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Abstract 

Anxiety sensitivity (AS) is the fear of arousal related sensations based on the belief that 

these sensations may have harmful or negative consequences, such as death, insanity, or 

social rejection (Reiss & McNally, 1985). Significant reductions in AS have been 

observed following as little as one session of moderate intensity exercise (Broman-Fulks 

et al., 2015); however, the effect of high intensity exercise on AS has not yet been 

investigated. Reductions in AS are associated with successful treatment outcomes in 

clinical populations, as well as a decreased risk of developing mental disorders in 

nonclinical populations (Schmidt, Keough, Timpano, & Richey, 2008). Treatments 

capable of reducing AS may have broad and important implications for the prevention 

and treatment of a range of mental disorders, especially the anxiety and mood disorders. 

This randomized controlled trial was designed to examine the effect of different levels of 

exercise intensity (i.e., moderate and high) on reductions in AS following a single 

session of exercise. A total of 56 participants attending an in-lab session were 

randomized into either a 10-minute sprint interval training group (SIT), a 50-minute 

moderate intensity continuous training group (MICT), or a waitlist control group. All 

participants completed self-report psychological measures, including a measure of AS, 

prior to and following completion of their assigned exercise session. Follow up measures 

were administered at 3 and 7 days after the in-lab session. Hierarchical linear modeling 

was used to evaluate whether the two exercise protocols were efficacious at reducing AS, 

symptoms of depression, intolerance of uncertainty, and distress intolerance, and if so, 

whether one protocol was more efficacious than the other. The results of this study show 

that although both protocols significantly reduced AS, effects were attributable to 
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significant reductions across the different dimensions of AS. Specifically, for the SIT 

group, significant reductions in AS were observed only on the Physical Concerns 

subscale, but not on the Social or Cognitive Concerns subscales. Conversely, for the 

MICT group, significant reductions were only observed on the Social and Cognitive 

Concerns subscales, but not on the Physical Concerns subscale. Significant reductions in 

symptoms of depression, intolerance of uncertainty, and distress intolerance were not 

observed following either exercise protocol. The current trial is the first to present 

evidence regarding the effect of SIT on features of psychological wellbeing. Findings 

that SIT and MICT target different dimensions of AS could allow for increased 

flexibility when tailoring specific exercise recommendations to individuals. Additionally, 

given that lack of time is frequently reported as a barrier to exercising regularly 

 (Trost, Owen, Bauman, Sallis, & Brown, 2002), findings that SIT reduces overall AS to 

a similar extent as MICT in a fraction of the time, could also assist the refinement of 

exercise strategies for improving psychological wellbeing and increasing overall exercise 

adherence.  

Keywords: randomized controlled trial, anxiety sensitivity, sprint interval 

training, moderate intensity continuous training, high intensity interval training 
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1.0 Introduction 
1.1  Overview  

 Anxiety sensitivity (AS)—the fear of the arousal sensations associated with 

anxiety due to the belief that these sensations may have negative social, physical, or 

cognitive consequences (Reiss & McNally, 1985)—is a latent psychological construct 

that predicts how people experience and respond to stressful situations (Schmidt, Lerew, 

& Jackson, 1997; Taylor, 2014). Elevations in AS contribute to the etiology of anxiety 

disorders (Maller & Reiss, 1992) and predict the development and maintenance of many 

other psychological disorders, such as major depressive disorder and alcohol dependence 

(Maller & Reiss, 1992; Schmidt, Zvolensky, & Maner, 2006). Reductions in AS are 

associated with successful treatment outcomes (Gallagher et al., 2013; Smits, Powers, 

Cho, & Telch, 2004) as well as a decreased risk of developing future mental disorders 

(Schmidt et al., 2007). Treatments capable of reducing AS may, therefore, have far 

reaching benefits for the prevention and treatment of a range of mental disorders (Smits 

et al., 2005).  

Exercise appears to be a promising strategy for addressing mental health 

concerns such as anxiety, depression, and related constructs (Asmundson et al., 2013; 

Stathopoulou, Powers, Berry, Smits, & Otto, 2006). There is also evidence that exercise 

can significantly reduce AS in as little as one session (LeBouthillier & Asmundson, 

2015); however, this effect has largely been examined with exercise programs utilizing 

continuous (i.e., without rest) exercise at a moderate intensity (Gillen et al., 2016). 

Variations of high intensity interval training (HIT; repeated sprints separated by periods 

of recovery; Gillen et al., 2016) have not yet been investigated as a strategy for reducing 

AS. Interval training protocols are brief in nature and require a substantially lesser time 
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commitment than most continuous moderate intensity training protocols (Gibala, 2007). 

If interval training protocols are effective at reducing AS, they may be a potential time 

saving alternative exercise strategy to longer duration exercise programs.  

The primary aim of this thesis was to further delineate the relationship between 

exercise intensity and duration on reductions in AS. A secondary goal of this thesis was 

to investigate the relationship between exercise intensity and duration on symptoms of 

depression, intolerance of uncertainty, and distress tolerance. In doing so, this research 

may contribute to the optimization of exercise strategies for reducing AS and AS-related 

mental disorders. It may also contribute to research and practice aimed at increasing 

participation and adherence to exercise protocols for psychological wellbeing.  

The current thesis is structured as follows. First, an overview of AS is presented. 

Second, findings regarding the relationship between physical activity and mental health 

are summarized, with a focus on research findings specific to depression and exercise. A 

brief discussion of pertinent terminology and definitions is also presented. Third, the 

relationship between AS and exercise is reviewed, highlighting the current state of 

knowledge as well as limitations to this area of research. Some correlates of AS and their 

relationship to exercise are also briefly discussed. Fourth, potential mechanisms of action 

for the AS reductions that occur following exercise are reviewed, with a focus on 

interoceptive exposure. Fifth, short-term interval training (SIT) is presented as an 

alternative exercise strategy for reducing AS. Sixth, an overview of the current trial is 

presented including the purpose, hypotheses, methods, and planned analyses. Seventh, 

the results are presented. Lastly, the discussion reviews findings from the trial and 

highlights potential implications of this work.  
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1.2 Anxiety Sensitivity  

As noted above, AS is the fear of arousal sensations associated with anxiety. 

Collectively, individuals with high AS share the belief that these sensations may have 

harmful or negative social, cognitive, or physical consequences (Reiss & McNally, 

1985). AS can be further conceptualized as an anxiety amplifier; that is, when 

individuals with high AS become anxious, the naturally occurring arousal sensations 

(e.g., increased heart rate, sweating, muscle tension, shortness of breath; Stewart & Watt, 

2007) are experienced as overwhelming. By interpreting these normal physiological 

sensations as threatening, overall anxiety is increased and the resulting conditioned fear 

response is strengthened (Taylor et al., 2007). For instance, someone with high AS might 

perceive heart palpitations as a sign of an impending heart attack, whereas someone with 

lower AS may perceive the same sensations as unpleasant, but not life threatening 

(Taylor, 2014). Research suggests that AS is a vulnerability factor for the development 

of stress and anxiety-related disorders, as well as other physical health issues 

(Asmundson, 1999; Taylor, 2014). Consistent with this conceptualization of AS, 

elevations in AS have been observed across a range of psychological disorders (Schmidt, 

Zvolensky, & Maner, 2006). Additionally, high levels of AS have been associated with 

reduced exercise participation (McWilliams & Asmundson, 2001; Sabourin et al., 2011) 

and an increased likelihood of experiencing chronic pain and other chronic health 

conditions (Asmundson, Norton, & Norton, 1999; Asmundson, Wright, & 

Hadjistavropoulos, 2000).  

1.2.1 Clinical utility of anxiety sensitivity. Changes in levels of AS in both 

clinical and nonclinical populations may mirror the progression or reduction of a range 

of mental disorders (Gallagher et al., 2013; Taylor et al., 1999). For instance, reductions 
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in AS have been shown to precede and predict reductions in panic symptoms (Gallagher 

et al., 2013). Additionally, the greatest reductions in AS appear to occur early in 

treatment, whereas other contributing measures (e.g., self-efficacy) show the greatest 

changes later on in treatment (Gallagher et al., 2013). This finding may indicate that 

reductions in AS are an important mechanism of change in effective treatments for 

mental disorders. Indeed, research has shown that a single session of AS treatment 

produces significant reductions in AS that are largely maintained 6 months post-

treatment (Keough & Schmidt, 2012). Furthermore, elevations in AS in nonclinical 

populations prospectively predict the development of several mood and anxiety 

disorders, suggesting AS may be used to identify those at risk for future mental disorders 

(e.g., Maller & Reiss, 1992; Schmidt, Zvolensky, & Maner, 2006). Previous studies have 

found that targeting AS in the identification and treatment of a variety of disorders is 

associated with greater treatment efficacy (Fedroff, Taylor, Asmundson, & Koch, 2000; 

Smits et al., 2004) and better treatment outcomes (Bruce, Spiegal, Gregg, & Nuzzarello, 

1995; Schmidt et al., 2007). 

Overall, these findings suggest that treatments capable of reducing AS may have 

broad and important implications for the prevention and reduction of a range of mental 

disorders. Given that AS is conceptualized as a latent dimensional psychological 

construct, treatments capable of reducing AS in nonclinical populations may also be 

effective at reducing AS in at-risk or clinical populations (LeBouthillier & Asmundson, 

2015). Furthermore, as the greatest reductions in AS seem to occur early in treatment, 

brief interventions may be sufficient to observe these changes (Gallagher et al., 2013; 

LeBouthillier & Asmundson, 2015) and may be particularly important for use in 

populations that are unable to access or commit to longer duration treatments.  
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1.2.2 Development and selection of a measure for anxiety sensitivity. The 

physiological sensations present during exercise (e.g., increased heart rate, sweating, 

muscle tension, difficulty breathing) resemble many of the arousal symptoms of anxiety 

(Asmundson et al., 2013). Exercise strategies that safely expose people to these 

sensations may present an accessible target for reducing AS (Broman-Fulks, Berman, 

Rabian, & Webster, 2004). To assess whether exercise strategies are efficacious at 

reducing AS, it is important for researchers to utilize a psychometrically sound measure 

of AS; however, the conceptualization and development of such a measure has not been 

without complications. In particular, the process of identifying the factor structure of the 

AS construct, as well as establishing reliable and valid self-report measures of AS, has 

proved challenging for researchers over the past few decades (e.g., McNally, 2002; 

Reiss, 1997; Taylor, 1995a, 1995b, 1996). It is important to review this history to 

highlight the value in using the AS construct in the present trial and to underscore the 

importance of using the most recent rendition of the AS measure (i.e., Anxiety 

Sensitivity Index-3; ASI-3) as opposed to earlier versions (i.e., Anxiety Sensitivity 

Index; ASI, and Anxiety Sensitivity Index-Revised; ASI-R).  

1.2.2.1. The ASI. The ASI was originally developed to test whether there was a 

distinction between AS and trait anxiety (Peterson & Reiss, 1992). The first published 

use of the ASI demonstrated that it accounted for a unique proportion of the variance in 

the reported number of fears on the Fear Survey Schedule-II (FSS-II; a 51-item self-

report inventory assessing a range of fears including fear of harmless animals, illness and 

injury, social fears and agoraphobic fears; Geer, 1965). This variability was not 

accounted for by two empirically validated scales that measure the frequency and 

occurrence of trait anxiety symptoms, indicating that there was indeed a distinction 
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between AS and trait anxiety (Reiss, Peterson, Gursky, & McNally, 1986). This trial also 

found that scores on the ASI were higher for people with anxiety disorders compared to 

college students, suggesting a link between AS and the development of anxiety disorders 

(Reiss et al., 1986). Subsequent work has supported the thesis that measurement of AS 

can be used to predict mental disorders prior to their onset (Schmidt et al., 2006).  

Although AS was originally conceptualized as a unidimensional construct, this 

view was challenged by several exploratory factor analyses of the ASI, using both 

clinical and nonclinical samples (Taylor, 1995). While some of these studies obtained 

single factor solutions (Reiss et al., 1986; Taylor, Koch & Crockett, 1991), others 

obtained four factors (Peterson & Heilbronn, 1987; Telch, Shermis, & Lucas, 1989). The 

four factor solutions contained factors such as fears of cognitive and perceptual 

symptoms (e.g., item 12; “It scares me when I am unable to keep my mind on task”), 

fears of cardiopulmonary sensations (e.g., item 6; “It scares me when my heart beats 

rapidly”), fears of gastrointestinal sensations (e.g., item 8; “It scares me when I am 

nauseous”), and fears of losing emotional or behavioural control (e.g., item 2; “When I 

cannot keep my mind on a task, I worry that I might be going crazy”). At the time, 

researchers were unsure whether these inconsistencies in factor solutions were reflecting 

variability or instability in the measure or the utilization of inappropriate methods of 

analysis (Taylor, 1995). Over the years, research has demonstrated that the most 

commonly obtained factor solution for the ASI consists of three correlated subfactors 

labeled Physical Concerns, Cognitive Concerns, and Social Concerns. These lower order 

factors appear to be hierarchically arranged beneath a single higher order factor of global 

AS, lending support to the conceptualization of AS as a multidimensional construct, and 



 7 

at least partially resolving the inconsistencies in observed factors solutions (Taylor et al., 

2007).  

There are several issues with using the ASI for the multidimensional assessment 

of AS. First, there is an uneven distribution of items to each subscale, whereby the 

Physical Concerns subscale has eight items whereas the Cognitive and Social Concerns 

subscales each contain only four items. This uneven distribution has raised concerns 

about the reliability of these subscales (Taylor et al., 2007). Additionally, there may be 

issues with content validity as some of the items do not target specific dimensions. For 

instance, item 8 (“It scares me when I am nauseous”) could refer to both the Physical 

Concerns and Social Concerns subscales (i.e., worries about the social implications of 

vomiting in front of others; Taylor et al., 2007). These findings prompted revisions to the 

ASI aiming to properly capture AS as a multidimensional construct, to improve the 

psychometric properties of the measure, and to increase the stability of the factor 

structure of the measure across studies (Asmundson, Weeks, Carleton, Thibodeau, & 

Fetzner, 2010). 

1.2.2.2 The ASI-R. The 36-item ASI-R (Taylor & Cox, 1998) was constructed to 

measure six proposed lower order factors of AS, including fears of cardiovascular, 

respiratory, dissociative, neurological, and gastrointestinal symptoms of anxiety, as well 

as publicly observable anxiety symptoms and cognitive dyscontrol. This factor structure 

has not been supported (Taylor et al., 2007) and different studies have obtained a range 

of factor solutions (i.e., two, three, four, and six) in both clinical and nonclinical samples 

(Armstrong, Khawaja, & Oei, 2006; Deacon, Abramowitz, Woods, & Tolin, 2003; 

Taylor & Cox, 1998). Subsequent research aiming to address the persistent factor 
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instability of the ASI-R has led to the development of a new 18-item measure of AS, the 

Anxiety Sensitivity Index-3 (ASI-3; Taylor et al., 2007).  

1.2.2.3 The ASI-3. The most recent iteration of the ASI (ASI-3; Taylor et al., 

2007) is currently the standard measurement of assessment for AS and was utilized in the 

present study. Developers of the ASI-3 have addressed many of the issues that limited its 

predecessors. For instance, the ASI-3 measures AS from a multidimensional perspective 

with the original three subfactors of Physical Concerns, Cognitive Concerns, and Social 

Concerns (Taylor et al., 2007) and it has a strong, replicable factor structure across many 

different samples obtained from both clinical and nonclinical populations (Kemper, Lutz, 

Bähr, Rüddel, & Hock, 2012; Taylor et al., 2007; Wheaton, Deacon, McGrath, Berman, 

& Abramowitz, 2012). Both the subscales and full scale of the ASI-3 have demonstrated 

good performance on indices of reliability (e.g., internal consistency) and validity (e.g., 

convergent, divergent, and factorial; Taylor et al., 2007).  

1.2.3. Summary. Interventions capable of reducing AS may have far reaching 

benefits for the prevention and treatment of a range of mental disorders (Taylor et al., 

1999). Given that AS is a latent psychological construct, treatments capable of reducing 

AS in nonclinical populations may also be effective at reducing AS in at-risk or clinical 

populations (LeBouthillier & Asmundson, 2015). Additionally, as the greatest reductions 

in AS seem to occur early in treatment, brief interventions may be sufficient to observe 

these changes (Gallagher et al., 2013; LeBouthillier & Asmundson, 2015) and may be 

particularly important for use in populations that are unable to commit to longer duration 

treatments. Furthermore, psychometric analyses support the ASI-3 as the current gold 

standard measure of AS (Taylor et al., 2007), and this version is the iteration that was 

used in the present study.  
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1.3 Exercise and Mental Health 

Technological advances over the past century have made it possible for humans 

to live largely sedentary lifestyles and still participate in fundamental behaviours 

necessary for survival and happiness, such as obtaining food and shelter and forming 

meaningful social connections. This trend towards sedentary behaviour is depicted in 

large scale epidemiological research. In Canada, approximately 85% of the population is 

not meeting the minimum physical activity guidelines (Canadian Society for Exercise 

Physiology, 2011; Statistics Canada, 2013). While sport and leisure activity levels over 

the past 50 years have remained relatively stable, physical activity associated with work, 

home, and transportation has declined significantly (Brownson et al., 2005; Juneau & 

Potvin, 2010). Each day, Canadians spend an average of 10 waking hours sitting at their 

desks, televisions, computers, and other devices, or being otherwise sedentary (Statistics 

Canada, 2013). Living a sedentary lifestyle is associated with adverse physical and 

mental health outcomes (Myers et al., 2014; Goodwin, 2003). On the other hand, 

participating in regular physical activity significantly reduces an individual’s lifetime 

risk for experiencing death and disability from a non-communicable disease (e.g., type 2 

diabetes, obesity, cardiovascular disease, osteoporosis; Myers et al., 2014), as well as 

experiencing a mood or anxiety-related disorder (Statistics Canada, 2013).  

Exercise is a planned and structured type of physical activity (distinct from 

occupation and transportation related types) that has tremendous benefits for physical 

and mental health (Caspersen, Powell & Christenson, 1985; Penedo & Dahn, 2005). For 

instance, researchers have observed significant reductions in symptoms of depression 

(Silveria et al., 2013) and anxiety (Asmundson et al., 2013) following exercise 

interventions. Exercise has been shown to reduce scores on broad measures of anxiety 
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and depression (e.g., reductions in the Depression Anxiety Stress Scale; Merom et al., 

2008), as well as disorder-specific symptoms among individuals experiencing panic 

disorder (Ströhle et al., 2005), posttraumatic stress disorder (Diaz & Motta, 2008), social 

anxiety disorder, (Goldin, Ziv, Jazaieri, Han, & Gross, 2012), and generalized anxiety 

disorder (Merom et al., 2008).  

1.3.1 Evidence for depression and exercise. A sedentary lifestyle is associated 

with an increased risk of having a depressive disorder (Goodwin, 2003); however, 

engaging in regular physical activity is associated with a reduced risk of experiencing a 

mood disorder (Statistics Canada, 2013). In line with these findings, decades of research 

suggest that regular physical activity, particularly exercise, can be both an effective 

treatment and preventative strategy for reducing symptoms of depression (Babyak et al., 

2000; Blumental et al., 1999; Harris, Cronkite, & Moos, 2006; Teychenne, Ball, & 

Salmon, 2008). Researchers have observed this trend in clinically depressed individuals, 

as well as individuals without a diagnosis of depression (Conn, 2010; Stathopoulou, 

Powers, Berry, Smits, & Otto, 2006).  

Researchers have found significant reductions in depressive symptoms following 

a multitude of exercise interventions including running (Doyne et al., 1987), walking 

(Knubben et al., 2007), jumping rope (Krogh, Saltin, Gluud, & Nordentoft, 2008), 

weight lifting (Singh et al., 2005), and cycling (Dunn et al., 2005). Exercise intensity for 

these protocols ranged from a self-selected intensity to 80% age-approximated heart rate 

maximum (HRmax). Study durations ranged from 2-24 weeks and exercise frequency 

ranged from 2-5 times weekly (Silveria et al., 2013; Stathopoulou et al., 2006). 

Researchers have also reported significant improvements in mood following a single 

session of a range of exercise protocols (Yeung, 1996) including cycling (Girodo & 
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Pellegrini, 1976), walking (Glazer & O’Conner, 1992), and running (Berger et al., 1988); 

however, these studies evaluated changes in mood with measures that are not specific to 

clinical depression, such as the Profile of Mood States (i.e., POMS; McNair, Lorr, & 

Droppleman, 1971).  

Researchers who have evaluated the dose-response effects of exercise on 

depression have reported that resistance training at a higher intensity (80% 1 rep 

maximum; 1RM) was more efficacious than resistance exercise at a lower intensity (20% 

1RM; Singh et al., 2005). Researchers have also found that exercise at a higher energy 

expenditure (17.5 kcal/kg/week) lead to greater reductions in depressive symptoms than 

exercise at lower energy expenditure (7.0 kcal/kg/week; Dunne et al., 2005). Participants 

in this study exercised between 3-5 times per week; however, information about exercise 

intensity and session duration was not provided (Dunn et al., 2005). From the current 

state of literature, is not clear how exercise factors that combine to produce overall 

energy expenditure (i.e., intensity, duration, and frequency) facilitate reductions in 

symptoms of depression. Research is needed comparing the effects of short duration, 

high intensity exercise protocols to longer duration, lower intensity exercise protocols to 

further evaluate the dose response effects of exercise on depression.  

1.3.2 Measuring Exercise Intensity.	  Although researchers often present exercise 

intensity in terms of percentage of HRmax, there are several alternative measures for 

intensity that are also used. These measures include percentage of heart rate reserve 

(HRR), 1RM, ratings of perceived exertion (RPE), and percentage of maximum oxygen 

uptake (V02 max). Defining and differentiating between these measures allows for 

increased accuracy and understanding when comparing and evaluating exercise 

protocols.	  
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1.3.2.1. Percentage of HRmax is a measure of intensity that is based on the 

observation that the capacity of the heart decreases with age due to changes in the 

nervous system (Anderson & Justin, 2008). The calculation for percentage of HRmax 

determines a theoretical measure of a person’s HRmax by subtracting their age from the 

highest possible maximum heart rate (i.e., 220 beats per minute). For example, a 20-year 

old should have a theoretical HRmax of 200 beats per minute (Anderson & Justin, 2008). 

This approximation is often most appropriate when HRmax is unknown (Anderson & 

Justin, 2008). Researchers do not always have access to the specialized equipment and 

medical personnel required for measuring true HRmax and thus this estimation is 

frequently utilized instead (Anderson & Justin, 2008).  

1.3.2.2 Percentage of HRR is a measure that uses resting heart rate and HRmax 

to calculate the number of beats a person can increase their HR during an exercise 

session. HRR is calculated by subtracting resting heart rate from HRmax (Anderson & 

Justin, 2008). This measure can account for individual differences in physical fitness 

better than the percentage of HRmax method when both resting heart rate and HRmax 

are known; however, using this equation when true HRmax is unknown will 

underestimate HRmax for people with low resting heart rates and higher physical fitness 

levels (Anderson & Justin, 2008).  

1.3.2.3 Percentage of 1RM is a measure of the maximum amount of weight that 

a person can lift for a single repetition. This measure is one of the most popular ways to 

assess muscular strength (Brzycki, 1993). Due to safety concerns about administering 

this test to novice weight lifters, submaximal assessments using lighter weight and the 

number of repetitions to fatigue can also be used to approximate 1RM, without requiring 

an individual to risk injury in order to complete the maximal lift (Brzycki, 1993).  
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1.3.2.4 RPE is a rating scale that allows participants to express their current level 

of fatigue during exercise without relying on physiological measures. The RPE scale 

ranges from 6 (no exertion) to 20 (maximal exertion) and has been shown to be 

reasonably related to HR and oxygen consumption during exercise (Borg, 1982).  

1.3.2.5 VO2 max is a measure of the amount of oxygen utilized during exercise 

(Levine, 2008). It is considered the most accurate measure of exercise intensity; 

however, the specialized equipment, medical personnel (e.g., physician, exercise 

physiologist), and high levels of participant motivation necessary to measure VO2 max 

may not be readily available for all researchers, and thus alternative measures (e.g., 

percentage of HRmax, RPE) must be used instead (Levine, 2008).  

1.3.3 Issues and Considerations. An important consideration for mental health 

researchers is the widespread use of the term aerobic exercise to collectively compare 

findings across exercise protocols (see, for example, Asmundson et al., 2013). This 

terminology can be misleading because aerobic does not refer to a specific type, 

duration, or intensity of exercise (Gastin, 2001) and, instead, means “involving or 

requiring oxygen” (Anderson & Justin, 2007, p. 22) to adequately meet energy demands 

during physical activity via aerobic metabolism (Gastin, 2001). In this case, most forms 

of physical activity could be deemed aerobic in nature. Using the term aerobic to 

categorize an exercise protocol may present problems because it does not provide 

researchers with specific operational definitions regarding specific features of the 

exercise protocol being investigated.  

Uncertainty regarding protocol categorization can lead to protocols different in 

modality, duration, and intensity being evaluated and conceptualized as if they are the 

same when they may not be. For instance, protocols described by mental health 
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researchers as aerobic have included walking, running, lifting weights, circuit training, 

group exercise, and cycling (Broman-Fulks et al., 2004; Goldin et al., 2012; Merom et 

al., 2008; Smith, 2015). Some investigators have prescribed a specific exercise intensity, 

while others have asked participants to self-select exercise intensity. Such intensities 

have ranged from walking at a comfortable pace to exercising at a vigorous intensity. 

These protocols have also varied from 20 to 60 minutes in duration (Broman-Fulks et al., 

2004; Broman-Fulks et al., 2015; Fetzner & Asmundson, 2014; Goldin et al., 2012; 

LeBouthillier & Asmundson, 2015; Merom et al., 2008; Vancampfort et al., 2011). The 

lack of specificity that comes from using the term aerobic exercise to refer to such 

variation in exercise protocols may thwart efforts to compare findings, making it difficult 

to determine whether there is an optimal dose of exercise intensity and duration required 

to produce changes in mental health (De Souza et al., 2015).  

In other areas of health research, this problem has been addressed by using 

additional specifications to describe the intensity and duration of an exercise protocol. 

When operationalizing an exercise protocol, researchers have also found it to be 

important to clarify between continuous and intermittent protocols and low, moderate, 

and high-intensity exercise (e.g., Gibala, 2007; Gillen et al., 2016; Jung, Bourne, 

Beauchamp, & Little, 2014; Shiraev & Barclay, 2012). Although this approach is not 

without limitations, it may improve the precision and clarity in which researchers can 

communicate and disseminate their findings.  

Using the aforementioned approach, many of the exercise protocols that have 

been utilized by mental health researchers can be characterized as variations of either 

low or moderate intensity continuous training (MICT). These protocols require 

participants to exercise for an extended period at a low or moderate intensity. The 



 15 

current trial extended this work to explore the effect of intermittent high intensity 

exercise on correlates of mental health.  

1.3.4 Summary. Exercise is an effective strategy for increasing overall physical 

activity that has demonstrated significant benefits for physical and mental health (Penedo 

& Dahn, 2005; Asmundson et al., 2013). Presently, more work is needed to determine 

the optimal dose response of exercise for reducing symptoms of depression. Research is 

also needed using a clinical instrument for depression to evaluate whether significant 

changes in depressive symptoms, and not just mood, occur following a single session of 

exercise. Familiarity with several measures for exercise intensity is useful for accurately 

interpreting and evaluating various exercise protocols. Researchers may also want to 

consider refraining from using the term aerobic exercise to categorize a broad range of 

exercise protocols as this practice could lead to very different protocols being evaluated 

and conceptualized as if they are the same, when in fact they may not be.  

1.4 Evidence for Exercise and AS Reduction.  

 Exercise may be an efficacious means of reducing AS. Significant reductions in 

AS have been observed following a range of exercise protocols (Asmundson et al., 

2013), including the following: six 20-minute treadmill exercise sessions over 2 weeks, 

at either an intensity of 60-90% HRmax or a self-selected walking pace (Broman-Fulks 

et al., 2004; Broman-Fulks & Storey, 2008); six 20-minute exercise sessions over 2 

weeks at an intensity of 70% HRmax (Smits et al., 2008); 20 sessions of running at a 

self-selected intensity that induced physiological arousal sensations (Sabourin, Stewart, 

Watt, & Krigolson, 2015); 15 weeks of three times weekly treadmill exercise sessions at 

an intensity of 77-85% for 35 minutes (Smits et al., 2016); 2 weeks of three times weekly 
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cycling sessions at 60-80% of participants HRR (Fetzner & Asmundson, 2015); a single 

session of a resistance training protocol characterized by two sets of 10 repetitions for 

three compound exercises (Broman-Fulks, Kelso, & Zawilinski, 2015); a single session 

of exercise at 65-75% of HRmax (Broman-Fulks et al., 2015); and, a single session of 

cycling at 60-80% of participants’ HRR (LeBouthillier & Asmundson, 2015). Significant 

reductions in AS following exercise have been observed in both clinical and nonclinical 

populations, including people with high baseline levels of AS (Broman-Fulks et al., 

2004; Broman-Fulks & Storey, 2008; Sabourin et al., 2015), individuals with varying 

levels of AS (LeBouthillier & Asmundson, 2015), chronic smokers with high baseline 

levels of AS (Smits et al., 2016), and people with posttraumatic stress disorder (Fetzner 

& Asmundson, 2014).  

1.4.1 Issues and Considerations. The evidence that supports exercise as a 

strategy for reducing AS in both clinical and nonclinical populations is convincing; 

however, there are some important questions that remain unanswered. In particular, there 

has not been a systematic manipulation of exercise intensity and duration in the studies 

conducted in this area. There might be an intensity-dependent relationship between 

exercise and AS reduction (Broman-Fulks et al., 2004); however, researchers have not 

yet evaluated the effects of maximal exertion intensity exercise on AS. The present trial 

will be first to investigate this relationship, thereby providing initial evidence regarding 

the role of high intensity exercise as a potential time-efficient strategy for reducing AS.  

1.4.2 Correlates of AS and exercise. In addition to AS, other vulnerability 

constructs have been identified in the development and maintenance of mental disorders. 

These include, for example, distress tolerance and intolerance of uncertainty (Carleton, 

Sharpe, & Asmundson, 2007; Keough, Riccardi, & Timpano, 2010). Relatively little is 
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known regarding the effects of exercise on these constructs; however, investigators have 

recently considered distress tolerance and intolerance of uncertainty in the context of 

exercise protocols.  

1.4.2.1 Distress tolerance. Distress tolerance has been broadly defined as a 

person’s ability to endure negative emotional states (e.g., stress, frustration; Simons & 

Gaher, 2005). Low distress tolerance is thought to increase vulnerability to experience 

symptoms of anxiety (Keough et al., 2010). For example, when faced with a stressful 

event, someone who has difficulty experiencing stress (i.e., someone with low distress 

tolerance) may be more likely to view that event with apprehension than someone who is 

more comfortable enduring it. There is an inverse relationship between distress tolerance 

and AS, whereby people who are low in distress tolerance tend to report higher levels of 

AS (Keough et al., 2010).  

Few studies have evaluated changes in distress tolerance following exercise, and 

results have been mixed. After an 8-week Bikram yoga intervention, participants 

experienced greater increases in distress tolerance than a waitlist control group (Medina, 

Hopkins, Powers, Baird, & Smits, 2015); however, neither a single bout of moderate 

intensity exercise at 70% HRmax, a single bout of moderate to vigorous intensity 

exercise at 65-85% HRR, or a single bout of resistance training produced changes in 

distress tolerance (Broman-Fulks et al., 2015; LeBouthillier & Asmundson, 2015). One 

possible explanation for these conflicting findings is that Bikram yoga has a mindfulness 

component that the other two exercise interventions lack (Medina et al., 2015). 

Additionally, the differences in total duration of these interventions (i.e., 8 weeks in the 

yoga conditions and a single session for the other protocols) could be a factor, as 

significant changes in distress tolerance may occur gradually over the course of multiple 
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exercise sessions rather than after a single session (Bornovalova, Gratz, Daughters, Hunt, 

& Lejuez, 2012). Finally, it is plausible that the exercise needs to be prolonged and 

vigorous for significant increases in distress tolerance to occur. Bikram yoga is a 

vigorous practice that takes place in a humid and heated room and lasts for 90 minutes 

per session. It is not uncommon for beginners to feel light-headed, nauseous, and even 

have to lie down during classes (Tracy & Hart, 2013). Adapting to the high physical 

demands of this practice could have accounted for some of the observed increases in 

distress tolerance. In sum, it is possible that there is an intensity and/or duration 

dependent relationship between exercise and changes in distress tolerance; however, this 

relationship has yet to be investigated systematically.  

 1.4.2.2 Intolerance of uncertainty. Intolerance of uncertainty is a dispositional 

characteristic underlying a set of negative beliefs about the implications of uncertainty 

(McEvoy & Carleton, 2016). People with high levels of intolerance of uncertainty tend 

to perceive and respond negatively to uncertain information and situations due to the 

misbelief that all negative events are unacceptable, even events with a remote possibility 

of occurrence. Situations with uncertain outcomes may then encourage individuals with 

high intolerance of uncertainty to experience heightened levels of anxiety (Carleton, 

Sharpe et al., 2007; Shihata, McEvoy, Mullan, & Carleton, 2016).  

Confirmatory factor analysis findings show that, while they appear related, 

intolerance of uncertainty and AS are independent constructs (Carleton et al., 2007). 

Like AS, elevations in intolerance of uncertainty have been observed across anxiety 

disorders, obsessive compulsive disorder, and depressive disorders (Carleton et al., 

2012). Reductions in intolerance of uncertainty have also been associated with symptom 

reductions across several emotional disorders, including anxiety and depression 
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(Boswell, Thomposon-Hollands, Farchione, & Barlow, 2013; Shihata et al., 2016).  

At present, only one trial has evaluated the effect of exercise on intolerance of 

uncertainty, with no significant changes observed from exercise (LeBouthillier & 

Asmundson, 2015). Given that this trial only used a single session of exercise, it is 

possible that multiple sessions are needed for reductions in intolerance of uncertainty to 

occur (Boswell et al., 2013). Additionally, there could be an intensity-dependent 

relationship between exercise and intolerance of uncertainty, whereby uncertainty is 

increased with the heightened physiological arousal occurring at high intensity exercise 

(e.g., “Will these heart palpitations lead to a cardiac episode?”), and an individual’s 

ability to tolerate these sensations is challenged more than when exercising at a moderate 

intensity. It is plausible that successful completion of a session of high intensity exercise 

without experiencing any feared aversive events (e.g., heart attack) will reduce 

uncertainty about the danger of these events; however, this possibility has not yet been 

systematically investigated.  

1.4.3. Summary. Mental health researchers have begun to focus their attention 

on the effects of exercise on constructs known to predict and maintain the occurrence of 

anxiety and mood disorders, namely AS, distress tolerance, and intolerance of 

uncertainty (Keough & Riccardi, 2010; McEvoy & Carleton, 2016). Exercise appears to 

be an efficacious strategy for reducing AS (Asmundson et al., 2013). Although a single 

bout of moderate to vigorous intensity continuous exercise is sufficient to engender 

significant reductions in AS, the same effect has not been observed for distress 

intolerance and intolerance of uncertainty (LeBouthilier & Asmundson, 2015). It is 

plausible that exercise at a higher intensity is needed to observe reductions in these two 

correlates of AS after a single bout of exercise. The present trial was the first to 



 20 

investigate this relationship, thereby providing initial evidence regarding the role of high 

intensity exercise as a potential strategy for targeting vulnerability constructs associated 

with mental disorders.  

1.5 Potential Mechanisms of Change 

Investigation of the potential mechanisms of change that underlie reductions in 

AS from exercise is still in early stages. Several hypotheses have been proposed to 

explain how exercise leads to reductions in AS; however, these processes have not yet 

been clearly delineated and more studies are needed (Asmundson et al., 2013). Potential 

mechanisms of interest include exercise as a form of interoceptive exposure and changes 

to cardiorespiratory fitness (CRF). 

1.5.1 Interoceptive exposure. A commonly used technique in the treatment of 

anxiety disorders is interoceptive exposure (Stewart & Watt, 2008). Interoceptive 

exposure involves having individuals repeatedly induce and experience feared 

physiological sensations (e.g., shortness of breath, increased heart rate, dizziness) as a 

means of reducing the fear response to these sensations over time (Craske, Barlow, & 

Meadows, 2000; Otto, Powers, & Fishmann, 2005). Exercise with instructions to focus 

on bodily sensations has been proposed as a form of interoceptive exposure due to the 

similarities between the uncomfortable bodily sensations associated with anxiety (e.g., 

sweating, heavy breathing, increased heart rate and muscle tension) and the physical 

sensations that arise during exercise (Asmundson et al., 2013). Exercise may 

demonstrate to a person with high AS that these bodily sensations are a normal 

byproduct of activity as opposed to a sign of impending catastrophe. While interoceptive 

exposure may be responsible for the observed reductions in AS following exercise 
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(Asmundson et al., 2013), conflicting findings make it unclear if it is the primary 

mechanism of action (Broman-Fulks et al., 2015; Broman-Fulks & Storey, 2008; 

Sabourin et al., 2015).  

Research on carbon dioxide (CO2) reactivity provides support for exercise as a 

form of interoceptive exposure (Broman-Fulks et al., 2015; Smits et al., 2009). 

Inhalation of air containing 35% CO2 (i.e., higher than normal levels) has been used over 

the past few decades as a form of interoceptive exposure to induce safe and transitory 

symptoms of breathlessness and autonomic arousal (Vickers, Jafarpour, Mofidi, Rafat, & 

Woznica, 2012). Like AS, fearful responding to CO2 is an established predictor of 

vulnerability towards anxiety-related mental disorders, especially panic disorder 

(Schmidt & Zvolensky, 2007). Researchers have found that a single session of exercise 

is sufficient to induce significant and lasting reductions in both AS and fearful 

responding to CO2, suggesting that exercise can indeed be a form of interoceptive 

exposure (Broman-Fulks et al., 2015). 

In another trial comparing the effects of cognitive therapy to exercise, individuals 

with high AS were randomized either into a 2-week exercise paradigm, a 2-week 

exercise plus cognitive restructuring paradigm, or a waitlist control (Smits et al., 2008). 

Both exercise paradigms were efficacious in reducing AS compared to the waitlist 

control, and reductions in AS mediated the beneficial effects of exercise on anxious and 

depressed mood. The researchers found that the addition of cognitive restructuring did 

not facilitate the effects of the exercise intervention, suggesting that interoceptive 

exposure, rather than changes in individuals’ cognitive reactions to these sensations, was 

responsible for the observed reductions in AS. 
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Conversely, Sabourin and colleagues (2015) found that when running was used 

as an interoceptive exposure technique in a brief cognitive behavioural group therapy for 

high AS, reductions in AS were associated with decreases in cognitive and affective 

reactions to running, but not to somatic reactions. Based on these findings, the authors 

concluded that the therapeutic effects of repeated exposure to physiological sensations 

(i.e., interoceptive exposure) may not be related to physically experiencing the somatic 

sensations but, rather, to the altering of cognitive and affective interpretations of these 

sensations.  

Finally, a recent trial looking at the anxiolytic effects of a 2-week long exercise 

program for posttraumatic disorder found that, although AS did decrease with exercise, 

purposeful attentional focus to exercise-induced physiological sensations (i.e., simulated 

interoceptive exposure) did not appear to facilitate this effect (Fetzner & Asmundson, 

2015). The authors concluded that interoceptive exposure may not be the primary 

mechanism underlying the therapeutic effects of the intervention, and suggested that 

common nonspecific factors of exercise may be responsible instead. 

1.5.2 Cardiorespiratory fitness. CRF is the ability of the circulatory and 

respiratory systems to supply oxygen to skeletal muscles during physical activity 

(Goodwin, 2009; Shiraev & Barclay, 2012). Changes in CRF typically require multiple 

exercise sessions at a sufficient intensity to occur (Gillen et al., 2016, Shiraev & Barclay, 

2012). Given the single session design of the current trial, changes in CRF were not 

expected to explain possible reductions in AS. A brief review of the dynamics 

underlying the relationship between CRF and AS is still warranted because this 

discussion could provide a rationale for future research to replicate and extend this trial 

over multiple sessions.  
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Research suggests that high AS is associated with lower endorsement of exercise 

participation and lower CRF. One possible explanation for these findings is that lower 

exercise participation reflects avoidance behaviour, whereby people with high AS avoid 

the feared physiological sensations that take place during exercise by refusing to 

participate altogether (Smits & Zvolensky, 2006). Conversely, people who are inactive 

are unlikely to be exposed to arousal related sensations as often as people who are active, 

and this infrequent exposure could contribute to and maintain elevations in AS (Sabourin 

et al., 2015). These mechanisms may also work together to maintain both exercise 

avoidance and high AS (Sabourin et al., 2015).  

Recent research has found a link between baseline CRF and reductions in AS 

after exercise. After a 2-week exercise program using a MICT protocol, participants with 

lower baseline levels of CRF experienced the greatest reductions in AS (LeBouthillier, 

Fetzner, & Asmundson, 2016). Presently, the direction of this relationship is unknown as 

researchers have not yet evaluated concurrent changes in CRF and AS with exercise. It is 

unclear whether lower baseline CRF always facilitates greater reductions in AS 

following exercise compared to higher baseline CRF, or whether these observed 

reductions in AS are related to gains in CRF. If the latter, it is possible that physically fit 

participants require more challenging exercise protocols in order to experience 

comparable reductions in AS. 

 If improvements in CRF are an important mechanism underlying reductions in 

AS, or even maintenance of these reductions, the effectiveness of the selected exercise 

protocol at improving CRF should also be considered. A recent meta-analysis reported 

that variations of HIT are more efficacious at improving CRF than MICT, irrespective of 

baseline physical fitness (Weston et al., 2014). This finding suggests that HIT could be a 
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useful strategy for reducing AS that is not dependent on baseline levels of CRF. 

Furthermore, there is evidence indicating that for very fit individuals, significant 

improvements in CRF may only be achieved with HIT (Laursen & Jenkins, 2002).  

1.5.3 Summary. There may be a negative association between CRF and AS; 

however, more work is needed to fully delineate the dynamics underlying this 

relationship (Sabourin, et al., 2015). Additionally, it is unclear how significant of a role 

interoceptive exposure plays in reducing AS with exercise (Asmundson et al., 2013). 

Clarifying the directionality and nature of the mechanism(s) influencing CRF and AS, as 

well as the role of Interoceptive exposure in reducing AS, may provide valuable insight 

for the development of future exercise protocols. 

1.6 Sprint Interval Training  

Sprint interval training (SIT) is a 10-minute exercise program that consists of 

three 20-second sprints, interspersed by two minutes of recovery. SIT is a variation of 

HIT (Bucheit & Laurensen, 2013). HIT has been defined as repeated bursts of near to 

maximal energy expenditure (ranging from less than 10 seconds to 2 minutes), 

interspersed with recovery periods (Bucheit & Laurensen, 2013). A full session of SIT 

consists of only 1 minute of work, which greatly contrasts the 45 minutes of work 

required to complete a typical session of MICT.  

Researchers have found that HIT can dramatically and rapidly improve exercise 

performance to levels comparable to those achieved following longer variations of MICT 

exercise (Burgomaster et al., 2008). HIT has been shown to be equally or more 

efficacious than MICT at improving a wide range of physiological and performance 

outcomes, such as improvements in CRF and blood glucose regulation, and decreasing 
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individuals’ risk of experiencing cardiovascular events (Shiraev & Barclay, 2012). 

Despite the physically demanding nature of HIT, research suggests it is safe to use with a 

wide range of clinical and nonclinical populations, including individuals with diabetes 

(Boutagy & Luff, 2013), patients undergoing chemotherapy (Adamsen et al., 2009) and 

stroke rehabilitation (Kelly et al., 2014), individuals with cardiac disease (Broadbent, 

2013), and individuals with Parkinson’s disease (Boyne et al., 2013). 

SIT and other variations of HIT have been advocated for as time-efficient 

strategies for public health promotion because they are much briefer than most MICT 

exercise protocols (i.e., 10 minutes vs. 50 minutes; Gillen et al., 2016) and have been 

reported to be more enjoyable (Jung, Bourne, & Little, 2014). Researchers have also 

found that HIT is preferred by participants over MICT (Jung et al., 2014). This finding is 

an important consideration because, at present, only 15% of Canadians are meeting the 

national physical activity guidelines of 150 minutes of weekly MICT (Canadian Society 

for Exercise Physiology, 2011; Statistics Canada, 2013). Patterns of low adherence 

suggest there may be barriers to successfully implementing exercise programs outside of 

a laboratory environment (Gillen et al, 2016); however, given that 30 minutes of weekly 

SIT has been shown to induce physiological changes comparable to 150 minutes of 

weekly MICT, SIT may be a promising strategy for overcoming this barrier. The reasons 

provided for not exercising are numerous and complex; but, lack of time is among the 

most commonly cited (Trost et al., 2002). Although opinions are mixed (Biddle & 

Batternham, 2015; Gibala, 2007), preliminary findings support the potential utility of 

HIT, including SIT, as an alternative strategy to bolster exercise adherence (Adamsen et 

al., 2006; Gillen et al., 2016; Jung et al., 2014; Jung et al., 2015; Kelly et al., 2014).  
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1.6.1 Summary. HIT may be a promising exercise strategy for reducing AS that 

could confer greater adherence to exercise than MICT; however, researchers have yet to 

determine whether variations of HIT (i.e., SIT) lead to reductions in AS that are 

comparable to those observed following MICT. If SIT has comparable benefits to MICT, 

it could be presented as an alternative strategy for reducing high AS among both clinical 

and nonclinical populations, especially those at risk for the development of anxiety and 

mood disorders. 
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2.0 Current Investigation 

2.1 Purpose  

Accumulating research suggests that exercise is efficacious at reducing AS; 

however, several aspects of this association remain unexplored. The primary focus of 

this trial was to explore the effect of two exercise protocols differing in intensity and 

duration on AS. A secondary focus of this trial was to evaluate the effect of said exercise 

protocols on symptoms of depression, distress tolerance, and intolerance of uncertainty.  

Although exercising at a steady moderate pace for an extended duration of time 

(i.e., MICT exercise) appears to significantly reduce AS and mood-related constructs in 

as little as one session (Broman-Fulks et al., 2015, LeBouthillier & Asmundson, 2015; 

Yeung, 1996), research looking at shorter duration sprint interval protocols (i.e., SIT) as 

an alternative for reducing AS is lacking. Prior to this trial, SIT had not yet been 

investigated by anxiety researchers; however, initial evidence from cardiac transplant 

trials suggests that interval training may be more efficacious than MICT at improving 

CRF and reducing general depressive symptoms, and may be at least comparable to 

MICT at reducing broad symptoms of anxiety (Dall et al., 2015).  

This randomized controlled trial was the first to compare changes in AS, 

depression, distress tolerance, and intolerance of uncertainty following a single session 

of SIT exercise. Given previous work that has demonstrated a potential intensity-

dependent relationship between exercise and AS reduction (Broman-Fulks et al., 2004), 

as well as exercise and mood (Yeung, 1996), this study was also designed to evaluate 

whether the SIT protocol would reduce AS and symptoms of depression more than the 

MICT protocol.  
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2.2 Hypotheses 

This investigation evaluated the following hypotheses: 

1.   Participants in SIT and MICT groups will show a significant decrease (p 

< .05) in overall AS following the in-lab session compared to participants 

in the waitlist control group.  

2.   Participants in the SIT group will have greater reductions in AS following 

the in-lab session compared to individuals in the MICT group.  

3.   Participants in SIT and MICT groups will show a significant decrease (p 

< .05) in depressive symptoms (i.e., CESD-R score) following the in-lab 

session compared to participants in a waitlist control group.  

4.   Participants in the SIT group will have greater reductions in depressive 

symptoms following the in-lab exercise session compared to individuals 

in the MICT group. 

2.3 Exploratory Corollaries  

As noted earlier, there is a brief, yet emerging literature investigating the effect of 

exercise on correlates of AS that also predict and maintain the occurrence of anxiety and 

mood disorders. These constructs include distress tolerance and intolerance of 

uncertainty (Broman-Fulks et al., 2015; LeBouthillier & Asmundson, 2015). Given the 

mixed state of this literature, no specific predictions were made about expected outcomes 

for these variables; however, an exploratory investigation of these issues was undertaken 

during this trial.  

Another topic that has received little attention is the effect of different exercise 

protocols on the specific dimensions of AS (i.e., Social Concerns, Physical Concerns, 
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and Cognitive Concerns). Researchers have noted significant reductions across all 

dimensions of AS following a single session of continuous moderate to vigorous 

intensity exercise (LeBouthillier & Asmundson, 2015; Broman-Fulks & Storey, 2008); 

however, the effect of MICT and SIT on the dimensions of AS has not yet been 

evaluated. Given the limited state of this literature, specific predictions were not made 

about expected reductions in AS dimensions following either protocol; however, an 

exploratory investigation of this matter was also undertaken during this trial.  

2.4 Participants 

Ethical approval was obtained through the University of Regina Research Ethics 

Board. Participants (N = 63; See section 3.1 for randomization details) were recruited 

from the University of Regina psychology participant pool and the Regina community. 

Participants included in the current trial were between the ages of 18 and 65 years, were 

not currently physically active (i.e., completing less than 150 minutes of moderate 

intensity exercise or less than 75 minutes of vigorous intensity exercise each week), and 

did not have any medical conditions that would make it unsafe for them to participate in 

either exercise protocol. Individuals who were regularly using an interval training 

protocol (i.e., more than one session each week) were not eligible to participate in the 

trial. Individuals currently receiving psychotropic medication were included in the study 

(n = 5) if their medication dose had been stable for at least 6 weeks prior to participating 

in the trial. Individuals taking benzodiazepines or antipsychotic medications, as well as 

individuals who were at risk for suicide, were not eligible to participate.  

Participants were not selected for high AS in the present trial. Although in past 

work researchers have selected participants with high levels of baseline AS to evaluate 
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the effect of exercise on AS (Broman-Fulks et al., 2015; Sabourin et al., 2015), recent 

findings have demonstrated that a single bout of exercise is sufficient to produce 

significant reductions in AS in a sample of participants not selected for high AS 

(LeBouthillier & Asmundson, 2015). Given that AS is a dimensional psychological 

construct that exists in varying levels for all individuals (Taylor, 2014), relative changes 

in AS in nonclinical populations following specific exercise protocols might provide 

insight regarding potential effects of these exercise protocols for clinical populations 

characterized by elevations in AS.  

2.5 Screening Measures  

2.5.1 P4 Screener (P4; Dube et al., 2010; See Appendix B). The P4 screener was 

used to assess suicide risk. It was administered online prior to the in-lab session. The P4 

begins by asking participants “Have you had thoughts of actually hurting yourself?” 

Participants who did not endorse thoughts of hurting themselves were not required to 

complete any additional questions. Participants who endorsed thoughts of self-harm were 

presented with a series of four questions that evaluated potential suicide risk. Questions 

on the P4 evaluate history of self-harm, the presence of a suicide plan, the likelihood of 

acting on the plan, as well as anything that might prevent self-harm. Responses provide a 

suicide risk rating of minimal, low, or high. Participants who were rated as high risk for 

suicide were not eligible to participate in the trial and were immediately redirected to a 

suicide support website. Data gathered from this measure was only used in the online 

screen to determine participant eligibility. 

2.5.2 Physical Activity Readiness Questionnaire for Everyone (PAR-Q+; 

Chisholm, Collis, & Kulak, 1975; See Appendix C). The PAR-Q+ is a self-report 
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questionnaire that evaluates physical symptoms that could prevent individuals from 

safely engaging in physical activity. The seven items included in this measure evaluate 

cardiac problems, chest pain, high blood pressure, dizzy spells, and joint problems. 

Participants who endorsed any of these items were required to complete follow up 

questions to determine whether physician clearance was needed prior to continuing with 

the trial. Data gathered from this measure was only used in the online screen to 

determine participant eligibility. 

2.5.3 Physician Physical Activity Readiness Clearance (See Appendix D). This 

letter form was given to participants who met all eligibility criteria except for the PAR-

Q+ and were still interested in participating in this trial. These forms were completed by 

physicians to ensure that participants could safely engage in physical exercise. The 

physicians were required to list any medical conditions relevant for participation in this 

trial. If the physician deemed physical activity to be a risk, participants were not eligible 

to take part in the trial.  

2.6 Psychological and Lifestyle Measures 

2.6.1 ASI-3 (Taylor et al., 2007; See Appendix E). The ASI-3 measures fear of 

arousal-related sensations using items that correspond to Physical Concerns (i.e., fear of 

somatic sensations), Cognitive Concerns (i.e., fear of cognitive dyscontrol), and Social 

Concerns (i.e., fear of publicly observable symptoms) subscales. The ASI-3 contains 18 

items and is scored on a 5-point Likert scale ranging from 0 (agree very little) to 4 

(agree very much). The ASI-3 shows good reliability and validity (Taylor et al., 2007) 

and has a strong replicable factor structure across both clinical and nonclinical 

populations (Kemper, Lutz, Bähr, Rüddel, & Hock, 2012; Taylor et al., 2007; Wheaton, 
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Deacon, McGrath, Berman, & Abramowitz, 2012). The ASI-3 was the primary outcome 

measure used in the present trial and demonstrated good to excellent internal consistency 

for Total ASI-3 (Cronbach’s a ³ .94), Physical Concerns (Cronbach’s a ³ .84), 

Cognitive Concerns (Cronbach’s a ³ .92), and Social Concerns scores (Cronbach’s a 

³ .89) at all time points in the present trial.  

2.6.2 Distress Tolerance Scale (DTS; Simons & Gaher, 2005; See Appendix F). 

The DTS is a 15-item measure of tolerance of emotional distress, rated on a 5-point 

Likert scale ranging from 1 (strongly agree) to 5 (strongly disagree). The DTS includes 

four subscales: Tolerance, Absorption, Appraisal, and Regulation. The DTS 

demonstrates good convergent, discriminant, and criterion validity (Simons & Gaher, 

2005). The DTS was used as a secondary outcome measure in the present trial and 

demonstrated acceptable to excellent internal consistency for Total DTS (Cronbach’s a 

³ .93), Tolerance (Cronbach’s a ³ .80), Appraisal (Cronbach’s a ³ .70), Absorption 

(Cronbach’s a ³ .88), and Regulation scores (Cronbach’s a ³ .83) at all time points in 

the present trial.  

2.6.3 Intolerance of Uncertainty Scale, Short Form (IUS-12; Carleton, Norton, 

& Asmundson, 2007; See Appendix G). The IUS-12 is a short version of the original 

Intolerance of Uncertainty Scale (Freeston, Rhéaume, Letarte, Dugas, & Ladouceur, 

1994) designed to measure responses to uncertainty, ambiguous situations, and the 

future. The IUS-12 is strongly correlated with the original scale, rs = .94 to .96 

(Carleton, Norton, & Asmundson, 2007; Khawaja & Yu, 2010). Items are rated on a 5-

point Likert scale ranging from 1 (not at all characteristic of me) to 5 (entirely 

characteristic of me). The IUS-12 has demonstrated good convergent and discriminant 
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validity (Carleton et al., 2007). The IUS-12 was used as a secondary outcome measure in 

the present trial and demonstrated good to excellent internal consistency for Total IUS-

12 (Cronbach’s a ³ .93), Prospective intolerance of uncertainty (Cronbach’s a ³ .89), 

and Inhibitory intolerance of uncertainty scores (Cronbach’s a ³ .86) at all time points in 

the present trial. 

2.6.4. Center for Epidemiologic Studies of Depression Scale Revised (CESD-

R; Eaton et al., 2004, See Appendix H). The CESD-R is a 20-item questionnaire 

designed to measure occurrence of depressive symptoms over the past week. Items are 

rated on a 4-point Likert scale ranging from 0 (not at all or less than one day) to 4 

(nearly every day for 2 weeks). The CESD-R was used as a secondary outcome measure 

in the present trial and demonstrated excellent internal consistency (Cronbach’s a ³ .93) 

at all time points in the present trial. 

2.7 Physiological Measures 
 

2.7.1 Physical measurements. A certified personal trainer measured the 

participants’ blood pressure, resting heart rate, waist and hip circumference (i.e., 

measures taken in centimeters of the widest portion of the waist and hips), and weight. 

Waist to hip ratio was calculated using the waist and hip measurements. Blood pressure 

and heart rate were measured using a mechanical pressure cuff. Participants’ weight was 

measured in kilograms using a spring scale. Participants’ body mass index was 

determined using the height and weight measures. As these physical measurements were 

unlikely to significantly change after a single session of exercise, they were only used to 

characterize the trial sample and to calculate participant age adjusted HRmax (220 - 

participant age). These measures were not readministered following the in-lab session. 
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Participants’ target heart rate for the MICT protocol was determined using target HR = 

0.70 x [(HRmax)]. Participants’ minimum target heart rate for the SIT protocol was 

determined using target HR = 0.90 x [(HRmax)] 

2.7.2 Rating of Perceived Exertion (RPE; Borg, 1998). The RPE scale was used 

to assess perceived effort prior to, during, and following exercise. Possible responses on 

the RPE ranged from 6 (no exertion at all) to 20 (maximum exertion). Participants used 

this scale to rate their exertion prior to and, immediately following the exercise session. 

In addition, participants were asked to rate their exertion at 2.5%, 7.5%, 47.5%, and 

92.5% of exercise duration completed in minutes. These time points were chosen by 

Jung and colleagues (2014) to compare continuous and interval exercise protocols and 

were standardized across trials.  

2.8 Equipment  
 

2.8.1 Stationary ergometer. Participants in both exercise groups performed 

exercise on a Keiser M3 Series spin cycle. The cycle handle, seat height, and seat 

distance from the handle were adjusted appropriately to account for each participant’s 

physical stature. Tension levels were adjusted for each participant in order to reach 

appropriate target heart rates. 

2.8.2 Heart rate monitor. A certified personal trainer monitored participant 

heart rate during exercise to ensure participants were exercising at the appropriate 

intensity. Participants wore a Polar H7 heart rate sensors at the xiphoid process to ensure 

precision and reliability of measurements. 
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3.0 Procedure 

3.1 Randomization 
 

This trial used a randomized controlled design (see Figure 1 for trial design flow 

chart). After completing all screening measures, eligible participants were randomized 

into one of two exercise groups (i.e., SIT or MICT) or a waitlist control group. In line 

with the Consolidated Standards of Reporting Trials guidelines (Schulz, Altman, & 

Moher, 2010), group assignment was determined using a randomization feature in the 

Qualtrics online survey platform (Snow & Mann, 2013). There were four components to 

the present trial including initial online screening, laboratory baseline assessments and 

participation in exercise or waitlist control session, post-in-lab session assessment, and 

completion of 3 and 7 day follow-ups. A detailed description of each component is 

provided below. 

3.2 Online Measures Screen  
 

Individuals interested in participating in the trial completed a secure online 

survey requesting demographic information, including age and current 

psychopharmacological treatment. Individuals who met all eligibility criteria completed 

the ASI-3, DTS, CESD-R, and IUS-12. Following the completion of these online 

measures, participants scheduled a time to complete the in-lab phase of the trial.  

3.3 Baseline Assessments and Exercise Orientation  
 

Participants visited the laboratory once to complete the in-lab session. After 

arriving at the lab, participants completed all baseline assessments. These assessments 

were conducted by a research assistant certified in personal training and included 

physical assessments, such as measures of blood pressure, resting heart rate, weight, and 
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Figure 1. Trial protocol. 
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waist to hip ratio. Participants also completed the ASI-3, DTS, CESD-R, and the IUS-12. 

After all assessments were completed, participants were randomized into one of the 

exercise conditions or the waitlist control condition. Participants in the waitlist control 

condition completed the post-survey right away and were given the option to come back 

to the laboratory within the following 2 weeks to be randomized into an exercise 

condition. Participants in the waitlist control condition were instructed to complete 

follow-up surveys that were emailed at 3 and 7 days following the in-lab session. 

Participants assigned to one of the exercise conditions were provided with a brief 

demonstration of their assigned exercise protocol by the trainer. Participants were then 

prepared to complete their assigned exercise protocol.  

3.4 Continuous Moderate Intensity Training Protocol  
 

This investigation used the same MICT protocol from previous work comparing 

SIT and MICT exercise (Gillen et al., 2016). Participants underwent a 2-minute warm up 

followed by 45 minutes of MICT on a stationary spin cycle, then a 3-minute cool down. 

Participants maintained a heart rate of approximately 70% of their estimated HRmax 

throughout the 45 minutes of training. To ensure participants were working at the 

appropriate intensity, their heart rate was monitored and recorded throughout the task. To 

assess task exertion, participants reported a RPE value after their warm up and cool 

down, as well as at 2.5%, 42.5% and 92.5% of exercise session completed. During the 

exercise session, RPE values did not exceed 15 or drop below 13 to ensure participants 

were working at the prescribed intensity for this protocol. Participants were asked to 

increase or decrease the intensity of exercise as needed in order to maintain the 
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appropriate exertion rate. The exercise session was followed by a 3-minute cool down 

period and full body stretch with the certified personal trainer. 

3.5 Sprint Interval Training Protocol  
 

This investigation used a SIT protocol used in previous studies comparing SIT 

and MICT (Gillen et al., 2016). Small modifications (i.e., extending recovery periods 

past two minutes if participants had not fully recovered) were made to the protocol used 

by Gillen and colleagues to make the protocol suitable for the current sample of 

participants. Additionally, the sprinting resistance that was selected for each participant 

corresponded to the preset gear that generated the greatest amount of force (i.e., watts) 

while still allowing participants to maintain a sprinting cadence. This resistance was 

individualized for each participant to account for differences in mass and was determined 

by the certified personal trainer during the baseline assessment. After completing the 

baseline assessments, participants underwent a 2-minute warm-up, followed by three 20-

second cycle sprints against the applied resistance, separated by an active recovery 

consisting of approximately 2 minutes of low intensity cycling. Participants were 

supervised by a certified personal trainer throughout the session. During each sprint, 

participants were instructed to achieve an exercise intensity at or above 18 RPE and 85% 

of their age-approximated HRmax. Participants were encouraged to push themselves if 

they were not working as hard as they possibly could. Participants reported RPE values 

at the end of every recovery period to ensure they were ready for the next sprint. If 

participants reported a RPE value above 11 (indicating that they had not yet fully 

recovered) after the 2 minutes of recovery period was over, they were required to 

continue cycling at a low intensity until their RPE dropped below 11 to ensure it would 
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be safe for them to begin their next sprint. Participants were asked to increase their 

efforts as needed to maintain the appropriate exertion rate, as measured by RPE and 

heart rate, during each sprint. If substantial differences in heart rate and RPE were 

observed, the research assistant deferred to RPE to evaluate intensity and any 

discrepancies were noted. The SIT session was followed by a 3-minute cool-down and 

measures of heart rate and RPE were taken at the end of the cool-down to ensure 

participants were fully recovered. The cool-down and full body stretch was extended as 

needed to ensure participant safety.  

3.6 Waitlist Control Condition  
 

Participants in the waitlist control condition completed the in-lab assessment 

session and follow-up surveys that were emailed to them following the in-lab session. 

Follow-up surveys included the ASI-3, DTS, CESD-R, and the IUS -12. Once 

participants completed these assessments they were invited to return to the laboratory to 

be re-randomized into one of the exercise groups and complete the assigned exercise 

protocol as described above. Of all the participants who were randomized to the waitlist 

group, 15% (n = 3) came back to the lab to be re-randomized into one of the exercise 

conditions (SIT, n = 1, 6% ; MICT, n = 2, 10%). 

3.7 Post-in-Lab Session Assessments and Follow-up Testing 
 
Immediately following each exercise session, participants completed the ASI-3, 

DTS, CESD-R, and IUS-12. At both follow ups, all participants (including waitlist 

control) were emailed a survey containing the ASI-3, DTS, CESD-R, and IUS-12. 

Participants were asked to complete each questionnaire within 24 hours of receiving it. 
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Participants who did not complete the questionnaire within this time frame were sent a 

reminder email.  

3.8 Analyses  

Hierarchical linear modeling (HLM) was selected as the primary analysis for the 

proposed trial because it offers several advantageous over alternative analyses for data 

from randomized controlled trials. HLM maximizes statistical power and can handle 

missing data (Tabachnick & Fidell, 2013). HLM also does not require independence and 

homogeneity of regression slopes, as it can model variability in regression slopes and 

relationships between cases (Field, 2009). It is difficult to predict the statistical power of 

HLM due to the multitude of factors involved in this analysis; however, previous studies 

have utilized approximately 20 individuals per experimental condition (LeBouthillier & 

Asmundson, 2015; Smits, Berry, Rosenfield, et al., 2008). The current trial is based on 

data from a similar sample size (i.e., 63 participants for three experimental groups).  

All analyses utilized a two-level HLM model that included the dependent 

variable at each time point (level 1) nested within participants (level 2). All models were 

computed using the maximum likelihood estimation. Baseline differences in scores 

among individuals were accounted for by including both a fixed and random intercept in 

the model. Fixed effects of both time and group assignment (i.e., MICT, SIT, waitlist 

control) were the primary predictor variables included in each model. A group-by-time 

interaction was also included in the model to determine whether changes were occurring 

in the dependent variable over time and between groups. Time was coded into four time 

points, including (1) baseline, (2) post-session, (3) follow-up 1, and (4) follow-up 2. A 

random effect of time was not included in any model because doing so prevented the 
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analysis from converging, indicating that a random effect of time was not appropriate for 

any model. All hypothesis testing was conducted using two-tailed tests at an a level 

of .05. A measure of effect size (i.e., h2) representing the total variance explained by 

each model was calculated for each model using the formula for provided by Kreft and 

DeLeeuw (1998). Cohen’s d effect sizes were also computed for all pre-post models by 

standardizing each outcome measure (i.e., ASI-3, ASI-3 Social Concerns, ASI-3 

Physical Concerns, ASI-3 Cognitive Concerns, CESD-R, IUS -12, DTS) and rerunning 

the resulting Z-scores in each model. All models were bootstrapped using 1,000 samples 

to generate robust probability values and corresponding confidence intervals.  

Final models included the fixed effects of group, time, and group-by-time 

interaction at time points 1 and 2. For Hypotheses 1 and 3 (i.e., that both exercise 

conditions would be more efficacious than the waitlist at reducing scores on the ASI-3 or 

CESD-R), the waitlist group was used as the reference group for all comparisons in the 

model. Since no significant changes were expected for the waitlist group, time was not 

expected to be significant. Conversely, changes in the outcome variable scores from 

baseline were expected at post-exercise for both exercise groups, and thus the group-by-

time effect was expected to be significant. Time was included as a covariate in these 

models. All exercise groups with significant group-by-time interactions were further 

investigated using additional HLM models with time points 2, 3, and 4, included as 

factors to make pairwise comparisons of changes in the outcome variable scores at each 

time point. For Hypotheses 2 and 4 (i.e., that the SIT exercise condition would be more 

efficacious than the MICT condition at reducing ASI-3 or CESD-R scores), the same 

data analytic strategy was utilized; however, the SIT group was used as the reference 
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group for all comparisons in the model instead of the waitlist group. This adjustment 

allowed for direct comparisons in outcome variable reductions to be made between the 

two exercise groups. In these models, time was expected to be significant and group-by-

time interactions for both the waitlist and MICT groups were also expected to be 

significant.  

An important consideration for analyses conducted at all follow-up periods is 

participant exercise frequency. If participants in one group were more likely than 

participants in the other groups to increase their exercise frequency following the in-lab 

session, this increase in physical activity could confound the results of the hierarchical 

models. A one-way analysis of variance (ANOVA) was conducted at each follow up 

time point to evaluate whether there were any between group differences in exercise 

frequency following the in-lab session. 
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4.0 Results 

4.1 Descriptive Statistics  

Of the 196 participants who accessed the online screener, 63 met all eligibility 

criteria and participated in the in-lab portion of the trial. Individuals who did not meet all 

eligibility criteria included people who were already physically active (n = 66), who 

indicated they were not interested in participating in the in-lab portion of the study (n = 

42), who reported having a medical condition that could make the exercise component of 

this study unsafe (n = 10), who were currently on antipsychotic or benzodiazepine 

medication (n = 10), who endorsed suicide risk (n = 3), or who were not between the 

ages of 18 to 65 (n = 2). Participants were removed from the data analyses if they (1) did 

not complete at least 66% of the exercise session, (2) did not achieve the target intensity 

for their assigned protocol, or (3) did not complete the post-in-lab session. After 

removing participants who did not complete the in-lab session as requested, 56 

participants remained in the final sample (see Figure 2 for a detailed description of 

participant flow). Of these 56 participants, 46 (82%) completed the first follow-up and 

45 (80%) completed the second follow-up. This level of attrition is comparable to other 

research in this area (LeBouthillier & Asmundson, 2015; Smits et al., 2008). Follow-up 

data points were removed if participants filled out the 3-day follow-up questionnaire 

more than 5 days after the in-lab session or if they filled out the 7-day follow-up 

questionnaire more than 10 days after the in-lab session. After removing follow-up data 

that did not fall within the specified time range, 41 (73%) participants remained for the 

first follow up, and 37 (66%) participants remained for the second. For the baseline to 

post-session analyses, all participants were included regardless of whether they 

completed both follow-up questionnaires on time; however, all late responders were  
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Figure 2. Participant flow. 
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Table 1  
      Participant Demographics           

 

Waitlist 
(n = 20) 

MICT 
(n = 20) 

SIT 
(n = 16) 

 
M/n SD/% M/n SD/% M/n SD/% 

Age 23.34 8.23 27.75 12.91 22.81 5.99 
Body mass index 26.55 5.62 24.83 4.56 24.57 4.22 
Sex 

      
Male 5 25 4 20 2 13 
Female 15 75 16 80 14 87 

Ethnicity 
      

White 15 75 14 70 16 100 
Black 2 10 1 5   
Asian 1 5     
Indian 1 5 1 5   
First Nations  2 10   
Multiracial 

  1 5   
Other 1 5     

Education 
      

High school 2 10     
Partial degree/diploma  12 60 17 85 15 94 
College  1 5 1 5   
Undergraduate  4 20 2 10 1 6 
Master's  1 5     

Relationship  
      

Single 16 80 13 65 10 63 
Married  2 10 7 35 4 25 
Separated  1 5     
Widowed 

    1 6 
Other 

    1 6 
Rather not say 1 5     

Employment  
      

Full-time 3 15 3 15 1 6 
Part-time 9 45 7 35 6 38 
Unemployed 1 5     
Student 7 35 4 20 5 31 
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On disability 
  3 15 1 6 

Self-employed 
  1 5 1 6 

Homemaker 
  1 5   

Multiple selected 
 1 5 2 13 

Note. SIT = sprint interval training; MICT = moderate intensity continuous training. 
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removed from the analyses when the follow-up points were evaluated. Participant 

demographics are presented by group in Table 1. Individuals from all three groups were 

similar in terms of age, BMI, sex, and employment status. In accordance with the 

Consolidated Standards of Reporting Trial guidelines, significance testing for differences 

between groups was not undertaken because random assignment ensures that any 

observed differences are the result of chance (Schulz et al., 2010). Mean scores and 

standard deviations for each outcome measure used in the trial are presented in Tables 2, 

3, and 4. Additional descriptive statistics for these measures are presented in Table 5. 

4.2 Hypothesis 1: SIT and MICT will reduce AS more than the waitlist control  

The results of the HLM for the relationship between experimental condition 

(MICT, SIT, and waitlist control) and AS at baseline and post-in-lab session showed 

that, when compared to the waitlist, both exercise groups reported significant reductions 

in total ASI-3 scores (See Table 6). This model explained 40% of the variance in AS. 

Compared to the waitlist group, ASI-3 scores reduced by 5.2 points on average in the 

SIT group and 6.7 points in the MICT group. SIT was associated with a Cohen’s d of -

0.35 (95% CI [-0.70, -0.07]), while MICT was associated with a Cohen’s d of -0.45 

(95% CI [-0.80, -0.16]). Reductions in AS represented a small to moderate effect for the 

SIT group and a moderate effect for the MICT group. Supplementary analyses (see Table 

7) indicated that ASI-3 scores at both follow-ups were not significantly different from 

post-in-lab session scores (see Figure 3). 

4.2.1 ASI-3 Social Concerns. The results of the HLM of the relationship 

between experimental condition and Social Concerns at baseline and following the in-lab 

session indicated significant reductions in Social Concerns scores for the MICT group  
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Table 2 
      Anxiety Sensitivity Scores at Baseline, Post-Session, and Follow-Up   

 
SIT MICT Waitlist 

Variable M SD M SD M SD 
ASI-3 Total 

      Baseline 23.00 15.52 20.75 15.68 19.55 14.60 
Post-session 18.60 14.54 14.70 12.51 20.20 15.22 
Follow-up 1 15.60 14.38 14.78 15.70 19.06 19.90 
Follow-up 2 19.54 14.04 18.38 16.06 18.61 14.50 

ASI-3 Cognitive Concerns 
     Baseline 4.94 5.43 5.60 6.20 4.55 5.07 

Post-session 4.10 5.23 3.80 5.92 5.05 5.78 
Follow-up 1 3.20 5.43 3.86 6.93 5.12 6.76 
Follow-up 2 2.64 4.27 5.15 7.17 4.61 5.14 

ASI-3 Social Concerns 
     Baseline 11.30 5.91 10.15 6.70 10.00 6.78 

Post-session 9.53 6.41 8.05 6.60 10.00 6.59 
Follow-up 1 8.10 5.60 7.93 8.05 8.19 7.60 
Follow-up 2 11.30 6.72 9.00 7.66 9.40 6.73 

ASI-3 Physical Concerns 
     Baseline 6.75 6.50 5.00 4.78 5.00 4.26 

Post-session 4.93 5.56 2.85 2.81 5.15 4.40 
Follow-up 1 4.30 5.31 3.00 3.10 5.75 6.27 
Follow-up 2 5.60 6.65 4.23 3.81 4.61 4.70 

Note. ASI-3 = Anxiety Sensitivity Index-3.  
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Table 3 
      Depression Scores at Baseline, Post-Session, and Follow-up     

 SIT MICT Waitlist 
Variable M SD M SD M SD 

CESD-R 
      Baseline 15.27 12.17 14.14 10.67 16.65 12.10 

Post-session 15.38 13.67 11.71 10.70 16.20 12.60 
Follow-up 1 12.29 12.79 12.29 12.79 12.50 11.55 
Follow-up 2 10.50 12.80 8.40 8.60 11.31 9.37 

Note. CESD-R = Center for Epidemiologic Studies Depression Scale Revised. 
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Table 4 
      IUS-12 Scores at Baseline, Post-Session, and Follow-up   

 
SIT MICT Waitlist 

Variable M SD M SD M SD 
IUS-12  

      Baseline 34.19 10.50 30.75 11.80 29.70 9.59 
Post-session 31.50 9.80 29.45 10.75 29.20 9.84 
Follow-up 1 28.27 9.70 27.64 13.00 31.25 12.70 
Follow-up 2 31.36 13.18 29.61 12.68 28.54 11.44 

Note. IUS-12 = Intolerance of Uncertainty Scale, Short Form. 
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Table 5       
Descriptive Statistics for Outcome Measures    
Variable Obs. M SD Range Skew Kurtosis 
ASI-3 208 18.01 14.85 0 - 61 0.87 -0.27 
IUS-12 208 29.77 10.81 0 - 56 0.13 -0.73 
DTS 208 23.70 13.56 0 - 57 0.00 -0.96 
CESD-R 208 13.03 11.67 0 - 47 1.04 0.38 
Note. Obs. = observations; ASI-3 = Anxiety Sensitivity Index-3; IUS -12 = Intolerance of 
Uncertainty Scale, Short Form; DTS = Distress Tolerance Scale; CESD-R = Center for 
Epidemiologic Studies Depression Scale Revised. 
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Table 6       
HLM for ASI-3 Total from Baseline to Post-Session    
 Estimate 95% CI SE df t p 
Fixed effects      Intercept 17.93 [12.30, 22.64] 3.08 108.35 5.82 .001 

SIT 9.06 [1.94, 17.86] 5.05 95.29 1.79 .018 
MICT 9.11 [0.28, 20.00] 3.36 71.94 2.71 .123 
Time 0.65 [-1.38, 2.74 1.16 58.00 0.56 .598 
SIT x Time -5.20 [-10.53, -1.00] 1.75 58.00 -2.98 .035 
MICT x Time  -6.70 [12.01, -2.36] 1.65 58.00 -4.06 .024 

Random effects      Intercept 188.46 [127.50, 278.57]    .001 
 Residual 13.59 [9.44, 19.56]    .644 

Note. ASI-3 = Anxiety Sensitivity Index-3; HLM = hierarchical linear model; SIT = sprint 
interval training; MICT = moderate intensity continuous training. 
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Table 7 
      HLM for ASI-3 Total at Follow-ups Compared to Post-Session     

  Estimate 95% CI SE df t p 
Fixed effects      Intercept 20.42 [16.52, 25.53] 2.78 87.51 7.34 .001 

SIT -2.54 [-10.31, 3.54] 4.60 69.79 -0.55 .341 
MICT -6.72 [-20.64, 3.53] 2.92 125.64 -2.29 .204 
F1 -3.77 [-8.96, 1.02] 1.83 81.06 -2.06 .126 
F2 -1.27 [-6.39, 5.69] 1.68 80.69 -0.75 .660 
SIT x F1 4.46 [-0.39, 9.37] 2.72 81.34 1.64 .125 
SIT x F2 1.06 [-4.64, 5.47] 2.63 81.21 0.40 .760 
MICT x F1 5.53 [-1.19, 12.23] 2.66 81.82 2.08 .180 
MICT x F2 1.34 [-5.56, 6.98] 2.46 81.10 0.54 .759 

Random effects      Intercept 188.46 [127.50, 278.57]    .001 
Residual 13.59 [9.44, 19.56]    .644 

Note. ASI-3 = Anxiety Sensitivity Index-3; HLM = hierarchical linear model; F1 = follow-up 1; F2 = 
follow-up 2; SIT = sprint interval training; MICT = moderate intensity continuous training. 
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Figure 3. ASI-3 total scores at baseline, post-session, and at follow-ups. 
Note. ASI = Anxiety Sensitivity Index-3. 
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Table 8       HLM for Social Concerns Subscale of ASI-3 from Baseline to Post-Session  
  Estimate 95% CI SE df t p 
Fixed effects      Intercept 9.84 [7.34, 11.94] 1.33 105.83 7.41 .001 

SIT 3.10 [-0.68, 6.87] 2.20 91.39 1.41 .083 
MICT 2.36 [-0.95, 6.34] 1.40 70.61 1.69 .240 
Time 0.00 [-0.92, 0.89] 0.48 58.06 0.00 .989 
SIT x Time  -1.81 [-3.83, 0.50] 0.72 58.06 -2.51 .133 
MICT x Time  -2.10 [-3.86, 0.54] 0.68 58.06 -3.09 .041 

Random effects      
Intercept 37.39 [25.35, 

55.14]    .001 

Residual 2.31 [1.61, 3.33]    .644 
Note. ASI-3 = Anxiety Sensitivity Index-3; HLM = hierarchical linear model; SIT = sprint interval 
training; MICT = moderate intensity continuous training.  
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compared to the waitlist, but not for the SIT group (see Table 8). This model accounted 

for 31% of the variance in Social Concerns scores. SIT was associated with an average 

reduction in Social Concerns of 1.81 points and a Cohen’s d of -0.26 (95% CI [-0.56, -

0.07]), while MICT was associated with an average reduction in Social Concerns of 2.10 

points and a Cohen’s d of -0.31 (95% CI [-0.56, -0.08]). Reductions in Social Concerns 

for the SIT group represented a small effect and reductions in Social Concerns for the 

MICT represented a small to moderate effect. Supplementary analyses (see Table 9) of 

the relationship between the MICT condition and Social Concerns at both follow-up 

points indicated that the reductions in Social Concern scores were not significantly 

different from AS levels following the in-lab session (see Figure 4).  

4.2.2 ASI Cognitive Concerns. Overall, only the MICT group was associated 

with significant reductions in Cognitive Concerns scores, by an average of 2.30 points. 

The SIT group was associated with a reduction in Cognitive Concerns scores of 1.81 

points; however, this trend was not significant (see Table 10). This model accounted for 

21% of the variance in Cognitive Concern scores. SIT was associated with a Cohen’s d 

of -0.24 (95% CI [-0.68, 0.10]) that represented a small effect, while MICT was 

associated with a Cohen’s d of -0.41 (95% CI [-0.79, -0.11]) that represented a moderate 

effect. Supplementary analyses (see Table 11) of the relationship between the MICT 

group and Cognitive Concerns at both follow-up points indicated that the reductions in 

Cognitive Concern were not significantly different from post-in-lab session scores (see 

Figure 5).  

4.2.3 ASI-3 Physical Concerns. The results of the HLM model of the 

relationship between experimental conditions and Physical Concerns at baseline and 

following the in-lab session showed that only SIT was associated with significant  
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Table 9 
      HLM for Social Concerns Subscale of ASI-3 at Follow-ups Compared to Post-Session 

  Estimate 95% CI SE df t p 
Fixed effects      

Intercept 9.98 [8.57, 11.24] 1.29 63.15 7.77 .001 
MICT -1.18 [-3.54, 1.66] 0.88 59.09 -1.34 .322 
F1 -1.99 [-4.05, 0.37] 0.81 58.79 -2.46 .067 
F2 -2.11 [-4.65, 1.07] 1.39 92.22 -1.52 .141 
MICT x F1 1.62 [-1.04, 4.00] 1.28 59.70 1.26 .360 
MICT x F2 1.45 [-1.79, 3.80] 1.19 59.13 1.22 .425 

Random effects      
Intercept 39.32 [24.41, 63.33]    .495 
Residual 5.57 [3.87, 8.00]    .001 

Note. ASI-3 = Anxiety Sensitivity Index-3; HLM = hierarchical linear model; MICT = 
moderate intensity continuous training; F1 = follow-up 1; F2 = follow-up 2. 
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Figure 4. ASI-3 Social Concerns scores at baseline, post-session, and at follow-ups  
Note. ASI = Anxiety Sensitivity Index-3. 
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Table 10       HLM for Cognitive Concerns Subscale of ASI-3 from Baseline to Post-Session 
  Estimate 95% CI SE df t p 
Fixed effects      Intercept 3.77 [1.77, 5.60] 1.23 111.45 3.06 .001 

SIT 1.73 [-1.48, 5.33] 1.99 102.81 0.87 .290 
MICT 3.42 [-0.01, 7.43] 1.43 74.94 2.38 .100 
Time 0.50 [-0.32, 1.41] 0.51 58.16 0.99 .330 
SIT x Time  -1.31 [-3.80, -0.57] 0.76 58.16 -1.73 .250 
MICT x Time  -2.30 [-4.39, -0.61] 0.72 58.16 -3.21 .038 

Random effects      Intercept 26.16 [17.63, 38.84]    .001 
Residual 2.56 [1.78, 3.69]    .644 

Note. ASI-3 = Anxiety Sensitivity Index-3; HLM = hierarchical linear model; SIT= sprint 
interval training; MICT= moderate intensity continuous training.  
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Table 11       
HLM for Cognitive Concerns Subscale from ASI-3 at Follow-ups Compared to Post-Session  
  Estimate 95% CI SE df t p 
Fixed effects      

Intercept 5.23 [3.66, 7.07] 1.14 63.74 4.60 .001 
MICT -1.99 [-6.14, 1.43] 1.25 93.03 -1.59 .200 
F1 0.17 [-1.64, 2.32] 0.74 58.78 0.23 .851 
F2 -1.33 [-3.22, 0.46] 0.80 59.11 -1.66 .245 
MICT x F1 0.29 [-2.09, 2.48] 1.08 59.15 0.27 .823 
MICT x F2 1.45 [-2.47, 4.75] 1.16 59.76 1.25 .420 

Random effects      
Intercept 30.17 [18.69, 48.70]    .443 
Residual 4.59 [3.19, 6.01]    .001 

Note. ASI-3 = Anxiety Sensitivity Index-3; HLM = hierarchical linear model; MICT = moderate 
intensity continuous training; F1 = follow-up 1; F2 = follow-up 2. 
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Figure 4. ASI-3 Cognitive Concerns scores at baseline, post-session, and at follow-ups. 
Note. ASI = Anxiety Sensitivity Index-3. 
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Table 12 
      HLM for Physical Concerns Subscale from ASI-3 from Baseline to Post-Session 

  Estimate 95% CI SE df t p 
Fixed effects      

Intercept 4.42 [2.02, 6.71] 1.15 111.96 3.85 .002 
SIT 4.15 [0.92, 7.69] 1.82 107.82 2.27 .010 
MICT 3.16 [-0.51, 7.57] 1.39 76.79 2.27 .140 
Time 0.15 [-1.38, 1.52] 0.50 57.57 0.30 .840 
SIT x Time  -2.09 [-3.83, -0.29] 0.75 57.57 -2.78 .044 
MICT x Time  -2.30 [-4.64, -0.05] 0.71 57.57 -3.25 .075 

Random effects      
 Intercept 26.16 [13.16, 29.47]    .001 
 Residual 2.56 [1.73, 3.60]    .641 

Note. ASI-3 = Anxiety Sensitivity Index-3; HLM = hierarchical linear model; SIT= sprint interval 
training. MICT= moderate intensity continuous training.  
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reductions in Physical Concerns scores (see Table 12). This model explained 34% of the 

variance in Physical Concerns scores. When compared to the waitlist group, the SIT and 

MICT groups had reduced Physical Concern scores by an average of 2.09 and 2.30 

points, respectively. Additionally, SIT was associated with a Cohen’s d of -0.43 (95% CI 

[-0.79, -0.06]), while MICT was associated with a Cohen’s d of -0.47 (95% CI [-0.96, -

0.11]). Reductions in Physical Concerns scores for both exercise groups represented 

moderate effects. Supplementary analyses (see Table 13) of the relationship between the 

SIT group and Physical Concerns at both follow-up points indicated that changes in 

Physical Concern scores were not significantly different from post-in-lab session scores 

(see Figure 6).  

4.3 Hypothesis 2: SIT will reduce AS more than MICT 

Results from the HLM model using SIT as the reference group for ASI-3 Total 

scores from baseline to post-in-lab session did not reveal significant differences between 

SIT and MICT (see Table 14). When compared to the SIT group, MICT was associated 

with an average reduction in ASI-3 Total score of 1.49 points and Cohen’s d of -0.10 

(95% CI [-0.44, 0.25]). This trend in reduction of ASI-3 Total scores represented a small 

effect. These findings suggest that the changes in AS for individuals in either of the 

exercise groups were not significantly different from one another.  

4.4 Hypothesis 3: SIT and MICT will reduce depressive symptoms more than 

waitlist 

No significant group-by-time interactions or significant effect of time were 

observed in the HLM model evaluating the relationship between experimental condition 

and CESD-R from baseline to post-in-lab session. This model explained 17% of the  
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Table 13       
HLM for Physical Concerns Subscale from ASI-3 at Follow-ups Compared to Post-Session 
  Estimate 95% CI SE df t p 
Fixed effects      Intercept 5.15 [3.87, 6.52] 1.17 45.51 4.39 .001 

SIT -1.25 [-3.98, 0.71] 0.89 52.75 -1.4 .240 
F1 0.51 [-1.42, 3.50] 0.82 52.22 0.62 .810 
F2 -0.46 [-2.12, 1.02] 1.76 45.51 -0.26 .550 
SIT x F1 1.91 [-0.22, 4.15] 1.33 52.89 1.44 .230 
SIT x F2 -0.58 [-4.38, 2.08] 1.28 52.67 -0.45 .780 

Random effects      Intercept 21.83 [13.03, 36.58]    .476 
Residual 5.67 [3.85, 8.35]    .001 

Note. ASI-3 = Anxiety Sensitivity Index-3; HLM = hierarchical linear model; 
SIT =sprint interval training; F1 = follow-up 1; F2 = follow-up 2. 
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Figure 5. ASI-3 Physical Concerns scores at baseline, post-session, and at follow-ups. 
Note. ASI = Anxiety Sensitivity Index-3. 
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Table 14       HLM for ASI-3 Total from Baseline to Post-Session       
  Estimate 95% CI SE df t p 
Fixed effects      Intercept 27.00 [21.13, 33.46] 4.00 85.41 6.74 .001 

WT -9.07 [-18.08, -1.67] 5.05 95.29 -1.80 .020 
MICT 0.05 [-9.63, 10.40] 5.05 95.29 0.01 .989 
Time -4.56 [-9.35, -1.22] 1.30 58.00 -3.50 .030 
WT x Time 5.21 [1.71,9.50] 1.75 58.00 2.98 .040 
MICT x Time -1.49 [-6.60, 3.79] 1.75 58.00 -0.85 .650 

Random effects      Intercept 188.46 [127.50, 278.57]    .001 
Residual 13.59 [9.44, 19.56]    .644 

Note. ASI-3 = Anxiety Sensitivity Index-3; HLM = hierarchical linear model; WT = waitlist; MICT 
= moderate intensity continuous training. 
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Table 15       HLM for CESD-R from Baseline to Post-Session         
  Estimate 95% CI SE df t p 
Fixed effects      Intercept 15.52 [11.62, 19.32] 2.42 108.35 6.41 .001 

SIT 0.48 [-5.51, 6.21] 4.12 95.29 0.12 .856 
MICT 3.38 [-2.37, 9.77] 2.21 71.94 1.53 .283 
Time -0.45 [-2.70, 1.55] 57.73 -0.61 -0.61 .674 
SIT x Time  0.20 [-2.81, 3.58] 57.73 0.18 0.18 .894 
MICT x Time  -2.00 [-5.01, 0.95] 57.73 -1.90 -1.90 .221 

Random effects      Intercept 150.54 [102.43, 221.25]    .001 
Residual 5.54 [3.85, 7.98]    .644 

Note. CESD-R = Center for Epidemiologic Studies Depression Scale Revised; HLM = hierarchical 
linear model; SIT= sprint interval training. MICT = moderate intensity continuous training. 
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variance in CESD-R scores (see Table 15). These findings indicate that neither exercise 

condition had a significant effect on depression scores. When compared to the waitlist, 

SIT was associated with an average increase in CESD-R scores of 0.20 and a Cohen’s d 

of 0.02 (95% CI [-0.25, 0.31]), while MICT was associated with an average reduction in 

CESD-R scores of 2.00 points and a Cohen’s d of -0.17 (95% CI [-0.44, -0.08]). Both 

changes in CESD-R scores represented a small effect. Since neither group-by-time 

interaction was significant in this model, no further analyses were undertaken to 

investigate CESD-R scores at follow-up. 

4.5 Hypothesis 4: SIT will reduce symptoms of depression more than MICT 

Results from the HLM model using SIT as the reference group for CESD-R 

scores from baseline to post-in-lab session did not reveal significant differences between 

SIT and MICT (see Table 16). When compared to SIT, MICT was associated with a non-

significant average reduction in CESD-R scores of 2.20 points and a Cohen’s d of -0.19 

(95% CI [-0.47, 0.073]). This reduction represented a small effect. Since neither group-

by-time interaction was significant in this model, no additional analyses were undertaken 

to investigate changes over time. Overall, these results suggest that changes in 

depression scores for individuals in this trial were not significantly different across 

groups. 

4.6 Correlates of AS 

4.6.1 Intolerance of uncertainty. The results from the HLM model evaluating 

the relationship between experimental condition and IUS-12 from baseline to post-in-lab 

session did not reveal a significant group-by-time interaction or significant effect of 

time, indicating that neither exercise group had a significant effect on intolerance of  
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Table 16       HLM for CESD-R from Baseline to Post-Session  
  Estimate 95% CI SE df t p 
Fixed effects      Intercept 16.00 [11.14, 20.04] 3.34 71.02 4.79 .001 

WT -0.48 [-6.17, 5.49] 4.12 78.80 -0.12 .860 
MICT 2.90 [-3.21, 9.58] 4.12 78.80 0.70 .330 
Time -0.25 [-2.36, 2.26] 0.83 57.73 -0.30 .830 
WT x Time -0.20 [-3.43, 2.60] 1.12 57.73 -0.18 .890 
MICT x Time -2.20 [-5.38, 0.83] 1.12 57.73 -1.97 .220 

Random effects      
Intercept 150.54 [102.43, 

221.25]    .001 

Residual 5.54 [3.85, 7.98]    .644 
Note. CESD-R = Center for Epidemiologic Studies Depression Scale Revised; HLM = hierarchical 
linear model; WT = waitlist; MICT = moderate intensity continuous training.  
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Table 17       HLM for IUS-12 from Baseline to Post-Session       
  Estimate 95% CI SE df t p 
Fixed effects      Intercept 29.22 [25.33, 33.53] 2.34 111.34 12.48 .001 

SIT 7.66 [1.00, 15.43] 3.78 102.32 2.03 .034 
MICT 3.44 [-3.18, 9.40] 2.71 74.46 1.27 .287 
Time -0.50 [-3.81, 2.28] 0.96 57.80 -0.52 .716 
SIT x Time  -2.19 [-6.79, 1.64] 1.43 57.80 -1.53 .344 
MICT x Time  -0.80 [-4.07, 2.77] 1.35 57.80 -0.59 .663 

Random effects      Intercept 94.89 [63.85, 141.02]    .001 
Residual 9.14 [6.35, 13.16]    .651 

Note. IUS-12 = Intolerance of Uncertainty Scale, Short Form; HLM = hierarchical linear model; SIT 
= sprint interval training; MICT= moderate intensity continuous training.  
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uncertainty scores (see Table 17). This model explained 15% of the variance in 

intolerance of uncertainty scores. SIT was associated with a non-significant reduction in 

IUS-12 scores of 2.19 and Cohen’s d of -0.20 (95% CI [-0.46, 0.06]), while MICT was 

associated with a non-significant reduction in IUS-12 scores of 0.80 points and a 

Cohen’s d of -0.07 (95% CI [-0.32, 0.17]). These changes in intolerance of uncertainty 

scores represent a small effect. Since neither group-by-time interaction was significant in 

this model, additional analyses were not undertaken to investigate changes at follow-up. 

Overall, these results suggest that changes in intolerance of uncertainty scores for 

individuals in this trial were not significantly different across groups. 

4.6.2 Distress tolerance. The results from the HLM model evaluating the 

relationship between experimental condition and scores on the DTS from baseline to 

post-in-lab session did not reveal a significant group-by-time interaction or significant 

effect of time, indicating that neither exercise or waitlist group had a significant effect on 

distress tolerance scores (see Table 18). This model accounted for 19% of the variance in 

distress tolerance scores. SIT was associated with a non-significant reduction in DTS 

scores of 2.04 points and a Cohen’s d of -0.15 (95% CI [-0.44, 0.11]), while MICT was 

associated with a non-significant reduction in DTS scores of 0.55 points and a non-

significant Cohen’s d of -0.04 (95% CI [-0.31, 0.22]). Reductions in distress tolerance 

represented small effects. No additional analyses were undertaken to investigate changes 

at follow-up, as no group-by-time interactions were significant in this model. Overall, 

these findings suggest that the change in distress tolerance for individuals in this trial 

were comparable regardless of their specific group assignment. 
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Table 18       HLM for DTS from Baseline to Post-Session         
  Estimate 95% CI SE df t p 
Fixed effects      Intercept 24.50 [19.35, 29.47] 2.61 102.55 9.39 .001 

SIT 3.50 [-4.10, 11.72] 4.36 87.25 0.80 .343 
MICT 3.64 [-4.71, 12.69] 2.64 69.12 1.38 .489 
Time -0.90 [-3.14, 1.46] 0.90 57.95 -1.00 .462 
SIT x Time  -2.04 [-5.95, 1.51] 1.35 57.95 -1.51 .306 
MICT x Time  -0.55 [-4.15, 2.94] 1.27 57.95 -0.43 .787 

Random effects       Intercept 94.89 [63.85, 141.02]    .001 
 Residual 9.14 [6.35, 13.16]    .651 

Note. DTS = Distress Tolerance Scale; HLM = hierarchical linear model; SIT= sprint interval 
training; MICT= moderate intensity continuous training. 
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4.7 Ancillary Analyses  

A one-way analysis of variance (ANOVA) was conducted at both follow up time 

points to evaluate whether there were any between group differences in exercise 

frequency following the in-lab session. Results from a one-way ANOVA at each follow-

up time point indicated that there were no between group differences in exercise 

frequency at the first follow up (F(2, 37) = .293, p = .748) or at the second follow-up 

(F(2, 34) = .086, p = .918), indicating that changes in AS across conditions were likely 

not the result of differences in physical activity following the in-lab session. 
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5.0 Discussion 

This trial was designed to assess the effect of a single session of two exercise 

protocols, each varying in intensity and duration, on AS, symptoms of depression, 

intolerance of uncertainty, and distress tolerance, and symptoms of depression. This trial 

is the first to report the effects of a single session of SIT, a brief high intensity protocol, 

on AS. It is also the first to compare the efficacy of MICT to SIT at reducing AS to SIT. 

Findings are reviewed below, as follows. First, the primary findings are presented and 

interpreted. Second, the secondary findings are presented and interpreted. Third, 

limitations of the current trial are reviewed. Fourth, an outline of future research 

directions is presented. Lastly, implications from the current trial are discussed.  

5.1 Primary Findings  

5.1.1 Hypothesis 1: SIT and MICT exercise will reduce AS. Hypothesis 1 

predicted that participants in both exercise groups would report statistically significant 

reductions in AS at post-exercise when compared to the waitlist group. This hypothesis 

was supported. Reductions in total AS represented a small effect size for the SIT group 

and a medium effect size for the MICT group. Previous research in this area has reported 

medium to large effect sizes for both MICT and moderate to vigorous intensity 

continuous exercise protocols (i.e., Broman-Fulks et al., 2004; Broman-Fulks & Storey, 

2008; LeBouthillier & Asmundson, 2015). Due to differences in statistical analyses 

and/or methodology, it is not appropriate to make direct comparisons of these past 

findings with the current trial; however, in terms of AS reduction, the effect of the MICT 

group generally appears consistent with previous research. More research is needed to 

evaluate the consistency and strength of the effect sizes associated with SIT. Results 

from this trial are also in line with previous research showing that high intensity short 
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duration training can have comparable health benefits to exercise at a lower intensity and 

longer duration (Gillen et al., 2016). Findings regarding changes in AS following MICT 

are also consistent with previous research suggesting that a single session of low and 

moderate intensity exercise is associated with an immediate change in AS, which is 

maintained for a week following the in-lab session (Broman-Fulks et al., 2004; Broman-

Fulks & Storey, 2008). Some researchers have reported that significant reductions in AS 

were not observed immediately after exercising, and instead, appeared days later 

(LeBouthillier & Asmundson, 2015). This delay could reflect variations in time spent 

during the cool down periods across different trials. If participants are still experiencing 

some level of physiological arousal when they are completing their questionnaires, this 

temporary elevation in arousal could be portrayed in their responses.  

It is possible that participants engaging in either exercise condition could have 

expected their mental health to benefit from their participation. This expectancy could 

have influenced participants’ responses to the psychological measures, whereby 

participants would report greater reductions in the clinical constructs evaluated in the 

trial, particularly those which they had some familiarity with (i.e., depression 

symptoms). However, for both exercise conditions, significant reductions were not 

observed in any construct other than AS, suggesting that an expectancy bias was not 

likely responsible for these findings. 

5.1.2 Hypothesis 2: SIT will be more efficacious at reducing AS than MICT. 

Hypothesis 2 predicted that participants in the SIT group would report greater reductions 

in AS than participants in the MICT group. This hypothesis was not supported. There 

were no significant differences in reductions in AS across both exercise groups following 

the in-lab exercise session and at all follow-ups. Results from the present trial provide 
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preliminary evidence for the efficacy of SIT as an exercise strategy for reducing AS, and 

also support previous research (LeBouthillier & Asmundson, 2015) for the efficacy of 

MICT as an exercise strategy for reducing AS. An exploration of interoceptive exposure 

as a potential mechanism of change may help to explain the comparable reductions in AS 

observed for both exercise conditions, despite the considerable differences in intensity 

and duration.  

  Interoceptive exposure refers to the repeated inducement of feared physiological 

sensations as a means of reducing the fear response to these sensations (Stewart & Watt, 

2008). The parallels between the physical sensations that arise both during exercise and 

interoceptive exposure (e.g., increased heart rate, sweating, muscle tension) have led 

researchers to propose that exercise itself may be an effective form of interoceptive 

exposure, thereby explaining, at least partially, AS reductions from exercise. In the 

current trial, the delivery of exercise-related physiological sensations differed between 

both exercise groups; however, each resulted in similar reductions in AS. Specifically, 

MICT follows a pattern of continuous exposure at a moderate intensity, whereas SIT 

involves intermittent exposure at a high intensity. Researchers have found support for the 

efficacy of exposure therapy that is delivered in a prolonged continuous manner (Foa & 

Kozak, 1986), as well as exposure therapy that is delivered in brief intermittent doses 

(i.e., less than 30 seconds per dose; Seim, Waller, & Spates, 2010). If exercise is indeed 

a form of interoceptive exposure, it is plausible that using either a continuous (i.e., 

MICT) or intermittent (i.e., SIT) exercise strategy is similarly efficacious for reducing 

AS; however, more research is needed to substantiate this claim.  

Another consideration related to exercise-induced interoceptive exposure is that 

individuals do not experience the same intensity of exposure to physiological sensations 
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during a session of MICT as individuals performing a session of SIT. Specifically, SIT 

delivers a more potent form of exposure (e.g., target HR of 90% HRmax) to these 

physical sensations than MICT (e.g., target HR 70% HRmax). Recently, researchers 

have found that interoceptive exposure delivered at a higher intensity may be more 

efficacious at reducing AS than lower intensity interoceptive exposure (Deacon et al., 

2013). Given that both MICT and SIT were observed to be similarly efficacious 

strategies for reducing AS, it is possible that there is a threshold intensity for exposure to 

physiological sensations during exercise-induced interoceptive exposure. It is possible 

that exercise below this threshold intensity may not lead to reductions in AS that are 

comparable to the reductions observed following MICT or SIT; however, researchers 

have not yet systematically evaluated this possibility. 

5.2 Secondary Findings  

5.2.1 Reductions in lower order AS constructs. Reductions in the dimensions 

of the ASI-3, namely Cognitive Concerns, Social Concerns, and Physical Concerns, 

differed between the two exercise protocols. Specifically, significant reductions occurred 

across the Cognitive and Social Concerns AS dimensions in the MICT group, whereas 

significant reductions were only found on the Physical Concerns AS dimensions for the 

SIT group. These findings may suggest that, while both exercise strategies were 

efficacious at reducing overall AS, these reductions may occur via different mechanisms. 

Careful efforts were undertaken to ensure that, other than performing the specific 

assigned protocol itself, participants’ experiences in the trial did not differ from one 

another. Therefore, the only notable differences between the experiences of participants 

in either exercise group was the time required to complete the exercise session and the 

intensity at which they were required to perform. These differences suggest that factors 
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related to the duration of exercise and/or the intensity of exercise are responsible for the 

differences in reductions across the three AS dimensions for each exercise condition.  

The additional time required for participants to exercise at the targeted intensity 

(i.e., 45 minutes versus 1 minute) in the MICT condition could have provided additional 

opportunities for participants to be exposed to AS-related social and cognitive cues that 

participants in the SIT condition did not experience. This additional time could have also 

provided opportunities for any anxiety directed towards these cues to diminish. For 

example, using item 13 on the ASI-3 (“When I begin to sweat in a social situation, I fear 

people will think negatively of me”), participants in the MICT condition may have 

experienced reductions in Social Concerns when perspiring during their exercise session 

did not lead to a negative reaction from the research assistant. Conversely, since 

participants in the SIT group did not exercise long enough to experience comparable 

levels of perspiration to the MICT group (Beaumont & Bullard, 1963), it is possible that 

they did not undergo the same exposure to these perspiration-related social cues. Given 

that participants in the MICT condition cycled without any distractions for 50 minutes, it 

is also possible that they would have had time to think about aversive cognitions 

described in the ASI-3 Cognitive Concerns dimension (i.e., racing thoughts, feeling 

“spacey", trouble thinking clearly), whereas the brief nature of the SIT condition may 

have prevented participants from experiencing these cognitions to the same extent. 

Overall, it is possible that a certain (albeit unknown) amount of time is required before 

the social and cognitive components of AS can be targeted with exercise; however, 

additional research is needed to substantiate this claim.  

Substantial differences in intensity between the exercise protocols could also help 

account for the observed differences in subscale score reductions. The higher intensity of 
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the SIT protocol likely created more physical sensations associated with the Physical 

Concerns dimension (i.e., a rapid heartbeat, nausea, difficulty breathing), which could 

explain why the greatest reductions in AS for SIT were in the Physical Concerns domain. 

The MICT group worked at a substantially lower intensity, which could explain why 

they did not experience significant reductions in this subscale. Additionally, it is possible 

that the salience of the physical cues occurring during SIT overshadowed any potential 

social and cognitive cues, thus explaining why these dimensions were not significantly 

reduced with SIT. Conversely, the moderate intensity of the MICT protocol may have 

allowed participants to experience social and cognitive cues more readily, thus 

accounting for the observed reductions across these subscales. This interpretation is in 

line with recent research that found significant reductions across all three AS dimensions 

following an exercise protocol with an intensity range of 60-80% HRmax (LeBouthillier 

& Asmundson, 2015). The exercise intensity range used by LeBouthillier and 

Asmundson falls between both the SIT and MICT protocols used in the present study. It 

is possible that exercise within this intensity range is sufficiently intense to target the 

Physical Concerns dimension of AS, but not so intense that the saliency of the physical 

cues overshadows any cognitive and social cues that may also be present.  

5.2.2 Hypothesis 3 and 4: SIT and MICT will reduce depressive symptoms 

and SIT will be more efficacious than MICT. Hypothesis 3 predicted that participants 

in both exercise groups would report statistically significant reductions in symptoms of 

depression following the in-lab session. This hypothesis was not supported. Hypothesis 4 

predicted that completion of the SIT protocol would lead to greater reductions in 

symptoms of depression than completion of the MICT protocol. This hypothesis also 

was not supported. Specifically, changes in symptoms of depression scores did not differ 
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between either of the exercise groups or the waitlist control group. These findings are 

inconsistent with previous research that has reported changes in mood following a single 

session of exercise (Yeung, 1996), as well as previous research that has found that at 

higher intensity facilitates greater reductions in symptoms of depression than exercise at 

lower intensity (Singh et al., 2005); however, differences between methods used in 

previous research and the current trial could account for these findings. Possible factors 

in the current study that may account for the unexpected results related to Hypotheses 3 

and 4 include the sample of participants recruited for the trial, the single session study 

design, and the use of the CESD-R as the measure of depression. 

When interpreting results from the current trial it is important to consider that 

only three participants (4.7%) reported having received a clinical diagnosis of 

depression. Additionally, across all time points, the mean scores of the CESD-R for all 

three groups were at or below subthreshold levels for clinically significant depression 

(i.e., CESD-R scores of at least 16; Eaton et al., 2004). Findings from this trial may, thus, 

reflect a floor effect where participants endorsed such minimal depressive symptoms 

there was little room for improvement (Barbour, Edenfield, & Blmentha, 2007).  

The single session design of the current trial may also be responsible, at least in 

part, for the null findings. Much of the research that has reported exercise benefits for 

symptoms of clinical depression has used prospective designs where participants were 

exposed to three times weekly sessions of exercise for durations ranging between 4 and 

12 weeks (Lawlor & Hopskin, 2001). Although researchers have reported improvements 

in mood following a single session of exercise (Randall, Ellis, Godlow, & Jonse, 2014; 

Yeung, 1996), these studies evaluated changes in mood with measures that are not 

specific to clinical depression, such as the Profile of Mood States (i.e., POMS; McNair, 
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Lorr, & Droppleman, 1971). The POMS is a general scale for evaluating mood states 

that encompass depression, confusion, anger, fatigue, tension, and vigour. Overall, these 

findings suggest that, while a single session of exercise may have a positive effect on 

mood, multiple sessions may be required for significant changes in symptoms of 

depression to be observed.  

To summarize, it is possible that more exercise sessions were needed to observe 

significant changes in depressed mood. It is also possible that a more general measure of 

mood, such as the POMs, would have been sensitive to mood-related changes that were 

not detected by the CESD-R. Future research should consider extending the duration of 

the current trial design from a single session to multiple sessions in order to evaluate the 

impact of MICT and SIT on depression over time. To prevent the possibility of floor 

effects when using the CESD-R, researchers might also consider recruiting a clinically 

depressed sample. These strategies may assist researchers in evaluating not only whether 

SIT is a useful strategy for reducing clinically meaningful symptoms of depression, but 

also whether there are differences in efficacy between SIT and MICT in this regard.  

5.2.3 Correlates of AS. An exploratory investigation of the effect of MICT and 

SIT exercise on distress tolerance and intolerance of uncertainty was undertaken during 

this trial. Given the emerging state of this literature (Broman-Fulks et al., 2015; 

LeBouthillier & Asmundson, 2015), and the novelty of the SIT exercise protocol in this 

context, no specific predictions were made about expected outcomes for these variables.  

 5.2.3.1 Distress tolerance. Consistent with previous research (Broman-Fulks et 

al., 2015; LeBouthillier & Asmundson, 2015), significant increases in distress tolerance 

were not observed at any point during the trial. There are several explanations that may 

account for this finding. First, researchers who have found exercise-induced changes in 
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distress tolerance used a Bikram yoga protocol that extended over 8 weeks (Medina et 

al., 2015), while the trials (including the present one) that did not find significant 

improvements in distress tolerance only used a single session design (Broman-Fulks et 

al., 2015; LeBouthillier & Asmundson, 2015). Other studies using programs specifically 

targeting distress tolerance (i.e., not exercise) have found significant increases in distress 

tolerance with protocols lasting 6-15 sessions (Bornovalova et al., 2012; Brown et al., 

2008). These results suggest that time may be a necessary factor for increasing distress 

tolerance; however, factors specific to the study by Medina and colleagues (2015), such 

as mindfulness, could also have been responsible for the observed reductions. Future 

research is needed to replicate and extend the present trial design from a single session to 

multiple exercise sessions to determine whether significant increases in distress 

tolerance, for either exercise protocol, emerge. Additionally, as distress tolerance may 

involve a broader array of negative affective states and physiological sensations than AS 

(Broman-Fulks et al., 2015; Mitchell, Riccadri, Keough, Timpano, & Schmidt, 2013), it 

is also possible that the exercise interventions employed in the present trial did not 

present a suitable strategy for targeting this construct. 

5.2.3.2 Intolerance of uncertainty. This study was the first to evaluate the effect 

of SIT on intolerance of uncertainty. Consistent with the only other trial to evaluate the 

effects of exercise of the construct to date (LeBouthillier & Asmundson, 2015), 

significant reductions in intolerance of uncertainty were not observed following either 

exercise condition at any point during the trial. Significant reductions in intolerance of 

uncertainty have been observed following transdiagnostic cognitive-behavioural therapy 

(Boswell et al., 2013), suggesting that treatments focusing on both maladaptive coping 

strategies (e.g., worry, ritualistic behaviour, rumination, safety signals) and exposure to 
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uncertain situations may be important for significantly reducing intolerance of 

uncertainty (Boswell et al., 2013). It is unlikely that either exercise condition used in this 

trial would accomplish both of these tasks, especially in a single session; therefore, it is 

possible that stand-alone exercise interventions may not be a suitable strategy for 

reducing intolerance of uncertainty. Importantly, exercise could still be a useful adjunct 

to other forms of therapy. For instance, exercise could be used as an exposure 

opportunity for individuals with high intolerance of uncertainty who are avoidant of 

arousal-related physiological sensations; however, future research is needed to 

investigate whether exercise is useful in this regard. Additionally, as the present trial 

only investigated possible reductions in intolerance of uncertainty over a single session 

of exercise, it would be worthwhile to evaluate whether any changes are observed with 

subsequent sessions. 

5.3 Limitations 

Although results from this trial support previous findings indicating that a single 

session of MICT can significantly reduce AS, and provide preliminary evidence for the 

efficacy of SIT for reducing AS, there are several limitations that should be considered 

when interpreting the results. First, participants were not representative of the general 

population. Although many community members were recruited to participate in the 

trial, a large proportion of participants were undergraduate students. Participants were 

also relatively homogeneous in demographics (e.g., age, sex, education), the majority 

being well-educated, Caucasian, and female. Additionally, this trial excluded individuals 

with medical conditions that made exercising without medical supervision unsafe. This 

decision was made to ensure participants’ safety; however, it may limit some of the 

generalizability of these findings as individuals with medical conditions tend to report 
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higher levels of AS (Asmundson, Wright, & Hadjistavropoulos, 2000). Future research 

using larger samples, including individuals with medical conditions characterized by 

high AS, that are more representative of the general population will be important to 

determine whether findings from this study generalize to the Canadian population.  

Second, this trial evaluated relative changes in AS within a largely nonclinical 

sample of participants. Results from this trial may not generalize to individuals who are 

diagnosed with mental health disorders characterized by high AS. Research is needed to 

replicate the current trial within a sample of individuals with specific mental health 

disorders characterized by high AS (e.g., panic disorder, social anxiety disorder; Maller 

& Reiss, 1992; Taylor et al., 1999) to determine whether comparable reductions in AS 

across both exercise conditions are observed.  

Lastly, some participants in the SIT group did not achieve the targeted exercise 

intensity on at least two of the three sprints and were removed from data analysis. 

Participants who were removed from data analysis reported only working at an intensity 

range comparable (or in some cases lower) than the MICT condition (i.e., an RPE 

between 12-15 and heart rate of 60-70% HRmax). Consequently, SIT (at least when it is 

limited to a single session of exercise) may not be suitable for everyone, as it requires 

sufficient motivation to perform correctly. It is also possible that with additional time 

and training, more participants in this sample would have been successful at achieving 

the targeted intensity. Therefore, it is necessary for researchers to investigate the effect 

of SIT over multiple supervised sessions to determine both the efficacy at reducing AS 

and the effect that repeated supervised training sessions have on training fidelity and 

long-term adherence.  

5.4 Future Directions 
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The following section will summarize the future directions that have been 

outlined throughout the discussion. First, there is a need for research to compare the 

effects of SIT and MICT exercise using larger, more representative samples to determine 

whether findings from this trial are generalizable to the Canadian population. Second, 

research is needed to extend these findings within samples of individuals with specific 

mental health disorders characterized by high AS to determine whether patterns in 

reduction are similar to those observed in individuals without a clinical diagnosis. Third, 

prospective research is needed that investigates the efficacy of SIT at reducing AS, 

symptoms of depression, distress intolerance, and intolerance of uncertainty over 

multiple exercise sessions. Previous work comparing the cardiometabolic health benefits 

of MICT and SIT protocols used a duration of 12 weeks and a weekly frequency of three 

sessions (Gillen et al., 2016).  Extending the current study to match this exercise duration 

and frequency would help evaluate the long-term effects of SIT training on AS, 

symptoms of depression, distress tolerance, and intolerance of uncertainty. Fourth, 

research is needed to investigate the relationship between CRF and reductions in AS in a 

concurrent and systematic manner to determine whether changes in CRF are linked to 

reductions in AS. Fifth, prospective research is needed to assess how long reductions in 

AS are maintained following a single session of SIT and MICT exercise. This 

information may help refine exercise prescriptions using these exercise protocols. Lastly, 

results of this trial highlight the need for additional investigations to delineate the effects 

that combinations of exercise programming factors, such as duration and intensity, have 

in reducing AS. For instance, it is possible that there is a duration-dependent reduction 

trend across the Social and Cognitive Concerns dimensions of AS, whereby a certain 

amount of time exercising is required before reductions in these dimensions are 
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experienced. It is also possible that exercise intensity influences differential reductions 

across the dimensions of AS. Research using longer duration high intensity interval 

training protocols (see for instance, Jung et al., 2015) and shorter duration MICT 

protocols could help clarify this issue.  

5.5 Implications  

The findings of the current trial may have several practical applications. If 

manipulations in exercise intensity and/or duration target different dimensions of AS, it 

is plausible that exercise recommendations could be tailored to specific individuals with 

varying levels on the three AS dimensions. Additionally, as researchers have reported 

that the dimensions of AS have specificity for several psychological disorders (i.e., 

Physical Concerns and panic disorder, Social and Physical Concerns and social anxiety 

disorder; Nawakowski, Rowa, Antony, & McCabe, 2016; Olthuis, Watt, & Stewart, 

2014), this knowledge could have implications for tailoring exercise recommendations 

for these clinical populations. For instance, it is possible that individuals with high AS 

specific to the Physical Concerns subscale, might benefit from brief high intensity 

exercise protocols such as SIT, whereas individuals with high AS across the Social and 

Cognitive subscales may benefit from a longer duration moderate intensity protocol (i.e., 

MICT). More work is needed to determine whether these exercise protocols target 

specific dimensions of AS; however, if this reduction pattern is supported, researchers 

may be able to eventually customize exercise interventions to target AS dimensions that 

are associated with specific clinical disorders.  

Given the trend towards physical inactivity reported by the Canadian population 

(Statistics Canada, 2013), researchers should consider not only how efficacious an 

exercise protocol is at reducing AS, but also whether people will regularly use it in 



 87 

practice. Findings from the current study suggest that three 20 second sprints can 

produce similar overall reductions in AS as 45 minutes of continuous exercise at a 

moderate intensity. Previous research has found a similar trend for physical health 

benefits (Shiraev & Barclay, 2012). SIT may then present an attractive alternative to 

MICT for individuals who have difficulty adhering to traditional exercise programs, or 

who believe that they do not have enough time to commit to longer duration programs. 

Indeed, there is preliminary evidence to suggest that variations of interval training 

promote greater adherence than MICT (Jung et al., 2014; Jung et al., 2015). For 

individuals with sufficient motivation to achieve the targeted intensity, SIT may be a 

time- and cost-efficient alternative to psychotherapy in areas where psychological 

services are not readily accessible or desired. 

Findings that both SIT and MICT were equally efficacious at reducing AS, but 

might have differentially targeted the AS dimensions, could also allow for greater 

flexibility and refinement when adapting exercise recommendations to specific 

individuals. Individualizing exercise recommendations by considering factors such as 

differences in AS presentation, lifestyle choices, and preferences regarding intensity and 

duration might also positively influence exercise adherence. Alternative exercise 

modalities that have demonstrated significant reductions in AS, such as resistance 

training (Broman-Fulks et al., 2015) and running (Sabourin et al., 2015), further increase 

the options that individuals can select from to benefit from exercise; however, additional 

research is needed to determine how these types of exercise compare in effectiveness. 

Lastly, as elevations in AS have been shown to predict the onset of psychopathology, 

exercise strategies capable of reducing AS hold potential as a preventative measure for 

individuals at risk of developing a psychological disorder. Overall, results from this 
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investigation may contribute to both research and practice aimed at refining exercise 

protocols to maximize efficacy for improving psychological wellbeing.  
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Appendix C: Physical Activity Readiness Questionnaire for Everyone (PAR-Q+) 
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Appendix D: Physician Physical Activity Readiness Clearance 
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Appendix E: The Anxiety Sensitivity Index-3  

Please circle the number that best corresponds to how much you agree with each item. If 
any items concern something that you have never experienced (e.g., fainting in public), 
then answer on the basis of how you think you might feel if you had such an experience. 
Otherwise, answer all items on the basis of your own experience. Be careful to circle 
only one number for each item and please answer all items. 
 
 Very 

little 
A little Some Much Very 

much 
1.   It is important for 

me not to appear 
nervous.  

0 1 2 3 4 

2.   When I cannot 
keep my mind on a 
task, I worry that I 
might be going 
crazy. 

0 1 2 3 4 
 

3.   It scares me when 
my heart beats 
rapidly.  

0 1 2 3 4 

4.   When my stomach 
is upset, I worry 
that I might be 
seriously ill. 

0 1 2 3 4 

5.   It scares me when I 
am unable to keep 
my mind on a task. 

0 1 2 3 4 

6.   When I tremble in 
the presence of 
others, I fear what 
people might think 
of me.  

0 1 2 3 4 
 

7.   When my chest 
feels tight, I get 
scared that I won’t 
be able to breathe 
properly.  

0 1 2 3 4 
 

8.   When I feel pain in 
my chest, I worry 
that I’m going to 
have a heart attack.  

0 1 2 3 4 
 

9.   I worry that other 
people will notice 
my anxiety.  

0 1 2 3 4 

10.  When I feel 0 1 2 3 4 
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“spacey” or spaced 
out I worry that I 
may be mentally 
ill.  

11.  It scares me when I 
blush in front of 
people.  

0 1 2 3 4 

12.  When I notice my 
heart skipping a 
beat, I worry that 
there is something 
seriously wrong 
with me.  

0 1 2 3 4 
 

13.  When I begin to 
sweat in a social 
situation, I fear 
people will think 
negatively of me.  

0 1 2 3 4 
 

14.  When my thoughts 
seem to speed up, I 
worry that I might 
be going crazy.  

0 1 2 3 4 
 

15.  When my throat 
feels tight, I worry 
that I could choke 
to death.  

0 1 2 3 4 

16.  When I have 
trouble thinking 
clearly, I worry that 
there is something 
wrong with me.  

0 1 2 3 4 
 

17.  I think it would be 
horrible for me to 
faint in public.  

0 1 2 3 4 

18.  When my mind 
goes blank, I worry 
there is something 
terribly wrong with 
me.  

0 1 2 3 4 
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Appendix F: The Distress Tolerance Scale  

Directions: Think of times that you feel distressed or upset. Select the item 
from the menu that best describes your beliefs about feeling distressed or upset 
 
 Strongly 

agree 
Mildly 
agree 

Agree and 
disagree 
equally 

Mildly 
agree 

Very 
much 

1.   Feeling distressed 
or upset is 
unbearable to me.  

0 1 2 3 4 

2.   When I feel 
distressed or 
upset, all I can 
think about is 
how bad I feel.  

0 1 2 3 4 
 

3.   I can’t handle 
feeling distressed 
or upset.  

0 1 2 3 4 

4.   My feelings of 
distress are so 
intense that they 
completely take 
over. 

0 1 2 3 4 

5.   There’s nothing 
worse than 
feeling distressed 
or upset.  

0 1 2 3 4 

6.   I can tolerate 
being distressed 
or upset as well 
as most people.  

0 1 2 3 4 
 

7.   My feelings of 
distress or being 
upset are not 
acceptable.  

0 1 2 3 4 
 

8.   I’ll do anything 
to avoid feeling 
distressed or 
upset  

0 1 2 3 4 
 

9.   Other people 
seem to be able to 
tolerate feeling 
distressed or 
upset better than I 
can.  

0 1 2 3 4 
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10.  Being distressed 
or upset is always 
a major ordeal for 
me. 

0 1 2 3 4 

11.  I am ashamed of 
myself when I 
feel distressed or 
upset.  

0 1 2 3 4 

12.  My feelings of 
distress or being 
upset scare me.  

0 1 2 3 4 
 

13.  I’ll do anything 
to stop feeling 
distressed or 
upset.  

0 1 2 3 4 
 

14.  When I feel 
distressed or 
upset, I must do 
something about 
it immediately.  

0 1 2 3 4 
 

15.  When I feel 
distressed or 
upset, I cannot 
help but 
concentrate on 
how bad the 
distress actually 
feels. 

0 1 2 3 4 
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Appendix G: The Intolerance of Uncertainty Scale-Short Form 

Please circle the number that best corresponds to how much you agree with each item. 

 Not at all 
characteristic 

of me 

A little 
characteristic 

of me 

Somewhat 
characteristic 

of me 

Very 
characteristic 

of me 

Entirely 
characteristic 

of me 
1.   Unforeseen events 

upset me greatly. 1 2 3 4 5 

2.   It frustrates me not 
having all the 
information I 
need. 

1 2 3 4 5 

3.   Uncertainty keeps 
me from living a 
full life. 

1 2 3 4 5 

4.   One should 
always look 
ahead so as to 
avoid surprises. 

1 2 3 4 5 

5.   A small 
unforeseen event 
can spoil 
everything, even 
with the best of 
planning. 

1 2 3 4 5 

6.   When it’s time to 
act, uncertainty 
paralyses me. 

1 2 3 4 5 

7.   When I am 
uncertain I can’t 
function very 
well. 

1 2 3 4 5 

8.   I always want to 
know what the 
future has in store 
for me. 

1 2 3 4 5 

9.   I can’t stand 
being taken by 
surprise. 

1 2 3 4 5 

10.  The smallest 
doubt can stop me 
from acting. 

1 2 3 4 5 

11.  I should be able 
to organize 
everything in 

1 2 3 4 5 
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advance. 
12.  I must get away 

from all uncertain 
situations. 

1 2 3 4 5 
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Appendix H: The Center for Epidemiologic Studies of Depression-Revised 
 

Below is a list of the ways you might have felt or behaved. Please check the boxes to 
indicate how often you have felt this way in the past week. If you have felt this way 
nearly every day for two weeks, please select this box instead. 
 

 Not at all or 
less than 

one day (0) 

1-2 days (1) 3-4 days (2) 5-7 days (3) Nearly every 
day for 2 weeks 

(3) 
1. My appetite was 
poor.  m    m    m    m    m    

2. I could not shake 
off the blues.  m    m    m    m    m    

3. I had trouble 
keeping my mind on 
what I was doing.  

m    m    m    m    m    

4. I felt depressed.  m    m    m    m    m    
5. My sleep was 
restless.  m    m    m    m    m    

6. I felt sad.  m    m    m    m    m    
7. I could not get 
going. m    m    m    m    m    

8. Nothing made me 
happy. m    m    m    m    m    

9. I felt like a bad 
person.  m    m    m    m    m    

10. I lost interest in 
my usual activities.  m    m    m    m    m    

11. I slept much 
more than usual.  m    m    m    m    m    

12. I felt like I was 
moving too slowly.  m    m    m    m    m    

13. I felt fidgety.  m    m    m    m    m    
14. I wished I was 
dead m    m    m    m    m    

15. I wanted to hurt 
myself. m    m    m    m    m    

16. I was tired all the 
time.  m    m    m    m    m    

17. I did not like 
myself.  m    m    m    m    m    
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18. I lost a lot of 
weight without 
trying to. 

m    m    m    m    m    

19. I had a lot of 
trouble getting to 
sleep. 

m    m    m    m    m    

20. I could not focus 
on the important 
things.  

m    m    m    m    m    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


