationships of passive and 3656 

mentally active sedentary behaviours and physical activity with depression. The 3657 

British Journal of Psychiatry, 217(2), 413-419.  3658 

Hallman, & Lyskov. (2012). Autonomic regulation, physical activity and perceived stress in 3659 

subjects with musculoskeletal pain: 24-hour ambulatory monitoring. International 3660 

Journal of Psychophysiology, 86(3), 276-282. 3661 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=me3662 

d9&AN=23075754 3663 

https://birmingham-3664 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&i3665 

d=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-3666 

8760&isbn=&volume=86&issue=3&spage=276&pages=276-3667 

82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic3668 

+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculo3669 

skeletal+pain%3A+24-3670 

hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%33671 

C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C3672 

%2FDT%3E  3673 

Hallman, D. M., & Lyskov, E. (2012). Autonomic regulation, physical activity and perceived 3674 

stress in subjects with musculoskeletal pain: 24-hour ambulatory monitoring. 3675 

International Journal of Psychophysiology, 86(3), 276-282.  3676 

Hammen, C. (2005). Stress and depression. Annu. Rev. Clin. Psychol., 1, 293-319. 3677 

https://www.annualreviews.org/doi/pdf/10.1146/annurev.clinpsy.1.102803.143938  3678 

Hammen, C., Kim, E. Y., Eberhart, N. K., & Brennan, P. A. (2009). Chronic and acute stress 3679 

and the prediction of major depression in women. Depression and anxiety, 26(8), 3680 

718-723.  3681 

Hank, P., & Baltes-Götz, B. (2019). The stability of self-esteem variability: A real-time 3682 

assessment. Journal of Research in Personality, 79, 143-150.  3683 

Harper, C. A., Satchell, L. P., Fido, D., & Latzman, R. D. (2020). Functional fear predicts public 3684 

health compliance in the COVID-19 pandemic. International journal of mental health 3685 

and addiction.  3686 

Harvey, C. M., Newell, M.-L., & Padmadas, S. (2022). Maternal socioeconomic status and 3687 

infant feeding practices underlying pathways to child stunting in Cambodia: 3688 

structural path analysis using cross-sectional population data. BMJ open, 12(11), 3689 

e055853.  3690 

Hase, A., O'Brien, J., Moore, L. J., & Freeman, P. (2019). The relationship between challenge 3691 

and threat states and performance: A systematic review. Sport, Exercise, and 3692 

Performance Psychology, 8(2), 123.  3693 

Hayes, A. F. (2018). Introduction to mediation, moderation, and conditional process analysis 3694 

second edition: A regression-based approach. New York, NY: Ebook The Guilford 3695 

Press. Google Scholar.  3696 

Heatherton, T. F., & Wyland, C. L. (2003). Assessing self-esteem.  3697 

Henriksen, I. O., Ranøyen, I., Indredavik, M. S., & Stenseng, F. (2017). The role of self-esteem 3698 

in the development of psychiatric problems: a three-year prospective study in a 3699 

https://bmjopen.bmj.com/content/bmjopen/9/9/e028555.full.pdf
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=med9&AN=23075754
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=med9&AN=23075754
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-8760&isbn=&volume=86&issue=3&spage=276&pages=276-82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculoskeletal+pain%3A+24-hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%3C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-8760&isbn=&volume=86&issue=3&spage=276&pages=276-82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculoskeletal+pain%3A+24-hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%3C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-8760&isbn=&volume=86&issue=3&spage=276&pages=276-82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculoskeletal+pain%3A+24-hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%3C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-8760&isbn=&volume=86&issue=3&spage=276&pages=276-82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculoskeletal+pain%3A+24-hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%3C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-8760&isbn=&volume=86&issue=3&spage=276&pages=276-82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculoskeletal+pain%3A+24-hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%3C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-8760&isbn=&volume=86&issue=3&spage=276&pages=276-82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculoskeletal+pain%3A+24-hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%3C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-8760&isbn=&volume=86&issue=3&spage=276&pages=276-82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculoskeletal+pain%3A+24-hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%3C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-8760&isbn=&volume=86&issue=3&spage=276&pages=276-82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculoskeletal+pain%3A+24-hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%3C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-8760&isbn=&volume=86&issue=3&spage=276&pages=276-82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculoskeletal+pain%3A+24-hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%3C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:23075754&id=doi:10.1016%2Fj.ijpsycho.2012.09.017&issn=0167-8760&isbn=&volume=86&issue=3&spage=276&pages=276-82&date=2012&title=International+Journal+of+Psychophysiology&atitle=Autonomic+regulation%2C+physical+activity+and+perceived+stress+in+subjects+with+musculoskeletal+pain%3A+24-hour+ambulatory+monitoring.&aulast=Hallman&pid=%3Cauthor%3EHallman+DM%3C%2Fauthor%3E%3CAN%3E23075754%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://www.annualreviews.org/doi/pdf/10.1146/annurev.clinpsy.1.102803.143938


188 
 

clinical sample of adolescents. Child and adolescent psychiatry and mental health, 3700 

11, 1-9.  3701 

Herman, K. M., Hopman, W. M., & Sabiston, C. M. (2015). Physical activity, screen time and 3702 

self-rated health and mental health in Canadian adolescents. Preventive medicine, 3703 

73, 112-116.  3704 

Hill, D., Conner, M., Clancy, F., Moss, R., Wilding, S., Bristow, M., & O’Connor, D. B. (2022). 3705 

Stress and eating behaviours in healthy adults: a systematic review and meta-3706 

analysis. Health Psychology Review, 16(2), 280-304.  3707 

Hillman, C. H., Pontifex, M. B., Castelli, D. M., Khan, N. A., Raine, L. B., Scudder, M. R., 3708 

Drollette, E. S., Moore, R. D., Wu, C.-T., & Kamijo, K. (2014). Effects of the FITKids 3709 

randomized controlled trial on executive control and brain function. Pediatrics, 3710 

134(4), e1063-e1071.  3711 

Hoare, E., Milton, K., Foster, C., & Allender, S. (2016). The associations between sedentary 3712 

behaviour and mental health among adolescents: a systematic review. International 3713 

journal of behavioral nutrition and physical activity, 13(1), 1-22.  3714 

Hoare, E., Milton, K., Foster, C., Allender, S. J. I. j. o. b. n., & activity, p. (2016). The 3715 

associations between sedentary behaviour and mental health among adolescents: a 3716 

systematic review. 13(1), 1-22.  3717 

Hoffman, L. (2015). Longitudinal analysis: Modeling within-person fluctuation and change. 3718 

Routledge.  3719 

Horwitz, A. G., Hill, R. M., & King, C. A. (2011). Specific coping behaviors in relation to 3720 

adolescent depression and suicidal ideation. Journal of adolescence, 34(5), 1077-3721 

1085.  3722 

HSE. (2023). Health and safety at work Summary statistics for Great Britain 2023.  3723 

Hu, L. t., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure 3724 

analysis: Conventional criteria versus new alternatives. Structural equation modeling: 3725 

a multidisciplinary journal, 6(1), 1-55.  3726 

Huang, Y., & Zhao, N. (2020). Generalized anxiety disorder, depressive symptoms and sleep 3727 

quality during COVID-19 outbreak in China: a web-based cross-sectional survey. 3728 

Psychiatry Research, 112954.  3729 

Hubbs, A., Doyle, E. I., Bowden, R. G., & Doyle, R. D. (2012). Relationships among self-3730 

esteem, stress, and physical activity in college students. Psychological reports, 3731 

110(2), 469-474.  3732 

IBM. (2018). Will Amos report indirect effects? Retrieved 03/03/2023 from 3733 

https://www.ibm.com/support/pages/will-amos-report-indirect-effects 3734 

Igic, Ryser, S., & Elfering, A. (2013). Does work stress make you shorter? An ambulatory field 3735 

study of daily work stressors, job control, and spinal shrinkage. Journal of 3736 

Occupational Health Psychology, 18(4), 469-480. 3737 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=em3738 

ed14&AN=372263293 3739 

https://birmingham-3740 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&i3741 

d=pmid:24099165&id=doi:10.1037%2Fa0034256&issn=1076-3742 

8998&isbn=&volume=18&issue=4&spage=469&pages=469-3743 

480&date=2013&title=Journal+of+Occupational+Health+Psychology&atitle=Does+w3744 

ork+stress+make+you+shorter%3F+An+ambulatory+field+study+of+daily+work+stre3745 

ssors%2C+job+control%2C+and+spinal+shrinkage&aulast=Igic&pid=%3Cauthor%3EIg3746 

https://www.ibm.com/support/pages/will-amos-report-indirect-effects
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emed14&AN=372263293
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emed14&AN=372263293
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:24099165&id=doi:10.1037%2Fa0034256&issn=1076-8998&isbn=&volume=18&issue=4&spage=469&pages=469-480&date=2013&title=Journal+of+Occupational+Health+Psychology&atitle=Does+work+stress+make+you+shorter%3F+An+ambulatory+field+study+of+daily+work+stressors%2C+job+control%2C+and+spinal+shrinkage&aulast=Igic&pid=%3Cauthor%3EIgic+I.%3C%2Fauthor%3E%3CAN%3E372263293%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:24099165&id=doi:10.1037%2Fa0034256&issn=1076-8998&isbn=&volume=18&issue=4&spage=469&pages=469-480&date=2013&title=Journal+of+Occupational+Health+Psychology&atitle=Does+work+stress+make+you+shorter%3F+An+ambulatory+field+study+of+daily+work+stressors%2C+job+control%2C+and+spinal+shrinkage&aulast=Igic&pid=%3Cauthor%3EIgic+I.%3C%2Fauthor%3E%3CAN%3E372263293%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:24099165&id=doi:10.1037%2Fa0034256&issn=1076-8998&isbn=&volume=18&issue=4&spage=469&pages=469-480&date=2013&title=Journal+of+Occupational+Health+Psychology&atitle=Does+work+stress+make+you+shorter%3F+An+ambulatory+field+study+of+daily+work+stressors%2C+job+control%2C+and+spinal+shrinkage&aulast=Igic&pid=%3Cauthor%3EIgic+I.%3C%2Fauthor%3E%3CAN%3E372263293%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:24099165&id=doi:10.1037%2Fa0034256&issn=1076-8998&isbn=&volume=18&issue=4&spage=469&pages=469-480&date=2013&title=Journal+of+Occupational+Health+Psychology&atitle=Does+work+stress+make+you+shorter%3F+An+ambulatory+field+study+of+daily+work+stressors%2C+job+control%2C+and+spinal+shrinkage&aulast=Igic&pid=%3Cauthor%3EIgic+I.%3C%2Fauthor%3E%3CAN%3E372263293%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:24099165&id=doi:10.1037%2Fa0034256&issn=1076-8998&isbn=&volume=18&issue=4&spage=469&pages=469-480&date=2013&title=Journal+of+Occupational+Health+Psychology&atitle=Does+work+stress+make+you+shorter%3F+An+ambulatory+field+study+of+daily+work+stressors%2C+job+control%2C+and+spinal+shrinkage&aulast=Igic&pid=%3Cauthor%3EIgic+I.%3C%2Fauthor%3E%3CAN%3E372263293%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:24099165&id=doi:10.1037%2Fa0034256&issn=1076-8998&isbn=&volume=18&issue=4&spage=469&pages=469-480&date=2013&title=Journal+of+Occupational+Health+Psychology&atitle=Does+work+stress+make+you+shorter%3F+An+ambulatory+field+study+of+daily+work+stressors%2C+job+control%2C+and+spinal+shrinkage&aulast=Igic&pid=%3Cauthor%3EIgic+I.%3C%2Fauthor%3E%3CAN%3E372263293%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:24099165&id=doi:10.1037%2Fa0034256&issn=1076-8998&isbn=&volume=18&issue=4&spage=469&pages=469-480&date=2013&title=Journal+of+Occupational+Health+Psychology&atitle=Does+work+stress+make+you+shorter%3F+An+ambulatory+field+study+of+daily+work+stressors%2C+job+control%2C+and+spinal+shrinkage&aulast=Igic&pid=%3Cauthor%3EIgic+I.%3C%2Fauthor%3E%3CAN%3E372263293%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E


189 
 

ic+I.%3C%2Fauthor%3E%3CAN%3E372263293%3C%2FAN%3E%3CDT%3EArticle%3C3747 

%2FDT%3E  3748 

Jamieson, J. P., Crum, A. J., Goyer, J. P., Marotta, M. E., & Akinola, M. (2018). Optimizing 3749 

stress responses with reappraisal and mindset interventions: An integrated model. 3750 

Anxiety, Stress, & Coping, 31(3), 245-261.  3751 

Jiménez-Pavón, D., Carbonell-Baeza, A., & Lavie, C. J. (2020). Physical exercise as therapy to 3752 

fight against the mental and physical consequences of COVID-19 quarantine: Special 3753 

focus in older people. Progress in cardiovascular diseases.  3754 

Jones, E. A., Mitra, A. K., & Bhuiyan, A. R. (2021). Impact of COVID-19 on mental health in 3755 

adolescents: a systematic review. International Journal of Environmental Research 3756 

and Public Health, 18(5), 2470.  3757 

Jones, J. G., & Hardy, L. (1989). Stress and cognitive functioning in sport. Journal of sports 3758 

sciences, 7(1), 41-63.  3759 

Jones, M., Taylor, A., Liao, Y., Intille, S. S., & Dunton, G. F. (2017). Real-time subjective 3760 

assessment of psychological stress: Associations with objectively-measured physical 3761 

activity levels. Psychology of Sport and Exercise, 31, 79-87. 3762 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psy3763 

c14&AN=2017-25539-012 3764 

https://birmingham-3765 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&i3766 

d=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-3767 

0292&isbn=&volume=31&issue=&spage=79&pages=79-3768 

87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-3769 

time+subjective+assessment+of+psychological+stress%3A+Associations+with+object3770 

ively-3771 

measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+M3772 

alia%3C%2Fauthor%3E%3CAN%3E2017-25539-3773 

012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E  3774 

Jonsdottir, I. H., Rödjer, L., Hadzibajramovic, E., Börjesson, M., & Ahlborg Jr, G. (2010). A 3775 

prospective study of leisure-time physical activity and mental health in Swedish 3776 

health care workers and social insurance officers. Preventive medicine, 51(5), 373-3777 

377.  3778 

Jurca, R., Jackson, A. S., LaMonte, M. J., Morrow Jr, J. R., Blair, S. N., Wareham, N. J., Haskell, 3779 

W. L., van Mechelen, W., Church, T. S., & Jakicic, J. M. (2005). Assessing 3780 

cardiorespiratory fitness without performing exercise testing. American journal of 3781 

preventive medicine, 29(3), 185-193.  3782 

Juth, V., Smyth, J. M., & Santuzzi, A. M. (2008). How do you feel? Self-esteem predicts affect, 3783 

stress, social interaction, and symptom severity during daily life in patients with 3784 

chronic illness. Journal of health psychology, 13(7), 884-894.  3785 

Kajosaari, A., & Pasanen, T. P. (2021). Restorative benefits of everyday green exercise: A 3786 

spatial approach. Landscape and Urban Planning, 206, 103978.  3787 

Kalin, N. H. (2020). The critical relationship between anxiety and depression. In (Vol. 177, 3788 

pp. 365-367): Am Psychiatric Assoc. 3789 

Kauhanen, L., Wan Mohd Yunus, W. M. A., Lempinen, L., Peltonen, K., Gyllenberg, D., 3790 

Mishina, K., Gilbert, S., Bastola, K., Brown, J. S., & Sourander, A. (2023). A systematic 3791 

review of the mental health changes of children and young people before and during 3792 

the COVID-19 pandemic. European child & adolescent psychiatry, 32(6), 995-1013.  3793 

https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:24099165&id=doi:10.1037%2Fa0034256&issn=1076-8998&isbn=&volume=18&issue=4&spage=469&pages=469-480&date=2013&title=Journal+of+Occupational+Health+Psychology&atitle=Does+work+stress+make+you+shorter%3F+An+ambulatory+field+study+of+daily+work+stressors%2C+job+control%2C+and+spinal+shrinkage&aulast=Igic&pid=%3Cauthor%3EIgic+I.%3C%2Fauthor%3E%3CAN%3E372263293%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:24099165&id=doi:10.1037%2Fa0034256&issn=1076-8998&isbn=&volume=18&issue=4&spage=469&pages=469-480&date=2013&title=Journal+of+Occupational+Health+Psychology&atitle=Does+work+stress+make+you+shorter%3F+An+ambulatory+field+study+of+daily+work+stressors%2C+job+control%2C+and+spinal+shrinkage&aulast=Igic&pid=%3Cauthor%3EIgic+I.%3C%2Fauthor%3E%3CAN%3E372263293%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psyc14&AN=2017-25539-012
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psyc14&AN=2017-25539-012
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-0292&isbn=&volume=31&issue=&spage=79&pages=79-87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-time+subjective+assessment+of+psychological+stress%3A+Associations+with+objectively-measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+Malia%3C%2Fauthor%3E%3CAN%3E2017-25539-012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-0292&isbn=&volume=31&issue=&spage=79&pages=79-87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-time+subjective+assessment+of+psychological+stress%3A+Associations+with+objectively-measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+Malia%3C%2Fauthor%3E%3CAN%3E2017-25539-012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-0292&isbn=&volume=31&issue=&spage=79&pages=79-87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-time+subjective+assessment+of+psychological+stress%3A+Associations+with+objectively-measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+Malia%3C%2Fauthor%3E%3CAN%3E2017-25539-012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-0292&isbn=&volume=31&issue=&spage=79&pages=79-87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-time+subjective+assessment+of+psychological+stress%3A+Associations+with+objectively-measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+Malia%3C%2Fauthor%3E%3CAN%3E2017-25539-012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-0292&isbn=&volume=31&issue=&spage=79&pages=79-87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-time+subjective+assessment+of+psychological+stress%3A+Associations+with+objectively-measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+Malia%3C%2Fauthor%3E%3CAN%3E2017-25539-012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-0292&isbn=&volume=31&issue=&spage=79&pages=79-87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-time+subjective+assessment+of+psychological+stress%3A+Associations+with+objectively-measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+Malia%3C%2Fauthor%3E%3CAN%3E2017-25539-012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-0292&isbn=&volume=31&issue=&spage=79&pages=79-87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-time+subjective+assessment+of+psychological+stress%3A+Associations+with+objectively-measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+Malia%3C%2Fauthor%3E%3CAN%3E2017-25539-012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-0292&isbn=&volume=31&issue=&spage=79&pages=79-87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-time+subjective+assessment+of+psychological+stress%3A+Associations+with+objectively-measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+Malia%3C%2Fauthor%3E%3CAN%3E2017-25539-012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-0292&isbn=&volume=31&issue=&spage=79&pages=79-87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-time+subjective+assessment+of+psychological+stress%3A+Associations+with+objectively-measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+Malia%3C%2Fauthor%3E%3CAN%3E2017-25539-012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1016%2Fj.psychsport.2017.03.013&issn=1469-0292&isbn=&volume=31&issue=&spage=79&pages=79-87&date=2017&title=Psychology+of+Sport+and+Exercise&atitle=Real-time+subjective+assessment+of+psychological+stress%3A+Associations+with+objectively-measured+physical+activity+levels.&aulast=Jones&pid=%3Cauthor%3EJones%2C+Malia%3C%2Fauthor%3E%3CAN%3E2017-25539-012%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E


190 
 

Keeley, B. (2021). The State of the World's Children 2021: On My Mind--Promoting, 3794 

Protecting and Caring for Children's Mental Health. UNICEF.  3795 

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K. R., & Walters, E. E. (2005). 3796 

Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the 3797 

National Comorbidity Survey Replication. Archives of general psychiatry, 62(6), 593-3798 

602.  3799 

Keyes, K. M., Hatzenbuehler, M. L., & Hasin, D. S. (2011). Stressful life experiences, alcohol 3800 

consumption, and alcohol use disorders: the epidemiologic evidence for four main 3801 

types of stressors. Psychopharmacology, 218, 1-17.  3802 

Khalsa, S. B. S., Hickey-Schultz, L., Cohen, D., Steiner, N., & Cope, S. (2012). Evaluation of the 3803 

mental health benefits of yoga in a secondary school: A preliminary randomized 3804 

controlled trial. The journal of behavioral health services & research, 39, 80-90.  3805 

Kivimäki, M., & Steptoe, A. (2018). Effects of stress on the development and progression of 3806 

cardiovascular disease. Nature Reviews Cardiology, 15(4), 215-229.  3807 

Kolar, D. R., Neumayr, C., Roth, M., Voderholzer, U., Perthes, K., & Schlegl, S. (2020). Testing 3808 

an emotion regulation model of physical activity in adolescents with anorexia 3809 

nervosa: A pilot ecological momentary assessment. European Eating Disorders 3810 

Review, 28(2), 170-183. https://onlinelibrary-wiley-3811 

com.ezproxye.bham.ac.uk/doi/pdfdirect/10.1002/erv.2706  3812 

Kondo, M. C., Jacoby, S. F., & South, E. C. (2018). Does spending time outdoors reduce 3813 

stress? A review of real-time stress response to outdoor environments. Health & 3814 

place, 51, 136-150.  3815 

Kumaraswamy, N. (2013). Academic stress, anxiety and depression among college students: 3816 

A brief review. International review of social sciences and humanities, 5(1), 135-143.  3817 

Lai, J., Ma, S., Wang, Y., Cai, Z., Hu, J., Wei, N., Wu, J., Du, H., Chen, T., & Li, R. (2020). Factors 3818 

associated with mental health outcomes among health care workers exposed to 3819 

coronavirus disease 2019. JAMA network open, 3(3), e203976-e203976. 3820 

https://jamanetwork.com/journals/jamanetworkopen/articlepdf/2763229/lai_20203821 

_oi_200192.pdf  3822 

Lau, J. T., Yang, X., Tsui, H., & Kim, J. H. (2005). Impacts of SARS on health-seeking behaviors 3823 

in general population in Hong Kong. Preventive medicine, 41(2), 454-462.  3824 

Lau, J. T., Yang, X., Tsui, H., Pang, E., & Wing, Y. K. (2006). Positive mental health-related 3825 

impacts of the SARS epidemic on the general public in Hong Kong and their 3826 

associations with other negative impacts. Journal of Infection, 53(2), 114-124.  3827 

Lazarus, R. S., & Folkman, S. (1984). Stress, appraisal, and coping. Springer publishing 3828 

company.  3829 

Lee, L. Y., Chong, Y. L., Li, N. Y., Li, M. C., Lin, L. N., Wong, L. Y., Wong, B. K., Yip, W. P., Hon, 3830 

C. H., & Chung, P. K. (2013). Feasibility and Effectiveness of a Chen‐style Tai Chi 3831 

Programme for Stress Reduction in Junior Secondary School Students. Stress and 3832 

Health, 29(2), 117-124.  3833 

Lee, S. A., Jobe, M. C., & Mathis, A. A. (2020). Mental health characteristics associated with 3834 

dysfunctional coronavirus anxiety. Psychological Medicine, 1-2.  3835 

Lee, S. S., Yu, K., Choi, E., & Choi, I. (2021). To drink, or to exercise: That is (not) the 3836 

question! Daily effects of alcohol consumption and exercise on well-being. Appl 3837 

Psychol Health Well Being. https://doi.org/10.1111/aphw.12319  3838 

https://onlinelibrary-wiley-com.ezproxye.bham.ac.uk/doi/pdfdirect/10.1002/erv.2706
https://onlinelibrary-wiley-com.ezproxye.bham.ac.uk/doi/pdfdirect/10.1002/erv.2706
https://jamanetwork.com/journals/jamanetworkopen/articlepdf/2763229/lai_2020_oi_200192.pdf
https://jamanetwork.com/journals/jamanetworkopen/articlepdf/2763229/lai_2020_oi_200192.pdf
https://doi.org/10.1111/aphw.12319


191 
 

Lee, S. Y., Park, C. L., & Russell, B. S. (2018). Does distress tolerance interact with trait 3839 

anxiety to predict challenge or threat appraisals? Personality and Individual 3840 

Differences, 132, 14-19.  3841 

Lemaire, J. B., & Wallace, J. E. (2010). Not all coping strategies are created equal: a mixed 3842 

methods study exploring physicians' self reported coping strategies. BMC health 3843 

services research, 10, 1-10.  3844 

Lesser, I. A., & Nienhuis, C. P. (2020). The Impact of COVID-19 on Physical Activity Behavior 3845 

and Well-Being of Canadians. International Journal of Environmental Research and 3846 

Public Health, 17(11), 3899.  3847 

Li, Y., Deng, J., Lou, X., Wang, H., & Wang, Y. (2019). A daily diary study of the relationships 3848 

among daily self-compassion, perceived stress and health-promoting behaviours. 3849 

International Journal of Psychology, No Pagination Specified. 3850 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psy3851 

c16&AN=2019-44994-001 3852 

https://birmingham-3853 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&i3854 

d=pmid:&id=doi:10.1002%2Fijop.12610&issn=0020-3855 

7594&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=23856 

019&title=International+Journal+of+Psychology&atitle=A+daily+diary+study+of+the3857 

+relationships+among+daily+self-compassion%2C+perceived+stress+and+health-3858 

promoting+behaviours.&aulast=Li&pid=%3Cauthor%3ELi%2C+Yanjuan%3C%2Fautho3859 

r%3E%3CAN%3E2019-44994-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E  3860 

Li, Y., Deng, J., Lou, X., Wang, H., & Wang, Y. (2020). A daily diary study of the relationships 3861 

among daily self‐compassion, perceived stress and health‐promoting behaviours. 3862 

International Journal of Psychology, 55(3), 364-372. https://onlinelibrary-wiley-3863 

com.ezproxye.bham.ac.uk/doi/pdfdirect/10.1002/ijop.12610  3864 

Liao, Y., Chou, C.-P., Huh, J., Leventhal, A., & Dunton, G. (2017). Examining acute bi-3865 

directional relationships between affect, physical feeling states, and physical activity 3866 

in free-living situations using electronic ecological momentary assessment. Journal of 3867 

behavioral medicine, 40(3), 445-457.  3868 

Liao, Y., Shonkoff, E. T., & Dunton, G. F. (2015). The acute relationships between affect, 3869 

physical feeling states, and physical activity in daily life: a review of current evidence. 3870 

Frontiers in Psychology, 6, 1975. 3871 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4688389/pdf/fpsyg-06-01975.pdf  3872 

Lin, T. T., Jones, K. K., Martyn-Nemeth, P., & Zenk, S. N. (2021). Associations between daily 3873 

work hassles and energy-balance behaviors in female african american workers: An 3874 

ecological momentary assessment study. Ethnicity and Disease, 31(2), 177-186. 3875 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=em3876 

ed22&AN=2011936743 3877 

https://birmingham-3878 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&i3879 

d=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-3880 

510X&isbn=&volume=31&issue=2&spage=177&pages=177-3881 

186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+w3882 

ork+hassles+and+energy-3883 

balance+behaviors+in+female+african+american+workers%3A+An+ecological+mome3884 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psyc16&AN=2019-44994-001
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psyc16&AN=2019-44994-001
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1002%2Fijop.12610&issn=0020-7594&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2019&title=International+Journal+of+Psychology&atitle=A+daily+diary+study+of+the+relationships+among+daily+self-compassion%2C+perceived+stress+and+health-promoting+behaviours.&aulast=Li&pid=%3Cauthor%3ELi%2C+Yanjuan%3C%2Fauthor%3E%3CAN%3E2019-44994-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1002%2Fijop.12610&issn=0020-7594&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2019&title=International+Journal+of+Psychology&atitle=A+daily+diary+study+of+the+relationships+among+daily+self-compassion%2C+perceived+stress+and+health-promoting+behaviours.&aulast=Li&pid=%3Cauthor%3ELi%2C+Yanjuan%3C%2Fauthor%3E%3CAN%3E2019-44994-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1002%2Fijop.12610&issn=0020-7594&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2019&title=International+Journal+of+Psychology&atitle=A+daily+diary+study+of+the+relationships+among+daily+self-compassion%2C+perceived+stress+and+health-promoting+behaviours.&aulast=Li&pid=%3Cauthor%3ELi%2C+Yanjuan%3C%2Fauthor%3E%3CAN%3E2019-44994-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1002%2Fijop.12610&issn=0020-7594&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2019&title=International+Journal+of+Psychology&atitle=A+daily+diary+study+of+the+relationships+among+daily+self-compassion%2C+perceived+stress+and+health-promoting+behaviours.&aulast=Li&pid=%3Cauthor%3ELi%2C+Yanjuan%3C%2Fauthor%3E%3CAN%3E2019-44994-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1002%2Fijop.12610&issn=0020-7594&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2019&title=International+Journal+of+Psychology&atitle=A+daily+diary+study+of+the+relationships+among+daily+self-compassion%2C+perceived+stress+and+health-promoting+behaviours.&aulast=Li&pid=%3Cauthor%3ELi%2C+Yanjuan%3C%2Fauthor%3E%3CAN%3E2019-44994-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1002%2Fijop.12610&issn=0020-7594&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2019&title=International+Journal+of+Psychology&atitle=A+daily+diary+study+of+the+relationships+among+daily+self-compassion%2C+perceived+stress+and+health-promoting+behaviours.&aulast=Li&pid=%3Cauthor%3ELi%2C+Yanjuan%3C%2Fauthor%3E%3CAN%3E2019-44994-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1002%2Fijop.12610&issn=0020-7594&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2019&title=International+Journal+of+Psychology&atitle=A+daily+diary+study+of+the+relationships+among+daily+self-compassion%2C+perceived+stress+and+health-promoting+behaviours.&aulast=Li&pid=%3Cauthor%3ELi%2C+Yanjuan%3C%2Fauthor%3E%3CAN%3E2019-44994-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1002%2Fijop.12610&issn=0020-7594&isbn=&volume=&issue=&spage=No&pages=No+Pagination+Specified&date=2019&title=International+Journal+of+Psychology&atitle=A+daily+diary+study+of+the+relationships+among+daily+self-compassion%2C+perceived+stress+and+health-promoting+behaviours.&aulast=Li&pid=%3Cauthor%3ELi%2C+Yanjuan%3C%2Fauthor%3E%3CAN%3E2019-44994-001%3C%2FAN%3E%3CDT%3E%3C%2FDT%3E
https://onlinelibrary-wiley-com.ezproxye.bham.ac.uk/doi/pdfdirect/10.1002/ijop.12610
https://onlinelibrary-wiley-com.ezproxye.bham.ac.uk/doi/pdfdirect/10.1002/ijop.12610
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4688389/pdf/fpsyg-06-01975.pdf
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emed22&AN=2011936743
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emed22&AN=2011936743
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-510X&isbn=&volume=31&issue=2&spage=177&pages=177-186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+work+hassles+and+energy-balance+behaviors+in+female+african+american+workers%3A+An+ecological+momentary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-510X&isbn=&volume=31&issue=2&spage=177&pages=177-186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+work+hassles+and+energy-balance+behaviors+in+female+african+american+workers%3A+An+ecological+momentary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-510X&isbn=&volume=31&issue=2&spage=177&pages=177-186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+work+hassles+and+energy-balance+behaviors+in+female+african+american+workers%3A+An+ecological+momentary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-510X&isbn=&volume=31&issue=2&spage=177&pages=177-186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+work+hassles+and+energy-balance+behaviors+in+female+african+american+workers%3A+An+ecological+momentary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-510X&isbn=&volume=31&issue=2&spage=177&pages=177-186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+work+hassles+and+energy-balance+behaviors+in+female+african+american+workers%3A+An+ecological+momentary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-510X&isbn=&volume=31&issue=2&spage=177&pages=177-186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+work+hassles+and+energy-balance+behaviors+in+female+african+american+workers%3A+An+ecological+momentary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-510X&isbn=&volume=31&issue=2&spage=177&pages=177-186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+work+hassles+and+energy-balance+behaviors+in+female+african+american+workers%3A+An+ecological+momentary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E


192 
 

ntary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-3885 

T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%3886 

2FDT%3E  3887 

Lindberg, C. M., Srinivasan, K., Gilligan, B., Razjouyan, J., Lee, H., Najafi, B., Canada, K. J., 3888 

Mehl, M. R., Currim, F., Ram, S., Lunden, M. M., Heerwagen, J. H., Kampschroer, K., & 3889 

Sternberg, E. M. (2018). Effects of office workstation type on physical activity and 3890 

stress. Occupational and Environmental Medicine, 75(10), 689-695. 3891 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=em3892 

exa&AN=623741063 3893 

https://birmingham-3894 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&i3895 

d=pmid:30126872&id=doi:10.1136%2Foemed-2018-105077&issn=1351-3896 

0711&isbn=&volume=75&issue=10&spage=689&pages=689-3897 

695&date=2018&title=Occupational+and+Environmental+Medicine&atitle=Effects+o3898 

f+office+workstation+type+on+physical+activity+and+stress&aulast=Lindberg&pid=3899 

%3Cauthor%3ELindberg+C.M.%3C%2Fauthor%3E%3CAN%3E623741063%3C%2FAN3900 

%3E%3CDT%3EArticle%3C%2FDT%3E  3901 

Little, R. J. A. (1988). A Test of Missing Completely at Random for Multivariate Data with 3902 

Missing Values. Journal of the American Statistical Association, 83(404), 1198-1202. 3903 

https://doi.org/10.1080/01621459.1988.10478722  3904 

Liu, M., Wu, L., & Ming, Q. (2015). How does physical activity intervention improve self-3905 

esteem and self-concept in children and adolescents? Evidence from a meta-3906 

analysis. PloS one, 10(8), e0134804.  3907 

Lloyd, A., & Havenith, G. (2016). Interactions in human performance: an individual and 3908 

combined stressors approach. Temperature, 3(4), 514-517.  3909 

López-Valenciano, A., Suárez-Iglesias, D., Sanchez-Lastra, M. A., & Ayán, C. (2021). Impact of 3910 

COVID-19 pandemic on university students' physical activity levels: an early 3911 

systematic review. Frontiers in Psychology, 11, 3787.  3912 

Lubans, D., Richards, J., Hillman, C., Faulkner, G., Beauchamp, M., Nilsson, M., Kelly, P., 3913 

Smith, J., Raine, L., & Biddle, S. (2016). Physical activity for cognitive and mental 3914 

health in youth: a systematic review of mechanisms. Pediatrics, 138(3).  3915 

Määttänen, I., Henttonen, P., Väliaho, J., Palomäki, J., Thibault, M., Kallio, J., Mäntyjärvi, J., 3916 

Harviainen, T., & Jokela, M. (2021). Positive affect state is a good predictor of 3917 

movement and stress: combining data from ESM/EMA, mobile HRV measurements 3918 

and trait questionnaires. Heliyon, 7(2), e06243. 3919 

https://doi.org/10.1016/j.heliyon.2021.e06243  3920 

Macias, C., Gold, P. B., Öngür, D., Cohen, B. M., & Panch, T. (2015). Are single-item global 3921 

ratings useful for assessing health status? Journal of clinical psychology in medical 3922 

settings, 22(4), 251-264. https://link-springer-3923 

com.ezproxyd.bham.ac.uk/article/10.1007/s10880-015-9436-5  3924 

Manwell, L. A., Barbic, S. P., Roberts, K., Durisko, Z., Lee, C., Ware, E., & McKenzie, K. (2015). 3925 

What is mental health? Evidence towards a new definition from a mixed methods 3926 

multidisciplinary international survey. BMJ open, 5(6), e007079.  3927 

Marani, M., Katul, G. G., Pan, W. K., & Parolari, A. J. (2021). Intensity and frequency of 3928 

extreme novel epidemics. Proceedings of the National Academy of Sciences, 118(35), 3929 

e2105482118.  3930 

https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-510X&isbn=&volume=31&issue=2&spage=177&pages=177-186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+work+hassles+and+energy-balance+behaviors+in+female+african+american+workers%3A+An+ecological+momentary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-510X&isbn=&volume=31&issue=2&spage=177&pages=177-186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+work+hassles+and+energy-balance+behaviors+in+female+african+american+workers%3A+An+ecological+momentary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:33883858&id=doi:10.18865%2FED.31.2.177&issn=1049-510X&isbn=&volume=31&issue=2&spage=177&pages=177-186&date=2021&title=Ethnicity+and+Disease&atitle=Associations+between+daily+work+hassles+and+energy-balance+behaviors+in+female+african+american+workers%3A+An+ecological+momentary+assessment+study&aulast=Lin&pid=%3Cauthor%3ELin+T.-T.%3C%2Fauthor%3E%3CAN%3E2011936743%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emexa&AN=623741063
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emexa&AN=623741063
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:30126872&id=doi:10.1136%2Foemed-2018-105077&issn=1351-0711&isbn=&volume=75&issue=10&spage=689&pages=689-695&date=2018&title=Occupational+and+Environmental+Medicine&atitle=Effects+of+office+workstation+type+on+physical+activity+and+stress&aulast=Lindberg&pid=%3Cauthor%3ELindberg+C.M.%3C%2Fauthor%3E%3CAN%3E623741063%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:30126872&id=doi:10.1136%2Foemed-2018-105077&issn=1351-0711&isbn=&volume=75&issue=10&spage=689&pages=689-695&date=2018&title=Occupational+and+Environmental+Medicine&atitle=Effects+of+office+workstation+type+on+physical+activity+and+stress&aulast=Lindberg&pid=%3Cauthor%3ELindberg+C.M.%3C%2Fauthor%3E%3CAN%3E623741063%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:30126872&id=doi:10.1136%2Foemed-2018-105077&issn=1351-0711&isbn=&volume=75&issue=10&spage=689&pages=689-695&date=2018&title=Occupational+and+Environmental+Medicine&atitle=Effects+of+office+workstation+type+on+physical+activity+and+stress&aulast=Lindberg&pid=%3Cauthor%3ELindberg+C.M.%3C%2Fauthor%3E%3CAN%3E623741063%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:30126872&id=doi:10.1136%2Foemed-2018-105077&issn=1351-0711&isbn=&volume=75&issue=10&spage=689&pages=689-695&date=2018&title=Occupational+and+Environmental+Medicine&atitle=Effects+of+office+workstation+type+on+physical+activity+and+stress&aulast=Lindberg&pid=%3Cauthor%3ELindberg+C.M.%3C%2Fauthor%3E%3CAN%3E623741063%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:30126872&id=doi:10.1136%2Foemed-2018-105077&issn=1351-0711&isbn=&volume=75&issue=10&spage=689&pages=689-695&date=2018&title=Occupational+and+Environmental+Medicine&atitle=Effects+of+office+workstation+type+on+physical+activity+and+stress&aulast=Lindberg&pid=%3Cauthor%3ELindberg+C.M.%3C%2Fauthor%3E%3CAN%3E623741063%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:30126872&id=doi:10.1136%2Foemed-2018-105077&issn=1351-0711&isbn=&volume=75&issue=10&spage=689&pages=689-695&date=2018&title=Occupational+and+Environmental+Medicine&atitle=Effects+of+office+workstation+type+on+physical+activity+and+stress&aulast=Lindberg&pid=%3Cauthor%3ELindberg+C.M.%3C%2Fauthor%3E%3CAN%3E623741063%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:30126872&id=doi:10.1136%2Foemed-2018-105077&issn=1351-0711&isbn=&volume=75&issue=10&spage=689&pages=689-695&date=2018&title=Occupational+and+Environmental+Medicine&atitle=Effects+of+office+workstation+type+on+physical+activity+and+stress&aulast=Lindberg&pid=%3Cauthor%3ELindberg+C.M.%3C%2Fauthor%3E%3CAN%3E623741063%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:30126872&id=doi:10.1136%2Foemed-2018-105077&issn=1351-0711&isbn=&volume=75&issue=10&spage=689&pages=689-695&date=2018&title=Occupational+and+Environmental+Medicine&atitle=Effects+of+office+workstation+type+on+physical+activity+and+stress&aulast=Lindberg&pid=%3Cauthor%3ELindberg+C.M.%3C%2Fauthor%3E%3CAN%3E623741063%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://doi.org/10.1080/01621459.1988.10478722
https://doi.org/10.1016/j.heliyon.2021.e06243
https://link-springer-com.ezproxyd.bham.ac.uk/article/10.1007/s10880-015-9436-5
https://link-springer-com.ezproxyd.bham.ac.uk/article/10.1007/s10880-015-9436-5


193 
 

Mastorakos, G., Pavlatou, M., Diamanti-Kandarakis, E., & Chrousos, G. P. (2005). Exercise 3931 

and the stress system. Hormones (Athens), 4(2), 73-89.  3932 

Matias, T., Dominski, F. H., & Marks, D. F. (2020). Human needs in COVID-19 isolation. In: 3933 

SAGE Publications Sage UK: London, England. 3934 

Mazza, C., Ricci, E., Biondi, S., Colasanti, M., Ferracuti, S., Napoli, C., & Roma, P. (2020). A 3935 

nationwide survey of psychological distress among italian people during the COVID-3936 

19 pandemic: Immediate psychological responses and associated factors. 3937 

International Journal of Environmental Research and Public Health, 17(9), 3165. 3938 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7246819/pdf/ijerph-17-03165.pdf  3939 

McCluskey, G., Fry, D., Hamilton, S., King, A., Laurie, M., McAra, L., & Stewart, T. M. (2021). 3940 

School closures, exam cancellations and isolation: the impact of Covid-19 on young 3941 

people’s mental health. Emotional and Behavioural Difficulties, 26(1), 46-59.  3942 

McHugh, R. K., Kertz, S. J., Weiss, R. B., Baskin-Sommers, A. R., Hearon, B. A., & Björgvinsson, 3943 

T. J. B. t. (2014). Changes in distress intolerance and treatment outcome in a partial 3944 

hospital setting. 45(2), 232-240.  3945 

McKercher, C., Sanderson, K., Schmidt, M. D., Otahal, P., Patton, G. C., Dwyer, T., & Venn, A. 3946 

J. (2014). Physical activity patterns and risk of depression in young adulthood: a 20-3947 

year cohort study since childhood. Social psychiatry and psychiatric epidemiology, 3948 

49, 1823-1834.  3949 

McManus, S., Bebbington, P. E., Jenkins, R., & Brugha, T. (2016). Mental health and 3950 

wellbeing in England: the adult psychiatric morbidity survey 2014. NHS digital.  3951 

Meijen, C., Turner, M., Jones, M. V., Sheffield, D., & McCarthy, P. (2020). A theory of 3952 

challenge and threat states in athletes: A revised conceptualization. Frontiers in 3953 

Psychology, 126.  3954 

Mental Health Foundation. (2018a). Stress: Are we coping? 3955 

https://www.mentalhealth.org.uk/explore-mental-health/statistics/stress-statistics 3956 

Mental Health Foundation. (2018b). Stress: Are we coping? London: Mental Health 3957 

Foundation.  3958 

Mental Health Foundation. (2023). Uncertain Times: Anxiety in the UK and how to tackle it. 3959 

https://www.mentalhealth.org.uk/our-work/public-engagement/mental-health-3960 

awareness-week/anxiety-report 3961 

Mikkelsen, K., Stojanovska, L., Polenakovic, M., Bosevski, M., & Apostolopoulos, V. (2017). 3962 

Exercise and mental health. Maturitas, 106, 48-56.  3963 

Mind. (2022). Stress. Mind. https://www.mind.org.uk/media/12451/stress-2022.pdf 3964 

Moraes, L. J., Miranda, M. B., Loures, L. F., Mainieri, A. G., & Mármora, C. H. C. (2018). A 3965 

systematic review of psychoneuroimmunology-based interventions. Psychology, 3966 

health & medicine, 23(6), 635-652.  3967 

Munn, Z., Peters, M. D., Stern, C., Tufanaru, C., McArthur, A., & Aromataris, E. (2018). 3968 

Systematic review or scoping review? Guidance for authors when choosing between 3969 

a systematic or scoping review approach. BMC medical research methodology, 18(1), 3970 

1-7.  3971 

Murray, K. M., Byrne, D. G., & Rieger, E. (2011). Investigating adolescent stress and body 3972 

image. Journal of adolescence, 34(2), 269-278.  3973 

Nagel, I. J., Sonnentag, S., & Kuhnel, J. (2015). Motives matter: A diary study on the 3974 

relationship between job stressors and exercise after work. International Journal of 3975 

Stress Management, 22(4), 346-371. 3976 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7246819/pdf/ijerph-17-03165.pdf
https://www.mentalhealth.org.uk/explore-mental-health/statistics/stress-statistics
https://www.mentalhealth.org.uk/our-work/public-engagement/mental-health-awareness-week/anxiety-report
https://www.mentalhealth.org.uk/our-work/public-engagement/mental-health-awareness-week/anxiety-report
https://www.mind.org.uk/media/12451/stress-2022.pdf


194 
 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psy3977 

c12&AN=2015-41054-001 3978 

https://birmingham-3979 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&i3980 

d=pmid:&id=doi:10.1037%2Fa0039115&issn=1072-3981 

5245&isbn=&volume=22&issue=4&spage=346&pages=346-3982 

371&date=2015&title=International+Journal+of+Stress+Management&atitle=Motive3983 

s+matter%3A+A+diary+study+on+the+relationship+between+job+stressors+and+exe3984 

rcise+after+work.&aulast=Nagel&pid=%3Cauthor%3ENagel%2C+Inga+J%3C%2Fauth3985 

or%3E%3CAN%3E2015-41054-3986 

001%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E  3987 

Nägel, I. J., Sonnentag, S., & Kühnel, J. (2015). Motives matter: A diary study on the 3988 

relationship between job stressors and exercise after work. International Journal of 3989 

stress management, 22(4), 346.  3990 

Naya, C. H., Zink, J., Huh, J., Dunton, G. F., & Belcher, B. R. (2020). Examining the same-day 3991 

relationship between morning cortisol after awakening, perceived stress in the 3992 

morning, and physical activity in youth. Stress, 1-10. 3993 

https://doi.org/10.1080/10253890.2020.1804852  3994 

Naya, C. H., Zink, J., Huh, J., Dunton, G. F., & Belcher, B. R. (2021). Examining the same-day 3995 

relationship between morning cortisol after awakening, perceived stress in the 3996 

morning, and physical activity in youth. Stress, 24(3), 338-347. 3997 

https://www.tandfonline.com/doi/full/10.1080/10253890.2020.1804852  3998 

Newlove-Delgado, Marcheselli F, Williams T, Mandalia D, Davis J, McManus S, Savic M, 3999 

Treloar W, & T., F. (2022). Mental Health of Children and Young People in England, 4000 

2022. NHS Digital, Leeds.  4001 

Newlove-Delgado, T., Williams, T., Robertson, K., McManus, S., Sadler, K., Vizard, T., 4002 

Cartwright, C., Mathews, F., Norman, S., & Marcheselli, F. (2021). Mental Health of 4003 

Children and Young People in England 2021-wave 2 follow up to the 2017 survey.  4004 

NHS. (2021a). Physical activity guidelines for adults aged 19 to 64 Retrieved 06/12/23 from 4005 

https://www.nhs.uk/live-well/exercise/exercise-guidelines/physical-activity-4006 

guidelines-for-adults-aged-19-to-64/ 4007 

NHS. (2021b). Physical activity guidelines for children and young people. Retrieved 06/12/23 4008 

from https://www.nhs.uk/live-well/exercise/exercise-guidelines/physical-activity-4009 

guidelines-children-and-young-people/ 4010 

NHS. (2022a). Exercise for depression. NHS. Retrieved 5/12/23 from 4011 

https://www.nhs.uk/mental-health/self-help/guides-tools-and-activities/exercise-4012 

for-depression/ 4013 

NHS. (2022b). Physical Activity. NHS. Retrieved 05/12/23 from 4014 

https://www.nhshighland.scot.nhs.uk/health-and-wellbeing/physical-activity/ 4015 

NHS Digital. (2022). Psychological Therapies, Annual report on the use of IAPT services, 2021-4016 

22.  4017 

NHS England. (2023). Mental Health Services Monthly Statistics , Performance August, 4018 

Provisional September 2023.  4019 

Nicholls, A. R., Polman, R. C., & Levy, A. R. (2012). A path analysis of stress appraisals, 4020 

emotions, coping, and performance satisfaction among athletes. Psychology of Sport 4021 

and Exercise, 13(3), 263-270.  4022 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psyc12&AN=2015-41054-001
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=psyc12&AN=2015-41054-001
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1037%2Fa0039115&issn=1072-5245&isbn=&volume=22&issue=4&spage=346&pages=346-371&date=2015&title=International+Journal+of+Stress+Management&atitle=Motives+matter%3A+A+diary+study+on+the+relationship+between+job+stressors+and+exercise+after+work.&aulast=Nagel&pid=%3Cauthor%3ENagel%2C+Inga+J%3C%2Fauthor%3E%3CAN%3E2015-41054-001%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1037%2Fa0039115&issn=1072-5245&isbn=&volume=22&issue=4&spage=346&pages=346-371&date=2015&title=International+Journal+of+Stress+Management&atitle=Motives+matter%3A+A+diary+study+on+the+relationship+between+job+stressors+and+exercise+after+work.&aulast=Nagel&pid=%3Cauthor%3ENagel%2C+Inga+J%3C%2Fauthor%3E%3CAN%3E2015-41054-001%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1037%2Fa0039115&issn=1072-5245&isbn=&volume=22&issue=4&spage=346&pages=346-371&date=2015&title=International+Journal+of+Stress+Management&atitle=Motives+matter%3A+A+diary+study+on+the+relationship+between+job+stressors+and+exercise+after+work.&aulast=Nagel&pid=%3Cauthor%3ENagel%2C+Inga+J%3C%2Fauthor%3E%3CAN%3E2015-41054-001%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1037%2Fa0039115&issn=1072-5245&isbn=&volume=22&issue=4&spage=346&pages=346-371&date=2015&title=International+Journal+of+Stress+Management&atitle=Motives+matter%3A+A+diary+study+on+the+relationship+between+job+stressors+and+exercise+after+work.&aulast=Nagel&pid=%3Cauthor%3ENagel%2C+Inga+J%3C%2Fauthor%3E%3CAN%3E2015-41054-001%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1037%2Fa0039115&issn=1072-5245&isbn=&volume=22&issue=4&spage=346&pages=346-371&date=2015&title=International+Journal+of+Stress+Management&atitle=Motives+matter%3A+A+diary+study+on+the+relationship+between+job+stressors+and+exercise+after+work.&aulast=Nagel&pid=%3Cauthor%3ENagel%2C+Inga+J%3C%2Fauthor%3E%3CAN%3E2015-41054-001%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1037%2Fa0039115&issn=1072-5245&isbn=&volume=22&issue=4&spage=346&pages=346-371&date=2015&title=International+Journal+of+Stress+Management&atitle=Motives+matter%3A+A+diary+study+on+the+relationship+between+job+stressors+and+exercise+after+work.&aulast=Nagel&pid=%3Cauthor%3ENagel%2C+Inga+J%3C%2Fauthor%3E%3CAN%3E2015-41054-001%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1037%2Fa0039115&issn=1072-5245&isbn=&volume=22&issue=4&spage=346&pages=346-371&date=2015&title=International+Journal+of+Stress+Management&atitle=Motives+matter%3A+A+diary+study+on+the+relationship+between+job+stressors+and+exercise+after+work.&aulast=Nagel&pid=%3Cauthor%3ENagel%2C+Inga+J%3C%2Fauthor%3E%3CAN%3E2015-41054-001%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1037%2Fa0039115&issn=1072-5245&isbn=&volume=22&issue=4&spage=346&pages=346-371&date=2015&title=International+Journal+of+Stress+Management&atitle=Motives+matter%3A+A+diary+study+on+the+relationship+between+job+stressors+and+exercise+after+work.&aulast=Nagel&pid=%3Cauthor%3ENagel%2C+Inga+J%3C%2Fauthor%3E%3CAN%3E2015-41054-001%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:psycdb&id=pmid:&id=doi:10.1037%2Fa0039115&issn=1072-5245&isbn=&volume=22&issue=4&spage=346&pages=346-371&date=2015&title=International+Journal+of+Stress+Management&atitle=Motives+matter%3A+A+diary+study+on+the+relationship+between+job+stressors+and+exercise+after+work.&aulast=Nagel&pid=%3Cauthor%3ENagel%2C+Inga+J%3C%2Fauthor%3E%3CAN%3E2015-41054-001%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://doi.org/10.1080/10253890.2020.1804852
https://www.tandfonline.com/doi/full/10.1080/10253890.2020.1804852
https://www.nhs.uk/live-well/exercise/exercise-guidelines/physical-activity-guidelines-for-adults-aged-19-to-64/
https://www.nhs.uk/live-well/exercise/exercise-guidelines/physical-activity-guidelines-for-adults-aged-19-to-64/
https://www.nhs.uk/live-well/exercise/exercise-guidelines/physical-activity-guidelines-children-and-young-people/
https://www.nhs.uk/live-well/exercise/exercise-guidelines/physical-activity-guidelines-children-and-young-people/
https://www.nhs.uk/mental-health/self-help/guides-tools-and-activities/exercise-for-depression/
https://www.nhs.uk/mental-health/self-help/guides-tools-and-activities/exercise-for-depression/
https://www.nhshighland.scot.nhs.uk/health-and-wellbeing/physical-activity/


195 
 

Niermann, C. Y., Herrmann, C., von Haaren, B., van Kann, D., & Woll, A. (2016). Affect and 4023 

subsequent physical activity: An ambulatory assessment study examining the affect-4024 

activity association in a real-life context. Frontiers in Psychology, 7, 677.  4025 

Niveau, N., New, B., & Beaudoin, M. (2021). Self-esteem interventions in adults–a 4026 

systematic review and meta-analysis. Journal of Research in Personality, 94, 104131.  4027 

Norris, R., Carroll, D., & Cochrane, R. (1992). The effects of physical activity and exercise 4028 

training on psychological stress and well-being in an adolescent population. Journal 4029 

of psychosomatic research, 36(1), 55-65.  4030 

O'Connor, D. B., Thayer, J. F., & Vedhara, K. (2021). Stress and health: A review of 4031 

psychobiological processes. Annual review of psychology, 72, 663-688.  4032 

O'Connor, P. J., & Puetz, T. W. (2005). Chronic physical activity and feelings of energy and 4033 

fatigue. Medicine and science in sports and exercise, 37(2), 299-305.  4034 

O'Connor, R. C., Rasmussen, S., & Hawton, K. (2010). Predicting depression, anxiety and self-4035 

harm in adolescents: The role of perfectionism and acute life stress. Behaviour 4036 

research and therapy, 48(1), 52-59.  4037 

Office for National Statistics. (2020). Young people’s well-being in the UK: 2020. Office for 4038 

National Statistics. Retrieved 05/12/23 from 4039 

https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/bulletins/youn4040 

gpeopleswellbeingintheuk/2020 4041 

Office for National Statistics. (2023). Cost of living and depression in adults, Great Britain: 29 4042 

September to 23 October.  4043 

Orth, U., Robins, R. W., & Meier, L. L. (2009). Disentangling the effects of low self-esteem 4044 

and stressful events on depression: findings from three longitudinal studies. Journal 4045 

of personality and social psychology, 97(2), 307.  4046 

Orth, U., Robins, R. W., & Roberts, B. W. (2008). Low self-esteem prospectively predicts 4047 

depression in adolescence and young adulthood. Journal of personality and social 4048 

psychology, 95(3), 695.  4049 

Owen, N., Healy, G. N., Matthews, C. E., & Dunstan, D. W. (2010). Too much sitting: the 4050 

population-health science of sedentary behavior. Exercise and sport sciences reviews, 4051 

38(3), 105.  4052 

Ozcan, N. A. J. O. S. (2019). The Mediator Role of Cognitive Flexibility and Mindfulness in 4053 

Relationship between Perceived Stress and Distress Tolerance among University 4054 

Students. 6(9), 316-332.  4055 

Park., Petrunoff, N. A., Wang, N. X., van Dam, R. M., Sia, A., Tan, C. S., & Muller-4056 

Riemenschneider, F. (2022). Daily park use, physical activity, and psychological 4057 

stress: A study using smartphone-based ecological momentary assessment amongst 4058 

a multi-ethnic Asian cohort. Mental Health and Physical Activity, 22 (no pagination), 4059 

Article 100440. 4060 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=em4061 

exb&AN=2016608229 4062 

https://birmingham-4063 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&i4064 

d=pmid:&id=doi:10.1016%2Fj.mhpa.2022.100440&issn=1755-4065 

2966&isbn=&volume=22&issue=&spage=100440&pages=&date=2022&title=Mental4066 

+Health+and+Physical+Activity&atitle=Daily+park+use%2C+physical+activity%2C+an4067 

d+psychological+stress%3A+A+study+using+smartphone-4068 

based+ecological+momentary+assessment+amongst+a+multi-4069 

https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/bulletins/youngpeopleswellbeingintheuk/2020
https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/bulletins/youngpeopleswellbeingintheuk/2020
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emexb&AN=2016608229
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emexb&AN=2016608229
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:&id=doi:10.1016%2Fj.mhpa.2022.100440&issn=1755-2966&isbn=&volume=22&issue=&spage=100440&pages=&date=2022&title=Mental+Health+and+Physical+Activity&atitle=Daily+park+use%2C+physical+activity%2C+and+psychological+stress%3A+A+study+using+smartphone-based+ecological+momentary+assessment+amongst+a+multi-ethnic+Asian+cohort&aulast=Park&pid=%3Cauthor%3EPark+S.H.%3C%2Fauthor%3E%3CAN%3E2016608229%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:&id=doi:10.1016%2Fj.mhpa.2022.100440&issn=1755-2966&isbn=&volume=22&issue=&spage=100440&pages=&date=2022&title=Mental+Health+and+Physical+Activity&atitle=Daily+park+use%2C+physical+activity%2C+and+psychological+stress%3A+A+study+using+smartphone-based+ecological+momentary+assessment+amongst+a+multi-ethnic+Asian+cohort&aulast=Park&pid=%3Cauthor%3EPark+S.H.%3C%2Fauthor%3E%3CAN%3E2016608229%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:&id=doi:10.1016%2Fj.mhpa.2022.100440&issn=1755-2966&isbn=&volume=22&issue=&spage=100440&pages=&date=2022&title=Mental+Health+and+Physical+Activity&atitle=Daily+park+use%2C+physical+activity%2C+and+psychological+stress%3A+A+study+using+smartphone-based+ecological+momentary+assessment+amongst+a+multi-ethnic+Asian+cohort&aulast=Park&pid=%3Cauthor%3EPark+S.H.%3C%2Fauthor%3E%3CAN%3E2016608229%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:&id=doi:10.1016%2Fj.mhpa.2022.100440&issn=1755-2966&isbn=&volume=22&issue=&spage=100440&pages=&date=2022&title=Mental+Health+and+Physical+Activity&atitle=Daily+park+use%2C+physical+activity%2C+and+psychological+stress%3A+A+study+using+smartphone-based+ecological+momentary+assessment+amongst+a+multi-ethnic+Asian+cohort&aulast=Park&pid=%3Cauthor%3EPark+S.H.%3C%2Fauthor%3E%3CAN%3E2016608229%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:&id=doi:10.1016%2Fj.mhpa.2022.100440&issn=1755-2966&isbn=&volume=22&issue=&spage=100440&pages=&date=2022&title=Mental+Health+and+Physical+Activity&atitle=Daily+park+use%2C+physical+activity%2C+and+psychological+stress%3A+A+study+using+smartphone-based+ecological+momentary+assessment+amongst+a+multi-ethnic+Asian+cohort&aulast=Park&pid=%3Cauthor%3EPark+S.H.%3C%2Fauthor%3E%3CAN%3E2016608229%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:&id=doi:10.1016%2Fj.mhpa.2022.100440&issn=1755-2966&isbn=&volume=22&issue=&spage=100440&pages=&date=2022&title=Mental+Health+and+Physical+Activity&atitle=Daily+park+use%2C+physical+activity%2C+and+psychological+stress%3A+A+study+using+smartphone-based+ecological+momentary+assessment+amongst+a+multi-ethnic+Asian+cohort&aulast=Park&pid=%3Cauthor%3EPark+S.H.%3C%2Fauthor%3E%3CAN%3E2016608229%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:&id=doi:10.1016%2Fj.mhpa.2022.100440&issn=1755-2966&isbn=&volume=22&issue=&spage=100440&pages=&date=2022&title=Mental+Health+and+Physical+Activity&atitle=Daily+park+use%2C+physical+activity%2C+and+psychological+stress%3A+A+study+using+smartphone-based+ecological+momentary+assessment+amongst+a+multi-ethnic+Asian+cohort&aulast=Park&pid=%3Cauthor%3EPark+S.H.%3C%2Fauthor%3E%3CAN%3E2016608229%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E


196 
 

ethnic+Asian+cohort&aulast=Park&pid=%3Cauthor%3EPark+S.H.%3C%2Fauthor%3E4070 

%3CAN%3E2016608229%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E  4071 

Parrish, B. P., Cohen, L. H., & Laurenceau, J.-P. (2011). Prospective relationship between 4072 

negative affective reactivity to daily stress and depressive symptoms. Journal of 4073 

Social and Clinical Psychology, 30(3), 270.  4074 

Pasanen, T. P., Tyrväinen, L., & Korpela, K. M. (2014). The relationship between perceived 4075 

health and physical activity indoors, outdoors in built environments, and outdoors in 4076 

nature. Applied psychology: Health and Well‐being, 6(3), 324-346.  4077 

Paschke, K., Arnaud, N., Austermann, M. I., & Thomasius, R. (2021). Risk factors for 4078 

prospective increase in psychological stress during COVID-19 lockdown in a 4079 

representative sample of adolescents and their parents. BJPsych Open, 7(3), e94.  4080 

Pascoe, Hetrick, S. E., & Parker, A. G. (2020). The impact of stress on students in secondary 4081 

school and higher education. International Journal of Adolescence and Youth, 25(1), 4082 

104-112.  4083 

Payne, N., Jones, F., & Harris, P. R. (2010). A daily diary investigation of the impact of work 4084 

stress on exercise intention realisation: Can planning overcome the disruptive 4085 

influence of work? Psychology and Health, 25(1), 111-129. 4086 

https://www.tandfonline.com/doi/full/10.1080/08870440903337622  4087 

Peters, M. D., Godfrey, C. M., Khalil, H., McInerney, P., Parker, D., & Soares, C. B. (2015). 4088 

Guidance for conducting systematic scoping reviews. JBI Evidence Implementation, 4089 

13(3), 141-146.  4090 

Petruzzello, S. J., Landers, D. M., Hatfield, B. D., Kubitz, K. A., & Salazar, W. (1991). A meta-4091 

analysis on the anxiety-reducing effects of acute and chronic exercise. Sports 4092 

medicine, 11(3), 143-182.  4093 

Piekarska, J. (2020). Determinants of perceived stress in adolescence: the role of personality 4094 

traits, emotional abilities, trait emotional intelligence, self-efficacy, and self-esteem. 4095 

Advances in Cognitive Psychology, 16(4), 309.  4096 

Pinto, B. M., Kindred, M. D., Dunsiger, S. I., & Williams, D. M. (2020). Sedentary behavior 4097 

among breast cancer survivors: a longitudinal study using ecological momentary 4098 

assessments. Journal of Cancer Survivorship, 1-8.  4099 

Price-Haywood, E. G., Burton, J., Fort, D., & Seoane, L. (2020). Hospitalization and mortality 4100 

among black patients and white patients with Covid-19. New England Journal of 4101 

Medicine.  4102 

Pruessner, J. C., Hellhammer, D. H., & Kirschbaum, C. (1999). Low self-esteem, induced 4103 

failure and the adrenocortical stress response. Personality and Individual Differences, 4104 

27(3), 477-489.  4105 

Puri, P., Yadav, K., & Shekhawat, L. (2016). Stress and life satisfaction among college 4106 

students. Indian Journal of Positive Psychology, 7(3).  4107 

Radez, J., Reardon, T., Creswell, C., Lawrence, P. J., Evdoka-Burton, G., & Waite, P. (2021). 4108 

Why do children and adolescents (not) seek and access professional help for their 4109 

mental health problems? A systematic review of quantitative and qualitative studies. 4110 

European Child & Adolescent Psychiatry, 30, 183-211.  4111 

Ramón-Arbués, E., Gea-Caballero, V., Granada-López, J. M., Juárez-Vela, R., Pellicer-García, 4112 

B., & Antón-Solanas, I. (2020). The prevalence of depression, anxiety and stress and 4113 

their associated factors in college students. International Journal of Environmental 4114 

Research and Public Health, 17(19), 7001. 4115 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7579351/pdf/ijerph-17-07001.pdf  4116 

https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:&id=doi:10.1016%2Fj.mhpa.2022.100440&issn=1755-2966&isbn=&volume=22&issue=&spage=100440&pages=&date=2022&title=Mental+Health+and+Physical+Activity&atitle=Daily+park+use%2C+physical+activity%2C+and+psychological+stress%3A+A+study+using+smartphone-based+ecological+momentary+assessment+amongst+a+multi-ethnic+Asian+cohort&aulast=Park&pid=%3Cauthor%3EPark+S.H.%3C%2Fauthor%3E%3CAN%3E2016608229%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:embase&id=pmid:&id=doi:10.1016%2Fj.mhpa.2022.100440&issn=1755-2966&isbn=&volume=22&issue=&spage=100440&pages=&date=2022&title=Mental+Health+and+Physical+Activity&atitle=Daily+park+use%2C+physical+activity%2C+and+psychological+stress%3A+A+study+using+smartphone-based+ecological+momentary+assessment+amongst+a+multi-ethnic+Asian+cohort&aulast=Park&pid=%3Cauthor%3EPark+S.H.%3C%2Fauthor%3E%3CAN%3E2016608229%3C%2FAN%3E%3CDT%3EArticle%3C%2FDT%3E
https://www.tandfonline.com/doi/full/10.1080/08870440903337622
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7579351/pdf/ijerph-17-07001.pdf


197 
 

Randal, C., Pratt, D., & Bucci, S. (2015). Mindfulness and self-esteem: a systematic review. 4117 

Mindfulness, 6, 1366-1378.  4118 

Rebar, A. L., Stanton, R., Geard, D., Short, C., Duncan, M. J., & Vandelanotte, C. (2015). A 4119 

meta-meta-analysis of the effect of physical activity on depression and anxiety in 4120 

non-clinical adult populations. Health Psychology Review, 9(3), 366-378.  4121 

Reinboth, M., Duda, J. L., & Ntoumanis, N. (2004). Dimensions of coaching behavior, need 4122 

satisfaction, and the psychological and physical welfare of young athletes. 4123 

Motivation and emotion, 28(3), 297-313.  4124 

Repetti, R., & Wang, S.-w. (2017). Effects of job stress on family relationships. Current 4125 

opinion in psychology, 13, 15-18.  4126 

Reynolds, D. L., Garay, J., Deamond, S., Moran, M. K., Gold, W., & Styra, R. (2008). 4127 

Understanding, compliance and psychological impact of the SARS quarantine 4128 

experience. Epidemiology & Infection, 136(7), 997-1007.  4129 

Roberti, J. W., Harrington, L. N., & Storch, E. A. (2006). Further psychometric support for the 4130 

10‐item version of the perceived stress scale. Journal of College Counseling, 9(2), 4131 

135-147.  4132 

Robins, R. W., & Trzesniewski, K. H. (2005). Self-esteem development across the lifespan. 4133 

Current Directions in Psychological Science, 14(3), 158-162.  4134 

Rodriguez-Ayllon, Cadenas-Sanchez, C., Estevez-Lopez, F., Munoz, N. E., Mora-Gonzalez, J., 4135 

Migueles, J. H., Molina-Garcia, P., Henriksson, H., Mena-Molina, A., & Martinez-4136 

Vizcaino, V. (2019). Role of physical activity and sedentary behavior in the mental 4137 

health of preschoolers, children and adolescents: a systematic review and meta-4138 

analysis. Sports medicine, 1-28.  4139 

Rodríguez-Rey, Garrido-Hernansaiz, & Collado. (2020). Psychological Impact and Associated 4140 

Factors during the Initial Stage of the Coronavirus (COVID-19) Pandemic among the 4141 

General Population in Spain. Frontiers in Psychology.  4142 

Roome, T., & Soan, C. (2019). GCSE exam stress: Student perceptions of the effects on 4143 

wellbeing and performance. Pastoral Care in Education, 37(4), 297-315.  4144 

Rosenberg, M. (1965). Rosenberg self-esteem scale (RSE). Acceptance and commitment 4145 

therapy. Measures package, 61(52), 18.  4146 

Rossi, L., Behme, N., & Breuer, C. (2021). Physical activity of children and adolescents during 4147 

the COVID-19 pandemic—A scoping review. International Journal of Environmental 4148 

Research and Public Health, 18(21), 11440.  4149 

Rotheram-Borus, M. J., Tomlinson, M., Durkin, A., Baird, K., DeCelles, J., & Swendeman, D. 4150 

(2016). Feasibility of using soccer and job training to prevent drug abuse and HIV. 4151 

AIDS and Behavior, 20, 1841-1850.  4152 

Rowley, A. A., Roesch, S. C., Jurica, B. J., & Vaughn, A. A. (2005). Developing and validating a 4153 

stress appraisal measure for minority adolescents. Journal of adolescence, 28(4), 4154 

547-557.  4155 

Roy, K., Kamath, V., & Kamath, A. (2015). Determinants of adolescent stress: A narrative 4156 

review. European Journal of Psychology & Educational Studies, 2(2).  4157 

Ryan, R. M., & Frederick, C. (1997). On energy, personality, and health: Subjective vitality as 4158 

a dynamic reflection of well‐being. Journal of personality, 65(3), 529-565.  4159 

Sadler, K., Vizard, T., Ford, T., Marchesell, F., Pearce, N., Mandalia, D., Davis, J., Brodie, E., 4160 

Forbes, N., & Goodman, A. (2018). Mental health of children and young people in 4161 

England, 2017.  4162 



198 
 

Sælid, G. A., & Nordahl, H. M. (2017). Rational emotive behaviour therapy in high schools to 4163 

educate in mental health and empower youth health. A randomized controlled study 4164 

of a brief intervention. Cognitive behaviour therapy, 46(3), 196-210.  4165 

Sala, M., Brosof, L. C., Rosenfield, D., Fernandez, K. C., & Levinson, C. A. (2017). Stress is 4166 

associated with exercise differently among individuals with higher and lower eating 4167 

disorder symptoms: An ecological momentary assessment study. International 4168 

Journal of Eating Disorders, 50(12), 1413-1420. 4169 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5761745/pdf/nihms929420.pdf  4170 

Sasangohar, F., Jones, S. L., Masud, F. N., Vahidy, F. S., & Kash, B. A. (2020). Provider burnout 4171 

and fatigue during the COVID-19 pandemic: lessons learned from a high-volume 4172 

intensive care unit. Anesthesia & Analgesia, 131(1), 106-111.  4173 

Schiffrin, H. H., Rezendes, D., & Nelson, S. K. (2009). Stressed and Happy? Investigating the 4174 

Relationship Between Happiness and Perceived Stress. Journal of Happiness studies, 4175 

10(4), 503-503. https://doi.org/10.1007/s10902-008-9118-1  4176 

Schneider, R. L., Long, E. E., Arch, J. J., & Hankin, B. L. (2021). The relationship between 4177 

stressful events, emotion dysregulation, and anxiety symptoms among youth: 4178 

Longitudinal support for stress causation but not stress generation. Anxiety, Stress, & 4179 

Coping, 34(2), 157-172.  4180 

Schuch, F. B., Stubbs, B., Meyer, J., Heissel, A., Zech, P., Vancampfort, D., Rosenbaum, S., 4181 

Deenik, J., Firth, J., & Ward, P. B. (2019). Physical activity protects from incident 4182 

anxiety: A meta‐analysis of prospective cohort studies. Depression and anxiety, 4183 

36(9), 846-858.  4184 

Schultchen, Reichenberger, J., Mittl, T., Weh, T. R. M., Smyth, J. M., Blechert, J., & Pollatos, 4185 

O. (2019). Bidirectional relationship of stress and affect with physical activity and 4186 

healthy eating [Research Support, Non-U.S. Gov't]. British Journal of Health 4187 

Psychology, 24(2), 315-333. 4188 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=me4189 

d16&AN=30672069 4190 

https://birmingham-4191 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&i4192 

d=pmid:30672069&id=doi:10.1111%2Fbjhp.12355&issn=1359-4193 

107X&isbn=&volume=24&issue=2&spage=315&pages=315-4194 

333&date=2019&title=British+Journal+of+Health+Psychology&atitle=Bidirectional+r4195 

elationship+of+stress+and+affect+with+physical+activity+and+healthy+eating.&aula4196 

st=Schultchen&pid=%3Cauthor%3ESchultchen+D%3C%2Fauthor%3E%3CAN%3E30674197 

2069%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E  4198 

Schwartz, K. D., Exner-Cortens, D., McMorris, C. A., Makarenko, E., Arnold, P., Van Bavel, M., 4199 

Williams, S., & Canfield, R. (2021). COVID-19 and student well-being: Stress and 4200 

mental health during return-to-school. Canadian journal of school psychology, 36(2), 4201 

166-185.  4202 

Scott, J. J., Morgan, P. J., Plotnikoff, R. C., & Lubans, D. R. (2015). Reliability and validity of a 4203 

single‐item physical activity measure for adolescents. Journal of paediatrics and child 4204 

health, 51(8), 787-793.  4205 

Sedentary Behaviour Research Network. (2012). Research Network. Letter to the editor: 4206 

standardized use of the terms" sedentary" and" sedentary behaviours. Appl Physiol 4207 

Nutr Metab, 37(3), 540-542.  4208 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5761745/pdf/nihms929420.pdf
https://doi.org/10.1007/s10902-008-9118-1
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=med16&AN=30672069
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=med16&AN=30672069
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:30672069&id=doi:10.1111%2Fbjhp.12355&issn=1359-107X&isbn=&volume=24&issue=2&spage=315&pages=315-333&date=2019&title=British+Journal+of+Health+Psychology&atitle=Bidirectional+relationship+of+stress+and+affect+with+physical+activity+and+healthy+eating.&aulast=Schultchen&pid=%3Cauthor%3ESchultchen+D%3C%2Fauthor%3E%3CAN%3E30672069%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:30672069&id=doi:10.1111%2Fbjhp.12355&issn=1359-107X&isbn=&volume=24&issue=2&spage=315&pages=315-333&date=2019&title=British+Journal+of+Health+Psychology&atitle=Bidirectional+relationship+of+stress+and+affect+with+physical+activity+and+healthy+eating.&aulast=Schultchen&pid=%3Cauthor%3ESchultchen+D%3C%2Fauthor%3E%3CAN%3E30672069%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:30672069&id=doi:10.1111%2Fbjhp.12355&issn=1359-107X&isbn=&volume=24&issue=2&spage=315&pages=315-333&date=2019&title=British+Journal+of+Health+Psychology&atitle=Bidirectional+relationship+of+stress+and+affect+with+physical+activity+and+healthy+eating.&aulast=Schultchen&pid=%3Cauthor%3ESchultchen+D%3C%2Fauthor%3E%3CAN%3E30672069%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:30672069&id=doi:10.1111%2Fbjhp.12355&issn=1359-107X&isbn=&volume=24&issue=2&spage=315&pages=315-333&date=2019&title=British+Journal+of+Health+Psychology&atitle=Bidirectional+relationship+of+stress+and+affect+with+physical+activity+and+healthy+eating.&aulast=Schultchen&pid=%3Cauthor%3ESchultchen+D%3C%2Fauthor%3E%3CAN%3E30672069%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:30672069&id=doi:10.1111%2Fbjhp.12355&issn=1359-107X&isbn=&volume=24&issue=2&spage=315&pages=315-333&date=2019&title=British+Journal+of+Health+Psychology&atitle=Bidirectional+relationship+of+stress+and+affect+with+physical+activity+and+healthy+eating.&aulast=Schultchen&pid=%3Cauthor%3ESchultchen+D%3C%2Fauthor%3E%3CAN%3E30672069%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:30672069&id=doi:10.1111%2Fbjhp.12355&issn=1359-107X&isbn=&volume=24&issue=2&spage=315&pages=315-333&date=2019&title=British+Journal+of+Health+Psychology&atitle=Bidirectional+relationship+of+stress+and+affect+with+physical+activity+and+healthy+eating.&aulast=Schultchen&pid=%3Cauthor%3ESchultchen+D%3C%2Fauthor%3E%3CAN%3E30672069%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:30672069&id=doi:10.1111%2Fbjhp.12355&issn=1359-107X&isbn=&volume=24&issue=2&spage=315&pages=315-333&date=2019&title=British+Journal+of+Health+Psychology&atitle=Bidirectional+relationship+of+stress+and+affect+with+physical+activity+and+healthy+eating.&aulast=Schultchen&pid=%3Cauthor%3ESchultchen+D%3C%2Fauthor%3E%3CAN%3E30672069%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:30672069&id=doi:10.1111%2Fbjhp.12355&issn=1359-107X&isbn=&volume=24&issue=2&spage=315&pages=315-333&date=2019&title=British+Journal+of+Health+Psychology&atitle=Bidirectional+relationship+of+stress+and+affect+with+physical+activity+and+healthy+eating.&aulast=Schultchen&pid=%3Cauthor%3ESchultchen+D%3C%2Fauthor%3E%3CAN%3E30672069%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E


199 
 

Sedikides, C., & Gress., A. P. (2003). Portraits of the self. In M. A. H. a. J. Cooper (Ed.), Sage 4209 

Handbook of social psychology (pp. 110-138). Sage.  4210 

Seeman, M., & Lewis, S. (1995). Powerlessness, health and mortality: A longitudinal study of 4211 

older men and mature women. Social science & medicine, 41(4), 517-525.  4212 

Segerstrom, S. C., & O’Connor, D. B. (2012). Stress, health and illness: Four challenges for 4213 

the future. Psychology & health, 27(2), 128-140.  4214 

Selye, H. (1974). Stress without distress. In Psychopathology of human adaptation (pp. 137-4215 

146). Springer.  4216 

Shang, B., Duan, Y., Huang, W. Y., & Brehm, W. (2018). Fluctuation–a common but neglected 4217 

pattern of physical activity behaviour: An exploratory review of studies in recent 20 4218 

years. European journal of sport science, 18(2), 266-278.  4219 

Shields, G. S., Rivers, A. M., Ramey, M. M., Trainor, B. C., & Yonelinas, A. P. (2019). Mild 4220 

acute stress improves response speed without impairing accuracy or interference 4221 

control in two selective attention tasks: Implications for theories of stress and 4222 

cognition. Psychoneuroendocrinology, 108, 78-86.  4223 

Shields, G. S., Sazma, M. A., McCullough, A. M., & Yonelinas, A. P. (2017). The effects of 4224 

acute stress on episodic memory: A meta-analysis and integrative review. 4225 

Psychological bulletin, 143(6), 636.  4226 

Shiffman, S., Stone, A. A., & Hufford, M. R. (2008). Ecological momentary assessment. Annu. 4227 

Rev. Clin. Psychol., 4, 1-32. 4228 

https://www.annualreviews.org/doi/pdf/10.1146/annurev.clinpsy.3.022806.091415  4229 

Silva, D. R., Werneck, A. O., Tomeleri, C. M., Fernandes, R. A., Ronque, E. R., & Cyrino, E. S. 4230 

(2017). Screen-based sedentary behaviors, mental health, and social relationships 4231 

among adolescents. Motriz: Revista de Educação Física, 23(spe2), e101786.  4232 

Simons, J. S., & Gaher, R. M. (2005). The Distress Tolerance Scale: Development and 4233 

validation of a self-report measure. Motivation and emotion, 29(2), 83-102.  4234 

Singh, B., Olds, T., Curtis, R., Dumuid, D., Virgara, R., Watson, A., Szeto, K., O'Connor, E., 4235 

Ferguson, T., & Eglitis, E. (2023). Effectiveness of physical activity interventions for 4236 

improving depression, anxiety and distress: an overview of systematic reviews. 4237 

British journal of sports medicine.  4238 

Skinner, N., & Brewer, N. (2002). The dynamics of threat and challenge appraisals prior to 4239 

stressful achievement events. Journal of personality and social psychology, 83(3), 4240 

678.  4241 

Smets, E., Garssen, B., Bonke, B. d., & De Haes, J. (1995). The Multidimensional Fatigue 4242 

Inventory (MFI) psychometric qualities of an instrument to assess fatigue. Journal of 4243 

psychosomatic research, 39(3), 315-325.  4244 

Smith, K. E., O'Connor, S. M., Mason, T. B., Wang, S., Dzubur, E., Crosby, R. D., Wonderlich, S. 4245 

A., Salvy, S. J., Feda, D. M., & Roemmich, J. N. (2021). Associations between objective 4246 

physical activity and emotional eating among adiposity‐discordant siblings using 4247 

ecological momentary assessment and accelerometers. Pediatric obesity, 16(3), 4248 

e12720. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8086815/pdf/nihms-4249 

1693843.pdf  4250 

Solmi, M., Radua, J., Olivola, M., Croce, E., Soardo, L., Salazar de Pablo, G., Il Shin, J., 4251 

Kirkbride, J. B., Jones, P., & Kim, J. H. (2022). Age at onset of mental disorders 4252 

worldwide: large-scale meta-analysis of 192 epidemiological studies. Molecular 4253 

psychiatry, 27(1), 281-295.  4254 

https://www.annualreviews.org/doi/pdf/10.1146/annurev.clinpsy.3.022806.091415
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8086815/pdf/nihms-1693843.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8086815/pdf/nihms-1693843.pdf


200 
 

Song, H., Fang, F., Arnberg, F. K., Mataix-Cols, D., de la Cruz, L. F., Almqvist, C., Fall, K., 4255 

Lichtenstein, P., Thorgeirsson, G., & Valdimarsdóttir, U. A. (2019). Stress related 4256 

disorders and risk of cardiovascular disease: population based, sibling controlled 4257 

cohort study. bmj, 365.  4258 

Sonstroem, R. J. (1998). 6 Physical Self-Concept: Assessment and External Validity. Exercise 4259 

and sport sciences reviews, 26(1), 133-164.  4260 

Sowislo, J. F., & Orth, U. (2013). Does low self-esteem predict depression and anxiety? A 4261 

meta-analysis of longitudinal studies. Psychological bulletin, 139(1), 213.  4262 

Sport England. (2021). Active Lives Children and Young People Survey Coronavirus (Covid-4263 

19) Report. Mid-May-late July 2020. https://sportengland-production-files.s3.eu-4264 

west-2.amazonaws.com/s3fs-public/2021-4265 

01/Understanding%20the%20impact%20of%20coronavirus%20-4266 

%20January%202020.pdf?i3nGv3dZ.w8cL3ioOOc3k1Ky1kNFUH3F  4267 

Stanton, R., To, Q. G., Khalesi, S., Williams, S. L., Alley, S. J., Thwaite, T. L., Fenning, A. S., & 4268 

Vandelanotte, C. (2020). Depression, Anxiety and Stress during COVID-19: 4269 

Associations with Changes in Physical Activity, Sleep, Tobacco and Alcohol Use in 4270 

Australian Adults. International Journal of Environmental Research and Public Health, 4271 

17(11), 4065.  4272 

Strahler, J., Nater, U. M., & Skoluda, N. (2020). Associations between health behaviors and 4273 

factors on markers of healthy psychological and physiological functioning: a daily 4274 

diary study. Annals of Behavioral Medicine, 54(1), 22-35. 4275 

https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW4276 

_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCC4277 

ArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICi4278 

fsPfhLi75gQBc5qX1X5quB1qytwIa-4279 

UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-4280 

vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-4281 

q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-4282 

5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-4283 

3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W44284 

udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmv4285 

N72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-4286 

mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna4287 

1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-4288 

ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-4289 

ZHTJ83azoxf4vM9eqS-4290 

LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-4291 

gKA8wLCbZ2oYm9SClayjCS6-4292 

XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-4293 

T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18  4294 

Stults-Kolehmainen, M. A., & Sinha, R. (2014). The effects of stress on physical activity and 4295 

exercise. Sports medicine, 44, 81-121.  4296 

Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariate statistics: International edition. 4297 

Pearson2012.  4298 

Tambs, K., & Røysamb, E. (2014). Selection of questions to short-form versions of original 4299 

psychometric instruments in MoBa.  4300 

https://sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/2021-01/Understanding%20the%20impact%20of%20coronavirus%20-%20January%202020.pdf?i3nGv3dZ.w8cL3ioOOc3k1Ky1kNFUH3F
https://sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/2021-01/Understanding%20the%20impact%20of%20coronavirus%20-%20January%202020.pdf?i3nGv3dZ.w8cL3ioOOc3k1Ky1kNFUH3F
https://sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/2021-01/Understanding%20the%20impact%20of%20coronavirus%20-%20January%202020.pdf?i3nGv3dZ.w8cL3ioOOc3k1Ky1kNFUH3F
https://sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/2021-01/Understanding%20the%20impact%20of%20coronavirus%20-%20January%202020.pdf?i3nGv3dZ.w8cL3ioOOc3k1Ky1kNFUH3F
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18
https://watermark.silverchair.com/kaz018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAtYwggLSBgkqhkiG9w0BBwagggLDMIICvwIBADCCArgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM0CW1PueZbmg9dRUAAgEQgIICifsPfhLi75gQBc5qX1X5quB1qytwIa-UseH6_cVblfMKzxea2NtLIiFhuipwP07YN7pgtsIhouwaYQYTiqOry4x3xzDiYW-vt4kzeysZaRihZ-1SVp-_QGIS_eGeto74x-AA4V9mbRBGUSj6WzzuYV9hZz-q_YrPjsOICI64TXeI2HGeHL-dL7Ob-3RiazlS8NCc2IRmRNq3BEjQuR_sICYgez8CFD-5tfBvRazIGqMgsaiBLrTo2jBzqur9NB2Npl-LncAnm_XqYiRfax1gdptaRPiBnR9HvNO9-3K2boOpb9mg3jdvfFtZqYx2HQj_S3k5sSR6TIwTKfIU0r8epWPG5wtHHqAjkkk0lkX4W4udKokUc44HhpcWstJDNq7uj4iNYOmSstumWdpTb_2dywpCaXe1107RETh3gWrhHmvN72Hfaop21OVojHOYZW7c6_S0UP1kzO1f3z86aOUsnf4CrN-u3ZoqBrCu-mRvfKRiiBkk0kNVNfTj5thA3tDySuVqVBtpn6RthZypDhVH9fNGA4O9PxA4uIDHvmgna1lt5K1K_I9XWijfOoHg1NT0-fp-VZnqVA7fJ0Wh3-ZrEni5XqEPB3N3y3QJGY93vL1hjcYNu_FkvtUaCca2h5Uyq3c5ufLec8KvGPw4Sqgv_uJK-ZHTJ83azoxf4vM9eqS-LY7g9anGTrd8taJEYavw8_lLBhsNBPKt9twBI_WKwwGReVsVQPZCkheGVTjm-gKA8wLCbZ2oYm9SClayjCS6-XCyX6lXIZolIAwMLoHRn9xIVHavG5KEiwDI4x9KtdE_SqxVxbsaii2bH-T2z4ZAb0a6Zn0JHhqMD5YxdCgbwGCKJWWK9cAKg18


201 
 

Taylor, S. (2019). The psychology of pandemics: Preparing for the next global outbreak of 4301 

infectious disease. Cambridge Scholars Publishing.  4302 

Taylor, S. E., & Stanton, A. L. (2007). Coping resources, coping processes, and mental health. 4303 

Annu. Rev. Clin. Psychol., 3, 377-401.  4304 

Teychenne, M., Stephens, L. D., Costigan, S. A., Olstad, D. L., Stubbs, B., & Turner, A. I. 4305 

(2019). The association between sedentary behaviour and indicators of stress: a 4306 

systematic review. BMC public health, 19(1), 1-15. 4307 

https://link.springer.com/article/10.1186%2Fs12889-019-7587-2  4308 

Tricco, A. C., Lillie, E., Zarin, W., O'Brien, K. K., Colquhoun, H., Levac, D., Moher, D., Peters, 4309 

M. D., Horsley, T., & Weeks, L. (2018). PRISMA extension for scoping reviews 4310 

(PRISMA-ScR): checklist and explanation. Annals of internal medicine, 169(7), 467-4311 

473.  4312 

Trotman, G. P., Williams, S. E., Quinton, M. L., & van Zanten, J. J. V. J. I. J. o. P. (2018). 4313 

Challenge and threat states: examining cardiovascular, cognitive and affective 4314 

responses to two distinct laboratory stress tasks. 126, 42-51.  4315 

Tully, P. J., Zajac, I. T., & Venning, A. J. (2009). The structure of anxiety and depression in a 4316 

normative sample of younger and older Australian adolescents. Journal of abnormal 4317 

child psychology, 37, 717-726.  4318 

UK Government. (2020). Prime Minister's statement on coronavirus (COVID-19). 4319 

https://www.gov.uk/government/speeches/pm-address-to-the-nation-on-4320 

coronavirus-23-march-2020. https://www.gov.uk/government/speeches/pm-4321 

address-to-the-nation-on-coronavirus-23-march-2020  4322 

ukactive Research Institute. (2020). British Active Students Survey: Higher Education 4323 

2019/2020 Report. https://www.bucs.org.uk/static/f352c43b-621d-44ae-4324 

8a44cfeb2196771c/BASS-2019-HE.pdf 4325 

UNICEF. (2021). The State of the World's Children 2021: On My Mind--Promoting, Protecting 4326 

and Caring for Children's Mental Health. UNICEF.  4327 

van Sluijs, E. M., Ekelund, U., Crochemore-Silva, I., Guthold, R., Ha, A., Lubans, D., Oyeyemi, 4328 

A. L., Ding, D., & Katzmarzyk, P. T. (2021). Physical activity behaviours in adolescence: 4329 

current evidence and opportunities for intervention. The Lancet, 398(10298), 429-4330 

442.  4331 

van Steenbergen, H., de Bruijn, E. R., van Duijvenvoorde, A. C., & van Harmelen, A.-L. (2021). 4332 

How positive affect buffers stress responses. Current Opinion in Behavioral Sciences, 4333 

39, 153-160.  4334 

Vantieghem, S., Bautmans, I., Tresignie, J., & Provyn, S. (2018). Self-perceived fatigue in 4335 

adolescents in relation to body composition and physical outcomes. Pediatric 4336 

research, 83(2), 420-424.  4337 

Vernon, L. L., Dillon, J. M., & Steiner, A. R. (2009). Proactive coping, gratitude, and 4338 

posttraumatic stress disorder in college women. Anxiety, Stress, & Coping, 22(1), 4339 

117-127.  4340 

Vogel, E. A., Zhang, J. S., Peng, K., Heaney, C. A., Lu, Y., Lounsbury, D., Hsing, A. W., & 4341 

Prochaska, J. J. (2022). Physical activity and stress management during COVID-19: a 4342 

longitudinal survey study. Psychology & health, 37(1), 51-61.  4343 

von der Embse, N., & Mankin, A. (2021). Changes in teacher stress and wellbeing throughout 4344 

the academic year. Journal of Applied School Psychology, 37(2), 165-184.  4345 

https://link.springer.com/article/10.1186%2Fs12889-019-7587-2
https://www.gov.uk/government/speeches/pm-address-to-the-nation-on-coronavirus-23-march-2020
https://www.gov.uk/government/speeches/pm-address-to-the-nation-on-coronavirus-23-march-2020
https://www.gov.uk/government/speeches/pm-address-to-the-nation-on-coronavirus-23-march-2020
https://www.gov.uk/government/speeches/pm-address-to-the-nation-on-coronavirus-23-march-2020
https://www.bucs.org.uk/static/f352c43b-621d-44ae-8a44cfeb2196771c/BASS-2019-HE.pdf
https://www.bucs.org.uk/static/f352c43b-621d-44ae-8a44cfeb2196771c/BASS-2019-HE.pdf


202 
 

Wade, L., Lubans, D. R., Smith, J. J., & Duncan, M. J. (2020). The impact of exercise 4346 

environments on adolescents’ cognitive and psychological outcomes: A randomised 4347 

controlled trial. Psychology of Sport and Exercise, 49, 101707.  4348 

Wang, X., Li, Y., & Fan, H. (2019). The associations between screen time-based sedentary 4349 

behavior and depression: a systematic review and meta-analysis. BMC public health, 4350 

19, 1-9.  4351 

Warburton, D. E., & Bredin, S. S. (2017). Health benefits of physical activity: a systematic 4352 

review of current systematic reviews. Current opinion in cardiology, 32(5), 541-556.  4353 

Warburton, D. E., & Bredin, S. S. (2019). Health benefits of physical activity: A strengths-4354 

based approach. In (Vol. 8, pp. 2044): MDPI. 4355 

Ware Jr, J. E., Kosinski, M., & Keller, S. D. (1996). A 12-Item Short-Form Health Survey: 4356 

construction of scales and preliminary tests of reliability and validity. Medical care, 4357 

220-233.  4358 

Weinstein, A. A., Koehmstedt, C., & Kop, W. J. (2017). Mental health consequences of 4359 

exercise withdrawal: A systematic review. General hospital psychiatry, 49, 11-18.  4360 

Wheaton, M. G., Abramowitz, J. S., Berman, N. C., Fabricant, L. E., & Olatunji, B. O. (2012). 4361 

Psychological predictors of anxiety in response to the H1N1 (swine flu) pandemic. 4362 

Cognitive Therapy and Research, 36(3), 210-218.  4363 

White, D., Leach, C., Sims, R., Atkinson, M., & Cottrell, D. (1999). Validation of the Hospital 4364 

Anxiety and Depression Scale for use with adolescents. The British Journal of 4365 

Psychiatry, 175(5), 452-454.  4366 

White, R. L., Babic, M. J., Parker, P. D., Lubans, D. R., Astell-Burt, T., & Lonsdale, C. (2017). 4367 

Domain-specific physical activity and mental health: a meta-analysis. American 4368 

journal of preventive medicine, 52(5), 653-666.  4369 

Williams, S. E., & Cumming, J. (2012). Sport imagery ability predicts trait confidence, and 4370 

challenge and threat appraisal tendencies. European journal of sport science, 12(6), 4371 

499-508.  4372 

Wilson, P. M., & Rodgers, W. M. J. J. o. a. b. r. (2002). The Relationship Between Exercise 4373 

Motives and Physical Self‐Esteem in Female Exercise Participants: An Application of 4374 

Self‐Determination Theory 1. 7(1), 30-43.  4375 

Wipfli, B. M., Rethorst, C. D., & Landers, D. M. (2008). The anxiolytic effects of exercise: a 4376 

meta-analysis of randomized trials and dose–response analysis. Journal of Sport and 4377 

Exercise Psychology, 30(4), 392-410.  4378 

Wolitzky‐Taylor, K., Guillot, C. R., Pang, R. D., Kirkpatrick, M. G., Zvolensky, M. J., Buckner, J. 4379 

D., & Leventhal, A. M. (2015). Examination of anxiety sensitivity and distress 4380 

tolerance as transdiagnostic mechanisms linking multiple anxiety pathologies to 4381 

alcohol use problems in adolescents. Alcoholism: Clinical and Experimental Research, 4382 

39(3), 532-539.  4383 

Wood, C., Angus, C., Pretty, J., Sandercock, G., & Barton, J. (2013). A randomised control 4384 

trial of physical activity in a perceived environment on self-esteem and mood in UK 4385 

adolescents. International journal of environmental health research, 23(4), 311-320.  4386 

World Health Organisation. (2018). Adolescent mental health in the European Region: 4387 

Factsheet for World Mental Health Day 2018. Retrieved July 31, 2020.  4388 

World Health Organisation. (2019). Global action plan on physical activity 2018-2030: more 4389 

active people for a healthier world. (9241514183). World Health Organization 4390 

World Health Organisation. (2020). Fact sheet, detail, depression.  4391 

World Health Organisation. (2023). Fact sheet, detail, anxiety.  4392 



203 
 

World Health Organization. (2004). Promoting mental health: Concepts, emerging evidence, 4393 

practice: Summary report. World Health Organization.  4394 

World Health Organization. (2020). World Health Organization coronavirus disease 2019 4395 

(COVID-19) situation report-51. In. Geneva: Switzerland: World Health Organisation. 4396 

Wright, L. J., Williams, S. E., & Veldhuijzen van Zanten, J. J. (2021). Physical activity protects 4397 

against the negative impact of coronavirus fear on adolescent mental health and 4398 

well-being during the COVID-19 pandemic. Frontiers in Psychology, 12, 580511.  4399 

Xiang, Y.-T., Yang, Y., Li, W., Zhang, L., Zhang, Q., Cheung, T., & Ng, C. H. (2020). Timely 4400 

mental health care for the 2019 novel coronavirus outbreak is urgently needed. The 4401 

Lancet Psychiatry, 7(3), 228-229.  4402 

Yarcheski, A., & Mahon, N. E. (1999). The moderator-mediator role of social support in early 4403 

adolescents. Western Journal of Nursing Research, 21(5), 685-698.  4404 

Zawadzki, M. J., Smyth, J. M., & Costigan, H. J. (2015). Real-time associations between 4405 

engaging in leisure and daily health and well-being. Annals of Behavioral Medicine, 4406 

49(4), 605-615. 4407 

https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi24408 

08BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwa4409 

gggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2l4410 

oEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-4411 

TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0m4412 

ZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-4413 

OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-4414 

OfRK9djekzlFJsSBUbT1ZFryZKrZ-4415 

BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQ4416 

SuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-4417 

BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-4418 

_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQ4419 

K6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDm4420 

mSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-4421 

hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsA4422 

A0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDm4423 

Nattkk0-4424 

PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-4425 

QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-4426 

7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR  4427 

Zenk, S. N., Horoi, I., Jones, K. K., Finnegan, L., Corte, C., Riley, B., & Wilbur, J. (2017). 4428 

Environmental and personal correlates of physical activity and sedentary behavior in 4429 

African American women: An ecological momentary assessment study. Women & 4430 

Health, 57(4), 446-462. 4431 

https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=me4432 

d14&AN=27014957 4433 

https://birmingham-4434 

primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&i4435 

d=pmid:27014957&id=doi:10.1080%2F03630242.2016.1170093&issn=0363-4436 

0242&isbn=&volume=57&issue=4&spage=446&pages=446-4437 

462&date=2017&title=Women+%26+Health&atitle=Environmental+and+personal+c4438 

orrelates+of+physical+activity+and+sedentary+behavior+in+African+American+wom4439 

https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://watermark.silverchair.com/12160_2015_article_9694.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAu8wggLrBgkqhkiG9w0BBwagggLcMIIC2AIBADCCAtEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMS7nXYKxx2loEH_hvAgEQgIICoiGG_33sGKE7D1j7xF3gQCTC_BMFe83k5xc59E9gfaWTE-TQwvhXvFam_rJ64lrWS1PUc0zGjJoWsDx9za4hverbd9k0cCUoLsqfOG7_GE1lK1Xb0mZhYeCxefKb477fBhNpKOH2wyHZYmIwNfbh1gvQUPIzlh2qP_VOdMD-OR2GyFo123k61s5QbmMxDnj6DcPOhjs8thUpLgmu3yhKCgsJy7myB3_DbSKKem4KlG-OfRK9djekzlFJsSBUbT1ZFryZKrZ-BQIPw7VZ7yw42gf2NZHaNr5t_ju6zWWOeQq1vpv8NouYMu_6cKJE0szlIY587mwPgQSuD_y652Lrw7ZSKCuRNwdhVcdeKsnsMvnhiwPztL-BIrwKQ9D_szGuCFXnVDsdyUoPFYD4wAC74-_ve1bJ4Be_IT1ljzufj0jktuJY9cQRvS_s3xgz8fcQ7CuXA9qtjopRzK7cb7POONnsoVNpBQK6PilEfdGgwbLJZgJEW8si2ARjOMx04Pd5y1cyDKbsaezCnNmqIxZoy29Ev70GncOcvDmmSfvlOC3fR49BCi7D5qg6-zPaGCRboRMX6Q1Ft2y4G9-hYSG0OyCx2kZ6E6BFS3OghXLYa_P6Wrq9FZ4X0qtO9iiu878XhQIA2bGEtpzM_fkxGsAA0917cfcScVPHhFMnYVoMfXtYy6QSoRfZNnlkC5P8MEUHg8yucCJnC7FuRDuftgQoDmNattkk0-PkOm6wxPFAzQMeKcXeygTiSm5c5CYTFcL2a3h0YoQhLfCU34bFCfZkn2mcRynIGbG-QL0NNZ84qQqlidrsZusG1Q4ELb9365M91JJ6epvPChAlrcO0D8yRV-7y1QEZsCK7rAtYoISxUI-7b-C-vvBQ0OZSI6dpjWp2MayR
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=med14&AN=27014957
https://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=med14&AN=27014957
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:27014957&id=doi:10.1080%2F03630242.2016.1170093&issn=0363-0242&isbn=&volume=57&issue=4&spage=446&pages=446-462&date=2017&title=Women+%26+Health&atitle=Environmental+and+personal+correlates+of+physical+activity+and+sedentary+behavior+in+African+American+women%3A+An+ecological+momentary+assessment+study.&aulast=Zenk&pid=%3Cauthor%3EZenk+SN%3C%2Fauthor%3E%3CAN%3E27014957%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:27014957&id=doi:10.1080%2F03630242.2016.1170093&issn=0363-0242&isbn=&volume=57&issue=4&spage=446&pages=446-462&date=2017&title=Women+%26+Health&atitle=Environmental+and+personal+correlates+of+physical+activity+and+sedentary+behavior+in+African+American+women%3A+An+ecological+momentary+assessment+study.&aulast=Zenk&pid=%3Cauthor%3EZenk+SN%3C%2Fauthor%3E%3CAN%3E27014957%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:27014957&id=doi:10.1080%2F03630242.2016.1170093&issn=0363-0242&isbn=&volume=57&issue=4&spage=446&pages=446-462&date=2017&title=Women+%26+Health&atitle=Environmental+and+personal+correlates+of+physical+activity+and+sedentary+behavior+in+African+American+women%3A+An+ecological+momentary+assessment+study.&aulast=Zenk&pid=%3Cauthor%3EZenk+SN%3C%2Fauthor%3E%3CAN%3E27014957%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:27014957&id=doi:10.1080%2F03630242.2016.1170093&issn=0363-0242&isbn=&volume=57&issue=4&spage=446&pages=446-462&date=2017&title=Women+%26+Health&atitle=Environmental+and+personal+correlates+of+physical+activity+and+sedentary+behavior+in+African+American+women%3A+An+ecological+momentary+assessment+study.&aulast=Zenk&pid=%3Cauthor%3EZenk+SN%3C%2Fauthor%3E%3CAN%3E27014957%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:27014957&id=doi:10.1080%2F03630242.2016.1170093&issn=0363-0242&isbn=&volume=57&issue=4&spage=446&pages=446-462&date=2017&title=Women+%26+Health&atitle=Environmental+and+personal+correlates+of+physical+activity+and+sedentary+behavior+in+African+American+women%3A+An+ecological+momentary+assessment+study.&aulast=Zenk&pid=%3Cauthor%3EZenk+SN%3C%2Fauthor%3E%3CAN%3E27014957%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:27014957&id=doi:10.1080%2F03630242.2016.1170093&issn=0363-0242&isbn=&volume=57&issue=4&spage=446&pages=446-462&date=2017&title=Women+%26+Health&atitle=Environmental+and+personal+correlates+of+physical+activity+and+sedentary+behavior+in+African+American+women%3A+An+ecological+momentary+assessment+study.&aulast=Zenk&pid=%3Cauthor%3EZenk+SN%3C%2Fauthor%3E%3CAN%3E27014957%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E


204 
 

en%3A+An+ecological+momentary+assessment+study.&aulast=Zenk&pid=%3Cautho4440 

r%3EZenk+SN%3C%2Fauthor%3E%3CAN%3E27014957%3C%2FAN%3E%3CDT%3EJou4441 

rnal+Article%3C%2FDT%3E  4442 

Zhang, J., Yang, S. X., Wang, L., Han, L. H., & Wu, X. Y. (2022). The influence of sedentary 4443 

behaviour on mental health among children and adolescents: A systematic review 4444 

and meta-analysis of longitudinal studies. Journal of affective disorders, 306, 90-114.  4445 

Zhang, Y., Zhang, H., Ma, X., & Di, Q. (2020). Mental Health Problems during the COVID-19 4446 

Pandemics and the Mitigation Effects of Exercise: A Longitudinal Study of College 4447 

Students in China. International Journal of Environmental Research and Public 4448 

Health, 17(10), 3722.  4449 

Zhang, Z., & Chen, W. (2019). A systematic review of the relationship between physical 4450 

activity and happiness. Journal of Happiness studies, 20(4), 1305-1322.  4451 

Zhou, S.-J., Zhang, L.-G., Wang, L.-L., Guo, Z.-C., Wang, J.-Q., Chen, J.-C., Liu, M., Chen, X., & 4452 

Chen, J.-X. (2020). Prevalence and socio-demographic correlates of psychological 4453 

health problems in Chinese adolescents during the outbreak of COVID-19. European 4454 

Child & Adolescent Psychiatry, 1-10.  4455 

Zigmond, A. S., & Snaith, R. P. (1983). The hospital anxiety and depression scale. Acta 4456 

psychiatrica scandinavica, 67(6), 361-370.  4457 

4458 

https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:27014957&id=doi:10.1080%2F03630242.2016.1170093&issn=0363-0242&isbn=&volume=57&issue=4&spage=446&pages=446-462&date=2017&title=Women+%26+Health&atitle=Environmental+and+personal+correlates+of+physical+activity+and+sedentary+behavior+in+African+American+women%3A+An+ecological+momentary+assessment+study.&aulast=Zenk&pid=%3Cauthor%3EZenk+SN%3C%2Fauthor%3E%3CAN%3E27014957%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:27014957&id=doi:10.1080%2F03630242.2016.1170093&issn=0363-0242&isbn=&volume=57&issue=4&spage=446&pages=446-462&date=2017&title=Women+%26+Health&atitle=Environmental+and+personal+correlates+of+physical+activity+and+sedentary+behavior+in+African+American+women%3A+An+ecological+momentary+assessment+study.&aulast=Zenk&pid=%3Cauthor%3EZenk+SN%3C%2Fauthor%3E%3CAN%3E27014957%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E
https://birmingham-primo.hosted.exlibrisgroup.com/openurl/44BIR/44BIR_Services?sid=OVID:medline&id=pmid:27014957&id=doi:10.1080%2F03630242.2016.1170093&issn=0363-0242&isbn=&volume=57&issue=4&spage=446&pages=446-462&date=2017&title=Women+%26+Health&atitle=Environmental+and+personal+correlates+of+physical+activity+and+sedentary+behavior+in+African+American+women%3A+An+ecological+momentary+assessment+study.&aulast=Zenk&pid=%3Cauthor%3EZenk+SN%3C%2Fauthor%3E%3CAN%3E27014957%3C%2FAN%3E%3CDT%3EJournal+Article%3C%2FDT%3E


205 
 

Appendices 4459 

 4460 

Appendix 1: Unstandardised Specific Indirect Effects between Model Variables 4461 

 Anxiety  Depressive Symptoms 

Specific Indirect Effect Pathway Estimate 
Lower 

(95%CI) 
Upper 

(95%CI) 
p 

 
Estimate 

Lower 
(95%CI) 

Upper 
(95%CI) 

p 

PA-SE-PS -.027 -.052 -.012 .007  -.027 -.052 -.012 .007 
PA-SE-PS-IS -.091 -.182 -.037 .008  -.067 -.133 -.023 .012 
PA-SE-THR-PS -.014 -.025 -.006 .008  -.014 -.025 -.006 .008 
PA-SE-THR-PS-IS -.045 -.086 -.018 .012  -.033 -.073 -.013 .007 
PA-SE-THR-DT-PS -.004 -.009 -.002 .004  -.004 -.009 -.002 .004 
PA-SE-THR-DT-PS-IS -.014 -.028 -.005 .005  -.01 -.023 -.004 .003 
PA-SE-THR-CHAL-PS -.002 -.005 -.001 .002  -.002 -.005 -.001 .002 
PA-SE-THR-CHAL-PS-IS -.006 -.018 -.003 .002  -.004 -.015 -.002 .001 
PA-SE-THR-CHAL-DT-PS 0 -.001 0 .002  0 -.001 0 .002 
PA-SE-THR-CHAL-DT-PS-IS -.001 -.002 0 .002  -.001 -.002 0 .002 
PA-SE-THR-DT-IS -.042 -.09 -.021 .002  -.009 -.026 .015 .327 
PA-SE-THR-CHAL-DT-IS -.002 -.005 -.001 .003  -.001 -.002 0 .192 
PA-SE-CHAL-PS -.018 -.039 -.008 .004  -.018 -.039 -.008 .004 
PA-SE-CHAL-PS-IS -.06 -.119 -.026 .006  -.044 -.104 -.022 .003 
PA-SE-CHAL-DT-PS -.002 -.007 -.001 .003  -.002 -.007 -.001 .003 
PA-SE-CHAL-DT-PS-IS -.008 -.023 -.002 .004  -.006 -.017 -.002 .002 
PA-SE-CHAL-THR-PS -.002 -.005 -.001 .004  -.002 -.005 -.001 .004 
PA-SE-CHAL-THR-PS-IS -.008 -.02 -.004 .005  -.006 -.014 -.002 .004 
PA-SE-CHAL-THR-DT-PS -.001 - 0 .001  -.001 - 0 .001 
PA-SE-CHAL-THR-DT-PS-IS -.002 - -.001 .001  -.002 - -.001 .001 
PA-SE-CHAL-DT-IS -.024 -.052 -.006 .005  -.005 -.019 .005 .209 
PA-SE-CHAL-THR-DT-IS -.008 -.016 -.004 .001  -.002 -.006 .001 .208 
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PA-SE-RES-THR-PS -.002 -.006 0 .013  -.002 -.006 0 .013 
PA-SE-RES-THR-DT-PS -.001 -.002 0 .006  -.001 -.002 0 .006 
PA-SE-RES-THR-DT-IS -.006 -.023 -.002 .01  -.005 -.016 -.001 .009 
PA-SE-RES-THR-DT-PS-IS -.002 -.007 0 .008  -.001 -.004 0 .008 
PA-SE-RES-THR-CHAL-PS 0 -.001 0 .004  0 -.001 0 .004 
PA-SE-RES-THR-CHAL-DT-PS-IS -.001 -.002 0 .008  -.001 -.002 0 .006 
PA-SE-RES-THR-CHAL-DT-PS 0 0 0 .004  0 0 0 .004 
PA-SE-RES-THR-DT-IS -.006 -.018 -.002 .009  -.001 -.006 .001 .192 
PA-SE-RES-THR-CHAL-DT-IS 0 -.002 0 .004  0 0 0 .138 
PA-SE-RES-CHAL-PS -.004 -.008 -.002 .005  -.004 -.008 -.002 .005 
PA-SE-RES-CHAL-DT-PS -.001 -.002 0 .003  -.001 -.002 0 .003 
PA-SE-RES-CHAL-PS-IS -.014 -.027 -.007 .005  -.01 -.02 -.005 .003 
PA-SE-RES-CHAL-DT-PS-IS -.002 -.005 0 .004  -.001 -.005 0 .002 
PA-SE-RES-CHAL-THR-PS -.001 -.001 0 .004  -.001 -.001 0 .004 
PA-SE-RES-CHAL-THR-PS-IS -.002 -.005 -.001 .005  -.001 -.004 0 .005 
PA-SE-RES-CHAL-THR-DT-PS 0 - 0 .001  0 - 0 .001 
PA-SE-RES-CHAL-THR-DT-PS-IS -.001 - 0 .001  0 - 0 .001 
PA-SE-RES-CHAL-DT-IS -.006 -.015 -.002 .003  -.001 -.005 .001 .183 
PA-SE-RES-CHAL-THR-DT-IS -.002 - -.001 .001  0 -.002 0 .166 
PA-SE-DT-PS -.003 - 0 .029  -.003 - 0 .029 
PA-SE-DY-PS-IS -.009 -.028 -.001 .039  -.007 - -.001 .023 

Note: PA=Physical Activity, SE=Self-Esteem, PS=Perceived Stress, IS= Internalizing Symptom (Anxiety or Depressive Symptoms, see column 4462 

header), THR= Threat Appraisal, CHAL= Challenge Appraisal, RES= resources, DT=Distress Tolerance 4463 
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Appendix 2: Coronavirus Inventory Factor Loadings for a Two-Factor Solution 4464 

 4465 

Item 
Coronavirus 

Fear 
Coronavirus 
prevalence 

To what extent has the threat of the Coronavirus 
increased your stress levels? 

.817  

To what extent are you concerned about the 
Coronavirus? 

.690  

To what extent has the threat of the Coronavirus 
influenced your well-being? 

.679  

If you did become infected with the Coronavirus, to 
what extent are you concerned that you will be 
severely ill? 

.483  

   

How quickly do you believe the Coronavirus is 
spreading in the UK? 

 .634 

To what extent do you believe that the Coronavirus is 
prevalent in the UK? 

 .601 

How likely do you think it is that you could become 
infected with the Coronavirus? 

 .546 

How likely is it that someone you know could become 
infected with the Coronavirus? 

 .495 

 4466 

 4467 
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